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Appendix A1

Project Index


INDEX - List of Gulf War Veterans' Illnesses Research Projects by Agency
  Department of Defense

 DoD-1
Naval Health Study Program…..p.67
 DoD-1A
Epidemiologic Studies of Morbidity Among Gulf War Veterans: A Search for Etiologic 

Agents and Risk Factors; Study 1: A Study of Symptoms Among 1500 Seabees…..p.68

DoD-1B
Epidemiologic Studies of Morbidity Among Gulf War Veterans: A Search for Etiologic 

Agents and Risk Factors; Study 2: A Comparative Study of Hospitalizations among 

Active-duty Personnel Who Participated in the Gulf War and Similar Personnel Who Did Not
….. p.70

DoD-1C
Epidemiologic Studies of Morbidity Among Gulf War Veterans: A Search for Etiologic 

Agents and Risk Factors; Study 3: A comparative study of pregnancy outcomes among

Gulf War veterans and other active-duty personnel
…..p.72

DoD-1D
Epidemiologic Studies of Morbidity Among Gulf War Veterans: A Search for Etiologic 

Agents and Risk Factors; Study 4: Infertility and Miscarriage in Gulf War Veterans…..p.73

DoD-1E
Epidemiologic Studies of Morbidity Among Gulf War Veterans: A Search for Etiologic 

Agents and Risk Factors; Study 5: Seabee Health Study…..p.75

DoD-1F
Epidemiologic Studies of Morbidity Among Gulf War Veterans: A Search for Etiologic 

Agents and Risk Factors; Study 6: A Comparison of Nonfederal Hospitalization 

Experience Among Veterans in California who have separated from active service: PGW 


vs. EV…..p.76

DoD-1G
Epidemiologic Studies of Morbidity Among Gulf War Veterans: A Search for Etiologic 

Agents and Risk Factors; Study 7: Prevalence of Congenital Anomalies Among Children

of Persian Gulf War Veterans …..p.77


DoD-2
Physiological and Neurobehavioral Effects in Rodents from Exposure to Pyridostigmine,

Fuels, and DEET
…..p.79

DoD-4
The General Well-Being of Gulf War Era Service Personnel from the States of 

Pennsylvania and Hawaii: A Survey ….. p.81

DoD-7A
Health Risk Assessment of Embedded Depleted Uranium: Behavior, Physiology, 

Histology, and Biokinetic Modeling
…..p.82

DoD-7B
Carcinogenicity of Depleted Uranium Fragments…..p.84

DoD-8
Program DoD-8…..p.85

DoD-8A
Serologic Diagnosis of Viscerotropic Leishmaniasis (VTL) …..p.86

DoD-8B
Development of a Leishmania Skin Test Antigen (LSTA) …..p.87

DoD-9
Identification of the Genetic Factors Which Control Tropism in Leishmania…..p.88

DoD-10
Pyridostigmine Synergistic Toxicity Study…..p.90

DoD-11
Male/Female Differential Tolerances to Pyridostigmine Bromide…..p.91


DoD-13
Effects of Persian Gulf War Service on Military Working Dogs…..p.92

DoD-14
Risk Factors Among US Army Soldiers for Enrolling on the Department of Veterans 

Affairs Gulf War Registry….. p.93

DoD-15
Comparative Mortality Among US Military Personnel Worldwide During Operations Desert

Shield and Desert Storm…..p.94

DoD-16
Kuwait Oil Fire Health Risk Assessment….. p.95

DoD-17
Retrospective Studies Involving Military Use of Pyridostigmine as a Pretreatment for 

Nerve Agent Poisoning…..p.97

DoD-18
Kuwait Oil Fires Troop Exposure Assessment Model (TEAM) …..p.98

DoD-19
Persian Gulf Veterans Health Tracking System…..p.99

DoD-21
Study of Variability In Pyridostigmine Inhibition of Blood Cholinesterases in Healthy 

Adults and Individuals With Symptoms Following Participation in Operation Desert Storm …..p.101

DoD-22
Chronic Organophosphorus Exposure and Cognition…..p.103

DoD-23
Acute and Long-Term Impact of Deployment to Southwest Asia on the Physical and 

Mental Health of Soldiers and their Families…..p.106

DoD-30
Epidemiological Studies Persian Gulf War Illnesses, PG Women's Health Linkage Study…..p.107

DoD-31
Dysregulation of the Stress Response in the Persian Gulf Syndrome…..p.108

DoD-32
Neuropsychological Functioning in Persian Gulf Era Veterans…..p.109

DoD-33
Effects of Pyridostigmine in Flinders Line Rats Differing in Cholinergic Sensitivity…..p.111

DoD-34
Characterization of Emissions from Heaters Burning Leaded Diesel Fuel in Unvented …..p.113

DoD-35
Feasibility of Investigating Whether There is a Relationship Between Birth Defects and 

Service in the Gulf War.…..p.114

DoD-36
Fatigue in Persian Gulf Syndrome-Physiologic Mechanisms
…..p.115

DoD-37
Neurobehavioral and Immunological Toxicity of Pyridostigmine, Permethrin, and DEET in

Male and Female Rats….. p.116

DoD-38
Diagnostic Antigens of Leishmania tropica
….. p.118

DoD-39
A Controlled Epidemiological and Clinical Study into the Effect of Gulf War Service on 

Servicemen and Women of the United Kingdom Armed Forces…..p.119

DoD-40
Psychological and Neurobiological Consequences of the Gulf War Experience …..p.120

DoD-41
Evaluation of Muscle Function in Persian Gulf Veterans…..p.122

DoD-42
T he Symptomatic Persian Gulf Veterans Protocol: An Analysis of Risk Factors with an 

Immunologic and Neuropsychiatric Assessment…..p.123

DoD-44
Investigation of Seminal Plasma Hypersensitivity Reactions
…..p.125

DoD-45
Physical and Emotional Health of Gulf War Veterans Women…..p.127

DoD-46
Exploratory Data Analysis with the CCEP Database
…..p.128

DoD-47
Study of Mycoplasmal Infections in Gulf War Veterans…..p.129

DoD-48
Assessment of Genomic Instability via Chromosome 7 Inversion Frequency in a 

Gulf-War Syndrome Cohort vs. Selected Control Groups…..p.130

DoD-49
Diagnosis and Dosimetry of Exposure to Sulfur Mustard: Development of Standard 

Operating Procedures and Exploratory Research on Protein Adducts…..p.131

DoD-50
Toxicokinetics of 0-Ethyl S-(2-Diisopropylaminoethyl) Methylphosphonothioate [(+)-VX] in

Rats, Hairless Guinea Pigs and Marmosets - Identification of Metabolic Pathways…..p.133

DoD-51
Transgenic Engineering of Cholinesterases: Tools for Exploring Cholinergic Responses…..p.135

DoD-52
Female Gender and Other Potential Predictors of Functional Health Status Among 

Persian Gulf War Veterans
…..p.137

DoD-53
Long-Term Effects of Subclinical Exposures to Sarin…..p.139

DoD-54
Assessment of Subchronic Neurobehavioral and Neuropathologic Effects in Rats 

Following Low-Level Sarin Exposure…..p.140

DoD-55
Low-Level Exposure to GB Vapor in Air: Diagnosis/Dosimetry, Lowest Observable Effect

Levels, Performance-Incapacitation, and Possible Delayed Effects
…..p.142

DoD-56
Low-Level Sarin Neurotoxicity and Its Modulation by Pyridostigmine
…..p.143

DoD-57
Physiologic Effects of Stress in Gulf War Veterans
 …..p.145

DoD-58
Illness Among Persian Gulf War Veterans: Case Validation Studies
…..p.146

DoD-59
Pyridostigmine-induced Neurodegeneration: Role of Neuronal Apoptosis…..p.148

DoD-60
Butyrylcholinesterase Genetic Variants in Persons with Gulf War Illness…..p.149

DoD-61
Neurophysiologic and Neuropathologic Effects in Monkeys of Low Level Exposures to 

Sarin, Pyridostigmine, Pesticides, and Botulinum Toxoid …..p.150

DoD-62
Sarin and Pyridostigmine Interaction under Physical Stress: Neurotoxic Effects in Mice …..p.152

DoD-63
PGW Veterans: Epidemiological and Clinical Evidence for Residual Organophosphate 

Neurotoxicity …..p.154

DoD-64
Individual Differences in Neurobehavioral Effects of Pyridostigmine 
 …..p.156

DoD-65
Multi-disciplinary Pathophysiologic Studies of Neurotoxic Gulf War Related Syndromes 

Leading to Diagnosis and Treatment …..p.157

DoD-66
Testing for Mycoplasmal Infection Replicability of nucleoprotein Gene Tracking and 

Forensic Polymerase Chain Reaction…..p.159

DoD-67
Antibacterial Treatment Method Based Upon the Excretion of Dead and Decaying 

Spherical Bacteria
…..p.160

DoD-69
Five Year Follow-Up of Army Personnel Exposed to Chemical Warfare Agents…..p.161

DoD-70
War Syndromes from 1900 to the Present: Symptom Patterns and Long-term Health 

Outcomes
…..p.162

DoD-71
A Comparison of Post Deployment Hospitalization Between Vietnam and Gulf War…..p.164 

DoD-72
Long-term Effects of Subchronic Exposure to Sarin, Alone and with Stress or Other  …..p.165

DoD-73
Post-deployment Morbid Stress, Behavior and Health: Developing a Model for Predicting 

Morbidity, Mortality, and other Adverse Outcomes …..p.166

DoD-74
Relationship of Stress Exposures to Health in Gulf War Veterans …..p.168

DoD-75
Toxic Interactions of Prophylactic Drugs and Pesticides …..p.169

DoD-76
Evaluations of Immunotoxicity due to Concurrent Exposure to DEET, Pyridostigmine, 

and JP-8 Jet Fuel …..p.170

DoD-77
Percutaneous Absorption of Chemical Mixtures Relevant to the Gulf War …..p.171

DoD-78
Experimental Models of Gulf War Syndrome …..p.173

DoD-79
Time Course of Stress-induced Impairment of Blood Brain Barrier …..p.174

DoD-80
Molecular Regulation of Corticosteroid Receptor Expression in Stress-Responsive Cells …..p.175

DoD-81
Immunotoxicity due to Coexposure to DEET, Pyridostigmine, and Stress …..p.177

DoD-82
Feasibility of Developing a Registry of PTSD Affected Veteran Sib Pairs …..p.178

DoD-83
Risk for Stress-related Substance Abuse: the Effects of Family History of Alcoholism …..p.179

DoD-84
Psychobiologic Alterations in Persian Gulf War Veterans with and without PTSD …..p.181

DoD-85
CNS Cytokines and CRH in Gulf War Veterans with Multiple Unexplained Symptoms …..p.183

DoD-86
Effects of Combat Stress on Structure and Function of the Hippocampus …..p.184

DoD-87
Measurement and Validation of Psychosocial Risk and Resilience Factors Accounting 

for Physical and Mental Health and Health-Related Quality of Life among PGWVs …..p.185

DoD-88
Clinical Relevance of Novel Immunological Markers in PTSD …..p.187

DoD-89
Limbic Blood Flow and Opiate Receptor PET in Posttraumatic Stress Disorder …..p.188

DoD-90
SPECT Benzodiazepine Receptor and MR Imaging in PTSD  …..p.190


DoD-91
Neurological and Circadian Substrates of PTSD-like Behaviors …..p.191

DoD-92
Traumatic Experiences Persistently Enhance Cue-dependent Learning: Toward an Animal

Model of Chronic Stress and Posttraumatic Stress Disorder …..p.193

DoD-93
Troops Exposed to New Agents at Aberdeen Proving Ground:  Follow-Up …..p.195

DoD-94
Combined Analysis of the VA and DoD Gulf War Clinical Registries: A Study of Clinical 

Findings from Systematic Medical Examinations of 100,000 U.S. Gulf War Veterans …...p.196

DoD-95
Development of Diagnostic Tools and Alternative Treatment Drugs for Leishmania …..p.197

DoD-96
Deployment Health Center…..p.199

DoD-97
Surveillance of B. pertussis among Military Trainees with Respiratory Disease:  

Development and Validation of a Highly Sensitive PCR and Beacon Probe based Method

 for Diagnosis of Pertussis….. p.200

DoD-98
Investigation of a Baseline Medical Database to Evaluate the Health of Military Forces 

and Veterans…..p.201

DoD-99
DoD-wide Medical Surveillance for Potential Long-Term Adverse Events associated with 

Anthrax Immunization in Active Duty Service Members, Proposal 1: Hospitalizations…..p.202

DoD-100
Antibodies to Squalene…..p.203

DoD-101
Mechanisms in Chronic Multisymptom Illnesses…..p.204

DoD-102
Case-Control Study of Fatal Motor Vehicle Crashes Among Gulf War Veterans…...p.205

DoD-103
Human Metabolism and Interactions of Deployment-related Chemicals …..p.206

DoD-104
Clinical Evaluation of a Proposed New Gulf War Syndrome…..p.207

DoD-105
Neuroplasticity and Calcium Signaling in Stressed Rat Amygdala…..p.208

DoD-106
The Role of Th1/Th2 cytokine balance in Gulf War-related illness…..p.209

DoD-107
Stress, Organophosphates and Blood Brain Barrier Integrity…..p.210

DoD-108
Health Status of Current National Guard Members…..p.211

DoD-109
Disordered Responses to Orthostatic Stress in the Pathogenesis of Gulf War Syndrome 

Symptoms…..p.212

DoD-110
Predictors of Career and Family Dysfunction in Young Adults Enlisting in the United 

States Navy…..p.213

DoD-111
Autonomic Dysfunction in Gulf War Veterans…..p.214

DoD-112
Role of Respirable Saudi Arabian Sand and Pyridostigmine in the Gulf War Syndrome: 

An Autoimmune Adjuvant Disease? …..p.215

DoD-113
Interactions of Subsymptomatic Doses of Sarin with Pyridostigmine:  Neurochemical, 

Behavioral, and Physiological Effects…..p.216

DoD-114
A Re-examination of Neuropsychological Functioning in Persian Gulf War Veterans…..p.217

DoD-115
A Randomized, Multi-Center, Controlled Trial of Multi-Model Therapy in Veterans with Gulf

 War Illnesses (EBT) (See also VA-62; formerly VA/DoD 1D) …..p.218

DoD-116
VA/DoD Core Funding of the Medical Follow-Up Agency (See also VA-63; formerly 

VA-DoD-2D/2V) …..p.219

DoD-116A
Follow-Up Investigation of Troops Exposed to Nerve Agents at Aberdeen Proving 


Ground (Pilot Study) (See also VA-63A; formerly VA/DoD-2DA) …..p.220

DoD-116B
Patterns of Pre-Persian Gulf War Illness and Health Care Seeking, Pilot Study (See also


 VA-63B; formerly VA/DoD- 2DB) …..p.221

DoD-117
Patterns of Pre-Persian Gulf War Illness and Health Care Seeking…..p.222

DoD-118
An Epidemiological Investigation into the Occurrence of Amyotrophic Lateral Sclerosis 

(ALS) Among Gulf War Veterans (See also VA-61) …..p.223

DoD-119
Antibiotic Treatment of Gulf War Veterans' Illnesses (ABT) (See also VA-55.) …..p.224

DoD-120
Assessing the Potential Health Impact of the Gulf War on Saudi Arabia National Guard 

Members and Their Dependents…..p.225

DoD-121
Evaluation of the Health Risks of Embedded Depleted Uranium Shrapnel on Pregnancy 

and Offspring Development…..p.226

DoD-122
Carcinogenic Potential of Depleted Uranium and Tungsten Alloys…..p.227

DoD-123
Immunotoxicity of Depleted Uranium and Heavy Metal Tungsten Alloys…..p.229

  Department of Health and Human Services

HHS-1
Health Assessment of Persian Gulf War Veterans from Iowa…..p.230

HHS-2
Disease Cluster in a Pennsylvania Air National Guard Unit, EPI-AID 95-18…..p.232

HHS-3
Biomarkers of Susceptibility and Polycyclic Aromatic Hydrocarbon (PAH) Exposure in 

Urine and blood Cell DNA from U.S. Army Soldiers Exposed to Kuwaiti Oil Well Fires…..p.234

HHS-4
Suspected Increase of Birth Defects and Health Problems Among Children Born to 

Persian Gulf War Veterans In Mississippi…..p.235

HHS-5
Cognitive Function and Symptom Patterns in Persian Gulf Veterans…..p.236

HHS-6
Defining Gulf War Illness…..p.238

HHS-7
Immunotoxicity of Dermal Permethrin and Cis-Urocanic Acid…..p.240

HHS-8
Strategy to Identify Non-Additive Response to Chemical Mixtures…..p.241

  Department of Veterans Affairs

VA-1
Mortality Follow-up Study of Persian Gulf Veterans…..p.242

VA-2
National Health Survey of Persian Gulf Veterans…..p.243

VA-2A
VA National Survey of Persian Gulf Veterans - Phase I…..p.244

VA-2B
VA National Survey of Persian Gulf Veterans - Phase II…..p.245

VA-2C
VA National Survey of Persian Gulf Veterans - Phase III…..p.246

VA-3
Use of Roster of Veterans Who Served in Persian Gulf Area…..p.247

VA-4
Boston Environmental Hazards Research Center Program…..p.248

VA-4Core
Boston Environmental Hazards Research Center Program…..p.249

VA-4A
Evaluation of Cognitive Functioning of Persian Gulf Veterans…..p.250

VA-4B
Evaluation of Neurological Functioning in Persian Gulf Veterans…..p.252

VA-4C
Gulf War And Vietnam Veterans Cancer Incidence Surveillance…..p.253

VA-4D
Evaluation of Respiratory Dysfunction Among Gulf War Veterans…..p.255

VA-4E
The Aromatic Hydrocarbon Receptor (AhR) as a Biomarker of Susceptibilty…..p.257

VA-4F
Validity of Computerized Tests…..p.261

VA-5
East Orange Environmental Hazards Research Center Program…..p.263

VA-5Core
East Orange Environmental Hazards Research Center Program…..p.262

VA-5A
Health and Exposure Survey of Persian Gulf Veterans…..p.264

VA-5B
Physiological and Psychological Assessments of Persian Gulf Veterans…..p.266

VA-5C
Effects of Exertion and Chemical Stress on Persian Gulf Veterans…..p.269

VA-5D
Effects of Genetics and Stress on Responses to Environmental Toxins…..p.271

VA-6
Portland Environmental Hazards Research Center: Environment, Veterans' Gulf War 

Syndrome.  Core:  Clinical and Epidemiology Research…..p.273

VA-6Core
Core Program: Portland Environmental Hazards Research Center: Environment, 


Veterans Health and the Gulf War Syndrome. Core Project for Clinical and Epidemiology…..p.276

VA-6A
Psychosocial, Neuropsychological and Neurobehavioral Assessment (Project I) …..p.278

VA-6B
Clinical and Neuroendocrine Aspects of Fibromyalgia (Project II) …..p.281

VA-6C
Neurotoxicity of Environmental Pollutants and Warfare Agents (Project III) …..p.284


VA-6D
DNA Damage from Chemical Agents and Its Repair (Project IV) …..p.287

VA-6E
Clinical and Epidemiology Leishmania Research…..p.289

VA-7
Desert Storm Reunion Survey…..p.291

VA-8
Psychological Test Data of Gulf War Veterans Over Time…..p.293

VA-9
Evaluation of Cognitive Functioning in Persian Gulf War Veterans Reporting War-related 

Health Problems…..p.295

VA-10
Memory and Attention in PTSD…..p.296

VA-11
Neuropsychological Functioning in Veterans…..p.297

VA-12
Psychological Assessment of Operation Desert Storm Returnees…..p.298

VA-13
Neurobehavioral Aspects of Persian Gulf Experiences:  A Pilot Study…..p.300

VA-15
Vaccine-Mediated Immunity Against Leishmaniasis…..p.301

VA-16
Protective Immunity in Experimental Visceral Leishmaniasis…..p.303

VA-17
Immunological Evaluation of Persian Gulf Veterans…..p.305

VA-18
Chronic Gastrointestinal Illness in Persian Gulf Veterans….. p.306

VA-20
Psychological Adjustment in Operation Desert Shield/Storm Veterans…..p.308

VA-21
A Comparison of PTSD Symptomatology among Three Army Medical Units Involved in ODS…..p.310

VA-36
Stress Symptoms and Their Causal Attribution in Desert Storm Veterans …..p.312

VA-40
Musculoskeletal Symptoms in Gulf War Syndrome…..p.314

VA-46
Diarrhea in Persian Gulf Veterans: An Irritable Bowel-Like Disorder …..p.315

VA-47
Retrospective Verification of Mustard Gas Exposure …..p.317

VA-48
Cross-Sensitization as a CNS Model for Gulf War Chemical Intolerance …..p.318

VA-49
Sensitivity to Pyridostigmine Bromide: Persistent Neural Dysfunction …..p.320

VA-50
Neuropsychological Findings in a Sample of Operation Desert Storm Veterans….. p.322

VA-51
Psychobiological Assessment of Desert Storm Veterans …..p.323


VA-53
Spouses and Children Program …..p.324

VA-54
Follow-up of Psychological and Neurocognitive Gulf War Outcome: Relation to Stress …..p.325

VA-55
Antibiotic Treatment of Gulf War Veterans' Illnesses (ABT) (See also DoD-119). …..p.326

VA-56
Birmingham's Gulf War Veterans' Illness Demonstration Clinic (13) …..p.327

VA-57
Case Management and Residential Rehabiliation for Persian Gulf War Veterans (13) …..p.329

VA-58
Implementation and Evaluation of Gulf War Veterans' Demonstration Project (13) …..p.331

VA-59
Demonstration Treatment Program for Gulf War Veterans With Unexplained Physical 

Symptoms (13) …..p.333

VA-60
Identification and Management of Sleep Disorders in Gulf War Veterans …..p.335

VA-61
An Epidemiological Investigation into the Occurrence of Amyotrophic Lateral Sclerosis 

(ALS) Among Gulf War Veterans (See also DoD-118) …..p.337

VA-62
A Randomized, Multi-Center, Controlled Trial of Multi-Model Therapy in Veterans with Gulf

War Illness (EBT) (See also DoD-115; formerly VA/DoD 1V) …..p.338

VA-63
VA/DoD Core funding of the Medical Follow-Up Agency (See also DoD-116; formerly 

VA/DoD-2V/2D) …..p.339

VA-63A
Follow-Up Investigation of troops exposed to nerve agents at Aberdeen Proving Ground 

(Pilot Study) (See also DoD-116A; formerly VA/DoD-2VA/2DA) …..p.340

VA-63B
Patterns of Pre-Persian Gulf War Illness and Health Care Seeking Pilot Study  (See also

 DoD-116B; previously VA/DoD-2VB) …..p.341

VA-64
Boston Environmental Hazards Research Center …..p.342

VA-64A
Functional Neuroimaging in Lead Exposed Adults …..p.343

VA-64B
Quantification and Validation of Structure-Function Relationships through Visuospatial Test

Performance …..p.344

VA-64C
Development of a Structured Neurotoxicant Assessment Checklist (SNAC) for Clinical 

Use in Veteran Populations …..p.345

VA-65
San Antonio Environmental Hazards Research Center …..p.346

VA-65A
Does a Variant of the Human SOD2 Gene Increase Sensitivity to Hazards? ……p.347

VA-65B
The contribution of FEN-1 to Genetic Integrity Subsequent to Oxidative Stress …..p.348

VA-65C
The Importance of Hydrogen Peroxide Detoxification in Cellular Protection…..p.349

VA-65D
Do Defective Gpx1 and ALDH2 Genes Increase Sensitivity to Environmental Exposure ……p.350

VA-66
Physiological Responding in Posttraumatic Stress Disorder …..p.352

VA-67
Olfactory Functioning in Gulf War Veterans…..p.353

VA-68
Family Study of Fibromyalgia …..p.354

VA-69
Cardiovascular Hyporeactivity and Fatiguing Illness in Gulf War Veterans …..p.355

VA-70
A Clinical Evaluation of the Health Status of Persian Gulf War Veterans in VISN 8 …..p.357

VA-71
Central Nervous System Modulation of Visceral Pain in the Persian Gulf Syndrome …..p.358

Appendix A2

Projects by Focus Areas


Major Focus 

Research Type
Secondary Focus
Tertiary
Project Number
Project Title

 Area
 Focus Area
Brain & Nervous System

Epidemiology 
VA-36
Stress Symptoms and Their Causal 

Research
Attribution in Desert Storm Veterans…..p.312

Epidemiology 
DoD-82
Feasibility of Developing a Registry 

Research
of PTSD Affected Veteran Sib Pairs …..p.178

Mechanistic
DoD-80
Molecular Regulation of 

Corticosteroid Receptor Expression 

in Stress-Responsive Cells …..p.175

Epidemiology 
Symptoms/General
DoD-23
Acute and Long-Term Impact of 

Research
 Health
Deployment to Southwest Asia on 

the Physical and Mental Health of 

Soldiers and their Families …..p.106

Clinical 
Symptoms/General
VA-9
Evaluation of Cognitive Functioning 

Research
 Health
in Persian Gulf War Veterans 

Reporting War-related Health 

Problems …..p.295

Clinical 
Symptoms/General
Diagnosis
DoD-31
Dysregulation of the Stress 

Research
 Health
Response in the Persian Gulf 

Syndrome …..p.108

Clinical 
Diagnosis
DoD-32
Neuropsychological Functioning in 

Research
Persian Gulf Era Veterans …..p.109

Clinical 
Symptoms/General
DoD-36
Fatigue in Persian Gulf 

Research
 Health
Syndrome-Physiologic 




Mechanisms …..p.115

Clinical 
Symptoms/General
DoD-40
Psychological and Neurobiological 

Research
 Health
Consequences of the Gulf War 

Experience …..p.120

Clinical 
Treatment
Symptoms/General
DoD-85
CNS Cytokines and CRH in Gulf War

Research
 Health
Veterans with Multiple Unexplained 

Symptoms …..p.183

Epidemiology 
Symptoms/General
DoD-52
Female Gender and Other Potential 

Research
 Health
Predictors of Functional Health 

Status Among Persian Gulf War 

Veterans …..p.137

Clinical 
Symptoms/General
VA-51
Psychobiological Assessment of 

Research
 Health
Desert Storm Veterans …..p.323

Clinical 
VA-50
Neuropsychological findings in a 

Research
Sample of Operation Desert Storm 

Veterans …..p.322
Major Focus 
Research Type
Secondary Focus
Tertiary
Project Number
Project Title



 Area
 Focus Area
Brain & Nervous System
Clinical 
Symptoms/General
Diagnosis
DoD-67
Antibacterial Treatment Method 
Research
 Health
Based Upon the Excretion of Dead 

and Decaying Spherical Bacteria …..p.160
Clinical 
VA-71
Central Nervous System Modulation 
Research
of Visceral Pain in the Persian Gulf 

Syndrome …..p.358

Clinical 
Symptoms/General
VA-4A
Evaluation of Cognitive Functioning 

Research
 Health
of Persian Gulf Veterans …..p.250

Mechanistic
DoD-92
Traumatic Experiences Persistently 

Enhance Cue-dependent Learning: 

Toward an Animal Model of Chronic 

Stress and Posttraumatic Stress 

Disorder …..p.193

Clinical 
Symptoms/General
VA-4B
Evaluation of Neurological 

Research
 Health
Functioning in Persian 




Gulf Veterans …..p.252

Clinical 
Symptoms/General
VA-7
Desert Storm Reunion Survey …..p.291

Research
 Health

Clinical 
VA-12
Psychological Assessment of 

Research
Operation Desert Storm 



Returnees …..p.298

Clinical 
Symptoms/General
VA-11
Neuropsychological Functioning in 

Research
 Health
Veterans …..p.297

Clinical 
Symptoms/General
VA-10
Memory and Attention in PTSD …..p.296

Research
 Health

Clinical 
Diagnosis
VA-4F
Validity of Computerized Tests …..p.261

Research

Clinical 
Symptoms/General
VA-54
Follow-up of Psychological and 

Research
 Health
Neurocognitive Gulf War Outcome: 

Relation to Stress …..p.325

Clinical 
Prevention
DoD-83
Risk for Stress-related Substance 

Research
Abuse: the Effects of Family History 

of Alcoholism…..p.179

Clinical 
VA-20
Psychological Adjustment in 

Research
Operation Desert Shield/Storm 

Veterans…..p.308
Major Focus 
Research Type
Secondary Focus
Tertiary
Project Number
Project Title

 Area
 Focus Area

Brain & Nervous System

Clinical 
Symptoms/General
DoD-84
Psychobiologic Alterations in 

Research
 Health
Persian Gulf War Veterans with and 

without PTSD…..p.181

Clinical 
VA-21
A Comparison of PTSD 

Research
Symptomatology among Three Army



Medical Units Involved in ODS…..p.310

Mechanistic
DoD-91
Neurological and Circadian 

Substrates of PTSD-like Behaviors…..p.191

Clinical 
Symptoms/General
VA-6A
Psychosocial, Neuropsychological 

Research
 Health
and Neurobehavioral Assessment 

(Project I) …..p.278

Clinical 
Treatment
DoD-90
SPECT Benzodiazepine Receptor 

Research
and MR Imaging in PTSD …..p.190

Clinical 
Symptoms/General
DoD-89
Limbic Blood Flow and Opiate 

Research
 Health
Receptor PET in Posttraumatic 

Stress Disorder…..p.188

Epidemiology 
Prevention
DoD-87
Measurement and Validation of 

Research
Psychosocial Risk and Resilience 

Factors Accounting for Physical and

Mental Health and Health-Related 

Quality of Life among PGWVs…..p.185

Clinical 
DoD-86
Effects of Combat Stress on 

Research
Structure and Function of the 

Hippocampus…..p.184

Clinical 
Symptoms/General
DoD-41
Evaluation of Muscle Function in 

Research
 Health
Persian Gulf Veterans …..p.122

Clinical 
VA-13
Neurobehavioral Aspects of Persian

Research
Gulf Experiences: A Pilot Study…..p.300

Clinical 
Chemical 
DoD-63
PGW Veterans: Epidemiological 

Research
Weapons
and Clinical Evidence for Residual 

Organophosphate Neurotoxicity…..p.154

Clinical 
Symptoms/General
HHS-5
Cognitive Function and Symptom 

Research
 Health
Patterns in Persian Gulf Veterans …..p.236

Clinical 
Environmental 
VA-64A
Functional Neuroimaging in Lead 

Research
Toxicology
Exposed Adults…..p.343

Epidemiology 
VA-61
An Epidemiological Investigation 

Research
into the Occurrence of Amyotrophic 

Lateral Sclerosis (ALS) Among Gulf 

War Veterans (See also DoD-118) …..p.337
Major Focus 
Research Type
Secondary Focus
Tertiary
Project Number
Project Title

 Area
 Focus Area
Brain and Nervous System 


Clinical 
VA-66
Physiological Responding in 

Research
Posttraumatic Stress Disorder…..p.352

Clinical 
VA-67
Olfactory Functioning in Gulf War …..p.353

Clinical 
VA-64B
Quantification and Validation of 

Research
Structure-Function Relationships 

through Visuospatial Test 

Performance…..p.344

Epidemiology 
Symptoms and 
VA-68
Family Study of Fibromyalgia…..p.354

Research
General Health

Clinical 
VA-69
Cardiovascular Hyporeactivity and 

Research
Fatiguing Illness in Gulf War 

Veterans…..p.355

Clinical 
DoD-111
Autonomic Dysfunction in Gulf War 

Research
Veterans …..p.214

Clinical 
Symptoms/General
Environmental 
VA-5C
Effects of Exertion and Chemical 

Research
 Health
Toxicology
Stress on Persian Gulf Veterans …..p.269

Epidemiology 
DoD-118
An Epidemiological Investigation 

Research
into the Occurrence of Amyotrophic 

Lateral Sclerosis (ALS) Among Gulf 

War Veterans (See also VA-61) …..p.223

Epidemiology 
DoD-114
A Re-examination of 

Research
Neuropsychological Functioning in 

Persian Gulf War Veterans …..p.217

Clinical 
DoD-101
Mechanisms in Chronic 

Research
Multisymptom Illnesses …..p.204

Mechanistic 
DoD-105
Neuroplasticity and Calcium 

Research
Signaling in Stressed Rat Amygdala …..p.208
Chemical Weapons

Mechanistic
Prevention
DoD-51
Transgenic Engineering of 

Cholinesterases: Tools for 

Exploring Cholinergic Responses …..p.135

Clinical 
Diagnosis
VA-47
Retrospective Verification of 

Research
Mustard Gas Exposure …..p.317

Epidemiology 
Symptoms/General
DoD-69
Five Year Follow-Up of Army 

Research
 Health
Personnel Exposed to Chemical 

Warfare Agents …..p.161

Major Focus 

Research Type
Secondary Focus
Tertiary
Project Number
Project Title



 Area
 Focus Area 

Chemical Weapons

Epidemiology
DoD-116A
Follow-Up Investigation of Troops 

Exposed to Nerve Agents at 

Aberdeen Proving Ground (Pilot 

Study) (See also VA-63A; formerly 

VA/DoD-2DA) …..p.220


Mechanistic
Diagnosis
VA-6D
DNA Damage from Chemical  …..p.287

Agents and Its Repair (Project IV)

Mechanistic
Pyridostigmine 
Brain and Nervous 
DoD-113
Interactions of Subsymptomatic 

Bromide
System
Doses of Sarin with Pyridostigmine: 

Neurochemical, Behavioral, and 

Physiological Effects …..p.216

Mechanistic
DoD-50
Toxicokinetics of 0-Ethyl 

S-(2-Diisopropylaminoethyl) 

Methylphosphonothioate [(+)-VX] in 

Rats, Hairless Guinea Pigs and 

Marmosets - Identification of 

Metabolic Pathways …..p.133

Clinical 
Pyridostigmine 
Prevention
DoD-60
Butyrylcholinesterase Genetic 

Research
Bromide
Variants in Persons with Gulf War 

Illness …..p.149

Epidemiology 
VA-63A
Follow-Up Investigation of Troops 

Research
Exposed to Nerve Agents at 

Aberdeen Proving Ground (Pilot 

Study) (See also DoD-116A; formerly

VA/DoD-2VA/2DA) …..p.340

Epidemiology 
Symptoms and 
DoD-93
Troops Exposed to New Agents at 

Research
General Health
Aberdeen Proving Ground:  

Follow-Up …..p.195

Mechanistic
Brain & Nervous 
DoD-53
Long-Term Effects of Subclinical 

System
Exposures to Sarin …..p.139

Development
Diagnosis
DoD-49
Diagnosis and Dosimetry of 

Exposure to Sulfur Mustard: 

Development of Standard Operating 

Procedures and Exploratory 

Research on Protein Adducts …..p.131
Depleted Uranium

Mechanistic
Reproductive 
DoD-121
Evaluation of the Health Risks of 

Health
Embedded Depleted Uranium 

Shrapnel on Pregnancy and 

Offspring Development …..p.226

Mechanistic
Environmental 
DoD-7A
Health Risk Assessment of 

Toxicology
Embedded Depleted Uranium: 

Behavior, Physiology, Histology, and

Biokinetic Modeling …..p.82

Mechanistic
Environmental 
DoD-7B
Carcinogenicity of Depleted 

Toxicology
Uranium Fragments …..p.84

Major Focus 

Research Type
Secondary Focus
Tertiary
Project Number
Project Title



 Area
 Focus Area

Depleted Uranium

Mechanistic
Symptoms and 
DoD-122
Carcinogenic Potential of Depleted 

General Health
Uranium and Tungsten Alloys …..p.227

Mechanistic
Immune Function
DoD-123
Immunotoxicity of Depleted Uranium

 and Heavy Metal Tungsten Alloys …..p.229
Diagnosis

Development
DoD-100
Antibodies to Squalene …..p.203

Development
DoD-66
Testing for Mycoplasmal Infection 

Replicability of Nucleoprotein Gene 

Tracking and Forensic Polymerase 

Chain Reaction …..p.159

Development
DoD-97
Surveillance of B. pertussis among 

Military Trainees with Respiratory 

Disease:  Development and 

Validation of a Highly Sensitive 

PCR and Beacon Probe based 

Method for Diagnosis of Pertussis …..p.200

Clinical 
DoD-47
Study of Mycoplasmal Infections in 

Research
Gulf War Veterans …..p.129
Environmental Toxicology

Mechanistic 
VA-65B
The Contribution of FEN-1 to Genetic

Research
Integrity Subsequent to Oxidative 

Stress …..p.348

Development
DoD-16
Kuwait Oil Fire Health Risk 

Assessment …..p.95

Mechanistic
Brain & Nervous 
Chemical 
DoD-22
Chronic Organophosphorus 

System
Weapons
Exposure and Cognition …..p.103

Clinical 
Brain & Nervous 
Interactions
VA-48
Cross-Sensitization as a CNS Model

Research
System
for Gulf War Chemical Intolerance …..p.318

Mechanistic
Prevention
HHS-3
Biomarkers of Susceptibility and 

Polycyclic Aromatic Hydrocarbon 

(PAH) Exposure in Urine and blood 

Cell DNA from U.S. Army Soldiers 

Exposed to Kuwaiti Oil Well Fires …..p.234

Development
DoD-18
Kuwait Oil Fires Troop Exposure 

Assessment Model (TEAM) …..p.98

Development
DoD-19
Persian Gulf Veterans Health 

Tracking System …..p.99

Epidemiology 
DoD-13
Effects of Persian Gulf War Service 

Research
on Military Working Dogs …..p.92

Major Focus 

Research Type
Secondary Focus
Tertiary
Project Number
Project Title

 Area
 Focus Area
Environmental Toxicology

Mechanistic 
VA-65A
Does a Variant of the Human SOD2 

Research
Gene Increase Sensitivity to Hazards? …..p.347

Mechanistic 
VA-65C
The Importance of Hydrogen 

Research
Peroxide Detoxification in Cellular 

Protection …..p.349

Mechanistic 
VA-65D
Do Defective Gpx1 and ALDH2 

Research
Genes Increase Sensitivity to 

Environmental Exposure? …..p.350
Mechanistic
Prevention
VA-4E
The Aromatic Hydrocarbon Receptor

 (AhR) as a Biomarker of 

Susceptibility …..p.257
Clinical 
Symptoms/General
VA-4D
Evaluation of Respiratory 
Research
 Health
Dysfunction Among Gulf War 

Veterans …..p.255
Development
Interactions
DoD-34
Characterization of Emissions from 

Heaters Burning Leaded Diesel Fuel

in Unvented Tents …..p.113
Clinical 
Diagnosis
VA-64C
Development of a Structured 
Research
Neurotoxicant Assessment Checklist

(SNAC) for Clinical Use in Veteran 

Populations …..p.345
Immune 

Clinical 
DoD-106
The Role of Th1/Th2 cytokine 

Research
balance in Gulf War-related illness …..p.209

Clinical 
Brain & Nervous 
DoD-88
Clinical Relevance of Novel 

Research
System
Immunological Markers in PTSD …..p.187

Mechanistic
Interactions
Environmental 
HHS-7
Immunotoxicity of Dermal 

Toxicology
Permethrinand Cis-Urocanic Acid …..p.240

Mechanistic
Pyridostigmine 
Interactions
DoD-112
Role of Respirable Saudi Arabian 

Bromide
Sand and Pyridostigmine in the Gulf

War Syndrome: An Autoimmune 

Adjuvant Disease? …..p.215
Immunology

Clinical 
Symptoms/General
VA-17
Immunological Evaluation of 

Research
Health
Persian Gulf Veterans …..p.305


Major Focus 

Research Type
Secondary Focus
Tertiary
Project Number
Project Title

 Area
 Focus Area
Immunology


Clinical 
Symptoms/General
VA-6B
Clinical and Neuroendocrine 

Research
 Health
Aspects of Fibromyalgia (Project II) …..p.281

Clinical 
DoD-48
Assessment of Genomic Instability 

Research
via Chromosome 7 Inversion 

Frequency in a Gulf-War Syndrome 

Cohort vs. Selected Control Groups …..p.130
Interactions

Mechanistic
Brain & Nervous 
Chemical 
DoD-54
Assessment of Subchronic 

System
Weapons
Neurobehavioral and 

Neuropathologic Effects in Rats 

Following Low-Level Sarin Exposure …..p.140

Mechanistic
Chemical 
Brain & Nervous 
DoD-78
Experimental Models of Gulf War 

Weapons
System
Syndrome …..p.173

Mechanistic
Chemical 
Pyridostigmine 
DoD-62
Sarin and Pyridostigmine Interaction

Weapons
Bromide
under Physical Stress: Neurotoxic 

Effects in Mice …..p.152

Development
Environmental 
HHS-8
Strategy to Identify Non-Additive 

Toxicology
Response to Chemical Mixtures …..p.241

Mechanistic 
Environmental 
DoD-103
Human Metabolism and Interactions

Research
Toxicology
of Deployment-related Chemicals …..p.206

Mechanistic
Pyridostigmine 
DoD-77
Percutaneous Absorption of 

Bromide
Chemical Mixtures Relevant to the 

Gulf War …..p.171

Mechanistic
Chemical 
Pyridostigmine 
DoD-61
Neurophysiologic and 

Weapons
Bromide
Neuropathologic Effects in Monkeys 

of Low Level Exposures to Sarin, 

Pyridostigmine, Pesticides, and 

Botulinum Toxoid …..p.150

Mechanistic
Pyridostigmine 
Brain & Nervous 
DoD-2
Physiological and Neurobehavioral 

Bromide
System
Effects in Rodents from Exposure to

Pyridostigmine, Fuels, and DEET …..p.79
Interactions

Mechanistic
Immune Function
Pyridostigmine 
DoD-81
Immunotoxicity due to Coexposure 

Bromide
to DEET, Pyridostigmine, and Stress …..p.177

Mechanistic
Pyridostigmine 
Brain & Nervous 
DoD-37
Neurobehavioral and Immunological

Bromide
System
Toxicity of Pyridostigmine, 

Permethrin, and DEET in Male and 


 Female Rats …..p.116


Major Focus 

Research Type
Secondary Focus
Tertiary
Project Number
Project Title

 Area
 Focus Area

Interactions

Mechanistic
Chemical 
Pyridostigmine 
DoD-55
Low-Level Exposure to GB Vapor in 

Weapons
Bromide
Air: Diagnosis/Dosimetry, Lowest 

Observable Effect Levels, 

Performance-Incapacitation, and 

Possible Delayed Effects …..p.142

Mechanistic
Pyridostigmine 
Brain & Nervous 
DoD-75
Toxic Interactions of Prophylactic 

Bromide
System
Drugs and Pesticides …..p.169

Mechanistic
Pyridostigmine 
Immune Function
DoD-76
Evaluations of Immunotoxicity due 

Bromide
to Concurrent Exposure to DEET, 

Pyridostigmine, and JP-8 Jet Fuel …..p.170

Mechanistic
Chemical 
Brain & Nervous 
DoD-72
Long-term Effects of Subchronic 

Weapons
System
Exposure to Sarin, Alone and with 

Stress or Other Chemicals …..p.165

Mechanistic
Chemical 
Pyridostigmine 
DoD-56
Low-Level Sarin Neurotoxicity and 

Weapons
Bromide
Its Modulation by Pyridostigmine …..p.143
Leishmaniasis

Development
Diagnosis
DoD-8B
Development of a Leishmania Skin 

Test Antigen (LSTA) …..p.87

Development
Diagnosis
DoD-8A
Serologic Diagnosis of 

Viscerotropic Leishmaniasis (VTL) …..p.86

Clinical 
Diagnosis
Treatment
VA-6E
Clinical and Epidemiology 

Research
Leishmania Research …..p.289

Mechanistic
Treatment
DoD-9
Identification of the Genetic Factors 

Which Control Tropism in 

Leishmania …..p.88

Development
Diagnosis
DoD-38
Diagnostic Antigens of Leishmania 

Tropica …..p.118

Development
Diagnosis
Treatment
DoD-95
Development of Diagnostic Tools 

and Alternative Treatment Drugs for 

Leishmania …..p.197

Mechanistic
Prevention
VA-16
Protective Immunity in Experimental 

Visceral Leishmaniasis …..p.303

Mechanistic
Prevention
VA-15
Vaccine-Mediated Immunity Against

 Leishmaniasis …..p.301
Mortality 

Epidemiology 
DoD-15
Comparative Mortality Among US 

Research
Military Personnel Worldwide During

Operations Desert Shield and 

Desert Storm …..p.94
Epidemiology 
Prevention
DoD-102
Case-Control Study of Fatal Motor 

Research
Vehicle Crashes Among Gulf War 


 Veterans …..p.205

Major Focus 

Research Type
Secondary Focus
Tertiary
Project Number
Project Title

 Area
 Focus Area
Mortality


Epidemiology 
VA-1
Mortality Follow-up Study of Persian 
Research
Gulf Veterans …..p.242
Prevention

Epidemiology
DoD-110
Predictors of Career and Family 

Dysfunction in Young Adults 

Enlisting in the United States Navy …..p.213
Pyridostigmine Bromide

Mechanistic
Interactions
VA-5D
Effects of Genetics and Stress on 

Responses to Environmental Toxins …..p.271

Mechanistic
Brain & Nervous 
VA-49
Sensitivity to Pyridostigmine 

System
Bromide: Persistent Neural 

Dysfunction …..p.320

Clinical 
Brain & Nervous 
Prevention
DoD-64
Individual Differences in 

Research
System
Neurobehavioral Effects of 

Pyridostigmine …..p.156

Clinical 
DoD-11
Male/Female Differential Tolerances

Research
to Pyridostigmine Bromide …..p.91

Mechanistic
Environmental 
VA-6C
Neurotoxicity of Environmental 

Toxicology
Pollutants and Warfare Agents 

(Project III) …..p.284

Mechanistic
Interactions
DoD-10
Pyridostigmine Synergistic Toxicity 

Study …..p.90

Mechanistic 
Brain and Nervous 
DoD-107
Stress, Organophosphates and 

Research
System
Blood Brain Barrier Integrity …..p.208

Mechanistic
Prevention
DoD-33
Effects of Pyridostigmine in Flinders

Line Rats Differing in Cholinergic 

Sensitivity …..p.111

Mechanistic
Brain & Nervous 
DoD-59
Pyridostigmine-induced 

System
Neurodegeneration: Role of 

Neuronal Apoptosis …..p.148
Pyridostigmine Bromide

Epidemiology 
DoD-17
Retrospective Studies Involving 

Research
Military Use of Pyridostigmine as a 

Pretreatment for Nerve Agent 

Poisoning …..p.97
Epidemiology 
Prevention
DoD-21
Study of Variability In 

Research
Pyridostigmine Inhibition of Blood 

Cholinesterases in Healthy Adults 

and Individuals With Symptoms 

Following Participation in Operation 









          Desert Storm …..p.101


Major Focus 

Research Type
Secondary Focus
Tertiary
Project Number
Project Title

 Area
 Focus Area
Pyridostigmine Bromide

Mechanistic
Brain & Nervous 
DoD-79
Time Course of Stress-induced 

System
Impairment of Blood Brain Barrier …..p.174
Reproductive Health

Epidemiology 
DoD-1G
Epidemiologic Studies of Morbidity 

Research
Among Gulf War Veterans: A 

Search for Etiologic Agents and 

Risk Factors; Study 7: Prevalence of

Congenital Anomalies Among 

Children of Persian Gulf War 

Veterans …..p.77

Epidemiology 
DoD-35
Feasibility of Investigating Whether 

Research
There is a Relationship Between 

Birth Defects and Service in the Gulf

War. …..p.114

Epidemiology 
HHS-4
Suspected Increase of Birth Defects

Research
and Health Problems Among 

Children Born to Persian Gulf War 

Veterans In Mississippi …..p.235

Clinical 
Symptoms/General
Immunology
DoD-44
Investigation of Seminal Plasma 

Research
 Health
Hypersensitivity Reactions …..p.125

Epidemiology 
DoD-1D
Epidemiologic Studies of Morbidity 

Research
Among Gulf War Veterans: A 

Search for Etiologic Agents and 

Risk Factors; Study 4: Infertility and 

Miscarriage in Gulf War Veterans …..p.73

Epidemiology 
DoD-1C
Epidemiologic Studies of Morbidity 

Research
Among Gulf War Veterans: A 

Search for Etiologic Agents and 

Risk Factors; Study 3: A 

comparative study of pregnancy 

outcomes among Gulf War veterans 

and other active-duty personnel …..p.72

Clinical 
VA-53
Spouses and Children Program …..p.324

Research
Symptoms and General Health

Epidemiology 
DoD-99
DoD-wide Medical Surveillance for 

Research
Potential Long-Term Adverse 

Events associated with Anthrax 

Immunization in Active Duty Service 

Members, Proposal 1: 

Hospitalizations …..p.202

Clinical 
Brain & Nervous 
VA-5B
Physiological and Psychological 

Research
System
Assessments of Persian Gulf 

Veterans …..p.266

Epidemiology 
VA-4C
Gulf War And Vietnam Veterans 

Research
Cancer Incidence Surveillance…..p.253

Major Focus 

Research Type
Secondary Focus
Tertiary
Project Number
Project Title

 Area
 Focus Area

Symptoms and General Health

Epidemiology 
VA-70
A Clinical Evaluation of the Health 

Research
Status of Persian Gulf War Veterans

in VISN 8 …..p.357

Epidemiology 
DoD-94
Combined Analysis of the VA and 

Research
DoD Gulf War Clinical Registries: A 

Study of Clinical Findings from 

Systematic Medical Examinations of

100,000 U.S. Gulf War Veterans …..p.196

Epidemiology 
DoD-98
Investigation of a Baseline Medical 

Research
Database to Evaluate the Health of 

Military Forces and Veterans …..p.201

Clinical 
Diagnosis
DoD-109
Disordered Responses to 

Research
Orthostatic Stress in the 

Pathogenesis of Gulf War Syndrome

Symptoms …..p.212

Epidemiology
DoD-104
Clinical Evaluation of a Proposed 

New Gulf War Syndrome …..p.207

Epidemiology 
Reproductive 
Treatment
DoD-96
Deployment Health Center …..p.199

Research
Health

Epidemiology 
Prevention
DoD-108
Health Status of Current National 

Research
Guard Members …..p.211

Epidemiology 
Chemical 
DoD-116
VA/DoD Core Funding of the 

Research
Weapons
Medical Follow-Up Agency (See 

also VA-63; formerly VA-DoD-2D/2V) …..p.219

Epidemiology 
DoD-46
Exploratory Data Analysis with the 

Research
CCEP Database …..p.128

Clinical 
Brain & Nervous 
DoD-58
Illness Among Persian Gulf War 

Research
System
Veterans: Case Validation Studies …..p.147

Epidemiology 
DoD-116B
Patterns of Pre-Persian Gulf War 

Research
Illness and Health Care Seeking, 

Pilot Study (See also VA-63B; 

formerly VA/DoD- 2DB) …..p.221

Epidemiology 
Chemical 
VA-63
VA/DoD Core funding of the Medical

Research
Weapons
Follow-Up Agency (See also 

DoD-116; formerly VA/DoD-2V/2D) …..p.339

Clinical 
Brain & Nervous 
VA-4Core
Boston Environmental Hazards 

Research
System
 Research Center Program …..p.249


Major Focus 

Research Type
Secondary Focus
Tertiary
Project Number
Project Title

 Area
 Focus Area
Symptoms/General Health

Clinical 
Brain & Nervous 
DoD-57
Physiologic Effects of Stress in Gulf

Research
System
War Veterans …..p.145

Epidemiology 
VA-63B
Patterns of Pre-Persian Gulf War 

Research
Illness and Health Care Seeking 

Pilot Study  (See also DoD-116B; 

previously VA/DoD-2VB) …..p.341

Epidemiology
HHS-6
Defining Gulf War Illness …..p.238

Research

Epidemiology 
Brain & Nervous 
Diagnosis
VA-2C
VA National Survey of Persian Gulf 

Research
System
Veterans - Phase III …..p.246

Epidemiology 
VA-2B
VA National Survey of Persian Gulf 

Research
Veterans - Phase II …..p.245

Epidemiology 
DoD-14
Risk Factors Among US Army 

Research
Soldiers for Enrolling on the 

Department of Veterans Affairs Gulf 

War Registry …..p.93

Clinical 
Immunology
Brain & Nervous 
DoD-42
The Symptomatic Persian Gulf 

Research
System
Veterans Protocol: An Analysis of 

Risk Factors with an Immunologic 

and Neuropsychiatric Assessment …..p.123

Clinical 
Brain & Nervous 
VA-5Core
East Orange Environmental Hazards

Research
System
Research Center Program …..p.262

Epidemiology 
Prevention
DoD-117
Patterns of Pre-Persian Gulf War 

Research
Illness and Health Care Seeking …..p.222

Epidemiology 
DoD-1E
Epidemiologic Studies of Morbidity 

Research
Among Gulf War Veterans: A 

Search for Etiologic Agents and 

Risk Factors; Study 5: Seabee 

Health Study …..p.75

Clinical 
VA-18
Chronic Gastrointestinal Illness in 

Research
Persian Gulf Veterans …..p.306

Epidemiology 
VA-5A
Health and Exposure Survey of 

Research
Persian Gulf Veterans …..p.264

Clinical 
Brain & Nervous 
VA-8
Psychological Test Data of Gulf 

Research
System
 War Veterans Over Time  …..p.293


Major Focus 

Research Type
Secondary Focus
Tertiary
Project Number
Project Title

 Area
 Focus Area
Symptoms/General Health

Epidemiology 
VA-2
National Health Survey of Persian 

Research
Gulf Veterans …..p.243

Epidemiology 
VA-6Core
Core Program: Portland 

Research
Environmental Hazards Research 

Center: Environment, Veterans 

Health and the Gulf War Syndrome. 

Core Project for Clinical and 

Epidemiology Research …..p.276

Epidemiology 
HHS-1
Health Assessment of Persian Gulf 

Research
War Veterans from Iowa …..p.230

Epidemiology 
VA-2A
VA National Survey of Persian Gulf 

Research
Veterans - Phase I …..p.244

Epidemiology 
DoD-1B
Epidemiologic Studies of Morbidity 

Research
Among Gulf War Veterans: A 

Search for Etiologic Agents and 

Risk Factors; Study 2: A 

Comparative Study of 

Hospitalizations among Active-duty 

Personnel Who Participated in the 

Gulf War and Similar Personnel 

Who Did Not …..p.70

Epidemiology 
VA-46
Diarrhea in Persian Gulf Veterans: 

Research
An Irritable Bowel-Like Disorder …..p.315

Epidemiology 
DoD-1F
Epidemiologic Studies of Morbidity 

Research
Among Gulf War Veterans: A 

Search for Etiologic Agents and 

Risk Factors; Study 6: A 

Comparison of Nonfederal 

Hospitalization Experience Among 

Veterans in California who have 

separated from active service: PGW 

vs. EV …..p.76

Epidemiologic 
DoD-120
Assessing the Potential Health 

Research
Impact of the Gulf War on Saudi 

Arabia National Guard Members and

Their Dependents …..p.225

Clinical 
VA-40
Musculoskeletal Symptoms in Gulf 

Research
War Syndrome …..p.314

Epidemiology 
DoD-71
A Comparison of Post Deployment 

Research
Hospitalization Between Vietnam 


 and Gulf War Veterans …..p. 164


Major Focus 

Research Type
Secondary Focus
Tertiary
Project Number
Project Title

 Area
 Focus Area
Symptoms/General Health

Clinical 
DoD-1A
Epidemiologic Studies of Morbidity 

Research
Among Gulf War Veterans: A 

Search for Etiologic Agents and 

Risk Factors; Study 1: A Study of 

Symptoms Among 1500 Seabees …..p.68

Epidemiology 
DoD-70
War Syndromes from 1900 to the 

Research
Present: Symptom Patterns and 

Long-term Health Outcomes …..p.162

Epidemiology 
DoD-4
The General Well-Being of Gulf War

Research
Era Service Personnel from the 

States of Pennsylvania and Hawaii: 

A Survey …..p.81

Epidemiology 
DoD-73
Post-deployment Morbid Stress, 

Research
Behavior and Health: Developing a 

Model for Predicting Morbidity, 

Mortality, and other Adverse 

Outcomes …..p.166

Epidemiology 
DoD-74
Relationship of Stress Exposures to

Research
Health in Gulf War Veterans …..p.168

Epidemiology 
DoD-39
A Controlled Epidemiological and 

Research
Clinical Study into the Effect of Gulf 

War Service on Servicemen and 

Women of the United Kingdom 

Armed Forces …..p.119

Epidemiology 
Reproductive 
DoD-30
Epidemiological Studies Persian 

Research
Health
Gulf War Illnesses, PG Women's 

Health Linkage Study …..p.107

Epidemiology 
Diagnosis
HHS-2
Disease Cluster in a Pennsylvania 

Research
Air National Guard Unit, EPI-AID 

95-18 …..p.232

Epidemiology 
VA-3
Use of Roster of Veterans Who 

Research
Served in Persian Gulf Area …..p.247

Clinical 
Brain & Nervous 
Reproductive 
DoD-45
Physical and Emotional Health of 

Research
System
Health
 Gulf War Veterans Women  …..p.127
Treatment

Clinical 
Symptoms/General
VA-62
A Randomized, Multi-Center, 

Research
 Health
Controlled Trial of Multi-Model 

Therapy in Veterans with Gulf War 

Illness (EBT) (See also DoD-115; 


formerly VA/DoD 1V) …..p.338

Major Focus 
Research Type
Secondary Focus
Tertiary
Project Number
Project Title

 Area
 Focus Area
Treatment

Clinical 
Brain and Nervous 
VA-59
Demonstration Treatment Program 

Research
System
for Gulf War Veterans With 

Unexplained Physical Symptoms 

(13) …..p.333

Clinical 
DoD-119
Antibiotic Treatment of Gulf War 

Research
Veterans' Illnesses (ABT) (See also VA-55.) …..p.224

Clinical 
VA-60
Identification and Management of 

Research
Sleep Disorders in Gulf War 

Veterans (13) …..p.335

Clinical 
VA-58
Implementation and Evaluation of 

Research
Gulf War Veterans' Demonstration 

Project (13) …..p.330

Clinical 
VA-57
Case Management and Residential 

Research
Rehabilitation for Persian Gulf War 

Veterans (13) …..p.329

Clinical 
VA-56
Birmingham's Gulf War Veterans' 

Research
Illness Demonstration Clinic (13) …..p.327

Clinical 
Symptoms/General
DoD-115
A Randomized, Multi-Center, 

Research
Health
Controlled Trial of Multi-Model 

Therapy in Veterans with Gulf War 

Illnesses (EBT) (See also VA-62; 


formerly VA/DoD 1D) …..p.218

Clinical 
DoD-65
Multi-disciplinary Pathophysiologic 

Research
Studies of Neurotoxic Gulf War 

Related Syndromes Leading to 

Diagnosis and Treatment …..p.157

Clinical 
General Health
VA-55
Antibiotic Treatment of Gulf War 

Research


Veterans' Illnesses (ABT) (See also DoD-119) 









…..p. 326

Appendix A3

Project Funding*

*(As of March 31, 2000).
NOTES ON REVISED TABLE 

OF SPENDING FOR GULF WAR

 VETERANS’ ILLNESSES RESEARCH

Research Working Group

Persian Gulf Veterans Coordinating Board 

March 31, 2000

NOTE:  These notes and the attached table replace and supercede Appendix A-4 of the Annual Report to Congress: Federally Sponsored Research on Gulf War Veterans’ Illnesses for 1998 issued  in June 1999.

General
1. All entries for research funding reflect money centrally committed to researchers (both intramural and extramural) to carry out the specific projects.  These funds do not cover operational costs for administration, infrastructure, etc.  Each department allocates these costs in slightly different ways making it difficult to accurately account for these funds.  For example, in VA the research appropriation does not pay for clinician/investigator salaries.  By law, those funds must come from the patient care appropriation.

2. A “blank” funding entry generally reflects years in which a project was not active (e.g. it had not started or it had come 

to an end).  

3. Some multiyear projects receive all of their funding in the fiscal year of the authorization and appropriation.  For those, the dollars authorized and appropriated are shown for that fiscal year.  The remaining funding entries show $0 for the years that the project is active.  

4. Some intramural projects/programs are supported out of operational costs.  For those projects $0 is entered for the funds in the fiscal years that the project is active. 

5. Programs consisting of multiple projects are represented in one of two ways, depending on how funds are centrally allocated:

a.
Funds centrally allocated to the program: These programs are shown in the table as a main program indicated by a project designation such as DoD-1, and projects in the program as DoD-1A, DoD-1B, etc.  All funds are shown under the main program.  Blank funding entries are shown for the individual projects.

b. Funds centrally allocated to projects within a program: The funds for these programs are only indicated by their 

projects without a main program identifier.  For example, VA-2A and VA-2B.

6.
Funds listed under FY’00 are only projections at this time.

Specific
1. DoD-4 is part of a larger US Army study (DoD-23) conducted at Walter Reed Army Institute of Research.  All funding is combined into project DoD-23.   DoD-8A and 8B are also parts of a larger US Army study and all funding is combined and shown under program DoD-8.

2. HHS-3 was funded from the FY’91 appropriation, which is not included in this accounting.

3. HHS-4 was funded from the FY’93 appropriation, which is not included in this accounting.

4. Funds for VA-1 for FY’94 through FY’97 represent an aggregate of funds for both the VA Mortality Study and the VA National Survey of Persian Gulf Veterans.  Beginning in FY’98, VA-1 reflects continuation of the VA Mortality Study.  Beginning in FY’98, VA–2A, 2B, and 2C reflect funding for separate components of the VA National Survey of Persian Gulf Veterans.

PROJECT NO
PROJECT TITLE
STATUS
FY 1994
FY 1995
FY 1996
FY 1997
FY 1998
FY 1999
TOTALS      
FY '94-'99
FY 2000
Projection

 
 
 
 
 
 
 
 
 
 
 

DoD-1
Naval Health Study Program
Complete
$725,000 
$1,010,000 
$2,250,000 
$2,000,000 
$2,654,000 
 
$8,639,000 
 

DoD-1A
Epidemiologic Studies of Morbidity Among Gulf War Veterans: A Search for Etiologic Agents and Risk Factors; Study 1: A Study of Symptoms among 1500 Seabees.
Complete
 
 
 
 
 
 
$0 
 

DoD-1B
Epidemiologic Studies of Morbidity among Gulf War Veterans: A Search for Etiologic Agents and Risk Factors; Study 2:  A Comparative Study of Hospitalizations among Active-Duty Personnel Who Participated in the Gulf War and Similar Personnel Who Did Not.
Complete
 
 
 
 
 
 
$0 
 

DoD-1C
Epidemiologic Studies of Morbidity among Gulf War Veterans: A Search for Etiologic Agents and Risk Factors; Study 3:  A comparative study of pregnancy outcomes among Gulf War veterans and other active-duty personnel.
Complete
 
 
 
 
 
 
$0 
 

DoD-1D
Epidemiologic Studies of Morbidity among Gulf War Veterans: A Search for Etiologic Agents and Risk Factors; Study 4:  Infertility and Miscarriage in Gulf War Veterans.
Complete
 
 
 
 
 
 
$0 
 

PROJECT NO
PROJECT TITLE
STATUS
FY 1994
FY 1995
FY 1996
FY 1997
FY 1998
FY 1999
TOTALS      
FY '94-'99
FY 2000
Projection

 
 
 
 
 
 
 
 
 
 
 

DoD-1E
Epidemiologic Studies of Morbidity among Gulf War Veterans: A Search for Etiologic Agents and Risk Factors; Study 5:  Seabee Health Study.
Complete
 
 
 
 
 
 
$0 
 

DoD-1F
Epidemiologic Studies of Morbidity among Gulf War Veterans: A Search for Etiologic Agents and Risk Factors; Study 6:  A Comparison of Nonfederal Hospitalization Experience Among Veterans in California who have separated from active service: PGW vs. EV.
Complete
 
 
 
 
 
 
$0 
 

DoD-1G
Epidemiologic Studies of Morbidity among Gulf War Veterans: A Search for Etiologic Agents and Risk Factors; Study 7:  Prevalence of Congenital Anomalies Among Children of Persian Gulf War Veterans.
Complete
 
 
 
 
 
 
$0 
 

DoD-2
Physiological and Neurobehavioral Effects in Rodents from Exposure to Pyridostigmine, Fuels, and DEET.
Complete
$90,000 
$0 
$0 
$0 
 
 
$90,000 
 

DoD-4
The General Well-Being of Gulf War Era Service Personnel from the States of Pennsylvania and Hawaii: A Survey.
Complete
$0 
 
 
 
 
 
$0 
 

PROJECT NO
PROJECT TITLE
STATUS
FY 1994
FY 1995
FY 1996
FY 1997
FY 1998
FY 1999
TOTALS      
FY '94-'99
FY 2000
Projection

 
 
 
 
 
 
 
 
 
 
 

DoD-7A
Health Risk Assessment of Embedded Depleted Uranium: Behavior, Physiology, Histology, and Biokinetic Modeling.
Complete
$897,000 
$0 
$0 
$0 
$0 
 
$897,000 
 

DoD-7B
Carcinogenicity of Depleted Uranium Fragments.
Complete
$897,814 
$0 
$0 
$0 
$0 
$121,400 
$1,019,214 
$0 

DoD-8
Program DoD-8.
Complete
$773,000 
$895,000 
$652,000 
$695,000 
$694,000 
$0 
$3,709,000 
 

DoD-8A
Serologic Diagnosis of Viscerotropic Leishmaniasis (VTL).
Complete
$0 
$0 
$0 
 
 
 
$0 
 

DoD-8B
Development of a Leishmania Skin Test Antigen (LSTA).
Complete
$0 
$0 
$0 
$0 
$0 
$0 
$0 
 

DoD-9
Identification of the Genetic Factors Which Control Tropism in Leishmania.
Complete
$0 
$150,000 
$0 
$0 
$0 
 
$150,000 
 

DoD-10
Pyridostigmine Synergistic Toxicity Study.
Complete
$42,000 
$44,000 
 
 
 
 
$86,000 
 

DoD-11
Male/Female Differential Tolerances to Pyridostigmine Bromide.
Complete
$549,000 
$359,000 
$0 
$0 
$0 
 
$908,000 
 

DoD-13
Effects of Persian Gulf War Service on Military Working Dogs.
Ongoing
$0 
$0 
$97,000 
$200,000 
$120,000 
$200,000 
$617,000 
$0 

DoD-14
Risk Factors Among US Army Soldiers for Enrolling on the Department of Veterans Affairs Gulf War Registry.
Complete
$120,000 
$0 
$0 
$0 
 
 
$120,000 
 

DoD-15
Comparative Mortality Among US Military Personnel Worldwide During Operations Desert Shield and Desert Storm.
Complete
$20,000 
$0 
 
 
 
 
$20,000 
 

DoD-16
Kuwait Oil Fire Health Risk Assessment.
Complete
$345,000 
$137,000 
$50,000 
$127,000 
 
 
$659,000 
 

PROJECT NO
PROJECT TITLE
STATUS
FY 1994
FY 1995
FY 1996
FY 1997
FY 1998
FY 1999
TOTALS      
FY '94-'99
FY 2000
Projection

 
 
 
 
 
 
 
 
 
 
 

DoD-17
Retrospective Studies Involving Military Use of Pyridostigmine as a Pretreatment for Nerve Agent Poisoning.
Complete
$21,000 
 
 
 
 
 
$21,000
 

DoD-18
Kuwait Oil Fires Troop Exposure Assessment Model (TEAM).
Ongoing
$68,000 
$151,000 
$770,000 
$193,000 
$290,000 
$295,000 
$1,767,000 
 

DoD-19
Persian Gulf Veterans Health Tracking System.
Ongoing
 
$25,000 
$0 
$0 
$450,000 
$450,000 
$925,000 
$0 

DoD-21
Study of Variability In Pyridostigmine Inhibition of Blood Cholinesterases in Healthy Adults and Individuals With Symptoms Following Participation in Operation Desert Storm.
Complete
$38,000 
$100,000 
$0 
$0 
 
 
$138,000 
 

DoD-22
Chronic Organophosphorus Exposure and Cognition.
Complete
$375,000 
$0 
$0 
$0 
$0 
 
$375,000 
 

DoD-23
Acute and Long-Term Impact of Deployment to Southwest Asia on the Physical and Mental Health of Soldiers and their Families.
Complete
$621,000 
$688,000 
$764,000 
$985,000 
 
 
$3,058,000 
 

DoD-30
Epidemiological Studies Persian Gulf War Illnesses, PG Women's Health Linkage Study.
Ongoing
 
$779,000 
$0 
$0 
$0 
$0 
$779,000 
$0 

DoD-31
Dysregulation of the Stress Response in the Persian Gulf Syndrome.
Complete
 
$971,000 
$0 
$0 
$0 
$0 
$971,000 
$0 

DoD-32
Neuropsychological Functioning in Persian Gulf Era Veterans.
Complete
 
$353,000 
$0 
$0 
$0 
$0 
$353,000 
 

DoD-33
Effects of Pyridostigmine in Flinders Line Rats Differing in Cholinergic Sensitivity.
Complete
 
$354,000 
$0 
$0 
$0 
$0 
$354,000 
 

PROJECT NO
PROJECT TITLE
STATUS
FY 1994
FY 1995
FY 1996
FY 1997
FY 1998
FY 1999
TOTALS      
FY '94-'99
FY 2000
Projection

 
 
 
 
 
 
 
 
 
 
 

DoD-34
Characterization of Emissions from Heaters Burning Leaded Diesel Fuel in Unvented Tents.
Complete
 
$283,000 
$0 
$0 
$0 
$0 
$283,000 
 

DoD-35
Feasibility of Investigating Whether There is a Relationship Between Birth Defects and Service in the Gulf War.
Ongoing
 
$427,000 
$10,000 
$63,000 
$0 
$10,500 
$510,500 
$0 

DoD-36
Fatigue in Persian Gulf Syndrome-Physiologic Mechanisms.
Complete
 
$416,000 
$138,000 
$0 
$0 
$0 
$554,000 
 

DoD-37
Neurobehavioral and Immunological Toxicity of Pyridostigmine, Permethrin, and DEET in Male and Female Rats.
Complete
 
$934,000 
$5,000 
$0 
$0 
$0 
$939,000 
 

DoD-38
Diagnostic Antigens of Leishmania tropica.
Complete
 
$612,000 
$0 
$0 
$0 
 
$612,000 
 

DoD-39
A Controlled Epidemiological and Clinical Study into the Effect of Gulf War Service on Servicemen and Women of the United Kingdom Armed Forces.
Ongoing
 
$865,000 
$0 
$28,400 
$155,000 
$0 
$1,048,400 
$130,000 

DoD-40
Psychological and Neurobiological Consequences of the Gulf War Experience.
Ongoing
 
$264,000 
$0 
$0 
$0 
$0 
$264,000 
$0 

DoD-41
Evaluation of Muscle Function in Persian Gulf Veterans.
Ongoing
 
$906,000 
$0 
$0 
$0 
$0 
$906,000 
$0 

DoD-42
The Symptomatic Persian Gulf Veterans Protocol: An Analysis of Risk Factors with an Immunologic and Neuropsychiatric Assessment.
Ongoing
 
 
$700,000 
$0 
$0 
$0 
$700,000 
$0 

DoD-44
Investigation of Seminal Plasma Hypersensitivity Reactions.
Complete
 
 
$634,000 
$0 
$5,000 
$14,200 
$653,200 
 

PROJECT NO
PROJECT TITLE
STATUS
FY 1994
FY 1995
FY 1996
FY 1997
FY 1998
FY 1999
TOTALS      
FY '94-'99
FY 2000
Projection

 
 
 
 
 
 
 
 
 
 
 

DoD-45
Physical and Emotional Health of Gulf War Veterans Women.
Complete
 
 
$100,000 
$100,000 
$0 
$0 
$200,000 
 

DoD-46
Exploratory Data Analysis with the CCEP Database.
Complete
 
 
$60,000 
$100,000 
 
 
$160,000 
 

DoD-47
Study of Mycoplasmal Infections in Gulf War Veterans.
Complete
 
 
$112,000 
$0 
$0 
 
$112,000 
 

DoD-48
Assessment of Genomic Instability via Chromosome 7 Inversion Frequency in a Gulf War Syndrome Cohort vs. Selected Control Groups.
Complete
 
 
$74,000 
$0 
$0 
 
$74,000 
 

DoD-49
Diagnosis and Dosimetry of Exposure to Sulfur Mustard: Development of Standard Operating Procedures and Exploratory Research on Protein Adducts.
Complete
 
 
$927,000 
$0 
$0 
$0 
$927,000 
$0 

DoD-50
Toxicokinetics of 0-Ethyl S-(2-Diisopropylaminoethyl) Methylphosphonothioate [(+)-VX] in Rats, Hairless Guinea Pigs and Marmosets - Identification of Metabolic Pathways.
Complete
 
 
$699,000 
$0 
$0 
$0 
$699,000 
 

DoD-51
Transgenic Engineering of Cholinesterases: Tools for Exploring Cholinergic Responses.
Complete
 
 
$864,000 
$0 
$0 
$0 
$864,000 
$0 

DoD-52
Female Gender and Other Potential Predictors of Functional Health Status Among Persian Gulf War Veterans.
Complete
$414,000 
$0 
$0 
$0 
$0 
$0 
$414,000 
 

DoD-53
Long-Term Effects of Subclinical Exposures to Sarin.
Ongoing
 
 
$1,000,000 
$400,000 
$0 
$0 
$1,400,000 
$0 

PROJECT NO
PROJECT TITLE
STATUS
FY 1994
FY 1995
FY 1996
FY 1997
FY 1998
FY 1999
TOTALS      
FY '94-'99
FY 2000
Projection

 
 
 
 
 
 
 
 
 
 
 

DoD-54
Assessment of Subchronic Neurobehavioral and Neuropathologic Effects in Rats Following Low-Level Sarin Exposure.
Complete
 
 
$315,000 
$100,000 
$0 
$0 
$415,000 
$0 

DoD-55
Low-Level Exposure to GB Vapor in Air: Diagnosis/Dosimetry, Lowest Observable Effect Levels, Performance-Incapacitation, and Possible Delayed Effects.
Ongoing
 
 
$500,000 
$136,000 
$0 
$0 
$636,000 
$0 

DoD-56
Low-Level Sarin Neurotoxicity and Its Modulation by Pyridostigmine.
Ongoing
 
 
$685,000 
$100,000 
$0 
$0 
$785,000 
$0 

DoD-57
Physiologic Effects of Stress in Gulf War Veterans.
Ongoing
 
 
 
$909,000 
$0 
$0 
$909,000 
$0 

DoD-58
Illness Among Persian Gulf War Veterans: Case Validation Studies.
Ongoing
 
 
 
$2,208,000 
$0 
$0 
$2,208,000 
$0 

DoD-59
Pyridostigmine-induced Neurodegeneration: Role of Neuronal Apoptosis.
Ongoing
 
 
 
$625,000 
$0 
$0 
$625,000 
$0 

DoD-60
Butyrylcholinesterase Genetic Variants in Persons with Gulf War Illness.
Complete
 
 
 
$125,000 
$0 
$0 
$125,000 
 

DoD-61
Neurophysiologic and Neuropathologic Effects in Monkeys of Low Level Exposures to Sarin, Pyridostigmine, Pesticides, and Botulinum Toxoid.
Ongoing
 
 
 
$1,586,000 
$0 
$0 
$1,586,000 
$0 

DoD-62
Sarin and Pyridostigmine Interaction under Physical Stress: Neurotoxic Effects in Mice.
Complete
 
 
 
$201,000 
$0 
$0 
$201,000 
 

PROJECT NO
PROJECT TITLE
STATUS
FY 1994
FY 1995
FY 1996
FY 1997
FY 1998
FY 1999
TOTALS      
FY '94-'99
FY 2000
Projection

 
 
 
 
 
 
 
 
 
 
 

DoD-63
PGW Veterans: Epidemiological and Clinical Evidence for Residual Organophosphate Neurotoxicity.
Ongoing
 
 
 
$1,626,000 
$0 
$0 
$1,626,000 
$0 

DoD-64
Individual Differences in Neurobehavioral Effects of Pyridostigmine.
Ongoing
 
 
 
$1,900,000 
$18,516 
$0 
$1,918,516 
$0 

DoD-65
Multi-Disciplinary Pathophysiologic Studies of Neurotoxic Gulf War-Related Neurologic Syndromes Leading to Diagnosis and Treatment.
Ongoing
 
 
 
$3,000,000 
$0 
$0 
$3,000,000 
$0 

DoD-66
Testing for mycoplasmal Infection Replicability of Nucleoprotein Gene Tracking and Forensic Polymerase Chain Reaction.
Ongoing
 
 
$49,940 
$100,000 
$40,000 
$403,000 
$592,940 
$0 

DoD-67
Antibacterial Treatment Method Based Upon the Excretion of Dead and Decaying Spherical Bacteria.
Complete
 
 
 
$3,400,000 
$0 
$0 
$3,400,000 
 

DoD-69
Five Year Follow-Up of Army Personnel Potentially Exposed to Chemical Warfare Agents.
Ongoing
 
 
 
$946,160 
$0 
$0 
$946,160 
$0 

DoD-70
War Syndromes from 1900 to the Present: Symptom Patterns and Long Term Health Outcomes.
Ongoing
 
 
 
$734,687 
$0 
$115,000 
$849,687 
$0 

DoD-71
A Comparison of Post-Deployment Hospitalization Incidence between Vietnam and Gulf War Veterans.
Ongoing
 
 
 
$566,000 
$0 
$0 
$566,000 
$0 

PROJECT NO
PROJECT TITLE
STATUS
FY 1994
FY 1995
FY 1996
FY 1997
FY 1998
FY 1999
TOTALS      
FY '94-'99
FY 2000
Projection

 
 
 
 
 
 
 
 
 
 
 

DoD-72
Long-Term Effects of Subchronic Exposure to Sarin, Alone and with Stress and Other Chemicals.
Complete
 
 
 
$996,000 
$0 
$0 
$996,000 
$0 

DoD-73
Post-Deployment Morbid Stress, Behavior and Health: Developing a Model for Predicting Morbidity, Mortality, and other Adverse Outcomes.
Ongoing
 
 
 
$500,000 
$0 
$0 
$500,000 
$0 

DoD-74
Relationship of Stress Exposures to Health in Gulf War Veterans.
Ongoing
 
 
 
$161,489 
$1,991,330 
$0 
$2,152,819 
$0 

DoD-75
Toxic Interactions of Prophylactic Drugs and Pesticides.
Ongoing
 
 
 
 
$1,380,157 
$0 
$1,380,157 
$0 

DoD-76
Evaluation of Immunotoxicity Due to Concurrent Exposure to DEET, Pyridostigmine, and JP-8 Jet Fuel.
Ongoing
 
 
 
 
$448,369 
$0 
$448,369 
$0 

DoD-77
Percutaneous Absorption of Chemical Mixtures Relevant to the Gulf War.
Ongoing
 
 
 
 
$760,031 
$0 
$760,031 
$0 

DoD-78
Experimental Models of Gulf War Syndrome.
Ongoing
 
 
 
 
$2,179,097 
$444,800 
$2,623,897 
$0 

DoD-79
Time-Course of Stress-Induced Impairment of the Blood Brain Barrier.
Complete
 
 
 
$100,200 
$0 
$0 
$100,200 
$0 

DoD-80
Molecular Regulation of Corticosteroid Receptor Expression in Stress-Responsive Cells.
Ongoing
 
 
 
$297,400 
$0 
$0 
$297,400 
$0 

DoD-81
Immunotoxicity Due to Coexposure of DEET, Pyridostigmine, and Stress.
Ongoing
 
 
 
$300,000 
$0 
$0 
$300,000 
$0 

PROJECT NO
PROJECT TITLE
STATUS
FY 1994
FY 1995
FY 1996
FY 1997
FY 1998
FY 1999
TOTALS      
FY '94-'99
FY 2000
Projection

 
 
 
 
 
 
 
 
 
 
 

DoD-82
Feasibility of Developing a Registry of PTSD-Affected Veteran Sib Pairs.
Ongoing
 
 
 
$172,000 
$0 
$0 
$172,000 
$0 

DoD-83
Risk for Stress-Related Substance Abuse: Effects of Family History of Alcoholism.
Ongoing
 
 
 
$299,700 
$0 
$0 
$299,700 
$0 

DoD-84
Psychobiological Alterations Of Persian Gulf War Veterans with and without PTSD.
Ongoing
 
 
 
$300,000 
$0 
$0 
$300,000 
$0 

DoD-85
Central Nervous System Cytokines and CRH in Gulf War Veterans with Multiple Unexplained Symptoms.
Ongoing
 
 
 
$149,900 
$149,200 
$0 
$299,100 
$0 

DoD-86
Effects of Combat Stress on the Structure and Function of the Hippocampus.
Ongoing
 
 
 
$300,000 
$297,800 
$0 
$597,800 
$0 

DoD-87
Measurement and Validation of Psychosocial Risk and Resilience Factors Accounting for Physical and Mental Health and Health-Related Quality of Life among PGWVs.
Ongoing
 
 
 
$289,100 
$0 
$0 
$289,100 
$0 

DoD-88
Clinical Relevance of Novel Immunological Markers in PTSD.
Ongoing
 
 
 
$242,300 
$0 
$0 
$242,300 
$0 

DoD-89
Limbic Blood Flow and Opiate Receptor PET in Posttraumatic Stress Disorder.
Ongoing
 
 
 
$288,500 
$0 
$0 
$288,500 
$0 

DoD-90
SPECT Benzodiazepine Receptor and MR Imaging in PTSD.
Ongoing
 
 
 
$200,000 
$100,000 
$0 
$300,000 
$0 

DoD-91
Neurological and Circadian Substrates of PTSD-Like Behaviors.
Ongoing
 
 
 
$300,000 
$299,000 
$0 
$599,000 
$0 

PROJECT NO
PROJECT TITLE
STATUS
FY 1994
FY 1995
FY 1996
FY 1997
FY 1998
FY 1999
TOTALS      
FY '94-'99
FY 2000
Projection

 
 
 
 
 
 
 
 
 
 
 

DoD-92
Traumatic Experiences Persistently Enhance Cue-dependent Learning: Toward an Animal Model of Chronic Stress and Posttraumatic Stress Disorder.
Ongoing
 
 
 
$249,700 
$0 
$0 
$249,700 
$0 

DoD-93
Troops Exposed to Nerve Agents at Aberdeen Proving Ground: Follow-Up.
Ongoing
 
 
 
 
 
$970,700 
$970,700 
$0 

DoD-94
Combined Analysis of the VA and DoD Gulf War Clinical Registries: A Study of Clinical Findings from Systematic Medical Examinations of 100,000 U.S. Gulf War Veterans.
Ongoing
 
 
 
 
 
$1,318,069 
$1,318,069 
$206,727 

DoD-95
Development of Diagnostic Tools and Alternative Treatment Drugs for Leishmania.
Ongoing
 
 
 
 
 
$1,500,000 
$1,500,000 
$1,500,000 

DoD-96
Deployment Health Center.
Ongoing
 
 
 
 
 
$1,500,000 
$1,500,000 
$1,500,000 

DoD-97
Surveillance of B. pertussis among Military Trainees with Respiratory Disease: Development and Validation of a Highly Sensitive PCR and Beacon Probe based Method for Diagnosis of Pertussis.
Ongoing
 
 
 
 
 
$177,300 
$177,300 
$146,742 

DoD-98
Investigation of a Baseline Medical Database to Evaluate the Health of Military Forces and Veterans.
Ongoing
 
 
 
 
 
$332,500 
$332,500 
$0 

PROJECT NO
PROJECT TITLE
STATUS
FY 1994
FY 1995
FY 1996
FY 1997
FY 1998
FY 1999
TOTALS      
FY '94-'99
FY 2000
Projection

 
 
 
 
 
 
 
 
 
 
 

DoD-99
DoD-wide Medical Surveillance for Potential Long-Term Adverse Events Associated with Anthrax Immunization in Active Duty Service Members, Proposal 1: Hospitalizations.
Ongoing
 
 
 
 
 
$207,876 
$207,876 
$204,205 

DoD-100
Antibodies to Squalene.
Ongoing
 
 
 
 
 
$582,756 
$582,756 
$0 

DoD-101
Mechanisms in Chronic Multi-symptom Illnesses.
Ongoing
 
 
 
 
 
$2,903,408 
$2,903,408 
$5,558,000 

DoD-102
Case-control Study of Fatal Motor Vehicle Crashes Among Gulf War and Non-deployed Veterans.
Ongoing
 
 
 
 
 
$249,908 
$249,908 
$254,047 

DoD-103
Human Metabolism & Interactions of Deployment-related Chemicals.
Ongoing
 
 
 
 
 
$686,332 
$686,332 
$0 

DoD-104
Clinical Evaluation of a Proposed New Gulf War Syndrome.
Ongoing
 
 
 
 
 
$999,998 
$999,998 
$0 

DoD-105
Neuroplasiticity and Calcium Signaling in Stressed Rat Amygdala.
Ongoing
 
 
 
 
 
$950,490 
$950,490 
$0 

DoD-106
The role of Th1/Th2 cytokine balance in Gulf War-related Illness.
Ongoing
 
 
 
 
 
$292,411 
$292,411 
$0 

DoD-107
Stress, Organophosphates and Blood Brain Barrier Integrity.
Ongoing
 
 
 
 
 
$875,373 
$875,373 
$10,825 

DoD-108
Health Status of Current National Guard Members.
Ongoing
 
 
 
 
 
$498,166 
$498,166 
$0 

DoD-109
Disordered responses to Orthostatic Stress in the Pathogenesis of Gulf War Syndrome Symptoms.
Ongoing
 
 
 
 
 
$917,762 
$917,762 
$135,149 

PROJECT NO
PROJECT TITLE
STATUS
FY 1994
FY 1995
FY 1996
FY 1997
FY 1998
FY 1999
TOTALS      
FY '94-'99
FY 2000
Projection

 
 
 
 
 
 
 
 
 
 
 

D0D-110
Predictors of Career and Family Dysfunction in Young Adults Enlisting in the United States Navy.
Ongoing
 
 
 
 
 
$127,920 
$127,920 
$0 

DoD-111
Autonomic Dysfunction in Gulf War Veterans.
Ongoing
 
 
 
 
 
$999,481 
$999,481 
$0 

DoD-112
Role of Respirable Saudi Arabian Sand and Pyridostigmine in the Gulf War Syndrome: An Autoimmune Adjuvant Disease?
Ongoing
 
 
 
 
 
$256,916 
$256,916 
$0 

DoD-113
Interactions of Sub-symptomatic Doses of Sarin with Pyridostigmine-Neurochemical, Behavioral, and Physiological Effects.
Ongoing
 
 
 
 
 
$857,140 
$857,140 
$56,000 

DoD-114
A Re-Examination of Neuropsychological Functioning in Persian Gulf War Veterans.
Ongoing
 
 
 
 
 
$593,712
$593,712
$0 

DoD-115
A Randomized Multi-Center Controlled Trial of Multi-Model Therapy in Veterans with Gulf War Illness (EBT) (see also VA-62; formerly VA/DoD-1D).
Ongoing
 
 
 
 
 
$1,000,000
$1,000,000
$2,000,000

DoD-116
VA/DoD Core Funding of the Medical Follow-up Agency (See also VA-63; formerly VA/DoD-2D).
Ongoing
$250,000
$250,000
$250,000
$250,000
$250,000
$250,000
$1,500,000
$250,000

DoD-116A
Follow-Up Investigation of Troops Exposed to Nerve Agents at Aberdeen Proving Ground, (Pilot Study) (See also VA-63A; formerly VA/DoD-2DA).
Complete
 
 
 
$0
$0
 
$0
 

PROJECT NO
PROJECT TITLE
STATUS
FY 1994
FY 1995
FY 1996
FY 1997
FY 1998
FY 1999
TOTALS      
FY '94-'99
FY 2000
Projection

 
 
 
 
 
 
 
 
 
 
 

DoD-116B
Patterns of Pre-Persian Gulf War Illness and Health Care Seeking, Pilot Study (See also  VA-63B; formerly listed as VA/DoD-2DB).
Complete
 
 
 
$0
$0
$0
$0
 

DoD-117
Patterns of Pre-Persian Gulf War Illness and Health Care Seeking.
Ongoing
 
 
 
 
 
 
$0
$1,230,469

DoD-118
An Epidemiological Investigation into the Occurrence of Amyotrophic Lateral Sclerosis (ALS) among GWVs (See also VA-61).
Ongoing
 
 
 
 
 
 
$0
$1,352,472

DoD-119
Antibiotic Treatment of Gulf War Veterans' Illnesses (ABT). (See also VA-55)
Ongoing
 
 
 
 
 
$500,000
$500,000
$1,000,000

DoD-120
Assessing Potential Health Impact of the Gulf War on Saudi Arabia National Guard Members and Their Dependents.
Ongoing
 
 
 
 
 
$600,000
$600,000
$600,000

DoD-121
Evaluation of the Health Risks of Embedded Depleted Uranium Shrapnel on Pregnancy and Offspring Development.
Ongoing
 
 
 
$300,000
$250,000
$25,000
$575,000
$25,000

DoD-122
Carcinogenic Potential of Depleted Uranium and Tungsten Alloys.
Ongoing
 
 
 
$25,000
$25,000
$25,000
$75,000
$30,000

DoD-123
Immunotoxicity of Depleted Uranium and Heavy Metal Tungsten Alloys.
Ongoing
 
 
 
 
 
$15,000
$15,000
$15,000

 
DoD Total Funds
 
$6,245,814
$10,973,000
$11,705,940
$28,875,536
$12,556,500
$22,267,118
$93,548,908
$16,204,636

PROJECT NO
PROJECT TITLE
STATUS
FY 1994
FY 1995
FY 1996
FY 1997
FY 1998
FY 1999
TOTALS      
FY '94-'99
FY 2000
Projection

 
 
 
 
 
 
 
 
 
 
 

HHS-1
Health Assessment of Persian Gulf War Veterans from Iowa
Ongoing
 
$1,764,762
$1,616,755
$0
$0
$162,000
$3,543,517
$0

HHS-2
Disease Cluster in a PA Air National Guard Unit
Complete
 
$750,000
$0
$0
$16,055
$0
$766,055
$0

HHS-3
Biomarkers of Susceptibility and Polycyclic Aromatic Hydrocarbon (PAH) Exposure in Urine and Blood Cell DNA from U.S. Army Soldiers Exposed to Kuwaiti Oil 
Complete
$0
$0
$0
$0
 
 
$0
 

HHS-4
Suspected Increase of Birth Defects and Health Problems Among Children Born to Persian Gulf War Veterans in Mississippi
Complete
$0
$0
 
 
 
 
$0
 

HHS-5
Cognitive Function and Symptom Patterns in Gulf War Veterans
Ongoing
 
 
 
 
$600,000
$558,000
$1,158,000
$600,000

HHS-6
Defining Gulf War Illnesses
Ongoing
 
 
 
 
$600,000
$480,000
$1,080,000
$719,826

HHS-7
Immunotoxicity of Dermal Permethrin and Cis-Urocanic Acid
Ongoing
 
 
 
 
$175,706
$192,445
$368,151
$187,647

HHS-8
Strategy to Identify Non-Additive Response to Chemical Mixtures
Ongoing
 
 
 
 
$242,586
$247,933
$490,519
$0

 
Total HHS Funds
 
$0
$2,514,762
$1,616,755
$0
$1,634,347
$1,640,378
$7,406,242
$1,507,473

PROJECT NO
PROJECT TITLE
STATUS
FY 1994
FY 1995
FY 1996
FY 1997
FY 1998
FY 1999
TOTALS      
FY '94-'99
FY 2000
Projection

 
 
 
 
 
 
 
 
 
 
 

VA-1
Mortality Follow-up Study of Persian Gulf Veterans, Second Update.
Ongoing
$546,000 
$340,000 
$1,980,000 
$440,032 
$178,197 
$166,848 
$3,651,077 
$176,440 

VA-2
National Health Survey of Persian Gulf Veterans.
Ongoing
 
 
 
 
 
 
 
 

VA-2A
National Health Survey of Persian Gulf Veterans - Phase I.
Complete
$0 
$0 
$0 
$0 
$18,111 
 
$18,111 
 

VA-2B
National Health Survey of Persian Gulf Veterans - Phase II.
Complete
 
 
$0 
$0 
$0 
$0 
$0 
 

VA-2C
National Health Survey of Persian Gulf Veterans - Phase III.
Ongoing
 
 
 
 
$1,601,280 
$3,571,932 
$5,173,212 
$3,357,637 

VA-3
Use of Roster of Veterans Who Served In Persian Gulf Area.
Complete
$0 
$0 
$0 
$0 
$0 
 
$0 
 

VA-4 TOTAL
Boston Environmental Hazards Research Center Program.
Complete
$98,300 
$500,000 
$500,000 
$500,000 
$500,000 
$500,000 
$2,598,300 
$229,500 

VA-4Core
Boston Environmental Hazards Research Center Program.
Complete
 
 
 
 
 
 
 
 

VA-4A
Evaluation of Cognitive Functioning in Persian Gulf Veterans.
Complete
 
 
 
 
 
 
 
 

VA-4B
Evaluation of Neurological Functioning in Persian Gulf Veterans.
Complete
 
 
 
 
 
 
 
 

PROJECT NO
PROJECT TITLE
STATUS
FY 1994
FY 1995
FY 1996
FY 1997
FY 1998
FY 1999
TOTALS      
FY '94-'99
FY 2000
Projection

 
 
 
 
 
 
 
 
 
 
 

VA-4C
Gulf War and Vietnam Veterans Cancer Incidence Surveillance.
Complete
 
 
 
 
 
 
 
 

VA-4D
Evaluation of Respiratory Dysfunction among Gulf War Veterans
Complete
 
 
 
 
 
 
 
 

VA-4E
The Aromatic Hydrocarbon Receptor (AhR) as a Biomarker for Susceptibility
Complete
 
 
 
 
 
 
 
 

VA-4F
Validity of Computerized Tests
Complete
 
 
 
 
 
 
 
 

VA-5 TOTAL
East Orange Environmental Hazards Research Center Program
Complete
$100,000 
$500,000 
$500,000 
$500,000 
$500,000 
$500,000 
$2,600,000 
$233,500 

VA-5 Core
East Orange Environmental Hazards Research Center Program
Complete
 
 
 
 
 
 
 
 

VA-5A
Health and Exposure Survey of Persian Gulf Veterans
Complete
 
 
 
 
 
 
 
 

VA-5B
Physiological and Psychological Assessments of Persian Gulf Veterans.
Complete
 
 
 
 
 
 
 
 

VA-5C
Effects of Exertion and Chemical Stress on Persian Gulf Veterans.
Complete
 
 
 
 
 
 
 
 

VA-5D
Effects of Genetics and Stress on Responses to Environmental Toxins.
Complete
 
 
 
 
 
 
 
 

PROJECT NO
PROJECT TITLE
STATUS
FY 1994
FY 1995
FY 1996
FY 1997
FY 1998
FY 1999
TOTALS      
FY '94-'99
FY 2000
Projection

 
 
 
 
 
 
 
 
 
 
 

VA-6 TOTAL
Portland Environmental Hazards Research Center: Environment, Veterans' Gulf War Syndrome. Core: Clinical and Epidemiology Research. 
Complete
$99,279 
$499,583 
$498,695 
$499,198 
$499,926 
$499,098 
$2,595,779 
$233,290 

VA-6 Core
Core Program: Portland Environmental Hazards Research Center: Environment, Veterans Health and Gulf War Syndrome.  Core Project for Clinical and Epidemiology Research.
Complete
 
 
 
 
 
 
 
 

VA-6A
Psychosocial, Neuropsychological and Neurobehavioral Assessment (Project I).
Complete
 
 
 
 
 
 
 
 

VA-6B
Clinical and Neuroendrocrine Aspects of Fibromyalgia (Project II).
Complete
 
 
 
 
 
 
 
 

VA-6C
Neurotoxicity of Environmental Pollutants and Warfare Agents (Project III).
Complete
 
 
 
 
 
 
 
 

VA-6D
DNA Damage from Chemical Agents and Its Repair (Project IV).
Complete
 
 
 
 
 
 
 
 

VA-6E
Clinical and Epidemiology of Leishmania Research.
Complete
 
 
 
 
 
 
 
 

VA-7
Desert Storm Reunion Survey.
Complete
$0 
$50,000 
 
 
 
 
$50,000 
 

PROJECT NO
PROJECT TITLE
STATUS
FY 1994
FY 1995
FY 1996
FY 1997
FY 1998
FY 1999
TOTALS      
FY '94-'99
FY 2000
Projection

 
 
 
 
 
 
 
 
 
 
 

VA-8
Psychological Test Data of Gulf War Veterans Over Time.
Ongoing
$0 
$0 
$0 
$0 
$0 
$0 
$0 
$0 

VA-9
Evaluation of Cognitive Functioning in Persian Gulf War Veterans Reporting War-related Health Problems.
Complete
 
$20,000 

 
 
 
$20,000 
 

VA-10
Memory and Attention in PTSD
Complete
 
 
$63,700 
$57,000 
$57,600 
$0 
$178,300 
 

VA-11
Neuropsychological Functioning in Veterans
Complete
$0 
$0 
 
 
 
 
$0 
 

VA-12
Psychological Assessment of Operation Desert Storm Returnees
Complete
$0 
$0 
$0 
$0 
 
 
$0 
 

VA-13
Neurobehavioral Aspects of Persian Gulf Experiences: A Pilot Study
Complete
$0 
$50,000 
 
 
 
 
$50,000 
 

VA-15
Vaccine-Mediated Immunity against Leishmaniasis
Ongoing
$64,300 
$64,300 
$0 
$82,600 
$80,000 
$79,400 
$370,600 
$119,100 

VA-16
Protective Immunity in Experimental Leishmaniasis
Complete
 
$60,200 
$60,700 
$54,900 
 
 
$175,800 
 

VA-17
Immunological Evaluation of Persian Gulf Veterans
Complete
$0 
$0 
 
 
 
 
$0 
 

VA-18
Chronic Gastrointestinal Illness in Persian Gulf Veterans
Complete
 
$0 
$0 
 
 
 
$0 
 

VA-20
Psychological Adjustment in Operation Desert Shield/ Storm Veterans
Complete
$0 
 
 
 
 
 
$0 
 

PROJECT NO
PROJECT TITLE
STATUS
FY 1994
FY 1995
FY 1996
FY 1997
FY 1998
FY 1999
TOTALS      
FY '94-'99
FY 2000
Projection

 
 
 
 
 
 
 
 
 
 
 

VA-21
A Comparison of PTSD Symptomology among Three Army Medical Units Involved in ODS
Complete
$0 
$0 
 
 
 
 
$0 
 

VA-36
Stress Symptoms and their Casual Attribution in Desert Storm Veterans.
Complete
 
$0 
$0 
$0 
 
 
$0 
 

VA-40
Musculoskeletal Symptoms in Gulf War Syndrome.
Complete
$0 
$0 
$0 
$0 
$0 
$0 
$0 
 

VA-46
Diarrhea in Persian Gulf Veterans: An Irritable Bowel-Like Disorder.
Ongoing
 
$0 
$0 
$0 
$0 
$0 
$0 
$0 

VA-47
Retrospective Verification of Mustard Gas Exposure
Complete
 
 
 
$349,700 
$272,570 
$292,481 
$914,751 
 

VA-48
Cross-Sensitization as a CNS  Model for Chemical Intolerance.
Ongoing
 
 
 
 
$99,900 
$89,400 
$189,300 
$92,840 

VA-49
Sensitivity to Pyridostigmine Bromide: Persistent Neural Dysfunction.
Ongoing
 
 
 
 
$184,400 
$147,950 
$332,350 
$141,696 

VA-50
Neuropsychological Findings in a Sample of Desert Storm Veterans.
Complete
 
$0 
$0 
 
 
 
$0 
 

VA-51
Psychobiological Assessment of Desert Storm Veterans.
Ongoing
$0 
$0 
$0 
$0 
$0 
$0 
$0 
$0 

VA-53
Spouses and Childrens’ Program.
Ongoing
 
 
 
$101,360 
$98,651 
$51,088 
$251,099 
$25,000 

PROJECT NO
PROJECT TITLE
STATUS
FY 1994
FY 1995
FY 1996
FY 1997
FY 1998
FY 1999
TOTALS      
FY '94-'99
FY 2000
Projection

 
 
 
 
 
 
 
 
 
 
 

VA-54
Follow-up of Psychological and Neurocognitive Gulf War Outcome: Relation to Stress.
Ongoing
 
 
 
 
 
81,750
$81,750 
90,131

VA-55
Antibiotic Treatment of Gulf War Veterans' Illnesses (ABT) 

(See also DoD-119.)
Ongoing
 
 
 
 
 
$447,742 
$447,742 
$1,535,002 

VA-56
Birmingham's Gulf War Veterans' Illness Demonstration Clinic (13).
Ongoing
 
 
 
 
$54,100 
$261,625 
$315,725 
$161,175 

VA-57
Case Management and Residential Rehabilitation for Persian Gulf War Veterans (13).
Ongoing
 
 
 
 
$71,625 
$253,625 
$325,250 
$174,750 

VA-58
Implementation and Evaluation of Gulf War Veterans' Demonstration Project (13).
Ongoing
 
 
 
 
$84,714 
$349,805 
$434,519 
$262,496 

VA-59
Demonstration Treatment Program for Gulf War Veterans with Unexplained Physical Symptoms (13)
Ongoing
 
 
 
 
$45,750 
$348,225 
$393,975 
$259,500 

VA-60
Identification and Management of Sleep Disorders in Gulf War Veterans (13).
Ongoing
 
 
 
 
$121,125 
$328,500 
$449,625 
$246,375 

VA-61
An Epidemiological Investigation into the Occurrences of Amyotrophic Lateral Sclerosis (ALS) among Gulf War Veterans. (See also DoD-118.)
Ongoing
 
 
 
 
 
 
$0 
$77,000 

PROJECT NO
PROJECT TITLE
STATUS
FY 1994
FY 1995
FY 1996
FY 1997
FY 1998
FY 1999
TOTALS      
FY '94-'99
FY 2000
Projection

 
 
 
 
 
 
 
 
 
 
 

VA-62
A Randomized, Multi-Center Controlled Trial of Multi-Model Therapy in Veterans with Gulf War Illness (EBT) (See also DoD-115; formerly VA/DoD- 1V).
Ongoing
 
 
 
 
 
$788,000 
$788,000 
3,757,000

VA-63 
VA/DoD Core Funding of Medical Follow-Up Agency (See also DoD-116; formerly VA/DoD-2V/2D).
Ongoing
$250,000 
$250,000 
$250,000 
$250,000 
$250,000 
$250,000 
$1,500,000 
$250,000 

VA-63A
Follow-up Investigation of Troops Exposed to Nerve Agents at Aberdeen Proving Ground (Pilot Study)  (See also DoD-116A; formerly VA/DoD-2VA/2DA).
Complete
 
 
 
$0 
$0 
 
$0 
 

VA-63B
Patterns of Pre-Persian Gulf War Illness and Health Care Seeking Pilot Study (See also DoD-116B; previously VA/DoD-2VB).
Complete
 
 
 
$0 
$0 
$0 
$0 
 

VA-64 
Boston Environmental Hazards Research Center Program.
Ongoing
 
 
 
 
 
 
 
$112,600 

VA-64A
Functional Neuroimaging in Lead Exposed Adults.
Ongoing
 
 
 
 
 
 
 
 

VA-64B
Quantification and Validation of Structure-Function Relationships through Visuospatial Test Performance.
Ongoing
 
 
 
 
 
 
 
 

PROJECT NO
PROJECT TITLE
STATUS
FY 1994
FY 1995
FY 1996
FY 1997
FY 1998
FY 1999
TOTALS      
FY '94-'99
FY 2000
Projection

 
 
 
 
 
 
 
 
 
 
 

VA-64C
Development of a Structural Neurotoxicant Assessment Checklist (SNAC) for Clinical Use in Veteran Populations.
Ongoing
 
 
 
 
 
 
 
 

VA-65 
San Antonio Environmental Hazards Research Center.
Ongoing
 
 
 
 
 
 
 
$141,711 

VA-65A
Does a Variant of Human SOD2 Gene Increase Sensitivity to Hazards?
Ongoing
 
 
 
 
 
 
 
 

VA-65B
The Contribution of FEN-1to Genetic Integrity Subsequent to Oxidative Stress.
Ongoing
 
 
 
 
 
 
 
 

VA-65C
The Importance of Hydrogen Peroxide Detoxification in Cellular Protection.
Ongoing
 
 
 
 
 
 
 
 

VA-65D
Do Defective Gpx1 and ALDH2 Genes Increase Sensitivity to Environmental Exposure.
Ongoing
 
 
 
 
 
 
 
 

VA-66 
Physiological Responding in Posttraumatic Stress Disorder
Ongoing
 
 
 
 
 
$0 
$0 
$0 

VA-67 
Olfactory Functioning in Gulf War Veterans.
Ongoing
 
 
 
 
 
 
$0 
$15,000 

VA-68
Family Study of Fibromyalgia.
Ongoing
 
 
 
 
 
 
 
$50,000 

VA-69
Cardiovascular Hyporeactivity and Fatiguing Illness in Gulf War Veterans.
Ongoing
 
 
 
 
 
 
 
$127,000 

VA-70
A Clinical Evaluation of the Health Status of Persian Gulf War Veterans in VISN 8.
Ongoing
 
 
 
 
$69,868 
$0 
69,868
$0 

PROJECT NO
PROJECT TITLE
STATUS
FY 1994
FY 1995
FY 1996
FY 1997
FY 1998
FY 1999
TOTALS      
FY '94-'99
FY 2000
Projection

 
 
 
 
 
 
 
 
 
 
 

VA-71
Central Nervous System Modulation of Visceral Pain in Persian Gulf War Syndrome. 
Ongoing
 
 
 
 
 
 
 
$46,700 

TOTALS
 
 
$1,157,879 
$2,334,083 
$3,853,095 
$2,834,790 
$4,787,817 
$9,007,469 
$23,975,133 
$11,915,443 

Appendix A4

Project Abstracts*

*Project summaries include updates through March 2000.


Persian Gulf Veterans' Illnesses Research 
-
Project 
DoD-1

Title:
Naval Health Study Program

Project #:
DoD-1
Agency:
DoD
Location:
Naval Health Research Center

Status:
Complete
Research Type:
Epidemiology Research

P.I. Name:
Greg Gray, MC, CAPT, USN
Research Focus:

Study Start Date:

Estimated Completion Date:

Summary of Program(s):

This is the parent Program for DoD projects 1A through 1G.


Most Recent Publications:

See DoD-1 subprojects 


Persian Gulf Veterans' Illnesses Research 
-
Project 
DoD-1A

Title:
Epidemiologic Studies of Morbidity Among Gulf War Veterans: A Search for Etiologic 

Agents and Risk Factors; A Study of Symptoms Among 1500 Seabees

Project #:
DoD-1A
Agency:
DoD
Location:
Naval Health Research Center

Status:
Complete
Research Type:
Clinical Research

P.I. Name:
Greg Gray, MC, CAPT, USN
Research Focus:
Symptoms/General Health

Study Start Date:
6/1/94

Estimated Completion Date:
10/1/97

Summary of Program(s):

Summary

OVERALL PROJECT OBJECTIVE: To identify risk factors associated with reported symptoms 

in an effort to determine causes for possible Gulf War-related morbidity.

SPECIFIC AIMS: Are there differences in postwar morbidity between Gulf War Veterans (GWV) 

and nondeployed veterans (NVD)?             

METHODOLOGY:  Seabees who were on active duty and had been so since September 1990 

were eligible to participate.  Seabees (Navy Construction Workers) were interviewed at two major 

Seabee bases, in Port Hueneme, CA, and Gulfport, MS.  After signing a consent form, 

volunteers completed a questionnaire, provided blood and urine specimens, and had their height, 

weight, and handgrip strength measured.  A systematically selected subsample also performed a

spirometry test.  Whole blood, sera, and urine specimens were stored at -70 degrees centigrade.

Sera were studied for evidence of infections while whole blood specimens may be characterized

for genetic markers that may explain symptoms.  Sera collected during this study were 

compared to prewar sera.  Urine specimens may be used to rule out chronic diseases, such as 

adrenal insufficiency.  Handgrip strength and spirometry results were compared among 

symptomatic and nonsymptomatic Seabees. The questionnaire responses were used to compare 

the morbidity of GWV and NDV.  Internal comparisons were made among GWV using logistic 

regression modeling to determine if any specific exposures are associated with any symptoms 

or symptom complexes.

EXPECTED PRODUCTS (MILESTONES): Completed study.

STATUS/RESULTS TO DATE: Seabees (n=1498) were surveyed and studied.  Deployed 

Seabees self-reported a higher prevalence of exposures and symptoms, as well as higher scores

for abnormal psychological variables.  Gulf War Veterans were more likely to screen for post 

traumatic stress disorder, had lower handgrip strengths, and higher serum ferritin assays, 
however, after numerous comparisons of these outcomes with various exposures, no exposure 

stood out as being etiologic

Most Recent Publications:

Knoke JD, Smith TC, Gray GC, Kaiser KS, Hawksworth AW. Factor Analysis of self-reported

symptoms: Does it identify a Gulf War syndrome? Amer J Epidemiol, in press.

Kaiser KS, Hawksworth AW, Gray GC. Pyridostigmine bromide intake during the Persian Gulf

War not associated with postwar handgrip strength. Mil Med, 165(3): 165-168, 2000.

Gray GC, Kaiser KS, Hawksworth AW, Watson HL.  No serological evidence of an 

association found between Gulf War service and Mycoplasma fermentans infection. Amer J 

Trop Med Hyg 60:752-757, 1999.

McDonough C, Gray GC.  Tropical bibliography of published works regarding the health of 

veterans of the Persian Gulf War, Technical Doc. 95-3. Revised in 1996 and 1999 as 

Technical Document 99-3C.

Gray GC, Kaiser KS, Kamens DR, Watson HL. No serologic evidence that Gulf War 

veterans are suffering postwar morbidity from Mycoplasma fermentans.  Conference on 

Federally Sponsored Gulf War Veterans' Illnesses Research, June 17-19, 1998, Arlington, 

Persian Gulf Veterans' Illnesses Research 
-
Project 
DoD-1A

Smith, TC. The capabilities of proc factor to conduct an exploratory factor analysis.  

Proceedings for the Western Users of SAS Software, 6th Annual Conference, 


October 14-15, 1998, Oakland, California.


Knoke JD, Smith TC, Gray GC, Kaiser KS, Hawksworth AW.  Factor analysis of 

self-reported symptoms.  Does it identify a Gulf War syndrome? Conference on Federally 

Sponsored GWVs' Illnesses Research, June 17-19, 1998, Arlington, Virginia.

Persian Gulf Veterans' Illnesses Research 
-
Project 
DoD-1B

Title:
Epidemiologic Studies of Morbidity Among Gulf War Veterans: A Search for Etiologic 

Agents and Risk Factors; Study 2: A Comparative Study of Hospitalizations among 

Active-Duty Personnel Who Participated in the Gulf War and Similar Personnel Who Did Not.

Project #:
DoD-1B
Agency:
DoD
Location:
Naval Health Research Center

Status:
Complete
Research Type:
Epidemiology Research

P.I. Name:
Greg Gray, MC CAPT, USN
Research Focus:
Symptoms/General Health

Study Start Date:
7/1/94

Estimated Completion Date:
10/01/98

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: Screen Department of Defense (DoD) hospitalizations for 

association with Gulf War deployment;  identify specific diseases or disease groups that merit 

further study.

SPECIFIC AIMS: Is the risk of hospitalization the same for Gulf War veterans (GWV) and 

nondeployed veterans (NDV)?

METHODOLOGY:  This is a tri-service, retrospective cohort study using hospital discharge 

records from all DoD facilities.  The study population consists of 2 groups: nearly all active-duty

personnel who were deployed to the Persian Gulf any time between 1 August 1990 and 31 July 

1991 (N= 578,492).  Hospitalization records for the subjects were supplied by the DoD Manpower 

Data Center  from all military hospitals.  Each discharge diagnosis was classified into 1 of the 14

major classifications of disease and injuries as defined by ICD-9-CM.  Multivariate logistic 

regression was used to compute odds ratios for hospitalization of GWV relative to EV for all 14 

categories.  A Cox proportional hazards model is being used to compare risks of hospitalizations 

among a subset of these categories. 

EXPECTED PRODUCTS (MILESTONES): These data have been proven useful beyond there 

original intention examining new hypothesis regarding specific Gulf War exposure and specific 

hospitalization outcomes.  A number of spin-off studies have been published in leading journals 

(4), are in internal review (1), are in external review for publication (2), or are in progress (1).  In 

one study, we are examining the postwar hospitalization experience of personnel possibly 

exposed to Iraqi chemical munitions destruction (published).  Additionally, we are conducting 

further analyses of the mental illness hospitalizations and other more specific diagnosis 

(published).                                               

STATUS/RESULTS TO DATE: In general, Gulf War veterans postwar hospitalization data are 

very similar to that of their nondeployed peers.  Thus far, there has been little evidence of 
unexplained increased postwar hospitalization morbidity associated with Gulf War service.  A 

number of abstracts and manuscripts have been published or are under external review for 

publication.

Most Recent Publications:

Dlugosz LJ, Hocter WJ, Kaiser KS, Knoke JD, Heller JM, Hamid NA, Reed RJ, Hilton SM, 

Kender KS, Gray GC. Risk factors for mental disorder hospitalization after the Persian Gulf 

War:  US Armed Forces, June 1, 1991 - September 30, 1993. J Clin Epidemiol, 52: 1267-78, 

Gray GC, Smith TC, Knoke JD, Heller JM.  The postwar hospitalization experience of Gulf 

War veterans possibly exposed to chemical munitions destruction at Khamisiyah, Iraq.  Amer

J Epidemiol 150: 532-540, 1999.

Knoke JD, Gray GC, Garland FC. Lack of association of testicular cancer with Persian Gulf 

War service.  Epidemiology, 9:648-653, 1998.

Gray GC, Hawksworth AW, Smith TC, Kang HK, Knoke JD, Gackstetter GD.  Gulf War 

veterans' health registries.  Who is most likely to seek evaluation?  Am J Epidemiol, 

Gray GC, Knoke JD, Berg SW, Wignall FS, Barrett-Conner E. Counterpoint: Responding to 

suppositions and misunderstandings.  Am J Epidemiol, 148:328-333, 1998.

Persian Gulf Veterans' Illnesses Research 
-
Project 
DoD-1B

Knoke JD, Gray GC. Hospitalizations for unexplained illnesses among US Persian


Gulf War veterans.  Emerging Infectious Diseases, 4:211-218, 1998.



Knoke JD, Gray GC. Hospitalizations after the Gulf War - Reply to K.M. Leisure, et al. 

Emerging Infectious Diseases. 4:709, 1998, Letter.
Not.

Gray GC, Coate BD, Anderson CM, Kang HK, Berg SW, Wignall FS, Knoke JD, 

Barrett-Conner E. The postwar hospitalization experience of US Persian Gulf War veterans.  

N Engl J Med, 335:1505-13, 1996.

Nushi B. Polychotomous Logistic Regression and the Creation of Odds Ratios and 

Confidence Intervals Using the SAS PROC CATMOD. Proceedings of the 7th Annual 

Western Users of SAS Software, Regional Users Group Conference.  October 20-22, 1999, 

Smith TC. Calculating the Probability of Hospitalization risk after possible exposure to Iraqi 

chemical munitions destruction during the Persian Gulf War.  Conference on Federally 

Sponsored Gulf War Veterans' Illnesses Research, June 17-19, 1998, Arlington, Virginia.
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Title:
Epidemiologic Studies of Morbidity Among Gulf War Veterans: A Search for Etiologic 

Agents and Risk Factors; Study 3: A comparative study of pregnancy outcomes among 

Gulf War veterans and other active-duty personnel

Project #:
DoD-1C
Agency:
DoD
Location:
Naval Health Research Center

Status:
Complete
Research Type:
Epidemiology Research

P.I. Name:
Greg Gray, MC, CAPT, USN
Research Focus:
Reproductive Health

Study Start Date:
9/1/94

Estimated Completion Date:
10/1/97

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: To evaluate the risk of birth defects and other adverse 

pregnancy outcomes diagnosed in military medical treatment facilities (MTFs).  Risk and relative 

risk of inpatient events will be assessed based on existing data.

SPECIFIC AIMS: Within the design parameters, are Persian Gulf War veterans (GWV) at higher 

risk of adverse pregnancy outcomes than nondeployed veterans (NDV)?

METHODOLOGY: This was an historical cohort study of reproductive outcomes among military 

personnel deployed to the Gulf War compared to military personnel who were not deployed.  

Demographic and hospitalization data were available for approximately 500,000 GWV and 

700,000 NDV from the Department of Defense Manpower Data Center.  Substantial demographic

information was available on all subjects, including race/ethnicity, proxy measures of 

socio-economic status (rank and education), and military occupation.  Data on inpatient services 

received from MTFs were also available and diagnoses were recorded using ICD-9-CM codes.  

Risk and relative risks of major birth defects were evaluated.  Potentially confounding factors 

such as maternal age were evaluated.  Multivariate analysis was conducted to estimate relative 

risks, controlling for identified cofounders.  Events among female service members were 

considered separately from those among spouses of male service members.  In another study 

we measured the prevalence of Goldenhar syndrome among infants born in military hospitals to 

GWV and NDV.  This project is now completed.

EXPECTED PRODUCTS (MILESTONES): A number of manuscripts and abstracts have been 

generated. These data may be used to test additional hypotheses regarding specific subgroups 

of Gulf War veterans and specific birth defect diagnoses.

STATUS/RESULTS TO DATE: See publications.

Most Recent Publications:

Cowan DN, Gray GC, DeFraites RF. Counterpoint: Responding to inadequate critique of birth

defects paper. Amer J Epidemiol 148:326-327, 1998.

Araneta MRG, Moore CA, Olney RS, Edmonds LD, Karcher JA, McDonough C, Hiliopoulos 

KM, Schlangen KM, Gray GC. Goldenhar syndrome among infants born in military hospitals 

to Gulf War veterans. Teratology 56;244-251, 1997.

Cowan DN, DeFraites RF, Gray GC, Goldenbaum M, Wishik S. The risk of birth defects 

among children of Persian Gulf War veterans. N Engl J Med 336:1650-56, 1997.

Cowan DN, DeFraites RF, Gray GC, Goldenbaum M. Birth defects among children of Gulf 

War veterans. Amer J Epidemiol 145:S12 Abstract, 1997.

Cowan DN, Gray GC, DeFraites RF. The authors reply to "Birth defects among children of 

Persian Gulf War veterans." N Engl J Med 337:1175-6, 1997.

Araneta MRG, Moore CA, Olney RS, Edmonds LD, Karcher JA, McDonough C, Hiliopoulos 

KM, Schlangen KM, Gray GC. Goldenhar Syndrome Among Infants of Gulf War Veterans. 

125th Annual Meeting of the American Public Health Association.  Indianapolis, IN,  

November 9-13, 1997.
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Title:
Epidemiologic Studies of Morbidity Among Gulf War Veterans: A Search for Etiologic 

Agents and Risk Factors; Study 4: Infertility and Miscarriage in Gulf War Veterans

Project #:
DoD-1D
Agency:
DoD
Location:
Naval Health Research Center

Status:
Complete
Research Type:
Epidemiology Research

P.I. Name:
Greg Gray, MC, CAPT, USN
Research Focus:
Reproductive Health

Study Start Date:
11/1/94

Estimated Completion Date:
9/1/99

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: To examine if there are differences between Gulf War 

veterans  (GWVs) and nondeployed veterans (NDVs) in rates of adverse reproductive 

outcomes.

SPECIFIC AIMS: Do GWVs have higher rates of adverse reproductive outcomes such as 

miscarriages, early pregnancy loss, prematurity and low birth weight when compared to NDVs?

METHODOLOGY: A structured, self-completed, questionnaire was mailed to 17,166 service 

members (active duty, reserves, or National Guard) who were, on February 1, 1991, aged 

between 18-33 and either: married at that time; or currently married.  Detailed demographic, 

military and deployment status, and reproductive outcome data through the end of 1995 were 

collected for the subject and their marital partner.

EXPECTED PRODUCTS (MILESTONES): Study completed.  Manuscript in preparation.  

STATUS/RESULTS TO DATE: A total of 9,741 questionnaires had been returned, giving an 

overall participation rate of 66.4%. Results suggest that female GWV had more normal births, 

but also miscarriages, post-1991 when compared to same-era GWV.  No differences were seen 

in male GWV and NDV.  Results also do not suggest any increased risk of subfertility in GWV.  

In another spin-off study, we are enumerating the number of pregnancies which occurred or were 

gestating during the Gulf War, and describing adverse reproductive and perinatal outcomes 

among such conceptions.  Study completed.  Manuscript in preparation.

Most Recent Publications:

Sato PA, Hiliopoulos KA, Kamens DR, Morn CB, Wang L, Zau AC, and Gray GC. 

Reproductive Outcomes in U.S. Veterans of the Persian Gulf War: a Population-based 

Study.  Manuscript in preparation, 1999.

Araneta MRG, Kamens DR, Zau AC, Gastañaga VM, Schlangen KM, Hiliopoulos KM, Gray 

GC. Reproductive and perinatal outcomes among conceptions and pregnancies during the 

Persian Gulf War. Manuscript in preparation, 1999.

Gastañaga VM, Araneta MRG, Kamens DR, Zau AC, Schlangen KM, Hiliopoulos KM, Gray 

GC. Simultaneous equations and sample Selection: Birthweight and gestational age among 

Gulf War-exposed pregnancies.  Manuscript in preparation, 1999.

Sato, PA, Hiliopoulos, KM, Gray, GC, Kamens, DR, Morn, CB, Poblete, PP, Wang, L, Zau, 

AC. Results of a Survey of Reproductive Health of 1991-Era Veterans.  Abstract, 

Conference on Federally Sponsored Gulf War Veterans’ Illnesses Research, Arlington, 

Sato PA, Hiliopoulos KM, Gray GC, Kamens DR, Morn CB, Poblete PP, Zau AC. The national

 study on reproductive outcomes. Initial findings. Conference on Federally Sponsored Gulf 

War Veterans' Illnesses Research, June 17-19, 1998, Arlington, VA.

Zau AC, Sato PA, Hiliopoulos KM, Kamens DR, Morn CB, Poblete PP, Gray GC. The national

study on reproductive outcomes. A demographic comparison of survey types. Conference 

on Federally Sponsored Gulf War Veterans' Illnesses Research, June 17-19, 1998, Arlington, 


Virginia, June, 1999.

Poblete PP, Araneta MRG, Sato PA, Hiliopoulos KM, Kamens DR, Morn CB, Zau AC, Gray 

GC. National study on reproductive outcomes. A reliability study of self-administered survey

versus telephone interview. Conference on Federally Sponsored Gulf War Veterans' 

Illnesses Research, June 17-19, 1998, Arlington, VA.
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Sato PA, Hiliopoulos KM, Gray GC, Barbour JD, Kamens DR, Morn CD, Poblete PP, Zau AC.

The Persian Gulf War - Effects on human reproduction. 39th Annual Navy Occupational and 

Preventive Medicine Workshop, March 28-April 3, 1998, San Diego, California.

Kamens DR, Sato PA, Morn CB, Poblete PP, Zau AC, Gray GC. The reproductive outcomes 

study - A comparison of responses within exposure groups. 39th Annual Navy Occupational 

and Preventive Medicine Workshop, March 28-April 3, 1998, San Diego, California.
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Title:
Epidemiologic Studies of Morbidity Among Gulf War Veterans: A Search for Etiologic 

Agents and Risk Factors; Study 5: Seabee Health Study

Project #:
DoD-1E
Agency:
DoD
Location:
Naval Health Research Center

Status:
Complete
Research Type:
Epidemiology Research

P.I. Name:
Greg Gray, MC, CAPT, USN
Research Focus:
Symptoms/General Health

Study Start Date:
1/1/96

Estimated Completion Date:
09/30/99

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: To study the health of Navy Seabees in relation to their 

deployments and the possible latent effects of Gulf War service.

SPECIFIC AIMS: 1. To determine if Gulf War Veterans have greater frequency of symptoms, 

illness, and propensity for making cognitive errors than other veterans;  2. to assemble a cohort 

for research on long-term effects of the Gulf War on morbidity.

METHODOLOGY: The proposed study is a nonconcurrent historical prospective study of all 

Seabees who were on active duty for at least one month between August 2, 1990 and June 30, 

1991. This group of approximately 19,000 current active duty, reservists and former military 

personnel was identified from records of the Defense Manpower Data Center. The study subjects

 were mailed a survey to assess their current health status and their role (if any) in the Persian 

Gulf War.  To evaluate reliability of information, 400 of the survey participants will be 

interviewed by telephone and information on health and symptomatology from routine physicals 

will be collected form military medical records. Bivarate and multivariate analyses will be used to 

identify risk factors associated with the outcomes of interest and multivariate logistic regression 

modeling will be applied to evaluate relationships between risk factors and the health outcomes. 

Development of latent chronic disease will be monitored by calculating the cumulative 

prevalence rates after each 5-year survey follow-up and comparing to the baseline prevalence.

EXPECTED PRODUCTS (MILESTONES): Completed study.  Manuscript in preparation.

STATUS/RESULTS TO DATE: Data collection is now complete as we have information for 10,996

Seabees (65%).  The nonrespondent and reliability pieces of this study have also been 

completed.  Preliminary analyses indicate that Gulf War veterans self-report more symptoms, 

chronic disease, physician diagnosed illnesses, poorer health status and have an increased 

propensity to make cognitive errors than nondeployed veterans.  It was also noted that, higher 

cognitive failure scores occurred among personnel who were exposed to more stressful stimuli.

Most Recent Publications:

Dlugosz LJ, Gray GC, Knoke J, Kang HK, Larson G. A prospective assessment of 

symptoms and illness in Gulf War veterans: the Seabee Health Study. 1996 San Diego 

Statistics and Epidemiology Research Exchange, La Jolle, California.

Reed R, Kaiser KS, Gray GC. The Seabee health Study: results and status after nine months

 of data collection. Conference on Federally Sponsored Gulf War Veterans' Illnesses 

Research, Arlington, VA, 1998.

Kaiser KS, Reed RJ, Gastañaga VM, Gray GC.  An Analysis of Morbidity with Unclear 

Etiology in a Population of U.S. Navy Gulf War Veterans. Conference on Federally 

Sponsored Gulf War Veterans' Illnesses Research, Arlington, VA, 1999.
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Title:
Epidemiologic Studies of Morbidity Among Gulf War Veterans: A Search for Etiologic 

Agents and Risk Factors; Study 6: A Comparison of Nonfederal Hospitalization 

Experience Among Veterans in California who have separated from active service: PGW 

Project #:
DoD-1F
Agency:
DoD
Location:
Naval Health Research Center

Status:
Complete
Research Type:
Epidemiology Research

P.I. Name:
Greg Gray, MC, CAPT, USN
Research Focus:
Symptoms/General Health

Study Start Date:
6/1/95

Estimated Completion Date:
9/30/98

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: To determine if there is evidence that the federal and 

non-federal hospitalizations rates differed among Gulf War Veterans (GWV) and nondeployed 

veterans (NDV) during the study period of 1 August 1991 to 31 December 1994.

SPECIFIC AIMS: This research addressed these questions: (1) Did the causes for hospitalization 

between GWV and NDV differ in (1) military and (2) nonfederal facilities? (2) Did the proportional 

distribution of causes for hospitalization differ during the postwar follow-up period? (3) Did 

morbidity patterns differ between GWV and NDV, temporally, and by type of hospital (federal 

vs. nonfederal)? 

METHODOLOGY: The study population consisted of GWV and NDV. Their hospitalizations in 

Department of Defense, Department of Veterans Affairs and nonfederal California hospitals 

were compared for several years after the war. Adjusted proportional distributions of hospital 

diagnoses were compared.

EXPECTED PRODUCTS (MILESTONES): Completed study.

STATUS/RESULTS TO DATE: A manuscript was published in January 2000.

Most Recent Publications:

Gray GC, Smith TC, Kang HK, Knoke JD.  Are Gulf War Veterans Suffering War-Related 

Illnesses? Federal and Civilian Hospitalizations Examined, June 1991 to December 1994. 

Amer J Epidemiol 151(1):63-71, 2000.

Smith TC, Gray GC, Knoke JD. The postwar nonfederal hospitalization experience of U.S. 

veterans of the Persian Gulf War. Conference on Federally Sponsored Gulf War Veterans' 

Illnesses Research, June 17-19, 1998, Arlington, Virginia.
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Title:
Epidemiologic Studies of Morbidity Among Gulf War Veterans: A Search for Etiologic 

Agents and Risk Factors; Study 7: Prevalence of Congenital Anomalies Among Children 

of Persian Gulf War Veterans

Project #:
DoD-1G
Agency:
DoD
Location:
Naval Health Research Center

Status:
Complete
Research Type:
Epidemiology Research

P.I. Name:
Greg Gray, MC, CAPT, USN
Research Focus:
Reproductive Health

Study Start Date:
6/1/95

Estimated Completion Date:
6/1/99

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: To determine if the prevalence of congenital anomalies in the 

infants born to Gulf War Veterans (GWV) exceed those of infants of (1) nondeployed veterans 

(NDV) and (2) the nonmilitary population.

SPECIFIC AIMS: The specific research questions this project will address include: (1) Did the 

prevalence of congenital anomalies differ among infants of GWV, NDV, and the nonmilitary 

population prior to and after the Persian Gulf War? (2) Did the types of congenital anomalies 

differ among infants of GWV, NDV, and the nonmilitary population prior to and following the 

Persian Gulf War? (3) What were the pathologic patterns of congenital anomalies among infants 

born to GWV?  How did these characteristics differ by military subpopulations (e.g., service, 

occupation, geographic location)?

METHODOLOGY: The Department of Defense Manpower Data Center (DMDC) maintains a 

database of demographic, military and hospitalization data among military personnel. The state 

health departments of Arizona, Arkansas, California, Georgia, Hawaii and Iowa conducted active 

surveillance of congenital anomalies through the initial 12 months of life.  Live births and fetal 

deaths occurring after 20 weeks of gestation were recorded in the Birth and Death Certificate 

Records of the Vital Statistics Registries of these states.  

Two registry matches were performed for each of the six states. The DMDC database was linked

with data of spouses and children (Defense Eligibility Enrollment Reporting System), and 

matched with Birth Certificate data to identify infants of military personnel born in these states 

between 1989 and 1993. Birth certificate numbers of these military infants was will be matched 

against the Birth Defects Registry of each state. The prevalence of  selected birth defect 

categories which occur frequently, or have important public health significance will be calculated.

EXPECTED PRODUCTS (MILESTONES): The prevalence of selected birth defect categories will 

be determined among conceptions which occurred prior to, and following the Gulf War. The data 

includes births to separated military personnel, Reservists, National Guardsmen, deliveries in 

nonmilitary (civilian) hospitals, and includes birth defects diagnosed during the first year of life.  

Pathologic patterns of congenital malformations among infants of GWV will be described, and 

may serve useful in developing hypotheses about genetically or environmentally-induced birth 

defects for future investigations. 

STATUS/RESULTS TO DATE:  Data linkage of DMDC, DEERS and Birth Certificate data from all

six states is complete.  A total of 57,498 military infants were identified; their data were linked to

birth defects surveillance data from Arkansas, Georgia, Hawaii, Iowa, and Arizona (for 1989 to 

1992 births).  Linkage to birth defects surveillance data is in progress for California.  Statistical 

Most Recent Publications:

Destiche DA, Aranata MRG, Schlangen KM, Horiuchi BY, Onaka AT, Gray GC.  Deterministic

Linkage to Identify Births to Military Personnel Using Hawaii Birth Certificate and Military 

Personnel Records.  1998 Conference of Federally Sponsored Gulf War Veterans' Illnesses 

Research, Arlington, Virginia.

Schlangen KM, Araneta MRG, Destiche DA, Zau AC, Kaiser KS, Gray GC. Evaluating Birth 

Defects among Infants Born to Persian Gulf War Veterans.  1998 Conference of Federally 

Sponsored Gulf War Veterans' Illnesses Research, Arlington, Virginia.
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Kaiser KS, Araneta MRG, Destiche DA, Schlangen KM, Zau AC, Gray GC.  A Comparison of 

Birth Defect Rates in Arizona Before the Persian Gulf War, 1989-1991,  1998 Conference of 

Federally Sponsored Gulf War Veterans' Illnesses Research, Arlington, Virginia.

Araneta MRG, Destiche DA, Schlangen KM, Merz R, Forrester M, Gray GC.  Birth Defects 

Prevalence among Infants of Persian Gulf War Veterans born in Hawaii, 1989-1993. 

Submitted on December 1999.

Araneta MRG, Schlangen KM, Destiche DA, Merz R, Forrester M.  Increased risk of pyloric 

stenosis and obstructive genitourinary defects among military infants in Hawaii, 1989-1993. 

Submitted on November 1999.

Araneta MRG, Destiche DA, Schlangen KM, Horiuchi BY, Onaka AT. Deterministic linkage to 

identify births to military personnel, using Hawaii birth certificate and military personnel 

records.  Manuscript completed.   To be submitted soon.

Araneta MRG, Destiche DA, Schlangen KM, Merz, RD, Forrester MB, Gray GC. Birth Defects


analysis and manuscript preparation are in progress. Prevalence Among Infants of Gulf War 



Veterans Born in Hawaii, 1989-1993.  Conference on Federally Sponsored Gulf War Veteran’s




Illnesses Research.  Arlington, VA, June 23-25, 1999.
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Title:
Physiological and Neurobehavioral Effects in Rodents from Exposure to Pyridostigmine, 

Fuels, and DEET

Project #:
DoD-2
Agency:
DoD
Location:
Tri-Svc Tox Progr, NMRI-TD

Status:
Complete
Research Type:
Mechanistic

P.I. Name:
J Rossi, Ph.D.
Research Focus:
Interactions

Study Start Date:
7/1/94

Estimated Completion Date:
10/1/97

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: This project has evaluated the potential of a simulated Gulf 

War (GW) exposure consisting of multiple chemicals, alone and in conjunction with an imposed 

psychological stressor, to induce biological effects in Sprague-Dawley rats.  Effects were for 

similarity to symptoms and effects reported by exposed Gulf War veterans (e.g., "Gulf War 

Veterans' Illnesses" (GWVI)).  No animal model for GWI currently exists; therefore, the project 

investigated if the rodent model can reproduce the symptoms reported in GWI.

SPECIFIC AIMS: This study tested the hypothesis that simultaneous exposure to a combination 

of chemical stressors, each well tolerated individually, causes subtle physiological changes when

coupled with psychological stress.  The study used Sprague-Dawley rats as an animal model to 

identify effects reported by humans similarly exposed during the GW.  The study also attempted

to identify biomarkers for use in evaluating the extent of exposure and of effect in humans.  

METHODOLOGY: The chemical stressors and routes of exposure evaluated were: inhalation of 

fuel vapor (diesel, jet fuel) and their combustion products, dermal absorption of the insect 

repellent, N, N-diethyl-m-toluamide (DEET), and oral (or i.p.) administration of pyridostigmine 

bromide (PB).  Psychological stress was simulated by intermittent administration of a mild 

electrical shock.  The shock was administered randomly by a computer controlled apparatus, so 

that it would be uncontrollable and unpredictable, functioning as a traumatic stressor.  Male 

Sprague-Dawley rats were exposed by inhalation to diesel and/or jet fuel vapor, orally to PB, and 

dermally to DEET, alone, and in various combinations. Half of the animals received a periodic, 

random, mild electrical shock as psychological and neurobehavioral changes by standard tests, 

immediately after exposure and after a 60-day latent period.  The study investigated 

physiological and neurobehavioral effects, neurotransmitter levels, and changes in protein 

composition in serum/plasma, liver, kidney, testes, and brain from exposed rats.

EXPECTED PRODUCTS (MILESTONES): This study evaluated the potential of a simulated Gulf 

War (GW) exposure consisting of multiple chemical exposures, alone and exacerbated by an 

imposed psychological stressor, to induce toxic effects in Sprague-Dawley rats which may have 

some similarities to the symptoms reported by Gulf War veterans.  This study investigated, in a 

rodent model, factors that may have contributed to the development of symptoms reported in 

GWI.  Representative chemical exposures from the GW theater, with and without an imposed 

psychological stressor, were investigated individually and in combinations to determine possible 

interactive effects.  

STATUS/RESULTS TO DATE: Almost all of the significant differences in this study involved 

animals exposed to JP4 fuel vapor only, or in combinations of JP4 or footshock and 

pyridostigmine bromide and DEET.  Differences between groups in the 14 day neurobehavioral 

study were found only for startle (JP4, stress, stress & JP4) and for appetite reinforcer approach

(JP4).  In the 60 day study, differences were observed in a variety of measures on the Navy 

Neurobehavioral Toxicity Assessment Battery (NTAB) for combinations of stressors which 
included JP4 or footshock.   The results suggest the JP4 fuel vapor and/or JP4 in combination 

with  footshock tests affect a variety of neurobehavioral tests.  


Most Recent Publications:

Nelson RA. Determining Types of Health Effects to Persian Gulf Veterans Due to Exposure 

to Occupational Hazards, Thesis No.  AFIT/GEE/ENV/95D-13, Air University, USAF Institute 

of Technology, Wright-Patterson Air Force Base, OH. 1995.
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Rossi J, MacMahon K, Ritchie G, Wolfe R, Leahy H, Nordholm A, Caldwell D.

Neurobehavioral changes in rats exposed to a simulated Persian Gulf War environment.  


Society of Toxicology meeting, Cincinnati, Ohio, March 1997 (abstract).


MacMahon K, Rossi J, Wolfe R, Leahy H, Narayanan L, Witzmann F, Eggers J, Ritchie G, 

Nordholm A.  Physiological responses of Sprague-Dawley rats exposed to low doses of 

pyridostigmine bromide, N,N-diethyl-m-toluamide (DEET), JP-4 jet fuel, and stress.  Society 

of Toxicology meeting, Cincinnati, Ohio, March 1997 (abstract).

Nordholm AF; Rossi J 3rd; Ritchie GD; McInturf S; Hulme ME; McCool C; Narayanan L; 

MacMahon KL; Eggers J; Leahy HF; Wolfe RE. Repeated exposure of rats to JP-4 vapor 

induces changes in neurobehavioral capacity and 5-HT/5-HIAA levels. J Toxicol Environ 

Health 9:56(7):471-99, 1999.
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Title:
The General Well-Being of Gulf War Era Service Personnel from the States of 

Pennsylvania and Hawaii: A Survey

Project #:
DoD-4
Agency:
DoD
Location:
WRAIR, Washington DC

Status:
Complete
Research Type:
Epidemiology Research

P.I. Name:
David Marlowe, Ph.D.
Research Focus:
Symptoms/General Health

Study Start Date:
9/1/92

Estimated Completion Date:
5/20/94

Summary of Program(s):

OVERALL PROJECT OBJECTIVE:  Assess the general sense of well-being of Gulf War era 

veterans in the States of Hawaii and Pennsylvania.

SPECIFIC AIMS: Identify groups within the population reporting physical or mental distress and 

highlight probable causes or contributing factors.  Ascertain whether any group within this 

population was at risk for future development of PTSD related to their Gulf War era experiences. 

Evaluate the status of the 14th Quartermaster Detachment.  Assess the impact of the 

casualties of the 14th Quartermaster Detachment on the community of Greensburg, 

Pennsylvania.

METHODOLOGY: Citizens of Pennsylvania and Hawaii who served during the period of  

Operation Desert Shield/Storm were identified and asked to participate in a survey involving 

questionnaires and interviews (approx. 14,100).  Study materials were designed and administered;

4,334 responses were obtained.  Data was integrated with responses from an additional 25,000 

individuals being studied as part of a larger assessment.  Survey instruments and methods 

included a questionnaire, Impact of Events Scale, Brief Symptom Inventory, PTSD Risk 

Algorithm, and records/reports from Pacific Center for PTSD and from PTSD Clinical Team, VA 

Medical Center, Pittsburgh, PA.  The distribution of psychological and illness symptoms in the 

samples were analyzed, and differences in psychological and physical symptoms between 

deployers and nondeployers were examined.

EXPECTED PRODUCTS (MILESTONES): An assessment of the general physical and mental 

well-being of the subject population.  Information to assist Congressional determination of the 

need for appropriated funds for specialized counseling and support services to counter any 

adverse effects of service during Operation Desert Shield/Storm.  Information addressing 

potential links between service in the Gulf and subsequent health and adjustment difficulties 

upon return.

STATUS/RESULTS TO DATE: The studied population was generally well adjusted, with subgroups

experiencing either physical symptoms, high levels of stress, or both (about 15% of the 

population).  Among those deployed and who reported physical symptoms, neither exposure to 

combat nor its aftermath bear much relationship to their distress. Only the fact of deployment 

explains the higher rate of physical symptoms compared those who were not deployed.  About 
15% of those deployed were experiencing both stress and physical symptoms at the time of the 

study.    Many of these seem at risk for development of further difficulty, particularly PTSD.

Most Recent Publications:

Stretch RH, Bliese PD, Marlowe DH, et al.  Physical health symptomatology of Gulf War-era

service personnel from the states of Pennsylvania and Hawaii.  Military Medicine, 

160:131-136, 1995.

Stretch RH, Bliese PD, Marlowe DH, et al. Psychological health of Gulf War-era military 

personnel.  Military Medicine, 161:257-261, 1996.

Stretch RH, Marlowe DH, Wright KM, et al. Post-traumatic stress disorder symptoms among 

Gulf War veterans.  Military Medicine, 161:407-410, 1996.
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Title:
Health Risk Assessment of Embedded Depleted Uranium: Behavior, Physiology, 

Histology, and Biokinetic Modeling

Project #:
DoD-7A
Agency:
DoD
Location:
AFRRI, Bethesda, MD

Status:
Complete
Research Type:
Mechanistic

P.I. Name:
Terry Pellmar, Ph.D.
Research Focus:
Depleted Uranium

Study Start Date:
12/1/94

Estimated Completion Date:
1/30/98

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: Evaluate health risks associated with tissue-embedded 

depleted uranium (DU) fragments by studying the behavioral, physiological, and histological 

consequences of implanted DU in a rodent model.

SPECIFIC AIMS: Evaluations in the DU-implanted rodent model included: behavioral tests of 

motor activity and memory, conduction studies of peripheral nerve function, measurement of 

central nervous system excitability in brain slice preparations, biochemical assessments of renal

function, histological assessment of local tissue damage and capsule formation, measurement 

of tissue concentrations of uranium, and development of a biokinetic model describing the 

distribution of uranium over time.

METHODOLOGY:  Appropriate doses to be used for analysis of DU effects were defined and 

then a study of 325 rats was conducted to obtain toxicity data.  Rats were randomly assigned to 

5 treatment groups: 1) low-dose DU, 2) medium-dose DU, 3) high-dose DU, 4) tantalum (Ta) 

controls, and 5) non-implanted sham-surgical controls.  In the low-dose and medium-dose groups,

Ta was substituted for a fraction of the DU pellets to keep the total number of implanted 

fragments constant.  Rats were evaluated, euthanized and tissue samples taken at 1, 6, 12, or 

18-months following fragment implantation.  The investigators determined that sample sizes of 15

rats per group were necessary to achieve statistical significance, and additional animals (20 

rather than 15) were implanted for the 18-month time point with the expectation of a 20-25% 

natural mortality.  Each rat was thoroughly evaluated for changes in behavior (functional battery,

motor activity, passive avoidance test), peripheral nerve function (conduction velocity 

measurements), CNS excitability (hippocampal brain slice electrophysiology), renal function 

(plasma and urine biochemistries) and tissue histology including capsule formation.  In addition, 

data on tissue uranium levels (measured by kinetic phosphorescence analysis) from a subgroup 

of rats was used to develop a biokinetic model to predict uranium distribution. All measured 

parameters were compared among groups through analysis of variance and significance 

accepted at the P<0.05 level.

EXPECTED PRODUCTS (MILESTONES): Determine appropriate doses for a DU toxicity study in

the rat: July 1995.  Complete toxicity assessment at the one-month point: Dec 1995. Complete 

toxicity assessment at the six-month point: Dec 1996.  Complete toxicity assessment at the 

12-month point: June 1997. Complete toxicity assessment at the 18-month point: Dec 1997.  

Complete biokinetic modeling for distribution of DU fragments: Jan 1998.

STATUS/RESULTS TO DATE: Throughout the 18 months of exposure to DU fragments, uranium

levels were high and dose-dependent in kidney, urine, and bone. Despite high uranium levels in 

kidney, no renal toxicity was evident. Other tissues including muscle, spleen, liver, heart, lung, 

lymph nodes, and testicles contained significant concentrations of uranium in implanted animals. 

Unexpectedly, uranium was found in the brain of DU-implanted animals. Uranium was not 

uniformly distributed throughout the brain. Excitability of the hippocampus was  modified in the 

DU-implanted animals at 6 and at 12 months. By 18 months after fragment implantation, it 

appeared that the effects of aging and of DU exposure converged, thereby obscuring the effect 

of the metal. Although simple behavior tasks did not reveal any gross performance decrements 

associated with DU exposure, future studies using more complex learning tasks may reveal 

subtle cognitive deficits. In comparison to Ta controls, DU-implanted animals did not show any 

histopathology in microscopically examined in tissues. At 18 months, however, DU appeared to 

cause a mid stimulation of hematopoiesis as evidenced by hyperplasia of bone marrow and both 

the red and white pulp of the spleen. Examination of the pellets in situ revealed fibrous tissue 
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adhering to the DU but not the Ta pellets. Body weight in high-DU dose animals was significantly


lower than controls. A biokinetic analysis of the uranium redistribution in the implanted rats 


suggested that the existing model of the international Commission for Radiological Protection


(ICRP) is adequate for assessment of risk from uranium fragments.

Most Recent Publications:

Hogan J, Benson KA, Landauer M, Pellmar TC. Toxicity of embedded Depleted Uranium (DU) 

in the rat.  The Toxicologist 36:17, 1997.

Pellmar TC, Hogan J, Benson KA, Landauer M.Toxicological Evaluation of Depleted Uranium 

in Rats: 6-Month Evaluation Point, AFRRI Special Publication Report, 98-1, 1998.

Miller AC, Emond C, Whittaker T, Xu J, Strocko S, Hogan J, Page N, Pellmar T. Urinary and 

serum mutagenicity studies with rats implanted with depleted uranium or tantalum pellets.  

29th Annual Mutagenesis Society Meeting, Anaheim, CA, 1998.

Benson KA, Pellmar TC. Neurotoxicity and reproductive effects of embedded depleted 

uranium in the rat. Conference of Federally Sponsored Gulf War Veterans' Illnesses 

Research, Pentagon City, VA, p. 109, June 1998.


Pellmar TC, Hogan JB, Benson KA, Landauer MR. Depleted uranium distribution and 

toxicology in a rodent model. AFRRI Special Publication Report, 98-3: 7-9, 1998.

Miller AC, Fuciarelli AF, Ejnik EJ, Strocko S, Hogan J, Page N, Pellmar T. Urinary and serum 

mutagenicity studies with rats implanted with depleted uranium or tantalum pellets.  

Mutageneis 13(6):643-648, 1998.

Pellmar TC, Fuciarelli AF, Ejnik JW, Hamilton M, Hogan J, Strocko S, Emond C, Mottaz HM, 

Landauer MR. Distribution of uranium in rats implanted with depleted uranium pellets. 

Toxicological Sciences 49(1):29-39, 1999.

Pellmar TC, Keyser DO, Emery C and Hogan JB.  Electrophysiological changes in 

hippocampal slices isolated from rats embedded with depleted uranium fragments.  

NeuroToxicology 20:785-792, 1999.
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Title:
Carcinogenicity of Depleted Uranium Fragments

Project #:
DoD-7B
Agency:
DoD
Location:
Lovelace Respiratory Research 

Status:
Complete
Research Type:
Mechanistic

P.I. Name:
Fletcher Hahn, DVM, Ph.D.
Research Focus:
Depleted Uranium

Study Start Date:
1/26/95

Estimated Completion Date:
3/31/00

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: Assess the carcinogenic risks associated with long-term 

exposure to depleted uranium DU-containing shrapnel in wounds using a rodent model.

SPECIFIC AIMS: Determine the carcinogenicity of radioactive DU fragments in tissues relative 

to nonradioactive (tantalum) foreign-body fragments, and correlate urine and kidney concentrations 

of uranium with time after implantation of DU fragments.

METHODOLOGY: Relative carcinogenicity of embedded DU fragments is being determined 

using test metals, in the form of flat squares or pellets, surgically implanted into the muscles of 

rats. Thorotrast was used as a positive control radioactive material. Three sizes of DU and 

tantalum fragments were used, 5x5x1.5mm, 2.5x2.5x1.5mm or 2.0x1.0mm diam.  Four 

fragments were embedded in each rat, two in each thigh muscle.   Using three sizes resulted in 

rats receiving a mass of metal that ranged across a factor of 20 and a surface radioactivity that

ranged a factor of 10.  In addition, a group of rats received Thorotrast injections to serve as 

positive control animals for radioactive materials. 

These rats were observed for life span for the onset, incidence, and biological characteristics of 

tumors developing at the site of implantation.  Rats will be examined for lesions, with particular 

attention to the urinary system. Kidneys will be examined histologically for lesions related to U 

toxicity. U content in the kidney and skeleton and remainder of the carcass will be determined. 

Laser phosphorimetry is being used to analyze tissue and urine samples for U. 

EXPECTED PRODUCTS (MILESTONES): The carcinogenic hazard of radioactive DU fragments 

relative to nonradioactive fragments is being determined so that informed judgments can be 

made about the clinical management of veterans with DU fragments embedded in their soft 

tissues. Milestones of this study are: May 1997: Initiation of the long-term study of potential 

carcinogenic effects of implanted DU fragments.  August 1998: First fragment related tumors 

noted.  February 1999: Peer review of findings by American Institute of Biological Sciences.  

March 1999: Extension of contract to extend observations from 2 years to life span.  May 1999: 

Completion of the long-term carcinogenesis study of DU fragments.  December 1999: Death of 

the last animal on study.  March 31, 2000: Final report on the long-term carcinogenesis study of 

DU fragments. 

STATUS/RESULTS TO DATE: A carcinogenesis bioassay protocol was used to study the 

carcinogenesis potential of DUTi. Fragments of DU (0.75% Ti) in 3 sizes were implanted into the 

leg muscles of rats. All rats are now dead and analysis of the tissues is being conducted.  There 
is a significant increase in fragment associated tumors in the rats that received the Thorotrast and 

the 5x5mm DU fragments and a slight increase in rats that received the 2.5x2.5mm fragments.  

No tumors were seen in rats with the 2x1mm DU fragments or the sham exposed.  The relevance

of these findings form humans will be evaluated in the final report. 

Most Recent Publications:

Hahn FF, Lundgren DL, Hoover MD, Guilmette RA.   DU Distribution and Carcinogenesis 

Studies.  In Health Effects of Embedded Depleted Uranium Fragments, Livergood OR, ed. 

An Armed Forces Radiobiology Institute Workshop, 1996, AFFRI Special Report Publication 

98-3, National Technical Information Service, 1998.

Hahn, FF, Guilmette, RA, Hoover MD, Toxicity of Depleted Uranium Fragments in Wistar 

Rats.  Toxicological Sciences 48, 1-S, 333 (Abstract)
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 Title:   Program DoD-8

Project #:
DoD-8
Agency:
DoD
Location:
WRAIR, Wash. DC

Status:
Complete
Research Type:
Development

P.I. Name:
Rodney Michael, M.D., COL
Research Focus:

Study Start Date:

Estimated Completion Date:

Summary of Program(s):

This is the parent Program for DoD projects DoD-8A through DoD-8B.


Most Recent Publications:

None to date

Persian Gulf Veterans' Illnesses Research 
-
Project 
DoD-8A

Title:
Serologic Diagnosis of Viscerotropic Leishmaniasis (VTL)

Project #:
DoD-8A
Agency:
DoD
Location:
WRAIR, Washington DC

Status:
Complete
Research Type:
Development

P.I. Name:
Rodney Michael, M.D., COL
Research Focus:
Leishmaniasis

Study Start Date:
10/1/93

Estimated Completion Date:
9/1/96

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: Develop a reliable serologic test for viscerotropic 

leishmaniasis.

SPECIFIC AIMS: The goal was to identify an antibody (Ab)-based serologic assay to detect 

active infection with Leishmania parasites causing the clinical syndrome of VTL using a standard 

format such as enzyme-linked immunosorbent assay (ELISA).

METHODOLOGY: Use of ELISA-based assays to diagnose active infection with an infectious 

agent is a widely accepted and useful diagnostic intervention.  Currently, there are no 

commercially available serologic assays to detect Leishmania infection.  Some specialty labs 

use the indirect immunofluorescence technique (IFAT) format to detect antibodies to surface 

proteins of the promastigote (insect vector form of the parasite); however, the IFAT is not useful

in VTL.  Once the parasite is injected into humans by the sand-fly vector, it transforms into an 

amastigote (the form found in mammals).  The amastigote is a genetically different morphologic 

form which expresses a unique repertoire of antigens.  This effort is based on the hypothesis 

that these amastigote dominant antigens hold the key to serologic diagnosis of VTL..  Using 

recombinant molecular biology techniques, proteins which are recognized by VTL sera can be 

made in large quantities and used as capture antigens in ELISA tests.

EXPECTED PRODUCTS (MILESTONES): Identification of reactive clones made from screening 

a genomic library of Leishmania DNA, cloning and sequencing the recombinant proteins and using 

the recombinant proteins to screen sera from patients with viscerotropic leishmaniasis (VTL).

STATUS/RESULTS TO DATE: A genomic library was made from a Desert Storm isolate of 

Leishmania.  Parasite DNA was sheared and introduced into E. coli via phage virus.  Bacterial 

clones with parasite DNA were transferred to nitrocellulose and then incubated with radioiodinated 

protein labeled VTL sera. Reactive clones were then isolated, induced, and protein was 

sequenced.  Patients with VTL appear to recognize a 210 kd recombinant protein, called Lt-1, the 
carboxy third of the protein is made of repeats. Smaller recombinant proteins and synthetic peptides 

based on the repeats have been made.  To date, none of these peptides reliability discriminates 

infected from noninfected samples.

Most Recent Publications:

Dillon DC, Day CH, Whittle JA, Magill AJ, Reed SG. The molecular and immunological 

characterization of Leishmania tropica antigens: serological and cellular responses by 

viscerotropic Leishmaniasis Patients. VIII Intern Congress of Parasitology, 1994.

Dillon DC, Day CH, Whittle JA, Magill AJ. Reed. The Molecular and immunological 

characterization of Leishmania tropica antigens: serological and cellular responses by 

Viscerotropic Leishmaniasis Patients. 43rd Annual Mtg AM SocTrop Med & Hygiene, 1994.

Dillon DC, Day CH, Whittle JA, Magill AJ, Reed. Characterization of a Leishmania tropica 

antigen that detects immune responses in Desert Storm Viscerotropic Leishmaniasis patients.

Proc. Natl Acad Sci 92:7981-82, 1995.
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Title:
Development of a Leishmania Skin Test Antigen (LSTA)

Project #:
DoD-8B
Agency:
DoD
Location:
WRAIR, Washington DC

Status:
Complete
Research Type:
Development

P.I. Name:
D. Scott Doughty
Research Focus:
Leishmaniasis

Study Start Date:
10/1/93

Estimated Completion Date:
1/31/99

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: Develop an intradermal skin test for the screening of U.S. 

Service members who may have been exposed to Leishmania parasites during deployments to 

leishmaniasis endemic areas.

SPECIFIC AIMS: The goal is to identify a safe, potent, and non-sensitizing Leishmania Skin Test 

Antigen  (LSTA); manufacture it under cGMP; obtain an IND for its use in phase I, II, and III 

clinical trials; and obtain ultimately a commercially available, FDA-licensed product. 

METHODOLOGY: Skin tests are widely accepted diagnostic interventions for diagnosis of prior 

infection with an infectious agent (e.g., tuberculosis). Currently there is no Leishmania skin test 

licensed for use in the USA.  Once required phase I and phase II studies are completed in 

humans, studies could be performed in Gulf War veterans with confirmed and suspected 

leishmaniasis. 

EXPECTED PRODUCTS (MILESTONES): Phase I clinical trial of LSTA was completed in CY99.   

Phase II clinical trial in CY02; Phase III trial in CY03; Licensure by CY05 will be transferred to 

and included in DoD-95 reporting. 

STATUS/RESULTS TO DATE:  As reported last year, the lyophilized LSTA was reformulated into 

a liquid product to avoid a suspected hypersensitivity to a component of the lyophilization 

buffer.  A new IND for this reformulated liquid Microfluidized-lysate (MFL)-LSTA was submitted to

 the FDA in 1999.  A Phase I clinical trial was conducted in 15 healthy volunteers which 

demonstrated safety of the product by showing no significant local or systemic reactions to the 

product.   Additionally, the product was administered in increasing dose and demonstrated that 

the skin test antigen had no significant local or systemic side effects when used at the planned 

maximal dose.  A RFP was released to identify a commercial manufacturer for the future 

licensure of the LSTA product.  Contract award is pending and phase I/II dose ranging and dose 


ranging and potency trials are currently planned.

Most Recent Publications:

None to date
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Title:
Identification of the Genetic Factors Which Control Tropism in Leishmania

Project #:
DoD-9
Agency:
DoD
Location:
WRAIR, Brazilia

Status:
Complete
Research Type:
Mechanistic

P.I. Name:
Max Grogl, Ph.D., LTC
Research Focus:
Leishmaniasis

Study Start Date:
7/1/94

Estimated Completion Date:
7/1/98

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: Identify the gene(s) that control tropism in Leishmania and 

determine its (their) sequence and function.

SPECIFIC AIMS: The goal of this research is to identify the gene(s) that control tropism in 

Leishmania. The identification of a "tropism" gene will enable the development of specific gene 

probes (primers) to be used in a patient screening program to identify those at risk of 

reactivation of latent infections; address the fundamental question of infectious disease 

pathophysiology, namely why an organism infects a particular cell; optimize treatment regimens 

according to Leishmania species and the immune status of the host. The identification of the 

genetic factor(s) involved in the visceralizaiton of Leishmania will require development  in vitro 

and in vivo models of tropism to facilitate the study of viscerotropic leishmaniasis (diagnosis, 

therapy, prevention) and Leishmania tropism.

METHODOLOGY: Develop in vitro and in vivo models of Leishmania tropism to use for the 

determination of the genetic factors controlling tropism:  a promastigote temperature sensitivity 

model; and  a cutaneous and a visceral animal model of Leishmania tropism.  Create Leishmania

mutants with altered tropism in the in vitro and in vivo models of tropism:  temperature sensitive

parasites changed to resistant and visa versa; and cutaneous parasites (in the animal model) 

changed to visceral and visa versa.  Use recently developed molecular genetic techniques to 

restore the original (wild-type) phenotype to the Leishmania temperature and tropism mutants by 

transfection with the appropriate Leishmania cosmid DNA libraries.  Identify the gene(s) 

controlling temperature sensitivity and tropism present in the cosmid(s) which restore(s) a 

wild-type phenotype to the Leishmania cells.  Retest the function of these genes in both models 

using transfection methodology.

EXPECTED PRODUCTS (MILESTONES): Molecular characterization includes Identification of the 

genes present in the cosmids which restore a wild-type phenotype to the Leishmania mutants, 

sequencing the genes by 1998, and determining the homologies with genes in the database by 

1998.

STATUS/RESULTS TO DATE: An in vitro promastigote temperature model was developed and the

 investigators determined that temperature sensitivity in vitro correlates with Leishmania tropism 

in vivo.  There is no absolute temperature requirement for dermotropism, but there is a minimum 

temperature resistance requirement for visceralization.   The parasite strains that have an 

unusual tropism in the human host (to include the viscerotropic L. tropica from Desert Storm) 

also show an unexpected temperature sensitivity in the model.  Two animal models were 

developed where the tropism of the Leishmania strain is known, uniform, and reproducible (all 

organisms are found in one location, either visceral or cutaneous) when inoculated in the skin (sc)

to mimic a sand fly bite, including a cutaneous model with no visceralization, and a visceral 

model with no skin lesions.  Leishmania temperature sensitive and resistant mutants have been 

obtained.  Laboratory techniques were developed and standardized for transfection and for the 

Leishmania cosmid DNA library.  An L. donovani and two L. tropica temperature-resistant strains 

were selected in vitro.  An L. mexicana strain was chemically mutagenized and a tropism mutant 

was selected in our hamster model.  Wild-type DNA cosmid libraries were made of all the 

Leishmania strains (4) to be mutagenized and selected for altered tropism in the hamster model. 

Both the in vitro and in vivo models developed to do the molecular biology studies have been 
published. The most relevant issue of viscetropic leishmaniasis for Desert Storm was that L. tropica, 

which should be solely dermotropic, was found in viscera of veterans.  The study identified an 

important question for further research prior to termination due to lack of funding: the identification

 of genetic factors which control tropism in leishmaniasis.  
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Most Recent Publications:

Kelly DJ, Chan CT, Paxton H, Thompson K, Howard R, Dasch GA.  Comparative evaluation 

of a commercial enzyme immunoassay for the detection of human antibody to Rickettsia 

typhi.  Clinical & Diagnostic Laboratory Immunology 2(3):356-60, 1995.

Callahan HL, Portal IF, Bensinger SJ, Grogl M  Leishmania spp:  temperature sensitivity of 

Leishmania promastigotes in vitro as model for tropism in vivo.  Exp Parasit 84:400-409, 

Callahan HL, Grogl M. Development of animal models to study Leishmania tropism at the 

molecular level. Am J Tropical Med. (in press)

Weddle JR, Chan TC, Thompson K, Paxton H, Kelly DJ, Dasch GA, Strickman D.   

Effectiveness of a dot-blot immunoassay of anti-Rickettsia tsutsugamushi antibodies for 

serologic analysis of scrub typhus.  Am J Tropical Med & Hygiene 53(1):43-6, 1995.
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Title:
Pyridostigmine Synergistic Toxicity Study

Project #:
DoD-10
Agency:
DoD
Location:
CHPPM, Aberdeen MD

Status:
Complete
Research Type:
Mechanistic

P.I. Name:
Wilfred McCain, Ph.D.
Research Focus:
Pyridostigmine Bromide

Study Start Date:
11/1/94

Estimated Completion Date:
3/1/95

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: Determine potentially toxic interactions when pyridostigmine 

bromide, permethrin, and DEET are given concurrently to male rats by gavage. 

SPECIFIC AIMS: Phase I determined the acute oral lethal dose response relationship of each 

compound with the propylene glycol solution in which it was delivered.  Phase II was a dose 

response study using results from Phase I as well as calculated dosage solutions of the three 

materials in combinations.  This study was motivated by concerns about the possible synergism 

of pyridostigmine taken by the servicemembers in ODS to protect them against potential nerve 

agent exposure and permethrin and DEET, insecticides which were used at the same time.

METHODOLOGY: The first phase was the development of acute oral lethal dose-response 

relationship of each compound with the vehicle, determine dosage levels for the second phase. 

Part 1 of Phase II served as a positive control for the interaction portion of the study and 

verified data obtained from Phase I. The Part 1 dose response study used dosing developed 

from Phase I. Part 2 of Phase II was similar to the control portion except that the vehicle 

contained the calculated LD16 of the other two compounds.  The Phase I study protocol used 16 

groups of 10 animals each, with one group of 10 receiving only the propylene glycol vehicle.  

Gross necropsy was performed on all animals as soon as possible after death.  Animals 

surviving the 14 day study period were sacrificed and examined for gross pathological lesions. 

The Phase II study used 15 groups of six animals each for the positive control portion and 18 

groups of 10 animals each for the interaction portion.  Animals were necropsied and examined for

gross pathological lesions.

EXPECTED PRODUCTS (MILESTONES): Report on toxicity produced by high dose interactions 

of military materiel and medical pretreatments.

STATUS/RESULTS TO DATE: The principal finding was that at extraordinarily high doses, there is
  an increased mortality in rats given pyridostigmine  bromide, permethrin, and DEET 

simultaneously by gavage when compared to expected additive lethal effect of the individual 

compounds.  The direct significance of these findings to ground forces who served in the Gulf 
War is uncertain because these doses and route of exposure do not correspond to any suspected

human exposures.

Most Recent Publications:

US Army Center for Health Promotion and Preventive Medicine Report. Acute Oral Toxicity 

Study of Pyridostigmine Bromide, Permethrin, and DEET in the Laboratory Rat. Toxicological 

Study 75-48-2665, 1995.

McCain WC, Lee R, Johnson MS, Whaley JE, Ferguson JW, Leach G.  Acute oral toxicity 

study of pyridostigmine bromide, permethrin, and DEET in the laboratory rat.  J Toxicol 

Environ Health 50(2): 113-124, 1997.
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 Title: Male/Female Differential Tolerances to Pyridostigmine Bromide

Project #:
DoD-11
Agency:
DoD
Location:
South Florida Drug Res Miami FL

Status:
Complete
Research Type:
Clinical Research

P.I. Name:
Kenneth Lasseter, M.D.
Research Focus:
Pyridostigmine Bromide

Study Start Date:
10/1/94

Estimated Completion Date:
2/1/98

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: Determine if males and females have different tolerances to 

doctrinal dose (30 mg every 8 hours) of pyridostigmine bromide.

SPECIFIC AIMS: To evaluate the tolerance of pyridostigmine bromide (30 mg every 8 hours for 

21 days); to evaluate multiple dose kinetics; and to evaluate the effect of weight in males and 

females upon drug tolerance.

METHODOLOGY: Double-blind study.

EXPECTED PRODUCTS (MILESTONES): Final Report.

STATUS/RESULTS TO DATE: In-life portion of the study and the one year follow-up have been 

completed.  Results from this study indicate that pyridostigmine is safe. Expected side effects, 

primarily gastrointestinal, were observed. Other events did not appear to be related to the drug 

since the reporting incidence was equal in active drug and placebo groups. No difference in side 

effects were found related to gender or weight.

Most Recent Publications:

Marino MT, Schuster BG, Brueckner RP, Lin E, Kamainskis A, Lasseter R. Population 

pharmacokinetics and pharmacodynamics of pyridostigmine bromide for prophylaxis against 

nerve agents in humans. J Clin Pharmacol, 38(3):227-35, 1998.
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Title:
Effects of Persian Gulf War Service on Military Working Dogs

Project #:
DoD-13
Agency:
DoD
Location:
AFIP, Washington DC

Status:
Ongoing
Research Type:
Epidemiology Research

P.I. Name:
Dale Dunn, DVM, LTC
Research Focus:
Environmental Toxicology

Study Start Date:
4/1/94

Estimated Completion Date:
12/30/01

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: To determine the differences in diagnoses between a 

population of military working dogs (MWDs) that deployed to the Persian Gulf (PG) and a 

comparison group which did not deploy to Southwest Asia (SWA). 

SPECIFIC AIMS: To determine whether any differences in diagnoses between the two groups are
 may be the result of deployment to SWA; and  whether dates of deployment and location in 

theater affect diagnoses.


METHODOLOGY: The PG MWD cohort was identified after the 

cessation of hostilities and subsequent redeployment. The inclusive deployment dates are 1 

August 1990 to 31 December 1991.  The results of  tests taken during semi-annual physical 

examinations prior to, during and post the study dates as well as necropsies of animals which 

complete service careers will be included in the dog's permanent medical record and used as a 

basis for study comparison. 


EXPECTED PRODUCTS (MILESTONES): See Objectives. 

STATUS/RESULTS TO DATE: Ongoing. We have identified one hundred eighteen MWDs that 

deployed to various locations in the PG Theater in support of operations within the inclusive 
dates listed above. Approximately 7% (8) of the deployed group remain alive today.  This is 

approximately half of the total animals alive at this time last year.  Most of these MWDs are still 

on active duty but are aged and are not likely to survive for another year.

Most Recent Publications:

Peterson MR, Frommelt RA and Dunn DG: Lifetime occurrence of neoplasia and breed 

differences in a cohort of German Shepherd Dog and Belgian Malinois military working dogs 

that died in 1992.  J Vet Intern Med 14(2): 140-5, 2000.
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Title:
Risk Factors Among US Army Soldiers for Enrolling on the Department of Veterans 

Affairs Gulf War Registry

Project #:
DoD-14
Agency:
DoD
Location:
WRAIR, Washington DC

Status:
Complete
Research Type:
Epidemiology Research

P.I. Name:
James Writer, MPH
Research Focus:
Symptoms/General Health

Study Start Date:
10/1/93

Estimated Completion Date:
4/1/97

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: Determine the presence of unique characteristics 

(demographics, aptitude test scores, self-reported health behaviors, past hospitalizations) of 

Army personnel enrolled in the VA Registry of Persian Gulf veterans..

SPECIFIC AIMS: There were two specific aims of this hypothesis-generating study.  The first 

was to investigate logistical, epidemiological, and statistical methodologies for obtaining, 

combining, and analyzing records.  These techniques will be needed for future studies on reported

post-deployment illnesses in soldiers who served in the Gulf War, and will also be applicable in 

evaluating the health effects of future deployments.  The second aim was to determine which 

characteristics (to include demographics, past medical history, and health risk behaviors) of 

soldiers who have been enrolled in the VA Gulf War registry differ from those who have not 

enrolled.  Ultimately, this information can be used to identify soldiers at a high-risk of reporting 

post deployment medical problems.  These soldiers may be targeted for interventions before or 

after their deployment to reduce the risk adverse health effects attributable to service in a war 

zone.

METHODOLOGY: Using case-control methodology the investigators studied the association 

between Gulf War veterans' various demographic, medical, or health behavior characteristics and

 their probability of enrolling in the Gulf War registry.  The study population consisted of 

individuals on the VA database and controls from the Defense Manpower Data Center's (DMDC) 

roster of Gulf War participants. Characteristics evaluated included demographic factors, recruit 

applicant aptitude test scores, pre-deployment self-reported health behaviors, and 

pre-deployment health care utilization as are represented by hospitalizations in military hospitals. 

These data are available in already existing Army or DoD databases, however, all data may not 

be available for all study subjects.

EXPECTED PRODUCTS (MILESTONES): A data base of US Army Gulf War veterans, which 

includes health indicators and demographic data from the pre, during, and post deployment 

phases of their military careers was generated.  The study determined if existing data sources

 can be 
used to predict a soldier's likelihood of having significant post-deployment adverse health 

outcomes or a high level of concern about potential health effects of the deployment. 



STATUS/RESULTS TO DATE:  Data analysis presented at the Armed Forces Epidemiology 

Board's December 1996 meeting.

Most Recent Publications:

None to date
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Title:
Comparative Mortality Among US Military Personnel Worldwide During Operations Desert 

Shield and Desert Storm

Project #:
DoD-15
Agency:
DoD
Location:
WRAIR, Washington DC

Status:
Complete
Research Type:
Epidemiology Research

P.I. Name:
James Writer, MPH
Research Focus:
Mortality

Study Start Date:
5/1/94

Estimated Completion Date:
1/1/95

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: Determine if military personnel deployed to Operations Desert

Shield/Desert Storm have higher death rates than military personnel who did not deploy.

SPECIFIC AIMS: Characterize the disease and non-battle injury (DNBI) mortality experience of 

US military personnel during ODS/DS.  Determine whether US military personnel deployed to 

Southwest Asia (SWA) had a higher rate of death than US military personnel who did not deploy. 

METHODOLOGY: Casualty reports were used to calculate cause-specific mortality rates among 

all personnel on active duty in the US Armed Forces (including Reserve and National Guard) over a 

one-year interval that included the Persian Gulf War.  Death rates among active duty personnel 

deployed to SWA at any time during this period were compared to rates for all military personnel 

on active duty but not deployed to SWA.  Each death was characterized as to have been most 

likely caused by disease or trauma. Trauma deaths were additionally classified as due to 

unintentional (accidental) injury, battle injury, self-inflicted injury, or homicide.

EXPECTED PRODUCTS (MILESTONES): Determination of whether US military personnel 

deployed to SWA had a higher death rate than non-deployed military personnel.

STATUS/RESULTS TO DATE: Except for hostile action deaths, the overall mortality experience 

among US military personnel who deployed did not significantly differ from that observed among

US military personnel who did not deploy to SWA.  No evidence of clusters of unexpected 
deaths were found, except for two accidents.  The number and circumstances of nonbattle deaths 

among Persian Gulf troops were typical for the U.S. military population.  

Most Recent Publications:

Walter Reed army Institute of Research Report. Comparative Mortality Among US Military 

Personnel Worldwide During Operations Desert Shield and Desert Storm. January 1995.

Writer JV, DeFraites RF, Brundage JF. Comparative mortality among US military personnel 

in the Persian Gulf region and worldwide during Operations Desert Shield and Desert Storm.  

JAMA, 275(2):118-121, 1996.
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Title:
Kuwait Oil Fire Health Risk Assessment

Project #:
DoD-16
Agency:
DoD
Location:
CHPPM, Aberdeen MD

Status:
Complete
Research Type:
Development

P.I. Name:
Jack Heller, Ph.D.
Research Focus:
Environmental Toxicology

Study Start Date:
5/5/91

Estimated Completion Date:
09/30/97

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: To characterize both the carcinogenic and noncarcinogenic 

health risks to DOD troops and civilian employees exposed to the environment affected by the 

oil fires during and after Operation Desert Storm.

SPECIFIC AIMS: 1. Environmental Monitoring - The environmental monitoring study attempted to

characterize the concentration of pollutants that DOD personnel were exposed to during their 

deployment in the Gulf region.  Air monitoring and soil sampling data were used to calculate 

exposure point concentrations for individual Health Risk Assessments in the final report. 2. 

Industrial Hygiene Sampling Study - The industrial hygiene air survey monitored and 

characterized occupational exposures of DOD personnel who had potential high risk exposure to 

oil fire emissions. The focus was on individuals working outdoors and on worst-case situations 

within the oil fields next to Kuwait City. 3. Biological Surveillance Initiative - The Biological 

Surveillance Initiative was conducted to refine and corroborate the results from the Health Risk 

Assessment. This was accomplished by a collection of objective biological measurements of 

exposure and effect in real-time, and by establishment of any observable biologic effect or 

marker of exposure to oil fire pollutants in a cohort of U.S. soldiers.

METHODOLOGY: 1. Sampling and Analysis - Sampling and analytical methodologies for ambient

air, soil, industrial hygiene air, biologic samples, and quality assurance procedures are detailed in

the final report. 2. Risk Assessment - The methodology used for this Health Risk Assessment 

was the EPA guidance for the Comprehensive Environmental Response, Compensation and 

Liability Act sites (CERCLA), also known as "Superfund" sites. The methodology did not 

determine an individual's health outcome or include the use of reported health effects data. The 

components of the risk assessment process included data collection and evaluation, exposure 

assessment, toxicity assessment, and risk characterization and uncertainty analysis.

EXPECTED PRODUCTS (MILESTONES): Reports

STATUS/RESULTS TO DATE: Completed. The potential for significant long-term adverse health 

effects for the exposed DOD troop or civilian employee populations is minimal. The total 

predicted excess carcinogenic risk both in Kuwait and in Saudi Arabia did not exceed 3 excess 

cancers per 1,000,000 population exposed. The predicted carcinogenic risk levels are well within 

the EPA range of acceptable excess carcinogenic risks. The majority (>99%) of noncarcinogenic 

risk at all monitoring sites is predicted to be from the inhalation of volatile organic compounds 

and is assessed as low. The results of the Biological Surveillance Initiative support the 

conclusion that noncarcinogenic risk levels indicate minimal potential  adverse health effects.

As of January 1998, the DoD Persian Gulf registry unit movement database contains location 

data for 3,198 Army units, 248 Navy sea and ground units, and 1,021 Marine Corps units.  A 

location code is annotated for Air Force personnel in the DoD Persian Gulf personnel database. 

The location code replaces the unit identification code (UIC) for tracking purposes.   To date, 

84,925 Air Force personnel contain location codes.

The U.S. Armed Services Center for Research of Unit Records (CRUR) reviewed approximately 

6 million pages of documents and has conducted fourteen S-3/G-3 conferences.  The S-3/G-3 

conferences consist of former Operation Desert Shield / Desert Storm operations officers (at the

brigade and division levels) meeting at the CRUR to review existing unit movement and location

records.  From the reviews, enhancements were made to the database to include data gap-fills, 

unit additions, and unit movement location data down to the company and detachment level.  The

database currently contains approximately 700,000 grid coordinates, latitudes/longitudes and 

names of base camp locations.  It is important to note that the database will continue to increase
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in size when additional records are found.  The resolution of the database will further increase 


because additional S-3/G-3 conferences are scheduled in 1998.
Most Recent Publications:

US Army Environmental Hygiene Agency, Final Report. Kuwait Oil Fire Health Risk 

Assessment. No. 39-26-L192-91, 18 February 1994.

Increased Frequencies of Sister Chromatid Exchange in Soldiers Deployed to Kuwait, 

Mutagensis 10(3):263-265, 1995.

Biomonitoring of United States Army Soldiers Serving in Kuwait in 1991, Cancer 

Epidemiology, Biomarkers, & Prevention, 7:545-551, 1998.
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Title:
Retrospective Studies Involving Military Use of Pyridostigmine as a Pretreatment for 

Nerve Agent Poisoning

Project #:
DoD-17
Agency:
DoD
Location:
WRAIR, Washington DC

Status:
Complete
Research Type:
Epidemiology Research

P.I. Name:
Ronald Clawson
Research Focus:
Pyridostigmine Bromide

Study Start Date:
1/1/91

Estimated Completion Date:
5/21/92

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: To obtain safety data for New Drug Application with the Food 

and Drug Administration (FDA).  

SPECIFIC AIMS: To perform retrospective evaluation of effects of pyridostigmine use in the 

Persian Gulf.

METHODOLOGY: Retrospective evaluation.

EXPECTED PRODUCTS (MILESTONES): Reports.

STATUS/RESULTS TO DATE: Complete. Three surveys were completed, reports prepared, and 

forwarded to the FDA. Results indicated that pyridostigmine continues to be safe. Side effects 

reported were primarily gastrointestinal in nature. Headaches were also reported by the 

Most Recent Publications:

Three Survey Reports consolidated Into an Amendment to the FDA Investigational New Drug

 Application.
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Title:
Kuwait Oil Fires Troop Exposure Assessment Model (TEAM)

Project #:
DoD-18
Agency:
DoD
Location:
CHPPM, Aberdeen MD

Status:
Ongoing
Research Type:
Development

P.I. Name:
Jack Heller, Ph.D.
Research Focus:
Environmental Toxicology

Study Start Date:
5/4/93

Estimated Completion Date:
10/12/02

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: To respond to Public Law 102-190 (Section 734: Troop 

Registry from exposure to oil well fires in Operation Desert Storm) by characterizing the potential

carcinogenic and non-carcinogenic health risks to U.S. military personnel exposed to the 

environment affected by the oil well fires during and after Operation Desert Storm.

SPECIFIC AIMS: The site-specific Kuwait Oil Fire Health Risk Assessment addressed the risks 

to DOD troops located at the eight fixed air/soil sampling sites where actual environmental data 

were collected and analyzed.  This study will incorporate actual site data with the modeled air 

concentrations, exposure data, and the Troop Location Registry data, to determine the risk to 

U.S. military personnel that were not located at fixed sampling sites for their entry tour of duty 

and for periods of time when no sampling occurred.

METHODOLOGY: Using a geographic information system (GIS) that is capable of mapping troop

location and movement over time, in conjunction with the troop movement database, the 

locations of all US military personnel are being mapped during Operation Desert Storm. Once 

troop locations have been determined and mapped, the GIS determines troop exposure to oil fire 

pollution using satellite images, modeled plume boundaries, oil field crude composition data, oil 

field emission rates, modeled pollutant concentrations, and actual field data. When troop location 

and exposure have been determined, the potential health risks resulting from the exposure will be

determined.

EXPECTED PRODUCTS (MILESTONES): The outcomes expected from this study will be the 

determination of exposure and potential health risks associated with oil fire pollution for U.S. 

military personnel participating in Operation Desert Storm.

STATUS/RESULTS TO DATE: This project is complete.  The data has been entered into the 

system. Both satellite plume and modeled plume boundaries (over 270 days, for the February - 

October 1991 timeframe) have been digitized. Pollutant-specific oil fire emission factors have 

been derived and integrated into the TEAM. Troop unit identification code location/movement data

for the Navy, Marine Corps, and Air Force, and Army (over 500,000 records) has been entered 

into the TEAM database. We are continually updating troop unit movement data and will integrate 

into the TEAM as it is received. In addition, the Desert Storm personnel rosters (696,693 

individuals) are in the TEAM database along with the DoD’s Comprehensive Clinical Evaluation 

Program (CCEP) database. In all, over 2.25 million records have been entered into the TEAM 

database. In FY'98 the TEAM has calculated the exposure and risk for all troop units exposed to 

oil fire smoke in the Persian Gulf. The TEAM has now calculated the exposure and risk for all 

members of the U.S. Armed Forces deployed to the Persian Gulf during Operation Desert 

Shield/Storm.   We are currently processing request for individual exposure data from veterans 
and are working on several publications assessing exposure to oil fire smoke and potential health 

outcomes.

Most Recent Publications:

US Army Environmental Hygiene Agency, Final Report. Kuwait Oil Fire Health Risk 

Assessment. No. 39-26-L192-91, 18 Feb 1994. This report describes the eight-fixed air/soil 

sampling sites study and presents the preliminary results of the KOFTEAM pilot project.
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Title:
Persian Gulf Veterans Health Tracking System

Project #:
DoD-19
Agency:
DoD
Location:
CHPPM, Aberdeen MD

Status:
Ongoing
Research Type:
Development

P.I. Name:
Jack Heller, Ph.D.
Research Focus:
Environmental Toxicology

Study Start Date:
4/15/95

Estimated Completion Date:
12/31/03

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: To respond to Public Law 102-585 (Section 702: Scientific 

research using Troop Health Registry) by characterizing all potential exposures (e.g., oil fires, 

vaccines, chemical/biological warfare agents, pesticides, pyridostigmine bromide, etc) to U.S. 

military personnel participating in Operation Desert Storm, and to assess the potential health 

consequences of those exposures.

SPECIFIC AIMS: The site-specific Kuwait Oil Fire Health Risk Assessment and the Troop 

Exposure Assessment Model (TEAM) address the potential risks to U.S. military personnel from 

potential exposure to airborne contaminants from oil well fires. This study attempts to 

characterize other potential exposures experienced by U.S. military personnel during Operation 

Desert Storm and to assess the potential health risks/consequences of those potential 

exposures.

METHODOLOGY: The Persian Gulf Veterans Health Tracking System uses a geographical 

information system (GIS) to assess potential exposures and medical outcomes for U.S. military 

personnel who participated in Operation Desert Storm. Once troop locations are determined and 

mapped (from the Troop Location Registry data), the GIS can help determine potential troop 

exposure to any number of different chemicals, environmental threats, or other materials. When 

troop locations and potential exposures have been determined, the potential health risks resulting 

from the potential exposures can be determined. In addition to examining potential exposure, 

databases on medical outcomes (e.g., Comprehensive Clinical Evaluation Program (CCEP), the 

Veterans Administration Mortality Study, etc.) can be evaluated by studying potential exposures,
 locations, movements, and relationships of the troops in these databases for epidemiological 

significance.

EXPECTED PRODUCTS (MILESTONES): Characterization of the potential exposures and health 

risks/outcomes associated with service by U.S. military personnel in Operation Desert Storm.

STATUS/RESULTS TO DATE: Since the March 1996 updates, we have received official 

confirmation from MEDCOM to proceed with this project. From July 1995 to April 1996, the 

CHPPM had developed a conceptual protocol for this project. This conceptual protocol integrates 

all potential environmental exposure and medical outcome databases for Operation Desert Storm.

 During this period of time, we had also reassessed the exposure databases which will be 

integrated into the Persian Gulf Veterans' Health Tracking System GIS. This reassessment was 

based on several requests from the Persian Gulf War Veterans' Illness Investigative Team (now 

the Office of the Special Assistant for Gulf War Illnesses [OSAGWI]) and the Assistant 

Secretary of Defense for Health Affairs Office, to concentrate on those environmental 

exposures deemed most critical to Gulf War Veterans' illnesses. These environmental databases 

include low-level chemical and biological exposure (from coalition bombings and munitions 

storage bunker detonations) and pesticide usage and their possible interaction. Other 

environmental exposure data sets/databases include regional particulate matter concentrations 

for the Operation Desert Storm theater of operations; regional depleted uraniurn (DU) air 

concentrations for the Operation Desert Storm theater of operations and Botulinum Toxoid and 

anthrax vaccinations. In addition, taskings were received which required integration of the CCEP 

database into the GIS from which medical outcome and exposure relationships can be 

investigated.
To date, this project is ongoing. We have integrated the CCEP database into the

 GIS. Space and time analyses are being performed on the possible low-level chemical agent exposure 


from the munitions storage bunker detonations at Khamisiyah and air war attacks on other sites. The 

soldiers and Units identified in the CCEP, the U.S. Armed Services Center for Research of Unit 

Records Troop Unit Movement Database, and the Defense Manpower Data Center Operation 
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Desert Storm personnel rosters are being mapped with respect to their proximity to these sites.

Exposure analyses are being performed with dispersion modeling results from the Central Intelligence

Agency, Defense Threat Reduction Agency, and Naval Surface Warfare Center. We are planning to

integrate the chemical detection network data into the 018 for additional low-level 

chemical agent analyses. In addition, other environmental exposure data sets/databases to 

include scud sites, tent heaters, microwaves, and dust suppression are being collected and 

assessed. This year additional exposure data on chemical agents, DU, particulate matter, 

botulinum toxoid, anthrax vaccinations, and oil well fires was added to the system databases, in 
addition to improved troop unit movement data. 


Most Recent Publications:

Gray GC, Smith TC, Knoke JD, Heller JM.  The Postwar Hospitalization Experience of Gulf 

War Veterans Possibly Exposed to Chemical Munitions Destruction at Khamisiyah, Iraq. Am J 

of Epidemiology 150(5) 1999.

Dlugosz LJ, Hocter WJ, Kaiser KS, Knoke JD, Heller JM, Hamid NA, Reed RJ, Hilton SM, 

Kendler KS, Gray GC.  Risk Factors for Mental Disorder Hospitalization after the Persian 



Gulf War: U.S. Armed Forces, June 1, 1991-September 30, 1993.  Journal of Clinical 


Epidemiology 52(12): 1267-1278, 1999.
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Title:
Study of Variability In Pyridostigmine Inhibition of Blood Cholinesterases in Healthy 

Adults and Individuals With Symptoms Following Participation in Operation Desert Storm

Project #:
DoD-21
Agency:
DoD
Location:
WRAIR, Washington DC

Status:
Complete
Research Type:
Epidemiology Research

P.I. Name:
Bhupendra Doctor, Ph.D.
Research Focus:
Pyridostigmine Bromide

Study Start Date:
7/11/95

Estimated Completion Date:
6/30/97

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: Assess individual differences in blood cholinesterase 

regulation and response to pyridostigmine.

SPECIFIC AIMS: Determine if individuals have different sensitivities to inhibition of blood 

cholinesterases by pyridostigmine and/or differences in the rate of spontaneous reactivation of 

cholinesterases after pyridostigmine exposure.  Determine if there is a difference in the 

cholinesterases of Gulf War veterans who took pyridostigmine and seen at the Gulf War Health 

Center compared to age and sex matched controls.

METHODOLOGY: Blood (in EDTA) is obtained from Gulf War veterans seen at the Gulf War 

Health Center at Walter Reed Army Medical Center and from age and sex matched controls.  

Blood samples were assigned code numbers when drawn in the Gulf War Health Center, and the 

code was broken for the first 40 samples only after results from the data analysis were 

complete.  Estimated spontaneous reactivation times after in vitro pyridostigmine inhibition, red 

cell acetylcholinesterase activity, and plasma butyrylcholinesterase activity were compared in 

blood samples from 20 veterans of Operation Desert Storm and 20 control subjects, matched for

sex and age.  Determination of plasma butyrylcholinesterase phenotypes was done at the 

Eppley Institute, University of Nebraska, Omaha, NE. 

EXPECTED PRODUCTS (MILESTONES): Complete initial studies of the first 40 volunteers by 

FY96; and from 100 volunteers by FY97. 

STATUS/RESULTS TO DATE: In the initial study of 40 volunteers, 18 of the 20 veterans in the 

study (90%) presented to the WRAMC Comprehensive Clinical Evaluation Program with post-war 

symptoms.  All Gulf War veterans indicated they had taken pyridostigmine as a pretreatment 

drug for nerve agent exposure; 15 of 20 recalled having side effects after taking pyridostigmine.

Mean red cell lysate acetylcholinesterase for all subjects was 5.7 U/ml +/- 0.7; mean plasma 

butyrylcholinesterase was 4.9 U/ml +/- 1.1. Mean spontaneous reactivation time (t-1/2 at 2.5 

microM pyridostigmine) for all subjects was 42.6 min +/-5.4; mean for veterans was 43.2 +/- 6.2; 

mean for controls was 42.1 min +/- 4.6.  Statistical analysis of reactivation times (repeated 

measures ANOVA) revealed no statistically significant differences between controls and 

veterans.  However, significant differences in reactivation times (p=0.01) were observed 

between males and females across both groups.  Differences in cholinesterase activities 

between controls and veterans were not statistically significant, but a differences between sexes

was again significantly different.  The occurrence of the UU (homozygous, usual, wild type) and

UA (heterozygous, usual, atypical) phenotypes of butylcholineserase in this study population 

[95% (38 of 40) and 5% (2 of 40), respectively] is close to the expected frequency, 96% and 

4%. All Gulf War veterans in the study had the homozygous, usual, wild-type (UU) allele.  Symptoms


exhibited by these individuals do not appear to be related to either altered ability of red cell 

acetylcholinesterase to be inhibited by pyridostigmine, to extended spontaneous reactivation time 

after pyridostigmine exposure, or to a genetic mutation in the butyrylcholinesterase phenotype.

Most Recent Publications:



Doctor B, et. Al. In vitro pyridostigmine inhibition of red cell acetylcholinesterase: a 

comparison in Gulf war veterans and normal controls. 1996 Medical Defense Bioscience 

Review, May 1996, 1254-61. Baltimore, Maryland.
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Doctor B. et. Al. A comparison of blood cholinesterases, in vitro pyridostigmine inhibition, and 

butyrylcholinesterase phenotypes in Gulf War veterans and controls. The Second Chemical


and Biological Medical Treatment Symposium, July 1996, 359-64.  Spiez, Switzerland.
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Title:
Chronic Organophosphorus Exposure and Cognition

Project #:
DoD-22
Agency:
DoD
Location:
Med Coll. of GA Res Inst., Augusta

Status:
Complete
Research Type:
Mechanistic

P.I. Name:
Jerry J. Buccafusco, Ph.D.
Research Focus:
Environmental Toxicology

Study Start Date:
4/15/95

Estimated Completion Date:
9/14/98

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: This study will evaluate the effects of low-level sub-chronic 

exposure to an organophosphorus cholinesterase inhibitor on normal cognitive function in animal 

models.  The long term goals are to identify the underlying mechanisms of organic brain damage 

related to environmental toxins and to develop novel treatment strategies to improve 

memory/cognitive performance in affected patients.

SPECIFIC AIMS: This study will address four main questions: 1. Does low-level sub-chronic 

exposure to an organophosphorus (OP) cholinesterase inhibitor produce learning or memory deficits 

in rats and non-human primates trained to perform various memory tasks; and will prior exposure

 to atropine sensitize animals to OP agents?  2. Is memory impairment to an OP agent 

associated with alterations in the presynaptic regulation of cholinergic neurons in relevant brain 

regions in rats; and/or is there an alteration in the ability of the brain adrenergic system to 

regulate presynaptic cholinergic function?  3.  Is memory impairment to an OP agent associated 

with alterations in the postsynaptic regulation of cholinergic or adrenergic receptors?  Can these 

alterations be reflected in the genes encoding the various muscarinic or nicotinic receptor 

subtypes? 4. Can new therapies (reversible cholinesterase inhibitors, nicotinic agonists, 

adrenergic agonists) which improve memory deficits in Alzheimer's patients also improve 

cognitive function in rats or monkeys with OP-induced memory impairment?

METHODOLOGY:  1) Groups of at least 12 rats each will be administered various doses of DFP 

once daily over 2 weeks. The status of brain cholinergic receptors and blood cholinesterase will 

be determined and 2 days - 3 weeks after the last dose of DFP they will be examined for 

performance in the Morris water maze. Monkeys will be well-trained in the delayed 

matching-to-sample (DMTS) task.  The highest dose of diisopropylfluorophosphate (DFP) which 

does not elicit overt signs of anticholinesterase toxicity or which will not decrease DMTS 

performance will be employed in the study. 2) Rats will be administered a 14 day DFP regimen.  

Samples of regional brain tissue are taken on 4 occasions during treatment to determine the 

status of muscarinic, nicotinic and alpha-adrenergic receptor subtypes in several brain regions 

using quantitative receptor autoradiography. Small samples of tissue will be removed for 

quantitative RT-PCR. 3) The rats which have been evaluated in Protocol 1 for production of 

long-term decrements in DMTS performance will be employed. The drugs to be tested in this

protocol will include compounds such as nicotinic receptor agonists that we have previously 

showed to produce improvement in memory-related task performance.

EXPECTED PRODUCTS (MILESTONES): This research will be dedicated to the elucidation of the 

 mechanism of permanent memory dysfunction produced by exposure to a relevant 

organophosphorus agent DFP in non-human primate and rat models.  Also, we will evaluate the 

effects of reversing this memory impairment using classical and novel agents developed for 

patients with Alzheimer's disease.

STATUS/RESULTS TO DATE: Chronic, low-level exposure to acetylcholinesterase (Ache) inhibitor

organophosphate (OP) insecticides or chemical warfare agents produces abnormalities in CNS 

acetylcholine (ACh) function, and in humans, may be associated with impaired cognitive function
  well after withdrawal from such exposure. The purpose of the present study was to identify the 

severity of impairment in spatial learning of rats and monkeys following protracted withdrawal 

from chronic, low-level exposure to the OP agent DFP. Assessment of spatial learning began 

either 1 - 17 days after completion of a 14 day DFP treatment regimen (50 - 500 mg/kg). During 

the 14 day treatment regimen, prior to withdrawal, spontaneous activity and olfactory behaviors 

were initially suppressed during DFP exposure, effects which became tolerant with repeated 
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exposure to the 250 mg/kg dose regimen. Performance of a standard water maze task was 


impaired for up to 21 days after withdrawal from treatment with a 250 mg/kg dose of DFP.


Performance of a standard water maze task was impaired for up to 21 days after withdrawal from


treatment with a 250 mg/kg dose of DFP. Performance of a previously well-learned delayed 

matching task by monkeys was not affected by DFP regimens after withdrawal of the drug. 

Likewise, DFP selectively impaired the acquisition of the rodent spatial memory task in rats 

without impairing performance in animals pre-trained in the task. These results complement those

showing that a similar DFP regimen did not alter memory-related task performance in rats 

working a previously well-learned delayed discrimination task. The DFP regimen induced a 

protracted decrease in the expression of nicotinic and muscarinic (M2) receptors in several brain 

regions. However, in certain regions of the hippocampus (e.g., CA1 or subiculum) the decreased 

expression of nicotinic receptors was still evident after 3 weeks of withdrawal from DFP. Levels 

of AchE activity also were slower to recover for this brain region. In general, cholinergic 

macromolecules that are located primarily at postsynaptic sites (nicotinic and M2 muscarine 

receptors) were affected to a greater extent, and for a longer time period than were those that are

located primarily presynaptically (M1 muscarinic receptors and acetylcholinesterase). This 

decreased rate of cholinergic macromolecule recovery may be related to a reduced synthesis or 

transport of "postsynaptic" cholinergic macromolecules to nerve endings; and may underly the 

protracted impairment of working memory. In support of this possibility we also demonstrated 

that fast axonal transport in a sciatic nerve preparation was significantly reduced in the same 

animals that were used in the chronic DFP paradigm, and that the time-course of recovery of 

axonal transport was similar to that for the brain receptor expression and the effect on 

memory/cognition.  The mechanism for this inhibition of fast axonal transport may be due to the 

observed ability of DFP to directly bind to, and inhibit the function of the motor protein kinesin.  

This latter action of DFP is not likely due to its anticholinesterase activity.  DFP-induced spatial 

memory impairment was completely inhibited either by addition of pyridostigmine to the regimen,

or by pre-testing (post-regimen) injection of nicotine. The latter effect was of particular 
importance because (1) it shows that it may be possible to treat memory disorders associated with

 long term exposure to OP agents, and (2) nicotine was shown to rapidly increase the 

expression of the mRNA that encodes the vesicular acetylcholine transporter. The transporter is 



a marker for cholinergic nerve terminals and is important for the synthesis and release of the

neurotransmitter.   More recently we have shown that the insecticide organophosphorus agent 
chlorpyrofos, like DFP, produced a protracted level of inhibition of memory-related task performance,

and it inhibited fast axonal transport in sciatic nerve preparations.  In the case of 

diisopropylfluorophosphate causes protracted impairment of spatial navigation learning.  
chlorpyrofos, however, the effects appeared to be more rapidly reversible than with DFP.  In 

summary, these results are consistent with the possibility that (1) chronic exposure to certain OP 

agents can result in varying degrees of protracted impairment in learning and recall; (2) this effect

 may be proximately related to the reduced expression of central nicotinic receptors in the 


hippocamus, an effect which in turn may be due to reduced transport of receptor protein or other 
important related cholinergic macromolecules to their cellular sites of action;  (3) OP agents may 

effect this response by an action unrelated to their anticholinesterase activity; (4) and it may be 
 
possible to reverse the cognitive impairment associated with OP exposure by specific 

pharmacological intervention.

Most Recent Publications:


Gattu M, Boss K, Terry A, Buccafusco J.  Reversal of Scopolamine-Induced Deficits in 


Navigational Memory Performance by the Seed Oil of Celastrus paniculatus 57:4:793-799, 1997.


Prendergast M, Terry A, Buccafusco J.  Chronic, low-level exposure to 


Psychopharmacology 129:183-191, 1997.


Prendergast MA, Terry AV, Buccafusco JJ. Effects of chronic, low-level organophosphate 


exposure on delayed recall, discrimination, and spatial learning monkeys and rats.  



Neurotoxicol Teratol, 20:115-122, 1998.



Prendergast MA, Buccafusco JJ. (-)Nicotine exposure increases mRNA encoding G3PDH and


the vesicular acetycholine transporter in vivo.  Neuro Reports 9:1385-1389, 1998.
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Buccafusco JJ, Prendergast MA, Pauly JR, Terry AV, Goldstein BD, Shuster LC. A rat model

 
for Gulf War Illness-related selective memory impairment and the loss of hippocampal 

nicotinic receptors.  Soc Neurosci Abs 23:216, 1997.



Stone JD, Oblak TG, Buccafusco JJ, Sickles DW.  Diisopropylphosphorofluoridate (DFP) reduces


fast bidirectional axonal transport in vitro and in vivo.  Soc Neurosci Abs 25:2004, 1999.


Buccafusco JJ, Stone JD, Terry Jr AV, Pauly JR, Prendergast MA.  Selective effects of


sub-acute, chronic exposure to the organophosphate DFP on the expression of cholinergic 

receptor subtypes in rats:  Reversal of the deficit in a spatial memory task by nicotine 


Buccafusco JJ (News article):  “The Big Easy Serves Up a Feast To Visiting 

Neuroscientists”.  Science 278:1404, 1997.
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Title:
Acute and Long-Term Impact of Deployment to Southwest Asia on the Physical and 

Mental Health of Soldiers and their Families

Project #:
DoD-23
Agency:
DoD
Location:
WRAIR, Washington DC

Status:
Complete
Research Type:
Epidemiology Research

P.I. Name:
John Stuart, MAJ
Research Focus:
Brain & Nervous System

Study Start Date:
10/1/93

Estimated Completion Date:
9/1/97

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: Determine the acute and long-term impact of deployment to 

SWA on the physical and mental health of soldiers and their families.

SPECIFIC AIMS: Determine the acute and long-term impact of deployment to SWA on the 

physical and mental health of soldiers organizational, and environmental factors within military units that 

produce psychiatric casualties. Identify the critical indicators resulting in increased risk and 

assess the long-term consequences of exposure to trauma. Develop recommendations on 

post-deployment interventions. Determine impacts of Army family support policies and programs

on active duty and reserve component soldiers and their families.

METHODOLOGY: Interviews and surveys of soldiers and leaders participating in ODS were 

conducted several times prior to the ground war, immediately after the ground war, and at 

intervals following return home.  Soldiers and their spouses were surveyed and interviewed in 

order to evaluate the social, psychological, organizational, and environmental factors within 

military units that produce psychiatric casualties, lead to dysfunctional behavior and decrements

 in military performance, generate psychomatic illness and increased susceptibility to physical 

illness. The family-community research team performed field surveys of spouses of active duty

and reserve component (USAR) and (ARNG) soldiers from units deployed to the Persian Gulf 

for ODS on deployment-related stressors and psychological symptoms, spouse support-seeking 

behavior, family perceptions of Army support and assistance, stress-coping responses, and 

family well-being during reunion with returning soldiers and in the aftermath of ODS. Surveys and

interviews of selected Reserve and National Guard units and their families have been conducted

during the period following ODS, while additional interviews and surveys were conducted with 

soldiers and families participating in Operation Just Cause and Sinai peacekeeping deployments.

EXPECTED PRODUCTS (MILESTONES): Develop recommendations affecting post-combat 

interventions. Determine the impact of Army family support policies and programs on both 

active duty and research component soldiers and families.

STATUS/RESULTS TO DATE: An assessment of psychological factors related to deployment 

stress and family separation during Operation Desert Shield/Storm was conducted with a 

stratified sample of married and single U.S. Army Individual Ready Reserve soldiers two years 

post ODS. Analyses were performed in 1994 with final report completed in spring of 1995 and 

submitted to Army Deputy Chief of Staff for Personnel.  Deployment stress and adaptation was

studied on a large sample of U.S. Army National Guard and U.S. Army Reserve Unit soldiers 

who activated and deployed for Operation Desert Shield/Storm.  Physiological stress, distress, 

coping and factors related to current deployed effects of family separation were assessed.  

Physiological well-being was studied with respect to deployment location factors. Persian Gulf 
Region analyses were performed in summer of 1995 and resulted in a manuscript on the long term

effects of Desert Storm on the Army Reserve and National Guard soldiers and their families.

Most Recent Publications:

Epidemiological considerations regarding the health and effectiveness of women in the armed

forces. Technical Report, AD#ADA278202.

Combat service support survey results: A light infantry division and a mechanized infantry 

division. Technical Report AD#ADA278203.

Stuart J. The Long Term Effects of Operation Desert Storm on the Psychological Well-Being 

of US Army Reserve and National Guard Veterans.  J Applied Social Psychology, Jan, 1998.
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Title:
Epidemiological Studies Persian Gulf War Illnesses, PG Women's Health Linkage Study

Project #:
DoD-30
Agency:
DoD
Location:
Klemm Analysis Group, 

Status:
Ongoing
Research Type:
Epidemiology Research

P.I. Name:
Rebecca J. Klemm, Ph.D.
Research Focus:
Symptoms/General Health

Study Start Date:
6/1/96

Estimated Completion Date:
1/31/01

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: Compare the incidence, prevalence, general health outcomes,

and risks of women deployed in the Gulf War theater of operations with Gulf War era women 

who were not deployed to the Gulf. 

SPECIFIC AIMS: The primary focus of this project is to link Persian Gulf exposures to 

subsequent physical and mental health outcomes.

METHODOLOGY: Self-reported survey information from a sample of 20,000 veterans will be 

linked to DoD tracking files and other mapping files and medical records.

EXPECTED PRODUCTS (MILESTONES): The full survey will be fielded in early 1999. Medical 

record follow-up will begin during spring 2000.  Data analysis will be completed in the fall of 2000, 

and the report will be final in January 2001.

STATUS/RESULTS TO DATE: The approval process for the Report Control Symbol (RCS) was 

completed in May 1999.  The Defense Manpower Data Center (DMDC) delivered the sample in 

September 1999.  The pretest of 500 subjects was fielded in the fall of 1999.

Most Recent Publications:

Klemm RJ.  The Persian Gulf Health Linkage Study: a longitudinal study designed to assess 

short-term and long-term effects of Gulf War Service.  American Public Health Association 

(APHA) annual meeting, November 1997.
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Title:
Dysregulation of the Stress Response in the Persian Gulf Syndrome

Project #:
DoD-31
Agency:
DoD
Location:
Georgetown Univ. & VAMC Wash. 

Status:
Complete
Research Type:
Clinical Research

P.I. Name:
Daniel Clauw, M.D.
Research Focus:
Brain & Nervous System

Study Start Date:
5/6/96

Estimated Completion Date:
11/6/99

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: Test the hypothesis that Gulf War veterans who report 

persistent unexplained symptoms do not represent a discrete illness but instead fall within a 

continuum of stress-related syndromes commonly seen in the general U.S. population, including 

fibromyalgia (FM), chronic fatigue syndrome (CFS), and multiple chemical sensitivity (MCS). 

SPECIFIC AIMS: Specific hypotheses to be tested include:  (1) Gulf War veterans with 

unexplained symptoms display centrally mediated disturbances in autonomic tone, and this leads

to vasomotor instability and smooth muscle dysmotility, (2) these same individuals display 

diffuse disturbances in nociception (pain threshold) that are partly responsible for many of the 

pain-related symptoms (3) the same neuroendocrine changes seen in conditions such as FM, 

CFS, will be seen in GWI.  

METHODS:  The results of neurophysiological and neuropsychological testing will be compared 

between a group of Gulf War veterans and a group of individuals with FM/CFS.  Participants are 

admitted to the Clinical Research Center at Georgetown for two days following their routine 

admission to the VAMC, and undergo a series of studies to evaluate physiologic and biochemical

parameters.  The physiologic studies measure qualitative and quantitative aspects of 

symptoms, including specialized testing of peripheral and visceral nociception, and smooth 

muscle motility.  Biochemical analyses include evaluation of multiple indices of autonomic 

function, including neurohormone levels at baseline and after standardized stressors, and 

cerebral spinal fluid levels of neurotransmitters.

EXPECTED PRODUCTS (MILESTONES): A better understanding of common underlying 

pathophysiologic mechanisms in fibromyalgia, chronic fatigue syndrome, multiple chemical 

sensitivity and the undiagnosed illnesses of Gulf War veterans should lead to both more 

effective treatment of Gulf War veterans and produce effective strategies to avoid these 

problems in future deployments.

STATUS/RESULTS TO DATE: In general, the GWI patients demonstrated the same qualitative

differences as patients with FM/CFS, although these were less pronounced, including 

intermediate levels of pain sensitivity, smooth muscle tone, and autonomic tone assessed by 

HRV.

Most Recent Publications:

Clauw D. The "Gulf War Syndrome"; Implications for Rheumatologists.  Journal of Clinical 

Rheumatology 4(4);173-4, 1998.

Clauw D, Chrousos GP. Chronic Pain and Fatigue Syndromes: Overlapping Clinical and 

Neuroendocrine Features and Potential Pathogenic Mechanisms. NeuroImmunomodulation 

4;134-153, 1997.
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-
Project 
DoD-32

Title:
Neuropsychological Functioning in Persian Gulf Era Veterans

Project #:
DoD-32
Agency:
DoD
Location:
VAMC Boston

Status:
Complete
Research Type:
Clinical Research

P.I. Name:
Roberta White, Ph.D.
Research Focus:
Brain & Nervous System

Study Start Date:
5/1/96

Estimated Completion Date:
7/1/99

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: Persian Gulf War (PGW) veterans have reported a 

constellation of health symptoms that have been referred to popularly and in the media as "Gulf 

War Syndrome".  The most commonly reported symptoms of the first 12,774 veterans who 

reported to their local VA (and registered with the Persian Gulf Registry) include, in order of 

frequency, excessive fatigue, skin rash, joint pain, headaches, disturbances of concentration 

and memory.  Several different possible causes of these symptoms have been suggested, 

including exposure to environmental hazards such as diesel fuel, oil fire smoke or pesticides, and
 biological or chemical warfare agents.  Some of the symptoms reported overlap with those of 

post-traumatic stress disorder (PTSD), multiple chemical sensitivity (MCS), or chronic fatigue 

syndrome (CFS), three disorders of unknown mechanism that have been seen in other treatment

seeking populations.  Both exposure to neurotoxicants and the three disorders noted above are 

known to be capable of producing cognitive impairments.  Neuropsychological tests of known 

validity and sensitivity have been used to document these impairments.  The proposed study 

evaluates the neuropsychological functioning of PGW-era veterans who are seeking treatment or

diagnostic evaluation for any type of health or adjustment complaint.

SPECIFIC AIMS: The purpose of these group comparisons is to isolate factors that may 

differentiate those who served in the Gulf who are seeking treatment for health complaints from 

their treatment seeking counterparts who were not deployed to the Gulf.

METHODOLOGY: The group of patients who were deployed to the Gulf will be compared with 

those who were not deployed to the Gulf. Data from these groups will also be compared with 

those from a (non-treatment seeking) research sample of PGW veterans who are being studied 

using the same neuropsychological instruments. In addition, all of these patients and research 

subjects will be administered a standardized set of questionnaires and semi-structured interviews 

that will identify their current health symptoms, pre-existing physical and mental health condition,
 socio-demoqraphic variables, Gulf experiences, and post PGW-era stressors. These instruments

also permit PTSD, MCS, CFS, and other psychiatric disorders to be diagnosed.

EXPECTED PRODUCTS (MILESTONES): To isolate factors that may differentiate those who 

served in the Gulf who are seeking treatment for health complaints from their treatment-seeking 

counterparts who were not deployed to the Gulf.  This is a step toward understanding the Gulf 

War Syndrome. 

STATUS/RESULTS TO DATE: In their final report, the investigators drew these conclusions 

regarding treatment seekers compared to non-treatment seekers from a prior study:  deployed 

treatment seekers perform worse than deployed non-treatment seekers on a variety of 

neuropsychological tests and report more dysphoria on mood scales.  However, treatment 

seekers reported fewer physical symptoms on health inventories.  Treatment-seekers reported 

similar rates of self-reported exposure to oil well fires, debris from scuds and pyridostigmine 

bromide but treatment seekers had higher rates of self-reported exposure to pesticides.  

Exposure to pesticides, human waste burning by diesel fuel, or PB did not explain the 

neuropsychological findings among the deployed treatment seekers.  PTSD diagnosis may 

explain some of the findings among the treatment seekers, but was not credited as a complete 

explanation of them.  
Findings regarding the  role of deployment in the treatment seeking group 


(compared to non-deployed treatment seekers) were:  There was no difference in the rates of 


diagnosis for: PTSD, MCS, or CFS.  The neuropsychological test performance of the deployed 


group was worse than that of the non-deployed group in three domains and the deployed group 


was more dysphoric.  The findings of deployed group were similar to those in the PTSD group.  

Persian Gulf Veterans' Illnesses Research 
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The investigators drew the following conclusions regarding the study’s clinical implications: CNS 

complaints of PGW-era veterans should be taken seriously and explored with formal testing  and

neuropsychological diagnosis.  Mood complaints are common among deployed and non-deployed 

PGW-era veterans.  PTSD occurs in PGW-era veterans and may be related or unrelated to the war. 

PGW exposure to environmental agents should be considered in evaluation of PGW veterans’ health. 

Evaluation of CFS and MCS should be done carefully and with established diagnostic criteria.  CFS- 

and MCS-like symptoms are more likely than full blown syndromes.

Most Recent Publications:

Proctor et al., manuscript planned in 2000, entitled Comparison of functional status (as 

measured by SF36) in clinical and research studies of GW-deployed military personnel.

Proctor et al., manuscript planned in 2000, entitled Methodology to assess environmental 

exposures in GW-deployed military personnel.

Krengel et al., manuscript planned in 2000, entitled Neuropsychological functioning in 

PGW-era veterans.



Sullivan et al., manuscript planned in 2000, entitled Neuropsychological deficits in association


with stress reaction and pyridostigmine bromide intake in PGW-era veterans.

Persian Gulf Veterans' Illnesses Research 
-
Project 
DoD-33

Title:
Effects of Pyridostigmine in Flinders Line Rats Differing in Cholinergic Sensitivity

Project #:
DoD-33
Agency:
DoD
Location:
Univ. of North Carolina, Chapel Hill

Status:
Complete
Research Type:
Mechanistic

P.I. Name:
David H. Overstreet, Ph.D.
Research Focus:
Pyridostigmine Bromide

Study Start Date:
7/1/96

Estimated Completion Date:
6/30/99

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: Test the hypothesis that a genetically based cholinergic 

supersensitivity might underlie the increased sensitivity of vulnerable human populations, similar

 to the condition labeled Multiple Chemical Sensitivity (MCS). 

SPECIFIC AIMS: Determine strain-dependent effects of acute and chronically administered 

pyridostigmine.  Determine whether chronic pyridostigmine will protect against effects of other 

anticholinesterase agents.  This will be accomplished by developing an animal model with 

cholinergic supersensitivity which is also more sensitive to a variety of drugs and other chemical

agents. 

METHODOLOGY: Rats will be treated with pyridostigmine acutely or chronically and growth 

hormone, body temperature, and locomotor activity will be assessed.  The Flinders Line rats 

developed at Flinders University in Australia by selective breeding for differential responses to 

the anticholinesterase, diisopropyl fluorophosphate (DFP). These rats have been shown to be 

more sensitive to directly acting muscarinic agonist, as well as a variety of other drugs including 

alcohol, diazepam, and nicotine.  The heightened sensitivity of this special line of rats to a 

variety of drugs suggests that they will also be more sensitive to the effects of pyridostigmine, 

an anticholinesterase drug which was given to soldiers during ODS.

EXPECTED PRODUCTS/MILESTONES:  Ultimately, this may lead to the development of 

challenge test to predict cholinergic sensitivity in soldiers.

STATUS/RESULTS TO DATE: The investigators confirmed that the FSI, rats exhibit greater 

increases in serum growth hormone following acutely administered pyridostigmine. The 

investigators suggested that, in this regard, the animals resemble depressed individuals, who 

exhibit a greater growth hormone response to pyridostigmine compared to normal controls. The 

greater sensitivity to pyridostigmine did not translate to altered protection against other 

anticholinesterases following chronic treatment with pyridostigmine. Rats that were chronically 

treated with pyridostigmine appeared to exhibit greater short-term decreases in temperature 

following the acute administration of diisopropyl fluorophosphate or chlorpyrifos. Thus, chronic 

treatment with pyridostigmine made the rats more sensitive to the subsequent injection of the 

anticholinesterases in the periphery, while the other agents inhibit cholinesterases in the brain as 

well as the periphery. Work during the final year of study suggests that pyridostigmine is not an 

effective prophylactic against central effects of ogranophosphates but that physotigmine is 
effective in countering hypothermia induced by organophosphates.  See publications for more details 

and suggested implications.

Most Recent Publications:

Oversteet DH, Daws LC, Schiller GC, Orbach J, Janowsky DS. Cholinergic/serotonergic 

interactions in hypothermia: Implications for rat models of depression. Pharmacol Biochem 

Behav 59:777-785, 1998.

Overstreet DH, Mason GA, Yang Y, Rezvani AH.  Supersensitive growth hormone responses

following pyridostigmine challenge in a genetic animal model of depression.  Presented at 

28th Annual Meeting of the Society for Neuroscience, Los Angeles, CA, Nov. 7-12, 1998, 

Abstract 189,10.

Persian Gulf Veterans' Illnesses Research 
-
Project 
DoD-33


Overstreet DH, Yang Y, Rezvani AH. Failure of Pyridostigmine Pretreatment to Protect 

against the Effects of Chlorpyrifos.  Presented at Conference on Federally Sponsored Gulf 


War Veterans' Illnesses Research, Pentagon City, VA June 17-19, 1998.


Overstreet DH, Yang Y, Clark Ejr, Rezvani AH. More rapid decreases in temperature 

following anticholinesterase challenges in rats pretreated with pyridostigmine. Presented at 


16th International Neurotoxicology Conference, Little Rock, AR, September 13-16, 1998.



Overstreet DH, Rezvani AH, Yang Y, Hamedi H, Janowsky DS.  Animal model of chemical 

sensitivity involving cholinergic agents.  Presented at Toxicology in Risk Assessment 

Symposium held in Bethesda, MD, 1997.

Overstreet DH, Yang Y, Hamedi M, Janowsky DS, Rezvani AH.  Strain- and 

Gender-dependent effects of oxotremorine and pyridostigmine.  Presented at Society for 

Neuroscience, New Orleans, 1997.

Persian Gulf Veterans' Illnesses Research 
-
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DoD-34

Title:
Characterization of Emissions from Heaters Burning Leaded Diesel Fuel in Unvented 

Tents

Project #:
DoD-34
Agency:
DoD
Location:
US Dept. Energy, Albuquerque, 

Status:
Complete
Research Type:
Development

P.I. Name:
Charles H. Hobbs
Research Focus:
Environmental Toxicology

Study Start Date:
6/7/96

Estimated Completion Date:
5/31/99

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: Estimate the exposure to in-tent pollutants during the Gulf 

War deployment by simulation of human exposure to aerosols in unvented heated portable 

kerosene heaters.

SPECIFIC AIMS: Perform physical and chemical characterization of aerosols produced by 

kerosene heaters that burns kerosene and jet fuels in an unvented tent, and estimate exposure 

to lead, combustion products including particulate and gases.

METHODOLOGY: A used Army GP-medium tent was set up for the study. Three types of both 

heaters and fuels(kerosene, JA1, and JP8 fuels) were used in this study.  Aerosols from heaters 

in an unvented tent were characterized physically and chemically and exposures to particulate 

matter and combustion gases (CO, NOx, and S02) were estimated. The aerodynamic particle size

distribution measured by a MOUDI impactor. The air exchange rate, a major factor in 

determining the concentration inside the tent was determined with a SF6 trace gas method. 

Concentrations of NOx, CO, S02, and HC were monitored continuously. Both PM-b and PM-2.5 

personal samplers were used to collect particles. Chemical compositions (trace metals as well as 

nitrates, sulfates, and carbons) of particulate samples collected on filters were analyzed.

EXPECTED PRODUCTS/MILESTONES: Detailed physico-chemical characterization of emissions 

from in-tent portable heaters were obtained. The choice of heater, fuel type, and air exchange 

rate are important factors in understanding the exposure and inhalation dosimetry. We planned to

complete the experiments in the first two years of the project and chemical analysis, and 

dosimetry calculations in the third year of the project.

STATUS/RESULTS TO DATE: All sampling and collection of emission for three types of heaters 

and three fuels (kerosene, JA1 and JP8) was completed.  The investigators found that the air 

exchange rate in the tent ranged from 1 to 3.5 per hr, and as air exchange rate increased the 

pollutant concentration decreased. Particle size analysis indicated single or bimodal or size 

distributions with the major peak between 0.1 and 1 inn. CO and particulate concentrations 

reached the maximum soon after the combustion started, and NOx and SO2 concentrations rose 

slowly. The data indicated that high concentrations of particulate matter were generated inside 

Army tents with unvented heaters and that air exchange was a primary factor in the 

concentrations.  The results indicated that exposed US military personnel would inhale many 

particles from unvented heaters.

Most Recent Publications:

Zhou Y, Cheng YS. Characterization of emissions from kerosene heaters in an unvented 

tent. Aerosol Sci Technol (submitted).

Persian Gulf Veterans' Illnesses Research 
-
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Title:
Feasibility of Investigating Whether There is a Relationship Between Birth Defects and 

Service in the Gulf War.

Project #:
DoD-35
Agency:
DoD
Location:
March of Dimes, Sacramento, CA

Status:
Complete
Research Type:
Epidemiology Research

P.I. Name:
John A. Harris, M.D.
Research Focus:
Reproductive Health

Study Start Date:
6/1/96

Estimated Completion Date:
12/31/00

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: Conduct a feasibility study to determine how to 

systematically monitor birth defects among active and reserve military personnel.

SPECIFIC AIMS: 1) Determine if DoD hospital record computerized information, the data that 

has been used for many Gulf War studies, is accurate compared to hospital medical record 

review and baseline birth defects rates in the civilian population collected by the California Birth 

Defects Monitoring Program; 2) determine if data on Reserve participants in the Persian Gulf war

can be linked to California Vital Statistics files, and therefore the California Birth Defects 

Monitoring Program's registry data.

METHODOLOGY:  To address specific aim #1 above, the DoD will provide its hospital record 

computerized information on all children born to active duty Gulf War veterans posted or 

stationed in California between May 1991 and May 1994.  The California Birth Defects Monitoring 

Program (CBDMP) will review medical records of all children identified with a birth defect and a 

random sample of 450 controls to determine the accuracy and completeness of the DoD hospital

record computerized information. To address specific aim #2 above, the DoD will provide a 

roster of reservists deployed to the Gulf War. The CBDMP will determine the feasibility of linking

a sample of this data set on to the California Vital Statistics file and CBDMP files in order to 

identify children born to and children with birth defects among this reservist population.

EXPECTED PRODUCTS (MILESTONES): 1) The CBDMP receives and analyzes complete data 

sets from the DoD; 2) CBDMP visits military hospitals and the military storage facilities in St. 

Louis to review medical records; 3) data is cleaned, coded, and prepared for analysis; 4) data 

analysis; 5) report prepared for review by DoD and scientific publication.

STATUS/RESULTS TO DATE: Over the last year the following progress was made in the study:  

data was obtained from the Defense Data Manpower Center, standardized formats were obtained 

from the military treatment facilities (MTFs), and observed rates of birth defects in MTFs were 

compared with the California Birth Defects Monitoring Program registry data.  Selective records 

were matched to the Defense Eligibility reporting system at California Vital Statistics and an 

on-line data collection system (for use in abstracting data from military facilities) was designed 

and developed.  Also, information on 248 cases and 234 controls was abstracted from the 

National Personnel Record Center.

Most Recent Publications:

None to date
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Title:
Fatigue in Persian Gulf Syndrome-Physiologic Mechanisms

Project #:
DoD-36
Agency:
DoD
Location:
Univ. of Texas, SW

Status:
Complete
Research Type:
Clinical Research

P.I. Name:
Ronald G. Haller, M.D.
Research Focus:
Brain & Nervous System

Study Start Date:
6/15/96

Estimated Completion Date:
12/31/99

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: Test the hypothesis that mechanisms used by muscle cells 

to use oxygen and produce energy for work may be impaired in patients suffering abnormal 

muscle fatigue and the inability to exercise. 

SPECIFIC AIMS: On the basis of preliminary results of evaluation of symptoms of abnormal 

fatigability in Gulf War veterans, the researchers hypothesize that the common complaint of 

abnormal fatigue and exercise intolerance in these patients is attributable to impaired energy 

production via oxidative phosphorylation.  Under this general hypothesis, the researcher will 

address four specific question: (1) Is there an abnormality in muscle oxygen utilization or oxygen

transport to muscle during exercise in affected individuals? (2) Is there exaggerated metabolic 

muscle fatigue in exercise consistent with impaired energy production? (3) Is the metabolic and 

physiologic response to aerobic physical conditioning impaired in these patients? (4) Is there a 

specific pattern of impaired activities of mitochondrial oxidative enzymes or respiratory chain 

complexes to account for impaired oxidative metabolism on attenuated increases in oxidative 

capacity in response to physical training.

METHODOLOGY: Exercise protocols and non-invasive monitors of oxygen transport and 

utilization as well as detailed muscle biochemistry will be used to identify specific causes of 

exercise intolerance in patients.  The investigators will employ forearm and cycle exercise to 

determine maximal work and oxidative capacity and to compare fatigue and metabolic responses

to similar workloads among patients and age- and weight-matched sedentary control subjects.  

The study will compare muscle metabolic and physiologic responses to aerobic training in 

patients and matched control subjects. The oxidative mechanism in blood will be monitored by 

measurements of blood levels of diffusible metabolites that reflect oxidative capacity; 

measurement of intramuscular metabolites using 31-phosphorus magnetic resonance 

spectroscopy; and by using infrared spectroscopy.

EXPECTED PRODUCTS (MILESTONES): This study will evaluate the hypothesis that oxidative 

limitations detected with non-invasive testing are attributable to impaired function of the 

mitochondrial respiratory chain as assessed biochemically in biopsied muscle.  

STATUS/RESULTS TO DATE: Results in studies of 13 veterans with muscle symptoms 

compared to 11 asymptomatic veterans reveal no statistically significant differences for force 

generation, fatigue rates, or metabolic responses to forearm exercise. In cycle exercise there is 
a trend toward lower capacity in symptomatic versus asymptomatic veterans for peak work 

(1.51+0.11 watts/kg versus 1.92+0.18 watts/kg) and oxygen utilization (24.8+6.0 ml/kg/min 

versus 28.0+6.7 ml/kg/min), but these differences fail to reach statistical significance (p<.05).

Most Recent Publications:

None to date
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-
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Title:
Neurobehavioral and Immunological Toxicity of Pyridostigmine, Permethrin, and DEET in 

Male and Female Rats

Project #:
DoD-37
Agency:
DoD
Location:
Univ. of Florida, Gainesville

Status:
Complete
Research Type:
Mechanistic

P.I. Name:
Frans van Haaren, Ph.D.
Research Focus:
Interactions

Study Start Date:
5/1/96

Estimated Completion Date:
6/1/99

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: Determine if neurobehavioral toxicity and immune response 

alterations are produced by small doses of medical pretreatments and insecticides, alone or in 

combination, in male and female rats.

SPECIFIC AIMS: This study will test the hypothesis that administration of pyridostigmine 

bromide (PB), permethrin (PERM) and DEET as single agents, or in combination, results in 

neurobehavioral toxicity and an altered immune response.   It will also test the hypothesis that 

females are significantly more sensitive to the effects of these agents than are males.  

METHODOLOGY: Chemical analyses will determine (1) the metabolism and elimination of PB, 

permethrin and DEET, alone and in combination, for male and female subjects who participated in

the neurobehavioral experiments, and (2) how PB, permethrin and DEET, alone and in 

combination, affect cholinesterase activity in these same subjects.  This information will allow 

the correlation of plasma concentrations of PB, permethrin and DEET with the behavioral 

observations.  Experiments have been designed to measure various aspects of CNS functioning

in the presence of sub-toxic doses of PB, PERM, and DEET in adult male and female rats.  

Doses for PB will be 3/10/30 mg/kg, for PERM will be 15/30/60 mg/kg and for DEET will be 

50/200/500 mg/kg.  In addition, plasma concentrations of PB, PERM, and DEET will be 

determined and their effects on cholinesterase activity will be correlated with CNS functioning.  

The neurobehavioral analyses will be complemented by an assessment of the immune response 

in the same subjects, as well as in lymphocytes from healthy human volunteers.  The 

immunological experiments will be conducted to determine the role of PB, permethrin and DEET 

and (1) Suppression of the first and second signal transduction pathways in T-lymphocytes, (2) 

Cytokine expression, and (3) B-lymphocyte function.   

EXPECTED PRODUCTS (MILESTONES): This study extends observations from previous 

experiments in male rats exposed to toxic doses of PB or PERM to female rats and to the 

effects of PB, PERM and/or DEET in combination.  

STATUS/RESULTS TO DATE: see publications.

Most Recent Publications:

Hoy JB, Cody BA, Karlix JL, Schmidt CJ, Tebbett IR, Toffollo S, vanHaaren F, Wielbo D. 

Pyridostigmine bromide alters locomotion and thigmotaxis of rats: gender effects. 

Pharmacology Biochemistry and Behavior 63:401-406, 1999.

vanHaaren F, de Jongh R, Hoy JB, Karlix JL, Schmidt CR, Tebbett Ir, Wielbo D. The effects

 of acute and repeated pyridostigmine bromide administration on response acquisition with 

immediate and delayed reinforcement. Pharmacology Biochemistry and Behavior 62:389-394,

van Haaren F, Cody B, Hoy JB, Karlix J L, Schmidt C, Tebbett I R, Wielbo D.  The effects 

of pyridostigmine bromide and permethrin alone, or in combination, on response acquisition in

male and female rats.  Pharmacol Biochem Behav 63(3):401-6, 1999.

Hoy J B, van Haaren F, Tebbett I R, Karlix J L.  Pyridostigmine bromide affects open field 

speed and center time in male and female rats.  Twenty-seventh Annual Meeting of the 

Society for Neuroscience, New Orleans, LA, 1997.

van Haaren F, Hoy JB, Karlix JL, Tebbett I R. Gulf War illness: effects of pyridostigmine 

bromide and permethrin alone, or in combination, on response acquisition in male Sprague-


Dawley rats. Annual Meeting of the Behavioral Toxicology Society, West Palm Beach FL, 1997.
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Karlix JL, Freiburger B, Hoy J, Tebbett IR, Wielbo D, van Haaren F, Schmidt C. The 

immunomodulatory effects of chemicals used during the Gulf War. Conference on Federally 

Sponsored Gulf War Veterans’ Illnesses Research, Washington, D.C. 1998.

van Haaren F, Cody B, Haworth S, Hoy J B, Karlix J R, Schmidt C, Tebbett IR, Wielbo D. 

The effects of pyridostigmine bromide, permethrin and DEET alone, or in combination, on 

fixed-ratio and fixed-interval behavior in male Sprague-Dawley rats.  Conference on 

Federally Sponsored Gulf War Veterans’ Illnesses Research, Washington, D.C. 1998.

Hoy JB, VanHaaren F, Tebbett Ir, Karlix JL. Pyridostigmine bromide affects open field speed

and center time in male and female rats. (abstract) Twenty-seventh Annual Meeting of the 

Society for Neuroscience, New Orleans, LA. 1997

vanHaaren F, Joy JB, Karlix JL, Tebbett Ir. Gulf War illness: effects of pyridostigmine 

bromide and permethrin alone, or in combination, on response acquisition in male 
Sprague-Dawley rats. (abstract) Annual Meeting of the Behavioral Toxicology Society, 

West Palm Beach, FL. 1997.

Karlix JL, Freiburger B, Hoy J, Tebbett IR, Wielbo D, vanHaaren F, Schmidt C. The 

immunomodulatory effects of chemicals used during the Gulf War. (abstract) Conf. 

Federally Sponsored GWVs' Illnesses Research, Washington, DC, 1998.
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Title:
Diagnostic Antigens of Leishmania tropica

Project #:
DoD-38
Agency:
DoD
Location:
Inf. Dis. Res. Instit., Seattle, WA

Status:
Complete
Research Type:
Development

P.I. Name:
Steven G. Reed, Ph.D.
Research Focus:
Leishmaniasis

Study Start Date:
6/1/96

Estimated Completion Date:
5/31/98

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: Develop a sensitive method to detect infection with 

Leishmania tropica, or related species, in military personnel. 

SPECIFIC AIMS: There are currently defined antigens for use in the diagnosis of  visceral 

leishmaniasis caused by Leishmania donovani or Leishmania chagasi. However, there is an 

urgent need for sensitive methods to detect infection with Leishmania tropica, or related species,

in military personnel. The researchers have developed such tests for other Leishmania species, 

and have isolated and characterized L. tropica antigens reactive with sera from L. tropica 

infected Gulf War veterans. This study will attempt to develop similar tests for L. tropica using 

these recombinant L. tropica antigens. Effort will also be directed at cloning additional L. tropica 

antigens reactive with L. tropica infection sera and antigens that stimulate T-cells from 

individuals with L. tropica infection. 

METHODOLOGY: Emphasis will be given to expressed genes which are highly sensitive. Inserts 

will be sequenced for determination of epitopes which may be produced synthetically. 

Recombinant or synthetic peptides will be evaluated by ELISA for their ability to detect antibody 

in patient sera. In related studies, cloned gene products will be evaluated for their ability to elicit 

patient T-cell response in vitro. These evaluations will include proliferation and cytokine 

production. 

EXPECTED PRODUCTS (MILESTONES): Emphasis will be placed on finding antigens which are 

shared between Leishmania species having the ability to elicit strong T-cell responses. Such 

antigens will be candidates for skin test antigens and vaccine production.

STATUS/RESULTS TO DATE: Several new peptides of Lt-1 antigen have been made and 

evaluated them as serological reagents. Also, screening of L. tropica genomic libraries for new 
antigens have been performed, and other candidate antigens have been identified. Evaluation of

these antigens on documented viscerotropic L. tropica patients would further this development.

Most Recent Publications:

Dillon et. al., PNAS 92:7981-7985, 1995.
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Title:
A Controlled Epidemiological and Clinical Study into the Effect of Gulf War Service on 

Servicemen and Women of the United Kingdom Armed Forces

Project #:
DoD-39
Agency:
DoD
Location:
King's College, UK

Status:
Complete
Research Type:
Epidemiology Research

P.I. Name:
Simon Wessely, M.D.
Research Focus:
Symptoms/General Health

Study Start Date:
6/1/96

Estimated Completion Date:
10/31/00

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: This research assesses the prevalence of unexplained 

illnesses, including chronic fatigue-like symptoms, in members of the United Kingdom Armed 

Forces who were deployed to the Persian Gulf during the Gulf War and who have served, and are

serving in Bosnia. 

SPECIFIC AIMS: This study is a two stage cohort study. Stage 1 consists of a postal health 

screening questionnaire to be sent to three groups who were/are in the Armed Forces; those who 

served in the Persian Gulf, those who served in Bosnia, and those who served in neither the 

Persian Gulf or Bosnia. The second stage involves performing neurophsychological tests on 

cases identified by stage 1 and a control group.

METHODOLOGY: This epidemiological study of the prevalence of unexplained illnesses in the 

populations at risk will use a two-stage design. Stage 1 will be a questionnaire survey of 4,520 

Gulf War veterans selected at random, an equivalent sample of Bosnia veterans, and 

appropriate control groups for each. Stage 2 will involve interview, examination, and testing of all 

those (approximately 10%) in Stage 1 who fall above a cutoff defining subjective health. 

Information gathered at Stage 2 will be used to estimate the prevalence of diagnosed and 

unexplained morbidity, including chronic fatigue symptoms, in UK service personnel, and to 

calculate whether  there is an excess associated with Gulf War and/or Bosnia service.  If there 

is, then the researchers will be able to examine pre-morbid and psychosocial factors which may 

be implicated in such an increase, as well as identify avenues for further biological and 

psychosocial research.

EXPECTED PRODUCTS (MILESTONES): Reports and publications. This epidemiological study 

should ascertain if service in the Gulf War by UK armed forces personnel was associated with 

an increase in physical and/or psychological morbidity, and if  so, if there is evidence of an 

increase in either new or ill-defined conditions such as chronic fatigue syndrome, or an illness 

peculiar to Gulf War service. 

STATUS/RESULTS TO DATE: The investigators are nearing the conclusion of clinical (Stage 2) 

studies.  Case control studies include clinical, neuropsychological, neuropsychiatric, and quantitative 
and dermatological assessments.  A hundred servicemen, identified during the epidemiological portion

of the study and who fulfill criteria for ill health have been asked to participate in clinical testing.  

Additionally 100 well Gulf controls, 100 sick Bosnia controls and 100 sick Era controls are being tested.

Most Recent Publications:

Unwin CE, Blatchley N, Coker W, Ferry S, Hotopf M, Hull L, Ismail K, Palmer I, David A, 

Wessely S.  The health of United Kingdom Servicemen who served in the Persian Gulf War. 

Lancet 353-169-178, 1999.

Ismail K, Everitt B, Blatchley N, Hull L, Unwin CE, David A, Wessely S.  Is there a Gulf War

Syndrome?  The Lancet 353:129-182, 1999.

Ismail K, Unvin CE, Hull L, David A, Wessely S.  Defining Ill health in three British Military 

Cohorts.  Sponsored by Gulf War Veterans' Illnesses Research, Pentagon City, USA June 

17-19, 1998.
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Title:
Psychological and Neurobiological Consequences of the Gulf War Experience

Project #:
DoD-40
Agency:
DoD
Location:
VAMC West Haven, CT

Status:
Complete
Research Type:
Clinical Research

P.I. Name:
Steven Southwick, M.D.
Research Focus:
Brain & Nervous System

Study Start Date:
6/1/96

Estimated Completion Date:
7/01/00

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: To determine the nature of memory for traumatic events as 

they relate to post traumatic stress disorder (PTSD) symptoms. The research will follow the 

course of symptoms of Post-Traumatic Stress Disorder  in a population of Gulf War veterans 

and explore physiological correlates.

SPECIFIC AIMS: To examine the course of memory for traumatic events over time and the 

brain areas believed to be altered due to trauma. Previous work with a cohort of Gulf War 

veterans indicated that there was an overall increase in PTSD symptomatology in the veterans 

over the first two years following the Gulf War. In memory testing, there were many instances 

of inconsistent recall for events that were objective and highly traumatic in nature. The data did 

not support the position that traumatic memories are fixed or indelible and suggested that as 

PTSD symptomatology increases, so does amplification of memory for traumatic events. This 

two part study will examine the risk factors that cause and continue PTSD symptoms over time 

and  will examine whether memory deficits reflect information processing problems (acquisition, 

retention and/or retrieval) and whether the memory deficits are related to decreased hippocampal 

volume. Relationships to clinical symptomatology and psychosocial functioning will also be 

investigated.

METHODOLOGY: The study provides longitudinal follow-up of an initial study into and continues 

the methodology of the initial study.  The study consists of two parts: the first part is a 

longitudinal follow-up of a cohort of veterans of Operation Desert Storm to study trauma-related 

symptomatology using specific instruments (e.g. questionnaires, rating scales). The second part 

is an investigation of memory function and hippocampal volume, using MRI examination, in Gulf 

War veterans who meet criteria for posttraumatic stress disorder (PTSD).  The study populations 

consists of  a minimum of 20 Desert Storm veterans with PTSD, 20 deployed Desert Storm 

veterans without PTSD, and 20 non-deployed veterans. 

EXPECTED PRODUCTS/MILESTONES: The investigators expect to show that memory for 

traumatic events is not consistent over time, and that there may be a n associated decrease in 

hippocampal volume in PTSD. Results of this study would make it possible to determine whether 

these abnormalities are present in a variety of combat populations and whether such 

abnormalities can be detected at earlier stages than in the previously-studied Vietnam veteran 

population.  A better understanding of the longitudinal course of trauma-related symptomatology 

and the risk factors for the development and maintenance of these symptoms may also impact 

treatment strategies.

STATUS/RESULTS TO DATE: The longitudinal course of Trauma-related symptomatology, to 

include assessment of trauma-related symptomatology, evaluation of the relative contribution of

previously identified risk factors and investigation of memory alteration for traumatic events 

over time, are in progress.  To date, In part 2 of the study (on memory function and hippocampal

volume), 12 MRI scans were completed on GW veterans with PTSD and 22 MRI scans have 

been completed with veterans without PTSD.  Five participants in the non-deployed veteran 

group have completed MRI scans.  Twenty non-deployed National Guard reservists who do not 

meet criteria for axis I DSM-IV disorder completed MRI scans.  Recruitment continues to expand 

the sample populations.  Two key accomplishments of the past year are: 1) anniversary 

reactions (periods for traumatic events) were identified in data from veterans and their spouses, 

particularly among veterans with more traumatic events, and 2) there are findings of 

inconsistencies in reporting GW related trauma and combat exposure over the six years of the 
study and the inconsistencies appear to be more common among veterans with a greater number

of PTSD symptoms.
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Most Recent Publications:

Morgan CA III, Hill S, Fox P, Kingham P, Southwick SM.  Anniversary reactions in Gulf War 

Veterans:  A Follow-up inquiry 6 years after the war.  American Journal of Psychiatry 156, 

1075-107:1999.

Southwick SM, Vojvoda D, Morgan CA III, Lipschitz D.  Stress effects of the Persian Gulf 

War.  In Fink, G (ed) Encyclopedia of Stress.  Academic Press, San Diego, 3-4181(379):7, 

Morgan CA III, Southwick SM:  Inconsistency of memory for traumatic events: Replication 

and clarification six years after the Gulf War.  In preparation.

Southwick SM:  Inconsistency of memory for combat trauma in veterans of Operation 

Desert Storm.  Presentation at the International Society for Traumatic Stress Studies 

Meeting, Montreal Canada, November 1997.

Southwick SM, Morgan CA III:  Memory for traumatic events.  Presentation at the Yale 

Department of Psychiatry Grand Rounds, New Haven, Connecticut, April, 1998.
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Title:
Evaluation of Muscle Function in Persian Gulf Veterans

Project #:
DoD-41
Agency:
DoD
Location:
Univ. of Pennsylvania

Status:
Complete
Research Type:
Clinical Research

P.I. Name:
Krista Vandenborne, Ph.D.
Research Focus:
Brain & Nervous System

Study Start Date:
6/15/96

Estimated Completion Date:
5/31/00

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: Investigate the etiology of ongoing chronic fatigue and 

muscle weakness in Gulf War veterans with unexplained illnesses by evaluating abnormalities in 

skeletal muscle function.

SPECIFIC AIMS: Evaluate skeletal muscle in Persian Gulf veterans with severe chronic fatigue 

and Persian Gulf veterans with no medical complaints (healthy controls); determine the 

relationship between the severity of chronic fatigue in Persian Gulf veterans and the degree of 

muscle dysfunction; and compare muscle function in Persian Gulf veterans with severe chronic 

fatigue with muscle function in healthy sedentary civilians and civilians with chronic fatigue.

METHODOLOGY: The goal of this proposal is to evaluate skeletal muscle in Persian Gulf 

veterans. 

Our major hypothesis is that Persian Gulf veterans who present a symptom profile consistent 

with chronic fatigue suffer from muscle dysfunctioning. In addition, we hypothesize that the 

severity of chronic fatigue in this population is related to the degree of muscle dysfunctioning. 

To test these hypotheses, a battery of tests will be performed on Persian Gulf veterans with 

severe chronic fatigue (n=50) and on Persian Gulf veterans who were deployed but who have no 

medical problems (n=50).  The evaluation will consist of the following measurements: 1. 

Functional assessment as reflected in isometric and isokinetic measures; 2. In vivo metabolic 

measures as determined by 31P-Magnetic Resonance spectroscopy (MRS); 3. In vivo 

morphological measures as determined via Magnetic Resonance Imaging (MRI); 4. Histological 

analyses of muscle biopsies; 5. Electromyographic evaluation of motor unit recruitment; 6. 

Muscle enzyme levels; 7. Genetic screening.

EXPECTED PROJECTS (MILESTONES): EXPECTED PROJECTS (MILESTONES): This project 

ran over three years. The first 6 months served to recruit the subjects and to train the necessary

 personnel. The following two years were used to collect data at a rate of approximately 1 

subject/week (at the end of the first year 13 Persian Gulf veterans with chronic fatigue and 13 

healthy veterans had been tested). At the end of the second year, 24 more subjects with chronic

fatigue and 24 healthy controls  had been tested. For the first 6 months of the third year the 

final 13 veterans with chronic fatigue and 13 controls  were tested.  An extension was requested 

to May 2000 to complete, summarize, analyze, and interpret  data collection the data. 


STATUS/RESULTS TO DATE: Summarizing data, preparing for publication.

Most Recent Publications:

Vandenborne K, Walter G, Lenrow D, Leigh JS, Fishman AP. Skeletal muscle in Persian Gulf 

veterans. J Chronic Fatigue Syndrome 2(2/3):137-138, 1996.
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Title:
The Symptomatic Persian Gulf Veterans Protocol: An Analysis of Risk Factors with an 

Immunologic and Neuropsychiatric Assessment

Project #:
DoD-42
Agency:
DoD
Location:
VAMC Birmingham

Status:
Complete
Research Type:
Clinical Research

P.I. Name:
Warren Blackburn, Jr. M.D.
Research Focus:
Symptoms/General Health

Study Start Date:
10/31/96

Estimated Completion Date:
12/31/00

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: Determine if there are fundamental immunologic abnormalities

 or differences in carriage of mycoplasma in symptomatic Gulf War veterans which might be 

associated in a case control study with their service in the Gulf. 

SPECIFIC AIMS: The specific goals of this proposal are to: 1) evaluate Persian Gulf veterans 

with symptoms to determine if there are in vitro abnormalities of immunologic tests; 2) evaluate 

Persian Gulf War veterans to determine if there is evidence to suggest increased exposure to 

mycoplasma.

METHODOLOGY: This study will determine whether specific in vitro immunological abnormalities 

or evidence of exposure to mycoplasma can be detected in GW participants who are 

symptomatic, but in whom no specific diagnosis has as yet been made. As controls, we are 

assessing GW veterans who are asymptomatic and non-theatre veterans who have applied for 

disability.  The Birmingham VAMC has been very active in evaluating patients returning from the 

Persian Gulf war. Approximately 1400 individuals have been seen and have had evaluations. Of 

these, about 10-15% are asymptomatic. Of the remaining 85%, approximately 90% have a 

diagnosable illness. A number of Persian Gulf veterans, which are conservatively estimated as 

100 of those seen at the BVAMC, are symptomatic and do not have defined illnesses. 

EXPECTED PRODUCTS (MILESTONES): This study should answer the questions regarding 

whether veterans from the Persian Gulf who have undefined illnesses have evidence of 

exposure to Mycoplasma more often than the control groups and if there are differences in 

laboratory measures of cellular immune responsiveness.  The study should be completed by 

12/31/00.

STATUS/RESULTS TO DATE: 1,541 Persian Gulf War veterans have been enrolled in this study 

who were also enrolled in the Birmingham registry. Charts have been available for 1,347 and they

have been carefully reviewed and have had second physician review. One hundred and 

seventy-seven have illnesses involving more than two organ systems that have not been 

accounted for with a defined illness.  Samples have been obtained from 50 of these.   Second, 

we have received and have categorized the list of veterans who served in the Persian Gulf from 

the Birmingham catchment area. This is the group of individuals who will represent our in-theater, 

asymptomatic individuals and will be drawn from a list of 1,383 in theater Alabama veterans.  

There are 198 in the Birmingham area, of whom we have evaluated 28 samples.  Third, we 

identified individuals in the Birmingham catchment area who were not in theater, but who have 

applied for disability. These individuals represent the second control group we have identified as 

a listing of 312 veterans and we have obtained samples from 12. Peripheral blood mononuclear 

cells, throat swabs and urines have been evaluated for the presence of mycoplasma or 

ureaplasm.  Each sample was evaluated by a) direct culture; b) direct PCR; and c) by PCR with 

a universal mycoplasma primer.  Mycoplasma or ureaplasma were detected frequently in urine 

and throat swabs, however no significant differences have been noted between the three groups.
 Testing continues on a cohort of Gulf War veterans and controls for the following in vitro 

immunological functions:  1) NK cell activity as a measure of primitive capacity to respond to 

foreign stimuli; 2) lymphocyte proliferative capacity using T-cell polyclonal activators; 3) primary

 immune responses using allogeneic stimulator cells in mixed leukocyte reactions; 4) secondary 

immune response using the recall antigens tetanus toxoid, Candida albicans extract, and the 

Anthrax Vaccine. 5) B-cell polyclonal activator pokeweed mitogen-induced immunoglobulin (Ig) 

production; and 6) cytokine expression in order to detect functional abnormalities in antigen 
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presenting cells, type-1 T-helper cells, and type-2 T-helper cells.  Blood has been collected and 
processed on 90 subjects and controls in the immunology laboratory.  Immune function tests

numbered 1 through 4 above were attempted on all subjects; however, n values less than 90 indicate 

that the volume of blood was not sufficient for all tests to be performed on a given patient(s), the white

blood cell (WBC yield was not sufficient on a given patient(s), or a lab error resulted in no reportable 

data for a given patient(s).  Samples (blood and/or stimulated cell supernatants) for immune function

 tests numbered 5 and 6 above are being stored at –70 centigrade pending batch analysis.  When 

immunological parameters measured in blood samples taken from symptomatic subjects are compared 

with those from asymptomatic controls or disability controls, no statistical differences are found using 

unequal variance T tests and correcting for multiple comparisons.  An interesting note is that the 

rationale for inclusion of a disability control group in these comparisons was supported by the finding 

that the response to Candida albicans antigen was originally significantly different between the 

symptomatic and asymptomatic Gulf War veterans groups.  However, when these comparisons are

adjusted for multiple comparisons, the data are no longer significantly different.  Furthermore, when the 

symptomatic Gulf War veterans results were compared with the disability control group, the data 

were not significantly different with or without adjusting for multiple comparisons.

Most Recent Publications:


Campo L, Larocque P, La Malfa T, Blackburn WD, Watson HL. Genotypic and phenotypic 


analysis of Mycoplasma fermentans strains isolated from different host tissues. Journal of 


Clinical Microbiology,  36(5):1371-7, 1998.


Everson MP, Shi K, Aldridge P, Bartolucci AA, and Blackburn WD, Jr.  Is There Immune 


Dysregulation in Symptomatic Gulf War Veterans? VA Medical Center and UAB, Birmingham,


Alabama, USA, 1999.
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Title:
Investigation of Seminal Plasma Hypersensitivity Reactions

Project #:
DoD-44
Agency:
DoD
Location:
Univ. Cincinnati College of 

Status:
Complete
Research Type:
Clinical Research

P.I. Name:
Jonathan Bernstein, M.D.
Research Focus:
Reproductive Health

Study Start Date:
11/1/96

Estimated Completion Date:
10/1/99

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: The purpose of this project is to investigate Persian Gulf War 

(GW) veterans and their sexual partner(s) who are experiencing a burning sensation after contact 

with semen since returning from the Persian Gulf.

SPECIFIC AIMS: Military and veteran sources will be surveyed to obtain a population of women 

who developed vaginal burning syndrome after their sexual partners returned from the Persian 

Gulf.

METHODOLOGY: The initial phase of this project concentrated on identifying the population and 

characterizing the nature of their symptoms using screening questionnaires including 

questionnaires to assess post traumatic stress disorder (PTSD).  Subjects were identified through

local and regional veterans hospital Gulf War screening physicians, in response to media press 

releases pertaining to this investigation and through a "Burning Semen Syndrome" (BSS) web 

page on the internet. A pilot project was conducted to investigate a small group of PGW 

veterans in local proximity to the Cincinnati Veterans Administration Hospital. This evaluation 

included more detailed questionnaires, screening blood tests, urine, vaginal and semen cultures, 

skin testing to common seasonal and perennial aeroallergens, skin testing to the males semen 

and determination of specific IgG and/or IgE antibodies to seminal plasma proteins (SPP) by 

ELISA method.  Preliminary findings revealed no relationship between BSS and PTSD or atrophy, a

heterogeneous antibody response to SPP among GW males and their female partners and a 

higher incidence of ureaplasma urealyticum or other infectious agents isolated from their sexual 

partners cervical cultures.  Two women had significant elevations in their ANA titers and one had 

an increased sedimentation rate. Based on these preliminary findings, a more extensive protocol 

was conducted on a larger population: 1) to assess the prevalence of BSS among GW couples 

compared to civilian couples with similar symptoms; 2) to identify a correlation of BSS with 

reported exposures in the Persian Gulf.  Self reported exposures are being correlated with 

calculated exposures for each veteran obtained from a geographical informational data base 

(GIS) established by Dr. Jack Heller.  In addition to exposure, other risk factors such as PTSD 

are being assessed; 3) to exclude or identify underlying infectious etiologies such as 

mycoplasma infections (i.e., ureaplasma urealyticum - blinded samples of GW male and their 

female sexual partners along with civilian male and females have been sent to a central 

laboratory experienced in DNA analysis of mycoplasma infections; 4) to measure specific IgG 

and/or IgE antibodies to SPP in GW males and their sexual partners; and 5) to treat those GW 

couples who elicit specific IgE antibody in response to SPP with rapid desensitization to SP 

proteins which will allow determination of a causal effect of specific antibody production with 

BSS. 

EXPECTED PRODUCTS (MILESTONES): If the hypotheses are correct, 1) women with seminal 

plasma hypersensitivity and vaginal burning syndrome will demonstrate immediate cutaneous 

reactivity to seminal plasma protein fractions; 2) one or more seminal plasma proteins that cause

localized vaginal symptoms in our civilian group of women will also cause similar symptoms in 

women with Gulf War vaginal burning syndrome; and 3) the ability of seminal plasma proteins to 

regulate (either stimulate or inhibit) the humoral, cellular or secretory immune responses after 

exposure to physical and chemical factors encountered in the Gulf War will be shown. 

STATUS/RESULTS TO DATE: Thus far, a total of 183 individuals responded to screening 

questionnaires.  All respondents have been male: 87 of their female sexual partners experienced 

a burning sensation after contact with semen while only 69 of the males experienced burning 

after contact with their own semen.  A civilian population with symptoms very similar to BSS is 

being used as a cohort comparison group.  Results illustrate distinct similarities and differences  
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between GW and Civilian couples who exhibit burning after contact with semen: 1) less than 50 

of BSS couples have relief with use of a condom.  Personal and Family history of atrophy is


significantly lower among BSS couples (n=59) compared to civilians (n=36) (p=.007 & P=.003, 

respectively); 2)  a lower incidence of PTSD among GW couples with isolated BSS (n=14) 

compared to GW couples with multiple symptoms suggestive of GW syndrome (n=31) (p=.003); 

3) a higher incidence of reported exposure to pesticides and decontamination procedures among 

GW couples with multiple symptoms (n=31) compared to GW couples with isolated BSS (n=14) 

(p=.019).   Exposure levels leading to cancer and non-cancer health risks among GW couples 

with BSS is no greater than that reported for all United States deployed troops to the GW based 


on a geographical information system model.  Many female sexual partners of GW males have 

asymptomatic vaginal infections.  Seminal plasma proteins obtained from GW males with BSS 



are structurally the same as seminal plasma proteins obtained from civilian male controls.  



Heterogeneous antibody responses are observed to whole seminal plasma proteins and 


fractionated seminal plasma proteins for GW and civilian couples.  Antibody responses seem to


correlate better to disease pathogenesis in civilian couples with seminal plasma protein


hypersensitivity as they respond better symptomatically to SP desensitization compared to GW 

couples with BSS.  T-cell proliferative responses to phytohemoglutanin (PHA) are similar for GW


and Civilian couples. Full participation in the study among GW couples has been poor overall.  It
has 


been very difficult getting necessary screening laboratory tests, completion of detailed questionnaires 


and submission of seminal fluid and serum specimens.  This has hindered the progress of the study. 


 A project extension is to be used to further evaluate and characterize data in GW couples.  Final 


conclusions will be reported at the end of the extension.
Most Recent Publications:

Bernstein JA, Martin RLM, Lummus ZL.  Localized human seminal plasma hypersensitivity: A

potential model for Gulf War burning semen syndrome.  Fund Ap Toxicol 36:201, 1997.

Bernstein JA.  Evaluation of Persian Gulf War veterans and their sexual partners with burning

semen syndrome.  J Allergy Clin Immunol 101 (1): S81, 1998.
Bernstein JA, Perez AS, Frazier KM, Floyd F.  Antibody responses in civilian couples with seminal 

plasma protein hypersensitivity and Gulf War couples with burning semen syndrome.


J Allergy Clin Immunol 103 (1): S226, 1999.
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Title:
Physical and Emotional Health of Gulf War Veterans Women

Project #:
DoD-45
Agency:
DoD
Location:
Univ. of Michigan, Ann Arbor

Status:
Complete
Research Type:
Clinical Research

P.I. Name:
Penny Pierce, Ph.D., R.N.
Research Focus:
Symptoms/General Health

Study Start Date:
9/1/96

Estimated Completion Date:
8/31/99

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: This study will compare the prevalence of general and gender

specific health problems in 900 Air force women deployed to the Gulf and 900 Air Force women 

deployed elsewhere.

SPECIFIC AIMS: To assess whether the prevalence of health problems remain elevated in 

women deployed to the Gulf at six years post deployment, after controlling for potentially 

confounding factors such as age, reproductive history, sexual history, and lifestyle factors.

METHODOLOGY:  This research is to describe the incidence, prevalence, and nature of 

symptoms associated with Persian Gulf War service within a randomized sample of Air Force 

women.  Our design is developed on previous experience with two studies of Gulf War veteran 

women as well as the recommendations of numerous military and civilian scientific groups 

established to address this body of research.  Specifically, in previous studies we have used a 

comparison group of women deployed to sites other than the theater of the war under the 

assumption they were physically fit for duty and would provide a better comparison than those 

who did not deploy perhaps for physical health reasons.  Further sampling strategies will follow 

the recommendations for both the National Institutes of Health (NIH, 1994) and the Institute of 

Medicine (IOM, 1995; Roberts, 1995), who both call for well-designed epidemiologic studies.  In 

both our previous studies we used a randomized stratified factorial design (theater vs. 

non-theater; parent vs. non-parent; and component (active, guard, and reserve).  Similar 

sampling procedures will be used in this study in order to control for potentially confounding 

effects of component and paternal status.  This study will also include detailed information on 

sexual, reproductive, and menstrual history to allow for more complete analyses of findings.  

Sample size and power will detect differences observed in previous studies.  Data collection 

involves recruiting the study participants and maximizing the response rate while minimizing 

attrition.  A single comprehensive questionnaire will provide basic demographic, socionomic, and 

background information and include measures of general physical health and measures of 

gender-specific health.  Mental health measures include assessment of depression, somatization,

and 8 PTSD questions specific to Gulf War service and will include a stressful life event 

measure.  Data processing includes all appropriate range and logic checks.  Statistical analyses 

include descriptive statistics, cross tabulations with chi-square and t-tests, distributions, and 

multiple regression analyses for health outcomes and deployment status.

EXPECTED PRODUCTS (MILESTONES): Three project years: 1) all planning and pre-testing 

during year 1; one-half of data collection (mail administration) in year 1 and the second half in 

year 2; all coding and data entry in year 2; and the final report and electronic data file as 

deliverables.


STATUS/RESULTS TO DATE: Data collection has been completed.

Most Recent Publications:

None to date
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Title:
Exploratory Data Analysis with the CCEP Database

Project #:
DoD-46
Agency:
DoD
Location:
Naval Post-Graduate School, 

Status:
Complete
Research Type:
Epidemiology Research

P.I. Name:
Hemant Bhargava, Ph.D.
Research Focus:
Symptoms/General Health

Study Start Date:
10/1/95

Estimated Completion Date:
9/1/97

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: To systematically examine the database for interesting 

relationships, and to find, with a high level of confidence, the most interesting ones without 

having to do an exhaustive search.

SPECIFIC AIMS: 1) to develop a generic computer package to do exploratory data analysis 

using genetic algorithms to decide which attributes to consider in the analysis; 2) to apply this 

package on a number of specific application runs relevant to the Gulf War Syndrome problem; 3)

to produce, analyze, and comprehensively document the results of these runs, and produce a 

set of findings and conclusions.

METHODOLOGY: For the search problem over the space of attributes found in the CCEP 

database, the main search methodology is based on genetic algorithms. The overall solution 

methodology consists of exploratory data analysis and knowledge discovery in databases.

EXPECTED PRODUCTS (MILESTONES): 1. The computer software: a) a hypothesis generator 

module; b) a filtering module; and c) a results presentation and interpretation module.

STATIS/RESULTS TO DATE: Version 1.0 of the Hypothesis Generator Module is complete, 

tested, and applied in a series of production runs.

Most Recent Publications:

None to date
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Title:
Study of Mycoplasmal Infections in Gulf War Veterans

Project #:
DoD-47
Agency:
DoD
Location:
WRAIR, Wash. DC

Status:
Complete
Research Type:
Clinical Research

P.I. Name:
Raymond Chung, M.D., COL
Research Focus:
Diagnosis

Study Start Date:
10/10/95

Estimated Completion Date:
8/30/98

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: This study is designed to find evidence for Mycoplasmal 

infections in symptomatic Operation Desert Storm veterans, by comparing the rate of 

seroconversion in symptomatic veterans as compared to healthy Gulf veterans and by culturing 

for Mycoplasma organisms in symptomatic and healthy Gulf veterans.

SPECIFIC AIMS: See objectives.

METHODOLOGY: This study has two parts: (1) Sera from 200 symptomatic Gulf veterans and 

200 healthy Gulf veterans, stored in the U.S. Armed Forces HIV Repository are used. Sera prior 

to and after deployment to South West Asia are tested for antibody to M. fermentans, M. 

genitalium, and M. penetrans. (2) Blood, urine, oropharyngeal, and rectal samples in 100 

consecutive veterans undergoing evaluation at WRAMC and 100 asymptomatic veterans are 

tested for evidence of Mycoplasmal infection by culture, serology and PCR.

EXPECTED PRODUCTS (MILESTONES): August 1996 - Initial Part One results; March 1997 - 

Addendum Part One results; August 1997 - Part Two complete.

STATUS/RESULTS TO DATE: Part one of the study was done using 151 cases and 151 age and 

gender matched controls.  There was no statistically significant difference in the seroconversion 

rate to any of the aforementioned Mycoplasma.  However the seroconversion rate was 

unexpectedly low: 1.5% for controls and 3.0% in cases for M. fermentans. The odds ratio (OR) 

for cases compared to controls was 2.0 with a confidence interval of 0.4 - 10.9.   In order to be 

able to detect an OR of 2 with a background seroconversion rate of 1 - 2% with 80% power, a 

larger study needs to be done.  An addendum to the protocol has been submitted.  The size of 

part one of the study was increased to 718 symptomatic cases and 2233 healthy Gulf veterans 

under the addendum. 34 out of 718 cases (4.8%) and 116 out of 2233 (5.2%) were positive for M.

fermantans specific antibody. There was no difference in the seroconversion rate (1.1% for 

cases, 1.2% for controls). Part two of the study was halted because of slow accrual. 73 

symptomatic veterans and 76 controls entered into the study. Results indicate a very low rate of

isolation of M. fermentans.

Most Recent Publications:

None to date
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Title:
Assessment of Genomic Instability via Chromosome 7 Inversion Frequency



in a Gulf-War Syndrome Cohort vs. Selected Control Groups

Project #:
DoD-48
Agency:
DoD
Location:
WRAIR, Wash. DC

Status:
Complete
Research Type:
Clinical Research

P.I. Name:
William Fishbein, M.D., Ph.D.
Research Focus:
Immunology

Study Start Date:
10/10/95

Estimated Completion Date:
11/31/97

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: This study is designed to determine the frequency of 

chromosome 7 inversions in blood lymphocytes of four groups of volunteers: 1) symptomatic 

Gulf War veterans with findings consistent with a diagnosis of autoimmune or collagen vascular 

disease, 2) Gulf War veterans without abnormalities, 3) symptomatic volunteers with 

autoimmune or collagen vascular disease, and 4) healthy volunteers with no Gulf War exposure.

SPECIFIC AIMS: See objectives.

METHODOLOGY:  Blood was obtained from twenty-five consecutive cases of each of the four 

groups. The samples were examined blindly for the chromosome 7 inversion.  After the 100 

samples the investigators were unblinded and a statistical analysis was done.  

EXPECTED PRODUCTS (MILESTONES): March 1997 - collection complete; April 1997 - Analysis 

complete.  

STATUS/RESULTS TO DATE: This study of 102 cases has now been completed, after data 

distribution, breaking of the code, and statistical analysis. There was adequate matching of age, 

sex, and race, and no evidence was found for genetic instability among symptomatic Gulf War 

veterans, or any of the other groups tested.

Most Recent Publications:

Experimental Biology meeting in San Francisco in April, 1998.

Environmental Human Health Research Workshop in Reston in May, 1998.

Conference on Federally Sponsored Gulf War Veterans' Illnesses Research in Crystal City 

in June 1998.

13th  Annual USUHS Conference on Military Medicine in D.C. in May 1999.
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Title:
Diagnosis and Dosimetry of Exposure to Sulfur Mustard: Development of Standard 

Operating Procedures and Exploratory Research on Protein Adducts

Project #:
DoD-49
Agency:
DoD
Location:
TNO Prins Maruits Lab, Rijswijk, 

Status:
Complete
Research Type:
Development

P.I. Name:
Hendrick Benschop, Ph.D.
Research Focus:
Chemical Weapons

Study Start Date:
10/1/96

Estimated Completion Date:
2/28/00

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: Develop procedures to assess mustard vesicant agent levels

(which are highly reactive and show little persistence in vivo) in patients, based on estimation of

exposure levels from levels of sulfur mustard adducts to DNA and proteins in tissue samples.  

The principal objective of this research is to develop methodologies that can be readily adapted 

for use in the field.

SPECIFIC AIMS: Three quantitative assessment procedures will be developed and tested in one 

set of animal experiments for mutual assay validation. There are: 1) immunochemical assays of 

sulfur mustard adducts to DNA in human blood and skin; 2) GC/MS determination of the 

N7-adduct of sulfur mustard with guanine (N7-HETE-Gua) in human blood, skin, and urine; and, 

3) GC/MS determination of the sulfur mustard adduct to the N-terminal valine in blood 

hemoglobin. The practical applicability of the assays will be confirmed by demonstrating the 

assays at an independent institute.

METHODOLOGY:  The feasibility of this project was proved in the previous research where it 

was proposed to use 35S-sulfur mustard to isolate the adducts.  This technique was fruitful with 

protein adducts in research with hemoglobin.  It has been effective in labeling loss of 

heterozygosity.  There is no reason to believe it would not work with albumin and keratin.  

EXPECTED PRODUCTS (MILESTONES):  1) Standard operating procedures for immunoslotblot 

assay and modified Edman procedure for analysis of sulfur mustard adducts to DNA and 

hemoglobin, respectively.  2) Mass spectrometric and immunochemical methods for detection of 

sulfur mustard adducts to hemoglobin, albumin and keratin.

STATUS/RESULTS TO DATE:  Experiments were carried out to develop standard operating 

procedures for the immunoslotblot assays of sulfur mustard adducts to DNA in human blood and

 skin and for a modified Edman degradation for the determination of sulfur mustard adducts to 

the N-terminal valine in hemoglobin.  Both procedures were shortened significantly, and the 

sensitivity of both procedures was improved.  Currently, standard operating procedures are 

drawn up for both assays.  Experiments were carried out to develop standard operating 

procedures.  The applicability of the SOP's has been successfully demonstrated in the U.S. 

Army Medical Research Institute of Chemical Defense. The SOP for analysis of alkylated 

N-terminal valine allowed detection of in vivo exposures of guinea pigs and marmosets, even 56 

days after the exposure.  Further exploratory research was performed for hemoglobin, albumin 

and keratin in order to develop suitable immunochemical and mass spectrometric methods for 

detection of sulfur mustard adducts of these proteins. In the case of hemoglobin, partial 

sequences containing an alkylated histidine residue were synthesized and used as haptens. 

Several monoclonal antibodies have been obtained which recognize in a direct ELISA adducts in 

hemoglobin treated with 50 micromolar SULFUR MUSTARD. Upon exposure of human blood to 

various concentrations of [14C] sulfur mustard we found that approximately 20% was covalently

bound to albumin. One of the alkylated peptides, resulting from tryptic digestion of albumin, i.e.,

T5 containing an alkylated cysteine, could sensitively be detected with LC-MS-MS analysis 

(greater or equal to 15 pg absolute). This peptide has been synthesized and is now being used as 

hapten in order to raise antibodies.  An even more sensitive mass spectrometric assay for the 

cysteine adduct was developed, based on the adducted tripeptide Cys-Pro-Phe, which results 

after pronase digestion of albumin. This method allows a detection limit for in vitro exposure of 

human blood to 10 nM of sulfur mustard, which is one order of magnitude lower than that 

obtained by means of modified Edman degradation. The analytical procedure could be 
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successfully applied to the analysis of samples from Iranian victims of the Iran-Iraq war. Partial 

keratin sequences have been synthesized containing an alkylated glutamic or aspartic acid

residue and were used as haptens.  Several clones are now available producing antibodies 

which recognize keratin-sulfur mustard adducts in human skin, even when the antibodies were 

directly applied to human skin samples without pre-conditioning of the samples. This opens the 

possibility to develop a detection kit that can be applied directly to skin of personnel who are 

supposedly contaminated by sulfur mustard.


Most Recent Publications:

Fidder A, Noort D, Benshop HP.  A convenient syntheisi of [14C],1-thiobis(2-chloroethane), 

[1+ C]sulfur mustard. J Label Comp Radiopharm 42, 261-266, 1999.

Noort D, Hulst AG, De Jong LPA, Benschop HP. Alkylation of human serum albumin by 

sulfur mustard in vitro and in vivo: mass spectrometric analysis of a cysteine adduct as a 

sensitive biomarker of exposure. Chem Res Toxicol 12, 715-721, 1999.

Benschop HP, Van der Schans GP, Noort D, Fidder A, Mars-Groeneudijk RH, De Jong LPA.  

Verification of exposure to sulfur mustard in two casualties of the Iran-Iraq conflict. J Anal 

Tox, 21:249-251, 1997.
Noort D, Hulst AG, Trap HC, De Jong LPA, Benschop HP. Synthesis and mass spectrometric

identification of the major amino acid adducts formed between sulfur mustard and hemoglobin 

in human blood. Arch Toxocol, 71:171-178, 1997.

Noort D. Mass spectrometric detection of sulfur mustard adducts to DNA and hemoglobin.  

Abstract book "5th European Meeting on Mass Spectrometry in Occupational and 

Environmental Health".  Nijmegan, The Netherlands, 1997.
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Title:
Toxicokinetics of 0-Ethyl S-(2-Diisopropylaminoethyl) Methylphosphonothioate [(+)-VX] in 

Rats, Hairless Guinea Pigs and Marmosets - Identification of Metabolic Pathways

Project #:
DoD-50
Agency:
DoD
Location:
TNO Prins Maruits Lab, Rijswijk, 

Status:
Complete
Research Type:
Mechanistic

P.I. Name:
Hendrick Benschop, Ph.D.
Research Focus:
Chemical Weapons

Study Start Date:
10/15/96

Estimated Completion Date:
2/28/00

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: Develop methodology for and clarify the toxicokinetics of VX

stereoisomers in laboratory animals.

SPECIFIC AIMS: Develop methodology for and clarify the toxicokinetics of VX stereoisomers in 

laboratory animals.

METHODOLOGY: VX enantiomers will be resolved using a detection apparatus to be developed 

early in the study.  The sensitivities of gas chromatographic analysis in combination with mass 

spectrometry will be compared with that for micro-liquid chromatography employed with a chiral 

stationary phase. Thermionic and/or flame photometric detection limit of 10 pg per enantiomer.  

Once selected, the system will be used to identify and quantify +/- VX metabolites generated in 

vitro in blood, and from liver and skin homogenates from animals, and, if possible, human 

tissue.  In vivo toxicokinetics and metabolism will be determined in the blood of anesthetized, 

atropinized, and artificially ventilated hairless guinea pigs.  The initial time frame for blood 

sampling will be up to 60 minutes after intoxication and will be modified as appropriate.

EXPECTED PRODUCTS (MILESTONES): Successful completion of this research would enhance 

the understanding of VX toxicokinetics and metabolic elimination. This information is important 

because of uncertainties in current pretreatment strategies stemming from differences between 

VX and its G agent counterparts.  Among military chemical agents, VX is the most specific for 

acetylcholinesterase and is the most toxic.  It is also persistent in the field and offers the 

greatest hazard to military personnel following direct exposure or indirect exposure from the 

handling of contaminated individuals or materials. It is anticipated that the toxicokinetics of VX 

will differ from its G agent counterparts. 

STATUS/RESULTS TO DATE: Methodology using Gaschromatography with Nitrogen Phosphorous

 Detection (GC-NPD) has been developed to determine the concentration of (±)-VX in biological 

samples at levels > 20 pg/ml blood. The ratio of the two enantiomers of (±)-VX could be 

determined by separating the two enantiomers with chiral HPLC followed by on-line 

electrochemical detection or utilizing off-line detection with GC-NPD. Toxicokinetic studies in 

hairless guinea pigs after intravenous administration of (±)-VX at a dose corresponding with 2 

LD50 (56 µg/kg) showed (±)-VX levels in blood that are one order of magnitude higher than those 

of soman at comparable dose, indicating the in vivo persistence of (±)-VX. The ratio of the 

enantiomers of (±)-VX could be determined up to 64 min after administration. As contrasted with 

soman, hardly any stereospecificity was observed in the sequestration of the two enantiomers. 

Toxicokinetics of (±)-VX after intravenous administration in marmosets were also studied. Blood 

of marmosets hardly contains any carboxylesterase (CaE), while it is present in blood of hairless

 guinea pigs. CaE offers a scavenging effect against organophosphates. However, the binding 

of (±)-VX to CaE is rather slow and this phenomenon could diminish the scavenging effect of 

(±)-VX caused by CaE. (±)-VX levels in blood of marmosets were found to be three times higher 

than those found in hairless guinea pigs administered with the same dose (i.e. 28 µg/kg), at six 

hours after intoxication.  Therefore, (±)-VX is also rather persistent in primates.

Because of the low volatility of (±)-VX, penetration through the skin is considered to be a more 

important route than inhalation. Toxicokinetics of (±)-VX after percutaneous exposure of hairless 

guinea pigs were studied. Intact (±)-VX in blood was detected after a lag time of one hour. (±)-VX 

levels in blood increased gradually and reached a maximum of 150 pg/ml at 5 hours after 

exposure. Correlation between (±)-VX concentration in blood and inhibition of blood 

acetylcholinesterase was confirmed.   Subsequently, O-Ethylmethylphosphonic acid (EMPA) was

found as a metabolite of (±)-VX and could be determined in almost all blood samples taken 
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during the toxicokinetic experiments. The concentration of EMPA in a blood sample, taken six 
hours after administration, was found to be at least one order of magnitude higher than the 

actual (±)-VX concentration in that particular blood sample.  For metabolic studies, 35S-(±)-VX and 



[14CH3-P]-(±)-VX have been synthesized and were used for in vitro experiments, i.e. labeled 

(±)-VX was incubated in liver homogenate from humans, marmosets and guinea pigs. No 

metabolites containing both CH3 and sulphur were found. According to the [14CH3-P]-(±)-VX 

trace, EMPA was the only metabolite found. The leaving group containing sulfur transformed 

into a variety of metabolites and was found to bind to proteins.

Most Recent Publications:

Benschop HP, et. al. Quantitative and chiral analysis of the enantiomers of the nerve agent 

VX in biological samples with normal phase HPLC and electrochemical detection and gas 

chromatography with NP detection. (in preparation)
van der Schans MJ, Langenberg JP, Benschop HP.  Intravenous toxicokinetics and 

metabolism of (±)-VX in the atropinized hairless guinea pig, Proceedings of NATO TG004 

Meeting, March 22-26, 1999 Brussels, Belgium.

Persian Gulf Veterans' Illnesses Research 
-
Project 
DoD-51

Title:
Transgenic Engineering of Cholinesterases: Tools for Exploring Cholinergic Responses

Project #:
DoD-51
Agency:
DoD
Location:
Hebrew Univ. of Jerusalem, Israel

Status:
Complete
Research Type:
Mechanistic

P.I. Name:
Hermona Soreq, Ph.D.
Research Focus:
Chemical Weapons

Study Start Date:
10/1/96

Estimated Completion Date:
2/28/00

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: To assess the potential of transgenic cholinesterases to 

protect organisms against anticholinesterase neurotoxicity.

SPECIFIC AIMS: Our previous work has demonstrated that overexpression of a specific 

alternative variant of the acetylcholine-hydrolyzing enzyme acetylcholinesterase (AChE) in brain 

protects transgenic mice against the acute toxicity of organophosphate (OP) poisons.  However, 

we also observed that chronic overexpression of AChE in the central nervous system (CNS) 

may promote delayed impairments in cognitive and neuromotor function.  Our objectives, 

therefore, are to determine the specific cholinesterase isoforms and mode(s) of expression 

conferring the greatest level of protection against OP poisoning with the least side effects.  To 

this end, we aim to develop animal models for testing the protective value and potential 

side-effects of transgenic overexpression of various human cholinesterases.  In addition, we 

shall search for genetic factors conferring variability in the susceptibility of individuals to OP 

intoxication.

METHODOLOGY: To study the protective effects of overexpressed AChE on the nervous 

system, we established transgenic mice carrying two copies of the human gene encoding the 

synaptic form of AChE.  These mice display elevated levels of AChE in central cholinergic 

neurons normally expressing this enzyme and reduced sensitivity to cholinergic intoxication.  

However, despite apparently normal embryonic and early post-natal development, 

ACHE-transgenic mice exhibit delayed-onset, progressive impairments in central cognitive 

functions such as learning and memory, and in neuromotor function.  To determine the protective

value of alternative AChE isoforms with different subcellular and tissue-specific patterns of 

expression, and to dissect the mechanism(s) through which excess AChE mediates late onset 

neuropathologies, we are establishing additional lines of transgenic mice expressing soluble or 

inactive forms of the human protein. Massive overexpressions was observed in muscle and 

milk, but very limited excess in brain. However, clear neuropathology could be detected in the 

somatosensory cortex of mice expressing either inactive or active transgenic synaptic AChE, but

 much less so with the soluble enzyme.  This demonstrates that the long term effects of 

overexpression are not solely dependent on the catalytic activity of the enzyme, but depend on 

specific alternative C-terminal peptide domains which exert more active roles in mediating 

neurodegenerative processes. To investigate possible genetic polymorphisms affecting 

sensitivity to anticholinesterases we are studying upstream regulatory sequences in the human 

ACHE gene promoter .

EXPECTED PRODUCTS (MILESTONES): This project is designed to select the AChE variant(s) 

with the greatest potential to protect an organism from the acute toxicity of OP poisons, while 

elucidating the mechanisms of delayed neuropathologies induced by chronic overexpression of 

AchE in the CNS.  These studies will therefore allow us to develop strategies for the safe use of 

transgenic cholinesterases as part of our chemical defense arsenal. 

STATUS/RESULTS TO DATE: We have constructed and expressed a variety of catalytically 

active and inactive variants of AChE in Xenopus oocytes and embryos, identified neurite 

growth-promoting activities of these variants and shown this activity to be independent of 

acetylcholine hydrolysis. These constructs were then used to establish new lines of transgenic 

mice which express the transgenes.  DNA encoding an antisense RNA targeted against rodent 

AChE was used to prove functional redundancy in neuritogenesis between AChE and the 
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AChE-homologous protein neuroligin.  In normal mice, we found that both acute psychological


stress and Ops induce AChE overproduction, conferring delayed protection from AChE inhibitors.
Next, the protective activity of the different transgenes to OP poisons will be tested, together with 

the long-term performance of these mice in tests of cognition and neuromotor function.  

DNA samples are also being collected from human subjects presenting hypersensitivity to


acetylcholinesterases used in medical or agricultural settings and searching for possible allelic 
variations in either the AChE or BCHE gene which might be correlated with adverse reactions to

these compounds.  To date, we identified a single point mutation in the human BCHE gene coding 

sequence and a rare polymorphism in the human ACHE gene upstream promoter region that may 

confer hypersensitivity to a variety of cholinesterase inhibitors.  

Most Recent Publications:

Grifman M, Gralyam N, Seidman S, Soreq H.  Functional redundancy of acetylcholinesterase

and neuroligin in mamalian neuritogenesis. Proc Natl Acad Sci, 95:13935-13940, 1998.

Kaufer D, Friedman A, Scidman S, Soreq H.  Acute stress facilitates long-lasting changes in 

cholinergic gene expression.  Nature, 393:373-377, 1998.

Sternfeld M, Ming G, Song H, Sela K, Timberg R, Poo M, Soreq H.  Acetylcholinesterase 

enhances neurito growth and synapse development through alternative contributions of its 

hydrolytic capacity, core protein, and variable C termini.  J Neurosci, 18:1240-1249, 1998.


Sternfeld M, Patrick JD, Soreq H.  Position effect variegations and brain-specific silencing in 


transgenic mice overexpressing human acetylcholinesterase variants.  J Physiol (Paris), 


92:249-256, 1998.


Grisaru D, Lev-Lehman E, Shapira M, Chikin E, Lessing LB, Eldor A, Eckstein F, Soreq H.  

Human osteogenesis involves differentiation-dependent increases in the morphogenically 

active 3 alternative splicing variant of acetylcholinesterase.  Molec Cell Biol Vol 19:1, 1999.

Kaufer D, Friedman A, Seidman S, Soreq H.  Anticholinesterase induce multigenic 

transcriptional feedback response suppressing cholinergic neurotransmission. Chem Biol 

Interact, May, 119-120:349-60, 1999.

Andres C, Beeri G, Friedman A, Lev-Lehman E, Henis S, Timberg R, Shani M, Soreq H.   

Acetylcholinesterase-transgenic mice display embryonic modulations in spinal chord choline 

acetyltransferase and neurexin 1b gene expression followed by late onset neuromotor 

deterioration.  Proc Natl Acad Sci,  94:8173-8178, 1997.

Andres C, Seidman S, Beeri R, Timberg R, Soreq H.  Transgenic acetylcholinesterase 

induces enlargement of murine neuromuscular junctions but leaves spinal cord synapses 

unchanged.  Neurochem Int,  32:449-456, 1998.

Beeri R, Le Novere Mervis R, Huberman T, Grauer E, Changeux JP, Soreq H. Enhanced 

hemicholinium binding and attenuated dendrite branching in cognitively impaired 

acetylcholinesterase-transgenic mice.  J Neurochem,  69:2441-2451, 1997.
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Title:
Female Gender and Other Potential Predictors of Functional Health Status Among Persian

 Gulf War Veterans

Project #:
DoD-52
Agency:
DoD
Location:
VAMC Boston

Status:
Complete
Research Type:
Epidemiology Research

P.I. Name:
Susan P. Proctor, DSc
Research Focus:
Brain & Nervous System

Study Start Date:
9/11/95

Estimated Completion Date:
7/1/99

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: The primary objective of this study was to identify and 

describe the effects of potential predictors on the functional health status and health perceptions

of male and female veterans approximately four years after their deployment to the Persian 

Gulf; and to examine if and how identified risk factors differed between female and male 

veterans. A secondary objective of the proposed project was to ascertain the prevalence of 

multiple chemical sensitivity (MCS)-like symptoms reported among this population, and to 

explore risk factors for the development of this syndrome. 

SPECIFIC AIMS: The more specific goal of this study was to use the obtained data to 

significantly advance DoD screening and intervention efforts aimed at enhancing positive 

military and post-deployment adaptation among soldiers, especially women. With women’s 

rapidly increasing representation in the U.S. Armed Forces, there is a pressing need to 

investigate these relationships, and to understand factors that might be distinctively associated 

with women’s well-being, both during and following war-time deployment. 

METHODOLOGY: By using cross-sectional and longitudinal data from an existing, carefully 

followed military cohort and by expanding predefined measures of health symptoms, and health 

perceptions, this investigation conducted analyses that focused directly on: (a) defining the set 

of reported environmental and psychosocial combat-theater exposures and physical health 

variables associated with female and male soldiers recent deployment; and, (b) describing the 

relationship of these variables to functional status and self-reported physical health. A primary 

emphasis was on investigating the role or impact of gender, specifically, whether female gender 

is a significant factor in predicting either functional health status or health perceptions. Data 

analyses proceeded through a series of three major stages. The initial stage involved generation 

of descriptive analyses for all variables of interest and permitted comparison of responses 

between women and men. The second stage involved the determination of bivariate odds ratios 

of gender, PTSD diagnostic status, and environmental exposure on functional health status. The 

third stage involved multivariate regression procedures to examine the effects of gender, PTSD 

and reported environmental exposure on functional status and on self-reported health. 

In addition, an exploratory analysis was conducted of the comprehensive symptom review 

results with respect to the diagnosis of Multiple Chemical Sensitivity. One of the first steps in 

ascertaining the prevalence of MCS-like symptoms among our study population was developing 

a survey instrument that could be used to identify subjects with MCS-like symptoms. Up to that 

point, there had been only one survey instrument validated to assess MCS symptoms. We 

completed testing the validity of a shortened version of this existing questionnaire on patients 

referred to the Massachusetts Respiratory Hospital, and controls recruited by participating 

patients. This shortened questionnaire was incorporated into the study survey. 

EXPECTED PRODUCTS (MILESTONES): Development of a shorter questionnaire than the one 

previously used to identify MCS, scientific publications on Persian Gulf War illnesses (including 

the impact of stress and trauma on outcome), annual reports, gender models of health 

outcomes. 

STATUS/RESULTS TO DATE: A manuscript reporting the development of a short MCS 

questionnaire was published (Hu  et al., 1999). After 3 mailings of the Time 4 questionnaire, 

approximately 50% of the original Devens cohort of 2949 PGW veterans returned completed 

surveys. Additional phone surveys were conducted to targeted non-responders to assess the 

extent to which they differed from responders. Appropriate weighting procedures were applied to 
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1998.  A final report containing descriptive statistics and results to date was submitted to DoD in
September 1998, with a follow-up final report in the Spring of 1999. A summary presentation of this 

project was made at the Conference on Federally Sponsored Gulf War Veterans’ Illnesses
Research in June 1999.
*Further analysis and manuscript preparations are on-going at this time.


Most Recent Publications:

Wolfe J, Erickson DJ, Proctor SP, Hu H. Risk factors for the development of multisymptom

illness in U.S. veterans of the Gulf War: the Ft. Devens cohort study. Manuscript submitted

for publication, 1999.

Erickson DJ, Huang MT, Wolfe J. Explaining higher PTSD symptomatology among 

Reservists: Test of a mediation model. Manuscript submitted for publication, 1999.

Erickson DJ, Wolfe J, King DW, Kin LA, Sharkansky EJ. Posttraumatic stress disorder and 

depression symptomatology in a sample of Gulf War veterans: A prospective analysis. 

Journal of Abnormal Psychology, (in press).



King DW, King LA, Erickson DJ, Huang MT, Sharkansky EJ, Wolfe J. Posttraumatic stress 


disorder and retrospectively reported stressor exposure: A longitudinal prediction model. 

Journal of Abnormal Psychology, (in press).

Proctor SP, Herren T, White RF, Wolfe J, Borgos, MS, Davis JD, Pepper L, Clapp R, Sutker 

PB, Vasterling JJ, Ozonoff D. (1998). Health status of Persian Gulf War veterans: Self 

-reported symptoms, environmental exposures, and the effect of stress. International 

Journal of Epidemiology, 27, 1000-1010, 1998.

Wagner AW, Wolfe J, Rotnitsky A, Proctor SP, Erickson DJ. An investigation of the impact 

of post-traumatic stress disorder on physical health.  Journal of Traumatic Stress 13(1): 41-55,2000
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Title:
Long-Term Effects of Subclinical Exposures to Sarin

Project #:
DoD-53
Agency:
DoD
Location:
Albuquerque, NM

Status:
Complete
Research Type:
Mechanistic

P.I. Name:
Rogene Henderson, Ph.D.
Research Focus:
Chemical Weapons

Study Start Date:
10/1/97

Estimated Completion Date:
9/30/00

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: The overall project objective is to determine the toxiokinetics 

of inhaled sarin on F344 rats and to determine if single or repeated (5X and 10X) exposures to low

levels of sarin results with and without heat stress results in changes in the quantity of 

cholinergic synaptic markers and stress cytokines in the brain.  

SPECIFIC AIMS: 1.  Determine the dosimetry of inhaled tritiated-sarin. 2. Determine the effect 

of subclinical exposures to sarin with and without heat stress on cholinergic synaptic markers and

stress cytokine levels in the brain. 

METHODOLOGY: Specific Aim I will be accomplished in 3 steps: Step 1: Expose rats by 

inhalation to two levels of tritiated sarin; Step 2. Analyze brain slices and critical areas of the 

brain for tritium at three time points after exposure; Step 3. Determine clearance time for sarin 

and its metabolites. 

Specific Aim II will be accomplished in 2 steps: Step 1. Expose rats to a high and a low dose of 

sarin; Step 2. Determine muscarinic and nicotinic receptor densities as well as acetylcholine 

esterase and choline acetyl transferase activities and stress cytokine levels in the brains of 

exposed rats at one (1) day and one (1) month after exposure. Results will illustrate the degree 

of persistence of the effects. 

EXPECTED PRODUCTS (MILESTONES): We are completing specific Aim 2 before Specific Aim 

1.  We expect to be completed with exposures of animals by April 2000.  We will begin work on 

Specific Aim 1 in January 2000 and complete those studies by the end of the study.

STATUS/RESULTS TO DATE: The lab has met all safety and security requirements.  

Exposures of rats to 2 levels of sarin for five days, with and without heat stress, have been 
completed.  Some evidence of a suppression of the immune system was observed.  The single and

10-day repeated exposures are planned for January and March respectively.

Most Recent Publications:

Hobbs CH, Henderson RF, Kluger MJ, Barr EB.  Effect of Exposure to Low Levels of Sarin 

During Heat Stress on Brain Cytokines.  Abstract presented at the Conference on Federally 

Sponsored Gulf War Veterans’ Illnesses Research.  Pentagon City, 1999.
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Title:
Assessment of Subchronic Neurobehavioral and Neuropathologic Effects in Rats 

Following Low-Level Sarin Exposure

Project #:
DoD-54
Agency:
DoD
Location:
Battelle, Columbus, OH

Status:
Complete
Research Type:
Mechanistic

P.I. Name:
Carl Olson, Ph.D.
Research Focus:
Interactions

Study Start Date:
9/29/97

Estimated Completion Date:
10/30/99

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: The primary objective is to determine if exposure to low 

levels of sarin (GB) create neurobehavioral or neuropathologic effects. Another objective is to 

assess the effect of low-level GB exposure on possible toxic effects produced by other 

chemicals, especially chemicals that have a mechanism of action similar to that of GB. 

SPECIFIC AIMS: The specific aim is to determine if neurobehavioral or neuropathologic effects 

could be detected as a result of short term exposure to low levels of chemicals, or combinations 

of chemicals, to which U.S. servicemen were could have been exposed in the Persian Gulf area. 

A total of 9 groups of rats, with 24 rats per group were evaluated in stages (vehicle control 

[saline]; GB; pyridostigmine bromide [PB]/N,N-diethyl-m-toluamide [DEET]; chlorpyrifos [CPF]; 

Positive control [carbaryl]; GB+PB/DEET; GB+CPF; CPF+PB/DEET, and GB+CPF+PB/DEET).

METHODOLOGY: The study was designed to evaluate neurobehavioral and neuropathology that 

may result  from exposure to GB alone and from exposure to GB and combinations of 

chemicals.  Pilot studies were conducted to establish doses of chemicals, given over a 4 day 

period , that may produce a measurable effect (e.g. blood cholinesterase inhibition) but does not 

produce clinical signs of intoxication. The test system was a mature, outbred strain of rat that 

has been shown to exhibit neuropathology following exposure to organophosphorus compounds 

known to cause delayed neuropathy.  Animals were expose to chemical, or combinations, over a 

4 day period and monitored for up to 30 days. Neurobehavioral assessments (Functional 

Observational Battery [FOB] and evaluation of motor activity) were performed prior to and three 

times following exposures.  A control compound, carbaryl, was used to produce abnormal 

behavior.   Results were analyzed to determine if any differences were statistically significant.  

At the time of sacrifice 30 days after the start of exposures, tissue specimens from the central 

and peripheral nervous system were taken for neuropathologic evaluation.

EXPECTED PRODUCTS (MILESTONES): The milestones were completion of the pilot studies, 

completion of the subchronic study neurobehavioral evaluations, completion of the 

neuropathology evaluations, completion of statistical analyses of the data, and completion of the

Final Report. 

STATUS/RESULTS TO DATE: In pilot studies, doses of compounds for use in subchronic testing 

were determined.  The dose of PB selected (50 µg/kg im sid) was to produce 20 to 30 percent 

blood cholinesterase inhibition (ChE-I) approximately 1 hr following the last of four daily 

injections, a time when ChE activity should be at or near its nadir.  CPF (0.15 mg/kg topically 

bid) and GB (0.75 µg/kg sc sid) doses were selected to produce 5 to 10 percent ChE-I at 

approximately 1 hr following the last dosing.  DEET (15 µL topically bid) was given in conjunction 

with PB, and when given to rats that also received CPF, the DEET and CPF were applied to skin 

clipped of hair on the same area of the back.  ChE-I data demonstrated little if any PB-induced 

inhibition remained at 24 hr following the fourth and final daily injection.  Neither PB nor DEET 

appeared to have an effect on CPF- or GB-induced ChE-I, even when CPF and DEET were given

 together.  Mean blood ChE-I produced after four days of dosing CPF or GB was 5 to 10 percent 

at approximately 16 to 24 hr, respectively, following the last dose.  By 30 days after the start of

dosing, blood ChE activity levels in all groups were back to normal.  No statistically significant 

differences in ChE-I levels were seen among the treatment groups.  CPF- and GB-treated rats 

did have ChE activity levels on the day following the fourth and final day of dosing that were 

significantly different from their baseline values.  Since bleeding was accomplished prior to 

performing the FOB and activity testing, animals treated with carbaryl (30 mg/kg ig) and used as 

controls in the neurobehavioral assessments were bled prior to being treated and therefore, like 
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the saline treated controls (30 µL/kg sc sid), showed no changes in ChE activity.  Studies in 

which rats were dosed over a four day period and effects evaluated over 30 days were 
performed using realistically low doses of test compounds.  No Clinical signs of intoxication 

were observed in animals other than those treated with carbaryl 30 min before FOB testing. 

Carbaryl-treated rats appeared depressed and reluctant to move.  Although some statistically 

significant differences in neurobehavior testing were observed among treatment groups, the only 

consistent difference was between saline-treated and carbaryl-treated rats.  Likewise, there was 

no nervous tissue pathology that could be attributed to treatment with a test compound or a 

combination of test compounds.

The hypotheses proposed for this experiment were: 1) low-level GB exposures do not produce

 neurobehavioral or neuropathologic effects in the Sprague-Dawley rat; and 2) neurobehavioral 

and neuropathologic effects observed in Sprague-Dawley rats treated with PB/DEET and/or 
and exposed to low levels of GB are no greater than those observed in animals treated with PB/DEET

and/or CPF.   With the compounds, doses, and exposures tested, and the animal 

pecies/strain and the methods used to evaluate effects, these hypotheses were not disproved. 

There may be other indicators, such as molecular biomarkers, that could detect long-lasting, 

subtle effects.  Since the Sprague-Dawley is an outbred strain of rat, it is also possible that there

were effects in some animals that were not found to be significant after averaging the scores 

for all the animals in a treatment group.  A Final Report was prepared and submitted to the U.S. 

Army in August 1999.
 


Most Recent Publications:


Olson C, et.al. Neuromuscular Effects of Low Level Exposures to Sarin, Pyridostigmine, 


DEET, and Chlorpyrifos (presentation on research to be accomplished under contracts 


DAMD197-C-7065 and DAMD197-C-7067), the United States Army Medical Research and 


Materiel Command’s Bioscience Review, May 31- June 4, 1998.


Olson C, et.al. Neuromuscular Effects of Low Level Exposures to Sarin, Pyridostigmine,


DEET, and Chlorpyrifos.  Drug and Chemical Toxicology, 21(SUPPL. 1), 149-169 (1998).
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Title:
Low-Level Exposure to GB Vapor in Air: Diagnosis/Dosimetry, Lowest Observable Effect 

Levels, Performance-Incapacitation, and Possible Delayed Effects

Project #:
DoD-55
Agency:
DoD
Location:
Prinz Maurits Lab, Netherlands

Status:
Complete
Research Type:
Mechanistic

P.I. Name:
Herman vanHelden, Ph.D.
Research Focus:
Interactions

Study Start Date:
7/1/97

Estimated Completion Date:
10/29/00

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: To investigate the relationship between C.t-values, internal 

dose and adverse effects on performance in guinea pigs and marmoset monkeys which will be 

exposed to low levels of sarin (GB).

SPECIFIC AIMS: (1) At which C.t-value (t £ 5 h) of GB exposure does an internal dose of GB 

become measurable, i.e., what is the lowest observable effect level of exposure (LOEL)?; (2) At 

which C.t-value (t £ 5 h) of GB exposure and internal dose do these (systemic) effects of 

exposure start to have adverse effects on the performance of military personnel (LOAEL)?; (3) 

What are the consequences of continuous carbamate pretreatment during  low level exposure to 

GB, i.e., will unexpected adverse effects on performance emerge through this combination of 

two cholinesterase inhibitors?; (4) What is the time course of adverse effects on performance 

following GB exposure and are there delayed effects? 

METHODOLOGY: A number of central nervous system effects and miosis will be measured as 

sensitive and relevant parameters of incapacitation.  

EXPECTED PRODUCTS: In this study we expect to get answers to the above-mentioned 

practically relevant questions.

STATUS/RESULTS TO DATE: This year we encountered unexpected technical problems in 

assessing the Lowest Observable Effect Level (LOEL) for whole-body exposure of guinea pigs to

GB vapor in air (T.o.4). These technical problems, which were solved in the end, were mainly 

related to the generation and analysis of the very low concentrations of GB vapor in air 

necessary to determine the LOEL. From the results it was concluded:  1)  It is technically 

possible to generate and analyze GB vapor concentrations in air in the range of 0.05 – 0.5 µg/m³ 

(8-80 ppt).  2) During exposure of saline pretreated guinea pigs to a GB vapor concentration in 

the range of 0.05 – 0.5 µg/m³, the internal dose, i.e. the fluoride-regenerated GB concentration 

could be detected in 0.5 ml blood samples, after an averaged exposure time of 84 ± 17 min.  3) 

The averaged LOEL for saline pretreated guinea pigs was calculated to be 10.4 ± 2.0 µg.min/m³ 

(averaged exposure time: 84 min).  4) During exposure of pyridostigmine pretreated guinea pigs 

to a GB vapor concentration in the range of 0.05 – 0.5 µg/m³, the internal dose could be detected

after an averaged exposure time of 110 ± 16 min which is not significantly higher than that for 

saline pretreated animals.  5) The averaged LOEL for pyridostigmine pretreated guinea pigs was 

calculated to be 14.1 ± 2.6 µg.min/m³, which is not significantly higher than that for saline 

pretreated animals.  6) The presently attainable range of GB vapor concentrations in air is still too

high for assessing a LOEL level at the end of a 5 h exposure.  7) The exposure limit for 

occupational exposure to GB (0.1 µg/m³) recommended by US Army and CDC may be too high 

since our present data demonstrate that  exposure of guinea pigs to 0.05 – 0.1 µg/m³ resulted in 

detectable fluoride-regenerated GB concentrations in 0.5 ml blood samples. The use of larger 

blood samples will even lower the detection limit (below 0.05 µg/m³ ).  8) The present data 

showing no miosis in guinea pigs at the end of a 5 h exposure period to 0.05 – 0.6 µg/m3, are in 

line with the cumulative dose of 0.5 µg.min/m³ (C = 0.16 µg/m³ ; t = 300 min) expected by US 

Army and CDC at which fewer than 1% of the population would show miosis.

Most Recent Publications:

None to date
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Title:
Low-Level Sarin Neurotoxicity and Its Modulation by Pyridostigmine

Project #:
DoD-56
Agency:
DoD
Location:
Univ. of California, Davis

Status:
Ongoing
Research Type:
Mechanistic

P.I. Name:
Barry Wilson, Ph.D.
Research Focus:
Interactions

Study Start Date:
10/1/97

Estimated Completion Date:
1/28/01

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: To conduct animal studies designed to assess the possible 

long-term or delayed clinical effects of low-level or subclinical exposures to chemical warfare 

agents.  The nerve agent sarin (GB) will be assessed for its ability to induce peripheral 

neuropathy and myopathy in the presence and absence of co-exposure to pyridostigmine 

bromide (PB).  Sensitive morphological methods will be used to examine the delayed effects of 

low-level and sub-clinical exposures to sarin on the structure of the hen and mouse brain, spinal 

cord, peripheral neuromuscular and peripheral sensory system.  

SPECIFIC AIMS: SPECIFIC AIMS: Task one: Baseline Data 1) Determine baseline levels (in the 

hen and mouse) of acetylcholinesterase (AChE), butyrylcholinesterase (BChE), and Neuropathy 

Target Esterase (NTE) in brain, RBC and plasma (the avian erythrocyte lacks AChE activity). 

Establish the kinetics of inhibition of blood AChE/BChE to the test agents  in vitro. Determine a 

high, non-lethal dosage.  Determine the differential agent sensitivity of hens and mice, and the 

induction of axonal degeneration in the spinal cord and peripheral nerves of DFP-treated mice. 2) 

Determine whether a single large dose of sarin (versus DFP and parathion) induces 

neurobehavioral signs of AChE-induced myopathy (e.g. proximal limb weakness and 

histopathology) and subsequent signs of OPIDN (distal weakness), and to correlate these 

findings with biochemical and morphological indices of nerve-fiber damage. Task two: Multiple 

Exposures - Assess the effects of multiple sarin exposures using a strategy of stepping down 

the dosages of sarin progressively until no effects are detected upon morphological assay of 

spinal cord, peripheral nerve and muscle of hens, and these tissues plus brain regions and 

sensory and motor terminals in mice. Task three: Pyridostigmine Bromide (PB) - Establish the 

highest no-effect dosage (HNED) of multiple doses of PB for use in Task Four. Experiments 

outlined in Task One and Task Two will be repeated, except that PB will be substituted for sarin. A

single large dose of PB, and multiple smaller doses of PB, are expected to induce sub-junctional 

myopathy in vulnerable muscles. Absence of myopathic changes in animals treated with multiple

doses of PB will provide the end-point for determination of the highest no-effect dosage of PB. 

Task four: Combined Effects of Sarin and PB - The final task is to determine whether the HNED 

of PB administered some days before, or shortly after sarin administration, causes the HNED of

sarin to induce changes in biochemical or morphological parameters not present or greater than 

those found in animals treated with the same dose of sarin alone. 

METHODOLOGY: The delayed effects of exposure to sub-lethal doses of sarin may include 

changes in: (1) brain; (2) muscle and spontaneous activity; (3) peripheral nerves/spinal cord and 

spontaneous activity. Compounds know to induce specific toxicities will be used as positive 

controls for #2 (parathion) and #1 and #3 (DFP). White Leghorn laying hens and male Swiss 

albino mice will be used as the test systems.  Biochemical determinations will be made using 

standard accepted methods. Cytochemical examination of muscle fibers will be carried out on 

frozen sections with routine histological techniques. Morphological and morphometric analyses will

 be made on tissue sample from perfused animals.

EXPECTED PRODUCTS (MILESTONES): Task One (years 1,2) will consist of "scoping' trials to 

establish appropriate dose/response ranges for sarin, DFP and paraoxon. Task Two (year 1,2) will

determine thresholds and relative dose-effect levels for biochemical and morphological 

end-points. Tasks Three and Four (year 3) will examine whether pyridostigmine bromide (PB) 

induces responses to sub-threshold doses of sarin or DFP when the carbamate is given days 

before administration of the organophosphate (OP). The results will indicate how much and how 

often exposure to sarin is needed to produce sub-clinical (i.e. structural and functional) neurotoxic
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effects, which regions of the nervous system are most sensitive to sarin, and whether PB is 
able to modulate (increase/decrease) the neurotoxic potency of sarin. 
STATUS/RESULTS TO DATE: Lethal dose levels of DFP and paraoxon were observed in mice,

allowing dose limits to be set.  IC50 values were determined for in vitro inhibition of AChE and 
 
NTE by sarin. IC50 values were determined for in vitro inhibition of AChE and NTE by 
pyridostigmine.  In vitro tests show no interaction by sarin and pyridostigmine in the inhibition of 

AChE and NTE.  Multiple dose levels were determined for sarin and DFP that inhibit > 80% of NTE, 

considered the threshold to cause the onset of OPIDN.  There was no observable interaction in vitro,

between sarin and pyridostigmine, which affected the inhibition of AChE or NTE.  This suggests that 

any potential effects of the combination we may find, would arise from interactions at the metabolic, 

cellular or higher levels.  The high level of NTE inhibition in sarin treated birds without overt pathological

signs of OPIDN suggest we are at or near the No Effect Level for studies of sarin and pyridostigmine in 

combination.


Most Recent Publications:

Wilson BW, Henderson JD, Spencer PS. Clinical Effects of Low-level Exposures to Chemical


Warfare Agents in Mice and Chickens. Drug and Chemical Toxicology 21 Suppl 1:183-90, 1998.
Low level sarin neurotoxicity and its modulation by pyridostigmine. Presentation at the USAMRMC 

1998 Medical Defense Bioscience Review Program. Research for the Warfighter, May 31 –

June 4, 1998.
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Title:
Physiologic Effects of Stress in Gulf War Veterans

Project #:
DoD-57
Agency:
DoD
Location:
Georgetown Univ., Wash DC

Status:
Complete
Research Type:
Clinical Research

P.I. Name:
Daniel Clauw, M.D.
Research Focus:
Symptoms/General Health

Study Start Date:
9/30/97

Estimated Completion Date:
10/29/00

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: To address the association between Persian Gulf War Illness

(PGWI) and biological stress responses among women who served in the Persian Gulf War 

(PGW), to determine if individuals with PGWI have responses similar to that of individuals with 

fibromyalgia and Chronic Fatigue Syndrome, specifically targeting the causal relationship 

between PGWI and stress. 

SPECIFIC AIMS: 1.  To perform clinical and psychological evaluation on a sampling of 

symptomatic and asymptomatic individuals deployed to the PGW;  2. To determine if PGWI 

patients show evidence of a low central corticotropin releasing hormone (CRH) state by 

administering IL-6 and evaluating ACTH response;  3.  To demonstrate that PGWI patients show 

evidence of impaired activation of the adrenomedullary and sympathoneural components of the 

sympathetic nervous system evidenced by biological responses to dolorimeter testing, tilt table 

testing and computer testing;  4. To demonstrate that PGWI patients have evidence of a 

decreased peripheral responsiveness to catecholamines as seen in biological responses to tilt 

table testing;  5.  To show that significant abnormalities to these components of the stress 

response can be noted in most PGWI patients and that the nature of the abnormality can predict 

the predominant clinical symptoms.

METHODOLOGY: The first year of research involved finalizing project plans, developing a 

sampling frame, and recruiting and evaluating participants. Patient recruitment will continue into 

the third year to include 120 symptomatic and asymptomatic subjects. Correlation will be made 

between self-reported medical information and, clinical and physiologic data. Data from this 

study will be linked to the Persian Gulf Women's Health Linkage Study for further analysis.  

EXPECTED PRODUCTS (MILESTONES): To gain a better understanding of the pathophysiology 

of PGWI in order to improve recommendations for treatment of patients.
STATUS/RESULTS TO DATE: The final stages of project planning are currently underway and the 

early stages of patient recruitment have begun.

Most Recent Publications:

None to date
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Title:
Illness Among Persian Gulf War Veterans: Case Validation Studies

Project #:
DoD-58
Agency:
DoD
Location:
Univ. of Iowa

Status:
Ongoing
Research Type:
Clinical Research

P.I. Name:
Bradley Doebbeling, M.D., M.Sc.
Research Focus:
Symptoms/General Health

Study Start Date:
9/25/97

Estimated Completion Date:
9/24/01

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: To compare the true rate of confirmed illness among 

samples of veterans deployed to the Gulf with and without these predefined conditions, versus 

true rate of confirmed disease among samples of veterans not deployed, with and without 

self-reported symptoms of these conditions.

SPECIFIC AIMS: The purpose of the current project is to compare the rates of true positive 

reports of illness among both deployed and non-deployed veterans. Because of the magnitude of

the difference in prevalence between these groups, we feel it is important to explore and 

characterize their medical problems, including symptoms of cognitive deficits, depression, and 

fibromyalgia. These studies will be performed by comparing the true rate of confirmed illness 

among samples of veterans deployed to the Gulf with and without self-reported symptoms of 

these conditions versus the true rate of confirmed illness among samples of veterans not 

deployed with and without these self-reported conditions. Furthermore we plan to also compare 

risk factors including medical and family history, psychological factors (such as major lifetime 

events, personality traits, and social support), and occupational and environmental exposures for

 validated illness in a series of nested case-control studies for each illness outcome. 

METHODOLOGY: A sample of veterans deployed to the Gulf and of non-deployed veterans who

met pre-defined criteria for one of the three outcomes of interest and geographically clustered in

the midwest are being invited to participate in the follow-up studies. Additionally, a sample of 

subjects who did not meet criteria for any of the three conditions selected from among those 

participating in the telephone survey and deployed and not deployed to the Gulf will serve as 

controls. Selected subjects are being invited to participate in detailed personal interviews, 

physical examinations, risk factor assessment, structured neuropsychological, 

neurophysiological, psychiatric, and other laboratory testing. STUDY 1 is comprised of various 

tests for cognitive dysfunction. STUDY 2 is comprised of specific testing and assessment for 

depression. STUDY 3 is comprised of examining general health status for fibromyalgia. 

EXPECTED PRODUCTS (MILESTONES): In this study, we plan to determine if the rate of true 

positives of the deployed Iowa Persian Gulf Veterans meeting a priori telephone survey criteria 

for symptoms of either cognitive dysfunction (CD), depression or fibromyalgia are the same as 

the rate of  true positives of the nondeployed PGW veterans meeting the same criteria. 

Furthermore, we plan to perform nested case-control studies of risk factors for illness among 

confirmed cases of illness. 


STATUS/RESULTS TO DATE: September 25, 1999 marked the end 

of Year 2 of the grant. Further development of the study design, instrument selection and 

development, and project staffing have been completed. Through September 1999, 155 subjects 

have been assessed, with a participation rate of 75%.  Recruitment, assessment, and data 

collection, entry, and validation efforts are ongoing.  If recruitment continues as successfully as

experienced to date, we expect to finish on time and with a final participation rate of greater than

70%.

Most Recent Publications:

Black DW, Doebbeling BN, Voelker MD, Clarke WR, Woolson RF, Barrett DH, Schwartz DA. 

Quality of life and health service utilization in a population-based sample of military 

personnel reporting multiple chemical sensitivities.  J Occup Environ Med 41(10):928-933, 
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Black DW, Doebbeling BN, Voelker MD, Clarke WR, Woolson RF, Barrett DH, Schwartz DA. 

Multiple Chemical Sensitivity Syndrome: Symptom prevalence and risk factors in Gulf War 


veterans and comparable controls.  Arch Intern Med 160:1169-1175, 2000.

Schwartz DA, Doebbeling BN, Merchant JA, et al. Self-reported illness and health status 

among Gulf War veterans: A population-based study. JAMA, 277:238-45, 1997.

Crispino MR, Goerdt C, Burmeister LF, Doebbeling BN. Evaluation of health-related quality of

life in Persian Gulf War Veterans. J Gen Intern Med, 10(4) (Supplement):41, 1995.

Voelker MD, Torner J, Woolson R, Doebbeling BN.  Symptomatology associated with 

self-perceived health decline among Gulf War veterans and Era controls.  Abstracts of the 

Federal Investigators Annual Meeting on Persian Gulf War Illness, Washington, DC, June 1999.

Simms L J, Watson D.  Exploratory factor analysis of PTSD symptoms in two military 

samples.  Presented at the 107th Annual Convention of the American Psychological 

Association, Boston, MA, August, 1999.

Carney CC, Allen J, Clarke W, Schwartz DA, Woolson R, Barrett D, Doebbeling BN.  Gender 

differences in health status in a population-based sample of military personnel deployed or 

activated, not deployed to the Persian Gulf.  45th Annual Meeting of the Academy of 

Psychosomatic Medicine, Psychosomatics, November, 1998.

Zwerling C, Torner JC, Clarke WR, Voelker MD, Doebbeling BN, Barrett, DH, Merchant JA, 

Woolson RF, Schwartz DA.  Traumatic injury among Gulf War era veterans:  An analysis of 

the Iowa Persian Gulf War study.  31st Annual Meeting of the Society for Epidemiologic 

Research, Chicago, IL, June 24-26, 1998.

Voelker M, Doebbeling BN.  Predictors of mental health service utilization among Persian Gulf

War veterans.  Abstracts of the 1997 International Conference on Health Policy Research: 

Methodologic Issues in Health Services and Outcomes Research.  Boston, MA, December, 

Doebbeling BN, Rohrer JE, Woolson RF, Torner JC, Saag KG, Merchant JA, Bentler S, 

Schwartz DA. Health services utilization among Persian Gulf War and activated non-deployed

veterans. Annual Meeting of the American Public Health Association, Indianapolis, 

IN,November 11, 1997 

Doebbeling BN, Woolson RF, Torner JC, Merchant JA, Barrett D, Polzer JP, Schwartz DA.  
Self-reported illness following service in the Persian Gulf: Multiple medical conditions.  Annual 

Meeting of the American Public Health Association, Indianapolis, IN, p.5, November 10, 1997.
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Title:
Pyridostigmine-induced Neurodegeneration: Role of Neuronal Apoptosis

Project #:
DoD-59
Agency:
DoD
Location:
Purdue Res Foundation

Status:
Complete
Research Type:
Mechanistic

P.I. Name:
Gary E. Isom, Ph.D.
Research Focus:
Pyridostigmine Bromide

Study Start Date:
9/1/97

Estimated Completion Date:
10/24/00

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: Characterize the neurotoxic response to pyridostigmine by 

administering varying doses of the drug to rats. The brains will then be examined histologically 

and by molecular biology procedures. Cultured cells from rat brain will be used to determine the 

molecular processes that pyridostigmine activates to initiate the brain cell death. 

SPECIFIC AIMS: 1. Characterize the dose-response of pyridostigmine-induced Neuronal 

apoptosis in the rat brain and the ability of antioxidants to alter the neurotoxicity; 2. Detailed 

biochemical and molecular analysis of pyridostigmine-induced apoptosis in cultured cells; 3. 

Determine the mechanism by which pyridostigmine stimulates the generation of intracellular 

reactive oxygen species and the linkage to apoptosis. 

METHODOLOGY: Apoptosis will be documented in brain areas by the Apotage (TUNEL) method, 

electron microscopy morphometric analysis and DNA (fragmentation) laddering on gel 

electrophoresis. Mechanistic studies will include measurement of redox transcription activation by

 EMSA, reactive oxygen species generation by microfluorescence procedures, and mitochondrial 

dysfunction by use of fluorescence dyes. 

EXPECTED PRODUCTS (MILESTONES): In this study, we expect to show that pyridostigmine 

induces neurodegeneration by initiating apoptosis cell death in the brain and to determine the 

mechanism involved.

STATUS/RESULTS TO DATE: Apoptotic cell death in rat brain cortex, striatum, and hippocampus 

was noted after injection of pyridostigmine bromide (0.5-1.85 mg/kg ip twice daily for 4 days). 

Lesions in the striatum and hippocampus were obtained only with higher doses. Cortical damage 

was evident even when rats were sacrificed 5-30 days after cessation of dosing indicating a 

continued cell destruction.  Studies with cultured primary cells from rat brain show that two 

receptors (muscarinic and NMDA) are involved in the apoptotic cell death caused by 

pyridostigmine.  Increases in cell calcium and reactive oxygen species accompany the apoptosis

and antioxidants block the toxic actions of pyridostigmine on brain cells.

Most Recent Publications:

Li L, Gunasekar PG, Borowitz JL, Isom GE. Pyridostigmine-induced acute and delayed 

Neuronal apoptosis. Soc Toxicol Abstract, 1999.

Li L, Gunasekar PG, Borowitz JL, Isom GE.  Muscarinic receptor-mediated 

pyridostigmine-induced Neuronal apoptosis.  Neurotoxicology. (in revision).

Li L, Gunasekar PG, Borowitz JL, Isom GE.  Role of oxidative stress in pyridostigmine 

bromide-induced apoptosis in cerebellar granule cells.  Soc. Neurosci. Abstract, 1999.

Li L, Gunasekar PG, Borowitz JL, Isom GE. Pyridostigmine-induced Neuronal apoptosis. 

(submitted for publication).
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Title:
Butyrylcholinesterase Genetic Variants in Persons with Gulf War Illness

Project #:
DoD-60
Agency:
DoD
Location:
Univ. of Nebraska Med Center

Status:
Complete
Research Type:
Clinical Research

P.I. Name:
Oksana Lockridge, Ph.D.
Research Focus:
Chemical Weapons

Study Start Date:
9/30/97

Estimated Completion Date:
3/31/99

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: Our goal is to test the hypothesis that some Gulf War illness 

may be caused by chemical damage to the nerves. If this hypothesis is correct we expect to 

find a correlation between low levels of butyrylcholinesterase or between genetically abnormal 

butyrylcholinesterase and Gulf War illness. Butyrylcholinesterase is a scavenger of nerve 

agents. A person with low levels of this enzyme or with a genetically defective enzyme would be 

less protected from nerve agents with the result that more of the agent would reach the nerves.

SPECIFIC AIMS: 1. To obtain blood samples from healthy and sick Gulf War veterans; 2. To 

obtain histories from the subjects detailing their exposures and symptoms;  3. To measure the 

activity levels and phenotype of butyrylcholinesterase; 4. To determine the genotype of the 

butyrylcholinesterase; 5.To see if Gulf War Illness correlates with butyrylcholinesterase activity 

level or genotype.

METHODOLOGY: Gulf War veterans were recruited from the Omaha area. In addition, blood 

samples have been obtained from the VA Medical Center in East Orange, NJ. Histories were 

obtained by interviewing the subjects. Blood samples were tested for butyrylcholinesterase 

activity and phenotype with a spectrophotometric assay. The genotype was determined by 

amplifying the butyrylcholinesterase gene, digesting the amplified DNA, and analyzing for 

characteristic band sizes on agarose gels. 

EXPECTED PRODUCTS (MILESTONES): We have analyzed blood and DNA samples from 226 

Gulf War veterans. 

STATUS/RESULTS TO DATE: We tested the frequency of butyrylcholinesterase genetic variants

in 226 veterans.  74 said they did not have Gulf War illness, 61 said maybe but they did not 

know, and 91 said they were sick with Gulf War illness.  The healthy group had 1 Fluoride, 0 

Atypical, and 24 K-variant alleles (18 heterozygotes and 3 homozygous KK).  The maybe group 

had 0 Fluoride, 2 Atypical, and 28 K-variant alleles (26 heterozygotes and 1 KK). The sick group 

had 5 Atypical, 3 Fluoride, and 40 K-variant alleles (30 heterozygotes and 5 KK). The most 

common variant of BChE, the K-variant, did not have a statistically significant correlation with 

Gulf War illness.  The rare variants, Atypical and Fluoride, appeared to be present at a higher 

frequency in sick veterans.  The frequency of the Atypical and Fluoride alleles was 1 in 74 for 

the healthy group, 2 in 61 for the maybe group, and 8 in 91 for the sick group.  Thus out of a 

total of 11 rare BChE alleles, 73% were found in veterans who reported GWI, and 90% in 

veterans who had symptoms of GWI.  This result suggests a strong association between the rare

variants of BChE and GWI.  However, the results must be confirmed in a larger group before 

one can have confidence in the significance of these results.   Even if studies with larger groups

confirm an association between rare genetic variants of BChE and GWI, such a result would 


account for less than 10% of the total cases of GWI.

Most Recent Publications:

None to date
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Title:
Neurophysiologic and Neuropathologic Effects in Monkeys of Low Level Exposures to 

Sarin, Pyridostigmine, Pesticides, and Botulinum Toxoid

Project #:
DoD-61
Agency:
DoD
Location:
Battelle

Status:
Complete
Research Type:
Mechanistic

P.I. Name:
Carl Olson, D.V.M., Ph.D.
Research Focus:
Interactions

Study Start Date:
9/29/97

Estimated Completion Date:
08/30/00

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: The primary objective is to determine if exposure to low 

levels of Sarin (GB) create enzymatic, neurophysiologic or neuropathologic effects. Another 

objective is to assess the effect of low-level GB exposures on effects produced by other 

chemicals.

SPECIFIC AIMS: To determine if subtle abnormal enzymatic, neurophysiologic or neuropathology

are caused as a result of short term exposure to low levels of chemicals, or combinations of 

chemicals, to which U.S. servicemen may have been exposed in the Persian Gulf area. A saline 

control group of rhesus monkeys, a positive (diisopropyl fluorophosphate; DFP) control group, 

GB/botulinum toxoid (BotTox) treated group, a pyridostigmine bromide 

(PB)/N,N-diethyl-m-toluamide (DEET)/chlorpyrifos (CPF) treated group, and a 

GB/BotTox+PB/DEET/CPF treated group, with 8 monkeys per group, are being evaluated. 

METHODOLOGY: Pilot Studies were conducted to establish a dose of each chemical, given over

a 14 day period, that may produce a measurable effect (blood cholinesterase inhibition; ChE-I), 

but not produce clinical signs.  Selected doses were used in a subchronic study in which animals 

were exposed over a 14 day period and are being evaluated over 270 days.  The study was 

designed to evaluate enzymatic, neurophysiologic and neuropathologic alterations that may result

from exposure to GB/BotTox alone or from exposures to GB/BotTox and/or a combination of PB,

DEET, and CPF.  Periodic neurophysiologic and electromyographic examinations of monkeys 

are being performed. Selected nervous tissue specimens will be examined for pathology at study

termination.  During the study, blood ChE, neurotoxic esterase (NTE), creatine kinase (CK) and 

alanine aminotransferase (ALT) enzyme activities are assessed.  Results will be analyzed to 

determine if any effects are statistically significant.

EXPECTED PRODUCTS (MILESTONES): The completion of pilot studies; completion of 

neurophysiologic evaluations prior to and following dosing, at 60 days, at 90 days, at 180 days, 

and at 270 days; completion of the neuropathology evaluations; completion of the statistical 

analyses of the data; and completion of a final Report are milestones of this study. 

STATUS/RESULTS TO DATE: In a subchronic study, animals given BotTox were injected 

subcutaneously (sc) with 0.1 mL two weeks and one week prior to the start of dosing of other 

compounds.  PB was given via osmotic pumps placed sc and, based on pilot study results, using

a dose of 0.20 mg/kg/day to create 20 to 30 percent blood cholinesterase inhibition (ChE-I). GB 

was given sc at 0.01 µg/kg once a day, 3 days a week for 2 weeks.  In pilot studies, this GB 

dose produced 5 to 10 percent ChE-I at approximately 1 hr following the last dose.   Chlorpyrifos

was dosed topically at 0.025 mg/kg twice a day, 5 days a week, for 2 weeks.  In pilot studies, 

this CPF dosing regimen also produced 5 to 10 percent ChE-I at approximately 1 hr following the 

last dose.  DEET (750 µL) was applied topically twice a day,  5 days a week for 2 weeks.  DFP 

was given sc at 0.1 mg/kg on the first day and at 0.05 mg/kg the following days, dosing once a 

day, 3 times a week for 2 weeks.  Saline was used at 0.01 mL/kg sc once a day, 3 days a week 

for 2 weeks.  Blood samples were taken prior to dosing, following the last dose, and 

approximately 60, 90, and 180 days after the start of dosing to measure ChE, NTE, ALT, and CK

activity.  Neurophysiology assessments were accomplished prior to dosing, and at 

approximately the same times that blood samples were analyzed.  Following the 270-day blood 

sampling and neurophysiologic assessments, monkeys will be sacrificed and central and 

peripheral nervous system tissue sampled and examined for pathology using electron microscopy 


and nerve teasing techniques.
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Most Recent Publications:

Olson C, et.al. Neuromuscular Effects of Low Level Exposures to Sarin, Pyridostigmine, 

DEET, and Chlorpyrifos (presentation on research to be accomplished under contracts 

DAMD197-C-7065 and DAMD197-C-7067), the United States Army Medical Research and 

Materiel Command’s Bioscience Review, May 31- June 4, 1998.

Olson C, et.al. Neuromuscular Effects of Low Level Exposures to Sarin, Pyridostigmine, 

DEET, and Chlorpyrifos, Drug and Chemical Toxicology, 21(SUPPL. 1), 149-169 (1998).
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Title:
Sarin and Pyridostigmine Interaction under Physical Stress: Neurotoxic Effects in Mice

Project #:
DoD-62
Agency:
DoD
Location:
Southern Illinois  Univ.

Status:
Complete
Research Type:
Mechanistic

P.I. Name:
Satu Somani, Ph.D.
Research Focus:
Interactions

Study Start Date:
10/1/97

Estimated Completion Date:
9/30/99

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: To elucidate whether physical stress amplifies the neurotoxic 

effects and neuromuscular abnormalities after administration of pyridostigmine, sarin and the 

combination of these two agents.

SPECIFIC AIMS: (i) To evaluate the neurotoxic effects of low dose sarin in mice using analyses,

which are behavioral (muscular weakness, ataxia, and motor dysfunction), electrophysiological 

(neuromuscular function), biochemical in brain, spinal cord, platelets, and sciatic nerve (inhibition 

of cholinesterase, neurotoxic esterase (NTE), and enhanced lipid peroxidation), and 

histopathological (light and electron microscopy) (axonal degeneration and demyelination in spinal

cord and sciatic nerve and neuromuscular damage).  (ii) To compare the above neurotoxic 

effects induced by low dose sarin exposure in pyridostigmine treated mice with untreated mice 

so as to determine the possible interactive effects of pyridostigmine with sarin-induced 

neurotoxicity. (iii) To evaluate the effects of physical stress on low dose sarin, pyridostigmine, 

and the combination of two to determine the above parameters and correlate with morbidity 

associated with Gulf War veterans.

METHODOLOGY: This study was designed to investigate the interactive and delayed effects of 

pyridostigmine and exercise on behavioral, electrophysical, biochemical, and histopathological 

changes in peripheral and cerebral tissues of mice. Four groups of Male NIH Swiss mice were 

treated as follows: 1) sedentary control; 2) exercise training for ten weeks; 3) pyridostigmine (1.2

 mg/kg, P.O.) daily for two weeks; and 4) pyridostigmine plus exercise training for ten weeks. 

The animals were observed for behavioral changes. The muscle tension was measured in both 

legs using a tension transduction device connected to a polygraph after the last dose of 

pyridostigmine or saline and 24 hr after exercise training. Mice were then sacrificed. Blood and 

tissues were isolated and analyzed. 

EXPECTED PRODUCTS (MILESTONES): In this study we expect to determine that physical 

stress amplifies the chronic delayed effexts of pyridostigmine in mice.

STATUS/RESULTS TO DATE: Results indicated a significant increase in the muscle tension of 

combined legs in Group 4. Butyrylcholinesterase and acetylcholinesterase activity significantly 

decreased in plasma and triceps muscle respectively, in Group 4. Neurotoxicesterase activity 

significantly decreased in cerebral cortex in Group 2. Creatine phosphokinase activity increased 

122% of control in plasma Group 4. Malondialdehyde concentration significantly increased in 

triceps muscle in Group 4 indicating the oxidative stress of the combination. Electron microscopy

of spinal cord and sciatic nerve did not show ultrastructure changes among groups. The data 

suggests that the interactive and delayed effects of pyridostigmine (even after four weeks of 

stoppage of dosage) and exercise training occurred primarily in peripheral tissues: that is, In 

conclusion, physical stress amplified the delayed muscular effects of pyridostigmine in mice.   
In other studies the investigators found that sarin combined with physical stress (as well as the 

combination of sarin, physical stress and pyridostigmine) , in mice at least, reduce the cardiac 

antioxidant defense system.

Most Recent Publications:

Somani SM, Husain K, Scott B, Verhulst S, Reddy KS, Montrey R, Helfert R. Delayed and 

Interactive Effects of Pyridostigmine and Physical Stress on Biochemical Indices in 

Peripheral and cerebral Tissues of Mice. Experimental Biology 99, April 1999, Washington, 
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Verma-Ahuja S, Husain K, Verhulst S, Espinosa JA, Somani SM. Delayed Effects of 

Pyridostigmine and Exercise Training on Muscle Tension in Mouse Lower Extremity. 

Experimental Biology 99, April 1999, Washington, DC.

Husain K, Somani SM. Influence of Physical Stress and Pyridostigmine on Cholinesterase

Activity in Blood and Brain regions of Male and Female Mice. Experimental Biology 99, April

 
1999, Washington, DC.


Jagannathan R, Husain K, Reddy KS, Somani SM. Pyridostigmine and Exercise Interaction 

on cardiac Antioxidant Defense System in Mice. Society of Toxicology Meeting, New 

Orleans, March 14-18, 1999.

Somani SM, Husain K.  Interaction of Pyridostigmine and Exercise on Cholinesterase Activity

in Blood and Brain Regions of Male and Female Mice.  Conference on Federally Sponsored 

Gulf War Veterans’ Illnesses Research, 23-25 June 1999, 1999 Proceedings.  Abstracts: p. 

157 and p 162.

Verma-Ahuja S, Husain K, Verhuht S, Espinosa JA, Somani SM.  Delayed Effects of 

Pyridostigmine and Exercise Training on Muscle Tension in Mouse Lower Extremity. 

Conference on Federally Sponsored Gulf War Veterans’ Illnesses Research, 23-25 June 


1999, 1999 Proceedings.  Abstracts: p. 166.


Jagannathan R, Scott RB, Husain K, Somani SM.  Delayed Interactive Effects of Sarin, 

Pyridostigmine and Exercise on the Cardiac Antioxidant Defense System in Mice. 

Conference on Federally Sponsored Gulf War Veterans’ Illnesses Research, 23-25 June 

1999, 1999 Proceedings.  Abstracts: p. 177.
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Title:
PGW Veterans: Epidemiological and Clinical Evidence for Residual Organophosphate 

Neurotoxicity

Project #:
DoD-63
Agency:
DoD
Location:
Oregon Health Sciences Univ.

Status:
Complete
Research Type:
Clinical Research

P.I. Name:
Peter Spencer, Ph.D.
Research Focus:
Brain & Nervous System

Study Start Date:
10/1/97

Estimated Completion Date:
9/30/00

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: We seek definitive evidence to support or refute the proposal

that Gulf War veterans have nervous-system deficits consistent with prior exposure to 

organophosphorus (OP) chemicals.  Focus is placed on Desert Storm soldiers who served in 

March 1991 within a 50-km radius of Khamisiyah, Coalition-Occupied Iraq, and who may have 

been exposed to airborne sarin/cyclosarin following detonation of Bunker #73, the site of a 

chemical-weapons cache that may also have included weaponized mustard. 

SPECIFIC AIMS:1. Compare the neurobehavioral and neurophysiological status of GW veterans 

who were present in the 50-km radius area of Khamisiyah during the first two weeks of March 

1991 (study group) with that of (a) other Desert Storm veterans with no known potential exposure

to nerve agents, (b) non-deployed GW-era veterans (negative controls) and (c) subjects with 

documented, symptomatic, non-convulsive exposure to an OP such as sarin or an OP pesticide 

(positive controls). Search for evidence of persistent changes in the nervous system reportedly 

associated with symptomatic exposure to sarin or other OPs. Determine the potential of 

developing an inexpensive neurobehavioral-screening test to predict neurological damage 

associated with OP poisoning.

METHODOLOGY: Symptoms, functional neurobehavioral performance and neurophysiological 

measures will be assessed in study groups.  The fit between the spatial-temporal location of 

veterans, known releases of OP nerve agents, and evidence of neurological deficits will be 

determined.

EXPECTED PRODUCTS  (MILESTONES): 1. Obtain a database from Department of Defense 

(DoD) of the DoD-estimated 20,000 individuals in the Khamisiyah cohort (50-km radius only) with

possible sarin/cyclosarin exposure.  Complete sampling plan. 2. Locate deployed and 

non-deployed subjects and carry out exposure/health interviews. 3. Characterize OP-related 

nervous system changes in civilian positive controls. 4. Carry out and analyze results of 

neurobehavioral testing (Level I testing). 5. Carry out and analyze results of neurophysiological 

examination (Level II testing).

STATUS/RESULTS TO DATE: 1. Completed 1480 computer-assisted telephone interviews (CATI) 

with deployed and non-deployed subjects to identify subjects eligible for examination. 2. Level I 

testing was carried out on 624 subjects in six cities in the continental United States (west, 

southeast).  3. Fifty-seven subjects were invited to Portland, Oregon, where they received 

neurological and neurophysiological assessments.  4. Self-reported neurological symptom data 

have been extracted from the CATI database and the factor analysis is in progress. 5. Access to

civilians with a history of OP poisoning has proven problematic.  Nearby states with OP- 
poisoning registries did not have guidelines for accessing their cases and were further constrained

by confidentiality requirements.  Efforts to obtain access to sarin-exposed military subjects have 

been unsuccessful.  Attempts to secure OP-poisoned subjects and comparable civilian controls continue.

Most Recent Publications:

Spencer PS, McCauley LA, Joos SK, Lasarev MR, Shuell T, Bourdette D, Barkhuizen A, 

Johnston W, Storzbach D, Wynn M, and other members of the Portland Environmental 

Hazards Research Center. Gulf War veterans: Service periods in theater, differential 

exposure, and persistent unexplained illness. Toxicol Lett, 102-103:515-521, 1998.
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Anger WK, Storzbach D, Binder LM, Campbell KA, Rohlman DS, McCauley L, Kovera CA, 

Davis KL.  Neurobehavioral deficits in Persian Gulf veterans: evidence from a 

population-based study. Portland Environmental Hazards Research Center.  J Int. Neuropshychol

Soc., 5:203-212, 1999.

McCauley LA, Joos SK, Lasarev MR, Storzbach D, Bourdette DN. Gulf War unexplained

illnesses: persistence and unexplained nature of self-reported symptoms. Environ. Res 81:215-23, 1999.


Spencer PS, Wilson B, Albuquerque EX.. Sarin, other "nerve agents" and their antidotes. In: 

Experimental and Clinical Neurotoxicology, (eds. Spencer, PS, Schaumburg HH), Oxford 

University Press, New York, pp 1073-1092, 2000.

Spencer PS, Daniels J, Kisby G. Mustard warfare agents and related substances. In: 

Experimental and Clinical Neurotoxicology, (eds. Spencer, PS, Schaumburg HH), Oxford 

University Press, New York, pp. 837-848, 2000.

McCauley LA, Joos SK, Spencer PS, Lasarev M, Shuell T. Strategies to assess validity of 

self-reported exposures during the Persian Gulf War. Portland Environmental Hazards 

Research Center.  Environ Res, 81:195-205, 1999.

Anger WK, Storzbach D, Amler RW, Sizemore OJ. Human behavioral neurotoxicology: 

Workplace and community assessments. In Rom W, Environmental and Occupational 

Medicine, 3rd edition, Philadelphia, Lippincott-Raven pp. 709-731.


Gold BG, Schnell J, Spencer PS. Neurotoxic Disorders. In: Atlas of Neurology. (ed. 


Rosenberg RN), Butterworth-Heinemann, Philadelphia. PP 14.1-14.2.


National Research Council. Health Risk Assessments for Oral Exposure to Six Chemical 

Warfare Agents, National Academy Press, Washington DC, 1999, pp.304 [P.S. Spencer, 

Sub-Committee Member]
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Title:
Individual Differences in Neurobehavioral Effects of Pyridostigmine

Project #:
DoD-64
Agency:
DoD
Location:
Midwest Research Institute

Status:
Ongoing
Research Type:
Clinical Research

P.I. Name:
Mary Cook, Ph.D.
Research Focus:
Pyridostigmine Bromide

Study Start Date:
9/30/97

Estimated Completion Date:
2/28/01

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: To provide the U.S. Army with a more complete body of 

knowledge for optimal use of pyridostigmine as a prophylactic organophosphate-defense agent if

a future large-scale deployment is needed.

SPECIFIC AIMS: 1) Conduct a study to quantify any physiological or performance 

consequences of the use of pyridostigmine; 2) determine whether exposure to heat exacerbates 

any effects found; and, 3) evaluate individual differences in cholinesterase inhibition that might 

predict deleterious response to pyridostigmine.

METHODOLOGY: In the first study, two groups of subjects (at least 18 men and 18 women per 

group) were randomly assigned to take 30 or 60 mg PYR for 13 doses at 8-hour intervals. Each 

subject also took 13 doses of placebo, and order of PYR and placebo were counter-balanced. 

Testing occurred on days 4 and 5 of each drug regimen. The test battery included physiological, 

sensorimotor, and cognitive measures. In the second study, men and women will follow the same

pyridostigmine regimen, but will be tested in the heat on those physiological and performance 

tasks that showed effects in the first study.

EXPECTED PRODUCTS (MILESTONES): Study 1 should be completed by December 1999 and 

Study 2 by February 2001.

STATUS/RESULTS TO DATE: Data collection for Study 1 was completed in November 1999; 

data analysis is underway.

Most Recent Publications:

None to date
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Title:
Multi-disciplinary Pathophysiologic Studies of Neurotoxic Gulf War Related Syndromes 

Leading to Diagnosis and Treatment

Project #:
DoD-65
Agency:
DoD
Location:
Univ. of Texas Southwestern Med 

Status:
Complete
Research Type:
Clinical Research

P.I. Name:
Robert Haley, M.D.
Research Focus:
Treatment

Study Start Date:
4/1/94

Estimated Completion Date:
12/31/00

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: 1. Demonstrate the specific sites and nature of neurologic 

damage associated with the symptoms comprising the case definition, 2. Develop a two-stage 

system of testing and confirming the diagnosis of neurological impairment in Gulf War veterans 

for use in cost-effective screening of large populations of Gulf War veterans; 3. Provide insights

into the pathophysiology of the neurologic impairment of Gulf War veterans upon which to base 

approaches to treatment. 

SPECIFIC AIMS: 1. Extend the battery of tests for detecting neurotoxic brain and nerve damage

and apply the new battery to the original 43 cases and controls 2. Plan and conduct a population 

survey of Gulf War veterans to estimate the prevalence of Haley's factor analysis-derived case

definitions of Gulf War-related neurologic syndromes; 3. Apply the tests for neurotoxic brain and

nerve damage to a new set of cases and controls selected randomly from the population 

survey. 

METHODOLOGY: Tests to be applied to the cases and controls with investigators blinded to 

case-or control-group status include audiovestibular tests of brainstem function including high 

speed infrared oculography, scans of regional cerebral blood flow (HMPAO-SPECT) before and 

after a cholinergic challenge with physostigmine, magnetic resonance spectroscopy of the basal 

ganglia and brainstem to detect gliosis or Neuronal loss, 24-hour Holter monitor with computer 

analysis of heart rate variation to assess parasympathetic nervous system function, direct 

recording of sympathetic nerve firing rate from the peroneal nerve by microneurography, 

quantitative EEG, sleep studies with polysomnography and measurement of circadian rhythm of 

tympanic temperature, tests of peripheral blood neurohormone levels, genetic tests for 

paraoxonase and butyrylcholinesterase genotypes and blood enzyme levels, psychiatric 

interviews for stress-related and other psychopathology, batteries of neuropsychologic tests 

particularly focusing on tests of subcortical brain function, and evaluation of joint function with 

standard roentgenographic, MRI and proprioception studies. Planning of the national survey 

involves analyzing the characteristics of the deployed and nondeployed Gulf War-era military 

population, developing methods to avoid selection bias from the "healthy-warrior effect," 

translating Haley's self-administered survey questionnaires into computer-assisted telephone 

interview format, pretesting the survey method, and designing and selecting an efficient 

stratified random sample of deployed and nondeployed populations for survey. 

EXPECTED PRODUCTS (MILESTONES): By the end of the first phase (March 1999), we expect 

to have demonstrated the extent and nature of neurotoxic damage responsible for symptoms 

satisfying Haley's case definitions of the Gulf War-related neurologic syndromes, have 

demonstrated the pathophysiologic basis for many of the symptoms and genetic predispositions 

for neurologic damage from organophosphate exposure, have identified a subset of tests most 

useful for identifying the syndromes, and have completed the design of a national random 

sample survey to estimate the prevalence of the syndrome in the deployed and nondeployed 

populations of Gulf War-era veterans. By the end of the second phase (December 1999), we 

expect to have demonstrated whether the veterans satisfying Haley case definitions in the 

population sample have the same neurologic basis as those in the initial sample. 

STATUS/RESULTS TO DATE: A)  During CY1999, we have achieved the following milestones: 

A) Completed the analysis of our survey of symptoms in 336 Dallas-area Gulf War veterans to 

attempt to replicate the syndrome factor analysis performed in the original sample from the 24th 

Reserve Naval Construction Battalion (Seabees).  Confirmatory factor analysis replicated the 
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factor model demonstrating that the same Gulf War syndromes 1-3 are present in Dallas-area 

Gulf War veterans (presented at scientific meeting, scientific manuscript in progress).  B) 

Analyzed the portions of the clinical database collected in the re-study of the 22 cases and 18


controls from the original nested case-control study selected from the Seabees sample and 

additional cases drawn from the survey of Dallas-area Gulf War veterans.  During these 

analyses we made the following observations:  1) A strong association between Gulf War 

symptom complexes correlated with genetically determined levels of the Q allozyme of the 

paraoxonase/arylesterase (PON1) enzyme, potentially explaining why some veterans exposed to
  low-level nerve agent developed chronic brain damage and others did not (scientific paper 

published, see reference below).  2) A strong association between Gulf War symptom complexes 


and a reduction of N-acetyl-aspartate (NAA), measured by magnetic resonance 
spectroscopy, suggests a loss of functioning neuron mass in the deep structures of the brain 

(basal ganglia and brain stem):  This finding was replicated in 6 Dallas-area veterans with our 

factor-analysis-derived symptom complex 2 (presented at two scientific meetings, scientific manuscript 

in progress). 3) A strong association between Gulf War symptom complexes is associated with 

failure of the brain to respond to a pharmacologic challenge by reducing blood flow in brain regions 

controlled by cholinergic receptors, measured in cases and controls by paired SPECT scans with

and without cholinergic stimulation.  We are currently verifying the results by analysis with statistical 

parametric mapping (SPM).  4) The subjective memory problems of veterans in our sample represent 

case-control differences in neuropsychologic measures of attention rather than memory per se (presented

at scientific meeting, scientific manuscript in progress).
C) Completed planning of a national survey

to measure the prevalence of our factor-analysis-derived syndromes and genetic and brain imaging 

indicators of chronic neurologic
injury in random samples of the Gulf War veterans and Era 

non-deployed veterans.


Most Recent Publications:


Haley RW. Point: Bias from the "healthy warrior effect" and unequal followup in government 
studies of the health effects of the Gulf War.  Amer J Epidemiol, 148:315-323, 1998.  (Also included

in Amer J Epidemiol, 148:324-338, 1998 are four other counter point articles.)


Haley RW.  Is Gulf War syndrome due to stress?  The evidence reexamined.  Am J 

Epidemiol 146:695-703, 1997.  (See correspondence and author's replies Am J Epidemiol 
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Title:
Testing for Mycoplasmal Infection Replicability of Nucleoprotein Gene Tracking and 

Forensic Polymerase Chain Reaction

Project #:
DoD-66
Agency:
DoD
Location:
WRAIR Medical Center

Status:
Complete
Research Type:
Development

P.I. Name:
Charles Engel, Jr., M.D.
Research Focus:
Diagnosis

Study Start Date:
1/28/98

Estimated Completion Date:
11/30/00

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: To determine the reliability of three tests for Mycoplasma 

fermentans (incognitus strain) in human pure blood mononuclear cells, "usual" Polymerase Chain 

Reaction procedure (UPCR), an Optimized Chelex Polymerase Chain Reaction (OCPCR) procedure, 

and a nucleoprotein gene tracking  (NGT) procedure. 

SPECIFIC AIMS: 1) determine and compare the test-retest reliability of the usual PCR, optimized

PCR, and NGT procedures at a laboratory experienced in these testing procedures; and 2) 

determine and compare inter-lab reliability of the usual PCR, optimized PCR, and NGT 

procedures at three different laboratories.

METHODOLOGY: 60 symptomatic Gulf War veterans (30 previously untested, 10 previously 

tested positive on UPCR, 10 previously tested negative on OCPCR, and 10 previously tested 

negative on NGT) will have blood drawn, aliquoted, and shipped overnight to 3 different 

laboratories for Mycoplasmal testing.  One of the labs, experienced in the 3 testing procedures, 

will retest each subject.  Each aliquot will receive a separate identification code so that all labs 

are completely blinded as to what subject a given aliquot came from and whether any two 

aliquots are from the same subject. Cohen's Kappa will be used to determine the rate of 

agreement for each test adjusting for chance agreement. 

EXPECTED PRODUCTS (MILESTONES): Information pertaining to the relative utility of these 

three Mycoplasmal testing procedures.  A manuscript summarizing the research will be submitted

for peer-reviewed publication. 

STATUS/RESULTS TO DATE: During this reporting period, ninety-three (93) veterans consented 

and had blood drawn for the second phase of this study.  From this group, sixty (60) veterans 

will participate in a second blood test between January and March 2000 as this study moves 

toward its conclusion with the results being available during this reporting period.

Most Recent Publications:

None to date
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Title:
Antibacterial Treatment Method Based Upon the Excretion of Dead and Decaying 

Spherical Bacteria

Project #:
DoD-67
Agency:
DoD
Location:
Louisiana Med Foundation

Status:
Complete
Research Type:
Clinical Research

P.I. Name:
Edward Hyman, M.D.
Research Focus:
Brain & Nervous System

Study Start Date:
1/31/97

Estimated Completion Date:
6/31/99

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: To establish the relation of Desert Storm Syndrome (DSS) to 

Systemic Coccal Disease (SCD), to characterize the infectious agent(s) involved, and to 

evaluate the effectiveness of the diagnostic and treatment methods we have used in civilian 

SCD for the management of veterans with DSS, to train VA and/or DoD medical personnel in the

use of the methods.  

SPECIFIC AIMS: see objectives.

METHODOLOGY: The primary clinical study is a two arm, randomized, patient and evaluator 

blinded, placebo controlled, pilot study of an already-tested diagnostic/therapeutic regimen for 

the treatment of DSS.

The methods include: 1) demonstration of bacteriuria by the urinalysis method of Dr. Hyman 

(ref. 1,2,3 in 13 vide infra); 2) randomization of patients to treatment or control group; 3) 

quantitative evaluation of the manifestations of DSS by a blinded evaluating team at 

S.U.N.Y.-Stony Brook; 4) suppression or elimination of bacteriuria by antibiotic treatment, 

controlled and modified by continuing surveillance of cocciuria (ref 3); 5) re-evaluation of 

patients (treated or placebo treated) by the blinded team at S.U.N.Y.; 6) treatment of placebo 

group as in D; 7) re-reevaluation of the now treated, previously placebo, patients.

EXPECTED PRODUCTS (MILESTONES):  We expect to establish whether the treatment is or is 

not effective in improving fatigue, cognitive dysfunction, joint and somatic pain, headache, 

dermatitis, GI dysfunction.  We expect to characterize the infecting organisms. 

STATUS/RESULTS TO DATE: GWS was treated as a manifestation of what we have called 

Systemic Coccal Disease .  Thirty-six veterans of the Gulf deployment, who were screened and 

found to be suffering from fatigue, cognitive dysfunction and somatic pain, and who also 

showed substantial excretion of coccal or degenerating coccal forms in their urine, were invited to
 be randomized into a treatment or a placebo group. Treatment was based on estimation of the 

numbers of excreted  Gram positive cocci or dead remnants (cell walls of gram positive cocci)  

in the urine, as a guide to the severity of presumed circulation of what Costerton  has called 

planktonic bacteria and as a continuing guide to the effectiveness of antibiotic choice and 

dosage in suppressing them.   The results showed a highly significant benefit in relieving fatigue 

and headache and in improving "quality of life". The results in improving pain approached but did 

not reach a p=0.05. Though the patients believed their cognitive function and memory had 

improved, our measures of these functions did not confirm this.  Investigator’s interpretation:  

The results of this pilot trial demonstrate that an antibacterial regimen reduces the symptomatic 

manifestations of a disease which affects thousands of  Gulf War veterans and for which no 

treatment has previously been proven to be effective. The results are consistent with, but do not

 prove, the hypothesis that the Gulf War Syndrome has a bacterial basis.  I find that the illness 

is more difficult to eliminate than it was in 1992-3.

Most Recent Publications:

Hyman ES. Improved microscopic detection of bacteriuria.  Biotech Histochem 27:1:1-8, 

1992.

Hyman ES. A computer algorithm offers a comprehensive view of quantitative bacteriuria.  

Nephron 65:549-558, 1993.

Hyman ES. A Urinary Marker for Occult Systemic Coccal Disease.  Nephron 68:314-326, 

1994.
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Title:
Five Year Follow-Up of Army Personnel Exposed to Chemical Warfare Agents

Project #:
DoD-69
Agency:
DoD
Location:
Institute of Medicine/Medical 

Status:
Ongoing
Research Type:
Epidemiology Research

P.I. Name:
Richard N. Miller, M.D., M.P.H.
Research Focus:
Chemical Weapons

Study Start Date:
7/1/98

Estimated Completion Date:
11/31/01

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: This epidemiological study of morbidity and mortality 

outcomes associated with exposure to potentially low levels of chemical warfare agents at 

Khamisiyah, Iraq is being performed at the request of the Department of the Army.  Health 

outcomes of troops putatively exposed during rocket demolition in 1991 will be compared to 

those of a similar group of unexposed military personnel.  Exposure levels will be estimated 

based on environmental and climatological modeling of the chemical footprint, in combination with

troop location data during the time of the demolition.

SPECIFIC AIMS: Specific aims of the study are 1) to compare self-reported morbidity and 

mortality outcome rates among Army personnel putatively exposed to chemical warfare agents 

and those not exposed; and 2) to compare changes in self-reported morbidity before and after 

notification of possible chemical warfare agent exposure among Army personnel.

METHODOLOGY: The data for this study will be selected in collaboration with the Office of the 

Special Assistant for Gulf War Illnesses (OSAGWI), the US Army Center for Health Promotion 

and Preventive Medicine (Deployment Environmental Surveillance Program), and the Department

of Veterans Affairs (Environmental Epidemiology Service).  Mortality data will be collected for all

Army veterans who were deployed to the Persian Gulf Theater of Operations.  Morbidity data will

be collected on a sample of individuals who responded to the initial VA National Health Survey 

of Persian Gulf War Veterans.  Individuals will be identified as having been within or outside the 

modeled chemical footprint (exposure status) and also in terms of whether or not individuals were

notified of potentially having been exposed to chemical agents (notification status).  The effects

of both exposure and notification status upon health will be analyzed.

EXPECTED PRODUCTS (MILESTONES): Findings and conclusions will be published jointly with 

DoD and VA investigators in a peer-reviewed professional journal. 

STATUS/RESULTS TO DATE: Mortality and morbidity data collection is underway; no results 

have been reported.  A time and cost extension is under discussion with the sponsor.

Most Recent Publications:

None to date
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Title:
War Syndromes from 1900 to the Present: Symptom Patterns and Long-term Health 

Outcomes

Project #:
DoD-70
Agency:
DoD
Location:
Royal Defence Med. Coll., London

Status:
Ongoing
Research Type:
Epidemiology Research

P.I. Name:
Ian Palmer, LTC
Research Focus:
Symptoms/General Health

Study Start Date:
2/9/98

Estimated Completion Date:
03/08/01

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: The primary hypothesis tested in this study, after corrections
 for societal influences and historical medical descriptors, is that symptom patterns and 

long-term health outcomes of war syndromes are consistent between the conflicts studied and 

over time.  

SPECIFIC AIMS: The study comprises two parts.  Part 1 is a retrospective comparison of 

symptoms characterized as "War Syndromes" following military service in the British and 

American armies from 1900 to the present via examination of primary source data from hospital 

and pension records.  Part 2 will examine the long term morbidity and mortality of one of the 

syndromes.  The two primary questions to be answered are: 1.  Are medically “unexplained” 

symptoms experienced by soldiers after combat similar? And 2.  Are the morbidity and mortality 

rates of servicemen with post-combat syndromes greater than a control population of veterans 

with equivalent levels of physical disability?

METHODOLOGY: Because, historically, "War Syndromes" have been interpreted both on 

changing medical response and the societal influences on views of etiological factors, part 1 of 

the study will try to determine whether the symptomology of historical "War Syndromes" is 

similar and whether the labels appended to the symptom complexes can be reliably distinguished 

from each other by blinded statistical (factor) analysis.  Records for comparison will be obtained 

from the United Kingdom (UK) Ministry of Defence's Medical Assessment Program (MAP); the 

United States' Comprehensive Clinical Evaluation Program (CCEP) data base; and abstracted 

records from data sources identified from 1900 to the present (UK's Public Record Office and 

War Pension Agency and U.S. Department of Social Security  and Military Hospital Records 

amongst others).  In part 2 an examination of risk factors, morbidity, mortality and changes over

 time in the explanations or attributions (self-reported or from medical personnel diagnosis) will be

accomplished.  This will be achieved in three ways:  1) a case control-study of Effort 

Syndrome/Disordered Action of the Heart (DAH)/Shell-shock will be compared with a matched 

group of soldiers receiving a pension for loss of a single limb; (2) an historical narrative analysis 

of morbidity will be performed; and (3) a retrospective cohort analysis will be performed on 

mortality data.  It is anticipated that the two part project will allow for a broader understanding of 

the factors involved in the medical description and societal negotiation of a "War Syndrome" 

following active service in the Gulf War of 1990/1991.

EXPECTED PRODUCTS (MILESTONES): This understanding and accumulated project data will, in
 turn, provide a basis for appropriate interventions, research and compensatory provisions in the 

management of current and future "War Syndrome" patients.

STATUS/RESULTS TO DATE: The investigation, well into this reporting year, fell into three areas: 

literature review, creating a database, and collection of data.  A comprehensive review of the 

extensive literature on war syndromes and historical reports of unexplained disorders has been 

accomplished.  Historical medical record sheets have been created, to provide data collection in 

a standardized manner, for each servicemen’s reviewed record; more than 600 records of the 

1,600 needed for the historical portion of the investigation have been entered into the database.  

Data collection has proceeded on the Boer War, First World War, Second World War, post-1939 

Persian Gulf Veterans' Illnesses Research 
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period, and the period of the Persian Gulf conflict.  The study was expanded to examine two 

disorders for each conflict in order to permit a series of intra-war comparisons.  There have been

some difficulties resulting from the diverse source and nature of the individual records as well as
 issues related to data protection, confidentiality, etc.   The difficulties have slowed collection but

are being resolved.


Most Recent Publications:

None to date
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Title:
A Comparison of Post Deployment Hospitalization Between Vietnam and Gulf War 

Veterans

Project #:
DoD-71
Agency:
DoD
Location:
NHRC

Status:
Complete
Research Type:
Epidemiology Research

P.I. Name:
Christopher Blood, M.A.
Research Focus:
Symptoms/General Health

Study Start Date:
3/1/98

Estimated Completion Date:
3/1/00

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: This study will examine the role of exposure to war generally 

on the health problems of Gulf War Veterans (GWVs) by comparing post-deployment 

hospitalization rates of GWVs with post-deployment hospitalization incidence among Vietnam 

veterans.

SPECIFIC AIMS: The study will attempt to determine if the post-deployment health problems of 

some Gulf War veterans  is unique to their deployment to the Gulf theater, or whether there is a 

more general relationship between  health problems and exposure to  a combat environment   

METHODOLOGY: The investigation, a statistics oriented comparison of incidence rates among 

two populations, will  contrast the post-deployment hospitalization incidence of GWVs with the 

hospitalization incidence of veterans of the Vietnam conflict. Comparison populations will be 

varying types of Marine Corps units deployed to the theaters of operations: infantry units, 

support units, and service support units.   The study populations from the Vietnam War, all 

serving at that conflict’s very conclusion, include 1) infantry battalions of the 1st Marine 

Division, 2) battalions of the 11th Marine Artillery Regiment and the 1st Engineer battalion,, and 

3) the headquarters battalion, supply battalion, and maintenance battalion of the 1st Force 

Service Regiment. For the Gulf War, infantry battalions from the 1st Marine Division will also be 

used as the combat unit study population, personnel from two battalions of the 11th Marines and 

the 1st Combat Engineer Battalion will form the combat support group, and the Marines attached 

to the headquarters battalion, maintenance battalion and supply battalion of the First Force 

Service Support Group (FSSG) will compose the service support group. Analyses will examine 

hospitalization incidence by person-years across a 5 year period following the conflicts, using 

International Classification of Diseases (ICD) categories, and deriving incidence rates from the 

medical and demographic databases. Rates of hospitalization incidence and prevalence will then 

be computed per post-deployment person-year for each of the troop types, and these rates will 

be contrasted to determine if significant differences exist between veterans of the two conflicts. 

EXPECTED PRODUCTS (MILESTONES): A report will be generated to answer the question of 

how the  rates of hospital admissions among GWVs compares with the admission rates of 

veterans deployed to a previous combat operation. Similarly, comparisons of the types of 

medical conditions both groups of veterans were hospitalized for will be determined.   

STATUS/RESULTS TO DATE: Data from the Marine Corps unit diaries has been extracted 

manually and entered into a database. These records include the service numbers of  12,000 

Marines deployed to Vietnam at the conclusion of that conflict within Infantry, Support, and 

Service Support units.  The next step is was to match these service numbers against a social 

security number/service number file and obtain the identifiers necessary to pull off service 

departure dates and medical records from existing demographic and inpatient databases. Parallel 
Marine units deployed to the Gulf War have been identified and medical and demographic 

information have already been extracted.  Hospitalization rates are now being calculated.

Most Recent Publications:

None to date
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Title:
Long-term Effects of Subchronic Exposure to Sarin, Alone and with Stress or Other 

Chemicals

Project #:
DoD-72
Agency:
DoD
Location:
Duke Univ. Med Center

Status:
Complete
Research Type:
Mechanistic

P.I. Name:
M. Abou-Donia, Ph.D.
Research Focus:
Interactions

Study Start Date:
3/25/98

Estimated Completion Date:
3/25/00

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: This study will examine, in an animal model, the early and 

delayed toxic consequences of subclinical sarin exposure given intramuscularly.  Additionally, 

the study will examine the interactive toxicity of the following agents/factors which are 

considered putative etiological agents for Gulf War Illness:  stress, heat, pyridostigmine bromide 

(PB), DEET, and permethrin.  Experiments on blood brain barrier (BBB) permeability included in 

the study may also quantify a possible mechanism for enhanced interactive toxicity.

SPECIFIC AIMS: The primary hypothesis is that exposure to low levels of sarin, a potent 

inhibitor of acetylcholinesterase, causes neurologic dysfunctions via:  a) down regulation of 

cholinergic functions due to accumulations of acetylcholine or direct binding of sarin to 

acetylcholine receptors, and/or b) increased permeability of the blood brain barrier (BBB) resulting

 in the possible entrance of xenobiotics, and humoral or immunological factors.  The goal is, 

therefore, to assess the possible long-term, delayed toxic effects of low-level, subclinical 

exposure to the nerve agent sarin, alone, or in combination with other factors.

METHODOLOGY: The study includes the following experiments:  1) dose-finding study for sarin; 

2) effect of stress on subclinical sarin exposure; 3) effect of heat on subclinical sarin exposure; 

4) effect of PB on subclinical sarin exposure; 5) effect of combined stress and PB on subclinical

sarin exposure; 6) effect of combined heat and PB on subclinical sarin exposure, and; 7) effect 

of combined stress, heat, PB, DEET, and permethrin on subclinical sarin exposure.  Neurologic 

deficits will be assessed by: a) clinical condition, b) neurobehavior, c) integrity of the blood brain 

barrier, and d) electrophysiological changes.

EXPECTED PRODUCTS (MILESTONES): The proposal should provide mechanistic information to

form a basis for determining adverse health effects of environmental conditions associated with

the Gulf War and for determining long-term consequences of sarin exposure and the degree of 

interaction, if any, between stressors, other chemical agents and sarin.  A particular strength is 

the examination of alterations over long time periods following short-term sarin exposure.

STATUS/RESULTS TO DATE: The following studies have been carried out: 1. The intramuscular 

LD50 dose of Sarin was determined to be 0.1mg/kg in male Sprague-Dawley rats. 2. A 

dose-response study on the effect of Sarin at 1xLD50, 0.5 x LD50, 0.1xLD50, and 0.01LD50 on 

acetylcholinesterase, acetylcholine muscarinic receptors, blood-brain barrier has been carried out 

and the results are being analyzed. 3. The effect of chemical exposure has been carried out and 

the results are being analyzed. 4. The effect of stress has been carried out and the results are 

being analyzed. 5. Plans are being made for behavioral studies after receiving the equipment 

needed to carry out these studies. 6. Electrophysiological studies began in Jan 2000.

Most Recent Publications:

None to date
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Title:
Post-deployment Morbid Stress, Behavior and Health: Developing a Model for Predicting 

Morbidity, Mortality, and other Adverse Outcomes

Project #:
DoD-73
Agency:
DoD
Location:
Soc. Sectors Develop. Strategies 

Status:
Ongoing
Research Type:
Epidemiology Research

P.I. Name:
Nicole Bell, Sc.D, MPH
Research Focus:
Symptoms/General Health

Study Start Date:
6/25/98

Estimated Completion Date:
7/24/01

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: The goals of this study are to evaluate the utility of using the

Total Army Injury and Health Outcomes Database (TAIHOD), an existing dataset containing 

health and administrative records, to document and describe morbidity, mortality and other 

outcomes among soldiers serving in the Persian Gulf; and identify important demographic, 

behavioral and stress-related factors associated with excess morbidity as determinants of 

whether or not a soldier will develop a "war syndrome" condition subsequent to deployment or 

combat. The overall hypothesis is that much of the variation in which soldiers experience "Gulf 

War Syndrome" (GWS) symptomology (health outcomes: as indicated by GWS hospitalizations, 

Comprehensive Clinical Evaluation Program registration, injuries, and deaths and accidents) can 

be explained by four main factors and interactions among these factors. The four factors are: 

predeployment stressors, distress and functional status; deployment and related stressors, 

distress, and functional status; predeployment health behaviors; and post-deployment behaviors.

SPECIFIC AIMS: To describe and compare the morbidity and mortality of deployed and 

non-deployed Gulf War era veterans; identify key demographic, behavioral and stress related 

factors associated with excess morbidity or mortality among these veterans; document 

variations in health related behaviors and stress among veterans; and measure associations 

between theses behaviors, stress and health. Nine specific hypotheses will be tested: a) that 

there is a baseline prevalence of the conditions most commonly included in GWI always present 

among members of the active duty Army; b) that individual characteristics and experiences of 

stress explain some variation in presentation of GWI in the general population independent of 

deployment to the Gulf War; c) that selection for deployment to the Gulf War is non-random and 

occurs in such a way that those at greatest risk for development of behavioral or stress related 

health problems are also those most likely to be deployed; d) that the addition of deployment to 

the Gulf improves the model describing associations between individual characteristics, stress 

and subsequent development of GWI; e) that variations in stressors experienced during the war 

among deployed troops explain some variations observed among veterans in terms of who does 

and who does not ultimately present with GWI; f) that the combination of information including 

pre-war measures of health and stress, individual characteristics, deployment to the Gulf, 

stressors occurring concurrent with the time spent in the Gulf, can be used to predict much of 

the variation in GWI; g) that those who experience the greatest amount of stressors during the 

war are most likely to adopt risky health behaviors or to report higher levels of distress postwar; 

h) that a deterioration in health behaviors and/or an increase in stress measures after the war 

correlate with an increased risk for adverse health outcomes; and i) that effect modifiers of 

stress, distress, functional status and health behaviors will improve the model's fit and facilitate 

understanding of factors key to predicting variation among those who do and do not develop 

GWI. 

METHODOLOGY: Data from the Total Army Injury and Health Outcomes Database (TAIHOD) 

will be used for the study analysis. This database includes all hospitalizations, deaths, disabilities

and accidents reported for the years 1980-1997. It also includes detailed personnel records 

containing information about demographic characteristics, occupation, deployments, and 

discharge information. Approximately a quarter of active duty Army soldiers have completed a 

Health Risk Appraisal including measures of self-reported stress, distress, and risk-taking 

behaviors.  These data have been linked to the TAIHOD and are an important component of the 

analyses proposed under this project. Construction of variables used in testing each hypothesis 

will occur after careful consideration of the fields of the DMDC database and after constructs to 
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measure stressors, distress, functional status and job control/demand are developed.


EXPECTED PRODUCTS (MILESTONES): The study may provide a predictive model for health 

outcomes among soldiers in future conflict situations which may be used in policy decisions 

regarding who is deployed in future conflicts. 



STATUS/RESULTS TO DATE: The project is on track and meeting expected goals as stated in 

the time line. We have obtained CCEP registry data and matched to our master files. We have 


updated, error checked, and cleaned our major predictive database, the Health Risk Appraisal. 



We have developed a widely respected team of expert consultants and have met several times 


to address the conceptual challenges faced in defining GWI and to develop plans for an 


appropriate analytic plan. We have begun analyses for  a paper that examines temporal trends in

hospitalizations for conditions commonly included in GWI groupings. We have also completed a 

manuscript  that explores factors that predict variation among those who did and those who did 

not deploy to the Persian Gulf including prior health status and personal risk factors such as risk 

taking behaviors and experience of stress and distress.  This paper has been accepted for 

publication by the journal Military Medicine.   We have a commentary under review at the 

American Journal of Epidemiology which reviews overall patterns in morbidity and mortality 

among Gulf War veterans and calls for a renewed emphasis on the study of injury-related risk 

factors and outcomes among deployed veterans. 


Most Recent Publications:


Nicole S. Bell, ScD, MPH; LTC Paul J. Amoroso, MC USA; Jeffrey O. Williams, BS; 

Michelle M. Yore, MSPH; LTC Charles C. Engel Jr., MC USA; Laura Senier, BA; Annette C. DeMattos,
BS; David H. Wegman, MD.  “Demographic, physical, and mental health factors associated with deployment of US Army soldiers to the Persian Gulf.”  Mil Med (in press).
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Title:
Relationship of Stress Exposures to Health in Gulf War Veterans

Project #:
DoD-74
Agency:
DoD
Location:
Duke Univ.  Med Center

Status:
Ongoing
Research Type:
Epidemiology Research

P.I. Name:
John Fairbank, Ph.D.
Research Focus:
Symptoms/General Health

Study Start Date:
10/1/98

Estimated Completion Date:
9/30/02

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: Research on Gulf War illnesses (GWI), leaves many 

questions unanswered about diagnostic syndromes of GWI, dimensions of stress and stress 

exposures encountered by Gulf War (GW) veterans, relationships of stressors and GW health 

syndromes, and factors that may mediate relationships.  The proposed study has six key aims 

that will begin to address these gaps and enhance understanding of undefined GWI.

SPECIFIC AIMS: The six key aims of the study are: 1) to identify and examine dimensions of 

illnesses and health problems commonly reported by GW veterans; 2) to assess exposures to 

stress and to identify the specific variables comprising stress; 3) to examine the extent to which 

exposures to particular dimensions of stress during deployment and participation in Operations 

Desert Shield and Desert Storm (ODS/S) are associated with the commonly reported and undefined

 
post-war health problems of GW veterans; 4) to clarify how premilitary and predeployment adversities,

risk factors, and protective factors affect GWI outcomes; 5) to examine the role of perceived exposure to environmental toxins during ODS/S; and 6) to examine the mediating role of post ODS/S factors 


(e.g. instrumental and emotional social support, general psychological functioning, specific co-morbid

 psychiatric disorders: e.g. post-traumatic stress disorder [PTSD] and depression), and GWI outcomes.

METHODOLOGY: These aims will be achieved by obtaining comprehensive probability based 

data from national samples of GW veterans and non-GW veterans provided by files maintained 

by the Defense Manpower Data Center.  Initially research will focus on obtaining information on 

background factors, health conditions, psychological functioning, and illnesses through a 

large-scale mail survey stratified by gender (men, women), military component (active, reserve) 

and GW deployment experience (deployed, not deployed to GW theater).  These data will be 

used to identify dimensions of GWI and to classify respondents into groups with and without 

GWI and/or related symptoms.  A subsample of deployed respondents with and without 

symptoms of GWI will then be stratified by military component and gender and selected to 

participate in a computer assisted telephone interview to obtain in-depth information about 

military stress exposures, psychological disorders, co-morbid or supportive conditions, 

premilitary and predeployment adversities, risk factors, and protective factors.  Multivariate 

models will be developed for men and women and will compare outcomes for respondents with 

and without GWI.

EXPECTED PRODUCTS (MILESTONES): Findings from the study will have high significance for 

understanding the role of a wide range of risk and protective factors on the health of GW 

veterans and for identifying key explanatory variables that will begin to unravel these complex 

relationships.  More specifically, the study will identify dimensions of GWI and stressors, the 

relationships among them, and mediating effects of risk and protective factors.  Evidence of 

multiple dimensions of nonspecific health problems (aim 1) may suggest that there are subtypes 

of GWI that could have treatment implications for veterans suffering from GWI.  Gaining a 

clearer understanding of factors and mechanisms that underlie dimensions of deployment and/or 

war stressors (Specific Aim 2) has implications for ways to bolster current intervention and 

prevention efforts, such as those implemented by combat stress control detachments.  Findings

 on risk and protective factors for chronic, nonspecific health problems have implications for 

improving military preparedness for future deployments and conflicts (aims 3 to 6).
STATUS/RESULTS TO DATE: Months 1-4 of the project have focused on finalizing the sampling design and measures.

Most Recent Publications:
    
None to date

Persian Gulf Veterans' Illnesses Research 
-
Project 
DoD-75

Title:
Toxic Interactions of Prophylactic Drugs and Pesticides

Project #:
DoD-75
Agency:
DoD
Location:
Duke Univ. Med Center

Status:
Ongoing
Research Type:
Mechanistic

P.I. Name:
M. Abou-Donia, Ph.D.
Research Focus:
Interactions

Study Start Date:
12/21/98

Estimated Completion Date:
1/20/03

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: The goal of this project is to clarify interactive effects and 

mechanisms of combined exposure to three compounds: pyridostigmine bromide (PB), a 

prophylactic treatment for nerve gas; the insect repellant DEET; and the insecticide permethrin.

SPECIFIC AIMS: The studies in this project will expand on findings that combined exposure to 

combinations of these chemicals produce greater toxicity than that produced by single 

components by testing exposures to doses low enough to be representative of human exposure 

levels during the Gulf War. The hypothesis is that exposure to a mixture of chemicals reduces 

the body's ability for their detoxification and results in increased concentration of the compounds

in the circulation and enhanced delivery to the vulnerable organ sites with a resultant toxicity.

METHODOLOGY: These studies will be carried out by administering test compounds in the rats, 

for 60 days as follows: 1) the mechanisms of drug-pesticide interactions will be investigated by 

conducting dose-response studies using a range of doses including real life doses of human 

exposure levels plus 10- and 100 times these doses. A tiered approach using single compounds 

as well as binary and tertiary mixtures will be studied.  Animals will undergo behavioral evaluation

and at termination, brain, blood, and liver esterases will be assayed as well as liver cytochrome 

p450; 2) the integrity of the blood brain barrier will be evaluated by determining: a) the 

permeability to [3H]hexamethonium iodide, b) acetylcholinesterase activity, and c) 

immunohistochemical studies, d) physiologically based pharmacokinetic modeling of single 

compounds and mixtures.

EXPECTED PRODUCTS (MILESTONES): Results of the project should provide mechanisms of 

interactive effects of combined exposure to the anti-nerve gas agent prophylaxis, pyridostigmine

bromide (PB); the insect repellant, DEET; and the insecticide, permethrin.

STATUS/RESULTS TO DATE: We are currently getting ready to start the studies of this project 

that has just been awarded.

Most Recent Publications:

None to date

Persian Gulf Veterans' Illnesses Research 
-
Project 
DoD-76

Title:
Evaluations of Immunotoxicity due to Concurrent Exposure to DEET, Pyridostigmine, and

 JP-8 Jet Fuel

Project #:
DoD-76
Agency:
DoD
Location:
Medical University of South 

Status:
Ongoing
Research Type:
Mechanistic

P.I. Name:
Deborah Keil, Ph.D.
Research Focus:
Interactions

Study Start Date:
2/1/99

Estimated Completion Date:
1/30/02

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: This project elaborates on information from recent studies 

which indicates that neurotoxicity increases during concurrent exposure to both pyridostigmine 

bromide (PYR) and N,N-diethyl-m-toluamide (DEET) with other agents.  Based on known 

interdependencies of the immune and nervous system, the investigators propose that exposure 

to PYR and DEET will negatively impact the immune system.  Additionally, as independent, 

low-level exposures of JP-8 jet fuel significantly affects T and B lymphocyte populations, the 

investigators propose to determine the consequences of low-level interactions of JP-8 with DEET

and PYR on immune protection mechanisms and manifestations of disease conditions affected 

by immune mediation.  

SPECIFIC AIMS: The hypothesis of this study is that manifestations of Gulf War Syndrome 

which include adenopathy, fever, joint pain, and skin rashes are linked to immune dysfunction 

due to exposure to agents such as DEET, PYR, and JP-8 jet fuel.  The aim of this project is to 

provide a comprehensive immunological evaluation to examine the potential effects of 

subchronic, low-level, concurrent exposures of DEET, PYR, and JP-8.

METHODOLOGY: The study will determine the effects of these three common military agents on

specific immunological parameters (i.e. natural killer cell activity, macrophage function, etc.) 

and susceptibility to diseases (e.g. cancer, infections, and autoimmune disease).

EXPECTED PRODUCTS (MILESTONES): Results of the project studies will provide information 

on the effects of subject compounds, administered singly or in combination, on the specified 

aspects of the immune system.

STATUS/RESULTS TO DATE: The range finding studies from the first year of this project have 

been completed and the NOELs and LOELs for the individual agents have been determined for 

use in the multiple-exposure studies.  In B6C3F1 female mice, observed effects following oral 

exposure with JP-8 (500, 750, 1000, & 2000 mg/kg/day for 14 days) included dose-dependent 

decreases in thymic weight and cellularity, increases in liver weight, and suppression of the 

antibody-plaque forming cell (PFC) response.  Oral exposure to PSB (0, 1, 5, 10, and 20 mg/kg 

for 14 days) or subcutaneous exposure to DEET (0, 7.7, 15.5, 31, & 62 mg/kg for 14 days) also 

resulted in dose-responsive suppression of the PFC response.  Additionally, alterations in splenic
CD4+/CD8- and thymic CD4-/CD8- lymphocyte subpopulations were noted following treatment with 

DEET.

Most Recent Publications:

None to date

  Persian Gulf Veterans' Illnesses Research 
-
Project 
DoD-77

Title:
Percutaneous Absorption of Chemical Mixtures Relevant to the Gulf War

Project #:
DoD-77
Agency:
DoD
Location:
CCTRP, NC State Univ. Raleigh

Status:
Ongoing
Research Type:
Mechanistic

P.I. Name:
Jim E. Riviere, D.V.M., Ph.D.
Research Focus:
Interactions

Study Start Date:
2/1/99

Estimated Completion Date:
1/30/02

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: The purpose of this project is to quantitate the dermal 

absorption and cutaneous toxicity of chemical mixtures that veterans may have been exposed 

to during the Persian Gulf War.  Veterans are thought to have been exposed to chemical 

mixtures containing: an insect repellent (DEET); an insecticide (permethrin); the prophylactic drug

pyridostigmine bromide, PB; perhaps chemical warfare agents, and jet fuel.  The study will 

evaluate the effects of chemical mixtures and chemical-biological interactions to which Gulf War 

veterans may have been exposed.

SPECIFIC AIMS: See objectives.

METHODOLOGY: Full and partial factorial design experiments will be used to evaluate potential 

chemical-chemical and chemical-biological interactions when these chemical mixtures are 

topically applied to porcine skin.  Porcine skin, which is structurally and physiologically similar to 

human skin, will be utilized in these in vitro and ex vivo studies.  Additionally, inert silastic 

membranes will be used to identify purely interactions that are independent of skin biology.  The 

first series of experiments will involve flow-through diffusion experiments to evaluate the dermal 

absorption of mixtures.  The next series of experiments will determine whether isolated perfused 

porcine skin flaps (IPPSF) affected by a systemic toxin (PB), alters the dermal absorption of 

topically applied chemicals.  The studies will also determine the most sensitive biomarkers 

(prostaglandin release, morphological changes) of dermatological effects associated with these 

mixtures.  The final series of experiments will evaluate absorption of DEET and permethrin in 

similarly PB perfused IPPSFs that were topically treated with permethrin.

EXPECTED PRODUCTS (MILESTONES): These studies will experimentally determine which 

chemical mixtures significantly influenced the absorption of toxicants relevant to the Gulf War 

Illness.

STATUS/RESULTS TO DATE: Significant progress has been made in fulfilling the first year 

objectives of this grant. First we have successfully recruited a graduate student with a 

pharmaceutical science background to work on this project. We have developed the analytical 

methods for quantitating percutaneous absorption of DEET and permethrin (cis and trans 

isomers) in our experimental matrices.  We have developed assays for detecting the 

inflammatory mediators TNF and IL-8, which will be used as biomarkers  in our model systems.  

With all tools developed, we started the assessment of the absorption of DEET and permethrin in

silastic (inert) and porcine skin diffusion cells, as well as in the IPPSF. Interactions were deteced

in both in vitro model systems that are dependent upon the mixture studied.  These experiments

are presently being analyzed and results should be available early next year.  Similarly, TNF 

and IL-8 release after application of DEET/Permethrin was seen in IPPSFs compared to control 

preparations. The complete study of these mixtures using IPPSFs will be conducted early next 

year.

It is premature at this stage in these studies to draw conclusions as to the role of specific 

chemicals in modulating percutaneous absorption, since all experiments are complete factorials 
which require completion of all experimental blocks before an analysis of interactions can be accomplished.  We will continue to conduct these studies and by using three levels of test systems, identify where interactions occur.  Once these basic interactions are understood in 

three component mixtures (permethrin, DEET, vehicle), we will add additional components as 

originally proposed above.
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Most Recent Publications:

Baynes RA, Halling KB, Riviere JE: The influence of diethyl-m-toluamide (DEET) on 
percutaneous absorption of permethrin and carbaryl. Toxicology and Applied Pharmacology, 144:332-339, 1997.

Baynes RA, Monteiro-Riviere NA, Qiao GL, Riviere JE: Cutaneous toxicity of the benzidine 

dye Direct Red 28 applied as a mechanistically-defined chemical mixture (MDCM) in perfused 


porcine skin. Toxicology Letters, 93:159-169, 1997.

Persian Gulf Veterans' Illnesses Research 
-
Project 
DoD-78

Title:
Experimental Models of Gulf War Syndrome

Project #:
DoD-78
Agency:
DoD
Location:
NY Univ. Med Center

Status:
Ongoing
Research Type:
Mechanistic

P.I. Name:
Hugh Evans, Ph.D.
Research Focus:
Interactions

Study Start Date:
4/15/99

Estimated Completion Date:
9/14/03

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: This project will develop experimental models with laboratory 

animals which can be used to identify possible causes and therapies for the "Gulf War 

Syndrome" which includes persistent problems that are dominated by cognitive, neurological and 

respiratory complaints.  Unique features of the proposal are:  these are the first experiments with

animals receiving dynamic inhalation exposures to OP; documentation of early effects using 

near-real time assays and bio-electronic sensors to identify fundamental physiological 

mechanisms which can be extrapolated to humans; and the study of combined exposures to OP,

PB, and Stress.  Because visualization as to whether the toxic effects are reversible is essential

to risk assessment, the long-term (up to 180 days post-exposure) consequences will be 

established.  

SPECIFIC AIMS: See objectives.

METHODOLOGY: In order to clarify the causal factors, rats and macaques will be evaluated 

before and after low level exposures to the following suspected causative agents: inhalation of 

the organophosphate (OP) compounds: Soman (SO) or Sarin (SA); oral exposure to the 

anti-cholinesterase medication pyridostigmine (PB); and psychological stress resulting from 

exposure to novel stimuli (Stress).  Chemical exposures will be quantified in terms of the 

concentration of the chemical in the atmosphere and by biomarkers of exposure in blood.  Toxic 

effects will be measured by well-established end points that can be used with experimental 

animals and later with humans.  The end-points used are cognitive function (continuous 

performance, pre-pulse inhibition), diurnal rhythms in locomotion, sensory evoked potential, and 

pulmonary function (lung capacity, airway conductance and responsiveness).

EXPECTED PRODUCTS (MILESTONES): Quantitative models will be established to allow more 

focused and mechanistically driven human studies in the future and to allow development of 

better organophosphate (OP) antidotes from future animal model studies.  Chemical exposures 

will be quantified in terms of the concentration of the chemical in the atmosphere. Specific 

biomarkers of exposure effects will be produced which can be used in future experiments with 

animals and humans.  And, consequences of long term exposure to the chemicals will be 

determined to aid in risk assessment.

STATUS/RESULTS TO DATE: During the initial year the investigation has been in start-up:  there

are no study findings to report.

Most Recent Publications:

None to date

Persian Gulf Veterans' Illnesses Research 
-
Project 
DoD-79

Title:
Time Course of Stress-induced Impairment of Blood Brain Barrier

Project #:
DoD-79
Agency:
DoD
Location:
WRAIR, Wash. DC

Status:
Complete
Research Type:
Mechanistic

P.I. Name:
G. J. Kant, Ph.D.
Research Focus:
Pyridostigmine Bromide

Study Start Date:
2/1/99

Estimated Completion Date:
1/31/00

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: Determine whether sustained stress impairs the blood brain 

barrier, thus permitting brain entry to drugs that normally do not cross the blood brain barrier.  

Specifically determine whether the chemical defense pretreatment drug pyridostigmine which 

normally does not cross the blood brain barrier gains access to brain under conditions of 

sustained stress.  This issue is relevant to soldiers serving in the Gulf War who received 

pyridostigmine.  In addition, determine whether pyridostigmine might interact with stress so as to 

exacerbate the effect of stress on physiology and behavior.

SPECIFIC AIMS: Measure levels of pyridostigmine in the brains of control and chronically 

stressed rats that are administered pyridostigmine.  Measure levels of cholinesterase, the 

enzyme affected by pyridostigmine, in the brain and blood of control and stressed rats 

administered pyridostigmine.  Measure stress hormones and cognitive performance in control and

stressed rats receiving vehicle or pyridostigmine. 

METHODOLOGY: To model sustained stress such as soldiers might experience, utilize a rat 

chronic stress paradigm well characterized in our laboratory.  Rats live 24 hr/day in operant 

cages with intermittent signaled presentation of footshock which is avoidable and escapable by 

one rat of each pair which pulls a chain to avoid or escape shock for itself and its partner.  Rats 

avoid or escape > 99% of  shock presentations.  This stress exposure results in elevated levels 

of plasma stress hormones, decreased food intake and weight gain, decreased thymus weight, 

disrupted biological rhythms, disrupted sleep patterning, impaired performance on cognitive 

tasks, similar to the effects of stress in humans.  Control and stressed rats will be implanted 

with indwelling osmotic pumps that deliver pyridostigmine or vehicle and then exposed to the 

stress exposure.   

EXPECTED PRODUCTS (MILESTONES): We feel that our will provide paradigm a useful model 

for soldier operational stress and can be used to elucidate the physiological and behavioral 

sequelae of stress exposure.

STATUS/RESULTS TO DATE: Funding was not received until May 99.  Between May and Dec 

99, we perfected  the technique of delivering pyridostigmine or physostigmine  via Alzet 

minipumps and conducted 4 experiments of 12 rats each.  In three of the four experiments, half 

of the rats were given pyridostigmine  and half were given vehicle.  Some of each group were 

unstressed and some were stressed.  In the fourth experiment, half of the rats were given 

physostigmine and half were given vehicle.  To date, we have measured blood cholinesterase 

and behavioral performance on the delayed alternation task in these rats in all 48 rats.  Brain 

samples have been frozen for future  brain cholinesterase levels, and the pyridostigmine assay 

is still in testing.  To date, preliminary results suggest that significant decreases in blood 

cholinesterase levels do not affect performance on the delayed alternation task in rats. In 

contrast to pyridostigmine, stress itself impaired performance on the task regardless of whether 
rats received pyridostigmine or vehicle.  These studies are ongoing and conclusions can not yet

be made.

Most Recent Publications:

None to date

Persian Gulf Veterans' Illnesses Research 
-
Project 
DoD-80

Title:
Molecular Regulation of Corticosteroid Receptor Expression in Stress-Responsive Cells

Project #:
DoD-80
Agency:
DoD
Location:
USUHS, Bethesda MD

Status:
Ongoing
Research Type:
Mechanistic

P.I. Name:
Jeff Harmon, Ph.D.
Research Focus:
Brain & Nervous System

Study Start Date:
2/1/99

Estimated Completion Date:
1/31/02

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: The purpose of this investigation is to elucidate the 

mechanisms responsible for regulation of human glucocorticoid receptor (hGR) expression in 

tissues of the HPA hypothalamic-pituitary-adrenal (HPA) axis. Abnormal HPA axis response is 

often seen in major depression, and in posttraumatic stress disorder (PTSD), suggesting that at 

least some clinical manifestations of these disorders can be attributed to aberrant HPA axis 

function.

SPECIFIC AIMS:  The specific goals are to: 1) determine the extent of alternative hGR promoter 

utilization, and identify and map each promoter; 2) characterize the cis-acting regulatory elements

associated with each hGR promoter; and 3) identify tissue specific trans-acting factors 

responsible for differential (positive or negative)  hGR autoregulation.

METHODOLOGY:  To achieve these objectives, hGR 5’-ends will be used to identify its 

corresponding genomic sequences.  For sequences not present in available genomic clones, 

human chromosome libraries will be screened.  Functional promoter activity will be evaluated by 

using using chimeric reporter genes transfected into a panel of cell lines representing various 

stress-responsive tissues (pituitary, hypothalamus, adrenal).  Cis-acting regulatory elements will 

be identified using  transfection assays  with normal and mutant promoters to assess the effects
 of adrenocorticotrophin (ACTH), and corticotropin releasing hormone (CRH) on promoter activity.

Tissue-specific trans-acting factors will be characterized using nuclear extracts prepared from 

appropriate cell lines to identify physical interactions with relevant cis-acting promoter elements. 
 

EXPECTED PRODUCTS (MILESTONES):  The expected products of this work are: 1) a complete 

description of alternative hGR promoter utilization, and identification and mapping of hGR 

promoter regions; 2) identification and characterization of cis-acting elements that regulate hGR 

expression in stress-responsive tissues; and 3) identification and characterization of 

tissue-specific trans-acting factors that regulate hGR gene expression in stress-responsive 

tissues.

STATUS/RESULTS TO DATE: Twenty-four human tissues have been assayed for the presence 

of each putative exon 1 sequence previously cloned from human T and B cells.  Exon 1A, the 

sequence described in the original report of the hGR sequence (Hollenberg et al., Nature 318: 

635, 1985), was present in brain, pituitary, and adrenal gland mRNA.  Similarly, exon 1B, highly 

represented in lymphoid cells, was also present in all three stress-sensitive tissues.  However, 

exons 1C, 1D, 1E, 1F, 1G, and 1H were present in both brain and pituitary tissue, while mRNA 

prepared from adrenal gland appeared to contain hGR sequences with only exons 1A, 1B, and 

1G.  Thus, we have demonstrated differential promoter utilization in stress-responsive tissues.  

All but two of the exon 1 elements have been mapped into genomic DNA immediately upstream 

or downstream from the site corresponding to exon 1A.  One of the two remaining sequences 

corresponds to genomic sequence for which well defined genomic clones already exist.  Coupled 
with the availability of bacterial artificial chromosomes containing sequence from the distal portion

of chromosome 5q, these results suggest that the cloning, physical mapping and sequencing of 

the relevant hGR genomic sequence should be completed within the next year, and that identification 

of the cis-acting regulatory elements should begin immediately thereafter.

Most Recent Publications:

Ramdas J, Harmon JM. Glucocorticoid-induced apoptosis and regulation of NF-kappaB 

activity in human leukemic T cells. Endocrinology, 139:3813-3821, 1998.
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Ramdas J, Liu W, Harmon JM. glucocorticoid-induced cell death requires autoinduction of 


glucocorticoid receptor expression in human leukemic T cells. Cancer Res., 59:1378-1385, 1999.



Hillmann, A. G., Ramdas, J., Multanen, K., Norman, M. R., and Harmon, J. M. Glucocorticoid

receptor gene mutations in leukemic cells acquired in vitro and in vivo. 1999 (submitted).

Persian Gulf Veterans' Illnesses Research 
-
Project 
DoD-81

Title:
Immunotoxicity due to Coexposure to DEET, Pyridostigmine, and Stress

Project #:
DoD-81
Agency:
DoD
Location:
VAMC Charleston

Status:
Ongoing
Research Type:
Mechanistic

P.I. Name:
Gary Gilkeson, M.D.
Research Focus:
Interactions

Study Start Date:
1/1/99

Estimated Completion Date:
12/31/01

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: Gulf War soldiers were exposed concurrently to agents such 

as N,N-diethyl-m-toluamide (DEET) and pyridostigmine bromide (PYR), however, it is not clear 

whether coadministration of these agents results in significant health effects or contributes to the

signs and symptoms of "Gulf War Syndrome" reported by the Gulf War veterans. Likewise, it is

not known whether elevated levels of physical stress may also influence potential toxicity 

during coexposure to DEET and PYR. Independent exposures of PYR or DEET are reported to 

cause minimal physiological effects in humans. However, recent studies indicate increased 

neurotoxicity during multi-chemical exposures including PYR and/or DEET with or without 

environmental stress. The effect of combined exposure on the immune system is unknown; it is 

possible these agents alone or in combination have no direct effect on immune function. The 

immune system, however, directly interacts with the nervous system in a variety of ways. 

Thus, if there were direct effects of these agents on the nervous system, they may also have 

indirect effects on immune function. Consequently, it is rational to elucidate potential effects on 

immune function and susceptibility to cancer, infectious, and autoimmune disease due to PYR 

and DEET coadministered in the presence of stress. 

SPECIFIC AIMS: 1) To test the effect of subchronic coexposures to low-levels of DEET, PYR, 

and physiological stress on immunotoxicological, hypersensitivity, and inflammatory responses 

in B6C3F1 mice. 2) To assess the effect of concurrent exposure to DEET, PYR, and 

physiological stress on susceptibility to infectious disease and/or cancer in BSC3F1 female 

mice. 3) To determine if subchronic concurrent exposure to PYR, DEET, and physiological stress
 will accelerate autoimmune disease in autoimmune prone NZB/NZW mice. 

METHODOLOGY: Using mice as a model for the human immune system, we hypothesize that 

subchronic coexposure to low-levels of DEET, PYR, and physiological stress will significantly 

affect immunological function and increase susceptibility to cancer, infectious disease or 

autoimmune disease. 

EXPECTED PRODUCTS (MILESTONES): Ultimately, these studies may provide insight into the 

mechanisms of disease for the manifestations experienced by Gulf War veterans.

STATUS/RESULTS TO DATE: We have completed the initial studies of single exposures to 

DEET, pyridostigmine and stress and found effects of each exposure on the immune system at 

levels similar to human exposure in the Gulf War.  Stress (forced exercise) had the greatest 

effect on the immune system.  The primary immune parameter affected was the antibody 

response to primary immunization.  Studies of combined exposure are now underway to determine 
if there is an additive effect of these exposures on the immune system of normals and the autoimmune

prone.

Most Recent Publications:

None to date

Persian Gulf Veterans' Illnesses Research 
-
Project 
DoD-82

Title:
Feasibility of Developing a Registry of PTSD Affected Veteran Sib Pairs

Project #:
DoD-82
Agency:
DoD
Location:
VAMC St. Louis

Status:
Complete
Research Type:
Epidemiology Research

P.I. Name:
Seth Eisen, M.D., M.Sc.
Research Focus:
Brain & Nervous System

Study Start Date:
10/1/98

Estimated Completion Date:
9/30/00

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: 1) From a cohort of possible sib pairs in which both sibs are 

likely to have PTSD, randomly sample 2,000 sib pairs (4,000 individuals) to determine: a. the 

proportion of true sib pairs, and b. the proportion of sib pairs who can successfully be contacted;

2) From the true sib pair cohort of possible sib pairs at risk for PTSD, determine the proportion 

who are screened PTSD positive by telephone interview; 3) From the PTSD screened positive sib

pairs defined in #2, determine the proportion who will provide blood for a linkage study protocol. 

SPECIFIC AIMS: The proposed feasibility study will determine whether Department of Defense 

(DoD) and Department of Veterans Affairs (VA) computer based files can be linked to identify 

sib pairs who have had PTSD at some time in their lifetime.

METHODOLOGY: The Defense Manpower Data Center (DMDC) of the DoD will analyze their 

database of over 11 million veterans to identify possible sib pairs using algorithms wich match 

veterans for same last name, different first name, and similar social security number or address

at induction into military service. A PTSD enriched data base of veterans who have been 

diagnosed or treated by the VA for PTSD, will be merged with the DMDC database of probable 

sib pairs to give a database of probably sib pairs in which one or both members are at high risk 

for PTSD. Military records located at the National Personnel Records Center (NPRC) in St. Louis 

will be utilized to confirm sib pair status. A random sample of confirmed sib pairs in which one 

one or both members are at high risk for having PTSD will be screened via telephone interview to

identify PTSD affected sib pairs. A subset of this group will be invited to contribute a blood 

sample. Cooperation rates for these steps will be carefully analyzed.

EXPECTED PRODUCTS (MILESTONES): This "affected sib pair" registry can provide the basis 

to begin to investigate genetic loci associated with PTSD. If we can demonstrate that it is 

feasible to develop a PTSD affected sib pair registry of sufficient size, and that registry 

members are willing to be interviewed and provide a blood sample, then a large scale linkage 

study will be proposed.

STATUS/RESULTS TO DATE: A database of approximately 150,000 possible sib pairs has been 

developed. In addition, a database of 235,000 veterans who have been diagnosed or treated by 

the VA for PTSD has been developed and merged. We thereby identified approximately 4,000 

individuals who might be members of PTSD affected sibships (i.e., probable sib pairs in which 

one or both probably had PTSD in their lifetimes).  To confirm sibship status, we submitted 2,000

names and social security numbers to the National Personnel Record Center (NPRC) in St. 

Louis, Missouri.  Approximately 1,600 were determined by NPRC to be unique individuals, and 

1,350 service records were located.  Research project staff then reviewed each of these records

to identify true sib pairs.  We determined that 36 percent (i.e., 488/1350) of those whose military

records could be located (about 25 percent of the original cohort of 2000 names) are true sib 

pairs.  Thus, our name and social security number algorithm method successfully identifies sib 
pairs.  We are now locating sib pairs and will begin telephone interview and soliciting blood samples 

in early January, 2000. The project is successfully adhering to its original timetable.

Most Recent Publications:

None to date
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Title:
Risk for Stress-related Substance Abuse: the Effects of Family History of Alcoholism

Project #:
DoD-83
Agency:
DoD
Location:
USUHS, Bethesda, MD

Status:
Ongoing
Research Type:
Clinical Research

P.I. Name:
Frances Gabbay, Ph.D.
Research Focus:
Brain & Nervous System

Study Start Date:
3/31/99

Estimated Completion Date:
02/01/02

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: Individuals with a family history of alcoholism are at 

increased risk for alcohol and other substance abuse disorders. Evidence from twin and adoption 

studies suggests strongly that this increase in risk is due to genetic as well as environmental 

factors. In a multifactorially-determined disorder with some genetic contributions, biological 

relatives of affected persons may be carrying components of the biological predisposition 

without being affected themselves. The family-history method identifies subjects who are at high

risk for developing alcoholism by virtue of their family history, but who are themselves not 

alcoholic (family-history positive, FHP). These individuals are matched and compared to 

nonalcoholic offspring of control subjects with no family history of alcoholism (family-history 

negative, FHN), permitting analyses of factors that predispose individuals to alcohol and other 

substance abuse without the confounding effects of heavy alcohol or other drug use. This design

has resulted in a body of research that has begun to reveal differences in attentional processes 

between FHP and FHN subjects. There is preliminary evidence that these apparent differences 

in the allocation of attention, inferred from differences in the P300 component of the 

event-related brain potential (ERP), may be mined to distinctive patterns of arousal in the two 

groups.

SPECIFIC AIMS: We will employ the family-history design to test hypotheses derived from the 

assumed differences in arousal: (1) in tasks requiring sustained attention, FHP subjects will 

fatigue more quickly than FHN subjects; (2) FHP subjects will show greater response to 

d-amphetamine than FHN subjects in that d-amphetamine will counteract fatigue related changes 

to a greater extent in FHP subjects; and (3) stimulus novelty will have a greater effect in 

reversing fatigue related changes in FHP subjects than in FHN subjects. Our tests of these 

hypotheses will use sensitive electrophysiological measures of attention and arousal in 

conjunction with measures of task performance and measures of subjective effects. In addition, 

we will test the hypothesis that (4) the effects on our measures of a family history of alcoholism

will be less evident in women than in men.

METHODOLOGY: We will recruit a sample of FHP (n=30) and FHN (n=30) adults, comprising 

equal numbers of women and men, using state-of-the-art methods to define and assess family 

history of alcohol and other substance abuse. A between-subjects design will be used to study 

the effect of family  history on our measures. A within-subject design will be employed to permit 

examination of the effects of fatigue, d-amphetamine dose, and stimulus novelty. Testing will be

double-blind, and will consist of three sessions. Over the course of these three sessions, 

subjects will receive a placebo, 10 mg, and 15 mg of d-amphetamine, packaged in matching 

capsules. The test battery will comprise the following: (1) visual and auditory versions of the 

Identical Pairs Continuous Performance Test (IP-CPT), a demanding test of sustained attention 

that is very sensitive to fatigue; (2) an auditory novelty oddball task, which permits evaluation 

of processes underlying the detection and processing of stimuli outside the focus of attention; 

(3) the resting EEG, a classic measure of arousal; and (4) self-report of subjective effects, using

the Profile of Mood States (POMS), the Visual Analog Scale (VAS), and the Biphasic Alcohol 

Effects Scale (BAES). The test battery will be administered three times in each session: once 

before, and 30 and 180 minutes following capsule ingestion. The novelty oddball task will be 

included only in one test battery, the one that begins 180 minutes following drug ingestion. 

Family-history group differences in the effects of d-amphetamine dose and stimulus novelty on 

fatigue-related changes in our electrophysiological and behavioral measures will be assessed. 

Sex differences in the effects of our variables will also be examined.
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EXPECTED PRODUCTS (MILESTONES): Substance abuse is evident in the military as well as 

the civilian population. Moreover, it has been reported that stress related to military assignments 

may contribute to substance abuse by military women and men. Thus, the relevance of this proposal to 



the VA/DoD mission arises from its focus on the use of behavioral and electrophysiological 


measures to differentiate individuals at varying risk for substance abuse, as
 well as from its aim to address the question of whether-- and if so, how -- the effects of a 
 

family history of alcoholism are different for women and men.
 

STATUS/RESULTS TO DATE: Based on recent developments in the field, we have modified the 

manner in which we are quantifying family history.  That is, instead of considering risk as a 

categorical variable (i.e., family-history positive vs. family-history negative) , we are treating it 

as a continuum.  That is, risk is now quantified based on the number of the proband’s relatives 

meeting diagnostic criteria, and the degree of genetic relatedness of those relatives to the 

proband.  We have tested 30 men and 15 women in the three sessions described in Methodology.

To minimize experimental bias, investigators are blind to the risk status of the subjects until all 

electrophysiological data have been quantified; thus, we have no preliminary results to report at 

this time.

Most Recent Publications:

Gabbay, F.H., Duncan, C.C., & Mirsky, A.F. (1999).  Sex differences in amphetamine

effects on the P300 elicited in an auditory novelty oddball task.  Psychophysiology, 36, S52. [Abstract].
Duncan, C.C., Gabbay, F.H., & Mirsky, A.F. (1999).  Auditory and visual P300 in men and women: 

Within- and between- session stability.  Psychophysiology, 36, S48 [Abstract].
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Title:
Psychobiologic Alterations in Persian Gulf War Veterans with and without PTSD

Project #:
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DoD
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Research Type:
Clinical Research
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Julia Golier, M.D.
Research Focus:
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Study Start Date:
10/1/98

Estimated Completion Date:
9/30/02

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: Many of the troops who served in the Gulf War have 

subsequently complained of a deterioration in health some of whom are clearly suffering from 

known disorders, including Posttraumatic Stress Disorder (PTSD) and others of whom are 

suffering from complex combinations of somatic and psychological symptoms that defy 

diagnostic classification. The goal of this study is to identify the neuroendocrinologic 

underpinnings of PTSD and health symptoms in Gulf War veterans (GWVs) and determine 

whether they are similar to the alterations described in previous generations of combat veterans 

suffering from classic traumatic stress disorders.  In particular we proposed to examine whether 

symptoms in GWVs are associated with the neuroendocrinologic alterations previously identified 

in Vietnam veterans with PTSD. Previous studies of the hypothalamic-pituitary-adrenal (HPA) 

axis in Vietnam veterans revealed a distinct neuroendocrinologic profile associated with PTSD, 

characterized by low basal cortisol levels, hypersuppression of cortisol in response to 

dexamethasone (DEX), an increased number of lymphocyte glucocorticoid receptors and 

augmentation of adrenocorticotropin hormone (ACTH) release in response to metyrapone. In the 

aggregate, these findings suggested that there are long-term alterations in the stress response 

system in combat-related PTSD which are indicative of enhanced negative feedback inhibition. 

SPECIFIC AIMS: The specific aims of the current proposal  are  to examine whether GWVs with 

PTSD show neuroendocrine alterations compared with GWVs without PTSD and normal controls 

not exposed to the Gulf War.

METHODOLOGY:  Following a psychiatric and medical assessment, veterans and controls 

undergo a  comprehensive neuroendocrine battery including repeated measurement of cortisol, 

ACTH and catecholamines over 24 hours, the dexamethasone suppression test and the 

metyrapone stimulation test. (Metyrapone temporarily blocks the synthesis of cortisol from its 

immediate precursor, 11-deoxycortisol. Removing the negative feedback inhibition of cortisol 

usually results in an immediate rise in ACTH and 11-deoxycortisol. This test is used to measure  

the pituitary gland’s capacity to release ACTH and is an indirect measure of  suprapituitary 

activation of the HPA. )

EXPECTED PRODUCTS (MILESTONES): By using the same neuroendocrine battery in GWVs 

with PTSD as we have previously studied in Vietnam veterans, and are currently studying in 

veterans of Korea and WWII, we will also be in a unique position to compare the findings among 

groups of combat veterans. If different groups of combat veterans with PTSD show the same 

neuroendocrine profile, it will suggest that the alterations are an essential feature of PTSD. If 

they differ, we will be able to explore whether the biologic alterations of PTSD vary according to 

other factors such as age, magnitude of combat exposure, or course of illness. 

STATUS/RESULTS TO DATE: In this first year we have conducted psychiatric evaluations and 

medical screenings on 20 Gulf War veterans, most of whom met criteria for Posttraumatic 

Stress Disorder, which represents almost 1/3rd of the number of veterans we proposed to study.

In addition to PTSD, these veterans also suffer from a number of other health symptoms. For 

example, more than 50% of our sample endorse having the following symptoms frequently or 

very frequently: forgetfulness, difficulty concentrating, restlessness, headaches, muscle aches,
  joint pain, and fatigue. Eleven of the twenty veterans have participated in biological testing.  To 

date we have the results of the low-dose DST on 9 GWVs with PTSD. The average cortisol level 

was 11.9 ug/dl on the baseline day and 1.3 ug/dl on the post-dexamethasone day. The mean 

percent of cortisol suppression was 89.2%, which was lower than the percent suppression seen in

normals (75%) or in trauma-exposed controls (68%) and nearly identical to the percent 
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suppression seen in Vietnam veterans with PTSD (90.3%).  These preliminary results suggest 

that GWVs with PTSD may have enhanced cortisol negative feedback inhibition . To date, 10 

GWVs with PTSD have undergone 24 hour recording of the basal hormone levels. The results are


available for the first six subjects. Analysis of these subjects suggests that the mean cortisol 

levels are significantly lower in GWVs with PTSD than in normal controls of a similar age (mean 

5.7 (2.1) vs 8.7 (2.2) ug/dl). The cortisol levels in the GWV with PTSD group are substantially 

lower than the normals at almost every time point in the circadian cycle. Additionally, the GWVs 

had an enhanced amplitude-to-mesor ratio of cortisol release. That is the peak cortisol levels were

relatively high, given the overall lower baseline levels. This suggests that there is not 
  simply a downward shift of the output of the entire system but rather a wider dynamic range of 
 

cortisol output. The mild hypocortisolemia in the GWVs is also lower than in the Vietnam veterans


with PTSD, which raises the question of whether there may be different or more exaggerated 

neuroendocrine alterations in this population of veterans. The explanation of this lower cortisol 

level is not yet clear; however, the GWVs were also found to have a significantly higher basal 

ACTH level than normals, which is not true of the Vietnam veterans with PTSD.  Furthermore, 

the GWVs had a diminished 11-deoxycortisol response, but a normal ACTH response to 

metyrapone, which could also be consistent with abnormalities at the level of the pituitary gland. 

In summary, the preliminary results suggest GWVs with PTSD may have similar HPA axis 

alterations as Vietnam veterans with PTSD (low cortisol levels, an increased amplitude-to-mesor 

ratio of cortisol, cortisol hypersuprression to DEX ) but may show some differences as well, 

perhaps owing to the presence of chronic health symptoms.


Most Recent Publications:


These  preliminary findings were presented at the 1999 Annual Meeting of the International 
Society for Traumatic Stress Studies and the 1999 meeting of the American College of Neuropsychopharmacology .
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CNS Cytokines and CRH in Gulf War Veterans with Multiple Unexplained Symptoms

Project #:
DoD-85
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Research Type:
Clinical Research

P.I. Name:
Dewleen Baker, M.D.
Research Focus:
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Study Start Date:
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Estimated Completion Date:
9/30/02

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: Since  symptoms of GVWs (fatigue, headache, 

musculoskeletal pains and memory loss) resemble those of cytokine mediated sickness 

behaviors and of stress-related conditions (such as fibromyalgia), this study will examine 

whether abnormalities of central nervous system cytokines and their neurohormone modulators 

provides an explanation for GWVs symptoms.

SPECIFIC AIMS: To longitudinally determine cerebrospinal fluid (CSF) levels of IL-6, IL-I and 

CRH as well as plasma ACTH and cortisol concentrations in GWVs with and without unexplained 

physical symptoms and in a comparison fibromyalgia control group. We propose to use the 

technique of continuous CSF sampling to determine the relationship between multiple physical 

symptoms and concentrations of CNS cytokines, as well as to assess the function of the HPA 

axis in GWVs. Specifically, we will test the following hypotheses: (1) GWVs with multiple 

unexplained symptoms will have significantly higher CSF and/or peripheral IL-6 levels and 

IL1-beta concentrations than those veterans without physical complaints. (2) CSF CRH 

concentrations in GWVs with multiple physical symptoms will be low in comparison with the CSF 

CRH concentrations in asymptomatic GWVs, but CSF CRH concentrations will be similar to 

those of a fibromyalgia control group.

METHODOLOGY: Thirty seven serial measurements of cytokines and neuroactive substances 

will be obtained at 10 minute intervals, beginning 3 h after flexible subarachnoid catheter 

insertion. Blood  is withdrawn at 10 minute intervals during CSF sampling to harvest plasma for 

serial cortisol and ACTH concentrations. Additionally, 24-h urinary free cortisol (UFC) levels are 

collected. 

EXPECTED PRODUCTS (MILESTONES): Determination as to whether central nervous system 

(CNS) abnormalities of cytokines and their neurohormone modulators, provides an explanation 

for the unexplained symptoms of GWVs and are a target for pharmacotherapy development. 

STATUS/RESULTS TO DATE: The first year of the study has been focused on subject 

recruitment and data collection.  Thirteen study subjects have agreed to participate, of whom 

five have already been scheduled and seven are working with the nurse researcher to schedule 

an agreed upon date.  Four subjects have been completed.  Overall, forty nine have been 


interviewed for the study.  In addition to subjects already scheduled, 15 are thinking about 


volunteering, four are not interested, and 13 have been disqualified for medical reasons.  We will 

continued to collect data and analyze data over the next year.

Most Recent Publications:

None to date

Persian Gulf Veterans' Illnesses Research 
-
Project 
DoD-86

Title:
Effects of Combat Stress on Structure and Function of the Hippocampus

Project #:
DoD-86
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Summary of Program(s):

OVERALL PROJECT OBJECTIVE: To examine neurobiological, electrophysiological, and 

psychophysiological correlates of combat stress and  Posttraumatic Stress Disorder (PTSD) in 

order to identify possible mechanisms underlying symptoms and functional impairment.   

SPECIFIC AIMS: The primary aim is to replicate the seminal studies on reduced hippocampal 

volume in PTSD patients using more sensitive measurement methods and with design elements 

that address the potentially confounding influence of chronic alcohol abuse. An additional aim is 

to address questions of immediate medical significance to the VA and DoD, specifically the 

potential amplification of hippocampal aging by stress and the role, if any, of the hippocampus in

 the severe memory complaints of some Persian Gulf War (PGW) veterans. 

METHODOLOGY: There are six study groups, three involving combat exposed Vietnam veterans

(males only) and three involving Persian Gulf-deployed veterans (males and females). The 

Vietnam cohort includes two groups with current PTSD, one with no history of alcohol abuse and 

one with such a history. It also includes a group with no current mental disorder and no history of

alcohol abuse. The PGW cohort includes comparable PTSD and No-Disorder groups, both having

no history of alcohol abuse, plus a third group characterized by self-identified complaints of 

memory dysfunction in the absence of either current PTSD or lifetime alcohol abuse. 

EXPECTED PRODUCTS (MILESTONES): The primary aim is addressed by comparing groups of 

traumatized Vietnam veterans with and without histories of alcohol abuse, by increasing the 

sensitivity and reliability of volumetric estimations through enhanced-resolution MR imaging 

(Wald et al, 1995), and by adding more comprehensive assessments of memory. The medical 

significance of the findings is addressed by examining the wide-ranging measures for indications 

of accelerated hippocampal aging in Vietnam veterans with PTSD and for correlates of severe 

memory complaints in the PGW population. 

STATUS/RESULTS TO DATE:  Project staff have been hired, high-resolution coils have been 

implemented for MRI scanning, cross-site calibration of scanners has been initiated, 

modifications and equipment upgrades have been made to electrophysiology and 

psychophysiology laboratories, and participant recruitment has begun.  Data collection will be 

completed for the initial 2 or 3 participants by the end of 1999.

Most Recent Publications:

None to date
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Title:
Measurement and Validation of Psychosocial Risk and Resilience Factors Accounting for 

Physical and Mental Health and Health-Related Quality of Life among PGWVs

Project #:
DoD-87
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DoD
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Research Type:
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P.I. Name:
Daniel King, Ph.D.
Research Focus:
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Summary of Program(s):

OVERALL PROJECT OBJECTIVE: This project has the long-term objective of producing a reliable

 inventory of psychosocial risk and resilience factors for contemporary military personnel and 

then demonstrating its validity vis-a-vis Gulf War veterans' self-reported somatic and 

psychological symptoms and judgments of health-related quality of life. The inventory will 

include assessments of seven dimensions of war-zone stress (exposure to combat, exposure to 

the grotesque aftermath of battle, anticipatory fear or perceived threat, lower magnitude aspects 

of the malevolent war-zone environment, concern about life and family disruption, and sexual 

and gender harassment, and warzone social support); three predeployment vulnerabilities (prior 

trauma history, quality of family functioning and predeployment preparations); and two reentry 

postwar circumstances (social support and additional stressful life events). 

The overriding working hypothesis for the proposed project is that scores on the psychosocial 

risk and resilience inventory will be meaningfully related to self-reported physical and mental 

health and health-related quality of life, thus validating the inventory itself. This global 

proposition will find support in the testing of six subsidiary hypotheses. The first three 

hypotheses are aimed at documenting main effects of the psychosocial risk and resilience 

predictors on outcomes, controlling for self-reported exposures to chemical or biological agents. 

Two hypotheses are intended to delineate expected interactions between veteran demographic 

characteristics and the psychosocial risk and resilience factors, controlling for self-reported 

exposures to chemical or biological agents. The sixth hypothesis postulates possible synergistic 

consequences of self-reported exposures to chemical or biological agents and the presence of 

one or more psychosocial risk and resilience factor(s). 

SPECIFIC AIMS: The project has three specific objectives, each corresponding to a separate 

phase: (1) To define and operationalize the variables representing psychosocial risk and resilience

 that are proposed to influence veterans' self-reported health outcomes; (2) To collect data from 

a test development sample of Gulf War veterans and conduct first-stage psychometric 

analyses; and (3) To relate scores on the refined war-zone. predeployment, and reentry-postwar 

measures to indices of physical and mental health and health-related quality of life. This third 

specific objective subsumes the evaluation of a series of hypotheses using data from a 

second-stage test validation sample of Gulf War veterans. 

METHODOLOGY: The project will adhere to the scientifically-based process of construct 

validation as a guiding framework to generate a conceptually meaningful and psychometrically 

sound inventory. As with virtually all instrument development projects the research design is 

observational and cross-sectional. Two stratified random samples of Persian Gulf War veterans, 

a test development sample and then a test validation sample, will be drawn with the assistance 

of personnel from the Defense Manpower Data Center. Data will be collected by telephone 

interviews conducted by Schuiman, Ronca, and Bucuvalas, Inc. (SRBI), a well-regarded market 

and opinion survey research firm. Initial data analysis will generate classical test theory-oriented 

item and scale characteristics and estimates of internal consistency reliability. The testing of all 

hypotheses will be conducted using hierarchical multiple regression analyses. 

EXPECTED PRODUCTS (MILESTONES): Findings are intended to provide information to assist 

military leaders to better prepare personnel for future deployments and DoD and VA health-care 

policy-makers and practitioners to plan and implement more effective prevention and treatment 

programs. The major product, a portable risk and resilience assessment device, will be a standard

 tool for use by other researchers (psychosocial. biomedical, or otherwise) and a prototype 

measure of psychosocial features of future deployments. 
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STATUS/RESULTS TO DATE: Hiring of staff has been accomplished, and the current literature 

has been reviewed for up-to-date content.  Six focus groups with a total of 33 participants have


been conducted and coded for content to aid in construct definitions and item development.  

Construct definitions have been developed and refined for each of the twelve risk and resilience 

variables.  For each of these twelve constructs, a set of items has been written and tested for 

readability, and an initial item pool has been developed. These items have been incorporated into 

a telephone survey that will be administered to Gulf War veterans in the next phase of this 

study.  Project consultants have been contacted and conferred with regarding each of the tasks 

required for the definition and operationalization of each of the risk and resilience variables.  

Application for Office of Management and Budget approval for the telephone survey has been 

initiated.


Most Recent Publications:

Vogt, D. (in press). The benefits of focus groups in stress and trauma research. 

Stresspoints.
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OVERALL PROJECT OBJECTIVE: The purpose of this proposal is to study the expression of a 

novel glucocorticoid-regulated glycoprotein specific to human monocytes (CD163; originally 

described as the p155 antigen) in PTSD. The overall goal is to determine whether levels of 

expression of CD163 or other immune system parameters, or changes in levels of expression in 

a dexamethasone suppression test are associated with symptoms and severity of PTSD. In vitro

expression of CD163 is regulated by physiologically relevant amounts of free glucocorticoids, 

where a half-maximal enhancement of expression occurs with concentrations of hormone that 

half-saturate the glucocorticoid receptor. Thus, baseline expression of CD163 on peripheral 

monocytes, and/or enhancement of expression in response to DEX administration in vitro may 

represent a sensitive index of hypothalamic-pituitary-adrenal (HPA) axis activity in PTSD. We 

propose a case-control comparison of current PTSD versus current major depressive disorder 

(MDD) versus nonpsychiatric controls. 

SPECIFIC AIMS: See objectives. 

METHODOLOGY: For these studies, we will recruit and screen male Vietnam war veterans in VA 

health care and from the community to assemble the following study groups: (a) 15 subjects with

a current PTSD diagnosis, (b) 15 subjects with a current depression diagnosis but no lifetime 

PTSD, and (c) 15 subjects with no lifetime PTSD or depression diagnosis and no current Axis I 

psychiatric disorder (controls). 

EXPECTED PRODUCTS (MILESTONES): The data obtained from these studies may provide new

 information of the relationship between HPA axis activity and immune function in PTSD, and 

may also allow the development of a simple and sensitive test useful in the diagnosis and 

management of PTSD. 

STATUS/RESULTS TO DATE: Thus far we have recruited 11 control subjects and 10 patients 

diagnosed with PTSD. The diagnosis for each subject was not known to the investigators drawing 

blood and performing the assays.  For each subject, we measured (a) CD163 expression on 

peripheral blood monocytes, (b) CD163 expression in response to varying concentrations of DEX

in vitro, (c) CD163 expression following DEX administration in vivo (DST), and (d) total plasma 

cortisol levels.  Baseline CD163 expression, and expression after treatment with DEX in vitro was

measured with ant-CD163 specific monoclonal antibodies by quantitative flow cytometry. Data 

analysis is currently being done in relation to plasma cortisol levels and to PTSD diagnostic and 

severity status and is not yet compete.  We anticipate attaining our goal of 15 PTSD subjects 

and 15 control subjects within the next few months are also beginning to recruit subjects with 

MDD.  In summary, the studies are in progress, we are ahead of schedule concerning subject 

recruitment, and based on preliminary screening of the data we anticipate that some additional 

measures will be incorporated in the near future that will add to the strength of the study.

Most Recent Publications:

None to date
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Title:
Limbic Blood Flow and Opiate Receptor PET in Posttraumatic Stress Disorder

Project #:
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Research Type:
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Summary of Program(s):

OVERALL PROJECT OBJECTIVE: Using positron emission tomography (PET) we propose to 

characterize the amygdaloid complex function in PTSD. We hypothesize that abnormal 

amygdaloid complex activation is involved in the pathophysiology of PTSD and in PTSD 

symptom generation, and that a likely neurochemical basis for this abnormality is alteration in 

the density of opioid receptors within the amygdala. 

SPECIFIC AIMS: Specifically, we hypothesize that: 1) Greater regional cerebral blood flow (rCBF)

activation, in the amygdaloid complex and associated limbic regions of PTSD patients, will be 

demonstrated in response to both traumatic and non-specific aversive emotional stimuli, relative 

to control groups. 2) Increased mu-opioid receptor binding will be demonstrated in the amygdaloid 

complex and associated limbic regions of PTSD patients relative to control groups. 3) The 

magnitude of  rCBF activation in the amygdaloid complex and associated limbic regions will 

positively correlate with mu-opioid receptor binding in the same region.

METHODOLOGY: Three groups of 20 subjects each will be studied: 1) Male Vietnam veterans 

with PTSD; 2) Non-combat normal controls, matched by age and gender; 3) Combat controls: 

Vietnam War veterans, matched by age and gender, who served in active combat in the Vietnam

theater, but do not have a history of PTSD or meet criteria for active disease. Subjects with 

organic mental disorder or psychoactive substance dependence will be excluded. The psychiatric 

diagnosis will be established using SCID IV for patients and SCID NP for controls. Each group 

undergoes two types of PET studies: 1) Characterization of the baseline mu-opioid receptor 

availability and regional distribution using [C-1l] Carfentanil (a selective mu-opioid receptor 

agonist) in PTSD patients and control groups. 2) Using [O-15] water regional cerebral blood flow 

measurements and an activation paradigm developed and validated in our laboratory, we will 

examine the limbic system and amygdaloid complex responses to trauma-specific, non-specific 

negative and neutral emotional stimuli (viewing emotionally negative versus neutral pictures and 

listening to trauma-specific versus neutral scripts) in PTSD patients and control groups.

EXPECTED PRODUCTS (MILESTONES): The proposed study offers a novel approach that 

simultaneously examines both neuroanatomical and neurochemical hypotheses of PTSD, linking 

seemingly isolated findings into an integrated view of PTSD pathophysiology. This combined 

approach may elucidate both the functional neuroanatomy of symptom generation and the 

underlying neurochemical processes that "drive" this function. The within-subject design permits 

examination of the strength of association between the changes in blood flow and neurochemical 

findings, providing valuable information on rCBF regulation in the limbic system in general. PTSD
 specific findings would establish a background for our understanding of the brain mechanisms 

underlying PTSD and, ultimately, new intervention strategies based on a rational neurochemical 

hypothesis. Finally it will also provide a new research tool for evaluation of treatment outcomes 

for PTSD which currently afflicts at least 470,000 Vietnam veterans and has a major health care 

delivery and financial impact on the VHA and DOD.

STATUS/RESULTS TO DATE: To date, nine (9) subjects have been entered into the protocol.  Two

(2) of these are combat control subjects and seven (7) are normal controls.   Data analysis is 

very preliminary and has not been published.
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None to date.  However, two of the co-investigators participated in a seminar and presented 

some of the preliminary findings of this project at the American College of 

Neuropsychopharmacology (ACNP) meeting, Acapulco, Mexico, December 12-18, 1999.  The

title of this seminar was “Mapping the Functional Anatomy of the Anterior Limbic Areas: 


Integrating Behavior, Neurochemistry and Anatomy in Psychiatric Pathophysiology”.
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OVERALL PROJECT OBJECTIVE: The overall goals of this study are to use state-of-the-art 

neuroimaging methodologies to measure a receptor (BZ/GABA-A) which is believed to play a 

critical role in anxiety and to measure the hippocampus (which is involved with memory function)

 in patients with PTSD. 

SPECIFIC AIMS: A large number of preclinical studies demonstrate an important role for GABA-A

receptors in generating symptoms of anxiety and of being down-regulated by repeated stress 

and the GABA-A receptor is known to mediate the anxiolytic effects of benzodiazepines. The 

investigators found a significant decrease in BZ receptor binding in left hippocampus and 

precuneus in patients with panic disorder, which shares many symptoms with PTSD. They will 

study Gulf War and Vietnam War veterans with PTSD in comparison to control groups and will 

measure potential underlying neurochemical and neuroanatomic substrates associated with the 

disorder.  Because the Gulf War was more recent than the Vietnam War, their studies may also 

help to assess the time frame required for such abnormalities to develop. 

METHODOLOGY: The investigators will study four groups of subjects: Gulf War veterans 

meeting DSM-IV criteria for PTSD; National Guard reservists without PTSD and who did not serve
 in the Gulf War; Vietnam veterans with PTSD; and Vietnam era veterans without PTSD and who 

did not serve in Vietnam.  They will determine hippocampal volume, hippocampal and frontal 

cortical BZ/GABA-A receptor density, and memory function.  Some of the core symptoms of 

PTSD involve memory disturbances, including intrusive memories of the traumatic event and 

nightmares. The investigators found Vietnam veterans with PTSD have deficits on formal 

memory testing.  Since animal studies have shown that stress and high cortisol levels are toxic 

to the hippocampus, they measured the volume of the hippocampus using MRI. Vietnam 

veterans with PTSD had reduced hippocampal volume, which may reflect atrophy secondary to 

the trauma or the recurrent PTSD disorder.  However, as stress has been shown in both animals 

and human subjects to reduce the size of the hippocampus and possibly other structures in the 

brain, a decreased density of BZ/GABA-A receptors may actually reflect loss of grey matter and

not a decreased density of receptors per gram of grey matter:  this artifact is called an error of 

partial voluming. The investigators will therefore develop MRI methodology to correct for this 

artifact. 

EXPECTED PRODUCTS (MILESTONES):  The investigators predict that, in comparison to 

veterans without PTSD, patients with PTSD will have decreased hippocampal volume, decreased 

hippocampal and frontal cortical BZ/GABA-A receptor density, and impaired memory function. 

STATUS/RESULTS TO DATE: During the first year of the study, the investigators developed a 

new MRI method to correct the BZ/GABA-A receptor image for variations in grey matter among 

regions of the brain and between subjects: they developed an MR image pulse sequence for the 

measurement of the absolute T1 value of brain tissue.  Using a linear interpolation, the amount 

of grey matter in every pixel of the image is converted to gram grey matter. This pixel based 

image is then used to correct the SPECT image on a pixel-by-pixel basis into density of 

BZ/GABA-A receptors per gram grey matter. The subsequent analysis of the SPECT image uses 

standard procedures (Statistical Parametric Mapping) to compare the images of the PTSD patient 

sample and a matched control group. The MRI procedure was recently completed and validated.  

The investigators are now actively recruiting for PTSD subjects.

Most Recent Publications:

None to date
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DoD-91
Agency:
DoD
Location:
VAMC San Antonio/Armstrong Lab

Status:
Ongoing
Research Type:
Mechanistic

P.I. Name:
Alan Frazer, Ph.D.
Research Focus:
Brain & Nervous System

Study Start Date:
10/1/98

Estimated Completion Date:
9/30/01

Summary of Program(s):

OVERALL PROJECT OBJECTIVE:  The investigators hypothesize that the genetic susceptibility 

to PTSD lies in those brain systems and brain regions where the processes of behavioral 

plasticity (sensitization) and adaptation to stress converge. The study will examine both 

manifestations of genetic vulnerabilities and behavioral sensitization processes that might 

contribute to the development of posttraumatic stress disorder (PTSD) using strains of rats that 

exhibit abnormal behavioral and physiological responses to stress.  The rationale is that the 

development of PTSD requires both a traumatic event (behavioral or environmental sensitization)

 and a genetic component (as not all individuals who experience a traumatic event develop 

PTSD). 

SPECIFIC AIMS: The investigators hypothesize that the sensitizing process of amygdala kindling

will induce region-specific differences in the brain noradrenergic and/or serotonergic systems of 

vulnerable animals compared to controls and that differences in the response of these biogenic 

amine systems to acute stress will be most obvious following sensitization,  and will reflect 

genetic vulnerability.  They also hypothesize that kindling will cause changes in circadian function

(amplitude, photic sensitivity) and fear potentiated startle, and that these changes will be more 

pronounced in genetically vulnerable animals. 

METHODOLOGY: The overall hypothesis will be tested in a collaborative project involving 

investigators from the VA and the DOD. In particular, investigators at the VA will determine if: 1) 

in the absence of acute stress, there are region-specific differences in parameters reflective of 

noradrenergic or serotonergic function between the test and control groups; 2) an acute stress 

(restraint) causes different changes in brain noradrenergic or serotonergic function between the 

test and control groups; 3) amygdaloid kindling cause changes in the neurobiologic parameters 

measured, and if larger effects are produced between the test and control groups; 4) kindling 

differentially alters the physiologic and Neuronal responses of test animals.   Measurement will 

be made of plasma catecholamines, ACTH, and corticosterone in response to a 30 min restraint 

stress, mRNA for tyrosine hydroxylase in the adrenal medulla will be measured and various 

indices of noradrenergic and serotonergic function will be evaluated in specific brain areas by in 

situ hybridization histochemistry and quantitative autoradiography. These measurements will be 

carried out both prior to and after the restraint stress, and in rats either exposed to or not 

exposed to amygdala kindling. Investigators at the DOD will 1) determine internal phase 

relationships among overt rhythms; 2) characterize the response of the circadian system to light;

and 3) characterize circadian rhythm in fear-potentiated startle. This will be done in rats both prior

 to and after amygdala kindling.

EXPECTED PRODUCTS (MILESTONES): The results of these studies should provide important 

information linking stress with disease states in vulnerable individuals. This relatively novel 

approach could illuminate the nature of the genetic/environment interaction that is necessary for 

the development of PTSD.

STATUS/RESULTS TO DATE: Our initial study examined acute stress-induced changes in mRNA

expression for several components of the noradrenergic system in the locus coeruleus (LC) and

adrenal medullae of stress-susceptible Wistar-Kyoto (WKY) rats and their parent Wistar (W) 

strain.  Expression of tyrosine hydroxylase (TH), norepinephrine transporter (NET) and alpha 2A 

adrenergic receptor mRNA were measured in the LC by in situ hybridization 30 min and 2 hr after

the onset of 30 min restraint stress.  Adrenal TH mRNA was measured by slot blots.  No basal 

differences were observed for any measure, but in the LC, expression of TH mRNA increased 

by 40% in W rats at 30 min and returned toward baseline by 2 hr, while WKY rats showed no 
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change at this time point, and only a nonsignificant 29% increase at 2 hr.  In contrast, adrenal TH
mRNA expression increased in WKY rats at 2 hr, with no significant change in W rats.  NET and
alpha 2A mRNA were unaltered by restraint stress in both strains.  Thus, the acute

stress-hyperreactivity of TH mRNA in the periphery (i.e., adrenals) of WKY rats is consistent with 

reports of peripheral autonomic reactivity to stress in this strain.  As activation of the locus coeruleus 

is associated with arousal and behavioral activation in response to stress, we interpret the unexpectedly

blunted reactivity of central TH mRNA in the locus coeruleus of the WKY rat to reflect the primary

behavioral coping strategy displayed by this strain, namely behavioral inhibition. We have also begun

initial work with the S-D and L strains.  Consistent with reports in the literature that the L rats show a 

hyporesponsive HPA axis, we found stress-induced increases in plasma ACTH in L rats to be significantly

lower than that in either the S-D or WKY rats.  By contrast, as we found in the comparison of WKY to 

W rats described above, the stress-induced increase in expression of mRNA for TH in the locus coeruleus

was greatest (33%) in the S-D rats with less of an increase in both the L and WKY rats (17-19%).  The

reduced response in L rats may be a direct correlate of their hyporeactivity to stress, while the reduced 
central reactivity of the WKY rats, as discussed above, may be a reflection of their primary 
behavioral coping strategy, namely of behavioral inhibition.

Most Recent Publications:
S.A. Sands, J. Corbett, R. Strong, and D.A. Morilak. Acute stress-induced changes in gene expression in locus coeruleus of rat strains defined by stress susceptibility and reactivity.


Soc Neurosci Abst 25:76, 1999.



Sands, S.A., Strong, J.R., Corbitt, J., and Morilak, D.A. (1999) Effects of acute restraint 


stress on expression of tyrosine hydroxylase mRNA in locus coeruleus of Wistar and 


Wistar-Kyoto (WKY) rats. Mol Brain Res 75(1):1-7, 2000.
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Title:
Traumatic Experiences Persistently Enhance Cue-dependent Learning: Toward an Animal 

Model of Chronic Stress and Posttraumatic Stress Disorder

Project #:
DoD-92
Agency:
DoD
Location:
VAMC East Orange

Status:
Ongoing
Research Type:
Mechanistic

P.I. Name:
Richard Servatius, Ph.D.
Research Focus:
Brain & Nervous System

Study Start Date:
10/1/98

Estimated Completion Date:
9/30/02

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: Exposure to inescapable stressors persistently affects 

nonassociative and associative learning in rats.  The primary objectives are to determine the role

of the hypothalamic pituitary adrenal axis in the development and maintenance of these 

neurobehavioral abnormalities.

SPECIFIC AIMS: See objectives.

METHODOLOGY: The present proposal will test two hypotheses. First, we will determine whether 

persistent neurobehavioral abnormalities are dependent on persistent neuroendocrine changes. 

Next, we will determine whether persistent changes in associative learning influences the 

appearance of startle sensitization.  Our first step is to complete a descriptive study examining 

the effects of stress on the acoustic startle response.  In parallel, we assess classical 

conditioning of the eyeblink response in freely-moving rats.  Then the plan is to complete a 

study of the effects of inescapable stress on acquisition of the eyeblink response as a function 

of unconditioned stimulus (US) intensity.  We will also map the brain areas persistently activated

 by exposure to inescapable stressors.  We will also determine the influence of corticosterone 

and corticotrophin releasing hormone on the development of facilitated acquisition.

EXPECTED PRODUCTS (MILESTONES): These studies will advance our understanding of how 

exposure to stressors persistently alter basic learning processes, the development of chronic 

stress state, and ultimately may provide insight into the development and maintenance of 

stress-related mental illness, such as PTSD. 

STATUS/RESULTS TO DATE: The culmination of work on a descriptive study examining the 

effects of stress on the acoustic startle response was submitted for publication.  Another 

publication resulted from work assessing classical conditioning of the eyeblink response in 

freely-moving rats.  This involved overcoming a major technical problem: the inability to 

measure the unconditioned response (UR).  The UR is a critical component of classical 

conditioning; facilitated acquisition of the eyeblink response after exposure to inescapable 

stressor could be secondary to enhanced reactivity to the unconditioned stimulus.  

Methodological improvements for assessing the acquisition of the classically conditioned 

eyeblink  response was the basis for a parametric study of the effects of inescapable stressors 

on acquisition of this response as a function of the interstimulus interval.  This work was the 

basis of a third paper.  The above studies established the methodology to study associative 

learning in rats and form a solid foundation on which to determine the neurochemical and 

neuropharmacological substrates of the stress-induced facilitated acquition of the eyeblink response.

Most Recent Publications:

Servatius RJ, Salameh G, Coyle KM, Pare WP.  Restraint Stress.  Encyclopedia of Stress, 

2000 (in press).

Servatius RJ, Brennan, Beldowicz, Beck, Ottenweller.  Persistent Effect on Stress on 

Sensory Reactivity in Rats. (submitted 11/99).

Servatius RJ.  Adaptation of the Method to Assess Acquisition of the Classically Conditioned 

Eyeblink in the Freely Moving Rat: Square-Wave Stimulation as the Unconditioned Stimulus. 

(submitted 11/99).
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Servatius RJ, Brennan, Beck, Beldowicz, Coyle.  Exposure to Inescapable Stress 

Persistently Facilitates Acquisition of the Classically Conditioned Eyeblink Response with 


Both Long and Short Interstimulus Intervals.  (submitted 12/99).

Salameh G, Coyle K, Beldowicz D, and Servatius RJ. Abstract: Persistently exaggerated 

startle responses in rats.  Eastern Psychological Association, Providence, R.I., April 1999.

Servatius RJ, Bergen MT, Soldan S, Hendrickson L.  Abstract/ Poster session: Eyeblink 

conditioning in the freely-moving rat:  the quest for the unconditioned response.  Annual 

Meeting for the Society for Neuroscience, Miami, FL, October 1999.

Beck K, Cerrone J, Zhang Q, Zhu G, Beldowicz D, Servatius RJ, Ottenweller JE. 

Abstract/Poster session:  Exposure to Inescapable Stress Persistently Elevates Core Body 

Temperature and Urinary Corticosterone in Rats.  Annual Meeting for the Society for 

Neuroscience, Miami, FL, October 1999.

Servatius RJ.  Abstract: Stress-induced facilitated acquisition of the classically conditioned 

eyeblink response in rats: effects of interstimulus interval and intensity of the unconditioned 

stimulus.  Annual Meeting of the Pavlovian Society, Tarrytown, N.Y., October 1999.
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Title:
Troops Exposed to New Agents at Aberdeen Proving Ground:  Follow-Up

Project #:
DoD-93
Agency:
DoD
Location:
Institute of Medicine/Medical 

Status:
Ongoing
Research Type:
Epidemiology Research

P.I. Name:
William Page, Ph.D.
Research Focus:
Chemical Weapons

Study Start Date:
8/15/99

Estimated Completion Date:
03/14/01

Summary of Program(s):

OVERALL PROJECT OBJECTIVE:  Between 1955 and 1975, the U.S. Army enrolled 6,720 

soldiers in a voluntary experimental program at the Edgewood Arsenal to test the effects of 

chemical warfare and other agents.  In 1980, the Army asked the National Research Council to 

study the possible long-term health effects of these exposures.  In 1985, a report was issued on 

the current health status of the test subjects, including 1,581 men who had been exposed to 

anticholinesterase compounds such as GA (tabun), GN (sarin), GD (soman), GF, and VX.  A pilot 

study was undertaken to determine the feasibility of further long-term follow-up (see project 

VA-63A and DoD-116A), and a full-scale study is now underway to study the health of subjects 

exposed to anticholinesterase and other chemical agents.

SPECIFIC AIMS: The self-reported health of veterans earlier exposed to anticholinesterase 

agents will be compared with that of veterans not exposed to such agents.  Self-reported health 

outcome will include potential neurological effects such as peripheral nerve disease and 

psychoneurological effects such as sleep disorders, depression, and anxiety.

METHODOLOGY: Three groups will be studied: those exposed to anticholinesterase agents, 

those exposed to other chemical agents, and those exposed to no agents.  Subjects will be 

surveyed by telephone.  The health of subjects in the anticholinesterase group will be compared 

to the health of subjects in the other two control groups.

EXPECTED PRODUCTS (MILESTONES): Findings and conclusions will be published in a 

peer-reviewed scientific journal.

STATUS/RESULTS TO DATE: The study has been funded, and SRBI, Inc. has been chosen to 

be the subcontractor to help design the telephone surveys and to administer it.  Pending IRB 

approvals, data collection should begin in the summer of 2000.  No results have been reported.

Most Recent Publications:

None to date

Persian Gulf Veterans' Illnesses Research 
-
Project 
DoD-94

Title:
Combined Analysis of the VA and DoD Gulf War Clinical Registries: A Study of Clinical 

Findings from Systematic Medical Examinations of 100,000 U.S. Gulf War Veterans

Project #:
DoD-94
Agency:
DoD
Location:
Naval Medical Research Center 

Status:
Ongoing
Research Type:
Epidemiology Research

P.I. Name:
Kenneth Hyams, CAPT, USN, 
Research Focus:
Symptoms and General 

MD, MPH, Han Kang, MD
Health

Study Start Date:
1/10/00

Estimated Completion Date:
01/09/02

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: To merge two clinical data registries on Gulf War veterans 

(DoD’s Comprehensive Clinical Evaluation Program and the VA’s Gulf War Health Examination 

Registry) and use the combined database for analysis of health problems experienced by Gulf 

War veterans. 

SPECIFIC AIMS: See objectives.

METHODOLOGY: Epidemiologic research.

EXPECTED PRODUCTS (MILESTONES): Creation of a database for epidemiologic investigations

of Gulf War Illnesses.

Most Recent Publications:

None to date
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Title:
Development of Diagnostic Tools and Alternative Treatment Drugs for Leishmania

Project #:
DoD-95
Agency:
DoD
Location:
WRAIR, Washington DC and NMRC

Status:
Ongoing
Research Type:
Development

P.I. Name:
Rodney Michael, COL
Research Focus:
Leishmaniasis

Study Start Date:
12/31/99

Estimated Completion Date:
12/31/02

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: Develop effective epidemiological and clinical tools and 

measures for managing Leishmania exposure and infection in deployed military forces.

SPECIFIC AIMS: 1) Develop diagnostic tools that are useful for screening military populations 

potentially exposed to the Leishmania parasite in regions where it is endemic; 2) develop 

diagnostic tools that are useful for diagnosing Leishmania infection in symptomatic military 

personnel; and 3) identify an alternative drug for treatment of military personnel with cutaneous 

leishmaniasis.

METHODOLOGY:  1)Develop an FDA licensed screening test for epidemiological use that utilizes

a lysate of Leishmania antigens from “Old World” and “New World” isolates of Leishmania, 

produced according to good manufacturing paractices (GMP) guidelines as defined by the FDA; 

2) Utilize enzyme-linked immunosorbent assay (ELISA) technology and Polymerase Chain 

Reaction (PCR) technology to develop diagnostic assays, to detect either antibody or antigen or 

parasite DNA, with sufficient sensitivity and specificity to allow accurate clinical diagnosis of 

leishmania infection in affected military personnel; 3) in a good clinical practices (GCP) study, 

evaluate the clinical efficacy and safety of pentamidine isethionate as an alternative to the drug 

currently used by the DoD for the treatment of cutaneous leishmaniasis.

EXPECTED PRODUCTS (MILESTONES):  By FY00, transition to advanced development an 

antigen lysate preparation representing “New World” strains of leishmania.  By FY01 transition to 

advanced development a device for diagnosis of leishmania infection in infected military 

personnel.  By FY02 complete a clinical efficacy and safety evaluation of pentamidine 

isethionate for treatment of cutaneous leishmaniasis.  

STATUS/RESULTS TO DATE:  FY99: 1. Evaluated candidate immunodiagnostic (ELISA) for 

detection of antibody to leishmania in known infected patients and non-infected control subjects. 

Demonstrated clinical correlation with clinical response to treatment. 2. Began to establish an 

archive of clinical samples collected from international sites from leishmania infected patients.  

Important for subsequent evaluation and characterization of candidate devices. 3. Identified PCR

 primers capable of identifying New World and Old World leishmania in tissue samples. 4. 

Produced a polyclonal antibody to Leishmania donovani in rabbits, potentially useful in an ELISA 

system for detection of Leishmania antigen. 5. Established a guinea pig model for evaluation of 

cell-mediated immune responses to Leishmania antigens. 6. Demonstrated 100% sensitivity and 

greater than 95% specificity with an ELISA assay in detecting the presence of leishmania antigen

in both visceral and cutaneous leishmania. 7. Completed product development and 

GMP-compliant manufacture of two New World leishmania skin test antigens for use in the 

Leishmania skin test. 8. Prepared a field site for evaluation of candidate diagnostic devices in 
Kenya. 9. Submitted human use protocol to human use review for clinical evaluation of pentamidine 

isethionate.

Most Recent Publications:

Briand EJ, Ruble GR, Stiteler J, Harris LD, Burge JR, Soranaka ET, Glenn G, Quance-Fitch 

F, Rowton ED.  Comparison of Adjuvants with Leishmania Antigens in a Guinea Pig Model to 

induce Delayed-Type Hypersensitivity Responses.  Laboratory Animal Science 49(5): 519-21, 1999. 

Adoyo MA, Magiri CG, Ryan J, et al.  Preliminary application of an antibody capture ELISA to

monitor leishmaniasis therapy.  48th Annual Meeting of the American Society of Tropical 

Medicine and Hygiene, Washington, DC, 28 Nov-2 Dec 1999, Abstract 278.
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Wortmann G, Sweeney C, Aronson NA, et al.  Detection of leishmania kDNA in 

paraffin-embedded specimens using PCR.  48th Annual Meeting of the American Society of 


Tropical Medicine and Hygiene, Washington, DC, 28 Nov-2 Dec 1999, Podium Presentation.



Ryan JR, Smithyman A, Stiteler J, et al.  An ELISA based on soluble promastigote antigen 

detects IgM and IgG antibodies in visceral and cutaneous leishmaniasis.  48th Annual Meeting

of the American Society of Tropical Medicine and Hygiene, Washington, DC, 28 Nov-2 Dec 

Ryan J, Rajasekariah GH, Harun LT, et al.  The potential use of antigens shed, excreted and 

secreted by Leishmania donovani promastigotes for antigen-detection tests for 

leishmaniasis.  48th Annual Meeting of the American Society of Tropical Medicine and 

Hygiene, Washington, DC, 28 Nov-2 Dec 1999.
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Title:
Deployment Health Center

Project #:
DoD-96
Agency:
DoD
Location:
Naval Health Research Center, 







San Diego, CA
 


Status:
Ongoing
Research Type:
Epidemiology Research

P.I. Name:
Greg Gray, CAPT, USN, M.D., 
Research Focus:
Symptoms and General 

M.P.H.
Health

Study Start Date:

Estimated Completion Date:

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: Establishment of a Center for aggregation of militarily 

relevant base-line data and on-going epidemiological research for safe-guarding the health of 

military personnel.  

SPECIFIC AIMS: 

METHODOLOGY: Epidemiologic Research

EXPECTED PRODUCTS (MILESTONES): Established epidemiological research center fulfilling 

requirements of the objective.  

STATUS/RESULTS TO DATE: None specific to the new project.

Most Recent Publications:

Sato PA, Hiliopoulos KM, Kamens DR, Wang L, Zau AC, Gray GC. Results of a survey of 

reproductive health of 1991-era military veterans.  40th Navy Occupational and Preventive 

Medicine Workshop, 29 Jan - 04 Feb 2000, Norfolk, VA.

Reed R, Kaiser K, Gastanaga V, Gray GC. Self-reported illness among Gulf War era US 

Navy Seabees working in the construction trades. 40th Navy Occupational and Preventive 

Medicine Workshop, 29 Jan - 04 Feb 2000, Norfolk, VA.

Nushi B, Ryan M, Gray GC. Tuberculosis infections among young adults enlisting in the 

United States Navy. 40th Navy Occupational and Preventive Medicine Workshop, 29 Jan - 

04 Feb 2000, Norfolk, VA.

Taggett D, Hudspeth M, Hawksworth A, Gray GC. Penicillin resistance and serotype 

distribution among invasive streptococcus pneumonia isolates. 40th Navy Occupational and

Preventive Medicine Workshop, 29 Jan - 04 Feb 2000, Norfolk, VA.

McKeehan J, Ryan M, Haas D, Cute D, Meilstrup R. Nicotine replacement to facilitate 

smoking cessation among Navy recruits. 40th Navy Occupational and Preventive Medicine 

Workshop, 29 Jan - 04 Feb 2000, Norfolk, VA.
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Title:
Surveillance of B. pertussis among Military Trainees with Respiratory Disease:  

Development and Validation of a Highly Sensitive PCR and Beacon Probe based Method 

for Diagnosis of Pertussis

Project #:
DoD-97
Agency:
DoD
Location:
Naval Health Research Center, 







San Diego, CA

Status:
Ongoing
Research Type:
Development

P.I. Name:
Greg Gray, CAPT, USN, M.D., 
Research Focus:
Diagnosis

M.P.H.

Study Start Date:
10/1/99

Estimated Completion Date:
09/30/02

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: The goal of this study is the development and standardization

 of a highly sensitive and reliable detection method for effective surveillance of B pertussis 

infection among military trainees with respiratory disease.   Another objective is to determine 

whether or not B. pertussis infection is one of the major causes of respiratory disease-related 

morbidity among military recruits.  

SPECIFIC AIMS:  Establishment of a reliable and rapid method for pertussis evaluation in 

military trainees and determination of the contribution of pertussis infection to respiratory 

disease in a trial group of military trainees.

METHODOLOGY: A rapid diagnostic method based on Polymerase Chain Reaction (PCR) and 

molecular beacon probe technology will be standardized and developed for B pertussis detection. 

This PCR method along with two methods (Culture and Serology) will be applied to assess the 

prevalence of B pertussis in the above mentioned population suffering from 7 or more days of 

coughing and other respiratory problems.  

EXPECTED PRODUCTS (MILESTONES): The surveillance data obtained might help considering 

acellular pertussis vaccination as a preventive measure in the military recruits. This would thus 

enhance the protection of health in the military population from the debilitating respiratory 

disease.

STATUS/RESULTS TO DATE: None to date.

Most Recent Publications:

Fuller J, McKeehan J, Hudspeth M, Malasig M, Gray G, Schultz R, Gackstetter G, Thomas R.

Etiology and Incidence of Respiratory Disease Infections at the US Naval Academy. 40th 

Navy Occupational and Preventive Medicine Workshop, 29 Jan - 04 Feb 2000, Norfolk, VA.
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Title:
Investigation of a Baseline Medical Database to Evaluate the Health of Military Forces 

and Veterans

Project #:
DoD-98
Agency:
DoD
Location:
Naval Medical Research Center 

Status:
Complete
Research Type:
Epidemiology Research

P.I. Name:
Kenneth C. Hyams, CAPT, USN, 
Research Focus:
Symptoms and General 

M.D., M.P.H.
Health

Study Start Date:
10/1/99

Estimated Completion Date:
9/30/00

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: The major objectives of this investigation will be to 1) begin 

validating an initial questionnaire formulated by DoD, VA, and DHHS regarding the Recruit 

Assessment Program (RAP) 2) establish a pilot program at one recruit center that will develop the

capability of processing all incoming recruits--up to 50,000 per year, and 3) determine whether it 

is feasible to institute the RAP throughout DoD. 

SPECIFIC AIMS: The aim of this investigation will be to evaluate the Recruit Assessment 

Program (RAP).  The RAP will be a DoD program for the routine collection of baseline 

demographic, medical, psychological, occupational, and risk factor data from all U.S. military 

personnel at accession. This information will be maintained in a computerized database that will 

be accessible by DoD and VA clinicians and preventive medicine personnel on a routine and 

confidential basis, and by researchers through approved protocols. This database will be used: 1)

 to assist in clinical diagnosis; 2) in the development of preventive health measures by 

identifying at-risk populations; 3) to evaluate health problems after hazardous overseas 

assignments by providing pre-deployment health data; and, 4) to help answer fundamental 

medical questions.

METHODOLOGY: A recruit assessment program questionnaire has been developed over the last 

two years by DoD, VA and DHHS.   The questionnaire will be pilot tested in order to ensure that it
 can easily be understood and completed within 2-hours.  Baseline data will be collected from 

recruits as well as periodically collected health information. 

EXPECTED PRODUCTS (MILESTONES): Determination of usefulness of survey developed to 

gather baseline medical information, correction of noted survey deficiencies, and determination 

of a means for implementation throughout DoD.

STATUS/RESULTS TO DATE: None to date

Most Recent Publications:

None to date
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Title:
DoD-wide Medical Surveillance for Potential Long-Term Adverse Events associated with 

Anthrax Immunization in Active Duty Service Members, Proposal 1: Hospitalizations

Project #:
DoD-99
Agency:
DoD
Location:
Naval Health Research Center, 

Status:
Ongoing
Research Type:
Epidemiology Research

P.I. Name:
Greg Gray, CAPT, USN, M.D., 
Research Focus:
Symptoms and General 

M.P.H.
Health

Study Start Date:
10/1/99

Estimated Completion Date:
09/30/03

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: The objective of this study is to establish DoD-wide 

surveillance of hospitalization discharge diagnoses, and link these to data on anthrax 

immunizations, to help ensure the earliest possible detection of any associations between anthrax

 immunization and a severe disease requiring hospitalization. The proposed surveillance would 

complement existing DoD-sponsored activities, and would help enhance force health protection 

by helping assure the early detection of any as-yet unknown potential long-term consequences 

of anthrax immunization.

SPECIFIC AIMS: See Objective

METHODOLOGY: The investigators plan to obtain data through the Department of Defense (DoD)

from the Corporate Executive Information System (CEIS) which coordinates all user requested 

extractions from military medical data. Data to be obtained will include discharge diagnosis, 

length of hospital stay, and reports of anthrax vaccine-associated adverse events monitored 

through each services' disease reporting system, the Defense Medical Surveillance System. 

Data collection will be standardized with computer-assisted data extraction and linking procedures.

The investigator will look for an association between anthrax immunization and cause-specific 

discharge diagnosis.  Cases will be stratified according to the number of doses of vaccine.  

Trends in rates of hospitalization and primary discharge diagnosis for all hospitalizations will be 

recorded.  The differences between partial, immunized, and non-anthrax-immunized groups will be 

recorded.

EXPECTED PRODUCTS (MILESTONES): Determination of possible adverse health effects from 

anthrax immunization and development of a surveillance system to monitor adverse health 

affects through epidemiologic examination of extant military medical data. 


STATUS/RESULTS TO DATE: None to date

Most Recent Publications:

Sato PA, Ryan M, Gray GC, Pittman PR, Hoffman KJ, Costello CN, Rehme PA, Williams 

RL, Wassermann GM, Rubertone MV, Stanek SA, Strawder G, Grabenstein JD, Riddle JR, 

Trump D.  Surveillance for adverse events associated with anthrax vaccine immunization – 

US Department of Defense, 1998-1999.  MMWR 49(16):341-345, 2000.

Sato PA, Smith T, Gastanaga V, Reed R, Wang L, Halsey N, Jones K, Murphy B, Pittman P,

Gray GC. Anthrax immunization: surveillance studies for potential long-term adverse events.

40th Navy Occupational and Preventive Medicine Workshop, 29 Jan - 04 Feb 2000, Norfolk, VA.
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Title:
Antibodies to Squalene

Project #:
DoD-100
Agency:
DoD
Location:
Walter Reed Army Institute

Status:
Ongoing
Research Type:
Development

P.I. Name:
Carl Alving, M.D.
Research Focus:
Diagnosis

Study Start Date:
12/31/99

Estimated Completion Date:

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: Establish an effective means of testing for antibodies to 

squalene and determination of whether such antibodies are present in the blood of sick Gulf War 

veterans.

SPECIFIC AIMS: See objective.

METHODOLOGY: Clinical (immunologic) research.

EXPECTED PRODUCTS (MILESTONES): Establishment of appropriate testing method(s) for 

squalene antibodies and determination of whether such antibodies are present in a sample of ill 

Gulf War veterans.

STATUS/RESULTS TO DATE: The ELISA assay development is complete and control monoclonal 


antibodies have been successfully developed.

Most Recent Publications:

None to date
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Title:
Mechanisms in Chronic Multisymptom Illnesses

Project #:
DoD-101
Agency:
DoD
Location:
Georgetown Univ. Washington, 

Status:
Ongoing
Research Type:
Clinical Research

P.I. Name:
Daniel J. Clauw, M.D.
Research Focus:
Brain and Nervous System

Study Start Date:
1/31/00

Estimated Completion Date:
08/31/01

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: The overall goal is to determine the mechanisms responsible 

for 3 prominent symptoms (pain, fatigue, and memory difficulties) of Fibromyalgia, Chronic 

Fatigue Syndrome, Multiple Chemical Sensitivity, and GWI.

SPECIFIC AIMS: See objective.

METHODOLOGY: Multi-disciplinary study.  Using matched case controls the testing protocols 

examine:  aberrant afferent sensory stimuli processing; abnormal cortical and sub-cortical CNS 

function, and disturbances of efferent neurohormonal function to include autonomic nervous 

system and hypothalamic-pituitary axes.  A highly regarded scientific team responsible for 

specific portions of the project is committed to participation, by affirmation letter.

EXPECTED PRODUCTS (MILESTONES): The primary benefit of successful study conclusion will

be the ability to differentiate causation of specific syndromes with overlapping symptoms.  This

will, in turn, permit logical investigation of therapeutic interventions.

STATUS/RESULTS TO DATE: None to date

Most Recent Publications:

None to date

Persian Gulf Veterans' Illnesses Research 
-
Project 
DoD-102

Title:
Case-Control Study of Fatal Motor Vehicle Crashes Among Gulf War Veterans

Project #:
DoD-102
Agency:
DoD
Location:
Henry M. Jackson Foundation, 

Status:
Ongoing
Research Type:
Epidemiology Research

P.I. Name:
Gary D. Gackstetter, M.P.H., 
Research Focus:
Mortality

Ph.D.

Study Start Date:
2/1/00

Estimated Completion Date:
02/01/02

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: The study will attempt to determine if there are risk factors 

among military members that predict fatal motor vehicle crashes.  Specifically, it will try to 

determine whether the risk of fatal motor vehicle crashes among GW veterans is higher for 

those deployed to the Gulf compared to those who were not deployed.  (Previous epidemiological

studies indicate that the risk of death in vehicular crashes is 46% higher among GW veterans 

compared to non-deployed veterans).

SPECIFIC AIMS: See objectives.

METHODOLOGY: Retrospective epidemiology study.  The study will use military and national 

data sets of motor vehicle fatalities.

EXPECTED PRODUCTS (MILESTONES): Information from this study may provide a better 

understanding of risk factors for fatal motor vehicle crashes in military personnel and suggest 

possible intervention strategies. 

STATUS/RESULTS TO DATE: None to date.

Most Recent Publications:

None to date

Persian Gulf Veterans' Illnesses Research 
-
Project 
DoD-103

Title:
Human Metabolism and Interactions of Deployment-related Chemicals

Project #:
DoD-103
Agency:
DoD
Location:
North Carolina State Univ.

Status:
Ongoing
Research Type:
Mechanistic Research

P.I. Name:
Ernest Hodgson
Research Focus:
Interactions

Study Start Date:
1/18/00

Estimated Completion Date:
01/17/03

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: The study will examine biochemical metabolism and 

interactions of xenobiotic toxins important in military deployments as inducers, substrates and/or

inhibitors of human enzymes including the important isoforms of these enzymes.

SPECIFIC AIMS: See objective

METHODOLOGY: Biochemical study using HPLC analysis, molecular techniques and 

recombinant enzymes for in vivo (animal models) and in vitro (human enzymes) techniques.

EXPECTED PRODUCTS (MILESTONES): Successful completion of the study should permit 

easier extrapolation of past and future animal studies to humans and permit identification of 

interactions not apparent from animal studies.  It may also permit identification of human 

subpopulations at greater risk from specific xenobotic toxins and will produce specific analytic 

methodologies for assessment of future exposures.

STATUS/RESULTS TO DATE: None to date.

Most Recent Publications:

None to date

Persian Gulf Veterans' Illnesses Research 
-
Project 
DoD-104

Title:
Clinical Evaluation of a Proposed New Gulf War Syndrome

Project #:
DoD-104
Agency:
DoD
Location:
George Washington University

Status:
Ongoing
Research Type:
Epidemiology

P.I. Name:
Paul Levine
Research Focus:
Symptoms and General 

Health

Study Start Date:
1/24/00

Estimated Completion Date:
02/23/02

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: Clinical verification of factor analysis study which identified 

four symptoms (blurred vision, tremors, speech difficulty, and ataxia/dizziness) as constituting a
 neurologic syndrome consisting of uniquely associated adverse health affects resulting from 

deployment in the Persian Gulf War.

SPECIFIC AIMS: See objective

METHODOLOGY: Neurological and clinical study of 30 cases and 3 sets of controls 

(post-traumatic stress disorder controls, controls with similar symptoms but not deployed, and 

asymptomatic veterans).  .

EXPECTED PRODUCTS (MILESTONES): Successful verification of the study hypothesis would 

provide evidence for a unique disease among GW veterans distinct from posttraumatic stress 

disorder and chronic fatigue syndrome.  If confirmed, further work would be required to determine

if specific etiologic factors can be associated with this, objectively validated syndrome.

STATUS/RESULTS TO DATE:   None to date.

Most Recent Publications:

None to date

Persian Gulf Veterans' Illnesses Research 
-
Project 
DoD-105

Title:
Neuroplasticity and Calcium Signaling in Stressed Rat Amygdala

Project #:
DoD-105
Agency:
DoD
Location:
The Henry M. Jackson Foundation

Status:
Ongoing
Research Type:
Mechanistic Research

P.I. Name:
He Li, M.D.
Research Focus:
Brain and Nervous System

Study Start Date:
2/1/00

Estimated Completion Date:
03/01/04

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: Using intracellular recording and calcium imaging techniques, 

the proposed studies will focus on the roles of norepinephrine (NE) and serotonin (5-HT2) 

receptors on activity-dependent neuroplasticity and calcium signaling in amygdala slice 

preparations from traumatically stressed and control rats. The objectives of the study are 

threefold:

-To characterize the activity-dependent neuroplasticity and calcium signaling patterns in the 

basolateral amygdala neurons of stressed and control rats.

-To characterize the roles of the subtypes of adrenergic receptors on neuroplasticity and calcium 

signaling patterns in the stressed and control rat amygdala using pharmacological agonists and 

antagonists.

-To characterize the roles of 5-HT2 receptors on neuroplasticity and calcium signaling patterns in 

stressed and control rat amygdala using pharmacological agonists and antagonists.

The hypothesis is that the modulatory effect of NE and 5-HT2 receptors on synaptic 

transmission, neuroplasticity and calcium homeostasis are altered in traumatically stressed rat 

amygdala. The results of these studies will suggest experimental strategies for modifying and 

preventing the formation of traumatic memory and for treatment of combat PTSD syndrome in 

veterans.

SPECIFIC AIMS: This proposal uses cellular electrophysiological recording in brain slices to 

study the roles of norepinephrine (NE) and serotonin (5-HT) in Neuronal plasticity mechanisms in 

the amygdala. The overall aim is to determine if these plasticity mechanisms are altered in a 

model of posttraumatic stress disorder (PTSD) and, if this turns out to be the case, to use this 

information to develop pharmacological strategies for treating PTSD.

METHODOLOGY: An animal model of PTSD—inescapable tailshock—will be used.  The 

investigators will focus on three main issues: 1) if there are changes in synaptic plasticity in the 

PTSD model, 2) if NE and 5-HT receptors modulate synaptic plasticity, and 3) if NE and 5-HT 

receptors do modulate synaptic plasticity, they will try to determine if this modulation is altered 

in the PTSD model.  

EXPECTED PRODUCTS (MILESTONES): If the study is successful in determining that NE and 



5-HT modulate alterations of the amygdala specific to traumatic stress, the information may 


prove useful in developing therapeutic strategies for the treatment of PTSD.

STATUS/RESULTS TO DATE: None to date.

Most Recent Publications:

None to date

Persian Gulf Veterans' Illnesses Research 
-
Project 
DoD-106

Title:
The Role of Th1/Th2 Cytokine Balance in Gulf War-related Illness

Project #:
DoD-106
Agency:
DoD
Location:
Guy's King's and St. Thomas'  School 







of Medicine, London, UK

Status:
Ongoing
Research Type:
Clinical Research

P.I. Name:
Mark Peakman, Ph.D.
Research Focus:
Immune Function

Study Start Date:
1/31/00

Estimated Completion Date:
02/28/02

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: The major objectives of this Stage 2 epidemiological study 

are to extend the findings of a preliminary studies regarding case control analysis of sick Gulf 

War veterans and their controls. Specifically this study will measure whether or not multiple 

vaccinations against biological agents promote a shift in the host immune system from a T 

helper 1 (Th1) towards a T helper 2 (Th2)-dominated cellular response , resulting in chronic 

fatigue-like illnesses. 

SPECIFIC AIMS:  The investigators aim is to examine the association of Th1 and Th2 imbalance 

and sickness in Gulf War veterans (GWVs) who received biological warfare vaccines.

METHODOLOGY: The studies use three different methods to quantify cytokine content and 

secretion in blood cells.  Specifically, they will look at intracellular cytokines in both CD4 and 

CD8 cell populations (CD8 cells represent a relatively recently identified source of cytokines 

previously overlooked), secreted cytokines using peripheral blood lymphocytes (PBLs) cultures 

(this gives a better picture of what happens in whole blood in that some of the secreted 

cytokines will be removed via cell surface receptors during culture), and cytokine-specific mRNA

by resting and activated PBLs to determine the intracellular regulation of cytokine secretion.  

Moreover, these studies will use both mitogens and antigens, the latter giving a more precise 

definition to any differences in outcomes measured in subject and control populations.

EXPECTED PRODUCTS (MILESTONES): Successful completion will provide information on 

interactions of immune function, vaccination history, stress, and GW illness.

STATUS/RESULTS TO DATE: None to date.

Most Recent Publications:

None to date

Persian Gulf Veterans' Illnesses Research 
-
Project 
DoD-107

Title:
Stress, Organophosphates and Blood Brain Barrier Integrity

Project #:
DoD-107
Agency:
DoD
Location:
Oklahoma State University, 

Status:
Ongoing
Research Type:
Mechanistic Research

P.I. Name:
Carey Pope, Ph.D.
Research Focus:
Pyridostigmine Bromide

Study Start Date:
1/17/00

Estimated Completion Date:
02/16/04

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: This study is based on the hypothesis that stress and 

exposure to low levels of specific OP compounds results in increased permeability of the BBB 

thereby increasing penetration of normally nonpermeant agents, such as drugs used 

prophylactically to protect against possible nerve agent exposure.

SPECIFIC AIMS: First, acute toxicity of pyridostigmine and the BBB permeant carbamate 

physostigmine will be compared in rats.  These studies will characterize biochemical changes 

(cholinesterase inhibition) by the two carbamate anticholinesterases.  Objective two will then 

evaluate the change in BBB permeability (horseradish peroxidase entry into the CNS following 

systemic administration) caused by one of three physical stress models (forced swimming, 

forced treadmill running, and restraint) or by a chemical stressor (paraoxon, an organophosphate 

anticholinesterase). Stress hormone release will be correlated with changes in BBB permeability. 

In objective three, the biochemical and toxic actions of pyridostigmine and physostigmine will be 

evaluated as influenced by prior physical or chemical stressor.  Studies from objective four will 

evaluate the combined physical/chemical stressor treatment on carbamate anticholinesterase 

toxicity, including stress hormone release, functional toxicity, BBB permeability.  In objective 

five, the effects of chlorpyrifos and parathion (two common OP pesticides) on BBB permeability 

will be investigated.  Finally, in objective six, the effects of repeated daily stress (physical, 

chemical, and combined) on carbamate toxicity will be evaluated, using the same endpoints as in

the previous objectives.

METHODOLOGY: Biochemical, anatomical, and functional/behavioral endpoints will be evaluated 

in a laboratory rodent model.  This study will evaluate the effects of different physical stressors 

on BBB permeability and entry of pyridostigmine into the CNS to examine the generality of 

stress-induced BBB changes. A chemical stressor, the organophosphate paraoxon, will be used 

as a chemical stressor. It is hypothesized that some OP agents may alter BBB permeability at 

relatively low levels of exposure and that combined physical/chemical stress will amplify BBB 

changes and neurotoxicity of agents such as pyridostigmine.

EXPECTED PRODUCTS (MILESTONES): This study should demonstrate whether different types

of stress can all alter BBB permeability. Furthermore, the combined simultaneous actions of 

different stressors will be evaluated to determine if synergistic alterations in BBB permeability 

are possible, leading to more extensive entry and neurotoxicity of drugs such as pyridostigmine.
STATUS/RESULTS TO DATE: None to date.

Most Recent Publications:

None to date

Persian Gulf Veterans' Illnesses Research 
-
Project 
DoD-108

Title:
Health Status of Current National Guard Members

Project #:
DoD-108
Agency:
DoD
Location:
Boston University School of Public 








Health




Status:
Ongoing
Research Type:
Epidemiology Research

P.I. Name:
Susan P. Proctor, DSc
Research Focus:
Symptoms and General 

Health

Study Start Date:
1/24/00

Estimated Completion Date:
02/23/03

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: The proposed cross-sectional study will address three 

research objectives and lay the ground work to establish a cohort of current Massachusetts 

Army National Guard (ARNG) members whose health status can be followed longitudinally as 

they remain State-side; are deployed for combat, peacekeeping, or civilian emergency duties; 

and after they leave the military. The primary objective is to describe the current health status 

of this National Guard cohort using methods that will permit comparison to other population norms

(e.g., Medical Outcomes Study Short Form Health Survey, SF36) and current surveillance 

system parameters (e.g., US Army Health Risk Appraisal). The second objective is to examine 

to what extent the job strain (Karasek and Theorell, 1990) of National Guard service as a ‘second 

job’ affects the relationship between the job strain of the service members’ civilian jobs and 

health and job performance outcomes (functional health status, fatigue symptomatology, job 

performance). The third objective is to examine whether attrition from the National Guard is 

related to current health status by additionally surveying a cohort of persons who have left 

National Guard service within the past three years.

SPECIFIC AIMS: The aim of the proposed project will be to contribute important new information 

to the existing knowledge regarding the health of the guard and reserve component of the US 

military.  The proposed approach will bring a new perspective to the health concerns of this 

component of the military forces, focusing on job strain, the guard and reserves as a second 

job, and social support within the guard and reserve employment context.

METHODOLOGY: The study cohort will include a total of 10,000 subjects and each subject will be

asked to complete a mail survey about his/her current health and deployment and occupational 

characteristics (both civilian and military). Identification of specific occupational factors that 

relate either negatively or positively to health status is an important step towards designing and 

implementing effective strategies that will protect and improve the health of National Guard 

members in the current military environment (PDR5, 1998; CDC Conference on Chemical 

Exposures in Gulf War Veterans-Prevention Working Group Recommendations, 1999).

EXPECTED PRODUCTS (MILESTONES): Successful completion of the protocol will establish a 

defined cohort of Army NG members useful  for longitudinal health status studies and as 

background for policy decisions in designing strategies to improve the health of NG members. 

STATUS/RESULTS TO DATE: None to date.

Most Recent Publications:

None to date

Persian Gulf Veterans' Illnesses Research 
-
Project 
DoD-109

Title:
Disordered Responses to Orthostatic Stress in the Pathogenesis of Gulf War Syndrome 

Symptoms

Project #:
DoD-109
Agency:
DoD
Location:
John Hopkins School of Medicine, 







Baltimore, MD





Status:
Ongoing
Research Type:
Clinical Research

P.I. Name:
Peter C. Rowe
Research Focus:
Symptoms and General 

Health

Study Start Date:
2/15/00

Estimated Completion Date:
03/14/02

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: Three major research objectives of this study relating Gulf 

War Syndrome (GWS) to responses to orthostatic stress are the following:

1) To compare orthostatic intolerance (OI) in those with and without Gulf War Syndrome.

2) To assess the genetic susceptibility to neurally mediated hypotension (NMH) by a family 

study.

3) To examine the association of OI with specific Gulf War exposures after adjusting for family 

history. 

These objectives are derived from a theory that GWS is fundamentally linked to symptoms of 

chronic fatigue, which in turn is linked to OI, and that OI is at least partially under genetic control.

The reported high levels of chronic fatigue among Gulf War veterans suggest that a study 

relating GWS to OI is of interest.

SPECIFIC AIMS: The aim of the project is to determine if Gulf War Illness is related to OI.  

Because OI can be treated, the finding of an increased prevalence of neurally mediated 

hypotension and orthostatic tachycardia in those with GWS would establish a new rationale for 

subsequent treatment trials. Moreover, pre-combat screening for OI, together with implementation

of simple preventive measures, would have the potential to reduce the incidence of long-term 

morbidity following future military conflicts.

METHODOLOGY: The matched case control study design with cases defined as veterans with 

GWS with chronic fatigue and two groups of controls (healthy "buddy" Gulf War veterans and 

healthy Gulf War era veterans) will be used for identifying differences in OI.  A family study 

component for NMH will be incorporated within the basic case control study design. This family 

study component will permit investigators to address the issue of genetic susceptibility. 

A large number of measures are obtained by self-report from the study subjects either by mail or

in-person interview.  The measures collected include exposure history information as well as 

current dimensional measures of health status (SF-36), posttraumatic stress disorder (PTSD), 

mental fatigue, and depression.  The Centers for Disease Control and Prevention (CDC) criteria 

for chronic fatigue syndrome (CFS) will also be obtained from all subjects.      

EXPECTED PRODUCTS (MILESTONES): Research indicates that chronic fatigue is associated 

with disordered response to OI which is responds favorably to treatment of the underlying 

hemodynamic abnormalities.  Since there is a high prevalence of chronic fatigue in veterans with

adverse health consequences attributed to GW deployment, successful completion of the study
 may provide: a means of diagnosing a subset of veterans with adverse health consequences of

GW service, a means of treating these individuals, and provide a tentative link between 

hemodynamic abnormalities and GW associated ill health which can be further explored.


STATUS/RESULTS TO DATE: None to date.

Most Recent Publications:

None to date

Persian Gulf Veterans' Illnesses Research 
-
Project 
DoD-110

Title:  Predictors of Career and Family Dysfunction in Young Adults Enlisting in the United 

States Navy

Project #:
DoD-110
Agency:
DoD
Location:
Naval Health Research Center, 








San Diego, CA

Status:
Ongoing
Research Type:
Epidemiology

P.I. Name:
Margaret A.K. Ryan, M.D., 
Research Focus:
Prevention

LCDR, USN

Study Start Date:
10/1/99

Estimated Completion Date:
09/30/01

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: The study will describe potential predictors of career and 

family dysfunction in U.S. Navy enlistees by linkage of the Sailor’s Health Inventory Program 

(SHIP) and databases (Family Advocacy Program database and Career History Archival Medical
 and Personnel Systems database) containing adverse career and family events. 

SPECIFIC AIMS: See Objective.

METHODOLOGY: Retrospective cohort study. 

EXPECTED PRODUCTS (MILESTONES): Successful completion of the study will determine the 

predictive value of existing questions on the recruit accession survey and serve as a means of 

validating screening questions of any DoD accession survey program by linking screening 

questions to militarily important outcomes. 

STATUS/RESULTS TO DATE: None to date.

Most Recent Publications:

None to date

Persian Gulf Veterans' Illnesses Research 
-
Project 
DoD-111

Title:
Autonomic Dysfunction in Gulf War Veterans

Project #:
DoD-111
Agency:
DoD
Location:
Midwest Research Institute

Status:
Ongoing
Research Type:
Clinical Research

P.I. Name:
Antonio Sastre, Ph.D.
Research Focus:
Brain and Nervous System

Study Start Date:
1/31/00

Estimated Completion Date:
06/30/03

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: The study will attempt to confirm the hypothesis that 

autonomic dysfunction in the cholinergic metabolic pathways (developmentally or genetically 

based) is correlated with Gulf War Illness.  More specifically, it will test the hypotheses that 

individuals who are autonomically hyperresponsive are more prone to GWI when exposed to 

physiological and psychological combat stess; and that alteration in the central and peripheral 

acetylcholine transmitter neural pathways is an underlying factor in the autonomic dysfunction. 

SPECIFIC AIMS:  See Objective.

METHODOLOGY: Matched case control biochemical and physiologic study.  The subject 

population will be genotyped to provide evidence to support whether individuals heterozygote for 

the A or F alleles are at greater risk for developing GWI than individuals with the wild-type U 

allele or homozygotes for the K allele.   Genotypic analysis will be correlated to autonomic 

responses in physiological and psychophysiological studies (parameters for blood pressure, 

respiration, startle response, sustained hand grip, mental arithmetic, emotional stress, head-up 

tilt, and affinity for carbamate inhibitors). 

EXPECTED PRODUCTS (MILESTONES): Successful completion of the proposal would verify 

“stress” sequelae seen in GW veterans suffering ill health as a set of objective and quantifiable 

physiologic alterations in the autonomic nervous system function.

STATUS/RESULTS TO DATE: None to date.

Most Recent Publications:

None to date

Persian Gulf Veterans' Illnesses Research 
-
Project 
DoD-112

Title:
Role of Respirable Saudi Arabian Sand and Pyridostigmine in the Gulf War Syndrome: An

 Autoimmune Adjuvant Disease?

Project #:
DoD-112
Agency:
DoD
Location:
Lovelace Biomedical and Environmental 







Research Institute, Albuquerque, NM


Status:
Ongoing
Research Type:
Mechanistic

P.I. Name:
Mohan L. Sopori
Research Focus:
Immune Function

Study Start Date:
2/10/00

Estimated Completion Date:
03/10/02

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: The objectives of this study are to determine: (1) whether 

inhalation of Saudi Arabian desert sand, in the presence or absence of pyridostigmine bromide 

(PB), will induce/accelerate autoimmune adjuvant-like disease (AAD), and (2) evaluate the role of 

 “alarm cytokines” in the development and prevention of this disease. These studies should help 

to determine the immunotoxicity of the Saudi Arabian sand and its relationship to the 

development of Gulf War-like syndrome, and suggest potential measures for prevention and 

treatment. The results may also have wider implications for occupational exposures to some of 

these risk factors.

SPECIFIC AIMS: The specific aims of the project include the following:  Aim 1 will determine the 

dosimetry and immunotoxicity of respirable Saudi Arabian sand.  Aim 2 will determine the 

susceptibility to the development of hypergammaglobulinemia and AAD.  Aim 3 will determine the

role of cytokines in the development of AAD in Lewis and in Fischer 344 rats.  It is proposed 

that these studies may explain the development of GWS and suggest methods to prevent and 

treat the syndrome.  In addition, the studies will give some insight into low to moderate doses of 

silica on immunotoxicity.  

METHODOLOGY: The study will be an animal immunologic study.  It is proposed to perform 

experiments in Lewis rats, which are prone to autoimmune disease, and in Fisher 344 rats, which 

show average susceptibility to autoimmunity.  These animals will be exposed to Saudi Arabian 

sand by inhalation and also will be treated with pyridostigmine bromide (PB).  The silica content of

tissues, lung histopathology, antibody formation, cell-mediated cytotoxicity and 

adjuvant-induced arthritis will be investigated.  The status of the blood-brain barrier and 

lymphocyte recirculation will also be assessed during these experiments.  

EXPECTED PRODUCTS (MILESTONES): Successful completion of the study will determine the 

dosimetry and imunotoxicity of respirable Saudi Arabian sand and access the susceptibility of an

animal model to development of hypergammaglobulinemia and autoimmune adjuvant disease as

a result of exposure to Saudi Arabian Sand. 


STATUS/RESULTS TO DATE: None to date.

Most Recent Publications:

None to date

Persian Gulf Veterans' Illnesses Research 
-
Project 
DoD-113
 

Title:
Interactions of Subsymptomatic Doses of Sarin with Pyridostigmine:  Neurochemical, 

Behavioral, and Physiological Effects

Project #:
DoD-113
Agency:
DoD
Location:
Brentwood Biomedical Research 

Status:
Ongoing
Research Type:
Mechanistic

P.I. Name:
Oscar U. Scremin, M.D., Ph.D.
Research Focus:
Chemical Weapons

Study Start Date:
2/14/00

Estimated Completion Date:
03/13/04

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: The study will examine the ability of low level, repeated 

exposure to sarin, alone and in combination with pyridostigmine bromide (PB) to cause alterations

 of the following parameters in an animal model: cholinergic neurochemistry; behavior; sensory, 

motor and cerebral cortex function; and brain activity as indicated by cerebral blood flow and 

metabolism. 

SPECIFIC AIMS: See objective.

METHODOLOGY: An animal (rat) model will be evaluated using neurochemical, physiological, 

neurological, and behavioral tests:  1.   Neurochemical assays include evaluation of cholinergic 

function by plasma and brain acetylcholinesterase (AChE) activity, brain acetylcholine contents 

and synthesis, and choline acetyltransferase (ChAT) activity.  2.  Physiological assays include 

blood pressure, heart rate baseline, tilt stress, and electrocardiogram.  3.  Neurological assays 

include measurements of cerebral blood flow and glucose utilization, electroencephalogram (EEG)

activity, and auditory-evoked potentials.  4.  Behavioral studies include passive avoidance and 

conditioned avoidance testing, open-field locomotor activity, startle responses, water maze 

performance, and nociceptive thresholds.

EXPECTED PRODUCTS (MILESTONES): The proposal should provide information on effects of 

sublethal sarin exposure coupled with pyridostigmine exposure. 

STATUS/RESULTS TO DATE: None to date.

Most Recent Publications:

None to date

Persian Gulf Veterans' Illnesses Research 
-
Project 
DoD-114

Title:
A Re-examination of Neuropsychological Functioning in Persian Gulf War Veterans

Project #:
DoD-114
Agency:
DoD
Location:
Boston University

Status:
Ongoing
Research Type:
Epidemiology Research

P.I. Name:
Roberta White, Ph.D.
Research Focus:
Brain and Nervous System

Study Start Date:
1/24/00

Estimated Completion Date:
02/23/03

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: The goals of the study are to directly test whether or not 

there is a worsening of neuropsychological symptoms in Gulf War (GW) veterans, and if so, in 

what specific domains.  

SPECIFIC AIMS: The specific aims of the project are: 1) to determine whether objective test 

measures reveal any progressive diminution in cognitive function by comparing test 

performance observed initially (1995-1998) to performance 4 years (+/- 6 months) later among 

Gulf-deployed veterans compared to non-Gulf deployed controls, and 2) to identify the factors 

associated with any diminutions that are observed such as chemical exposures, stress, 

psychiatric disorders, motivational disorders, or multiple health complaints.

METHODOLOGY: This study will consist of a longitudinal epidemiology survey of 150 out of a 

pool of 350 previously studied Gulf War veterans with self-reported GW exposures to neurotoxic 

substances. The sample will consist of three groups of 50 participants each: (1) GW-deployed 

veterans who were referred for clinical neuropsychological evaluation, (2) GW-deployed veterans

who had sought any kind of care or evaluation and who had participated in a prior research 

study, and (3) nondeployed control veterans from the same research study. The investigators 

propose to use assessment procedures and instruments that were employed in the initial 

assessment to gather new data.  

EXPECTED PRODUCTS (MILESTONES): Successful completion of the study will provide 

information as to whether the veteran population defined in a previous study is suffering a 

worsening of neuropsychological/cognitive symptoms.

STATUS/RESULTS TO DATE: None to date.

Most Recent Publications:

None to date

Persian Gulf Veterans' Illnesses Research 
-
Project 
DoD-115

Title:
A Randomized, Multi-Center, Controlled Trial of Multi-Model Therapy in Veterans with Gulf 

War Illnesses (EBT) (See also VA-62; formerly VA/DoD 1D)

Project #:
DoD-115
Agency:
DoD
Location:
VAMC West Haven/multiple sites

Status:
Ongoing
Research Type:
Clinical Research

P.I. Name:
Sam T. Donta, M.D.
Research Focus:
Treatment

Study Start Date:
3/1/99

Estimated Completion Date:
08/03/01

Summary of Program(s):

Formerly Project VA/DoD-1D

Same as VA-62

OVERALL PROJECT OBJECTIVE: This clinical trial will study Gulf War veterans who have 

unexplained chronic medical symptoms such as pain, fatigue, and/or cognitive difficulties. 

Patients will be randomized to one of four groups: 1) Cognitive Behavioral Therapy (CBT) plus 

aerobic exercise, 2) aerobic exercise alone, 3) CBT alone, and 4) usual and customary care. The 

primary outcome will be a clinically meaningful improvement in the Physical Component 

Summary (PCS) scale of the SF-36V at one year relative to baseline.

SPECIFIC AIMS: see objectives.

METHODOLOGY A cohort of 1356 patients (339 per group) who satisfy an operational definition 

of Gulf War Illnesses will be enrolled from 18 VA and 2 DoD medical centers over a 18-month 

period. The target sample size can be achieved in one year with 20 sites enrolling 68 patients 

each. All patients will be followed for one year and outcomes will be measured at 3 months 

(immediately following the end of treatment), 6 months and 12 months. The primary hypothesis 

of this study is that multi-modal therapy will significantly improve clinical outcomes in veterans 

with Gulf War Illnesses. The primary endpoint is the proportion of patients improved at one year 

relative to baseline on the PCS scale of the SF-36V. Patients with more than a 7-point increase is

used, instead of changes in the actual PCS scale, because it represents a significant 

improvement and, hence, is more clinically meaningful than just a change in value.

EXPECTED PRODUCTS (MILESTONES):  This trial focused on Gulf War veterans' who have 

unexplained chronic medical symptoms of pain, fatigue, and/or cognitive difficulties.  The 

treatments, cognitive behavior therapy and aerobic exercise, have been shown to be effective 

in alleviating symptoms in individuals with other similar types of illnesses, such as chronic 

fatigue syndrome and fibromyalgia.  The primary hypothesis is that the combination of CBT and 

aerobic exercise will be more beneficial than either therapy alone.  

STATUS/RESULTS TO DATE: This study is ongoing.  The kickoff meeting was held in April of 

1999 and patient enrollment began in May 1999.  The Data Monitoring Board met in July 1999.  

During the first 47 weeks of the study, 636 patients have been randomized.

Most Recent Publications:

None to date

Persian Gulf Veterans' Illnesses Research 
-
Project 
DoD-116

Title:   VA/DoD Core Funding of the Medical Follow-Up Agency (See also VA-63; formerly 

 VA-DoD-2D/2V)

Project #:
DoD-116
Agency:
DoD
Location:
Institute of Medicine/Medical 







Follow-Up Agency

Status:
Ongoing
Research Type:
Epidemiology Research

P.I. Name:
Richard Miller, M.D., M.P.H..
Research Focus:
Symptoms/General Health

Study Start Date:
10/1/93

Estimated Completion Date:

Summary of Program(s):

**Formerly Project VA/DoD-2D/2V

See also Project # VA-63.

This program is a joint program funded by VA and DoD to provide the Medical Follow-Up Agency 

with core funding to maintain its operational capabilities to perform epidemiological research on 

veterans.  The MFUA maintains a number of important veterans' databases.  VA and DoD 

consider this Program a vital adjunct to its Gulf War programs.  It provides VA and DoD with a 

vehicle by which outside expert epidemiological skills can be quickly brought to bear to conduct 

small scale pilot projects to test the feasibility of new ideas, and to provide recommendations 

and proposals to VA and DoD for the conduct of more extensive projects.  This Program was 

authorized under P.L. 102-585, and initially served to fund the IOM/MFUA study panel "The 

Health Consequences of Military Service during the Persian Gulf War", which produced its final 

report in September 1996.

Most Recent Publications:

None to date

Persian Gulf Veterans' Illnesses Research 
-
Project 
DoD-116A

Title:
Follow-Up Investigation of Troops Exposed to Nerve Agents at Aberdeen Proving Ground 

(Pilot Study) (See also VA-63A; formerly VA/DoD-2DA)

Project #:
DoD-116A
Agency:
DoD
Location:
Institute of Medicine/Medical 







Follow-Up Agency

Status:
Complete
Research Type:
Epidemiology

P.I. Name:
William Page, Ph.D.
Research Focus:
Chemical Weapons

Study Start Date:

Estimated Completion Date:
12/31/97

Summary of Program(s):

Formerly Project VA/DoD-2DA.  

Same as Project VA-63A

OVERALL PROJECT OBJECTIVE:  Between 1955 and 1975, the U.S. Army enrolled 6,720 

soldiers in an experimental exposure program of chemical warfare and other agents at the 

Edgewood Arsenal, Maryland.  In 1980 the Army asked the National Research Council (NRC) to 

study the possible long term health effects of these exposures.  A three-volume report was 

issued, the last volume dealing with the current health status of test subjects, including 1,581 

men exposed to anticholinesterase compounds such as GA (tabun), GB (sarin), GD (soman), GF,

and VX.  The report indicated that "the limited information available from the follow-up on these 

soldiers does not permit definitive conclusions regarding the nature and extent of possible 

long-term problems resulting from chemical exposure at Edgewood."  A pilot study was 

undertaken to determine whether follow-up of these test subjects is feasible and whether it would 

provide useful information.  Taking the suggestion of the NRC committee, we propose to survey

by telephone the Edgewood subjects who were exposed to anticholinesterase agents for the 

more common OP exposure-associated outcomes; neurological deficits, particularly peripheral 

never disease, and neuropsychological impairment, including sleep disorders, anxiety, and 

depression.  

SPECIFIC AIMS: To conduct a pilot study to determine if it is feasible to follow up on soldiers 

exposed to anticholinesterase agents at the Edgewood Arsenal. 

METHODOLOGY:  The Edgewood subjects who were exposed to chemical agents will serve as 

the first control group.  However, this is not an ideal control group because the original Edgewood

protocol did not include random assignment of subjects to treatment and control groups.  In 

particular, it is thought that healthier men were more likely to have been assigned to chemical 

exposure groups and second control group consisting of men who were exposed to chemical 

agents other than anticholinesterases will also be included in the follow-up.

We are proposing a screen by telephone questionnaire of all exposed subjects and controls for 

neurological deficit and neuropsychological impairment, including sleep disorders, anxiety, and 

depression.  

EXPECTED PRODUCTS (MILESTONE): If the pilot program proves successful, a full term study

will be undertaken to study the health effects of subjects exposed to anticholinesterase and 

other chemical agents.

STATUS/RESULTS TO DATE:  MFUA is in the process of selecting a subcontractor to conduct 

the telephone survey. (New project is listed as DoD-93).

Most Recent Publications:

None to date

Persian Gulf Veterans' Illnesses Research 
-
Project 
DoD-116B

Title:
Patterns of Pre-Persian Gulf War Illness and Health Care Seeking, Pilot Study (See also 

VA-63B; formerly VA/DoD- 2DB)

Project #:
DoD-116B
Agency:
DoD
Location:
Institute of Medicine/Medical Follow-Up 







Agency

Status:
Complete
Research Type:
Epidemiology Research

P.I. Name:
Richard Miller, M.D., M.P.H.
Research Focus:
Symptoms/General Health

Study Start Date:
10/1/96

Estimated Completion Date:
12/31/98

Summary of Program(s):

**Formerly VA/DoD-2DB

*See also Project VA-63B

OVERALL PROJECT OBJECTIVE:  To answer the question whether there are patterns of illness 

and the patterns of use of the Department of Defense (DoD) outpatient care during the year 

prior to deployment to the Persian Gulf War (PGW) in personnel who subsequently developed 

poorly defined illnesses different from the patterns of controls?

SPECIFIC AIMS:  To investigate the health records of military personnel who became ill after 

being deployed to the Persian Gulf War a year prior to their leaving for the Gulf. Patterns of 

illness and patterns of usage of DoD outpatient care will be compared to patterns of controls.

METHODOLOGY:  Conducting extensive searches of relevant literature and researching various 

methods of obtaining medical records; Data abstraction and categorization.  

EXPECTED PRODUCTS (MILESTONES):  The information obtained from this pilot study will be 

useful in determining whether those personnel who were deployed to the Gulf had some 

pre-existing medical condition that made them more susceptible to becoming ill.  Depending upon 

the preliminary results, a full study may or may not be performed.

STATUS/RESULTS TO DATE:  Approvals have been obtained from the NRC Governing Board 

and from the NRC Institutional Board.  Permission to access records has been received from:  

VABIRLS, the Army Personnel Center, and the Army Surgeon General's Office (SGO).  We have

developed a short study protocol, produced case definitions, and created an algorithm for 

identifying cases from the PGHR and the CCEP as well as for controls.  A database containing a

record of all cases and controls has been created in Paradox and SAS.  An algorithm for 

acquiring medical records has also been developed.  A second request for claims folders has 

also been mailed.  A registry match of records to determine those that are located at the National

Personnel Records Center (NPRC) has been completed.  We have obtained over 1,100 medical 

records and have begun the abstracting process.  It is predicted that the pilot will be completed 

and the data analyzed by the end of the year.  No plan for a full study can be constructed until 

the completeness of record ascertainment by PGHR or CCEP/control status is known.

Most Recent Publications:

None to date

Persian Gulf Veterans' Illnesses Research 
-
Project 
DoD-117

Title:
Patterns of Pre-Persian Gulf War Illness and Health Care Seeking

Project #:
DoD-117
Agency:
DOD
Location:
MFUA, Washington DC

Status:
Ongoing
Research Type:
Epidemiology Research

P.I. Name:
Susan Thaul, Ph.D.
Research Focus:
Symptoms/General Health

Study Start Date:
5/1/00

Estimated Completion Date:
06/30/02

Summary of Program(s):

OVERALL PROJECT OBJECTIVE:  To answer the question whether there are patterns of illness 

and patterns of use of the Department of Defense (DoD) outpatient care during the year prior to 

deployment to the Persian Gulf War (PGW) in personnel who subsequently developed poorly 

defined illnesses different from the patterns of controls?

SPECIFIC AIMS: To investigate the health records of military personnel who became ill after 

being deployed to the Persian Gulf War a year prior to their leaving for the Gulf.  Patterns of 

illness and patterns of DoD outpatient care will be compared to patterns of controls.  

METHODOLOGY:  Conducting extensive searches of relevant literature and researching various 

methods of obtaining medical records; Data abstraction and categorization.  

EXPECTED PRODUCTS (MILESTONES):  The information obtained from this study will be useful

in determining whether those personnel who were deployed to the Gulf had some pre-existing 

medical condition that made them more susceptible to becoming ill. 

STATUS/RESULTS TO DATE:  Approvals have been obtained from the NRC Governing Board 

and from the NRC Institutional Board.  Permission to access records has been received from:  

VABIRLS, the Army Personnel Center, and the Army Surgeon General's Office (SGO).  We have

developed a short study protocol, produced case definitions, and created an algorithm for 

identifying cases from the PGHR and the CCEP as well as for controls.

Most Recent Publications:

None to date

Persian Gulf Veterans' Illnesses Research 
-
Project 
DoD-118

Title:
An Epidemiological Investigation into the Occurrence of Amyotrophic Lateral Sclerosis 

(ALS) Among Gulf War Veterans (See also VA-61)

Project #:
DoD-118
Agency:
DoD
Location:
VAMC Durham, multiple sites

Status:
Ongoing
Research Type:
Epidemiology Research

P.I. Name:
Ron D. Horner, Ph.D.
Research Focus:
Brain and Nervous System

Study Start Date:
3/10/00

Estimated Completion Date:
03/09/01

Summary of Program(s):

See also VA-61

OVERALL PROJECT OBJECTIVE:  Recently, concern has arisen regarding a possible elevated 

occurrence of amyotrophic lateral sclerosis (ALS) among veterans who served in the Persian 

Gulf during Operations Desert Shield (August 2, 1990 – January 15, 1991), Desert Storm 

(January 16, 1991 – February 28, 1991) and Clean up (March 1, 1991 – July 31, 1991).  

Accordingly, we are proposing an epidemiologic investigation into the occurrence of ALS among 

veterans of the Gulf War that will further define the epidemiology of this neurological disease 

among veterans, a relatively young population, determining whether there is a higher than 

expected occurrence; and, ascertain the possible etiology.  

SPECIFIC AIMS:  To develop, through nation-wide ascertainment, a comprehensive descriptive 

epidemiology of ALS cases among Gulf War veterans with particular attention to whether there is

a higher than expected occurrence of ALS among deployed veterans as compared to 

non-deployed Gulf War veterans; and to ascertain possible etiologic factors with particular focus 

on the role of chemical or biologic factors in the Persian Gulf area of deployment.

METHODOLOGY:  To address these objectives, a two-phased investigation will address the 

occurrence and epidemiology of ALS among Gulf War veterans.  The first phase, occurring over 

a one-year period, will involve complete ascertainment and comprehensive evaluation of ALS 

cases among veterans of the Gulf War.  As a major part of this phase, the incidence of ALS will 

be estimated among deployed and non-deployed Gulf War veterans and will compare these rates

to each other and to those of non-veteran populations as reported in the literature.  During Phase
 1, a system will be created for continued surveillance of new cases among Gulf War veterans.  

In Phase 2, our case series (from Phase 1) will be supplemented with comparable controls 

selected from among deployed and non-deployed Gulf War veterans and ascertain potential 

etiologies based on reported exposures and presence of other potential risk factors.  

EXPECTED PRODUCTS/MILESTONES:  The results of this study have importance for both the 

VA in achieving its mission to provide for the health of veterans and for the larger society in 

understanding ALS.  From the VA perspective, this project will indicate whether veterans 

deployed to the Persian Gulf during the Gulf War are at elevated risk of ALS.  If so, strategies 

can be designed for prompt, appropriate identification and clinical management of ALS patients in

 this population.  From the broader perspective, a study of ALS in relatively young individuals 

may provide knowledge regarding the epidemiology, and particularly, the etiology of this disease.

VA is leading this joint study that also involves DoD, HHS, CDC, and academic centers of 

excellence in neurology with advice from the ALS Association.  

STATUS/RESULTS:  Process of developing census of cases for case verification.  Verification 
will start July 15th.  This will include review of medical records, and a detailed clinical examination, 

as necessary.

Most Recent Publications:

None to date

Persian Gulf Veterans' Illnesses Research 
-
Project 
DoD-119

Title:
Antibiotic Treatment of Gulf War Veterans' Illnesses (ABT) (See also VA-55.)

Project #:
DoD-119
Agency:
DoD
Location:
VAMC PerryPoint/multiple sites

Status:
Ongoing
Research Type:
Clinical Research

P.I. Name:
Sam T. Donta, M.D.
Research Focus:
Treatment

Study Start Date:
3/1/99

Estimated Completion Date:
12/31/01

Summary of Program(s):

See also VA-55

OVERALL PROJECT OBJECTIVE: This study's primary objective is to determine whether a 12 

month course of doxycycline treatment in deployed mycoplasma positive Gulf War veterans 

with GWI improves patients' functional status compared to placebo. Major secondary objectives 

are 1) to determine whether doxycycline treatment reduces symptoms of GWI, 2) to determine 

whether doxycycline treatment converts Mycoplasma (+) patients to mycoplasma (-) status, and 

3) to determine if the benefits of 12 months doxycycline treatment endure after termination of 

treatment.

SPECIFIC AIMS: see objectives.

METHODOLOGY: This study is a 30-month, prospective, randomized, double blind clinical trial. 

Patients will be randomized to one of two treatment groups: 1) patients treated with doxycycline 

for 12 months and, 2) patients given placebo for 12 months. Each patient will receive study 

medication for 12 months and will be followed for an additional six months after the termination 

of medications. Patients will be seen monthly during the medication phase and at 18 months. 

Major evaluations will be completed at baseline and at 3, 6, 9, 12, and 18 months.  450 GWI 

patients from 30 medical centers will be entered into the study over a one-year recruitment 

period. With 18 months of follow-up on each patient, total study duration is 30 months. All 

veterans deployed to the Gulf War between August 1990 and August 1991 will be eligible. 

Patients will be considered to have GWI if they have at least two of three symptoms (fatigue, 

musculoskeletal pain, neurocognitive dysfunction) that began after August 1990 and that have 

lasted more than six months and up to the present. Patients who test positive for Mycoplasma 

fermentors, Mycoplasma genitalium, and/or Mycoplasma pneumoniae at baseline will be eligible 

to enroll.  GWI patients meeting any of the exclusion criteria will not be entered. Patients 

assigned doxycycline will receive 200 mg/day. All patients will be provided with a potent sunblock

preparation for protection from common drug-related photosensitivity.

EXPECTED PRODUCTS (MILESTONES): The primary outcome measure is improvement in the 

Physical Component Scale (PCS) of the SF-36V at follow-up relative to baseline. The primary 

endpoints will be the proportion of patients with more than a seven unit increase in the PCS at 12 

months.

STATUS/RESULTS TO DATE: This study is ongoing.  As of 01/03/2000, actual patient intake is 

113% of expected intake with 282 Gulf War veterans randomized into the study.  Study progress
was reviewed 10/13/1999 and again on the 11/4/1999.  Twenty-eight sites are currently participating 

in this study, including two DoD sites.

Most Recent Publications:

None to date

Persian Gulf Veterans' Illnesses Research 
-
Project 
DoD-120

Title:
Assessing the Potential Health Impact of the Gulf War on Saudi Arabia National Guard 

Members and Their Dependents

Project #:
DoD-120
Agency:
DoD
Location:
Riyadh, Saudi Arabia; USUHS; 







CDC; NHRC

Status:
Ongoing
Research Type:
Epidemiologic Research

P.I. Name:
Gary D. Gackstetter, MPH, Ph.D.
Research Focus:
Symptoms/General Health

Study Start Date:
8/1/99

Estimated Completion Date:
08/01/01

Summary of Program(s):

OVERALL PROJECT OBJECTIVE:  SANG members have not reported similar health problems 

seen in US, Canadian, and UK forces following the Gulf War, however, the health status of our 

Saudi allies has not been systematically investigated.  The overall research objective of this 

study is to examine available electronic data for unusual health trends, comparing SANG 

members stationed in a combat area with those stationed in a non-combat area.  If possible, 

similar comparisons will be made using automated data for outpatient visits, mortality data, 

pharmacy data, and cancer registry data.

SPECIFIC AIMS:  Compare the rate of hospitalization and causes of hospitalization for SANG 

members stationed at Al Khafji to those stationed at Riyadh during January 1991 using 

automated health data maintained at King Fahad National Guard Hospital (KFNGH) since 1983.

METHODS:  This study uses routinely collected, automated health information.  No individual 

patients will be traced, contacted, or notified of their inclusion in the study.  The study population

consists of SANG members located at Al Khafji and at Riyadh during January 1991.  Each 

study subject will be given a unique identification code and grouped according to location.  The 

computerized medical record data maintained at KFNGH will be linked to these two groups of 

individuals, and annual health outcomes compared.  If adequate data exists, similar comparisons

will be made for outpatient visits, mortality, and cancer diagnoses. 

EXPECTED PRODUCTS (MILESTONES): This epidemiologic study will result in the comparison 

of health outcomes of SANG members stationed in a combat area (Al Khafji) and SANG 

members stationed in a non-combat area (Riyadh).  The results of this study can be compared 

with studies of illness among Gulf War veterans from the U.S. and other Western coalition 

forces.
STATUS/RESULTS TO DATE: The SANG members assigned to Al Khafji and to Riyadh have been 

identified and linkages with demographic, inpatient, outpatient, and pharmacy data are in progress.

Most Recent Publications:

None to date

Persian Gulf Veterans' Illnesses Research 
-
Project 
DoD-121

Title:
Evaluation of the Health Risks of Embedded Depleted Uranium Shrapnel on Pregnancy 

and Offspring Development

Project #:
DoD-121
Agency:
DoD
Location:
Armed Forces Radiobiology Research







Institute, Bethesda, MD

Status:
Ongoing
Research Type:
Mechanistic

P.I. Name:
David E. McClain, Ph.D.
Research Focus:
Depleted Uranium

Study Start Date:

Estimated Completion Date:
12/31/02

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: Determine whether embedded fragments of depleted uranium 

(DU) impact the ability of female rats to conceive or carry to term healthy offspring. 

SPECIFIC AIMS: This project determines (1) whether maternally-implanted pellets of DU affect 

the ability of rats to conceive and produce normal litter size, (2) the amount of uranium passed in
 utero from the implanted mother to the developing fetus, and (3) any effects of 

maternally-implanted DU pellets on pre- and post-natal pup development. 

METHODOLOGY: Female Sprague-Dawley rats are implanted with sufficient numbers of pellets 

of DU in an attempt to approach nephrotoxic doses. Control animals receive the same numbers 

of pellets of the biologically inert metal tantalum or sham surgery. Fetal levels of DU are 

determined. Maternal toxicity is measured by gestation length, litter size, body-weight changes 

during and after gestation, and food and water intake throughout the study. Developmental 

toxicity in very young pups is assessed by observation of behavioral changes, standard 

physical maturation features, and reflex behavior (as markers for CNS maturation). The 

functional observation battery and locomotor activity testing assess development in rats up to 

young adults.

EXPECTED PRODUCTS: Information for military medical policy makers to assess the adequacy

of surgical fragment-removal policies for embedded fragments of DU.

STATUS/RESULTS TO DATE: Female rats require a larger number of DU pellet implants (32 

pellets) than do males (20 pellets) in order to reach a given uranium level in the kidneys. 

Otherwise, the target sites, relative rates, and relative amounts of redistribution in females did 

not differ appreciably from those previously observed in the male. DU from maternally 

implanted pellets was measured in both the placenta and the developing fetus, indicating the 

placenta is not a barrier to DU migration. Preliminary evidence indicates that maternally 

implanted DU affects normal litter size if the rats become pregnant 6 months or more after 

implantation. Pregnancy before 4 months of implantation does not significantly affect litter size. 

These important experiments are currently being replicated. Physical maturation features and 

reflex behavior in newborn pups from DU-implanted mothers did not differ from those of pups 

born of tantalum-implanted control rats. Behavioral testing in young animals has not yet been 


performed.

Most Recent Publications:

Benson KA.  Evaluation of the health risks of embedded depleted uranium shrapnel on 

pregnancy and offspring development. Annual Report to USAMRMC, Contract Number 

DAMD17-96-1-6297, DTIC AD Number ADA356238.

Persian Gulf Veterans' Illnesses Research 
-
Project 
DoD-122

Title:
Carcinogenic Potential of Depleted Uranium and Tungsten Alloys

Project #:
DoD-122
Agency:
DoD
Location:
Armed Forces Radiobiology 

Status:
Ongoing
Research Type:
Mechanistic

P.I. Name:
Alexandra C. Miller, Ph.D.
Research Focus:
Depleted Uranium

Study Start Date:

Estimated Completion Date:
12/31/04

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: This project seeks to assess the degree of carcinogenic 

potential of embedded fragments of DU and a proposed surrogate metal, heavy metal tungsten 

alloy (HMTA), and determine their mechanisms of action.

SPECIFIC AIMS: This project seeks to determine whether exposure to embedded fragments of 

DU and HMTA cause cancer in the Fisher 344 rat and investigates potential mechanisms of 

action. The study obtains data from two general treatment groups. One investigates whether 

metal fragment implantation affects rat longevity and their cause of death. The other, parallel 

study performs tissue analysis at various points during the study to investigate cellular changes 

associated with the metal exposures. 

METHODOLOGY: Rats are implanted with pellets of DU, HMTA, the known metal carcinogen 

nickel (positive control), the suspected carcinogen lead, and the biologically inert metal tantalum 

(negative control). Longevity studies are carried out under guidelines suggested by the National 

Toxicology Program. Tissue analyses after necropsy determine the cause of death and the 

nature of any abnormal tissues observed. Subgroups of animals are similarly implanted but 

euthanized at various times after tissue implantation to correlate tissue metal content with 

long-term biological effect analysis. Experiments using an in vitro cell model are designed to 

determine the role alpha particle radiation plays in DU effects.

EXPECTED PRODUCTS: Information for military medical policy makers to assess the adequacy

of surgical fragment-removal policies for embedded fragments of DU.

STATUS/RESULTS TO DATE: Previous studies at AFRRI indicate that exposure to DU causes 

changes in cells, both in vivo and in vitro, that suggest DU has carcinogenic potential. There is a

DU dose- and time-dependent increase in the expression of specific oncogenes in kidney, 

muscle, and liver of rats implanted with pellets of DU. No oncogene increases are observed in 

rodents implanted with the non-toxic metal tantalum. Significant increases in both micronuclei and

sister chromatid exchanges, indicators of genotoxic damage, were measured in lymphocytes 

obtained from DU-implanted rats 18 months after implantation, but not in tantalum-implanted 

rats. Injection of sodium tungstate into Fischer rats produced significant increases in both 

micronuclei and SCE. Exposure of cultured human bone cells to DU compounds and HMTA 

resulted in a transformation of those cells to a type with biochemical and growth characteristics 

typical of tumor cells. The magnitude of transformation observed with DU and HMTA was similar 

to that observed with the known heavy metal carcinogen, nickel. These cells, once transformed, 

produced tumors when injected into immune deficient mice. Urine from DU-implanted animals 

was mutagenic; a consequence of the presence of excreted DU. The activities of DU and HMTA 

in a single-gene mutation assay (HGPRT loci) were examined in CHO cells. DU was mutagenic at
 the HGPRT locus at a non-toxic concentration, while HMTA was only slightly mutagenic.

Most Recent Publications:

Miller AC, Fuciarelli AF, Jackson WE, Ejnik EJ, Emond C, Strocko S, Hogan J, Page N, 

Pellmar T.  Urinary and Serum Mutagenicity Studies with Rats Implanted with Depleted 

Uranium or Tantalum Pellets. Mutagenesis, 13(6);101-106, 1998.

Miller AC, Whittaker T, Hogan J, McBride S, Benson K. Oncogenes as Biomarkers for Low 

Dose Radiation-induced Health effects. Can Detect and Prevent 20(5);235-236, 1996.
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Miller AC, Blakely WF, Livengood D, Whittaker T, Xu J, Ejnik JW, Hamilton MM, Parlette E, 
St. John T, Gerstenberg HM, Hsu H.  Transformation of human osteoblast cells to the tumorigenic

phenotype by depleted uranium-uranyl chloride. Environ Health Persp, 106(8);465-471, 1998.

Miller AC, Xu J, Whittaker T, Stewart M, McClain DE. Suppression of Depleted Uranium 

Induced Neoplastic Transformation of Human Cells by the Phenyl Fatty Acid Phenylacetate.

Radiation Research 2000, In Press.

Miller AC, Xu J, Prasanna PGS, Page N.  Potential Late Health Effects of the Heavy Metals, 

Depleted Uranium sand Tungsten, Used in Armor Piercing Munitions: Comparison of 

Neoplastic Transformation and Genotoxicity Using the Known Carcinogen Nickel.  Military 

Medicine 2000, In Press.

Miller AC, Xu J, Stewart M, Emond C, Hodge S, Matthews, M, Kalinich, J,  McClain D.  

Potential Health Effects of the Heavy Metals, Depleted Uranium and Tungsten, Used in 

Armor-Piercing Munitions: Comparison of Neoplastic Transformation, Mutagenicity, Genomic 

Instability, and Oncogenesis.  Metal Ions, 6:09-211, 2000.
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Title:
Immunotoxicity of Depleted Uranium and Heavy Metal Tungsten Alloys

Project #:
DoD-123
Agency:
DoD
Location:
Armed Forced Radiobiology Research 







Institute, (AFRRI), Bethesda, MD

Status:
Ongoing
Research Type:
Mechanistic

P.I. Name:
John F. Kalinich, Ph.D.
Research Focus:
Depleted Uranium

Study Start Date:

Estimated Completion Date:
12/31/04

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: Determine immunotoxic potential of embedded fragments of 

depleted uranium (DU) and heavy metal tungsten alloy (HMTA). 

SPECIFIC AIMS: Pilot studies at AFRRI have provided evidence that DU induces dysfunction or

 inappropriate suppressive or stimulatory responses in components of the immune system. This 

study assesses DU immunotoxicity in rats implanted with pellets of DU or HMTA using standard 

guidelines established by the National Toxicology Program/Environmental Protection Agency.

METHODOLOGY: Young, male Sprague-Dawley rats are implanted with one of two pellet doses 

of DU, HMTA, or the biologically inert heavy metal tantalum. A number of immune system 

parameters are evaluated for a period of 12 months after implantation. These include 

hematological and biochemical analyses and assays for cell-mediated immunity (using flow 

cytometry), humoral immunity, and lymphocyte blastogenesis. Limited necropsies are performed

 to determine weights, cellularity, and histopathology of lymphoid tissues. 

EXPECTED PRODUCTS: Determination of the immunotoxic potential of embedded heavy metals

to be used by military medical policy makers to assess the adequacy of existing surgical 

fragment-removal policies for embedded fragments.

STATUS/RESULTS TO DATE: AFRRI recently completed experiments as a part of a pilot study 

of the immunotoxicity of DU. Analysis of lymphocytes from rats implanted with pellets of DU 

indicated that there are changes in lymphocyte subpopulations suggestive of a delayed-type 

hypersensitivity response. Mice injected with a single dose of soluble DU uranyl chloride 

demonstrated persistent changes in thymus and spleen weight, bone marrow cellularity and total 

lymphocyte count. Incubation with soluble uranium compounds increased proliferation in a 

cultured human T lymphocyte cell line. A cultured mouse macrophage cell line took up and 

concentrated soluble uranium from the growth medium and demonstrated a uranium 

dose-dependent increase in apoptotic death.

Most Recent Publications:

McClain, D.E., Ramakrishnan, N., Villa, V., Kalinich, J.F., Uranyl chloride induces apoptosis 

in mouse J774 macrophages. Molec Biol Cell 9, 487a, 1998.

Kalinich JF, Ramakrishnan N, McClain DE.  Depleted uranium-induced immunotoxicity.  In: 

Livengood, D.R. (ed.), Health Effects of Embedded Depleted Uranium Fragments, AFRRI 

Special Publication 98-3, Bethesda, MD, pp. 15-16, 1998.
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Title:
Health Assessment of Persian Gulf War Veterans from Iowa

Project #:
HHS-1
Agency:
HHS
Location:
CDC and state of Iowa

Status:
Ongoing
Research Type:
Epidemiology Research

P.I. Name:
Joel N. Kline, M.D.
Research Focus:
Symptoms/General Health

Study Start Date:
12/1/94

Estimated Completion Date:
4/30/01

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: To assess the prevalence of self-reported symptoms and 

illnesses among military personnel deployed during the Persian Gulf War and to compare the 

prevalence of these conditions with the prevalence among military personnel on active duty at 

the same time, but not deployed to the Persian Gulf.

SPECIFIC AIMS: This study addressed the following specific hypotheses: (1) Persian Gulf War 

(PGW) veterans experienced more self-reported health problems in the post-war period than did 

Persian Gulf-era military personnel who did not serve in the Persian Gulf region; (2) active duty 

military personnel with service in the Persian Gulf region experienced more self-reported health 

problems in the post war period than did active duty military personnel who did not serve in the 

Persian Gulf region; (3) National Guard and reserve personnel with service in the Persian Gulf 

region experienced more self-reported health problems in the post-war period than did National 

Guard and reserve personnel who did not serve in the Persian Gulf region; and (4) National Guard

 and reserve personnel with service in the Persian Gulf region experienced more self-reported 

health problems than active duty military personnel with comparable service.

METHODOLOGY: Data on self-reported health outcomes was collected through a telephone 

survey with a random sample of Persian Gulf War veterans and Persian Gulf War-era controls 

who listed Iowa as their home of record.  Interviews were completed with 3,695 eligible study 

subjects (76%).

EXPECTED PRODUCTS (MILESTONES): Initial report published in JAMA on January 15, 1997.

STATUS/RESULTS TO DATE:  Initial results indicate that compared with non-PGW military 

personnel, PGW veterans report a significantly higher prevalence of symptoms of depression, 

PTSD, chronic fatigue, cognitive dysfunction, bronchitis, asthma, fibromyalgia, alcohol abuse, 

anxiety, and sexual discomfort.  These veterans also report a lower health-related quality of life. 

Additional data analysis using factor analysis identified three symptom patterns among the 

deployed veterans.  These were somatic distress (joint stiffness, myalgia, numbness or tingling, 

headaches, and nausea), psychological distress (feeling nervous, worrying, feeling distant or cut 

off, and depression), and panic (anxiety attacks, a racing or skipping heart, attacks of chest 

pain, and attacks of sweating).  Similar patterns of symptoms were also identified among the 

non-deployed controls.  This suggests that the health complaints of PGW veterans are similar to 

those of the general military population and therefore make the existence of a Gulf War 

syndrome unlikely.  

The study is currently collecting physical examination data on a subset of the telephone survey 
participants to validate the self-report of asthma.  The asthma validation component is ongoing. Data collection is expected to be complete by Fall 2000 and a report of findings available by Fall 2000 and a report of findings available by Summer 2001.

Most Recent Publications:

Black DW, Doebbeling B, Schwartz D, Voelker M, Clarke W, Woolson R, Barrett D.  Health 

related quality of life and health services utilization in military personnel reporting multiple 

chemical sensitivities.  Journal of Occupational and Environmental Medicine, 41(10):928-933, 1999.
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Black DW, Doebbeling B, Schwartz D, Voelker M, Clarke W, Woolson R, Barrett D.  Multiple 

Chemical Sensitivity Syndrome:  Symptom prevalence and risk factors in Persian Gulf War 

Veterans and a comparison sample.  Archives of Internal Medicine 160(8):1169-1175, 2000.

Doebbeling BN, Clarke WR, Watson D, Torner JC, Woolson RF, Voelker MD, Barrett DH, 

Schwartz DA.  Is there a Persian Gulf War syndrome?  Evidence from a large 
population-based survey of veterans and nondeployed controls.  American Journal of Medicine 

108(9):95-104, 2000.
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Title:
Disease Cluster in a Pennsylvania Air National Guard Unit, EPI-AID 95-18

Project #:
HHS-2
Agency:
HHS
Location:
CDC and states of PA & FL

Status:
Complete
Research Type:
Epidemiology Research

P.I. Name:
William C. Reeves, M.D.
Research Focus:
Symptoms/General Health

Study Start Date:
12/1/94

Estimated Completion Date:
06/01/00

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: At request of VA, DoD, and the Pennsylvania Health 

Department, CDC investigators conducted an EPI-AID to evaluate reported cluster of illness in 

the Pennsylvania 193rd Air National Guard.

SPECIFIC AIMS: Characterize patients, determine if there was a cluster of illness, determine if 

the illness was unique to the 193rd ANG, related to residence in Pennsylvania, or related to GW 

service, characterize the illness and derive a working case definition, and identify risk factors for
 illness.

METHODOLOGY: Stage 1 case series; stage 2 cross sectional population-based interview; stage
 3 physical exam, psychometric testing, clinical laboratory, research laboratory assessment and 

nested case control study.

EXPECTED PRODUCTS (MILESTONES):  The study is designed to provide a better 

understanding of the unexplained illnesses associated with service in the Persian Gulf War.  By 

specifically looking at the 193rd Air National Guard, residence in Pennsylvania, and service in 

the Gulf, it is hoped that potential risk factors for Gulf War illnesses may be identified.              

STATUS/RESULTS TO DATE: The cross-sectional questionnaire survey 

included 3723 currently active volunteers, irrespective of health or Gulf War participation, from 

four Air Force populations.  The cross-sectional clinical evaluation included 158 Gulf War 

veterans from one unit, irrespective of health status.  The study involved the development of a 

symptom-based case definition, assessment of case prevalence rate for Gulf War veterans and
 non-deployed personnel, and analysis of clinical and laboratory findings among veterans who 

met the case definition.  We defined a case as having one or more chronic symptoms from at 

least 2 of 3 categories (fatigue, mood-cognition, and musculoskeletal).  The prevalence of 

mild-to-moderate and severe cases was 39% and 6%, respectively, among 1155 Gulf War 

veterans compared with 14% and 0.7% among 2520 non-deployed personnel.  Illness was not 

associated with time or place of deployment or with duties during the war.  Fifty-nine clinically 

evaluated Gulf War veterans (37%) were non-cases, 86 (54%) were mild-to-moderate cases, and 

13 (8%) were severe cases.  Although no physical examination, laboratory, or serologic findings 

identified cases, veterans who met the case definition had significantly diminished functioning 

and well-being.  Among current active members of four Air Force populations, a chronic 

multisymptom condition was significantly associated with deployment to the Gulf War.  The 

condition was not associated with specific Gulf War exposures and also affected non-deployed 

personnel.  

Subsequent analyses have examined the association between physical, chemical, and emotional 

deployment stressors reported by Gulf War veterans and the development of chronic 

multisymptom illness following the war.  The illness defined in this study was found to be related 

to reporting pyridostigmine bromide use, insect repellent use, injuries that required medical 
attention, and a belief that biological or chemical weapons had been used.  Our original plans, to begin high density filter array assays to measure gene expression profiles on veterans who met our case definition and controls, has been put on hold, pending interpretation and discussion of results of 

similar testing among chronic fatigue syndrome patients.

Most Recent Publications:

CDC. Unexplained illness among Persian Gulf War veterans in an Air National Guard unit, 

Preliminary report, August 1990-March 1995.  MMWR 44(23):443-447, 1995.
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Fukuda K, Nisenbaum R, Stewart G., et al.  Chronic multisymptom illness affecting Air Force

veterans of the Gulf War.  JAMA 280:981-988, 1998.


Nisenbaum R, Barrett DH, Reyes M, Reeves WC.  Deployment stressors and a chronic 
multisymptom illness among Gulf War Veterans.  Journal of Nervous and Mental Disorders 188(5):259-266, 2000.
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Title:
Biomarkers of Susceptibility and Polycyclic Aromatic Hydrocarbon (PAH) Exposure in 

Urine and Blood Cell DNA from U.S. Army Soldiers Exposed to Kuwaiti Oil Well Fires

Project #:
HHS-3
Agency:
HHS
Location:
NIH/NCI/DCE/LCTP/IVP

Status:
Complete
Research Type:
Mechanistic

P.I. Name:
Miriam Poirier, Ph.D.
Research Focus:
Environmental Toxicology

Study Start Date:
1/1/92

Estimated Completion Date:
1/29/98

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: To compare PAH level in soil and air with biomarkers of 

exposure (urinary metabolites), biologically-effective dose (DNA adducts) and individual 

susceptibility (genetic polymorphisms) for this group of 62 soldiers. This project is technically not

a research project.  It was an analysis requested by the U.S. Army Environmental Hygiene 

Agency, now known as the Center for Health Promotion and Preventive Medicine, as a part of 

their ongoing exposure assessments. 


SPECIFIC AIMS: To determine the extent of exposure and 

the correlation between these various biomarkers.

METHODLOGY: Soldiers participating in a USAEHA surveillance project in which ambient PAH 

monitoring and biomonitoring were performed.  Samples of blood and urine were taken in 

Germany in June (1991), in August, eight weeks after deployment to Kuwait, and in October after

the return to Germany. PAH-DNA adducts were measured by benzo[a]pyrene-DNA 

dissociation-enhanced lanthanide fluroimmunoassay (DELFIA) and aromatic DNA adducts were 

measured by 32P-postlabeling in blood cell DNA. Urinary benzo[a]pyrene metabolites have been 

determined by immunaffinity chromatography and fluorescence. Glutathione-s-transferase and 

cytochrome P450 1A1 polymorphisms have been determined by PCR amplification of the DNA.

EXPECTED PRODUCTS (MILESTONES): The anticipated findings were higher pollution in Kuwait 

accompanied by higher levels of DNA adducts and urinary metabolites.

STATUS/RESULTS TO DATE: By both methodologies, blood cell DNA adduct measurements 

were lower in Kuwait than in Germany in June and October. The increase in adduct levels in 

October (compared to August in Kuwait) was statistically significant.  Levels of urinary 

1-hydroxy-pyrene-glucuronide (--OH-PG) were also lower in Kuwait than in Germany but the 

differences were not statistically significant. No differences in biomarker levels were associated 

with any metabolic polymorphism.  The data suggest that the location of the soldiers' duty 

stations in Kuwait represented a cleaner working environment than Germany. Actual PAH 

measurements of air and soil in Kuwait showed very low levels of contamination. Literature 

values for ambient PAH measurements for Germany at the same time are much higher.

Most Recent Publications:

Poirier MC, Weston A, Schoket B, et al. Biomonitoring of U.S. Army soldiers serving in 

Kuwait in 1991. Cancer Epidemiology Biomarkers and Prevention, 7:545-551, 1998.
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Title:
Suspected Increase of Birth Defects and Health Problems Among Children Born to 


Persian Gulf War Veterans In Mississippi

Project #:
HHS-4
Agency:
HHS
Location:
CDC, Jackson, MS

Status:
Complete
Research Type:
Epidemiology Research

P.I. Name:
Alan Penman
Research Focus:
Reproductive Health

Study Start Date:
5/1/94

Estimated Completion Date:
2/1/96

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: To determine the nature and extent of a reported increase of 

birth defects and health problems among children born to Persian Gulf War veterans from two 

units of the Mississippi National Guard.

SPECIFIC AIMS: To calculate the number and rate of birth defects and health problems in 

children born to Persian Gulf War veterans from two units of the MS National Guard after their 

return from overseas service, and determine whether an excess of birth defects/health problems

occurred.

METHODOLOGY: Descriptive survey by medical record review, supplemented by 

parent/physician interview as required.  Comparison of observed numbers/rates with expected 

numbers/rates from birth defect surveillance systems, epidemiological studies, etc.

EXPECTED PRODUCTS (MILESTONES): Final report published by CDC on 12/19/94  (Field 

Epidemiology Report #95-01).

STATUS/RESULTS TO DATE: The total number of all types of birth defects was not greater than 

expected.  The frequency of premature birth, low birth weight, and other health problems 

appeared similar to that in the general population.

Most Recent Publications:

Penman AD, Tarver RS. No evidence of increase in birth defects and health problems among

children born to Persian Gulf War veterans in Mississippi.  Military Medicine 161(1):1-5, 1996. 
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Title:
Cognitive Function and Symptom Patterns in Persian Gulf Veterans

Project #:
HHS-5
Agency:
HHS
Location:
Boston Univ. School of Public Health

Status:
Ongoing
Research Type:
Clinical Research

P.I. Name:
David Ozonoff, M.D, MPH
Research Focus:
Brain & Nervous System

Study Start Date:
11/1/97

Estimated Completion Date:
10/30/01

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: 1) Delineation of a neuroanatomical/neurophysiological basis, 

if any, for the reported cognitive dysfunction in some Gulf War veterans; 2) Delineation of 

symptom patterns shown by some individuals who served in the Gulf War; and 3) verification of 

research findings in an independent cohort of soldiers who served in the Gulf shortly after 

cessation of hostilities.

SPECIFIC AIMS:  1) Examine differences in degree of activation present on fMRI scans in 

specific neuroanatomical regions within the frontal lobe, particularly the cingulate gyrus area and 

the dorsolateral prefrontal cortex, in Gulf War veterans challenged with a test of working 

memory; 2) Use a mathematical technique of Logical Analysis of Data (LAD) to analyze the 

relationships of symptom responses in Gulf-deployed and non-Gulf-deployed subjects; and 3) 

Replicate symptom prevalence comparisons and neuropsychological tests in a Danish cohort of 

Gulf-deployed and non-Gulf-deployed soldiers.

METHODOLOGY: 1) Both conventional MRI and functional imaging will be used to assess 

changes in brain activation, to examine symptom profile, and to examine the relationship 

between functional activation and clinical state.  Subjects will be selected from an ongoing 

Boston Environmental Hazards Center study of neuropsychological function and will include 40 

symptomatic Gulf War-deployed veterans, 40 non-symptomatic Gulf War-deployed veterans, 40
 Germany-deployed veterans and 30 treatment-seeking non-Gulf War-deployed veterans.  2) 

LAD will be used to examine previously collected symptom data from Gulf-deployed and 

Germany-deployed veterans (n=300) to see if there is a set of complaints characteristic of 

service in the Gulf region useful for determining etiology or for case definition. 3) 

Neuropsychological test results and symptom prevalence measures will be replicated and 

verified in a cohort of Danish armed forces.  Neuropsychological function and symptom 

prevalence of  Danish troops deployed to the Gulf (n=200) will be compared with non-deployed 

Danish troops (n=100).

EXPECTED PRODUCTS (MILESTONES): The results of this study will provide us with a better 

understanding of possible neurophysiologic and neuropsychological differences between high- 

and low-symptom Gulf War veterans and between Gulf War-deployed veterans and non-Gulf 

War-deployed era veterans. This will provide the scientific community, as well as Gulf War 

veterans, with information about the differences that have been observed on specific 

neuropsychological tests. This study will also identify the most significant items and patterns 

that characterize deployed and non-deployed subjects.

STATUS/RESULTS TO DATE: As of this report, 23 subjects have participated in the fMRI 

component of this project.  To date,  both symptomatic Gulf War-deployed and non-symptomatic

Gulf War-deployed subjects have been recruited.  Analyses comparing the symptomatic Gulf 

War-deployed to the non-symptomatic Gulf War-deployed subjects are ongoing.  This subject 

population does show activation for the three cognitive challenge paradigms.  In addition, it 

appears that specific brain structures activate differently in the high symptom Gulf War 

veterans compared to the low symptom Gulf War veterans.  Recruitment of Germany-deployed 

veterans and treatment-seeking non-Gulf War-deployed veterans is in progress. 

In the LAD component of the study, data analysis and modeling to distinguish between Gulf 

War-deployed and non-Gulf War-deployed veterans based on previously collected symptom 

data, is ongoing.  We have explored grouping binary questions with different types of principal 

clustering component analysis and non-linear integrated index construction methods.  

In the Danish component of the study, a total of 223 of the target 300 Danish subjects (based 

on a random sampling of the larger Danish Gulf War cohort) have completed the 
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neuropsychological testing battery.  Of those, 148 were Gulf War-deployed and 77 were not 
deployed to the Gulf region.  An additional 78 Danish Gulf War veterans from the larger cohort also 


completed testing. The data file has recently been sent by Danish investigators to the 

Boston researchers and the data analysis  has been initiated.  We plan to request a one year 

extension to complete the fMRI component and the analyses of the neuropsychological test 

results from the Danish cohort.


Most Recent Publications:

None to date (manuscript in preparation)
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Title:
Defining Gulf War Illness

Project #:
HHS-6
Agency:
HHS
Location:
CDC, Univ. of Med & Dent of of Robert 







Wood Johnson Med School

Status:
Ongoing
Research Type:
Epidemiological Research

P.I. Name:
Howard Kipen, M.D, MPH
Research Focus:
Symptoms/General Health

Study Start Date:
11/1/97

Estimated Completion Date:
10/30/01

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: To characterize and identify alternative classifications for 

symptoms and functional disability which remain medically unexplained in Gulf War veterans.

SPECIFIC AIMS:  1) To assess the persistence and stability of symptoms over time, and to 

compare the performance of data-driven case definitions previously derived from two samples 

of Gulf War veterans (the New Jersey Center for Environmental Hazards Research (NJCEHR) 

sample of Department of Veterans Affairs Gulf War Registry participants and a CDC sample of 

Air Force veterans.)  Standard or existing case definitions for unexplained multi-symptom 

illnesses  (such as chronic fatigue syndrome, fibromyalgia, and multiple chemical sensitivity) will

 be simultaneously evaluated to determine if these definitions or data-driven definitions better 

characterize Gulf War veterans' unexplained illnesses.  2)  To assess the generalizability of 

derived and existing case definitions in a new random sample of deployed and non-deployed Gulf

war era veterans' and active duty soldiers.  3) To assess the role of psychiatric conditions in 

Gulf War veterans' unexplained illnesses. 

METHODOLOGY: All subjects from the NJCEHR cohort (N=1,161) and a sample of the CDC 

cohort (N=1,200) will be asked to complete a telephone survey assessment of symptoms and 

medical conditions.  The stability of symptoms will be assessed by comparing the previous 

assessment (Time 1) with the current assessment (Time 2).  Case definitions derived using 

factor analytic procedures with Time 1 data will be compared to case definitions derived from 

Time 2 data.  Generalizability of the case definitions will be determined by asking a new randomly

selected national sample of Gulf War veterans and era controls (N=3,000) to complete the 

telephone survey.  Psychiatric conditions will be assessed by including the Brief Symptom 

Inventory (BSI) and the Short form of Composite International Diagnostic Interview (CIDI-SF) in 

the telephone survey. 

In order to validate self-reports of serious organic medical conditions, medical record reviews will 

be completed on a random sample of 70 veterans from the NJCEHR cohort and 70 matched 

controls who report no serious medical conditions.  Finally, as the original NJCEHR study was 

conducted using a mail survey, one-third of the NJCEHR sample will be asked to complete a 

short mail survey as well as the telephone survey in order to assess potential bias of the method

of data collection.

EXPECTED PRODUCTS (MILESTONES): Completion of interviews by 9/1/00; preliminary 

analyses by 12/31/00; final report by 10/30/01

STATUS/RESULTS TO DATE:  Data collection through CATI telephone interviews began in pilot 

operations in February 2000, and reached full scale as of June 2000.  Through July 5, 2000, 752 

interviews among all 4 subgroups have been attempted with 604 completed, for an 80.3% 

completion rate.  Average durations are on target with predictions, ranging from 42 to 51 minutes 

for the random sample cohort.   Our analytic team has proceeded with analyses of convergence 
for four previously published factor analytic descriptions of Gulf War illness.  Based on the 

complexity and length of the study approval process,  we will require an additional year, up to Fall

2001,  to completely analyze and report on the data collected.
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Most Recent Publications:

Kipen HM, Hallman WK, Fiedler N, Wartenberg D.  Medically Unexplained Symptoms in Gulf 

War Veterans:  Searching for Definitions (abstract).  Epidemiology 10 (Supplement): S44, 1999.

Boyd K, Wartenberg D, Hallman WK, Kipen HM.  Stability of derived definitions of medically 

unexplained symptoms: Gulf War illness” (abstract).  Epidemiology, 11 (Supplement): S128, 2000.  
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Title:
Immunotoxicity of Dermal Permethrin and Cis-Urocanic Acid

Project #:
HHS-7
Agency:
HHS
Location:
Virginia Polytech Institute

Status:
Ongoing
Research Type:
Mechanistic

P.I. Name:
Steven Holladay, Ph.D.
Research Focus:
Immune Function

Study Start Date:
8/1/98

Estimated Completion Date:
7/31/01

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: To examine immunotoxicity resulting from combined dermal 

exposure to permethrin and sunlight.  Providing new data to assist the estimation of risk from the

combined immunotoxicant exposure (cUCA and topical insecticide) is a primary goal of the

proposal. 

SPECIFIC AIMS: Inhibited immune responses have been observed following occupational, 

inadvertent, or therapeutic exposure to xenobiotics. Further, aberrant immune responses (e.g., 

hypersensitivity, autoimmunity) appear to be increasing in humans, a phenomenon which may be

related to environmental chemical exposure. New research initiatives are determining that such 

exposures, often previously considered to be innocuous, may in fact be contributing to impaired 

human immune health. The present proposal considers immunotoxicity resulting from combined 

dermal exposure to a common pyrethroid insecticide (permethrin) and to cis-urocanic acid (cUCA,

an isomerization product of trans-UCA and sunlight). Preliminary data have been generated 

showing both systemic and regional immunotoxicity from low-level topical permethrin (formerly 

not considered an immunotoxicant). It has previously been demonstrated that cUCA also inhibits 

skin and immune responses. Permethrin-impregnated uniforms were worn by U.S. troops during 

the Gulf war.  Preliminary studies conducted on permethrin immunotoxicity used topical 

applications and exposure regimens to simulate continuous or intermittent exposures experienced

by U.S. troops showed immunotoxic effects.

METHODOLOGY: The proposed studies will estimate the risk of immunotoxicity from combined 

topical permethrin and intradermal cUCA exposure, using National Toxicology Program-approved 

testing procedures in C57B1/6 inbred mice. These immunotoxicants will also be co-administered 

at levels determined to inhibit immune responses in mice, to investigate cytokine-dependent 

mechanisms by which cUCA and/or permethrin may cause suppression of immunity.  Further, in

that: 1) cUCA has been shown to inhibit antigen presentation by macrophages, 2) new data 

suggest the epidermal antigen presenting cell (APC, Langerhans cell [LC]) may be a target of 

cUCA, and 3) permethrin was shown by us to inhibit skin contact hypersensitivity responses, the

effect of single and combined exposure to these agents on antigen presentation by LC will be 

examined as a mechanism related to immunotoxicity. 

EXPECTED PRODUCTS (MILESTONES): Project completion estimated 31 July 2001.

STATUS/RESULTS TO DATE: Studies have shown that topical exposure to permethrin produced 

pronounced thymic atrophy in mice with a concomitant reduction in CD4+8+ thymocytes.  

However, this does not appear to be a result of increased apoptosis.  Permethrin also inhibited B 

cell antibody production and T cell cytolytic activity.  C57B1/6 mice appear to be more sensitive 

to the effects of permethrin than other mouse strains.  Using local (skin) immune responses both

cUCA and permethrin showed highly significant inhibition.  In the next year the combined effect 

will be investigated.  Using their own data and published data sets, this group is beginning to 

develop and validate PBPK models for use in risk assessment.

Most Recent Publications:

None to date
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Title:
Strategy to Identify Non-Additive Response to Chemical Mixtures

Project #:
HHS-8
Agency:
HHS
Location:
Lawrence Livermore Nat Lab, CA

Status:
Complete
Research Type:
Development

P.I. Name:
John S. Vogel, Ph.D.
Research Focus:
Interactions

Study Start Date:
8/1/98

Estimated Completion Date:
8/31/00

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: Low level exposures to organophosphate (OP) esters are 

suspected to impact the health of  agricultural workers, soldiers, and the general population. 

Current techniques of study require extrapolation of imprecise data from high dose exposures to 

the low doses of usual exposures. Biochemical markers of analyses are the most promising 

indicators of response to the effects of multiple chemical exposures at environmentally relevant 

doses.  Accelerator mass spectrometry (AMS) has the sensitivity and precision to quantify 

attomole levels of tissue doses or biomarkers of isotopically labeled compounds to precisions of 

<5%. The overall goal is to demonstrate a new strategy for identifying chemical mixtures that 

have non-additive biochemical response at relevant low exposures in order to eliminate the 

current strategies that depend on uncertain extrapolation of high dose, single compound data. If 

the strategy proves useful, more rapid and meaningful screening of chemical mixture exposures 

can be implemented to provide better health advisories and regulations for the general public and 

for specific occupations. 

SPECIFIC AIMS: AMS has the sensitivity and precision to quantify attomole levels of tissue 

doses.  It will be used to demonstrate a new strategy for identifying chemical mixtures that have

non-additive biochemical responses at environmentally relevant (low) exposures.

METHODOLOGY: AMS will quantify the nerve cell membrane binding of an isotope labeled OP 

pesticide marker at sub-ppm exposures. Chemical mixtures of other esters, also at 

environmentally realistic doses, will be concurrently applied to determine if these multiple 

exposures to different esters cause non-additive effects in the binding of the marker OP. Mice 

will be exposed to up to four compounds in multiples, and OP binding in nerves will be assayed 

for up to three days. 

EXPECTED PRODUCTS (MILESTONES): Project completion estimated 31 August 2000.

STATUS/RESULTS TO DATE: Studies have shown that the accelerator mass spectrometer can 

measure binding of organophosphates to acetylcholinesterase at concentrations as low as 1 

ng/kg.  The response is liner and it can distinguish a 5.1% difference in binding.  Dose response 

data for 14C labeled parathion, paroxon and permethrin was collected and showed that there was 

a linear response in plasma, red blood cells and brain tissue.  The one exception was paraoxon 

binding to red blood cells, which was supra-linear and its binding to brain which was sub-linear.  
Initial studies have been performed on mixtures and the results to date suggest that combined

exposure of the marker organophosphate, diisopropylfluorophosphate with parathion and permethrin

resulted in additive effects on the red blood cells and the plasma, but non-additive effects in the brain.

Most Recent Publications:

None to date
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Title:
Mortality Follow-up Study of Persian Gulf Veterans

Project #:
VA-1
Agency:
VA
Location:
VAMC Washington DC

Status:
Ongoing
Research Type:
Epidemiology Research

P.I. Name:
Han Kang, Dr. P.H.
Research Focus:
Mortality

Study Start Date:
10/1/96

Estimated Completion Date:
3/1/01

Summary of Program(s):

OVERALL PROJECT OBJECTIVE:  VA’s Environmental Epidemiology Service is undertaking a 

retrospective follow-up mortality study of Persian Gulf veterans that will compare the overall 

mortality rates and cause-specific mortality rate of all 697,000 servicemembers who served in 

the Persian Gulf theater of operations anytime between August 1990 and May 1991 with those of
 a comparison group of 803,526 service members randomly selected from various subsets of all

servicemembers who were in service anytime between August 1990 and May 1991 but who were

not deployed to the Persian Gulf theater.

SPECIFIC AIMS:  Are there excess deaths among Persian Gulf veterans from various natural 

and external causes in comparison to their non-Persian Gulf veteran counterparts?

METHODOLOGY:  A retrospective cohort mortality study; 697,000 study subjects, 800,000 

controls; Cox regression model, SMR analysis.  Vital status has been determined using a VA 

database known as the Beneficiary Identification and Record Locator Subsystem (BIRLS) and a 

Social Security Administration file for deaths reported through December 1997.  Death 

certificates have been collected from VA regional offices, Federal Records Centers or from 

state vital statistics offices. Cause of death are coded by a qualified nosologist using the 

International Classification of Diseases, 9th revision, without the knowledge of whether the 

decedent served in the Persian Gulf area.

As the second mortality follow-up of Persian Gulf veterans, this study represents an important 

step in addressing the health concerns of Persian Gulf veterans.  The study results as reflected 

in mortality rates should provide an early warning for any possible life threatening health 

conditions as a consequence of Persian Gulf service.  The study will be periodically updated to 

ascertain any long-term consequences of Persian Gulf service on mortality outcomes.

EXPECTED PRODUCTS (MILESTONES): Data collection is complete. Preliminary results were 

presented at the Conference on Federally Sponsored Gulf War Veterans' Illnesses Research in 

June 1999.   

STATUS/RESULTS TO DATE: The original study  indicates that the overall mortality rate is higher

in Persian Gulf veterans compared to non-deployed era veterans.  However, when causes due 

to accident, suicide and homicide are accounted for, there is no difference in mortality rate 

between the two groups. The updated mortality follow-up through December 1997 continues to 

show the excess mortality in Gulf veterans due to external causes. This study will be periodically

updated to ascertain any long-term consequence of Persian Gulf service on mortality outcomes.

A manuscript is in preparation for publication.

Most Recent Publications:

Kang H, Bullman TA. Mortality among U.S. veterans of the Persian Gulf war. The New 

England Journal of Medicine 335:1498-1504, 1996.
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Title:
National Health Survey of Persian Gulf Veterans

Project #:
VA-2
Agency:
VA
Location:
VAMC Washington DC

Status:
Ongoing
Research Type:
Epidemiology Research

P.I. Name:
Han Kang, Dr. P.H.
Research Focus:
Symptoms/General Health

Study Start Date:
7/1/94

Estimated Completion Date:
02/01/01

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: To estimate prevalence of various symptoms and other 

health outcomes for Persian Gulf War veterans.

SPECIFIC AIMS: To estimate and compare prevalence of various symptoms, medical 

conditions, and unexplained illnesses in Persian Gulf war veterans and those of non-Persian Gulf 

veterans.

METHODOLOGY: A population-based health survey. Several studies are currently underway that

 investigate the incidence, prevalence, and nature of illnesses in Gulf War veterans. The 

National Health Survey of Persian Gulf Veterans and Their Family Members is conducted in 

three phases. VA-2A through VA-2C describe the different phases of this program.

EXPECTED PRODUCTS (MILESTONES): Publication in a peer-reviewed journal.

STATUS/RESULTS TO DATE: The proposed study protocol and questionnaire were peer-reviewed

and approved by an external scientific oversight committee in April 1995. The proposed survey 

questionnaire was approved by the Office of Management and Budget (OMB) in September 1995.
 The initial questionnaires were mailed in November 1995 and the first supplemental 

questionnaires were mailed in January 1996 to 20,426 non-respondents and individuals with new 

mailing addresses. Phase I of the survey was completed in June 1996. Phases II was completed

in October 1998. Phase III is in process.

Most Recent Publications:

Three abstracts were presented at the Conference on Federally Sponsored Gulf War 

Veterans' Illnesses Research.  Two manuscripts have been submitted in peer reviewed journals.
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Title:
VA National Survey of Persian Gulf Veterans - Phase I

Project #:
VA-2A
Agency:
VA
Location:
VAMC Washington DC

Status:
Complete
Research Type:
Epidemiology Research

P.I. Name:
Han K. Kang, Dr. P.H.
Research Focus:
Symptoms/General Health

Study Start Date:
11/1/95

Estimated Completion Date:
6/1/96

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: To estimate prevalence of various symptoms and other 

health outcomes for Persian Gulf War veterans.

SPECIFIC AIMS: To estimate and compare prevalence of various symptoms, medical 

conditions, and unexplained illnesses in Persian Gulf war veterans and those of non-Persian Gulf 

veterans.

METHODOLOGY: A population-based health survey. Several studies are currently underway that

investigate the incidence, prevalence, and nature of illnesses in Gulf War veterans. The 

National Health Survey of Persian Gulf Veterans and Their Family Members is conducted in 

three phases.  In this Phase I, a questionnaire was mailed to each of 30,000 veterans (15,000 

Persian Gulf Veterans; 15,000 non-Persian Gulf Veterans). Multiple follow-up mailings were made 

to increase the response rate. A total of 15,825 veterans responded after three follow-up 

mailings.

EXPECTED PRODUCTS (MILESTONES): Publication in a peer-reviewed journal.
STATUS/RESULTS TO DATE:  Phase I of the survey was completed in June 1996. Analysis of 

Phase I data in combination with Phase II data is completed.

Most Recent Publications:

Kang HK, Mahan CM, Lee KY, Magee CA, Murphy FM.  Illnesses Among United States 

Veterans of the Gulf War:  A Population-Based Survey of 30,000 Veterans.  


JOEM 42(5):1-11, 2000

Kang HK, Mahan CM, Lee KY, Simmens S, Young H, Levine PH, Murphy FM.  Evidence for 

a Deployment Related Gulf War Syndrome by Factor Analysis.  (manuscript submitted)
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Title:
VA National Survey of Persian Gulf Veterans - Phase II

Project #:
VA-2B
Agency:
VA
Location:
VAMC Washington DC

Status:
Complete
Research Type:
Epidemiology Research

P.I. Name:
Han K. Kang, Dr. P.H.
Research Focus:
Symptoms/General Health

Study Start Date:
6/1/96

Estimated Completion Date:
3/1/99

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: To estimate prevalence of various symptoms and other 

health outcomes for Persian Gulf War veterans.

SPECIFIC AIMS: To estimate and compare prevalence of various symptoms, medical 

conditions, and unexplained illnesses in Persian Gulf war veterans and those of non-Persian Gulf 

veterans.

METHODOLOGY: A population-based health survey. Several studies are currently underway that

investigate the incidence, prevalence, and nature of illnesses in Gulf War veterans. The 

National Health Survey of Persian Gulf Veterans and Their Family Members is conducted in 

three phases.  In this Phase II, telephone interviews were attempted on all non-respondents using

a CATI questionnaire which includes a question on reasons for refusal. Efforts to obtain the 

telephone interview were successful in 5,116 Gulf veterans and controls increasing the overall 

response rate to 70%. Telephone interviews with non-respondents will assist in assessing 

potential non-respondent bias and will supplement the postal survey data. In addition, during 

Phase II, selected self-reported data collected by the postal questionnaire will be validated 

through records review for 2,000 veterans from each group.  Phase II data collection was 

completed in October 1998.

EXPECTED PRODUCTS (MILESTONES): Publication in a peer-reviewed journal.


STATUS/RESULTS TO DATE:  The combined Phase I and Phase II data analysis is completed.

Most Recent Publications:

Two manuscripts have been submitted for publication.
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Title:
VA National Survey of Persian Gulf Veterans - Phase III

Project #:
VA-2C
Agency:
VA
Location:
VAMC Washington DC

Status:
Ongoing
Research Type:
Epidemiology Research

P.I. Name:
Han K. Kang, Dr. P.H.
Research Focus:
Symptoms/General Health

Study Start Date:
4/1/98

Estimated Completion Date:
2/1/01

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: To estimate prevalence of various symptoms and other 

health outcomes for Persian Gulf War veterans.

SPECIFIC AIMS: To estimate and compare prevalence of various symptoms, medical 

conditions, and unexplained illnesses in Persian Gulf war veterans and those of non-Persian Gulf 

veterans.

METHODOLOGY: A population-based health survey. Several studies are currently underway that

investigate the incidence, prevalence, and nature of illnesses in Gulf War veterans. The 

National Health Survey of Persian Gulf Veterans and Their Family Members is conducted in 

three phases.  In this Phase III, 1,000 veteran respondents and their family members from each 

group will be invited to participate in a comprehensive physical examination under a uniform 

comprehensive clinical examination protocol at a VA medical facility. Phase III will be completed 

by February 2001.

EXPECTED PRODUCTS (MILESTONES): Publication in a peer-reviewed journal.


STATUS/RESULTS TO DATE: Phase III is in process.

Most Recent Publications:

An abstract was presented at the Conference on Federally Sponsored Gulf War Veterans' 

Illnesses Research in June 1999.
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Title:
Use of Roster of Veterans Who Served in Persian Gulf Area

Project #:
VA-3
Agency:
VA/DoD
Location:
VAMC Washington DC

Status:
Complete
Research Type:
Epidemiology Research

P.I. Name:
Han K. Kang, Dr. P.H.
Research Focus:
Symptoms/General Health

Study Start Date:
7/1/94

Estimated Completion Date:
12/31/98

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: To properly address the issue of possible exposure to 

environmental hazards, all individuals who served in the Persian Gulf region need to be identified.

SPECIFIC AIMS: To prepare a computer file of over 697,000 troops assigned to the Persian Gulf

area during Operation Desert Shield/Desert Storm. 

METHODOLOGY: Armed Services Center for Research of Unit Records is in the process of 

computerizing troop unit locations in the Persian Gulf Theater.

EXPECTED PRODUCTS (MILESTONES): Complete description of unit locations in the Persian 

Gulf Theater.

STATUS/RESULTS TO DATE: The personnel database is now operational (about 750,000 

individuals).  Troop movement software is now operational.  Documenting troop movements from

Combat Records and from individuals who served in the Gulf is continuing.  This database has 

been made available to VA's Environmental Epidemiology Service (EES), giving VA access to 

demographic data on troops stationed in the Persian Gulf.  The risk assessment data are 

obtained, and oil field emissions modeling data are synthesized. The initial troop roster and troop 

unit locations were available July 1996.

Most Recent Publications:

None to date
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Title:
Boston Environmental Hazards Research Center Program

Project #:
VA-4
Agency:
VA
Location:
VAMC Boston

Status:
Research Type:
Clinical Research

P.I. Name:
David Ozonoff, M.D./ White, 
Research Focus:

Ph.D.

Study Start Date:

Estimated Completion Date:

Summary of Program(s):

This is the parent program for Projects VA-4A through VA-4F.


Most Recent Publications:

See Projects
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Title:
Boston Environmental Hazards Research Center Program

Project #:
VA-4Core
Agency:
VA
Location:
VAMC Boston

Status:
Complete
Research Type:
Clinical Research

P.I. Name:
David Ozonoff, M.D. 
Research Focus:
Symptoms/General Health

White, Roberta, Ph.D.

Study Start Date:

Estimated Completion Date:

Summary of Program(s):

This is the parent Program for VA projects VA-4A through VA-4F.

The primary purpose of the BEHC Core is to support pilot projects concerned with PGW 

veterans' health issues, and thus, provides funding to initiate projects that then will be developed

into externally funded projects.  Additionally, there are various administrative and organizational 

tasks that are central to the Center's function.  Therefore, the Core budget reflects the 

above-described purposes.  Specifically, it supports pilot or new start-up projects not currently 

part of one of the Center's six formal projects, administrative expenses, and partial salary 

support for personnel who work on specific tasks central to the Center functioning. These tasks 

include administration (i.e., budget work, coordinating reports and annual updates), computer 

Most Recent Publications:

see VA-4 subprojects
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Title:
Evaluation of Cognitive Functioning of Persian Gulf Veterans

Project #:
VA-4A
Agency:
VA
Location:
VAMC Boston

Status:
Complete
Research Type:
Clinical Research

P.I. Name:
Susan P. Proctor, D.Sc.
Research Focus:
Brain & Nervous System

Study Start Date:
10/1/94

Estimated Completion Date:
3/31/00

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: The primary focus of this research project is to determine 

whether specific cognitive deficits or deficit patterns are associated with the presence of 

self-reported health complaints and/or with hazardous environmental exposures in the Gulf. 

(Exposure information will be obtained either from self-report, exposure modeling, and DoD data 

on troop locations).  In examining these associations, the influence of war-zone stress, PTSD 

symptomatology, psychological distress, and post-deployment life stressors is being evaluated.

SPECIFIC AIMS: The specific objectives of this study are: (1) to observe and determine whether

cognitive performance deficits are associated with self-reported health complaints stemming 

from Persian Gulf deployment; (2) to determine the relationship of environmental exposure 

(self-report and based on an independent exposure protocol) during deployment to cognitive 

performance; (3) to characterize subsets of cognitive patterns or deficits among exposure 

classes; (4) to delineate the association of cognitive alterations or deficits with levels of combat 

exposure, combat stress, and PTSD symptomatology; and (5) to conduct a preliminary 

examination of the relationship among health symptoms, hazardous environmental exposure, and

other war-zone experiences, specifically traumatic war-time stressors and ensuing trauma 

symptomatology (Sutker, Uddo, Brailey, & Allain,1993).  Identification of diagnostic predictors 

and their relationship to outcomes of interest will help establish preliminary models related to 

important components of the military experience.  The development of these models will aid 

Department of Veterans Affairs (VA) and Department of Defense (DoD) activities related to 

veterans’ health  care by: (1) facilitating symptom recognition and diagnosis in areas of growing 

concern (environmental exposure and traumatic stress following war), (2) emphasizing 

interdisciplinary approaches, (3) contributing to treatment planning, and (4) providing a baseline 

against which cognitive and mental status change over time can be gauged.  Observations and 

findings from this study can lead to more focused investigation of cognitive functions that may 

be directly associated with defined exposures and/or PTSD symptomatology.

METHODOLOGY: Subjects in this face-to-face study are contacted by phone and asked to 

participate in as many parts of the protocol as they would like. The protocol consists of an 

in-depth questionnaire which asks about background information relating to job, education, family 

history, medical and psychological problems, an interview with an Environmental Health 

specialist about experiences and exposures while in the Gulf, a psychological interview with a 

clinical psychologist asking about readjustment issues and psychiatric stress since the war, and 

neuropsychological tests examining primarily memory, attention, and learning abilities.

EXPECTED PRODUCTS (MILESTONES): Multiple scientific manuscripts, annual reports, annual 

reports of Boston Environmental Hazards Center, longitudinal data on stress and health.

STATUS/RESULTS TO DATE: We completed the data collection phase of Project #1 in the Fall of

1996.  A total of 220 subjects from a stratified, random sampling from the larger Devens cohort 

participated. In addition, 73 PGW veterans from the New Orleans area (in collaboration with Drs. 

Pat Sutker and Jennifer Vasterling); and 50 controls (veterans deployed to Germany but not the 

Gulf) have completed the Project #1 protocol.   Cleaning and merging all the Project #1 data has 

been completed and data analyses and manuscript writing are in progress.  Analyses of health 

symptom reporting by the Devens, New Orleans, and Germany-deployed subjects have been 

carried out specifically examining the effect of self-reported environmental exposure on health 

symptom reporting, controlling for war-zone exposures and traumatic stress (Proctor et al. 1998). 

In addition, a “Letter to the Editor” to the American Journal of Epidemiology (in response to a 

recent article by Dr. Haley about PTSD) has been published (Wolfe et al., 1998).  Several other 

manuscripts have been published (Wolfe et al., 1999) or are in progress (topics include: 
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neuropsychological test performance, PTSD and psychiatric status, and exposure assessment).

In order to substantiate and corroborate information reported to us by veterans regarding potential 

Hazardous exposures in the Gulf, we are working on incorporating all the collected epidemiological 

data into a Geographic Information System (GIS) format so that temporal and spatial characteristics 

can be modeled and integrated into data analytic procedures.  We are also working with the US Army’s 

Center for Health Promotion and Preventative Medicine (CHPPM) and the US Army’s Center for 

Research of Unit Records (CRUR) to incorporate some of their information on oil fire smoke exposure 

estimates and unit-level troop locations into our analyses. When we have worked out the technical

issues regarding modeling location information, we will conduct analysis and compare individual troop

location and exposure information from our study subjects to information contained in the CRUR

computer database for our particualar units of study and their effect on health symptom patterns, 

neuropsychological test performance, and psychological stress.  Some initial analyses of the exposure 

information obtained from CHPPM PB, 
have been presented at recent meetings.


Most Recent Publications:


Proctor SP, Harley R, Wolfe J, Heeren T, White R. Health-related quality of life in Gulf War 


Veterans. Manuscript submitted.


White RF, Proctor SP, Heeren T, Wolfe J, Ozonoff D, Krengel M, Lindem K, Vasterling JJ, 


Sutker PB, Heaton, K.  Neuropsychological function in Gulf War veterans: Relationships to 


self-reported toxicant exposures. Manuscript submitted.


Wolfe J, Proctor SP, Erickson DJ, Heeren T, Friedman MJ, Huang MT, Sutker PB, Vasterling 
JJ, White RF. Relationship of post-traumatic stress disorder and depression to Gulf War veterans’ 

health problems. Psychosomatic Medicine 61:532-540, 1999.

Proctor SP, Heeren T, White RF, Wolfe J, Borgos MS, Davis JD, Pepper L, Clapp R, Sutker 

Vasterling JJ, Ozonoff D.  Health status of Persian Gulf War veterans: self-reported symptoms, 

environmental exposures, and the effect of stress. Intl J Epidemiol 27:1000-1010, 1998

Wolfe J, Proctor SP, White RF, Friedman M. Letter to the Editor. Am J Epidemiol 148:402, 
1998.


Wolfe J, Proctor SP, Davis JD, Borgos MS, Friedman M.  Health symptoms reported by 


Persian Gulf War veterans two years after return. Am J Ind Med 33:104-113, 1998.


Yokoyama K, Araki S, Murata K, Nishkitani M, Okumura T, Ishimatsu S, Yakasu N, White R.

Chronic neurobehavioral effects of Tokyo subway sarin poisoning in relation to 


Posttraumatic Stress Disorder. Arch Environ Health 53:249-256, 1998.
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Title:
Evaluation of Neurological Functioning in Persian Gulf Veterans

Project #:
VA-4B
Agency:
VA
Location:
VAMC Boston

Status:
Complete
Research Type:
Clinical Research

P.I. Name:
Robert Feldman, M.D.
Research Focus:
Brain & Nervous System

Study Start Date:
10/1/94

Estimated Completion Date:
3/31/00

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: This study evaluates neurological functioning in returning 

Persian Gulf War (PGW) veterans using clinical examinations and neuroimaging techniques 

capable of detecting subtle changes in central nervous system functioning (functional magnetic 

resonance imaging [fMRI]).  The following study description reflects a change from the original 

proposal.

SPECIFIC AIMS: The specific objectives of this study are:  (1) to objectively describe Persian 

Gulf War veterans' neurological status using standard clinical methodology, (2) to observe and 

determine patterns of central nervous system dysfunction in PGW veterans and PGW-era 

veterans and (3) to explore whether similar patterns of particular exposure characteristics exist 

within the groups and whether distinct patterns exist between the groups.

METHODOLOGY: Subjects for clinical neurological exams are veterans from the subjects 

evaluated in Project 1.  These subjects are also being examined as part of the laboratory and 

pulmonary function study in Project #4, VA-4D.

EXPECTED PRODUCTS (MILESTONES): In this study, we expect to determine if there are 

differences in subtle neurological functioning between PGW veterans and PGW-era veterans.

STATUS/RESULTS TO DATE: Fifty subjects have undergone neurological exams.  Pilot 

functional magnetic resonance imaging (fMRI) studies were conducted.  Preliminary 

neuropsychological testing (from Project #1) has revealed several areas of behavior where these

subject groups differ from normal controls.  One of those areas is working memory.  We have 

therefore created a visual working memory task that can be used for fMRI studies. In addition, 

we will examine motor function (Finger Tapping) and attention (Continuous Performance Test) in 

fMRI studies. We have also completed the computer programs necessary to analyze the fMRI 

imaging studies. In the summer of 1997, we submitted a grant application to establish a 


collaborative agreement project with CDC in which we used the preliminary information collected 


on Fmri (described above) and the work done on establishing the test paradigms to enlarge the 


scope of the above described fMRI project.  This new study project was funded on November 1, 


1997 (for 3 years).  Thus, the fMRI work will now be incorporated into the new CDC grant's scope.


This project is now complete and updated information will be incorporated into Project # HHS-5.

Most Recent Publications:

None to date
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Title:
Gulf War And Vietnam Veterans Cancer Incidence Surveillance

Project #:
VA-4C
Agency:
VA
Location:
VAMC Boston

Status:
Complete
Research Type:
Epidemiology Research

P.I. Name:
Richard Clapp, D.Sc.
Research Focus:
Symptoms/General Health

Study Start Date:
10/1/94

Estimated Completion Date:
3/31/00

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: To examine the pattern of cancer diagnosed in Massachusetts

Vietnam veterans as compared with Vietnam-era veterans for the time period 1988-1993.  This 

linkage will be accomplished by linking a computer tape of Massachusetts veterans who received

differential bonuses to the Massachusetts Cancer Registry master file and analyzing the 

resulting linked cases, as was done for the years 1982-1988 in prior study by the Principal 

Investigator.  Another objective is to establish a database linkage for New England area Persian 

Gulf War veterans so as to be able to examine cancer incidence in this cohort at a later point in 

time.

SPECIFIC AIMS: 1. Monitor cancer incidence in Gulf War and Vietnam veterans of New England 

states, as part of the overall surveillance of disease in veterans exposed to environmental 

hazards; 2. Extend previous studies of cancer incidence and mortality by collecting and 

analyzing data on Massachusetts Vietnam veterans diagnosed in the years 1988-1993; 3. 

Analyze the results of the Massachusetts veterans cancer incidence linkage in a nested 

case-control design incorporating information on military and civilian occupations, branch of 

service and, where possible, location of service; 4. Establish a roster of Gulf War veterans in 

New England states, with identifying information such as names, dates of birth, and social 

security numbers, resulting in a computer file of Gulf War veterans that can be used in future 

linkage studies examining cancer incidence and mortality from various diseases; 5. Provide a 

database from which to plan additional clinical and preventative interventions to reduce morbidity

and mortality from targeted diseases.

METHODOLOGY: In Year 1, we plan to initiate the linkage. In years 2-5, we plan to sort the 

cases into cancers of interest and other (auxiliary) cancers, analyze the data as a "nested" 

case-control study, and present odds ratios for specific cancers in Vietnam veterans compared 

with Vietnam-era veterans. Also in years 2-5, we plan to devise a system for linking the roster of

Gulf War veterans in the New England states with cancer registries in all states which have 

population-based data.

EXPECTED PRODUCTS (MILESTONES): In this study we expect to determine cancer incidence 

rates in Massachusetts Vietnam veterans for the period 1988-1993. At completion of year 2 of 

the study, we expect to have preliminary results based on analysis of this database. Results 

pertaining to cancer incidence in Gulf War veterans is not expected for 10 years or so due to the

latency period in cancer development.

STATUS/RESULTS TO DATE: Dr. Clapp has obtained the agreement of all the New England 

Cancer Registry Directors to proceed with the Gulf War Veterans linkage study. Additionally, Dr. 

Clapp has contacted the staff at Defense Manpower Record System to determine the specific 

data request and confidentiality requirements for obtaining the roster of New England Gulf War 

veterans.  Dr. Clapp has submitted the required forms and assurances to the Boston University 

Institutional Review Board. Once approval has been granted, the record linkage process will be 

undertaken.  Dr. Clapp has completed his update of cancer incidence in Massachusetts Vietnam 
veterans compared to Vietnam-era veterans. The study concluded that there were substantially 

increased numbers of nasal/nasopharyngeal cancer and oral cancer of the 245 cancers in Vietnam

veterans diagnosed between the ages of 35 and 64 during the years 1988 to 1993. A 

Letter to the Editor to the International Journal of Epidemiology describing these findings has 

been published.
Persian Gulf Veterans' Illnesses Research 
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Most Recent Publications:

Clapp, R. Update of cancer surveillance of veterans in Massachusetts.  Letter to the Editor, 

International Journal of Epidemiology; 26(3):679-681, 1997.

Clapp R. Cancer surveillance of veterans in Massachusetts 1988-1993. Abstract  presented 
at the North American Association of Central Cancer Registries, 1997 Annual Conference

held in Boston, MA, April 1-3, 1997.

Clapp R. Cancer surveillance of Vietnam veterans in Massachusetts, USA 1982-1993. 

Abstract submitted for presentation at the 12th Symposium of the Scientific Committee on 

Epidemiology in Occupational Health of the International Commission on Occupational Health
held in Zimbabwe, September 16-19, 1997.
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Title:
Evaluation of Respiratory Dysfunction Among Gulf War Veterans

Project #:
VA-4D
Agency:
VA
Location:
VAMC Boston

Status:
Complete
Research Type:
Clinical Research

P.I. Name:
Lewis Pepper M.D.
Research Focus:
Environmental Toxicology

Study Start Date:
10/1/94

Estimated Completion Date:
3/31/00

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: To assess respiratory status in relation to exposure to oil fire 

pollution in Gulf War veterans and evaluate the relationship between measures of pulmonary 

dysfunction and respiratory symptoms and exposure in subjects recruited for Project #1.

SPECIFIC AIMS: 1. Create a cumulative personal exposure estimate for each subject utilizing 

the U.S. Army Center for Health Promotion and Preventive Medicine (USACHPPM) exposure 

assessment data for their unit combined with geographic specific information which maps each 

unit's location in the Persian Gulf War theater; 2. Assess respiratory status using standardized 

respiratory questionnaire; 3. Assess respiratory function with physical examination and 

pulmonary function testing; 4. Assess pre-existing asthma risk with total serum IgE levels; 5. 

Assess non-specific bronchial responsiveness (BHR) as a measure of early outcome and as a 

potential risk factor in the development of lung disease by using methacholine challenge testing 

(initiating in Year 2 of the study); 6. Examine possible predictors of respiratory function 

(pulmonary function tests (PFT) and methacholine challenge test) using cumulative 

environmental exposure assessment variable, respiratory medical history, occupational history, 

and smoking status variables; 7. Develop a database from which to plan preventative 

interventions to reduce morbidity and mortality from respiratory diseases.

METHODOLOGY: Subjects will be veterans from the subjects evaluated in Project 1. Each will 

complete a standardized respiratory questionnaire, systematic cardio-pulmonary physical exam, 

and pulmonary function testing. Spirometric measures will include forced expiratory volume in 

one second (FEV1), forced vital capacity (FVC) and FEV1/FVC in accordance with American 

Thoracic Society recommendations. Subject data will be adjusted for age, height and gender and 

transformed to percentage predicted values using Knudson predictive equations. Blood will be 

drawn by venapuncture at the time of the visit and total serum IgE, complete blood count and 

differential and quantitative immunoglobulin levels will be measured. Bronchial responsiveness 

will be determined via methacholine challenge testing.  Nonspecific bronchial 

hyperresponsiveness has been suggested as a risk factor for, or an early event in the 

development of both acute and chronic occupational lung diseases. Occupational exposures to 

irritant substances at concentrations similar to the Gulf War exposures have been shown to 

cause airway hyperresponsiveness and it is believed that these exposures might be associated 

with the development of asthma.

EXPECTED PRODUCTS (MILESTONES): The project will assess pulmonary outcome measures, 

assign exposure measures and examine the relationship between exposure and outcome 

measures. Outcome measures will be assessed using a standardized respiratory questionnaire, 

and pulmonary function tests. Bronchial hyper-responsiveness will be assessed as a measure of
 early outcome and as a potential risk factor in the development of lung disease. Exposure 

measures include self-reported exposure to smoke from oil well fires as well as modeled 

exposure estimates. We will examine the potential predictors of respiratory function using 

exposure assessment variables, respiratory medical history, and a smoking status variable.  At 

the completion of Year 4, a preliminary case series analyses of the data will be conducted to 

examine associations between reported oil well fire exposure and respiratory status.

STATUS/RESULTS TO DATE: In May of 1999, study investigators were informed that funding 

would not be requested for the pulmonary study in the new application for continuation of funding

for the Boston Environmental Hazard Research Center.  Consequently recruitment and 

enrollment of new participants stopped.  Ironically, we learned about the change in funding 

shortly after we secured an agreement with Maine Medical Center to conduct pulmonary function 
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and methacholine evaluations for our identified control group.  The controls consisted of 


members of an Air Ambulance Company from Maine that was activated and sent to Germany

during the Gulf War. This was an important loss for the study, as it would have provided appropriate 

unexposed control data for the methacholine challenge test. The pulmonary study team is currently 

completing analysis of study data and preparing a 81unique participants. Twenty of the 67 participants 

tested during the first phase of the study returned to participate in the second phase of the study 

(methacholine challenge testing).  Sixty- seven subjects completed conventional pulmonary function 

testing and respiratory and environmental questionnaires during the first phase of the study.

An additional 33 subjects completed the methacholine challenge tests. Additionally and 

most importantly the team is integrating exposure location data provided by CHPPM (US Army 

Center for Health Promotion and Preventive Medicine) into our model along with the quantitative 

measures of respiratory function. We hope to utilize the new exposure data in our assessment of 

the relationship between oil well fire pollutant exposure and respiratory outcomes.


Most Recent Publications:

Pepper L, Stinson MC, Proctor SP, Heaton KJ, Wolfe J, Ozonoff D, White RF.  An evaluation 

of respiratory function and airborne environmental exposures among Persian Gulf manuscript 

for publication.  A total of 101 pulmonary function tests were administered to War veterans.  

(manuscript in progress)
Stinson MC, Pepper L. An evaluation of respiratory function among Persian Gulf War veterans. 

Presented as a Poster at the Conference on Federally Sponsored Gulf War Veterans' Illnesses

Research, Washington, DC June 17, 1998.
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Title:
The Aromatic Hydrocarbon Receptor (AhR) as a Biomarker of Susceptibility

Project #:
VA-4E
Agency:
VA
Location:
VAMC Boston

Status:
Complete
Research Type:
Mechanistic

P.I. Name:
David Sherr, Ph.D.
Research Focus:
Environmental Toxicology

Study Start Date:
10/1/94

Estimated Completion Date:
12/31/99

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: To test the hypothesis that the aromatic hydrocarbon receptor

(AhR) is a molecular biomarker for polycyclic aromatic hydrocarbon (PAH) susceptibility.  

Veterans of the Persian Gulf war were potentially exposed to relatively high doses of PAHs in 

smoke emanating from Kuwaiti oil well fires.  The high incidence of physical complaints by Gulf 

War veterans may reflect previously documented PAH toxicities including suppression of the 

immune system and neurologic dysfunction.

SPECIFIC AIMS: 1. Confirm that AhR expression levels correlate with PAH bioactivity. 

2.Optimize the use of single strand conformational polymorphism (SSCP) analysis to detect AhR

gene polymorphism and mutations in mice. 3. Apply results to human studies.  Results obtained

in the fulfillment of aims 1 and 2 will define the conditions for employing AhR levels and gene 

polymorphism as molecular biomarkers of PAH susceptibility.

METHODOLOGY: For the first aim, initial experiments require molecular genetic manipulation to 

produce strains of mice expressing various levels of the AhR. AhR gene constructs have been 

made and tested both in vitro and in vivo. Analysis of the effects of ectopic AhR expression 

require cellular biology techniques including flow cytometry, cell culture and analysis of the 

immunologic competency of lymphocytes in vivo and in vitro. 

For human studies, we have optimized the use of single strand conformational polymorphism 

(SSCP) analyses.  DNA is extracted from peripheral blood lymphocytes from Persian Gulf War 

veterans who complete Projects 1 and 4. Double stranded DNAs from these samples are 

separated by heating followed by rapid cooling on ice. The three-dimensional conformation 

reassumed by each strand is determined by its nucleic acid sequence. Single nucleotide changes

can be detected when the reannealed DNAs are electrophoresed on 6% acrylamide gels. 

Samples showing variant banding patterns are cloned and sequenced to compare putative AhR 

alleles.

EXPECTED PRODUCTS (MILESTONES): The production of new strains of mice which differ in 

their responsiveness to environmental pollutants.  These mice will represent invaluable tools in 

investigating the effects of these pollutants in humans. These studies have also demonstrated 

that high level AhR expression is a biomarker for malignant cell transformation. This observation 

have led to experiments designed to test the role of the AhR in tumorigenesis and to evaluate 

the effect on AhR inhibitors on human tumor growth.

STATUS/RESULTS TO DATE: The primary goal of the project supported by the DVA and 

administered through the Boston Environmental Hazards Center was to investigate the potential 

role of a protein receptor, the aryl hydrocarbon receptor (AhR), in mediating the adverse biologic 

effects caused by exposure to  hydrocarbons such as those found in plumes from oil well fires 

and diesel engine exhaust.  We have demonstrated both in defined cell culture and animal model 

systems that activation of this receptor results in suppression of the immune system, aberrant 

cell growth, and induction of cancer.  Furthermore, we have demonstrated for the first time that 

the AhR plays a critical role in normal and abnormal cell growth in the absence of environmental 

ligands.  Using molecular biology as a tool we have characterized the intracellular mechanisms 

through which the AhR effects these activities and have engineered AhR transgenic mice with 

which to project the human risk of exposure to AhR activators.  We have evaluated the AhR 

gene in over 50 Persian Gulf war veterans and demonstrated that it is virtually identical in each 

individual, suggesting that a considerable risk is shared by all individuals exposed to 

environmental AhR activators.  The results of these studies are presented in 16 full length 

manuscripts published in and/or submitted to the highest tier scientific journals and in 21 

abstracts presented at international scientific meetings (see below).  Most recently, we have 
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demonstrated how the AhR can be targeted for treatment of breast cancer, prostrate cancer, and
leukemia.  In summary, enormous progress has been made. The past achievements and future

directions of this body of work were submitted to the DVA for competitive renewal under guidelines

set forth and made public by the DVA.  The application was peer reviewed and, following an 

intensive site-visit, received an extremely favorable review. However, a programmatic change 

annulled the scientific review.  As a consequence, all studies, including those targeting the AhR

for cancer treatment, will stop and a number of projects will remain unfinished.


Most Recent Publications:

Maecker B, Vonderheide RH, Nadler L, Sherr DH, Schultze JL. Induction of tumor-specific 

CTL responses with a peptide derived from cytochrome P450 1B1, a widely expressed tumor 

associated protein. Manuscript in preparation, 2000.

Schlezinger J. and Sherr DH. The aryl hydrocarbon receptor/transcription factor as a regulator

of cell growth. Manuscript in preparation, 2000.


Schlezinger J, Sherr DH. NF-kB activation in bone marrow stromal cells is required for 
polycyclic aromatic hydrocarbon-induced pre-B lymphocyte apoptosis. Manuscript in preparation, 

2000.

 
Mann K, Matulka R, Lawrence BP, Kerkvliet N, Trombino AF, Hahn M, Sherr, DH. The role of 


polycyclic aromatic hydrocarbon metabolism in dimethylbenz[a]anthracene-induced pre-B 


lymphocyte apoptosis. Toxicol Appl Pharmacol 161:10-22, 1999.

Kim DW, Gazourian L, Quadri SA Sherr DH, Sonenshein GE.   The aryl hydrocarbon 

receptor/transcription factor (AhR) and the Rel A nuclear factor- kappa B subunit cooperate to

 transactivate the c-myc promoter. Submitted for publication, 1999.

Trombino AF, Near RI, Matulka RA, Yang S, Hafer LJ, Toselli PA, Kim D, Sovak, M, Rogers 

A, Sonenshein G, Sherr DH. Expression of the aryl hydrocarbon receptor/transcription Factor

(AhR) and AhR-regulated CYP1 gene transcripts in a rat model of mammary tumorigenesis. 

Submitted for publication, 1999.

Quadri S, Qadri A, Sherr DH. Galangin, a naturally occurring bioflavonoid, is an aryl 

hydrocarbon receptor/transcription factor inhibitor. Submitted for publication, 1999.

Yamaguchi K, Near R, Shneider A, Cui, H., Ju S-T, Sherr DH. Fluoranthene mediated 

apoptosis in murine T cell hybridomas is aryl hydrocarbon receptor independent. Toxicol and 

Appl Pharmacol 139:144, 1996.

Wu M, Lee H, Bellas RB, Schauer SL, Arsura M, Katz D, Fitzgerald MJ, Rothstein TL, Sherr 

DH, Sonenshein GE. Inhibition of NF-kappa B/Rel induces apoptosis of murine B cells. 

EMBO J 15:101, 1996.

Wu M, Arsura M, Bellas, RE, FitzGerald MJ, Lee H, Schauer SL, Sherr DH, Sonenshein GE. 

Inhibition of c-myc expression induces apoptosis of WEHI 231 murine B cells. Molec Cell Biol

16:5015, 1996.

Cui H., Ju S-T, Sherr DH. Functional expression of Fas (CD95) protein in autoimmune lpr 

mice. Cell Immunol 174:35-41, 1996.

Vaziri C, Shneider A, Sherr DH, Faller D.  Expression of the aryl hydrocarbon receptor is 

regulated by serum and mitogenic growth factors in murine 3T3 fibroblasts. J Biochem 

271:25921, 1996.

Mann KK, Doerre, S, Sherr DH, Quadri S. Polycyclic aromatic hydrocarbon-induced pre-B cell

apoptosis is mediated by down-regulation of NF-kappa B. Submitted for publication, 1999.

Yamaguchi K, Near R, Matulka R, Shneider A, Toselli P, Trombino AF, Sherr DH. Activation 

of the aryl hydrocarbon receptor/transcription factor and bone marrow stromal cell-dependent 

preB cell apoptosis. J Immunol 158: 2165, 1997.
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Yamaguchi K, Matulka RA, Shneider A, Toselli P, Trombino AF, Yang S, Hafer LJ, Mann KK, 

Tao X-J, Tilly JL, Near R, Sherr DH. Induction of preB cell apoptosis by 7,12 

dimethylbenz[a]anthracene in long term primary bone marrow cultures. Toxicology and 

Applied Pharmacology 147:190, 1997.

Near RI, Matulka RA, Mann KK, Shneider AM, Gogate SU, Trombino AF, Sherr DH.  

Regulation of PreB Cell Apoptosis by Aryl Hydrocarbon Receptor/Transcription

Factor-Expressing Stromal/AdherentCells- Proceedings of the Society for Experimental 

Biology and Medicine. 221:242-252, 1999.

Perez GI, Wang S, Sherr DH, Tilly JL.  Role of apoptosis and the aryl hydrocarbon receptor 

(AhR) in toxicity of polycyclic aromatic hydrocarbons (PAHs) in murine antral follicles. Cell 

Death in Reproductive Physiology, Chicago, Ill, April 1996.

Yamaguchi K, Shneider A, Ju S-T, Sherr DH.  Fluoranthene mediated apoptosis in murine T 

cell hybridomas is Ah receptor independent.  Society of Toxicology Annual Meeting, Anaheim,

CA  April, 1996.  

Matulka RA, Yamaguchi K, Shneider A, Near R, Trombino AF, Sherr DH.  Ah receptor 

expression in bone marrow stromal cells influences DMBA- induced pro-B cell apoptosis. 

Society of Toxicology Annual Meeting, Anaheim, CA. April 1996.

Vaziri C, Shrteider A, Sherr DH, Faller DV.  The aryl hydrocarbon receptor is a 

serum-inducible gene in murine 3T3 fibroblasts.  Society of Toxicology  Annual Meeting, 

Anaheim, CA. April, 1996.

Trombino AF, Yamaguchi K, Sherr DH, Near RI.  PAH-induced apoptosis in bone marrow B 

cells requires supporting stromal cells containing the Ah receptor.  Society of Toxicology 

Annual Meeting, Anaheim, CA. April, 1996.

Mann KK, Yamaguchi K, Trombino AF, Near R, Sherr DH.  DMBA-induced apoptosis of B 

lymphocytes from murine bone marrow cultures. Society of Toxicology Annual Meeting, 

Anaheim, CA. April, 1996.

Mann KK, Matulka R, Trombino AF, Near R, Sherr DH.  Requirement of stromal cells in 

PAH-induced apoptosis of preB cells.  American Association of Immunologists Annual 

Meeting, Atlanta, GA. 1996. FASEB. J.

Trombino AF, Yang S, Hafer LJ, Qadri AX, Rogers AE, Sherr DH. Modulation of aromatic 

hydrocarbon receptor expression in 7,12-dimethylbenz[a]anthracene-induced rat mammary 

tumors. Society of Toxicology Annual Meeting, Anaheim, CA. April 1997. The Toxicologist.

Shneider AM, Sherr DH. Benzo(a)pyrene induces NF-kB in mouse hepatoma cells. Society of

Toxicology Annual Meeting, Anaheim, CA. April, 1997. The Toxicologist.


Near RI, Matulka R, Shneider A, Mann KK, Sherr DH.  Apoptosis signals mediated via the 

aromatic hydrocarbon receptor (AhR) have different efficacy with different stromal lines and 

toxins. Society of Toxicology Annual Meeting, Anaheim, CA. April, 1997.  The Toxicologist.

Mann KK, Trombino AF, Lawrence BP, Kerkvliet NI, Sherr DH.  DMBA-induced pre-B cell 

apoptosis is both stromal and AhR-dependent, but not P-450IA mediated. Society of 

Toxicology Annual Meeting, Anaheim, CA. April, 1997. The Toxicologist.
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Matulka RA, Mann KK, Sherr DH.  DMBA (7,12-dimethlbenzanthracene) induces preB cell 

death via a soluble stromal cell factor. The Toxicologist 42:190, 1998.  

Quadri SA, Qadri AX, Sherr DH.  Inhibition of polyaromatic hydrocarbon- induced apoptosis in

murine pre-B cells by a dietary flavonoid, galangin. The Toxicologist. 42, 189, 1998.

Mann KK, Quadri SA, Qadri AX, Shneider AM, Sherr DH.  Involvement of NF-KB and c-myc 

in DMBA-induced preB lymphocyte apoptosis. The Toxicologist 42:189, 1998.

Trombino A F, Matulka RA, Yang S, Hafer LF, Rogers AE, Sherr DH. Nuclear expression of 

the aryl hydrocarbon receptor (AhR) in 7,12-dimethylbenz[a]anthracene (DMBA)- induced rat 

mammary tumors and human breast cancer cell lines. The Toxicologist. 42:316, 1998.

Mann K K, Hahn ME, Trombino AF, Lawrence BP, Kerkvliet NI, Sherr DH. The role of DMBA 

metabolites in preB cell apoptosis. The Toxicologist. In Press, 1999.

Quadri SA, Qadri AX, Sherr DH.  Signal transduction in PAH-induced preB cell apoptosis. The 

Toxicologist, 1999. In Press.

Maecker B,  Shen C, Vonderheide RH, von Bergwelt-Baildon M, Bedor M, Schnipper D, Nadler

LM, Sherr DH, Schultze JL. Induction of tumor-specific CTL responses with a peptide 

derived from cytochrome P450 IBI, a widely expressed tumor associated protein. Blood., 

1999.

Maecker B, Vonderheide RH, von Bergwelt-Baildon M, Bedor M, Shen C-F, Schultze JL, Sherr 

DH.  The AhR and CYP1B1 as targets for peptide/tumor-specific cancer immunotherapy. The

Toxicologist, submitted 2000

Quadri SA, Kim DW, Gazourian L, Sonenshein GE, Sherr DH. The aryl hydrocarbon 

receptor/transcription factor (AhR) and the Rel A nuclear factor kB subunit cooperate to 

transactivate the c-myc promoter. The Toxicologist, submitted 2000.  

Trombino AF, Jenkins TA, Matulka RA, Near RI, Sherr DH.  Aryl hydrocarbon receptor 

ligands modulate MCF-10F breast epithelial cell growth. The Toxicologist, submitted 2000.
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Title:
Validity of Computerized Tests

Project #:
VA-4F
Agency:
VA
Location:
VAMC Boston

Status:
Complete
Research Type:
Clinical Research

P.I. Name:
Roberta White, Ph.D.
Research Focus:
Brain & Nervous System

Study Start Date:
10/1/94

Estimated Completion Date:
3/31/00

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: The objective of this project is to continue the validation 

process of the Neurobehavioral Evaluation System (NES), a battery of computer-assisted 

behavioral tests developed for the purpose of detecting brain dysfunction secondary to exposure

to neurotoxicants, with an expanded battery of subtests.  The NES tests are derived from 

standard neuropsychological tests that have been well characterized in terms of brain-behavior 

relationships, but differ in input and output modality and in other respects from traditional tests.  

Therefore, the validity of the NES subtests can only be verified by testing patients with known 

brain damage and showing that such damage affects performance on those tests.  The 

sensitivity of the NES to neurotoxicant exposure cannot be fully interpreted, in terms of CNS 

mechanisms, without such validation.  Because separate funding was received for a wide scale 

validity study of the NES3 (HSR&D Cooperative Study #29, PI: Roberta F. White, Ph.D.), this 

project has been curtailed to included one especially relevant clinical group for effects of 

toxicants, patients with Parkinson's Disease (PD).  This reflects a change from the original 

proposal.

SPECIFIC AIMS: 1.  Assess the validity of the expanded battery of NES tests within a patient 

group (with Parkinson's Disease) studied in the previous phase of this study.  2.  Correlate 

performance on the new NES subtests with performance on the standard paper-and-pencil tests 

on which they are based.  3.  Determine the sensitivity of the NES subtests to the progression 

of neurologic disease by longitudinal testing of PD patients.

METHODOLOGY: Subjects are being recruited from both the Boston VAMC and Boston 

University Medical Center.  Each subject will have an initial interview to provide demographic 

data followed by administration of the Mini-Mental Status Examination and WAIS-R Information 

and Picture Completion subtests (40 minutes).  Subjects meeting inclusion criteria will then be 

administered the expanded NES battery (approximately 100 minutes).

EXPECTED PRODUCTS (MILESTONES): This study has important clinical and research 

implications:  (1) to facilitate the assessment of patients with suspected subtle brain damage 

secondary to exposure from neurotoxicants by providing a sensitive, relatively brief battery of 

tests of CNS function that can be easily administered; (2) to provide a test battery for which 

brain-behavior relationships are known (providing measures which will be useful in 

hypothesis-driven research on the cerebral localization of neurotoxicant effects); (3) to provide 

tests with known diagnostic validity for application to clinical situations. 

STATUS/RESULTS TO DATE: Data analysis and manuscript writing have proceeded describing 

the validity of NES2 in various patient groups. Two papers have been written and published.  The

NES3 battery has been fully developed. We will be continuing to recruit and test PD patients 

and controls although formal funding for this project is ending.

Most Recent Publications:

Krengel M, White RF, Diamond R, Letz R, Cyrus P, Durso R.  A comparison of NES2 and 

traditional neuropsychological tests in a neurologic patient sample.  Neurotoxicology and 

Teratology 18:435-439, 1996.

White RF, Diamond R, Krengel M, Lindem K, Feldman RG.  Validation of the NES2 in 

Patients with Neurologic Disorders.  Neurotoxicology and Teratology 18: 441-448, 1996.
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Title:
East Orange Environmental Hazards Research Center Program

Project #:
VA-5Core
Agency:
VA
Location:
VAMC East Orange, NJ

Status:
Complete
Research Type:
Clinical Research

P.I. Name:
Benjamin Natelson, 
Research Focus:
Symptoms/General Health

M.D./Ottenweller, John, Ph.D.

Study Start Date:

Estimated Completion Date:
3/31/00

Summary of Program(s):

This is the parent Program for VA projects VA-5A through VA-5D.

NJCEHR funds that support all center projects, rather than specific ones, are allocated under the

 "CORE".  This includes salaries for the Administrator, Scientific Coordinator, Statistician, 

Statistical Aide, Biomedical Engineers, Systems Analyst, and Associate Research Director.  The 

support of these staff members is required for all Center projects.  In addition, core funds cover 

miscellaneous expenses such as investigator travel, subject reimbursement, subject meals and 

office supplies & equipment.  The percentages of these costs that are allocated for each project 

varies according to which projects are active during each fiscal year.  During this year, 

approximately 66% of these resources are devoted to Project 3.  Thirty-four percent is devoted 

to a continuation of Project 2.  The only major deviation from this allotment of resouces is that 

the Statistician and Statistical Aide are currently devoting their time to analyses of data 

generated in project 2.

Most Recent Publications:

see VA-5 subprojects
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Title:
East Orange Environmental Hazards Research Center Program

Project #:
VA-5
Agency:
VA
Location:
VAMC East Orange

Status:
Research Type:
Clinical Research

P.I. Name:
Benjamin Natelson, M.D./ 
Research Focus:

Ottenweller, Ph.D.

Study Start Date:

Estimated Completion Date:

Summary of Program(s):

This is the parent Program for VA projects VA-5A through VA-5D.


Most Recent Publications:

See Projects
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Title:
Health and Exposure Survey of Persian Gulf Veterans

Project #:
VA-5A
Agency:
VA
Location:
VAMC East Orange

Status:
Complete
Research Type:
Epidemiology Research

P.I. Name:
Howard Kipen, M.D., MPH
Research Focus:
Symptoms/General Health

Study Start Date:
10/1/94

Estimated Completion Date:
3/31/00

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: To survey 2800 Persian Gulf  War registry veterans 

randomly sampled from the Northeast quadrant of the U.S. to determine risk factors and their 

relationships to symptom clusters that could represent significant health problems for Gulf 

veterans.

SPECIFIC AIMS: 1. To provide health and medical histories of registry veterans who served in 

the Persian Gulf; 2. To characterize the medical and combat experiences of these veterans 

during the Gulf war; 3. To perform case control comparisons for various categories and 

combinations of symptoms with respect to individual and environmental risk factors identified in 

Aims 1 and 2.

METHODOLOGY: The survey was mailed from the VA Environmental Epidemiology Service to 

veterans who served in the Gulf. This survey was mailed to 2800 veterans on the Persian Gulf 

Registry, including 1,935 selected at random from the registry. This survey includes a symptom 

checklist, an environmental risk factor survey, a family and social support survey, and anxiety 

and depression scales. Multivariate analysis of the resulting information will include cluster 

analysis, principal components factor analysis, and multidimensional scaling. From these 

analyses we expect to be able to develop one or more case definitions for the unexplained 

illnesses afflicting Persian Gulf veterans.

EXPECTED PRODUCTS (MILESTONES): We have found a high prevalence of Chronic Fatigue 

and Chemical Sensitivity among registry veterans. We also expect to delineate a series of risk 

factors for the development of these illnesses, and for Post-traumatic Stress Disorder which 

may cluster with one or both of these illnesses.

STATUS/RESULTS TO DATE: Data collection is complete. We have received 60% of our 

questionnaires back, including 1,161 (60%) from the random group. Symptom data has been 

preliminarily analyzed. The mean number of endorsed symptoms out of 48 total was 24, with 
headaches, difficulty remembering, and fatigue being the most bothersome. Factor analysis has identified five factors that characterized those in poor health and a preliminary definition has been presented. Confirmatory factor analyses are now being done, and case control analyses 

will follow.

Most Recent Publications:

Hodgson M, Kipen H, Puglisi M.  Gulf War illness: causation and treatment.  Journal of 

Occupational and Environmental Medicine 41(6):443-52, 1999.

Kipen H, Hallman W, Kang H, Fiedler N, Natelson B.  Prevalence of Chronic Fatigue and 

Chemical Sensitivities in Gulf Registry.  Submitted to Archives of Environmental Health.

Hallman W, Kipen H, Diefenbach M, Kang H, Wartenberg D, Fiedler N, et al.  Defining Gulf 

War Illness:  Self-reported health status among VA registry veterans.  Conference on 

Federally Sponsored Gulf War Veteran's Illnesses Research, Washington DC, 1998.

Kipen H, Hallman W, Diefenbach M, Kang H, Fiedler N, Natelson B.  Self-reported health 

status and exposure among Gulf War registry veterans.  American Public Health Association 

Annual Meeting, Indianapolis, IN  1997.
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Kipen H, Hallman W, Diefenbach N, Kang H, Wartenberg D, Fiedler N, et al.  Self-reported

health status and exposure among Gulf War Registry veterans.  ISEE/ISEA Joint 

Conference 1998.

Kipen H, Hallman W, Kang H, Fiedler N, Natelson B.  Prevalence of chronic fatigue and chemical 

sensitivities in Gulf Registry veterans.  Archives of Environment Health, 1999, in press.

Kipen, Hallman, Kang, Fiedler, Natelson.  Prevalence of Chronic Fatigue and Chemical 

Sensitivities in Gulf Registry Veterans. Archives of Environmental Health 54(5), 1999.

Hallman W, Kipen H, Diefenbach M, Kang H, Wartenberg D, Fiedler N, et al.   Defining Gulf 

War illness: self-reported health status among VA registry veterans.  Conference on 

Federally Sponsored Gulf War Veterans' Illnesses Research, Washington D.C.1998.

Kipen H, H W, Diefenbach M, Kang H, Fiedler N, Natelson B.  Self-reported health status 

and exposure among Gulf War registry veterans.  American Public Health Association Annual

Meeting, Indianapolis, IN 1997.

Kipen H, Hallman W, Diefenbach M, Kang H, Wartenberg D, Fiedler N, et al.   Self-reported 

health status and exposure among Gulf War Registry veterans.  ISEE/ISEA Joint Conference 1998.
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Title:
Physiological and Psychological Assessments of Persian Gulf Veterans

Project #:
VA-5B
Agency:
VA
Location:
VAMC East Orange

Status:
Complete
Research Type:
Clinical Research

P.I. Name:
Benjamin Natelson, M.D.
Research Focus:
Symptoms/General Health

Study Start Date:
10/1/94

Estimated Completion Date:
3/1/98

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: This project will determine if some of the unexplained medical 

illnesses in Persian Gulf veterans may be similar to Chronic Fatigue Syndrome (CFS) or Multiple 

Chemical Sensitivity (MCS) in civilian populations.  It will include viral/immunological studies, 

neuropsychological studies, and studies of physiological responses to a number of physical and 

cognitive challenges.  A series of psychosocial factors will be evaluated to determine whether 

they are risk factors for the illnesses suffered by these veterans.

SPECIFIC AIMS: 1. To determine whether viral or cytokine patterns may suggest an infectious 

agent as a cause of illness in Persian Gulf veterans; 2. To determine if these veterans suffer 

chronic fatigue or chemical sensitivity; 3. To determine psychosocial risk factors that might 

have predisposed some veterans to develop their medical problems; 4. To determine if there are 

neuropsychological deficits in Persian Gulf veterans; 5. To determine if these veterans have 

abnormal physiological responses to physiological and cognitive challenges.

METHODOLOGY: Persian Gulf veterans who have chronic fatigue, chemical sensitivity, or a 

combination of these and healthy control veterans are recruited for these studies.  Blood 

samples are drawn, peripheral lymphocytes are isolated, and polymerase chain reactions are 

used to quantify herpes, epstein-barr and other viruses and to assess the level of interleukins 

and tumor necrosis factor-alpha.  The subjects fill out a series of psychosocial instruments and 

environmental exposure surveys.  A battery of neuropsychological tests are given in conjunction

with magnetic resonance imaging of the brain.  To evaluate the possibility of early peripheral 

neuropathy, neurological evaluation is supplemented with test of threshold for fine touch in the 

distribution of the radial nerve in the hand using Semmes-Weinstein monofilaments.  Finally, we 

perform comprehensive testing of autonomic nervous system function and evaluate the 

veteran's ability to respond appropriately to behavioral challenges.

EXPECTED PRODUCTS (MILESTONES): We expect a number of the unexplained illnesses in 

Persian Gulf veterans will be similar to CFS and MCS.   Data on civilians with CFS suggest that 

some cytokines and some of the herpes viruses might be elevated.  Our own data on civilians 

with CFS reveal neuropsychological deficits in memory tasks and occasional non-specific white 

matter changes in the MRI's.  Finally, we expect abnormal responsiveness to some of the 

physiological stimuli, but it remains unclear whether there will be hyper- or hyporesponsiveness.

STATUS/RESULTS TO DATE: This project ended in March 1998, and a number of papers have 

been published or sent out for review. Data that are still in preparation include a paper showing 

that 30% of Gulf veterans fulfilling published case criteria for CFS/ICF have comorbid PTSD and

this latter group has the most impaired cardiovascular reactivity to stress of any among the 

group of vets with CFS/ICF.

Most Recent Publications:

Lange G, Tiersky L, DeLuca J, Peckerman A, Pollet C, Policastro T, et al. Psychiatric 

diagnoses in Gulf War Veterans with fatiguing illness. Psychiatry Research 89(1):39-48, 

Peckerman A, LaManca J, Smith S, Taylor A, Tiersky L, Pollet C, Kom L, Hurwitz B, 

Ottenweller J, Natelson B. Cardiovascular stress responses and their relation to symptoms in

Gulf War veterans with fatiguing illness. Submitted to Psychosomatic Medicine.
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Pollet C, Natelson B, Lange G, Tiersky L, DeLuca J, Policastro T, et al. Medical evaluation of

Persian Gulf veterans with fatigue and/or chemical sensitivity. Journal of Medicine 


29;101-113, 1998.
Zhang Q, Zhou X-D, Denny T, Ottenweller J, Lange G, LaManca J, et al. Changes in immune parameters are seen in Gulf veterans but not civilians with chronic fatigue syndrome. Clinical and 

Diagnostic Laboratory Immunology 6:6-13, 1999.

Wallace HL, Natelson B, Gause W, Hay J.  Human herpesviruses in chronic fatigue 

syndrome.  Clin Diagn Lab Immunol 6(2):216-23, 1999 In press.


Fiedler N, Kipen H. Multiple chemical sensitivity, chronic fatigue syndrome, and the Gulf 

War. Toxicology and Industrial Health 1998; In press.

Tiersky L, Natelson B, Ottenweller J, Lange G, Fiedler N, DeLuca J. Functional status and 

mood in Persian Gulf veterans with unexplained fatiguing illness. Military Psychology 1998; 

Fiedler N, Kipen H, Natelson B, Ottenweller J. Chemical sensitivities and the Gulf War: 

Department of Veterans Affairs Research Center in Basic and Clinical Studies of 

Environmental Hazards. Regulatory Toxicology and Pharmacology 24: S I 29-S 138, 1996.

Natelson B, Fiedler N, Policastro T, Kipen H. Preliminary prevalence data on chronic fatigue 

syndrome (CFS) and multiple chemical sensitivity (MCS) in Persian Gulf veterans. Journal of

Chronic Fatigue Syndrome 2:136-137. Abstract, 1996.

Natelson B, Policastro T, Kang H, Fiedler N, Kipen H. The Persian Gulf syndrome: an 

epidemic presentation of severe fatiguing illness. Integrative Physiology and Behavioral 

Science 30:106: Abstract, 1995.

Busichio K, Tiersky L, Golden P, Rappolt G, Natelson B.  Somatic complaints in Gulf War 

veterans with unexplained fatiguing illness.  Gender differences.  Conference of Federally 

Sponsored Gulf War Veterans' Illnesses Research, Pentagon City, VA 1999; 52 Abstract.

Fiedler N, Kipen H, Natelson B, Ottenweller J.  Chemical sensitivities and the Gulf War: 

Department of Veterans Affairs Research Center in basic and clinical science studies of 

environmental hazards.  Multiple Chemical Sensitivities: State of the Science Symposium, 

Baltimore, MD, October 1995;  Abstract.

Fiedler N, Lange G, Tiersky L, DeLuca J, Policastro T, Kelly-McNeil K, et al.   Fatiguing 

illness and the Gulf War veteran: The NJ Environmental Hazards Research Center.  105th 
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personality, & coping in Gulf War veterans with fatiguing illness.  Conference on Federally 

Sponsored Gulf War Veterans' Illnesses Research, Washington D.C. 1998; 68 Abstract.

Fiedler N, Kipen H.  Multiple chemical sensitivity, chronic fatigue syndrome, and the Gulf 

War.  American Chemical Society Symposium, Boston, MA, August 1998;  Abstract.

Gilhooly P, Ottenweller J, atelson B.  Chronic fatigue and sexual dysfunction in female Gulf 
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Effects of Exertion and Chemical Stress on Persian Gulf Veterans
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Agency:
VA
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VAMC East Orange
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Research Type:
Clinical Research
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Nancy Fiedler, Ph.D.
Research Focus:
Brain and Nervous System

Study Start Date:
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Estimated Completion Date:
3/31/00

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: The first part of this project will examine the effect of 

controlled chemical exposure and psychological stress on symptoms and psychophysiologic  

and cognitive performance of Persian Gulf veterans previously diagnosed with fatiguing illness.  

Research in our Center found that relative to healthy veterans, PG veterans with fatiguing illness

reported significantly more combat exposure, illness in response to chemical exposures such as

diesel exhaust and greater levels of negative affect and defensiveness.   Therefore, this study 

will test the effects of each of these variables in a controlled study.  The purpose of the second 

part of this project will be to investigate the acute effects of exhaustive exercise on the 

cognitive abilities and  the cardiovascular responses to autonomic stressors in Persian Gulf 

veterans diagnosed with Chronic Fatigue Syndrome (CFS) . 

To date our data have indicated impaired cognitive functioning and evidence of abnormal 

cardiovascular reactivity to various laboratory stressors in veterans with CFS  when compared 

to healthy veterans. Also a significant number of the fatigued veterans have indicated extreme 

fatigue and worsening of symptoms after even moderate physical exertion. An additional 

variable which will be examined will be cardiopulmonary fitness. In this area we have preliminary 

data from project VA-5B which indicate a reduced pulmonary function in veterans with CFS, 

especially those who had indicated that they became sick when exposed to smoke from oil fires 

in the Gulf War.

SPECIFIC AIMS: 1)To assess the effect of exposure to diesel fumes and psychological stress 

in the following PG veteran groups: Healthy; Healthy/Negative Affect; Fatiguing Illness/Negative
 
Affect; Fatiguing Illness/Defensive.   2) To assess the effect of exhaustive exercise on the 

cognitive abilities and cardiovascular response to autonomic stressors of PG veterans with CFS 

and healthy PG veterans.

METHODOLOGY: Veterans who were previously evaluated at our Center will be recruited.  Each 

veteran will undergo a complete physical and psychiatric examination.  Veterans who meet 

criteria for one of the subject groups will participate in a single experimental session during which 

symptoms, psychophysiologic response  (i.e., heart rate, blood pressure, respiration rate, 

end-tidal CO2, finger pulse volume, and skin conductance), and performance on a computerized 

vigilance task will be monitored in response to a rest period, followed by a psychological stressor

(Stroop Color Word test), and exposure to 5 ppm diesel fumes.  Blood and breath samples will 

confirm body burden of exposure.  

For the exhaustive exercise study, PG veterans with CFS and healthy PG veterans who were 

previously evaluated at our Center will be recruited. The subjects will perform a cognitive test 

battery. Next they will perform a series of cardiovascular stressors (CVEVAL): 1) supine to 

standing, 2) Valsalva maneuver and 3) reaction time. In this CVEVAL session we will measure 

beat-by-beat blood pressure, ECG activity, respiration, and end tidal CO2. After these sessions 

the subjects will perform a maximal aerobic capacity test on a bike ergometer (VO2max). During 

the VO2max test metabolic data will be measured breath-by-breath, lactic acid will be assessed 

from finger stick blood samples, and muscle oxygenation will be evaluated by near infrared 

spectroscopy. Following the VO2max test the subjects will repeat the two pre-test sessions.

EXPECTED PRODUCTS (MILESTONES): The exposure study will determine the health effects of

an acute exposure to an agent (i.e., diesel), reported by veterans with fatiguing illness, to have 

caused symptoms during service in the Gulf and presently.  The study will also assess the 

differential contribution of personality variables and stress to subjective (i.e., symptoms) and 

objective (performance, physiology) indicators of health effects.  Regarding the exercise study, 

research has shown that the added stress of physical exercise can in some case uncover 
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autonomic problems when conventional tests have failed. Also data in our civilian population with 
chronic fatigue have shown a decrease in cognitive abilities after physical exertion when compared to

healthy controls.  We may see similar results in this veteran population.

STATUS/RESULTS TO DATE: To date, 43 veterans have participated in the diesel exposure 
 
study.  Relative to healthy controls, CFS subjects show increased symptoms and poor cognitive
function during exposure to diesel fumes.  Forty-one veterans have also participated in the study 

concerned with effects of exercise on the cardiovascular responses to autonomic stressors and cognitive 

abilities.  At this time the group numbers are too small to make definite statements about results.  

However, the experiments are going well with no adverse effects on the subjects.  The sick veterans 

seem to tolerate the exercise sessions and at this time there does not appear to be an obvious 

difference in the fitness level of the groups.  The diesel exposure study was completed in September

1999.  Data analysis is ongoing and results being prepared for a manuscript.


Most Recent Publications:
Giardino ND, Fiedler NL, Lehrer PM, Kelly-McNeil K, Kipen H, Ottenweller J, Natelson B. Effects

of Chemical and Psychological Stress on Persian Gulf Veterans with Chronic Fatigue Syndrome.

Annual Meeting of  the American Psychosomatic Society, Vancouver, B.C., March 1999. Abstract



Fiedler N, Kipen H, Natelson B, Ottenweller J.  Multiple Chemical Sensitivity, Chronic Fatigue


Syndrome & The Gulf War Veteran. The Health Impact of Chemical Exposures During the 


Gulf War: A Research Planning Conference, Atlanta, February, 1999.  Abstract.
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OVERALL PROJECT OBJECTIVE: This project will determine whether genetic susceptibility to 

stress and exposure to chronic stress will result in persistent sensitization to potentially toxic 

effects of pyridostigmine bromide and aromatic hydrocarbons.  In addition, it will examine the 

behavioral consequences of chronic exposure to these toxins.

SPECIFIC AIMS: 1)  To expose Wistar-Kyoto (WKY) rats (stress-hyper responsive) and 

Sprague-Dawley (SD) rats (control) rats to chronic stress and then study the sensitivity to 

pyridostigmine bromide by measuring startle and neuroendocrine responses; and the sensitivity 

to aromatic hydrocarbons by measuring the activity of hepatic enzymes induced to metabolize 

these compounds. 2)  To treat WKY and SD rats chronically with these compounds and examine 

behavioral rhythms, temperature rhythms, startle responsiveness, and neuroendocrine function 

(both basally and in response to stress).

METHODOLOGY: SD and WKY rats will be treated with pyridostigmine bromide for 7 days and 

for the last 3 days will be subjected to a chronic stress regime.  24 hours after the last stressor 

exposure, the neuroendocrine and brain c-fos responses to pyridostigmine bromide will be 

evaluated, as well as the levels of specific isozymes of cytochrome P-450 in the liver.  These 

enzymes are responsible for the metabolism of a large group of xenobiotics, including aromatic 

hydrocarbons.  The changes in these enzyme levels will also be evaluated following stressor 

exposures and subsequent exposure to aromatic hydrocarbons.  Similar studies will determine the

behavioral and some physiological effects of chronic treatment with pyridostigmine bromide and
 aromatic hydrocarbons, as well as their effects on the responses to chronic stress.

EXPECTED PRODUCTS (MILESTONES): We expect that chronic stress will persistently increase

the sensitivity to pyridostigmine bromide, which might explain how a drug that is used 

extensively in civilian populations might become toxic under the stresses of the battlefield.  We 

also expect that this effect will be more pronounced in WKY rats, which would show that genetic 

predisposition might explain why some veterans developed unexplained illnesses and others did 

not.  We expect that hepatic P-450 levels will be inhibited more in WKY rats, and that these 

results could explain a greater sensitivity to toxins metabolized by these enzymes.  Finally, we 

expect that chronic exposure to pyridostigmine bromide or aromatic hydrocarbons might show 

long-term effects on behavior or body temperature rhythms which could be very sensitive 

indices of chronic toxicity.

STATUS/RESULTS TO DATE: We have been unable to validate the behavioral 

hyper-responsiveness in WKY rats that has been reported by others.  Preliminary data suggest 

that pyridostigmine bromide may cause a substantial decrease in voluntary running activity in 

rats, but it is unclear as yet whether this could be a long-term effect.  However, it is clear that 

WKY rats are more sensitive to some effects of pyridostigmine bromide than SD rats.  For 

example, WKY rats show an exaggerated startle response 1 to 3 weeks after ending 

pyridostigmine bromide treatment that is not present earlier and does not develop in SD rats.  

These results have led to the current studies of interactions among strain, chronic stress, and 

potential pyridostigmine bromide toxicity. This project was terminated in December 1997. 

Continuation of this project has been funded under a VA Merit Review grant to Dr. Richard 


Servatius.  See Project # VA-49.
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Most Recent Publications:

Servatius R, Ottenweller J, Beldowicz D, Guo W-D, Zhu G. Persistently exaggerated startle 

responses in rats treated with pyridostigmine bromide.  Journal of Pharmacology and 

Experimental Therapeutics 287(3);1020-1028, 1998.

Servatius R, Ottenweller J, Guo W-D, Beldowicz D, Zhu G, Natelson B. Effects of 

inescapable stress and treatment with pyridostigmine bromide on plasma 

butyrylcholinesterase and the acoustic startle response in rats. Physiology and Behavior 

Ottenweller J, Servatius R, Zhu GP, Beldowicz D, Natelson B.  Persistent changes in 

physiology and behavior after pyridostigmine in rats with low BuCHE.  Conference on 

Federally Sponsored Gulf War Veterans’ Illnesses Research, Washington DC 1998.

Servatius R, Ottenweller J, Beldowicz D, Soldan S, Bergen M,  Guo W-D, et al.  

Pyridostigmine bromide persistently enhances sensory reactivity in rats.  Annual Meeting of 

the Pavlovian Society 1996.
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This is the parent Program for VA projects VA-6A through VA-6E.

OVERALL PROJECT OBJECTIVE:  To illuminate the relationships between exposures (chemical, 

physical, stress) and unexplained illness in Gulf War veterans.

SPECIFIC AIMS: 1)  To define "caseness" of unexplained illness in Gulf War veterans, 2)  To 

develop a questionnaire of exposures and effects based on the results of veteran interviews and

other relevant data, 3) To conduct a case-control study focused on the spatial-temporal 

relationship between exposures and illness, 4)  To provide subjects for research conducted in 

Projects I, II and part of IV.

METHODOLOGY: This is an epidemiological study using a population-based case-control design. 

Pilot work was conducted in two phases before final determination of the research protocol.  The 

first phase consisted of fourteen open-ended interviews with veterans with varying degrees of 

health and diverse military exposures.  The interviews were completed in the Spring of 1995.  The

second phase of the pilot work was a feasibility study in which a sample of 422 subjects, 

randomly chosen from a data tape of Oregon and Washington residents serving in the Persian 

Gulf, was mailed a survey describing the proposed plan for the regional epidemiology study. 

Information was sought on potential response rates and barriers to participation.  Modifications of

the planned research protocol were made based on responses in the feasibility study.

The design of the regional study consisted of mailing a questionnaire seeking information on 

exposures in the Gulf and current health status to approximately 3000 northwest PGW veterans 

in 1996-97. The data base used for the sampling frame was obtained from the DoD Defense 

Manpower Data Center.  The database contains the names/addresses of military personnel who 

were deployed to the Persian Gulf from August 1990 through July 1991, and who listed Oregon or

Washington as their home state-of-record.  The accuracy of the addresses in the DoD database

was determined in the feasibility study.  Arrangements were made with the Department of 

Veterans Affairs, NIOSH, and IRS to track individuals with invalid addresses in the DoD file.  In 

addition, Telematch, Equifax, Transunion and numerous internet search machines were used to 

assist in finding current addresses and telephone numbers.  The questionnaire was mailed in 

stages based on geographic location of the potential subjects.

The survey methodology was developed in consultation with Jim Bethel, Ph.D., Survey 

Statistician, Westat Inc.  Females and veterans in specific deployment groups (pre-combat, 

combat, post-combat) were over-sampled.  From those who responded to the mailed 

questionnaire, cases and controls (total approximately 500) were recruited for the clinical 

case-control study. The mailing of the survey questionnaire began in mid-November 1995 and 

the case-control clinical evaluations began in January 1996. Data collection was concluded in 

April 1998.

The working case definition determined at the conclusion of the May 1995 Research Retreat (with

input  from an External Advisory Committee) was as follows:

Must have at least one of the following signs or symptoms to be defined as a "Case".   Onset 

must be during or after deployment to the Persian Gulf.  Symptoms must have persisted for one

 month or long and have occurred during the three month period preceding the proposed physical 

examination.

A)  Muscle/joint pain, B)  Cognitive changes including memory loss, confusion, inability to 

concentrate, mood swings, and/or somnolence, C) Diarrhea, D) Skin or mucous membrane 

lesions, E) Unexplained fatigue

Healthy controls and cases were identified from responses to the mailed questionnaire.  Cases 
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and controls received a medical workup at the Portland VAMC.  Cases and controls participating 

in the clinical workup at the Portland VAMC also served as the subjects in Project I and II.  


Multivariant analyses were conducted to compare subjects with unexplained illness and healthy 

subjects with respect to reported and known exposures to specific environmental factors.

EXPECTED PRODUCTS  (MILESTONES): Definition of associations, and the strength of those 

associations, between exposures and unexplained illness.

STATUS/RESULTS TO DATE: 1) Open-ended interviews of PGW veterans were completed, 

transcribed, and summarized.  Information gleaned from the interviews was incorporated in the 

questionnaire content.  2)  Feasibility study was completed on 422 randomly selected Oregon 

veterans in the population to be studied. 3)  Survey sampling plan for 1996-1998 was completed. 

As of August 1, 1998, we had received 1136 completed surveys (out of 2020 mailed surveys - 

56% response rate).  4)  Clinical testing of subjects responding to mail survey was completed in 

March 1998.   443 subjects were evaluated in the case-control study. 5) Mailings were made to 

259 subjects living in rural areas of Oregon.  In April 1997, and June 1997, we completed four 

days of satellite clinical evaluation of 45 of the responders from this sample in cooperation with 

the Roseburg, OR Veterans Administration Medical Center.  In September and December 1997, 

we completed four days of satellite clinical evaluations of 33 of the responders from the 

Washington sample in cooperation with the Great Lakes VAMC in Tacoma, Washington.  6)  

Analyses have been completed in the following areas:   A)  Comparison of self-reported 

symptoms and symptoms reported at time of clinical evaluation; B)  Reliability of self-reported 

exposure information, C)  The association between deployment period and frequency of 

unexplained illness, D)  Association between self-reported symptoms/clinical findings and 

specific exposures that took place while in SW Asia.  7)  Description of the proportion of cases 

seen in the PEHRC clinic that fulfills the CDC 1988 and 1994 Chronic Fatigue Syndrome 

definitions.  Analysis of the characteristics of veterans with fatiguing symptoms. Description of 

the extent with which fatigue overlaps with fibromyalgia and multiple chemical sensitivity.  

Comparison of the neuropsychological and neurobehavioral test results of cases with fatigue and

other types of case symptoms.

Comparisons of objective clinical findings (i.e. physical examination, neurological findings, 

laboratory tests) between veterans presenting with different symptom types and healthy 

controls. 8)  Manuscripts under review or in preparation based on study results on the following 

topics: A)  Chronic Fatigue in a Population of Veterans Deployed to the Gulf War, B)  Clinical 

Findings and Symptom Factor Analysis in a Population-based Sample of Gulf War Veterans, C)  

Risk Factors Associated with Gulf War Unexplained Illnesses.  9)  Findings to Date: A) The utility
of our working case-definition was assessed and changes made.  The definition was modified to 

reduce the number of symptom categories from five to three (unexplained fatigue, 

musculoskeletal complaints, and cognitive/psychological complaints). B) The factor analysis of 
 
the symptoms of the veterans in our study was compared to those published by others, they are most 

comparable with those described by the CDC (Fukuda et al., 1998). C)  The persistence of self-reported 

symptoms was assessed and reported in papers and presentations by McCauley and Spencer, 1997-1999.

 D) The reliability and validity of self-reported exposure data were assessed and reported in papers and presentations by McCauley and Spencer, 1997-1999. E) Pyridostigmine and insecticide exposures 

postulated by others to be associated with GW unexplained illness (Haley & Kurt, 1997), were not 

found to be significantly associated with the risk of having unexplained GW illness in our study sample. 

 Models of factors associated with unexplained illness are more robust when the multisymptom 

case definition proposed by the CDC (Fukuda et al., 1998) was used.  F) The estimated minimum 

prevalence of Chronic Fatigue Syndrome was 22/1000 veterans.  This prevalence is significantly

 higher than that reported by Buchwald et al. (1995) in an ambulatory sample of persons residing 

in the NW United States.  Timeline: Completion of data analysis and reports is anticipated by 

January 1, 2000.


Most Recent Publications:




Spencer PS, McCauley LA, Joos SK, Lasarev MR, Shuell T, Bourdette D, Barkhuizen A,



Johnston W, Storzbach D, Wynn M, and other members of the Portland Environmental 


Hazards Research Center. Gulf War veterans: Service periods in theater, differential 


exposure, and persistent unexplained illness. Toxicol Lett 102-103:515-521, 1998.
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Anger WK, Storzbach D, Binder LM, Campbell KA, Rohlman DS, McCauley L, Kovera CA, 


Davis K.L.  Neurobehavioral deficits in Persian Gulf veterans: evidence from a 


population-based study. Portland Environmental Hazards Research Center.  J Int Neuropsychol 



Soc 5:203-212, 1999.


McCauley LA, Joos SK, Lasarev MR, Storzbach D, Bourdette DN. Gulf War unexplained 


illnesses: persistence and unexplained nature of self-reported symptoms. Environ Res 81:215-23, 



1999.


Spencer PS, Wilson B, Albuquerque EX. Sarin, other "nerve agents" and their antidotes. In: 


Experimental and Clinical Neurotoxicology, (eds. Spencer, PS, Schaumburg HH), Oxford 


University Press, New York, pp 1073-1092, 2000.


Spencer PS, Daniels J, Kisby G. Mustard warfare agents and related substances. In: 

Experimental and Clinical Neurotoxicology, (eds. Spencer, PS, Schaumburg HH), Oxford 

University Press, New York, pp. 837-848, 2000.

McCauley LA, Joos SK, Spencer PS, Lasarev M, Shuell T. Strategies to assess validity of 

self-reported exposures during the Persian Gulf War. Portland Environmental Hazards 

Research Center Environ Res 81:195-205, 1999.

National Research Council.  Health Risk Assessments for Oral Exposure to Six Chemical 

Warfare Agents, National Academy Press, Washington DC, pp 304, 1999.
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Summary of Program(s):

OVERALL PROJECT OBJECTIVE: To illuminate the relationships between exposures (chemical, 

physical, stress) and unexplained illness in Gulf War veterans.

SPECIFIC AIMS: 1) To define 'caseness' of unexplained illness in Gulf War veterans; 2) To 

develop a questionnaire of exposures and effects based on the results of veteran interviews and
 
other relevant data; 3) To conduct a case-control study focused on the spatial-temporal 

relationship between exposures and illness; 4) To provide subjects for research conducted in 

Projects I (6A) and II (6B).

METHODOLOGY: An epidemiological study using a population-based case-control design is being

implemented.  Pilot work was conducted in two phases before final determination of the research

protocol.  The first phase consisted of fourteen open-ended interviews with veterans with 

varying degrees of health and diverse military exposures. The interviews were completed in the 

Spring of 1995.

The second phase of the pilot work was a feasibility study in which a sample of 422 subjects, 

randomly chosen from a data tape of Oregon and Washington residents serving in the Persian 

Gulf, were mailed a survey describing the proposed plan for the large epidemiology study.  

Specifically, the researchers sought information on potential response rates and barriers to 

participation.  Modifications of the planned research protocol were made based on responses of 

the feasibility study.

The regional study consisted of mailing a questionnaire seeking information on exposures in the 

Gulf and current health status to approximately 3000 northwest PGW veterans.  The data base 

used for the sampling frame was obtained from the DoD (Defense Manpower Data Center).  The 

database contains the names/addresses of military personnel who were deployed to the Persian 

Gulf from August 1990 through July 1991, and who listed Oregon or Washington as their home 

state-of-record.  The accuracy of the addresses in the DoD database was determined in the 

feasibility study.  Arrangements were made with the Department of Veterans Affairs, the 

National Institute for Occupational Safety and Health, and the Internal Revenue Service to track 

individuals with invalid addresses in the DoD file.  In addition, we have utilized the services of 

Telematch, Equifax, Transunion and numerous Internet search engines to assist in finding current

addresses and telephone numbers.  The questionnaire is mailed in stages based on geographic 

location of the potential subjects.

The survey methodology was developed with the assistance of consultants.  Females and 

veterans in specific deployment groups (pre-combat, combat, post-combat) were over-sampled.  

From those who respond to the mailed questionnaire, potential cases and controls (total 

approximately 500) are recruited for the clinical case-control study. The mailing of the survey 

questionnaire began in mid-November 1995 and the case-control clinical evaluations began in 

January 1996.

The working case definition determined at the conclusion of the May 1995 Research Retreat (with
 input  from our External Advisory Committee) is as follows:  Must have at least one of the 

following signs or symptoms to be defined as a potential case of Persian Gulf War Unexplained 

Illness (PGWUI).   Onset must be during or after deployment to the Persian Gulf.  Symptoms 

must have persisted for one month or longer and have occurred during the three- month period 

preceding the proposed physical examination. 1) Muscle/joint pain, 2) Cognitive changes including

memory loss, confusion, inability to concentrate, mood swings, and/or somnolence, 3) Diarrhea,

4) Skin or mucous membrane lesions, 5) Unexplained fatigue, plus at least four associated 

symptoms. Potential cases and controls receive a medical workup at the Portland VAMC.  Those
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participating
in the clinical workup at the Portland VAMC also serve as the subjects in 


Projects I (VA-6A) and 
II (VA-6B).  Multivariant analyses will be conducted to compare subjects 


with unexplained illness and healthy subjects with respect to reported and known exposures 


to specific environmental factors.

EXPECTED PRODUCTS  (MILESTONES): Definition of associations, and the strength of those 

associations, between exposures and unexplained illness

STATUS/RESULTS TO DATE: 1) Open-ended interviews of PGW veterans have been completed,

transcribed, and summarized.  Information gleaned from the interviews was incorporated in the 

questionnaire content, 2) Feasibility study completed on 422 randomly selected Oregon veterans
 in the population to be studied.  Changes in the design were implemented as a result of the 

findings: A) Compensation of $10 is given to all subjects who complete and return the mailed survey 

questionnaire, B) The first year of survey mailing focused on residents of Oregon.  Initial mailing

 was to subjects randomly selected within a 50-mile radius of Portland.  Subsequent mailings 

were done to different geographic areas of the State of Oregon.  The final survey sampling will 

be representative of the geographic distribution of all potential subjects in the data base obtained 

from the DoD, C) The mailing of questionnaires to potential subjects in areas outside of Portland,

Oregon coincided with the negotiation of clinic space in VA facilities in outlying areas of the 

State.  This change was needed because of the sizeable proportion of subjects in the feasibility 

study who reported that they would not participate in the planned study due to the traveling time 

to Portland VAMC.  3)  Survey sampling plan for 1996-1998 is currently being implemented.  

Questionnaire returns are being scanned for data entry.  Incomplete addresses are being tracked.

As of December 1, 1997, 1982 questionnaires have been mailed to veterans who served in the

PGW. Follow-up of the first two mailing waves (consisting of re-mailing questionnaires, 

telephone calls, and telephone-administered questionnaires) has been completed.  A response 

rate of 58% has been achieved for the first six mailing waves.  Follow-up for subsequent mailing 

waves is ongoing, 4)  Clinical testing of subjects responding to mail survey began in January 

1996.  As of January, 1998, 409 subjects have been evaluated in the case-control study.  

Clinical testing will be completed in April 199, 5)  Mailings were made to 259 subjects living in 


rural areas of Oregon.  In both April 1997 and June 1997, we completed four days of satellite 


clinical evaluation of 45 of the responders from this sample in cooperation with the Roseburg, 


Oregon, VAMC.  In September and December 1997, we completed four days of satellite clinical 


evaluations of 33 of the responders from the Washington sample in cooperation with the American 


Lake VAMC in Tacoma, Washington, 6)  Serum samples from PGWUI cases and 
 

controls are studied with an antibody-capture ELISA test which is being developed for the 


detection of exposure to/infection with Leishmania tropica.  An initial batch of 200+ serum 

samples from cases (two-thirds) and controls contained approximately 10% that had values more

than three standard deviations from the mean of negative controls.  While these samples fell 

within the range of values obtained from sera obtained from subjects with cutaneous L. tropica  

infection (positive controls), the specificity and sensitivity of this test-under-development has 

yet to be established (see VA-6E). 7)   Analyses have been completed in the following areas:  A) 
 Comparison of self-reported symptoms and symptoms reported at time of clinical evaluation; B)
 Reliability of self-reported exposure information. 8)   Analyses are in progress in the following 

areas: A)  Prevalence of self-reported symptoms in survey responders;

Prevalence of symptoms in veterans serving in specific deployment time periods; B)  

Association between self-reported symptoms and clinical findings with time of deployment; C) 

Association between self-reported symptoms/clinical findings and specific exposures that 

reportedly took place while in SW Asia.
Most Recent Publications:


Ludolph AC, Spencer PS.  Toxic neuropathies and their treatment.  In: Peripheral 


Neuropathies, Part 2, Balliere's Clinical Neurology; International Practice and Research (ed. 


Hartung HP), Balliere, London, 1996.



Spencer PS, Schaumburg HH, Ludolph AC. Experimental and Clinical Neurotoxicology, 2nd edition,



Oxford, New York, in press.
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Summary of Program(s):

OVERALL PROJECT OBJECTIVE:  To determine if veterans have developed adverse 

neurobehavioral or psychological effects from service in the Gulf War.  If so, to determine the 

triggering events, including combat stressors, life stressors, chemical exposures, personality 

disorders, psychological health and motivation to seek compensation.

SPECIFIC AIMS: 1. Determine if there are objective memory and attention deficits in veterans 

reporting (unexplained) symptoms which developed during or since the Gulf War. 2. Determine 

the relationships between neurobehavioral and psychological measures and unexplained 

symptoms referable to the Gulf War. 3. Employ in-depth neuropsychological examinations to 

identify neurobehavioral, neuropsychological and psychosocial factors that may explain or more 

fully characterize cognitive symptoms or objective cognitive deficits.

METHODOLOGIES:  Due to our objective of administering 12 diversely structured psychological 

tests to a large number of veterans during their clinical assessment, an initial priority was the 

development of an efficient method for administering these wide-ranging tests to up to 10 people

 at a time. This resulted in the development of the Health Screening System (HSS) which is the 

first and thus far only software system capable of accomplishing this goal (Kovera et al., 1996). 

 This offers a major efficiency in test administration procedures, which potentially drives down 

the personnel cost of conducting comparable studies by at least an order of magnitude.  This 

efficiency is even more significant when combined with parallel but less dramatic efficiencies in 

the Behavioral Assessment and Research System (BARS) neurobehavioral testing system 

(Anger et al., 1998) developed by project investigators (Anger et al., 1996).  BARS was enhanced

through the addition of tests of memory and attention in order to conduct PERHC research on 

Gulf War veterans.  Responding to PEHRC advisory committee feedback, we assessed the 

test-retest reliability of the entire 4-hour battery of 8 BARS and 12 HSS tests given to the 

PEHRC cohort.  Equivalent or better reliability was achieved when compared to reliabilities 

reported for paper-and-pencil versions of the same HSS tests and other-format versions of the 

BARS tests.  Tests administered at the end of the 4-hour series reflected the same reliability 

equivalency as those given early in the series, suggesting that giving a large number of tests in 

a series or battery does not affect reliability adversely (Campbell et al., 1999).  Finally, the case

was made, based in part on PEHRC data, that psychological tests are an important endpoint for 

the detection of neurotoxic exposures (Anger et al., 1998) and an equally important potential 

confounding factor in the interpretation of the more subtle effects of low-level exposures (Anger 

et al., 1999b).

EXPECTED PRODUCTS (MILESTONES):  Develop a predictive model relating the occurrence of 

unexplained illness to chemical exposure, psychosocial, or neuropsychological factors.

STATUS/RESULTS TO DATE:  Project 1 completed its fifth year of research on Gulf War 

veterans, as part of PEHRC’s epidemiological and clinical assessment effort (see PG Project 

#VA-6).   Outcomes include methods development, epidemiologic research and clinical results.  

Project 1 has accomplished all but one of the goals proposed in the application and published 

manuscripts relating to each goal, including 5 manuscripts in 1999, 1 in 1998, and 2 in 1996.  

Manuscripts that expand on these results are in review (2) or in development.  The second major 

outcome of this effort is the adoption of methods, and requests to use the methods developed 

by project 1, by the Air Force, Navy and Veterans Affairs hospitals, as well as academic 

research scientists.

Cases of Gulf War unexplained illness differed substantially from Controls on a broad range of 

psychological tests indicative of increased distress.  Further, a subgroup of Cases was identified
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with objective deficits on neurobehavioral tests of memory, attention, and response speed 

(Anger et al., 1999).  The latter was the first report of deficits on objective tests of neurobehavioral 


performance in a population-based sample of veterans from this conflict.  While this report


was based on the first 101 veterans tested, a more complete report of the neurobehavioral 


and psychological results from this study is at a journal’s second-review stage 
(D. Storzbach,

 senior author), which support and extend the initial findings.  In-depth analysis of  

veterans with cognitive complaints revealed that their subjective cognitive complaints (eg, 

memory and concentration loss) were more highly associated with their psychological distress 

(eg, Beck Anxiety Inventory score) than with objective neurobehavioral performance results 

(BARS tests) (Binder et al., 1999).  Lastly, repeat testing of participants with high posttraumatic 

stress symptom scores, proposed in the application to track potential recovery, was not pursued 

due to a lack of resources. 

Clinical Results

Clinical neuropsychological examinations have been administered to over 50 participants who 

were also a part of the PEHRC clinical study.  Due to the lack of willing participants to return for 

an additional half day of tests, these results may not be sufficiently  representative to 

generalize the conclusions beyond the group studied.  However, results from Cases with 

objective deficits on neurobehavioral tests of memory, attention, and response speed (described

above) do present suggestive evidence that the deficits may have preceded their presence in 

the Gulf.

The results of the Gulf War veterans studied were also compared to patient populations to 

identify related patterns that could illuminate the etiology of the Gulf War symptoms.   MMPI-2 

profiles of PEHRC Gulf War veterans were compared to those of patients with psychogenic 

seizures and patients with true neurologic seizures (matched on age and education).  If Gulf War 

veteran profiles had paralleled those of the psychogenic patients, this would have suggested, at 

least weakly, that the veterans’ complaints were associated with psychological causes.  If, on 

the other hand, the Gulf War veteran profiles had paralleled those with true neurologic epilepsy, 

this would have suggested, at least weakly, that an organic or neurological condition could explain

their results.  However, the Gulf War veteran profiles paralleled neither the psychogenic nor the 

neurologic seizures.  Combined, these negative outcomes suggest albeit weakly that the disorder

presented by the Gulf War veterans cannot be explained exclusively by either psychologic 

origins or by organic origins.

New Initiatives Stimulated

A CROET-led DOD-funded study to identify possible evidence of exposure to nerve gases by 

US troops near Khamisiyah employs both BARS and HSS tests for initial screening purposes.  It 

is only through the efficiency of these testing systems that the large numbers of veterans could
 be screened inexpensively to allow allocation of the major budgetary resources available to the 

project into the more diagnostic neurophysiologic methods in the study.  The Air Force has 

selected the BARS system and one HSS test for their large-scale study of fuelers across 10 

US bases (funding allocated; contract pending).  This selection was due to the high-throughput 

potential of the BARS system, its demonstrated acceptability to active duty and reserve military 

personnel, and the selection by the Navy’s Performance Assessment Laboratory as part of their

Global Assessment testing  system.  BARS and HSS systems have been requested by DVA 

hospitals to test Gulf War veterans (Togus, ME, and Franklin Delano Roosevelt, NY), although

recruitment problems have effectively terminated these studies, and San Antonio DVA personnel 

have sought collaboration for future studies of chemical sensitivity.  Academic research scientists

from Brazil, Korea, China, and numerous sites in the US have contacted project staff to employ 

the BARS and/or HSS tests in various studies.  These many collaborations will bear fruit well beyond 

the end of the research focus of the VA-funded Environmental Hazard Research Centers, and it will

 support the growth of the PEHRC pilot programs it transitions to a training program with pilot 

research projects as a means to educating young scientists.
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OVERALL PROJECT OBJECTIVE: Determine the relationship between exposures during the 

Persian Gulf War and the development of fibromyalgia.

SPECIFIC AIMS:  1. Screen veterans complaining of fatigue and musculoskeletal symptoms 

with previously developed and validated questionnaires and directed physical examinations to 

determine if fibromyalgia is present.  2. Correlate the presence or absence of fibromyalgia with 

possible environmental exposures, as determined in the core part of this program, or with 

neuropsychological factors, as determined in Project I: Psychosocial, Neuropsychological and 

Neurobehavioral Assessment.  3. Evaluate a smaller group of veterans with fibromyalgia and an 

age and sex matched group of veterans without fibromyalgia, for the neuroendocrine 

abnormalities described in fibromyalgia.

METHODOLOGY: Utilizing the cases determined in the Portland case-control epidemiological 

study (see VA-6), using validated methods, screen cases with musculoskeletal complaints for 

fibromyalgia and controls without symptoms.  Perform neuroendocrine testing on both cases and

controls.

EXPECTED PRODUCTS  (MILESTONES): 1. Association between exposure to the Persian Gulf 

War and the development of fibromyalgia. 2. Prevalence of neuroendocrine findings in a 

primarily male sample.

STATUS/RESULTS TO DATE:  Preliminary work consisted of reviewing the Portland VA Persian 

Gulf War (PGW) Registry for cases of musculoskeletal pain.  The prevalence of such 

complaints in the Portland PGW Registry sample was 29.6% compared to the National Registry 

prevalence of 13.9% and the DoD Comprehensive Clinical Evaluation Protocol reported 

prevalence of 47%.  Results from a pilot population-based survey of 157 veterans eligible for 

our epidemiologic case-control study (see Project VA-6) indicated that the self-reported rates of 

musculoskeletal pain in both female and male subjects were both 38%.   Responders to the 

mailed survey who had registered in the PGW registry were two times more likely to report 

musculoskeletal pain than responders who had not registered.

Investigators worked closely with the epidemiological core in the development of the items to 

include in the survey questionnaire, telephone screening questions, and the history and physical 

examination to be done in the case-control study.  Exclusionary diagnoses were determined.  The

 history and physical examination was pretested on three subjects with musculoskeletal pain in 

January 1996.

Since commencing the Persian Gulf Research Clinic in January 1996, the majority of  subjects 

have been evaluated by a single examiner for rheumatological conditions.  A blinded tender-point 

examination is performed followed by a full rheumatology history and physical examination. The 

Core laboratory data, which include an erythrocyte sedimentation rate, C-reactive protein, 

antinuclear antibody, rheumatoid factor, hepatitis B, C, and human immunodeficiency virus 

serologies, and selected joint radiographs, are reviewed at the bimonthly Clinical Case Review 

meeting to arrive at a final rheumatological diagnosis. 

To date we have analyzed the rheumatologic and neuropsychologic features of 443 deployed 

Gulf War veterans from the population-based case control study. Data are presented on the 

frequency of musculoskeletal symptoms (MSS) on the 1119 survey respondents as well as 

detailed findings of the 92 musculoskeletal cases (obtained from the 243 cases seen in the 

Research Clinic) and 113 controls. Approximately one third of veterans responding to the survey
 complained of back pain and joint pain, whereas one fifth complained of myalgias. Fibromyalgia 

(FM) was present in 50 and widespread pain with insufficient tender points were present in 42 of 
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clinically evaluated subjects. Regional pain syndromes such as mechanical back pain, 

myofascial pain syndrome, tendinitis/bursitis, and patellofemoral syndrome were common


amongst cases and controls. Inflammatory conditions were infrequent and included 4 subjects


with an early spondyloarthropathy. One subject with inactive juvenile rheumatoid arthritis and no 

case symptoms was included in the control group. MSS cases were significantly more likely to 

complain of muscle weakness or cramps, post-exertional pain, restless legs, headaches, chest 

pain, abdominal cramps, cold intolerance, tender skin, dry eyes; and sleep complaints of 

unrefreshed sleep or bruxism. MSS cases scored significantly higher on the Fibromyalgia Impact

Questionnaire; Beck Anxiety and Depression Inventory; SF 36 (pain, vitality, physical and 

physical role function, emotional role function, health perception, mental health, and social 

function); and “somatization” sub-scales of the MMPI and SCL-90. MSS cases reported 

significantly more combat exposure and higher post traumatic stress scores (MISS, PENN, PCL 

C); with greater negative control and negative impact on the Life Events Scale. Finally, MSS 

cases and in particular those with fibromyalgia displayed neurobehavioral abnormalities of 

attention and memory (digit span backward, reaction time and Oregon Digit Recognition). 

The second component entails study of the neuroendocrine axis of the Persian Gulf veterans. All

subjects attending the Persian Gulf Research Clinic are screened using the serum Insulin-like 

Growth Factor-I (IGF-1) and Insulin-like Growth Factor Binding Protein 3 (IGFBP3) levels. This 

has previously been shown to be reduced in one-third  of patients with fibromyalgia. In the 

current study, serum IGF-1 levels were not significantly different in subjects with unexplained 

muscle and joint pain (175.9+43.3), fibromyalgia (183.8 ng/ml+61.0), or healthy controls i.e. 

(192.2+60.6). 

The final component involves evaluating changes in the neuroendocrine axis in greater detail.  

We studied cases of fibromyalgia with low IGF-1 levels and control subjects with normal IGF-1 

levels utilizing in-depth analyses of their hypothalamic-pituitary-growth hormone and 

hypothalamic-pituitary-adrenal axes. The study protocol has been approved by a peer review 

committee of the Clinical Research Center, a dedicated research facility at the Oregon Health 

Sciences University, which is funded and regularly reviewed by scientists and clinicians from the

National Institutes of Health. The laboratories of the Clinical Research Center and Oregon 

Graduate Institute performed half-hourly cortisol and growth hormone levels, a 24-hour cortisol 

production rate and two growth hormone stimulation tests. This enabled the research team to 

objectively document an altered neuroendocrine stress response and adult growth hormone 

deficiency in the symptomatic veterans. 

We report the results of intensive neuroendocrine axis testing in 11 subjects with FM (36+7.7yrs) 

and low IGF-1 levels (129+27ng/ml) compared to 8 controls (35+10yrs) with normal IGF-1 levels 

(240+26ng/ml). Using clonidine and L-arginine, 7/11 FM and 4/8 controls failed to increase their 

serum GH levels to >5ng/ml confirming the presence of adult growth hormone (GH) deficiency. 



In this small sample the mean peak GH achieved was not different between cases and controls



(4.1+4.6ng/ml vs 3.5+3.4ng/ml). GH is normally secreted during stage-4 sleep in the mid to latter 


part of sleep. Studies of 24-hour serum GH secretion have demonstrated abnormal patterns of 
secretion in civilians with FM. In the current study, FM cases had similar 24-hour GH levels but higher 

median levels from 8 pm to 2 am compared to controls (0.16ng/ml vs 0.05ng/ml;p<0.001), L, 
 
suggesting a phase advance in GH secretion. Future reports will provide more detailed diurnal


data utilizing the more complicated method of deconvolutional analysis. 



The hypothalamic-pituitary-adrenal axis is another candidate for studies of the effects of stress. 
We found no difference in urinary cortisol between cases and controls (22.7+9.9ug/g vs .7+8.3ug/g

creatinine). Utilizing the deuterated cortisol method, there was no difference in 
 

24-hour total serum cortisol production rate between cases and controls (17.3+7.7 vs 19+3.8 


mg/24 hrs). The diurnal pattern of cortisol secretion also appears to be maintained with peak 
levels secreted in the early morning and nadir occurring in the early evening. Interestingly FM cases

 reached a significantly lower nadir than controls from 8 pm to 2 am (1.5ug/dl vs 1.9ug/dl;p=0.005) at

 the same time when their GH levels were greater.
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OVERALL PROJECT OBJECTIVE: To evaluate the neurotoxic potential of a group of 

hydrocarbon solvents and the effects on cholinergic neurons of long-term exposure to 

pyridostigmine bromide (PB).

SPECIFIC AIMS:  1. To evaluate effects of pyridostigmine bromide on cholinergic function in 

cerebellar and spinal cord explants. 2.  To examine the relationship between the chromogenic and 

neurotoxic properties of selected organic solvents.

METHODOLOGY: Spinal cord-muscle cocultures derived from fetal mice are used to study to 

effects of chronic and acute exposure to pyridostigmine bromide on the neuromuscular junction. 

Cerebellar cultures derived from newborn mice are used to study the relationship between 

chromogenic and neurotoxic properties of a group of monocyclic and dicyclic hydrocarbon 

solvents.  Test substances are incorporated into the culture medium.  The dosage and duration of

exposure to pyridostigmine and each of the solvents are experimentally determined.

Morphological Analyses

Control and treated explant cultures are stained with thionin (for Nissl substance).  This stain 

allows the evaluation of the various Neuronal cell groups present in explant cultures by light 

microscopy.  Central and peripheral myelination can be readily examined in the living state using 

bright-field optics. In fixed preparations, peripheral myelination can be examined using Sudan 

black staining.  Histochemical staining for acetylcholinesterase is used for localization of 

neuromuscular junctions in muscle fibers.  Immunohistochemical staining is used to identify 

alterations of specific neural components (neurofilaments, calbindin), neurotransmitters (choline 

acetyltransferase, acetylcholinesterase) and supportive glial cells (glial fibrillary acidic protein) 

induced by neurotoxic compounds.  Synaptic changes are elucidated by electron microscopy.

In spinal cord-DRG-muscle explants, extracellular electrodes are used to record dorsal horn, 

ventral horn and muscle responses evoked by extracellular stimulation of dorsal and ventral 

roots.  Intracellular electrodes are used to study the active and passive properties of individual 

neurons and their synaptic responses to afferent stimulation and to record muscle activity.

The statistical significance of quantitative data will be evaluated by analysis of variance 

(ANOVA) for each treatment followed by the Tukey HSD (honestly significant difference) test 

for multiple comparisons, if the data are normally distributed and have equal variances.  If the 

data do not follow a normal distribution, then the nonparametric Krustal-Wallis test followed by a 

Mann-Whitney U test will be used for statistical analysis.  All statistical evaluation will be done 

using Systat computer software (SPPS Inc., VA).

EXPECTED PRODUCTS  (MILESTONES):  Electrophysiological and morphological 

characterization of the cellular neurotoxicity of selected hydrocarbon solvents and pyridostigmine

 bromide.

STATUS/RESULTS TO DATE:  Pyridostigmine Bromide: The effects of extended exposure (1-2 

weeks) to low concentrations of PB (comparable with those associated with doses taken by 

Operation Desert Storm troops) on neuromuscular function were examined in a well characterized 

in vitro model.  Organotypic spinal cord-DRG explants co-cultured with skeletal muscle were used

 to evaluate the effects of exposure to PB. These combination cultures reproduce the 

ultrastructure, physiology and pharmacology of comparable tissues in the intact animal, and they

respond pathophysiologically and neuropathologically to chemicals with neurotoxic properties in a
 comparable manner.  No physiological or ultrastructural alterations were observed in DRG 

neurons or ventral horn motoneurons with exposure to 10-6 M PB for periods of up to two weeks 
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in vitro. Neuromuscular function was selectively affected by PB treatment. Acute treatment 

(minutes) with PB increased spontaneous muscle contraction. This potentiation is consistent with 

the inhibition of acetylcholinesterase and the consequent greater availability of acetylcholine at 


the neuromuscular junction. This effect could be blocked by succinylcholine. Long-term


treatment (days to weeks) with PB decreased the contractile activity of muscle fibers and their 

sensitivity to externally applied acetylcholine. Electron microscopical examination of the 

neuromuscular junctions in cultures treated with PB revealed no evident structural changes after 

a l-week exposure but after a two-week treatment, cystic degenerative changes were evident in 

the nerve terminals. The postjunctional folds displayed atrophic changes and were surrounded by

 vacuolar spaces. These changes are indicative of both nerve terminal degeneration and a 

subjunctional myopathy. Comparable changes have been reported in mammals treated with 

anticholinesterases.  Within one week following withdrawal of PB, muscle fibers became 

functional indicating that the neuromuscular effects of PB were reversible.

This study indicates that the use of low-dose PB may not be entirely risk-free. Even at low 

concentrations, exposure to PB for 1 or 2 weeks produced early functional and later structural 

alterations of the neuromuscular junction. In early stages, changes were limited to desensitization

of the acetylcholine receptors produced by the persistence of acetylcholine in the synaptic 

cleft, followed in later stages by degenerative changes of the neuromuscular junction. 

Comparable changes in animals or humans would likely be associated with muscle weakness.  

However, the reversibility of the PB induced neuromuscular effects suggests that the symptom 

of fatigue which persists in Gulf War veterans is causally unrelated to the phenomenon observed

in spinal cord-muscle cultures. 

Bromide Anion:  PB is composed of two moieties, pyridostigmine (anticholinesterase) and 

bromine. Bromine substitutes for chlorine and, in large concentrations may generate toxic effects

expressed in the form of dermatological and neurological changes.  The bromide anion 

permeates chloride channels of cell membranes and, in contrast to pyridostigmine, it readily 

diffuses across the blood-brain barrier.  The aim of this study was to examine the effect of 

bromide on neural activity.  Cerebellar explant cultures were exposed for a period of two weeks 

to 10-6 M of sodium bromide.  Neural activity was subsequently evaluated by 

electrophysiological recordings.  Exposure to micromolar concentrations of bromide had no effect

on the spontaneous activity of cerebellar neurons.  Additional studies showed that a significant 

depression in the cerebellar neural activity resulted only after substitution of sodium chloride in 

the nutrient media with much higher concentration (20 mM) of sodium bromide.  At this 

concentration, bromide has been shown to enhance gamma-aminobutyric acid (GABA)-activated 

currents in cultured cerebral neurons.  The depressant effects on neural activity of elevated 

bromide were reversed by incubation with standard saline solution.  These results suggest that 

the concentration of the bromide anion in PB at low doses (comparable to doses used by 

Operation Desert Storm troops) produce negligible effects on neural function. 

Organic Solvents:  During FY 99 we continued to examine the neurotoxic properties of 

representative examples of the class of aromatic hydrocarbon solvents.  The compounds we 

evaluated included two isomers of diethylbenzene (DEB) (1,2 DEB and 1,4 DEB) each with 

different chromogenic properties and neurotoxic potential in animals.  Animal data suggest the 

two phenomena are mechanistically linked.  1,2 Diacetylbenzene (1,2 DAB), the reported active 

metabolite of 1,2 DEB is both chromogenic and neurotoxic to Neuronal cultures.  Exposure to 1,2 

DAB even at low concentrations induced peripheral alterations of myelinated fibers and also 

affected the electrophysiological properties of neurons. Electrophysiological studies with 

intracellular microelectrodes showed that acute application of 1,2 DEB decreased action potential 

threshold and induced repetitive firing in spinal cord neurons.  Continuous exposure of spinal cord

cultures to 1,2 DEB did not produce a chromogenic reaction but alterations in peripheral and 

central myelin were observed.  Neurons also presented electrophysiological changes 

characterized by a decrease in excitability with low dose exposure and complete absence of 
excitability after exposure to a high dose. The isomer 1,4 DEB applied acutely to spinal cord neurons

 had no electrophysiological effect. Continuous exposure to 1,4 DEB did not produce 

central or peripheral myelin changes and the neurons did not exhibit significant 

electrophysiological alterations.

In view of the neurotoxic properties of 1,2 DEB, in absence of a chromogenic reaction we 

proceeded to examine other aromatic solvents showing structural analogies.  We compared the 
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effects of 1,2,4 triethylbenzene (TEB) and its isomer 1,3,5 TEB. 1,2,4 TEB applied acutely to spinal cord 

neurons had excitatory effects by lowering the action potential threshold and inducing repetitive 

firing.  Continuous exposure of spinal cord cultures produced central and peripheral myelin 

changes and pronounced decreases in the excitability of neurons.  By contrast 1,3,5 TEB, when 

applied acutely, produced no significant electrophysiological effects on spinal cord neurons.  

Continuous exposure to 1,3,5 TEB did not produce myelin alterations at the low dose, and 

degeneration of central and peripheral myelin was observed in the high dose group.
These findings support the hypothesis that the presence of two ethyl radicals in the

ortho-position on the benzene ring could be a crucial molecular arrangement responsible for 

neurotoxic properties. To further test this hypothesis we have also examined the effects of 

acute and chronic exposure of spinal cord cultures to 1,2 dimethylbenzene (DMB), 1,3 DMB, or

1,4 DMB.  Neither 1,2 DMB nor any of its isomers had significant electrophysiological effects when 

applied acutely on spinal cord neurons.  Continuous exposure of spinal cord cultures to the each of the

three isomers of DMB did not produce morphological or significant elecrophysiological effects in spinal 

cord explants.  These studies are being prepared for publication.  

Most Recent Publications:

Drake-Baumann R., Seil FJ, and Spencer PS.  Neuromuscular responses to pyridostigmine 

bromide in organotypic spinal cord-muscle culture.  J Physiol (Paris) 92: 305-308, 1998.

Drake-Baumann, R. and Seil FJ. Effects of long-term exposure to pyridostigmine on 

neuromuscular junctions in vitro. Muscle & Nerve 22:696-703, 1999.
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Title:
DNA Damage from Chemical Agents and Its Repair (Project IV)

Project #:
VA-6D
Agency:
VA
Location:
VAMC Portland

Status:
Complete
Research Type:
Mechanistic

P.I. Name:
Glen Kisby, Ph.D./ Peter 
Research Focus:
Chemical Weapons

Spencer, Ph.D.

Study Start Date:
10/1/94

Estimated Completion Date:
3/31/00

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: Determine the long-term consequences of genotoxin exposure

on nervous system and non-nervous system tissue.

SPECIFIC AIMS: 1) Determine the type and quantity of specific DNA adducts and the capacity 

to repair these adducts in control and nitrogen mustard (HN2) treated genomic DNA isolated from

normal human skin and brain; 2)  Determine the type and quantity of specific DNA adducts and 

the capacity to repair these adducts in genomic DNA isolated from mouse cerebral cortex 

cultures treated with HN2; 3)  Assess the relationship between DNA damage, DNA repair and cell

degeneration in rodent Neuronal cultures treated with HN2; 4)  Compare and contrast DNA 

damage, DNA repair and cytotoxicity in primary Neuronal and primary glial cultures treated with 

HN2.

METHODOLOGY: 1)  Determine the relative sensitivity of different nervous tissue cell types to 

HN2.  Nervous tissue cell cultures (e.g., rodent astrocytes, cerebellar granule cells, cortical 

explants, and SY5Y human neuroblastoma cells) will be treated for various time periods with a 

range of HN2 concentrations and examined for cytotoxicity using fluorescent dyes for live cells 

(e.g., the mitochondrial fluorochrome Rhodamine 123) and dead cells (e.g., the nuclear 

DNA-binding fluorochrome propidium iodide). 2)  Develop sensitive methods for the detection of 

DNA adducts (i.e., monofunctional and cross-links) in HN2-treated nervous tissue and human 

skin explants.  The most sensitive methods for detecting HN2-induced DNA adducts are the 

32P-postlabeling/TLC (monofunctional adducts) and ethidium bromide assay (crosslinks).  The 

32P-postlabeling/TLC and ethidium bromide assay method was developed and used to detect 

DNA adducts in tissue treated for periods up to 7 days with HN2.  3)  Develop methods for 

determining DNA-repair levels and activity in mustard-treated Neuronal (e.g., cortical, cerebellar) 

and non-Neuronal (e.g., astrocytes) cultures and human skin.  The predominant DNA adduct 

produced by sulfur and nitrogen mustards is the alkylated guanine DNA adduct.  The alkylated 

guanine DNA adduct is repaired by the base-excision repair (BER) pathway.  The rate-limiting 

step in BER is the repair of an apurinic site by apurinic/apyrimidinic endonuclease (APE).  APE 

levels and activity in nervous tissue treated with HN2 will be determined by western blotting and 

a method using damaged plasmid DNA.  These studies will determine the relative DNA repair of 

HN2-induced DNA adducts in different CNS cell types.  Findings from these studies will be 

important for establishing a possible relationship between DNA damage, genotoxin exposure and 

cytotoxicity in nervous tissue.

EXPECTED PRODUCTS (MILESTONES): 1)  Determination of whether mustard agents can 

induce persistent DNA damage to nervous tissue, 2)  Development of sensitive techniques for 

the detection and quantitation of DNA adducts induced by mustards.

STATUS/RESULTS TO DATE:  1)  We studied the response of Neuronal and glial cells and human

skin tissue to HN2.  Human and rodent postmitotic neurons proved to be more sensitive to HN2

than glial cells.  2)  We examined the acute (24 h) and long-term (7 day) cytotoxic effect of 

HN2 on human skin tissue (SKIN2Ö).  HN2 is acutely toxic to human skin tissue at high 

concentrations but extensive tissue damage can be induced by lower concentrations (1/10 or 

1/100 of the acute dose) when tissue is exposed for long periods of time. 3)  We developed 

assays to measure the predominant HN2-induced DNA adduct (monofunctional; GN7) and 

cross-links.  We demonstrated that guanine-N7(GN7) levels were 2-fold higher in postmitotic rat 

cerebellar neurons than dividing SY5Y cells comparably treated.  We showed that cross-link 

levels in HN2-treated human SY5Y neuroblastoma cells increased with increasing concentrations 

of HN2.  Studies are underway to determine if these adducts persist in HN2-treated nervous 
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tissue. 4)  We developed an assay for examining the relationship between cytotoxicity and DNA 

damage.  5)  We developed assays for measuring the effect of HN2 on Neuronal and human 


skin tissue DNA-repair levels and activity.  6) Nitrogen mustard (HN2) modulated the level and

 
activity of the nervous tissue DNA-repair protein APE, which specifically repairs the monofunctional 


HN2 DNA adduct.  Apurinic apyrimidinic (APE) levels increased in HN2-treated rodent


Neuronal cultures (non-dividing cells), while APE levels decreased in human Neuronal 

cultures (dividing cells).  APE activity increased in HN2-treated human skin cultures (actively 

dividing cells).  Altered levels and activity of APE may be an indication of HN2-induced DNA 

damage. 7) Nitrogen mustard (HN2) modulated the level and activity of APE in human skin 

tissue.  A significant increase in immunostaining was demonstrated in human skin probed with an 

antibody to APE. APE activity was increased in cultured human skin explants treated with HN2.

8)  Lymphocytes from a small group of psychologically stressed PGW veterans were examined 

for oxidative DNA repair (i.e., APE and OGG levels and activity).  APE levels and activity were 

increased in lymphocytes of subjects exhibiting psychological stress with accompanying somatic
symptoms.  The same lymphocyte samples were analyzed for APE and 8-oxodeoxyguanosine DNA 

glycosylase (OGG) by a newly developed oligonucleotide assay, but no activity could be 

found (inefficient amount of sample). Recent studies explored the effect of repetitive stress on brain

 tissue DNA repair.  Coronal and saggital brain tissue sections of stressed and unstressed mice were 

immunoprobed with an antibody to APE (previously used to determine human lymphocyte APE levels) 

and a significant decrease in immunostaining was observed in the hippocampus of stressed mice when 

compared with unstressed mice.  These studies suggest that stress (e.g., psychological) may perturb 

brain tissue DNA repair. 9) Cerebellar granule cell cultures prepared from mice defective in nucleotide 

excision DNA repair [i.e., heterozygous (+/-)and homozygous (-/-) for the Xpa protein] were treated with

 HN2 and lactate dehydrogenase
(LDH) release was found to be 1.5-3.0x higher in -/- mice than 

+/- mice.  A similar effect on LDH release was observed when neurons from -/- mice were exposed to

 UV irradiation.  These studies demonstrate that nucleotide excision DNA repair plays an important role

 in protecting neurons from HN2-induced cytotoxicity, possibly by the formation of HN2 DNA cross-links.
Most Recent Publications:

Kisby GE, Sweatt, Spencer PS.  Role of DNA repair in protecting mature nervous tissue from DNA 


damage.  J Cell Biochem 21A, 348, 1995


Kisby GE, Springer N, Spencer PS. In vitro neurotoxic and DNA-damaging properties of 




nitrogen mustard (HN2) J Appl Toxicol (In press).


Spencer PS, Daniels J, Kisby GE.  Mustard warfare agents and related substances.  In: 


Experimental and Clinical Neurotoxicology, (Spencer PS, Schaumburg HH, eds.), Oxford 


University Press, New York, pp.837-848, 2000.


Kisby GE, Davis, E, Springer N, Spencer PS. Determination of nitrogen mustard-induced 

DNA adducts in nervous tissue by an HPLC method with electrochemical detection. 


(Submitted 4/99; under revision).



Kisby GE, Springer N, Spencer PS. In Vitro neurotoxic and DNA-damaging properties of 


nitrogen mustard (HN2). 


Kisby GE, Springer N, Spencer PS. Differential sensitivity of nervous tissue cell types to 

nitrogen mustard-induced toxicity.  In preparation.

Kisby GE, Springer N, Spencer PS. Nitrogen mustard damages Neuronal DNA and alters DNA

repair.  In preparation.
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Title:
Clinical and Epidemiology Leishmania Research

Project #:
VA-6E
Agency:
VA
Location:
VAMC Portland/CROET Portland

Status:
Complete
Research Type:
Clinical Research

P.I. Name:
Michael Riscoe, Ph.D.
Research Focus:
Leishmaniasis

Study Start Date:
10/1/94

Estimated Completion Date:
3/31/00

Summary of Program(s):

OVERALL PROJECT OBJECTIVE:  Development of serological test for viscerotropic 

leishmaniasis and determination of infection rate.

SPECIFIC AIMS: To determine the possibility and rate of infection of PGW veterans with 

Leishmania spp, and to develop novel anti-leishmanial chemotherapeutics. 

METHODOLOGIES:  We have recently identified xanthones as a novel class of antimalarial 

agents (Ignatushchenko et al., FEBS Letters, 409: 67-73, 1997). Selected xanthones were shown 

to form stable, soluble complexes with heme and to block heme polymerization û a key process 

in the survival of the intra-erythrocytic form of the Plasmodium parasite. Considering the 

specific nutritional requirements of Leishmania, we speculated that these organisms would be 

exquisitely sensitive to the effects of heme- and porphyrinûcomplexing xanthones.                   

EXPECTED PRODUCTS (MILESTONES): We are cautiously optimistic that 

a novel xanthone-based treatment for two of the most devastating tropical diseases facing 

mankind today will emerge from this rational drug design project with continued support from the 

VA and DoD.

STATUS/RESULTS TO DATE: We have now documented the antileishmanial activity of 

xanthones and provide experimental evidence of their ability to block parasite access to heme. 

We have evidence that this mode of action may play a role in the antiparasitic action of 

pentamidine (a drug employed as a secondary line therapy for leishmaniasis and 

trypanosomiasis and in front-line therapy of PCP), and that our overall drug design scheme may 

be converging on a similar path (manuscript submitted).   We recognized that the "heme problem"

of Leishmania parasites may be exploitable by heme-complexing xanthones that we produced 

for our VA Merit Review funded malaria project.  We observed the poor activity of 

3,6-diethylminoxanthone and 4,5-diamidino-xanthone in the Plasmodium system and against 

Leishmania promastigotes (the insect form of the parasite). A molecular model was constructed 

on the accumulated evidence and our recently completed 1H-n.m.r. study confirming the 

carbonyl-iron coordination, the stacking of coplanar aromatic molecules, and hydrogen bonding 

between the hydroxyl sustituents of 4,5-dihydroxyxanthone and heme/-Es propionate groups. 

Synthesis of nitrogenated xanthones was planned with amino-and amidino-side chains in the lower
 half of the pharmacophore. 4,5-Diamidinoxanthone was prepared based on a computerized 

docking model and found to exert comparatively weak antimalarial activity in vitro. 

3,6-bis-Diethylaminoxanthone was also prepared but it too exibited only weak activity against P. 

falciparum. These findings indicated that the protonatable species could not be directly attached 

to the aromatic ring on in conjugation with the carbonyl moiety. Presumably this arrangement 

results in formation of bis-cations (formed once the drug enters the acidic environment or the 

parasite vacuole) that draw electrons away from the carbonyl and diminish the interaction with 

heme iron.

A decision was made to retain the oxygen atom (a conjugatively electron-donating species) as a 

bridge for an R-group containing the protonable nitrogen. Molecular models were constructed from

a ball-and-stick kit reproducing bond lengths, geometry, and angle strains demonstrated that an 

optimal chain length in the range of C4 to C6 would permit a relatively strain-free, close 

association between the ammonium ions of the xanthone and the carboxylate groups of heme. 

Since the strength of this ionic interaction is dependent on both bond distance and the dielectric 

constant of the surrounding milieu in the vacuole (which is unknown), it was decided to proceed 

with preparation of the straight-chain di-substituted series from C2 to C8 (i.e., excepting C7), 

each with a terminal diethylamino group. We developed in vitro conditions for invasion of murine 

(BALB/c) bone marrow derived macrophages by promastogotes of Leishmania mexicana M379.  
Persian Gulf Veterans' Illnesses Research 
-
Project 
VA-6E
We synthesized 3,6-bis-diethylaminoalkoxyxanthones with varying chain lengths from C2 to C8 
is accomplished with full analytical figures (August 99 to December 99).  Drug screening
indicates that the corresponding C5 and C6 derivatives (i.e., 3,6-bis-diethylamino-amyloxyxanthone

and 3,6-bis-diethylaminohexyloxyxanthone, respectively) exhibit remarkable potency against the 

intracellular amastigotes of L. mexicana (e.g., IC50 values of below 4 x 10-9M).  In a follow-up 

experiment we have found that C5 clears macrophages heavily infected with amastigotes of L.

mexicana within 48 hrs of drug administration. We discovered that C5 and C6 are also the most 

potent members of the 
3,6-series against drug resistant intracellular parasites of P. falciparum 

(e.g., IC50 values of 150 and 100nM, respectively).  We synthesized and tested a stable form of 

an active primaquine metabolite, 5-acetoxy-6-methoxy-8-aminoquinoline. This was produced initially

for synergy studies with exifone, but is now being tested as a reagent used in functional screening

for inherited enzyme deficiencies in the glutathione cycle (i.e., G6PD). In addition, analogs, in 

which the acetoxy group have been replaced by a peptide for selective cleavage by a protease, 

are underway.

Most Recent Publications:

Ignatushchenko M, Winter R, Hinrichs D, and Riscoe M.  Antileishmanial drug design, Chemotherapeutic

exploitation of parasite heme dependency. (Under revision to include new drug activities against the

amastigote forms/available).
Ignatushchenko, M, Winter, RW, and Riscoe, M., Xanthones as Antimalarial Agents; Stage-specific

action and structure-activity relationships.  (in press, Am J Trop Med Hyg).
Kelly, JX, Winter, RW, Riscoe, MK, and Peyton, DH, Xanthones as antimalarial agents: Binding interactions

between heme analogues and xanthones.  (Submitted).
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Title:
Desert Storm Reunion Survey

Project #:
VA-7
Agency:
VA
Location:
VAMC Boston

Status:
Complete
Research Type:
Clinical Research

P.I. Name:
Jessica Wolfe, Ph.D.
Research Focus:
Brain & Nervous System

Study Start Date:
4/1/91

Estimated Completion Date:
9/30/95

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: The Ft. Devens ODS Reunion Survey represents a 

longitudinal assessment of readjustment of Persian Gulf War veterans returning through Ft. 

Devens, Massachusetts following their return from the Gulf region.

SPECIFIC AIMS: 1. Describe troop demographics of the Ft. Devens cohort of Persian Gulf War 

veterans; 2. Examine, both cross-sectionally and longitudinally, family and unit support factors, 

war-zone exposure, PTSD and pyschological distress symptomatology in these veterans; 3. 

Examine physical health status at Time 2 and explore potential risk factors important in the 

development of adverse physical health after return from a wartime environment.

METHODOLOGY: Subjects were recruited from a group of approximately 5000 Persian Gulf War 

veterans who returned home through Ft. Devens, Massachusetts after the Gulf War.  The 

survey at Time 1 constituted a broad range of demographic questions accompanied by an 

assessment of Post-Traumatic Stress Disorder (PTSD) symptomatology (Mississippi Scale for 

Combat-related PTSD; Keane, Cadell & Taylor, 1988); general psychological well-being (Brief 

Symptom Inventory, BSI; Derogatis & Melisaratos, 1983);  and combat exposure (Gallops, 

Laufer & Yager 1981; Rosenheck, 1992); along with queries of other relevant domains including 

change in work status, current family and social functioning, and post-deployment major life 

stressors (e.g., death of a loved one, separation or divorce, loss of property, physical or sexual 

assault).  At Time 2, additional questions were added to further assess psychological health and 

physical health symptoms. Individual health symptoms were assessed using the 20-item Health 

Symptom Checklist (Bartone et al., 1989) which asked subjects to indicate the presence and 

frequency of symptoms over the past several weeks using Likert-type ratings (0=none, 1=a 

little, 2=often, 3=very often).  In addition, subjects were asked to rate their current physical and 

psychological health separately (‘poor’, ‘fair’, ‘good’, ‘very good’ or ‘excellent’), as well as to rate 

changes in their physical and psychological health since return from the Persian Gulf (‘much 

worse’, ‘worse’, ‘same’, ‘better’ or ‘much better’).

EXPECTED PRODUCTS (MILESTONES): Data from this investigation is expected to provide an 

important opportunity to examine patterns of readjustment and the factors that contribute to the 

changes in the years soon after return from a wartime environment. Results from analyses of 

data collected during Time 1 and Time 2 have been published.  Publications in progress include 

evaluation of reported health symptoms by this cohort of Persian Gulf War veterans at Time 2, 

examination of reported sexual harassment by the women surveyed, and a longitudinal 

assessment of PTSD and psychological symptomatology between Time 1 and Time 2.  

STATUS/RESULTS TO DATE: Over 84 U.S. Army units (n=2949) were surveyed immediately 

upon their return to Ft. Devens, Massachusetts (Time 1) between April and July 1991.  Persons 

tested at Time 1 represented approximately 60% of the troops that were deployed to the Gulf 

from that base.   Comparisons between this sample and data available for the Ft. Devens 

military population at large indicate that survey respondents are generally representative of the 

base's military population.  Examination of nonparticipants at Time 1 indicated random absences 

for administrative and medical purposes. The original cohort contained 2,709 men and 240 women

with a mean age of 30.2 years (SD = 8.6) and 13.2 years of education (SD = 1.8).  The majority 

of troops were Caucasian (87.4%) and reservists (52.2% National Guard; 19.9% Army reservists;

27.9% active duty).  Active duty troops had more black members and were significantly 

younger in age compared to Guard and Reserve Troops.  Overall, veterans in the original cohort 

do not fully reflect military assignments or ethnic and gender compositions of the total U.S. 

Army or Gulf force (U.S. Government Accounting Office, 1992; communication with Defense 

Manpower Data Center).  Consistent with the Ft. Devens' mission, a higher than average  
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proportion of the original sample had combat support  and service support positions during the 

war, rather than active combat roles. Approximately 18-24 months after initial testing, veterans 

were resurveyed (Time 2) to reevaluate their adjustment.  This survey repeated all Time 1

measures and queried other 
relevant domains including work status, family and social functioning, 

health status, health service use, and intervening life stressors.  In the majority of cases, the Time 2

survey was readministered in persons during weekend unit drills.  Persons in units that could not be 

scheduled in a timely fashion were resurveyed using an identical questionnaire sent through the

mail.  A total of 2,313 persons successfully completed the Time 2 survey (2,119 men, 194 women; 

Wolfe et al., 1993), yielding an overall response rate of 78%.  Analyses of these data show no 
significant Time 1 related differences between Time 2 respondents and non-respondents on most 

background or outcome measures (e.g., educational level, PTSD symptomatology).  However, 
individuals who did not complete the Time 2 reevaluation were more likely to be younger and on 


active duty status.  Based on veterans' verbal and written comments concerning their health

status atTime  2, the Time 3 investigation was designed to reexamine overall adjustment with a 

special emphasis on physical health and psychological status and to evaluate cognitive 
functioning by neuropsychological test methods on a subset of the larger cohort. The Time 3

study is now project VA-4B.  A Time 4 resurvey of the entire Devens cohort is being conducted as

part of the study "Female gender and other potential predictors of functional health status 
among Persian Gulf war veterans" (see Project DoD-52).
Most Recent Publications:



Wolfe J.  Preliminary report of reunion survey on Desert Storm returnees.  In. R. 
Rosenheck, et al. (eds.).  War-zone stress among returning Persian Gulf troops: A preliminary report.  Legislative report to Congress. 1991.
Wolfe J, Kelley JM, Buscela ML, Mark WR. Ft. Devens Reunion Survey: Report of Phase I. In R. 

Rosenheck et al. (eds.), War-zone stress among returning Persian Gulf troops: Final Report. Legislative

report to Congress. 1992.

Wolfe J, Brown PJ, Kelley JM.  Reformulating war stress: Exposure and the Persian Gulf Journal of Social Issues, 49, 15-31. 1993.
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Title:
Psychological Test Data of Gulf War Veterans Over Time

Project #:
VA-8
Agency:
VA
Location:
VAMC Mountain Home

Status:
Ongoing
Research Type:
Clinical Research

P.I. Name:
Patrick Sloan, Ph.D.
Research Focus:
Symptoms/General Health

Study Start Date:
7/9/91

Estimated Completion Date:
09/03/02

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: (1) To learn more about reactions to combat exposure, stress,
 and Persian Gulf War-related health concerns, (2) exploration of the relationships among 

symptoms, demographic variables and veterans’ psychological status, (3) to provide 

intervention, education, and support to Gulf War veterans by providing a) general information 

about reactions to combat/desert duty, and b) opportunities for individual discussion of 

experiences and current physical health, (4) administration of standardized psychological 

questionnaires and instruments, and (5) referral to VA and other community services available 

for health and other related concerns.

SPECIFIC AIMS: To learn more about psychological stress and physical symptoms experienced 

by Persian Gulf War veterans.

METHODOLOGY: Initially evaluated 66 Gulf War Marine reservists on a number of psychological

instruments within 5 months of Operation Desert Storm using the Mississippi Scale for Desert 

Storm War Zone Personnel, MMPI-2, Impact of Event Scale, War Stress Inventory-Operation 

Desert Storm Version, Rorschach test evaluation of DSM-III-R criteria for post-traumatic stress 

and post-traumatic stress disorder (PTSD). At one year follow-up, the MMPI-2 and Impact of 

Event Scale were collected on a sub-sample of these Gulf War veterans. At 3-year follow-up, all 

of the original measures, plus a physical symptom questionnaire selected questions from the 

Persian Gulf Registry Code Sheet and The Hand Test, were administered to a sub-sample of the 

original group and a control group of Marine Reservists from the same unit who had never been 

stationed outside of the U.S. Statistical analyses employed in this study included correlation, 

paired and independent t-tests, ANCOVA, MANCOVA, discriminant analysis, stepwise 

discriminant analysis, and repeated measure design ANOVA. Currently, volunteers referred for 

psychological and neuropsychological evaluation will complete all the measures listed above, the 

Halstead-Reitan Neuropsychological Test Battery, and questions related to disability status.

EXPECTED PRODUCTS (MILESTONES): Assess the utility of psychological instruments in the 

detection of war-zone stress reactions. Instrument variables associated with response to 

stressors are expected to be related to DSM-III-R criteria for post-traumatic stress and PTSD.

STATUS/RESULTS TO DATE: The project is currently ongoing, the sample size is increasing and 

data are being collected. Results to date show differences over time between the initial 

evaluation data and follow-up, and between initial evaluation and control group on selected 

variables associated acute distress, and capacity for coping. Findings are being analyzed in 

relation to the assessment, understanding, and treatment of post-traumatic stress 
symptomology of PTSD. Continuing to collect data and have several manuscripts submitted for

publication.

Most Recent Publications:

Sloan P, Aresenault L, Hilsenroth M. A longitudinal evaluation of the Mississippi Scale for 

Combat-related PTSD in detecting war-related stress symptomatology. Journal of Clinical 

Psychology, (54) 8:1085-90, 1998.

Sloan P, Arsenault L, Hilsenroth M, Harvill L, Handler L. Rorschach measures of 

post-traumatic stress in Persian Gulf War veterans: A 3-year follow-up study. Journal of 

Personality Assessment, 66(1), 54-64, 1996.
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Sloan P, Arsenault L, Hilsenroth M, Harvill L.  Assessment of non-combat, war-related 

post-traumatic stress symptomatology: validity of the PK, PS, and IES Scales. Assessment,


(3) 1, 37-41, 1996.

Sloan P, Arsenault L, Hilsenroth M, Harvill L, Handler L. Rorschach measures of 
post-traumatic stress in Persian Gulf War veterans. Journal of Personality Assessment, 64,

397-414,1995
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Title:
Evaluation of Cognitive Functioning in Persian Gulf War Veterans Reporting War-related 

Health Problems

Project #:
VA-9
Agency:
VA
Location:
VAMC New Orleans

Status:
Complete
Research Type:
Clinical Research

P.I. Name:
Patricia Sutker, Ph.D.
Research Focus:
Brain & Nervous System

Study Start Date:
10/1/94

Estimated Completion Date:
9/30/95

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: Addressing a topic of timeliness and importance, this project 

evaluated cognitive and psychosocial functioning among Operation Desert Storm (ODS) 

veterans who experienced health problems and physical symptoms following return from the 

Persian Gulf War zone. The primary objective of the project was to explore environmental, 

neurotoxic, and psychological correlates of health complaints among these veterans.

SPECIFIC AIMS: The project examined potential differences between veterans reporting high 

levels of health concern and those reporting low levels of concern on measures of psychological 

well-being, psychopathology, environmental exposure to toxins and adverse environmental 

events in the war-zone and prior to war-zone duty, and neuropsychological functioning.

METHODOLOGY: Conducted in cooperation with a research team of psychologists working at the

Boston VAMC, study design incorporated a local sample of 78 Persian Gulf returnees who were 

divided into high and low health concern subsets on the basis of self-reported health status.  

Participants underwent a clinical diagnostic evaluation that includes administration of an 

environmental exposure interview; a structured psychodiagnostic interview; a battery of 

neuropsychological tests selected for their specificity and sensitivity to neurotoxicity and 

emotional and motivational factors; and self-report inventories assessing mood, emotional 

well-being, PTSD symptomatology, combat exposure, and physical symptoms. Statistical 

analysis incorporated a multivariate analysis of variance approach, comparing the two health 

concern subgroups from both sites on measures of environmental exposure, psychological and 

neuropsychological functioning, and physical symptoms.

EXPECTED PRODUCTS (MILESTONES): Given current interest in the multiple, yet inadequately 

diagnosed or explained health problems and symptoms reported by sizable subsets of returnees 

from the Persian Gulf War, this project will have direct relevance to health care delivery in the 

VA system nationwide. Study results will be pertinent to development of appropriate clinical 

diagnostic and treatment services for Persian Gulf returnees and veterans of more recent 

military operations and objective evaluation of veteran disability and compensation claims in the 

VA system.

STATUS/RESULTS TO DATE: Data collection at New Orleans site has been completed. All data have

been forwarded to the Boston site for multi-site statistical analysis and dissemination of 

findings.

Most Recent Publications:

None to date
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Title:
Memory and Attention in PTSD

Project #:
VA-10
Agency:
VA
Location:
VAMC New Orleans

Status:
Complete
Research Type:
Clinical Research

P.I. Name:
Jennifer Vasterling, Ph.D.
Research Focus:
Brain & Nervous System

Study Start Date:
2/1/94

Estimated Completion Date:
3/31/99

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: Clinical reports have documented that as many as 67-100% 

of veterans undergoing treatment for war-related post-traumatic stress disorder (PTSD) exhibit 

deficits in memory and concentration. This project sought to address the common and potentially

debilitating problems of impaired learning, memory, and attention functions reported by veterans

suffering PTSD.

SPECIFIC AIMS: Incorporating two separate investigations, this research applied a 

comprehensive assessment protocol that included evaluation of psychopathology and 

neuropsychological functioning in veterans of Vietnam and a younger cohort of Gulf returnees. 

In particular, the project provided in-depth description and analysis of learning, memory, and 

attention functioning among these veterans.

METHODOLOGY:  Within each study, comparisons of neuropsychological performances were 

conducted between community-recruited groups of veterans with PTSD diagnoses related to 

war-zone duty and veterans found to be free of psychopathology. Psychopathology was 

assessed with structured clinical interview and self-report inventories. Attention, learning, 

memory, and other cognitive processes were assessed with standardized neuropsychological 

assessment instruments. Data analysis, conducted separately for the two cohorts, was 

accomplished using a multivariate of analysis approach.

EXPECTED PRODUCTS (MILESTONES): Because problems with attention, learning, memory, 

and other cognitive functions can dramatically disrupt social and occupational functioning, as well

as hinder treatment efforts of war-related stress and other disorders, studies of 

neuropsychological sequelae to war trauma are pivotal to understanding the complex behavioral 

and emotional expression of PTSD, to delivery of appropriate, effective treatment interventions 

to these veterans, and to exploring long-term psychosocial outcomes in veterans suffering PTSD

and served by the VA system.

STATUS/RESULTS TO DATE: This research was conducted on a sample of 95 Gulf War 

returnees. Findings reveal that in comparison to psychopathology-free veterans, veterans 

diagnosed with PTSD performed significantly more poorly on verbal intellectual tasks including 

those tasks thought to predict premorbid functioning.  Results suggest that intellectual resources,

particularly verbal skills, may buffer development of stress-related psychopathology following 

trauma exposure. Analysis of cognitive data revealed specific PTSD-related deficits in sustained

attention, working memory, initial acquisition of new material, and resistance to retroactive 

interference. In addition, PTSD diagnosis was associated with errors of commission and intrusion.
Results are consistent with models of PTSD that emphasize the role of hyperarousal and implicate

dysfunction of frontal-subcortical systems. These results were generally replicated with 
 a sample 

of Vietnam veterans, Although PTSD-diagnosed Vietnam tended to show more errors 

of omission rather than commission.  This project is being continued as project VA-54.

Most Recent Publications:

Vasterling JJ, Brailey K, Constans JI, Sutker PB. Attention and memory dysfunction in 

posttraumatic stress disorder. Neuropsychology, 12:125-133, 1998.
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Title:
Neuropsychological Functioning in Veterans

Project #:
VA-11
Agency:
VA
Location:
VAMC New Orleans

Status:
Complete
Research Type:
Clinical Research

P.I. Name:
Jennifer Vasterling, Ph.D.
Research Focus:
Brain & Nervous System

Study Start Date:
2/1/92

Estimated Completion Date:
3/1/95

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: Complaints of impaired memory and concentration among 

veterans seeking treatment for post-traumatic stress disorder (PTSD) highlight the importance of 

systematic evaluation of these cognitive functions among PTSD-diagnosed veterans. The 

primary objective of this project was to collect pilot data regarding  learning, memory, and 

attention functioning in Persian Gulf returnees reporting PTSD symptomatology.

SPECIFIC AIMS: The specific aim of this project was to compare learning, memory, and 

attention performances in samples of Persian Gulf returnees with and without diagnoses of 

PTSD.

METHODOLOGY: Subjects were 15 Persian Gulf War zone veterans diagnosed with 

military-related PTSD and 27 Persian Gulf War zone veterans found to be free of any PTSD 

symptomatology. All subjects underwent structured psychiatric interview and neuropsychological 

assessment using a brief screening battery designed to emphasize attention, learning, and 

memory functioning.  Statistical analyses included a series of univariate analyses of variance 

(ANOVAs) and univariate analyses of covariance (ANCOVAs) using vocabulary performance as 

a covariate to compare the two samples on demographic variables and dependent measures of 

cognitive functioning.

EXPECTED PRODUCTS (MILESTONES): Results of this project impact potentially on 

comprehensive assessment and treatment services provided to PTSD-diagnosed Persian Gulf 

War zone veterans.    

STATUS/RESULTS TO DATE: Veterans in the PTSD sample were on average older, less 

educated, and performed more poorly on a vocabulary task used as an estimate of premorbid 

intellectual sophistication than veterans in the comparison sample. Comparisons of group 

performances on the neuropsychological tasks revealed that the PTSD sample performed more 

poorly than the comparison sample on measures of simple and complex attention and word 

retrieval.  When differences in estimated native intellectual skills were controlled for statistically,

by the inclusion of vocabulary performance as a covariate in a series of ANCOVAs, no 

significant differences between groups emerged on any of the attention or memory measures. 

That the effects of PTSD on attention and memory functions could not be parceled out from 

those attributable to such factors as lower levels of education and premorbid intellectual 

sophistication does not negate the clinical significance of study findings. Results of this 

exploratory pilot project complement previous research suggesting that higher levels of education


and intellectual functioning may buffer the impact of trauma on the development of subsequent

 
stress-related psychopathology. This phase of the project is complete and has led to the 

development of a more refined and comprehensive neuropsychological protocol to be 

administered to a larger sample of Persian Gulf veterans.

Most Recent Publications:

Vasterling JJ, Root L, Brailey K, Uddo M, Sutker PB.  Attention and Memory performances in

post-traumatic stress disorder.  Paper presented at 22nd Annual Meeting of the Internat. 

Neuropsychological Society, Cincinnati, OH. February 1994.
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Title:
Psychological Assessment of Operation Desert Storm Returnees

Project #:
VA-12
Agency:
VA
Location:
VAMC New Orleans

Status:
Complete
Research Type:
Clinical Research

P.I. Name:
Patricia Sutker, Ph.D.
Research Focus:
Brain & Nervous System

Study Start Date:
8/1/91

Estimated Completion Date:
9/1/97

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: This research was designed to determine the psychological 

sequelae to war-zone exposure among troops who served in the Gulf during Operation Desert 

Storm (ODS) compared to troops who were activated during ODS but not deployed to the Gulf.

SPECIFIC AIMS: Objectives of this project were to conduct comprehensive psychological 

assessments and debriefings among the masses of troops mobilized in support of ODS; identify 

psychological, somatic, and cognitive symptoms and mental disorders, both early and 

persistent, that are associated with Gulf war--zone exposure; and explore personal resources and 

environment factors that may differentiate Gulf--deployed troops exhibiting war-related 

psychopathology from troops found to be free of psychological disturbances.

METHODOLOGY: Comprehensive psychological assessments were conducted with 

non-treatment-seeking troops who served in the Gulf and a comparison sample of troops from 

the same military units who were activated during ODS but not deployed to the Gulf.  Follow-up 

assessments were conducted  to assess psychological status over time and ongoing 

symptomatology.  The subject sample includes 1520 military personnel mobilized in support of 

ODS, including 517 Louisiana National Guard and 1003 Marine, Army, Air Force, and Navy 

Reserve troops, 194 of whom were members of Quartermaster units assigned graves registration

duties.  Subjects reported an average age of 29 years at time of initial assessment and 

completed an average of 13 years of formal education.  The percentage of African- American 

and other minority troops was 43%, and 14% were women.  An assessment battery focusing on 

domains of personal resources, stressor characteristics, negative mood states and traits, 

psychiatric and physical symptoms, and symptoms of posttraumatic stress disorder (PTSD) was

administered in regularly- scheduled drill exercises at 6, 8, and 12 months following ODS and at 

one-year follow-up intervals.  An individually-administered comprehensive structured clinical 

diagnostic interview was conducted with a subset of graves registration troops judged to be at 

high risk for negative psychological sequelae because of their gruesome Gulf War body handling

duties.  Data analytic strategies for continuous variables included multivariate and univariate 

analyses of variance, with repeated measures where indicated, and stepwise discriminant 

function analyses.  Chi-square analyses were conducted for categorical variables.

EXPECTED PRODUCTS (MILESTONES): By establishing prevalence estimates for negative 

sequelae to war--zone duty, identifying troops at high risk for development of war-zone-related 

psychopathology, and determining factors associated with increased psychological vulnerability 

to war-zone service, results have implications for development of more effective and efficient 

strategies and procedures for military training and preparing troops for war-zone exposure, 

conducting debriefing exercises to facilitate community reentry following war-zone service, and 

providing mental health treatment interventions specific to war-zone-related psychopathology.

STATUS/RESULTS TO DATE:  The project is completed. Comparisons of data collected upon 

initial assessment among 876 war-zone deployed and 396 non-war-zone deployed troops showed 

that troops exposed to war-zone duty reported higher levels of depression, anxiety, and somatic 

preoccupations than did the non-war-zone deployed sample.  Specifically, 23% of the war-zone 

deployed sample showed at least mild levels of clinical depression, and 14% met criteria for 

PTSD measured by paper-and-pencil instruments.  War-zone troops complained more often of 

somatic discomfort than did non-war-zone troops, citing headaches (22% versus 13%), general 

aches and pains (20% versus 13%), lack of energy (18% versus 12%), sleep disturbances (17% 

versus 10%), and common cold or flu (16% versus 11 %).  Troops who served in the Persian 

Gulf described more mental health symptoms as war-zone stress severity increased, and 

symptom expression among 349 war-zone troops increased over a 1-year follow-up interval on 
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measures of depression, anxiety, anger, physical distress symptoms, and PTSD.  Among those


who served in the Gulf war-zone, ethnic minority troops were more frequently assigned PTSD

 diagnoses than were their white counterparts; however, women did not evidence greater 

vulnerability to negative psychological sequelae to war-zone exposure than men.  War-zone-related 


PTSD diagnoses were associated with low levels of the personality hardiness dimension of 


commitment, reliance on avoidance as a coping mechanism, low perceived family cohesion,


and low satisfaction with available social supports.  Scores on these dimensions at 

initial assessment predicted the presence/absence of PTSD at one-year follow-up with 77% 

accuracy.  Comprehensive structured clinical diagnostic interviews were administered to a subset

of troops judged to be at high risk for negative psychological outcomes to war-zone trauma by 

virtue of particularly gruesome war--zone assignments, i.e., graves registration or body handling 

duties, during the Gulf War.  Among 24 Louisiana based troops of the 630th Quartermaster 

Company who performed Persian Gulf graves registration duties, prevalence of current PTSD 

was found to be 46%, and rates of comorbid disorders among troops assigned PTSD diagnoses 

included major depression (55%), alcohol abuse/dependence (27%), depressive disorder NOS 

(18%), and simple phobia (9%).  Findings were replicated and extended by assessments 

conducted among the Puerto Rico-based 246th Quartermaster Battalion with subsequent 


comparisons of 40 troops who performed graves registration duties in the Persian Gulf to 20 

similarly-trained troops who were not deployed to the Gulf and who had no ODS graves 



registration exposure.  Diagnoses of current PTSD were found in 48% of war-zone deployed 


troops; whereas, none of the non-war zone deployed troops met PTSD criteria.  Low rates of 


pre-ODS deployment psychiatric disorders were found in both subsets of troops.  Current 
comorbid diagnoses among troops who met criteria for PTSD included depressive disorder (37%),

alcohol dependence (21 %), other anxiety disorder (5%), and polysubstance dependence (5%).  


One-year follow--up assessments were completed with 17 troops of the 630th Quartermaster 

Company who were assigned Gulf War graves registration duties, and 47% met criteria for 

current PTSD.  Of the 26 troops of the 246th Quartermaster Battalion who performed war-zone 

graves registration duties and completed follow-up assessment, 38% evidenced current PTSD.  

Thus, 42% of troops assessed at follow-up were classified as positive for PTSD two years after 

war-zone service.


Most Recent Publications:



Brailey K, Vasterling JJ, Sutker PB. Psychological aftermath of participation in the Persian Gulf 



War. In A. Lundberg (ed). The Environment and mental health: a guide for clinicians. Lawrence 



Earlbaum: Mahwah, NJ, 83-101, 1998.
Benotsch E, Brailey K, Vasterling JJ, Uddo M, Constans JI, Sutker PB.  Longitudinal relationship of individual resource factors to stress-related psychopathology.  Journal of Abnormal Psychology (Submitted).
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Title:
Neurobehavioral Aspects of Persian Gulf Experiences:  A Pilot Study

Project #:
VA-13
Agency:
VA
Location:
VAMC Pittsburgh

Status:
Complete
Research Type:
Clinical Research

P.I. Name:
Gerald Goldstein, Ph.D.
Research Focus:
Brain & Nervous System

Study Start Date:
4/1/94

Estimated Completion Date:
3/31/95

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: To collect data on a sample of 50 Persian Gulf Veterans who 

have returned with physical or psychosocial complaints.

SPECIFIC AIMS: To obtain pilot data to gain objective evidence of impairment of cognitive 

ability and brain function, or of psychosocial disability.

METHODOLOGY: Subjects were tested in our laboratories with an extensive battery of 

neuropsychological tests, event-related brain potentials, measures of cardiac and pupillary 

reactivity, laboratory measures of attention, and various interviews, tests, and questionnaires to 

evaluate psychosocial status with an emphasis of PTSD. Data were analyzed descriptively and 

in reference to available literature and normative information. The presence of abnormal findings 

should provide the basis for further study with a controlled investigation.

EXPECTED PRODUCTS  (MILESTONES): To obtain neuropsychological, psychophysiological 

and psychosocial data from 50 Persian Gulf veterans.

STATUS RESULTS TO DATE:  A paper describing the neuropsychological test results has 

appeared in the Journal of the International Neuropsychological Society. The findings are 

summarized as follows. A neuropsychological investigation of 21 Persian Gulf veterans and 38 

demographically matched controls was conducted in order to make a preliminary determination 

concerning presence of neuropsychlogical deficits associated with the Persian Gulf War 

experience. The neuropsychological test battery consisted of measures of complex attention, 

memory, and motor skills, previously shown to be sensitive to exposure to environmental toxins.

 It was found that the Persian Gulf veterans group did not demonstrate substantial impairment, 

but an impairment index derived from 14 test variables was statistically significantly different 

from controls in the direction of poorer performance. A second study involving the 

psychophysiological data is currently being prepared for submission to Biological Psychiatry as a

brief report. We found prolonged latencies, without reduction in amplitude, in the P300 

component of the auditory event related potential (ERP) in the Persian Gulf veterans. This 

prolongation was significantly different from demographically matched controls when we only 

considered the 13 of 19 subjects who had complaints related to cognitive function, such as 

memory impairment.  The remaining 6 subjects had normal latencies. Prior research has shown 

that increased latencies are associated with decline in cognitive efficiency. We therefore 

concluded that reported cognitive deficits may not be associated with psychological distress 
alone. A paper reporting these results is under review by the Journal of the International Neuropsychological Society.

Most Recent Publications:

Goldstein G, Beers SR, Morrow L A, Shemansky WJ, Steinhauer SR.  A preliminary 

neuropsychological study of Persian Gulf veterans.  Journal of the International 

Neuropsychological Society 2:368-371, 1996

Steinhauer SR, Beers SR, Goldstein G, Shemansky WJ, Morrow LA. Neurophysiological and 

neuropsychological characteristics of Gulf War veterans. J Intern Neurop Soc (abstract) 


2:68, 1996.
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Title:
Vaccine-Mediated Immunity Against Leishmaniasis

Project #:
VA-15
Agency:
VA
Location:
VAMC Cleveland

Status:
Ongoing
Research Type:
Mechanistic

P.I. Name:
Frederick Heinzel, M.D.
Research Focus:
Leishmaniasis

Study Start Date:
1/1/93

Estimated Completion Date:
9/30/03

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: To determine the expression and function of T cell 

costimulatory molecules during vaccination of mice with Leishmania major antigen and cytokine 

adjuvants. We hypothesize that distinct costimulatory interactions can be manipulated in vivo to 

specifically induce or enhance unipolar Th1 CD4+ responses that produce interferon-gamma and 

thereby protect against disease.

SPECIFIC AIMS: 1. Determine how CTLA4 and CD28 mediate opposing effects on T cell 

phenotype and disease outcome in disease-susceptible and resistant mice following primary 

infection or vaccination with Leishmania major. 2. Determine cytokine-dependent and 

-independent mechanisms by which CTLA4 and CD28 affect disease outcome. 3. Examine the 

efficacy of activating anti-CD40 antibody as a Th1-selective adjuvant.

METHODOLOGY:   We hypothesize that strong CD28 signals are required for Th2 responses in 

BALB/c mice and that the experimental loss of CTLA4 counter-regulation exacerbates disease. 

Blocking CD28 should reverse susceptibility and promote protective vaccination. Since 

anti-CTLA4 Mab treated exacerbates disease in IL-4 deficient mice, we hypothesize that CD28 

and CTLA4 mediate these effects by cytokine-independent regulation of CD40 ligand or IL-12 

receptor expression during infection and vaccination. We also hypothesize that CD40 activation 

activates dendritic cells and macrophages to produce factors that promote Th1 selection is 

response to vaccination. These responses include production of IL-12 and the induction of T cell 

IL-12 receptor. CD40 activation may also promote dendritic cell expansion and maturation and we

will test the alternative hypothesis that increased numbers of dendritic cells will alter the immune

phenotype induced by vaccination.

EXPECTED PRODUCTS (MILESTONES): Reagents that block CD28 or that activate CTLA4 

could be used to direct Th1/Th2 cytokine responses during antigen-driven cellular immune 

responses. CD40 stimulating molecules, such as soluble CD40 ligand or anti-CD40 Mab might 

prove to be useful vaccine adjuvants.

STATUS/RESULTS TO DATE: Blockade of CTLA4 worsens leishmaniasis in BALB/c mice, 

including mice with deletions in the IL-4 gene. A role of IL-13 or altered IL-12 receptor function is 

postulated. Treatment with anti-CD40 Mab prevents progressive leishmaniasis in susceptible 

BALB/c mice and appears to cure established disease as well. Furthermore, anti-CD40 blocks 

Th2 responses induced by injection with Schistosoma egg. Dendrite cell growth factors provide 

protection against disease, suggesting another novel adjuvant for T-cell directed vaccines.

Most Recent Publications:

Sang DK, Ouma JH, Whalen CC, King C, Mahmoud AAF, Heinzel FP. Increased levels of 

soluble interleukin-4 receptor in serum of patients with visceral leishmaniasis. J Infect Dis, 

179(3): 743-6, 1999.

Yip HC, Karulin AY, Tary-Lehmann M, Heeger P, Trezza RP, Heinzel FP, Forsthuber T, 

Lehmann PV. Adjuvant guided type 1 and type 2 immunity. J Immunol, 162(7): 394-9, 1999.

Heinzel FP, Rerko RM, Jujer AM, Maier RA. Increased capacity for interleukin-2 synthetic 

capacity parallels disease progression in mice infected with Leishmania major. Infect Immun,

66:4537-40, 1998.

Heinzel FP, Rerko RM, Jujer AM. Underproduction of interleukin-12 during progressive murine

leishmaniasis is due to decreased CD40 activity. Cell Immunol, 184:129-142, 1998.
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Heinzel FP. From oriental sore to Kala-azar: Clinical and therapeutic aspects of the 
Leishmaniasis. Clin Microbiol, Newsletter, 19:121-6, 1997.



Heinzel FP, Jujer AM, Ahmed F, Rerko RM. The in vivo production and function of IL-12 p40 

homodimers. J Immunol, 158:4381-8, 1997.

Heinzel FP, Rerko RM, Ahmed F, Hujer AM. IFN-Y independent production of IL-12 during 

murine endotoxemia. J Immunol, 157:4521-8, 1996.
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Title:
Protective Immunity in Experimental Visceral Leishmaniasis

Project #:
VA-16
Agency:
VA
Location:
VAMC San Antonio

Status:
Complete
Research Type:
Mechanistic

P.I. Name:
Peter Melby, M.D.
Research Focus:
Leishmaniasis

Study Start Date:
10/1/94

Estimated Completion Date:
9/30/97

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: Characterization of the protective immune mechanisms in 

experimental visceral leishmania, and identification of the parasite antigens which elicit such 

protective responses.

SPECIFIC AIMS: Studies of the murine model of visceral leishmaniasis will provide a means to 

characterize the operative protective immune mechanisms as well as identify parasite antigens 

which have potential use for human vaccination. Characterization of the protective immune 

mechanisms in experimental visceral leishmaniasis will be accomplished by studies of the in situ 

cytokine response to primary infection in susceptible mice, as well as identification of responses
 associated with the acquisition of immunity. Once the mechanisms associated with 

protective immunity have been defined the parasite antigens relevant to immunity can be 

identified. Purified and recombinant Leishmania donovani antigens which elicit an in vitro 

cytokine response which correlates with in vivo immunity will be identified and characterized.

METHODOLOGY: The murine model of visceral leishmaniasis will be used to characterize the 

mechanisms involved in protective immunity at the tissue level. These studies were performed 

using a reverse transcriptase polymerase chain reaction methodology for measuring cytokine (IL

4, 11 6, IL 10, IL12, IFN - y) gene expression in skin, Lymph node, and spleen. Comparisons 

were made between mice infected locally (skin) and systematically (intravenous). Expression of 

these cytokines in the spleen was also studied at the protein level using immunohistochemical 

techniques. Because infection of mice with L. donovani does not result in a progressive lethal 

infection, we have also begun to study the immunopathogenesis of VL in the Syrian hamster 

model which very closely mimics the progressive, fatal disease seen in humans. Because there 

were no reagents available to study this model, we cloned and sequenced a number of the 

hamster cytokine genes (IL-2, IL-4, IL-10, IL-12, IFN-y, TNF alpha, and TGF-beta). These 

molecular probes were then used to characterize the expression of cytokine mRNAs in active VL 

in the hamster model. In our work to identify vaccine candidates for this disease, we have 

cloned recombinant L. donovani antigens into a eukaryotic vector for use in DNA immunization 

studies. Because of the prominent role IL-12 plays in the local containment of L. donovani 

infection through induction of a Th1 response, we have constructed an IL-12 expression plasmid 

for use as an adjuvant in the DNA immunization studies.  Once the in situ mechanisms are better

defined, in vitro correlates of immunity (e.g. a certain cytokine profile) can be identified. 

Semipurified or purified soluble antigens will then be tested in vitro for their capacity to elicit a 

proliferative response and protective cytokine profile in stimulate splenocytes or lymph nodes. A

recombinant library will also be directly screened using spleen cells from immune animals. This 

will enable the identification of vaccine candidates which can subsequently tested in the animal 

model.

EXPECTED PRODUCTS (MILESTONES): 1. Identification of cytokines associated with control of

infection; 2. Identification of cytokines associated with resistance to reinfection; 3. Identification

of antigens having the potential to stimulate protective immunity.

STATUS/RESULTS TO DATE: Mice infected with L. donovani amastigotes by the intradermal 

route develop minimal cutaneous swelling, regional lymphadenopathy, but no detectable visceral 

(hepatic) parasite burden. In contrast, mice infected by the intravenous route develop 

progressive hepatosplenomegaly and a visceral parasite burden that increases up to 4-6 weeks 

after infection. To understand the mechanisms associated with the local control of infection and 

active visceral disease, we have characterized the in situ expression of cytokines (IFN-y, IL-4, 

IL-10, and IL-12) in the spleen, draining the lymph node, and cutaneous site of inoculation 

compared to the spleen following systemic inoculation. IL-10 and TGF-b mRNA and protein  

Persian Gulf Veterans' Illnesses Research 
-
Project 
VA-16


expression were prominent in the spleens of systemically infected animals. There was significant


expression of both IL-10 and IL-12 at the cutaneous site of inoculation starting 7 days after


infection. Thus there seems to be a mixed Th1/Th2 type response to primary infection in this 

model, but local control (skin and draining LN) appears to be associated with markedly increased 

levels of IFN-y and IL-12 RNA. These differences may be due to more efficient antigen 

presentation at the LN level following cutaneous infection (possibly from migration of cutaneous 

cells), or the induction of immunological tolerance following intravenous infection.
Additional studies were performed using a similar methodology to characterize the immunopathogenesis 

of VL in the highly susceptible hamster model. In order to study the model, multiple hamster cytokine genes

 were cloned, sequenced and used as molecular probes to determine the levels of mRNA expression in 

response to active visceral disease. There was a 
strong Th1 cytokine expression in the spleen in 

spite of the progressive nature of disease in this model of lethal infection. IL-10, but not IL-4 expression 

was markedly increased in response to infection and is likely to play a role in the progressive nature of

this disease.A number of L. donovani antigens previously identified as a target of immune T cells 

have been cloned for study of vaccine candidates. The open reading frames have been cloned into a 


eukaryotic expression vector, expressed in mouse fibroblasts and macrophages, and the nature 

of the T cell response directed toward it is being characterized. Mice have been immunized with 

these constructs and studies to determine their protective efficacy are in progress. The IL-12 

expression vector we have constructed will be used as an adjuvant in these immunization 

studies.


Most Recent Publications:

Melby PC, Yang YZ, Cheng J, Zhao W. Regional differences in the cellular immune response to experimental cutaneous or visceral infection with Leishmania donovani. Infect Immun 66:18-27, 1998.

Melby PC, Tryon VV, Chandrasekar B, Freeman GL. Cloning of Syrian hamster (Mesocricetus auratus) cytokine cDNAs and analysis of cytokine mRNA expression in experimental visceral leishmaniasis. Infect Immun 66(5): 2135-2142, 1998.
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Title:
Immunological Evaluation of Persian Gulf Veterans

Project #:
VA-17
Agency:
VA
Location:
VAMC Birmingham

Status:
Complete
Research Type:
Clinical Research

P.I. Name:
Michael P. Everson, Ph.D.
Research Focus:
Immunology

Study Start Date:
4/1/94

Estimated Completion Date:
5/1/95

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: The chief complaints of Persian Gulf War veterans include 

arthralgias and central nervous system dysfunctions, i.e., disorders which may have a common 

immunological basis. The intent of this proposal is to expand upon ongoing medical and 

neurobehavioral analyses of veterans from the Birmingham VA Medical Center by including an 

immunologic component in the evaluation of these veterans.

SPECIFIC AIMS: Evaluate potential changes in the immunological status of Persian Gulf War 

veterans using sensitive biological assays of immune cellular function such as those previously 

described for use in evaluating chemical sensitivities.

METHODOLOGY: Functional immune integrity of peripheral blood mononuclear cells was tested 

in subjects (approximately 40) and age- and sex-matched controls (approximately 10). 

Longitudinal samples were obtained from 2 subjects. Antigenic and mitogenic responses were 

determined using the recall antigen tetanus toxoid and the T-cell mitogen phytohemagglutinin. 

Proliferative responses were measured by tritiated thymidine uptake and compared with cultures 

of unstimulated subject or control cells. Data were reduced and statistically compared using a 

two-sample, unpaired t test.

EXPECTED PRODUCTS (MILESTONES): A better understanding of the possible contributions of 

immunological abnormalities to disease manifestations in Persian Gulf War veterans.                 

STATUS/RESULTS TO DATE: The final number of samples analyzed for immune function in 

mitogen-induced and antigen-induced proliferative assays included approximately 40 Persian Gulf

veterans and 7 age- and sex-matched controls.  When these two groups were compared for 

mitogenic responses, no significant difference was noted (p> 0.06). This finding suggested that 

the subjects and controls had similar T cell function potential since the phytohemagglutinin 

mitogen is a polyclonal stimulant used to assess potential for T cell responses. However, when 

these two groups were compared for antigenic response using the tetanus toxoid recall antigen, a 

significant difference was noted (p= 0.027).  With less than 50 subjects and less than 10 

controls, these data are to be viewed and interpreted only as preliminary findings suggestive of a

difference in recall response to antigenic stimulation. More subjects are needed prior to 
publication or dissemination of these preliminary findings.  Further immunological research at this center

has been funded by project DoD-42.
Most Recent Publications:

None to date

Persian Gulf Veterans' Illnesses Research 
-
Project 
VA-18

Title:
Chronic Gastrointestinal Illness in Persian Gulf Veterans

Project #:
VA-18
Agency:
VA
Location:
VAMC Boston

Status:
Complete
Research Type:
Clinical Research

P.I. Name:
Mark Sostek, M.D.
Research Focus:
Symptoms/General Health

Study Start Date:
10/1/94

Estimated Completion Date:
10/1/96

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: Clearly define the most prevalent chronic gastrointestinal 

symptoms in a unit of Persian Gulf veterans.

SPECIFIC AIMS: 1. Determine and define symptom complex. 2. Look for underlying 

pathophysiology.

METHODOLOGY: Survey of a single unit of Persian Gulf veterans. Hydrogen breath tests on 

affected individuals.

EXPECTED PRODUCTS (MILESTONES): Ultimately to identify pathophysiology of the 

gastrointestinal symptoms.

STATUS/RESULTS TO DATE: Survey completed.  Have identified most prevalent symptoms.

Note:  Following is quoted from poster accepted for Poster Presentation at Digestive Disease 

week in San Diego, May 1995, Chronic Gastrointestinal Symptoms In Persian Gulf Veterans; MB 

Sostek, S Jackson, JK Linevsky, EM Schimmel, BG Fincke; Departments of Medicine and Social

Services, Boston Veterans Affairs Medical Center and Boston University School of Medicine, 

Boston, MA.

Background: Persian Gulf Syndrome is characterized by a constellation of chronic symptoms 

postdating deployment to the Gulf Region in 1991.  Intermittent diarrhea is one of the eight most 

commonly reported symptoms. The prevalence of non-diarrheal gastrointestinal (GI) symptoms 

is not well documented. Over the past year, we have received increasing referrals for evaluation 

of Persian Gulf veterans (PGV) with various GI complaints. The aims of this study were  I) to 

determine the prevalence and spectrum of GI complaints in a representative sample from this 

population and II) to compare this data to a control group of soldiers not deployed to the gulf 

region.

Methods:  A 4-page questionnaire was mailed to the 92 members of a National Guard Unit 

deployed to the Persian Gulf Region in 1991 and distributed to 44 members (controls) of the 

same unit who were not deployed to the Gulf Region in 1991.  The questionnaire asked the 

veterans to grade current severity of 26 GI and 10 non-GI symptoms. The survey also asked 

veterans to recall occurrence of 5 GI symptoms either during or before the Dessert Storm 

mission.  

Results:  57/92 Persian Gulf veterans (62%) responded to the survey.  All 44 of the controls 

returned the survey.  The table below summarized the reported frequency of several GI 

symptoms in this population:

GI Symptom             Before ODS                    After ODS              Controls (Current)

Loose Stool               2/57 (3%)                    39/57 (68%)*                4/44(9%)

Abdominal Pain         2/57 (3%)                    32/57 (56)*                   3/44 (7%)

Excessive Gas          5/57 (9%)                    42/57 (74%)*                10/44 (23%)

Nausea/Vomiting      2/57(3%)                     13/57 (23%)                  1/44 (2%)

Hematochezia           no data                         4/57 (7%)                    0/44 (0%)

*p<.0001 compared to symptom frequency before desert storm.

Additional frequently reported GI symptoms among PGV’s in this survey include: sensation of 

incomplete rectal evacuation post defecation 34/57 (60%), and watery bowel movements 

following episodes of abdominal pain 30/57 (53%).  The most frequent non-GI symptoms were: 

fatigue 46/57 (81%), joint pains 42/57 (74%) and headache 38/57 (67%).  

Conclusion:  A significant number of veterans from a single National Guard unit, deployed to the 

Persian Gulf, developed GI symptoms while in that region. The majority of these veterans 

currently continue to report persistent loose stools, lower abdominal pain, excessive gas and 

tenesmus. Veterans in the same unit, who were not deployed to the Gulf region, report significantly 
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fewer chronic GI symptoms at the present time.  While these symptoms are suggestive of the 

development of irritable bowel syndrome following Persian Gulf deployment, further studies are 

needed to better understand the pathophysiology of this combination of chronic GI symptoms.
Most Recent Publications:

Abstract accepted for Poster Presentation at Digestive Disease week in San Diego, May 

1995.

Sostek M. High prevalence of chronic gastrointestinal symptoms in a national guard unit of 

Persian Gulf veterans. Am J of Gastroent 91(12) 2494-2497, 1996.
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Title:
Psychological Adjustment in Operation Desert Shield/Storm Veterans

Project #:
VA-20
Agency:
VA
Location:
VAMC Gainesville

Status:
Complete
Research Type:
Clinical Research

P.I. Name:
Patricia Sohler, Ph.D.
Research Focus:
Brain & Nervous System

Study Start Date:
7/1/91

Estimated Completion Date:
7/1/93

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: The study examined the psychological effects of military 

service in the Persian Gulf during Operation Desert Shield/Storm.

SPECIFIC AIMS: Noncombat reserve and national guard troops who were in the Persian Gulf 

were compared to activated and nonactivated troops who remained in the United States during 

the Persian Gulf War. The study determined the difference between the three groups in terms of 

psychological adjustment and impact on cognitions and feelings about the war.

METHODOLOGY: Subjects were 507 members of National Guard and Reserve units in 

Northcentral Florida.  Data was collected over a two-month time period from July 29 to 

September 23, 1991. Thus, the data was collected approximately 6 months after the ground war 

ended, and usually from one to two months after the troops had returned to the United States. 

Data was collected during the customary monthly weekend drills, and with the endorsement of 

the units’ commanders. For units that had been deployed to the Persian Gulf, troops were also 

briefed about the potential emotional and family problems associated with post-war adjustment, 

were provided with information about veterans benefits, and were advised of the availability of 

readjustment counseling in our VAMC and other facilities in their communities. The order of 

presentation of these elements of necessity varied from site to site, and sometimes within a 

site, as it was imperative to oblige the needs of the units’ and those of others involved (e.g. Vet 

Center counselors, veterans benefits counselors).

Subjects were assured of the anonymity of their responses, and were instructed to hand their 

packets of questionnaires directly to the study’s investigators, in an attempt to assuage 

subjects’ concerns that their careers might be jeopardized by their disclosures. However, it is 

evident that doubts lingered, as some subjects commented on their concerns about how the 

results might be used, and many failed to provide their names (requested in order to conduct 

follow-up). Six troops omitted information about their gender as well, and were thus excluded from

analysis.

The subjects, tested at different sites, consisted entirely of combat support troops, including 

engineering units, mobile medical units, transportation units, military police, a quartermaster unit, 

and a demolition unit. Of the 507 troops included as subjects, 397 were male and 110 were 

female. Although a minority in the other units, females made up about 50% of the mobile medical

units.  For the purpose of analysis, subjects are categorized as deployed (i.e. activated and 

sent to the Persian Gulf during Operation Desert Storm/Shield), activated/not deployed (activated

for duty during Operation Desert Storm/Shield but serving in the United States) and not 

activated (remaining on non-active status throughout Operation Desert Storm/Shield).

                                                   Males       Females

Deployed                                      213             75

Not Activated                               173             26

Activated/Not Deployed                 11               9

Due to the low numbers currently available in the Activated/Not Deployed category, the analysis

is restricted to Deployed and Not Activated.

Unit officers provided strong encouragement to their troops to participate in the study, and 

although it is not possible to know exactly what percentage did actually participate, 90% would be

a reasonable estimate.  Of those subjects that did return their questionnaire packets, many did 

not complete the entire protocol, which normally required about one hour to complete.  The 

questionnaires were presented in the following order:  1) demographic questionnaire, 2) combat 

exposure scale from the War Stress Interview, 3) SCL-90 plus 15 additional items from the 

Cincinnati Stress Reaction Scales, 4) Gainesville Readjustment Questionnaire, 5) Family 
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Environment Scale, 6) Impact of Events Scale (IES), 7) Work Environment


EXPECTED PRODUCTS (MILESTONES): This study focused on comparing the psychological


effects of noncombat reserve and National Guard troops who were in the Persian Gulf during 

Operation Desert Shield/Storm with activated and nonactivated troops who remained in the United

States during the Persian Gulf War.  Expected products include psychological effect data that 

will help in monitoring the overall psychological health of veterans returning from the Gulf war. 

STATUS/RESULTS TO DATE: Analysis of the data indicated that individuals deployed to the 

Persian Gulf differed significantly from individuals in reserve and guard units who were not 

activated during ODS.  Specifically, they reported a greater degree of intrusion and avoidance 

symptoms related to the war, as measured by the IES.  ODS veterans who were also veterans 

of prior wars reported fewer intrusion and avoidance symptoms.  Age was not found to be a 

significant factor.  The scores on the Gainesville Questionnaire, postulated to indicate enhanced 

coping strategies, did not correlate significantly with evidence of superior mental health on the 

SCL-90-R or the IES.  A lack of significant difference between ODS veterans and control group 

in terms of SCL-90-R scores suggests that the overall psychological health of most of the ODS 

veterans does not appear to have been affected by the war. However, it is apparent that some

 
subjects had lingering doubts about the possible repercussions of admitting problems, and this is 

likely to have suppressed some of the SCL-90-R scores, which showed less pathology than 



non-patient norms in the general population.  Additionally, the units available to this investigation 


were all combat support units, and combat exposure was consequently more limited and less 

severe than for combat units. Only 156 subjects returned follow-up data, with only 27 completing

all 3 follow-ups. An ANOVA conducted to determine if the follow-up group was representative of 

the larger population resulted in a significant interaction effect, in which ODS veterans who 

cooperated with the follow-up admitting to higher intrusion and avoidance symptoms on their 

initial testing. Thus, the follow-up data was concluded to not represent a random sample of the 

desired population. One subject found the mailed follow-up questionnaires caused discomfort and

indicated that she did not want to be contacted further.  We abided by her request.  No other 

adverse effects were noted.


Most Recent Publications:



Returning Persian Gulf Troops: First Year Findings, published by Northeast Program 


Evaluation Center (NEPEC), VAMC, West Haven, Connecticut, 1992.
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Title:
A Comparison of PTSD Symptomatology among Three Army Medical Units Involved in 

ODS

Project #:
VA-21
Agency:
VA
Location:
VAMC Phoenix

Status:
Complete
Research Type:
Clinical Research

P.I. Name:
Nancy Errebo, Psy.D.
Research Focus:
Brain & Nervous System

Study Start Date:
1/8/92

Estimated Completion Date:
12/3/94

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: The objective of the study was to compare three Arizona 

Reserve Medical Units involved in Operation Desert Storm on PTSD symptomatology one year 

after the war utilizing the revised Mississippi Scale for Combat-Related PTSD (Keane, Caddell, 

and Taylor, 1988). One of the groups was deployed to Saudi Arabia(N=42), one to England 

(N=37), and one to Arizona (N=17).

SPECIFIC AIMS: The hypothesis was that the group deployed to Saudi Arabia would have 

significantly higher scores than the other two groups.

METHODOLOGY: Subjects consisted of three Arizona Military Reserve Medical Units, one 

deployed to Saudi Arabia, one deployed to England and one deployed locally. Members of all 

units included physicians, nurses and other medical specialists.

The group deployed to Arizona (AZ) consisted of 17 subjects, 10 females (58.8%) and 7 males 

(41.2%). Of the 13 subjects in AZ who provided demographic data, 2 were age 20-29 (15.4%), 5 

were 30 to 39 (38.5%), and 6 were 40 to 50 (46.2%). Ages ranged from 20 to 54.  The mean age 

was 38.9.  Mean age for females was 34.7. Mean age for males was 43.1.

The group deployed to England (ENG) consisted of 37 subjects, 21 females (56.8%) and 16 

males (43.2%).  Eleven were age 20-29 (29.7%), 14 were 30 to 39 (37.8%), 9 were 40 to 49 

(24.3%), and 1 was 50 to 59 (2.7%). Ages ranged from 21 to 56. The mean age was 33.7. Mean 

age for females was 34.4. Mean age for males was 33.

The group deployed to Saudi Arabia (SA) consisted of 42 subjects, 20 females (47.6%) and 22 

males (52.4%). Twelve subjects were age 20-29 (28.6%), 10 were 30-39 (23.8%), 15 were 40-50 

(35.7%) and 5 were 50-59 (11.9%). Ages ranged from 21 to 56. The mean age was 37. Mean age 

for females was 35.8. Mean age for males was 38.1. Design, Procedures, and Instruments. 

These data were collected in the first half of 1992, approximately one year after the end of the 

Persian Gulf War. At a regular monthly unit meeting, consenting subjects were administered the 

current revision of the Mississippi Scale for Combat-Related PTSD (Keane, Caddell and Taylor, 

1988) and a questionnaire on demographics, substance abuse and effects on family. The validity

and reliability of the Mississippi Scale have been established by Keane, Caddell and Taylor 

(1988). Subjects were invited to write additional comments about the impact of the war and were 

given an opportunity to volunteer to be interviewed.

The purpose and procedures of the study were described to subjects, and they were informed 

that they could withdraw from the study at any time prior to publication. They were also informed

that participation or refusal to participate will not affect their military careers or subsequent 

benefits. All responses remained confidential. Data were identified by codes rather than names.

Mississippi Scale means of the three groups were analyzed by a one-way Analysis of Variance. 

The Scheffe Test of Multiple Comparisons was performed post hoc. Subjects' written comments, 

as well as responses regarding drug and alcohol use, were compiled and summarized but not 

statistically analyzed. The Semi-Structured Initial Interview for Desert Storm War-Zone Personnel

(Litz, Knight, Wolfe, Kaloupeck, Quinn, Krinsley, Fisher, Weathers, & Keane, 1991) was 

administered to ten members of SA by one of the authors.  The authors analyzed the data for 

common themes. 

EXPECTED PRODUCTS (MILESTONES): The rates of PTSD sympotomology are expected to 

increase the closer a unit is to the field of combat.                                                                 

STATUS/RESULTS TO DATE: Analysis of Mississippi Scale Scores

A one-way Analysis of Variance revealed a significant difference in Mississippi Scale scores 

among the three groups (p < .001). Post hoc analyses revealed that the mean score of the unit 
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deployed to Saudi Arabia (SA) (M = 83.98) was significantly higher than that of the unit deployed 
to England (ENG) (M = 73.61) and the unit deployed to Arizona (AZ) (M = 73.61), F(2, 103) = 9.83,

p < .001). Also, ENG obtained significantly higher scores than AZ.


Most Recent Publications:

None to date
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Title:
Stress Symptoms and Their Causal Attribution in Desert Storm Veterans

Project #:
VA-36
Agency:
VA
Location:
VAMC Clarksburg

Status:
Complete
Research Type:
Epidemiology Research

P.I. Name:
Ralph E. van Atta, Ph.D.
Research Focus:
Brain & Nervous System

Study Start Date:
12/1/95

Estimated Completion Date:
3/1/97

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: Describe motivational aspects of stress in relationship to war 

experience.

SPECIFIC AIMS: Determine stress symptoms and their causal attribution in Desert Storm 

veterans.

METHODOLOGY: Survey Methodology: Life stress questionnaire, multiple regression analysis.

EXPECTED PRODUCTS (MILESTONES): Pilot study - may lead to further studies.

STATUS/RESULTS TO DATE: An inquiry was launched into the stress levels of a sample of 

Desert Storm veterans and the causes to which they attributed their stress levels. The 

instrument that we used to assess stress levels and the causes to which they were attributed is 

the life stress questionnaire (LSQ). This device assesses stress level (SL) as the total number of

52 psychiatric symptoms (expressed in layman’s language) that are endorsed by the 

respondent. It assesses attributive causes of this stress level by means of ratings by the 

respondent of 14 domains of causation. For the purpose of this research, attributive ratings were

 requested for an additional domain of causation, "after effects of my military experience". 

200 veterans on a VAMC Desert Storm registry were randomly selected as respondents. 

Questionnaires were mailed to them. The follow-up process was complicated since many subjects

had moved and left no forwarding address. When this occurred, new subjects were randomly 

drawn from the registry file. After 8 follow-ups over a 4-month period, 119 questionnaires (59.5 

percent return rate) had been accumulated and data analysis was undertaken. These 

questionnaires were alternately assigned as they had been received to either a trial group (Group 

T) or a replication group (Group R).

Stress symptoms endorsed by a majority of the subjects in both groups included muscular 

stiffness and pain, fatigue, restlessness, forgetfulness, and irritability. SL for Group T was 13.25

with an SD of 1.25. For Group R, SL was 15.84, SD 1.43. The leading attributive cause in both 

groups was After Effects of Military Experience (AEM). For the Trial Group, the mean for this 

item was 3.41 (on a 5-point scale); for the R Group, the mean for AEM was 3.73.

Multiple regression analyses were run to determine the pattern of attributive causes first in the 

Group T and then in the Replication Group. This analysis yielded large and highly significant 

multiple Rs in both groups. Since Rs approach the range that is more typical of reliability 

coefficients than validity coefficients, it should be mentioned that past experiences with the LSQ

suggest that the strength of the coefficients reflects the high consistency of the instrument 

and, perhaps, in this case, the motivation of the subjects and the meaningfulness of the 

assignment. In the Group T, R=.94, p<.0001 with the Social Conflict (SC). In the Group R, R=.89,

p<.0001 with attributive causes including SC, SI, Health and Self, Health and Dependent, and 

Demands of School or Classwork.

The LSQ has been used in several other studies and it is of interest to remark that the stress 

levels reported by these Desert Storm veterans are higher than in any of our previous studies. It

is also important to consider that although the predominant attribution of the subjects was to 

AEM, this variable appeared as a predictor only in the Group T. The study was exploratory in 

nature and therefore the size of our trial and replications groups was smaller than would generally 

be acceptable when multiple regression methodology is employed. The inductive nature of the 

multiple regression may have resulted in the identification of unique features of either or both 

Groups. Whether the findings that characterize either group would generalize to a larger registry 

sample or to Desert Storm veterans as a group is unknown. Had we found more commonality 
Persian Gulf Veterans' Illnesses Research 
-
Project 
VA-36 


between the predictors for Group T and those for Group R we might have ventured a hypothesis 

about attributive causation in Desert Storm veterans. But lacking such a commonality, we will 


point only to the appearance of Social Isolation and Social Conflict in the equations for both

groups. Finally, it should be mentioned that the predominant or most popular attributive cause in 


both groups was the AEM; the ratings of this variable by the Group R were even higher than for 


Group
T. The failure of the AEM variable to survive in the multiple regression analysis may reflect


the greater convergence of opinion of veterans about the impact of their military experience in their 

present lives.  The variance may have resulted in exclusion of these variables in the statistical 

analysis.


Most Recent Publications:

None to date
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Title:
Musculoskeletal Symptoms in Gulf War Syndrome

Project #:
VA-40
Agency:
VA
Location:
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Status:
Complete
Research Type:
Clinical Research

P.I. Name:
Pamela E. Prete, M.D., FACP
Research Focus:
Symptoms/General Health

Study Start Date:
1/1/94

Estimated Completion Date:
1/1/99

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: The Gulf War Syndrome is most likely a heterogeneous group

of disorders resulting from the interaction of each veteran's host defense against the variety of 

environmental, viral, bacterial and stress toxins unique to the Persian Gulf War. One of the more

debilitating symptoms of the GWS has been the arthralgia and arthritis.  These complaints are 

relatively common to foreign deployments. A question arises as to whether musculoskeletal 

complaints are indeed a manifestation unique to Gulf War Syndrome. The project will address a 

fundamental question about the Gulf War Syndrome: Do the musculoskeletal symptoms in the 

GWS reflect those of long foreign deployment or are there unique aspects of these symptoms 

that identify these symptoms as part of Gulf War Syndrome?

SPECIFIC AIMS:1. Survey deployments for musculoskeletal symptoms via questionnaire; 2. 

Compare comparative peace-time vs. Gulf War deployments for musculoskeletal symptoms.

METHODOLOGY: Veterans of the Persian Gulf War with and without symptoms of the Gulf War 

Syndrome and healthy veterans of the same period who did not serve in the Persian Gulf but 

have been deployed for peaceful missions will receive a questionnaire which, if positive, will be 

followed by physician interview in the Department of Veterans Affairs Medical Center, Long 

Beach (VAMCLB) and March Air Force Base, California. Statistical analysis of the comparative 

features of those examinations will be evaluated for appearance of features that could be related

 to the other than foreign deployment, i.e., GWS.

EXPECTED PRODUCTS (MILESTONES): 1. Survey and range of musculoskeletal symptoms 

secondary to foreign deployments; 2. Comparison of symptoms between foreign deployments 

and those to GW theater; 3. Statistical analysis based on chi square and regression analysis of 

independent variables.  Review of available data of deployed reservists/veterans with persistent 

arthritis/arthralgia complaints from GWS.

STATUS/RESULTS TO DATE: 200+ initial questionnaires; 25 comprehensive examinations. 

Analysis suspended due to insufficient resources.

Most Recent Publications:

None to date

Persian Gulf Veterans' Illnesses Research 
-
Project 
VA-46

Title:
Diarrhea in Persian Gulf Veterans: An Irritable Bowel-Like Disorder

Project #:
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Status:
Complete
Research Type:
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P.I. Name:
Charles A. Sninsky, M.D.
Research Focus:
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Study Start Date:
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Estimated Completion Date:
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Summary of Program(s):

OVERALL PROJECT OBJECTIVE: To compare visceral sensation in normal subjects, patients 

with irritable bowel syndrome and patients with diarrhea that abruptly began while serving in the 

Persian Gulf.

SPECIFIC AIMS: a) To determine if Persian Gulf veterans with abdominal pain, diarrhea and 

bloating with a negative investigative work-up have an underlying visceral hypersensitivity or a 

generalized decreased pain threshold. b) To examine the heightened visceral sensitivity present 

in patients with irritable bowel syndrome and compare the data to those obtained for Persian Gulf 

veterans with diarrhea. c) To investigate whether an acute treatment with octreotide will increase 

the tolerance to balloon distention of the rectum and extremity immersion in ice water in Persian 

Gulf veterans, patients with the irritable bowel syndrome, and controls. d) To determine the 

effect of octreotide on oral-cecal transit as measured by the lactulose hydrogen breath test.

METHODOLOGY: Study Design: Informed consent is being obtained prior to the start of the 

trial.  A complete medical history and physical exam will be performed.  Blood samples will be 

collected for a pregnancy test when appropriate. Participants will be asked to discontinue all 

medications for at least 24 hours before the study, to fast for 12 hours, and to take a Fleet's 

enema 2 hours before the test procedure.  Both the ice water tolerance test and the balloon 

distention tolerance test will be performed in controls, patients with irritable bowel syndrome, and 

in Persian Gulf veterans both at baseline and after the administration of octreotide 100 mg 

subcutaneously. Oral-cecal Transit: The effect of octreotide on small bowel transit will be 

assessed by the hydrogen breath test.  Lactulose (10 g) will service as the carbohydrate 

substrate for the breath test.  Breath hydrogen concentration is measured by gas 

chromatography every 15 minutes until peak hydrogen excretion occurs.  Peak hydrogen 

excretion is defined as the highest  hydrogen concentration before two successive lower 

concentrations.  Peak hydrogen excretion is the point in time at which the lactulose substrate has

reached the cecum.  Two points on the hydrogen curve will be used to calculate small intestinal 

transit.  The first is the time to an initial sustained increase of hydrogen concentration of 10³ ppm

over baseline.  The second point is the time to peak hydrogen excretion.  Ice Water Tolerance:  

The ice water tolerance test is performed to determine if patients have a generalized nonspecific 

lowered pain threshold from a central pathway.  All subjects will be asked to insert their right hand

into a mixture of ice and water to the wrist point and to hold it there for as long as possible.  The 

time before withdrawing the hand from the water will be measured with a stop watch for each 

subject.  If the hand is not withdrawn before 4 min, the subject will be instructed to withdraw the 

hand and a value of 240s will be assigned. After each subject withdraws their hand from the ice 

water, a 5-min recovery period is observed. Balloon Distention Tolerance: The balloon distention 

test evaluates a specific visceral afferent pathway as a cause of symptoms in patients with 

diarrhea.   A standard anorectal manometry catheter or barostat (modified manometry balloon 

that measures rectal compliance) will then be inserted into the rectum of a depth of 10-15 cm.  In

normal subjects, progressive rectal distention initially leads to the perception of pressure, 

followed by fecal urgency, and then pain.  The subjects' response to progressive rectal distention

will be quantitated as:  1) first rectal sensation of the balloon,  2) urge to defecate from balloon 

distention,  3) rectal discomfort from balloon distention and,  4) rectal pain from balloon 

distention.  The rectal balloon will then be distended in a stepwise fashion by adding 20 ml of air 

every 3 minutes.  Unless this represents the subject's maximum tolerable volume, additional 

20-ml increments of air will be added at 3-min intervals up to a maximum of 300 ml.  The 

maximum tolerable volume will be defined as the volume at which the subject requests 

termination of the procedure because of discomfort.  If the subject does not report discomfort, a
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value of 200 ml will be assigned. After baseline measurements of ice water and balloon 


distention tolerance, all subjects are being brought back another day for octreotide testing


Octreotide 100 mg will be subcutaneously administered.  Thirty minutes following the injection, 

the ice water and balloon distention tolerance will be repeated in exactly the same manner as 

above and compared to baseline values.
EXPECTED PRODUCTS (MILESTONES): Expected results are that the patients with Persian

Gulf diarrhea, as well as irritable bowel syndrome, will have similar rectal sensation, as well as 

similar rectal urge to defecate, as well as similar discomfort relative to distention.  Second, it is not

expected that there should be a difference in ice water tolerance among either of the three groups.


STATUS/RESULTS TO DATE: At this time, 18 patients have been studied (4 normals, 5 irritable 

bowel syndrome patients, and 9 patients with Persian Gulf diarrhea). Patients who developed 

chronic diarrhea while in the Persian Gulf have a significantly lower threshold for symptoms of 

initial rectal sensation and the perception of discomfort with rectal balloon distension. This 

visceral hypersensitivity in Persian Gulf Veterans is similar to that observed in patients with 

Irritable Bowel Syndrome. The hydrogen breath test and octreotide protocols have not yet been 

completed. Additional testing was added to the protocol to include psychological testing. They 

include the State Anxiety Index, the Beck Depression Index, and the NEO. These non-invasive 

tests will be done by the subjects on a volunteer basis. The results will be compared among the 

three groups: Persian Gulf war veterans who had abrupt onset of chronic diarrhea; controls; and 

subjects with irritable bowel syndrome.


Most Recent Publications:


Gordon JM, Verne GN, Davis RH, Sninsky CA, Gainesville VAMC, Dept of Med Univ. of FL, Gainesville, and Dept of Med, MUSC, Charleston SC. Is the diarrhea in Persian Gulf war veterans caused by an underlying visceral hypersensitivity? Biomedicine, May 1996.
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Retrospective Verification of Mustard Gas Exposure
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Research Type:
Clinical Research
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Jerald L. Hoffman, Ph.D.
Research Focus:
Chemical Weapons

Study Start Date:
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Estimated Completion Date:
1/31/00

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: Determine if there is a correlation between mustard gas 

exposure and human reproductive and developmental problems. 

SPECIFIC AIMS: 1. To establish a GC/MS method for analysis of the mustard gas adduct with 

the N-terminal valine of hemoglobin. 2. To analyze blood samples from Persian Gulf War 

veterans collected within eight months of potential exposure to chemical weapons. 3. To analyze 

blood samples from military personnel at the Bluegrass Army Depot collected during routine 

health surveillance. 4. To survey Persian Gulf War veterans and military personnel working with 

chemical agents for reproductive difficulties and for developmental problems in their children. 5. 

To search for a correlation of verified exposure to mustard gas with reproductive and 

developmental problems. 6. To examine cross-linked hemoglobin as a more sensitive marker of 

mustard gas exposure. 7. To further characterize the endogenous protection against mustard gas 

afforded by S-methylation by the human enzyme, thioether methyltransferase.

METHODOLOGY: 1) to establish a GC/MS method for analysis of the mustard gas adduct with 

the N-terminal valine of hemoglobin; 2) to analyze blood samples from Persian Gulf War 

veterans collected within eight months of potential exposure to chemical weapons; 3) to analyze 

blood samples from military personnel at the Bluegrass Army Depot collected during routine 

health surveillance; 4) to survey Persian Gulf War veterans and military personnel working with 

chemical agents for reproductive difficulties and for developmental problems in their children; 

and 5) to search for a correlation of verified exposure to mustard gas with reproductive and 

developmental problems.

EXPECTED PRODUCTS (MILESTONES): This research will be helpful in defining the role of 

mustard gas exposure in the Persian Gulf War ‘syndrome’ of which many VA patients complain.


STATUS/RESULTS TO DATE: Progress since last update: In order to further investigate the role 

of thioether methyltransferase in mustard gas detoxification, the human cDNA encoding has 

been expressed at high levels in recombinant Pichia pastoris yeast which normally lack the 

enzyme.  Recombinant yeast were shown to express the enzyme by Western immunoblotting 

and enzyme activity assays both in vivo and in vitro.  Recombinant yeast were much more 

resistant to the toxicity of the mustard gas analog, 2-chloroethyl ethyl sulfide, that were normal 

yeast.  Recombinant Pichia pastoris were also shown to methylate 2-chloroethyl sulfide on the 


S-atom which would prevent formation of the episulfonium which is essential to its toxicity.

Most Recent Publications:

None to date
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Title:
Cross-Sensitization as a CNS Model for Gulf War Chemical Intolerance

Project #:
VA-48
Agency:
VA
Location:
VAMC Tucson

Status:
Ongoing
Research Type:
Clinical Research

P.I. Name:
Iris R. Bell, MD, Ph.D.
Research Focus:
Environmental Toxicology

Study Start Date:
4/1/98

Estimated Completion Date:
3/31/01

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: To test the neural sensitization/cross-sensitization hypothesis 

for acquired chemical intolerance (ACI) in Persian Gulf veterans and appropriate controls and to 

determine individual differences in vulnerability to this process. Neural sensitization is the 

progressive amplification of a given response over the course of repeated, intermittent 

exposures to a particular stimulus. As many different classes of stimuli (e.g. chemicals, stress, 

drugs, microbial toxins) can initiate and elicit sensitized responding, cross-sensitization between 

multiple pre-War, War, and post-War factors could account for the clinical pictures in certain 

PGW veterans.

SPECIFIC AIMS:  1) Evaluate patterns of reactivity over time of four groups of veterans to 

repeated jet fuel or sham laboratory exposures, using blood pressure, heart rate, eyeblink 

(spontaneous and acoustic-startle induced) reactions as outcome measures. The four groups will 

include three groups of PGW veterans I) ill with increased chemical intolerance attributed to 

military service; ii) ill without increased chemical intolerance; iii) healthy, without increased 

chemical intolerance; and iv) an additional group of healthy Gulf War era veterans. 2)  Assess 

for cross-sensitization between jet fuel or sham exposures and non-War related chemical 

exposures (i.e., perfume). 3) Compare veterans by groups and by degree of laboratory 

sensitization for premorbid individual difference characteristics (host and environment) that would

enhance vulnerability to sensitization.

METHODOLOGY:  The primary between-groups, four-session study of veterans (total number = 

200) will compare ill PGW veterans who report increases in acquired chemical intolerance since 

the Gulf War with three age-, sex-, and education-matched control groups (ill PGW veterans 

without increased ACI, healthy PGW veterans, healthy era veterans) for current baseline 

sensitization and laboratory-induced sensitizability and cross-sensitization of neurobehavioral 

responses (e.g., spontaneous eyeblink, acoustic startle, reaction times, vigilance task 

performance, blood pressure, heart rate) to chemical and nonchemical (e.g., noise) stimuli. 

The second study will compare premorbid individual difference variables drawn from previous 

animal and human research that may contribute to susceptibility to neural sensitization in the four

groups and in subjects who did versus those who did not show consistent objective evidence of 

physiological sensitization and cross-sensitization. Data analyses will utilize (1) repeated 

measure, multivariate analyses of variance and covariance and (2) discriminant analysis and 

logistic regression involving the individual difference measures. Women and Hispanics will be 

oversampled because of evidence of being overrepresented, respectively, on the national 

Persian Gulf War Registry and among those on the Tucson VAMC PGW Registry reporting 

wartime environmental contaminant exposures.

EXPECTED PRODUCTS (MILESTONES): Completion of 30 participants between 4/98 to 3/99; 90

participants between 4/99 to 7/00; 80 participants and final data analysis, report, and 

publications in 7/00 to 3/01. Data from this sensitization/cross-sensitization proposal will provide 

an empirical approach to testing for objective abnormalities in PGW veterans not seen in studies 

designed from a classical toxicology perspective using similar substances. This work could point 

to a multifactorial pathway by which sensitization-related disorders initiated by chemicals, stress,

drugs, microbial toxins, or a combination of these factors during the Gulf War might contribute 

to the longitudinal development of nonspecific somatic complaints as well as of certain medical 

conditions common in veterans, notably hypertension and its vascular sequelae. Findings will 

provide a rationale for systematic pharmacological interventions.

STATUS/RESULTS TO DATE: Ongoing. Subject recruitment continues.  Subjects are tolerating 

the testing procedures well overall.  Preliminary analyses of interbeat interval data from the first 
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54 completed subjects suggest that sensitization over sessions as a function of chemical 


exposure (jet fuel) may be occurring.

Most Recent Publications:

Bell IR, Warg-Damiani L, Baldwin CM, Walsh M, Schwartz GE. Self-reported chemical 

sensitivity and wartime chemical exposures in Gulf War veterans with and without decreased 

global health ratings. Military Medicine, 163:725-32, 1998.
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Title:
Sensitivity to Pyridostigmine Bromide: Persistent Neural Dysfunction

Project #:
VA-49
Agency:
VA
Location:
VAMC East Orange

Status:
Ongoing
Research Type:
Mechanistic

P.I. Name:
Richard J. Servatius, Ph.D.
Research Focus:
Pyridostigmine Bromide

Study Start Date:
4/1/98

Estimated Completion Date:
4/30/02

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: To determine the long term of effects of pyridostigmine 

bromide (PB) on physiology and behavior.

SPECIFIC AIMS: STUDY A will determine the pharmacokinetics of PB in SD and WKY rats.  We 

will determine if there are strain differences in the rate of clearance from portal and jugular vein 

administration of C14-labeled PB.  We will also determine if there are strain differences in the 

degree and duration of inhibition of BuChE activity. 

STUDY B will compare the effects of two cholinesterase inhibitors, edrophonium (EDRO) and 

neostigmine (NEO) to PB on measures of erythrocyte(E-) cholinesterase activity, BuChE 

activity, and startle responding.  Unlike NEO and PB, EDRO does not affect BuChE.  We will 

determine: a) whether the effects of PB are mediated through BuChE activity, and b) whether the

appearance of delayed-onset startle sensitization is specifically related to PB. 

STUDY C will provide evidence that persistent startle sensitization after exposure to prophylactic

levels of PB in rats with abnormal BuChE activity is mediated by central, as opposed to 

peripheral, nervous system dysfunction.  To determine whether central cholinergic activity 

mediates the delayed-onset startle sensitization observed after prophylactic PB treatment in 

WKY rats, we will perform two similar experiments.  In Experiment 1, we will address muscarinic 

receptor mediated cholinergic activity.  WKY rats will be given PB, PB and atropine (central and 

peripheral activity), PB and methylatropine (peripheral activity), the antagonists alone, or tap 

water.  In Experiment 2, we will address nicotinic neurotransmission.  WKY rats will be given PB, 

PB and mecamylamine (MEC, centrally active), PB and hexamethonium (HEX, peripherally 

active), the antagonists alone, or tap water.  For both experiments, startle responses will be 

measured 1, 8, and 15 days after the end of treatment. Blood samples for BuChE determination 

will be obtained the day before PB treatment, 4 days after the onset of PB treatment, and the 

day after the end of PB treatment.  In Experiment 3, SD and WKY rats will be given PB 

treatment or water for 7 consecutive days.  Rats will be sacrificed either on the last day of 

treatment or 8 days after the end of treatment. We will determine AChE activity in the cervical 

spinal chord, hippocampus, cortex, and brain stem, as well as blood BuChE activity.

STUDY D will determine how long enhanced startle responsivity lasts after appearance and the 

nature of the enhanced responsivity in rats with abnormal BuChE activity.  In Experiment 1, 

WKY and SD rats will be treated with either PB or tap water for 7 consecutive days.  The 

acoustic startle response will be measured beginning 1 day after the end of treatment and 

continuing every week until normal startle amplitudes are detected in two consecutive weeks.  

Separate groups of SD and WKY rats will be tested only on the 15th day after the end of 

treatment to determine whether enhanced responsivity is related to repeated testing.  In 

Experiment 2 WKY and SD rats will be treated as in Experiment 1 except that the single-intensity

protocol will be used for behavioral testing.  In both experiments blood samples for BuChE 

determination will be obtained the day before PB treatment, 4 days after the onset of PB 

treatment, and the day after the end of PB treatment.

STUDY E will attempt to produce delayed-onset startle sensitization in rats with otherwise normal 

BuChE activity.  In Experiment 1, half of each strain, WKY and SD rats, will be given a single 

session of tailshock stress.  Following stress, rats will be given either 7 consecutive days of PB 

or tap water and vehicle. Acoustic startle responses will be measured 1 day after the end of PB 

treatment and every week thereafter for 4 weeks.

STUDY F will directly evaluate the scavenger hypothesis as a possible mechanism for the 

persistent startle sensitization in WKY rats.  In Experiment 1, WKY rats will be given 7 

consecutive days of either PB, PB with FSB AChE, FSB AChE or tap water.  Startle responses 
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will be measured 1, 8, and 15 days after the end of treatment.  Status: This project started in 
4/98.

METHODOLOGY:  see above.

EXPECTED PRODUCTS (MILESTONES): Studies A and B will be completed in Year 2, Studies C

in Year 4, and Study F in Year 4.
STATUS/RESULTS TO DATE: We have determined that treatment with PB results in a persistently 

exaggerated startle response in Wistar-Kyoto rats.  This rat strain also has inherently low 

butyrylcholinesterase (BuChE) activity, a scavenger of PB.  These effects of PB on the appearance 

of exaggerated startle responses is dose-dependent (Servatius, et al., JPET; 1998).  Exposure to

 inescapable stress also persistently lowers BuChE activity, however, the effects of stress and PB 

treatment are not additive (Servatius et al., in press).  We have demonstrated that stressed 

Sprague-Dawley (common laboratory strain) rats treated with PB have lower brain AChE activity, 

suggesting that exposure to stress allows PB to penetrate the brain.

Most Recent Publications:
Servatius R, Ottenweller J, Beldowicz D, Guo W-D, Zhu G, Natelson B.  Persistently exaggerated startle responses in rats treated with pyridostigmine bromide. Journal of Pharmacology and Experimental 

Therapeutics 287:1020-1028, 1998. 


Servatius R, Salameh G, Coyle K, Pare W.  Restraint Stress.  Encyclopedia of Stress 1999;



In press.

Servatius R, Ottenweller J, Guo W, Beldowicz D, Zhu G, Natelson B.  Effects of inescapable stress and treatment with pyridostigmine bromide on plasma butyrylcholinesterase and the acoustic startle response 

of rats.  Physiology & Behavior 69(3): 239-246, 2000.


Servatius R, Ottenweller J, Beldowicz D, Soldan S, Bergan M, Guo W-D, et al.   


Pyridostigmine bromide persistently enhances sensory reactivity in rats.  Annual Meeting of 

the Pavlovian Society 1996; 23 Abstract.


Servatius R, Ottenweller J, Natelson B, Drastal S, Bergen M, Pollet C, et al.   Impaired new 

motor learning in Persian Gulf veterans.  Conference on Federally Sponsored Gulf War 

Veterans' Illnesses Research, Washington D.C. 134 Abstract, 1998.

Servatius R, Brennan F, Ottenweller J, Beldowicz D, Zhu G.  Stress interacts with 

pyridostigmine bromide treatment to lower brain acetylcholinesterase in rats.  Conference of 

Federally Sponsored Gulf War Veterans' Illnesses Research, Pentagon City, VA 1999; 93 

Brennan F., Zhu G., Ottenweller J., Beldowicz D., Servatius R.  Lower Brain 

Acetylcholinesterase in rats exposed to inescapable stress and treated with pyridostigmine 

Bromide.  Society for Neuroscience, Miami, FL, 1999.  Abstract.

Persian Gulf Veterans' Illnesses Research 
-
Project 
VA-50

Title:
Neuropsychological findings in a sample of Operation Desert Storm veterans

Project #:
VA-50
Agency:
VA
Location:
VAMC Detroit

Status:
Complete
Research Type:
Clinical Research

P.I. Name:
Bradley Axelrod, Ph.D.
Research Focus:
Brain & Nervous System

Study Start Date:
9/1/95

Estimated Completion Date:
09/01/96

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: Objectively evaluate the subjective reports of changes in the

cognitive functioning of returning Gulf War veterans.

SPECIFIC AIMS: Perform an exploratory neuropsychological and psychological evaluation of 

returning Gulf War veterans in response to ongoing complaints of memory, attention, and 

problem solving difficulties among veterans of Operation Desert Storm/Shield.  

METHODOLOGY:  Volunteers for a single Army reserve unit were given a comprehensive 

neuropsychological and psychological evaluation using clinical tools according to each measures'

standardized instructions. A sample of 44 male veterans of Operation Desert Storm/Shield 

underwent a comprehensive neuropsychological evaluation.

EXPECTED PRODUCTS (MILESTONES): The data from this study will be viewed as preliminary 

findings for further studies.  If the reports of changes in the cognitive functions of returning Gulf
 
veterans are substantiated, the next step would be to perform prospective studies with objective

neuropsychological data from individuals with who have had known toxic exposures. 

STATUS/RESULTS TO DATE:  Deficits relative to normative data were observed only on finger 

dexterity (Grooved Pegboard, bilaterally) and the Stroop Color and Word Test. Those with 

impaired Pegboard performance had lower performance on other tasks requiring psychomotor 

speed. Those with impaired Stroop had significantly lower motor and set-shifting performance. 

Scores of both impaired groups were higher on many clinical and supplemental scales of the 

MMPI. Despite subjective cognitive complaints reported in 39% of the overall sample, veterans 

with cognitive complaints differed from their peers primarily in greater psychological distress as 

depicted on the MMPI. The data represented as preliminary clinical findings. This evaluation was 

exploratory in nature and two major weaknesses included the small sample size and that the 

veterans were volunteers. The data should not be misinterpreted as generalizable to all Operation 

Desert Storm/Shield veterans. The most difficult aspect of interpreting the neuropsychological 

and psychological data relates to lack of other external data, including possible causes of the 

symptoms. The prospective study with objective neuropsychological data of individuals who 

have had a known exposure to specific toxins is an important next step in clinical research.

Most Recent Publications:

Axelrod BN, Milner IB. Neuropsychological findings in a sample of Operation Desert Storm 

veterans. J of Neuropsychiatry and Clinical Neurosciences 9:23-28, 1997.

Persian Gulf Veterans' Illnesses Research 
-
Project 
VA-51

Title:
Psychobiological Assessment of Desert Storm Veterans

Project #:
VA-51
Agency:
VA
Location:
VAMC Cincinnati

Status:
Ongoing
Research Type:
Clinical Research

P.I. Name:
Dewleen Baker, M.D.
Research Focus:
Brain & Nervous System

Study Start Date:
4/22/92

Estimated Completion Date:
4/22/02

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: While prior studies show that combat veterans with 

posttraumatic stress disorder (PTSD) report more physical symptoms than veterans without 

PTSD, the link between PTSD and somatic complaints in Persian Gulf War veterans (PGWVs) is 

yet to be evaluated.

SPECIFIC AIMS: We examine the relationship of PTSD and somatic complaints in PGWVs, 

specifically to determine if PGWVs exhibit PTSD effects similar to those observed in veterans 

of other conflicts and to delineate the specific somatic complaints accompanying the PTSD 

symptoms in the Gulf War group.

METHODOLOGY: A questionnaire booklet was completed by 188 PGWVs, of whom half were 

patients in a veterans health screening clinic and half were non-treatment-seeking volunteers on 

active duty. The booklet included the Combat Exposure Scale, the Mississippi Post-Traumatic 

Stress Disorder Scale (MPTSD), and a subjective symptom-based health questionnaire.

EXPECTED PRODUCTS (MILESTONES):  An evaluation of the link between PTSD and somatic 

complaints among Persian Gulf War veterans.

STATUS/RESULTS TO DATE: The 24 PGWVs (12.8%) with PTSD (MPTSD score >116) reported 

more combat exposure (P=.02) and a greater number of physical symptoms (P=.001) than other 

PGWVs. Fatigue, nausea, muscle aches, dizziness, back pain, stomach ache, and numbness 

were much more likely to be reported by those with PTSD (MPTSD score >116) than by those 

without PTSD (MPTSD score <95). Physicians examining PGWVs should be alert to the 

possibility of PTSD in this group and that those with PTSD are more likely to report physical 

symptoms that may overlap with those in Persian Gulf syndrome. Consequently, mental health 

screening is essential, since for those veterans with PTSD diagnosis or other coexisting 

conditions may be confounded and early effective treatment of their PTSD may be delayed. 

Also, given the increased reporting of certain symptoms by those with PTSD, those seeking the 

cause of Persian Gulf syndrome should control for PTSD when determining the symptom cluster 


that may constitute this condition.

Most Recent Publications:

Baker DG, Mendenhall CL, Simbartl LA, Magan LK, Steinberg JL. Relationship between 

posttraumatic stress disorder and self-reported physical symptoms in Persian Gulf war 

veterans. Arch Intern Med157:2076-78, 1997.

Kellner M, Baker DG, Yehuda R. Salivary Cortisol in Operation Desert Storm Returnees. Bio 

Psych, 849-850, 1997.

Persian Gulf Veterans' Illnesses Research 
-
Project 
VA-53

  Title:
Spouses and Children Program

Project #:
VA-53
Agency:
VA
Location:
VAMC Denver

Status:
Ongoing
Research Type:
Clinical Research

P.I. Name:
Oliver Parr
Research Focus:
Reproductive Health

Study Start Date:
1/4/96

Estimated Completion Date:
31/12/03

Summary of Program(s):

Under Public Law 103-446, Section 107 the VA was authorized to provide medical examinations to

any individual; who:  a)  Is the spouse or child of a veteran, is listed in the Persian Gulf War 

Veterans Registry established under Public Law 102-585, Section 702; and is suffering from 

illness or disorder, b)  Is suffering from, or may have suffered from, an illness or disorder 

(including a birth defect, miscarriage, or stillbirth) which cannot be disassociated from the 

veteran's service in the Southwest Asia theater of operations, c)  Has granted VA permission to 

include in the Registry relevant medical from the evaluation.  Under this program, an eligible Gulf

War veteran would receive examinations and treatment at the local VA Medical Center, and the 

examination of spouses and children would be conducted under contract at the affiliated 

university medical center or under fee basis from a physician in close proximity to the veterans' 

families.  This program will continue until December 31, 2003 or a maximum of $2.0M has been 

expended.

Most Recent Publications:

None to date
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Title:
Follow-up of Psychological and Neurocognitive Gulf War Outcome: Relation to Stress

Project #:
VA-54
Agency:
VA
Location:
VAMC New Orleans

Status:
Ongoing
Research Type:
Clinical Research

P.I. Name:
Jennifer Vasterling, Ph.D.
Research Focus:
Brain & Nervous System

Study Start Date:
4/1/99

Estimated Completion Date:
3/31/03

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: Continuation of project #VA-10 "Memory and Attention in 

Posttraumatic Stress Disorder."  The purposes of this continuation are to examine 

psychopathology and cognitive functioning longitudinally in Gulf War veterans and to extend 

examination of neuropsychological functioning in Gulf War veterans with and without PTSD.

SPECIFIC AIMS: 1) To conduct longitudinal investigation of psychological outcome 

(psychopathology, negative mood states, and health complaints) in a large sample of deployed 

and nondeployed Gulf War veterans previously examined at this site; 2) to conduct longitudinal 

investigation of PTSD-related neurocognitive deficits in a sample of Gulf War veterans 

previously examined by our group; and 3) to expand neuropsychological investigation of PTSD 

through cross-sectional experimental methods targeting hierarchical (global-local) visual 

processing after threat versus neutral stimuli. 

METHODOLOGY: To achieve these aims, this project incorporates follow-up evaluation of 

psychopathology, negative mood states, and health complaints, as well as examination of the 

extent to which stressor characteristics, early symptom expression, personal resources, and 

intervening stress are associated with long-term outcome, in a sample of over 800 deployed and 

200 nondeployed Gulf War veterans previously evaluated at this site.  In addition, cognitive 

functioning will be examined longitudinally by conducting follow-up neuropsychological evaluation 

among 70 PGW veterans, categorized into three diagnostic groups (PTSD, no mental disorder,  

subthreshold PTSD/anxiety, mood disorder), who previously underwent such assessment at the 

NOVAMC.  The specific neuropsychological battery will emphasize attention and memory 

functions.  Global-local visual processing in PTSD will be examined in 60 Gulf War veterans (20 

with PTSD, 20 without mental disorder, 20 with subthreshold PTSD or anxiety/mood disorders) on 

a computer administered reaction time task after undergoing each of two conditions (nonthreat, 

neutral imagery and threat, stress imagery) counterbalanced for order.

EXPECTED PRODUCTS (MILESTONES): Follow-up evaluation of psychopathology is expected 

to expand knowledge regarding the longitudinal outcome of stress-related disorders among 

war-zone veterans.  In particular, the project will provide information regarding possible early 

predictive variables for subsequent outcome including stressor characteristics, early symptom 

expression, intervening life events, and personality, coping style and other individual difference 

variables.  Longitudinal investigation of PTSD-related neurocognitive impairment is expected to 

provide information relevant to theories of PTSD that implicate neurobiologic alterations 

associated with the development and maintenance of psychopathology following stress 

exposure.  More specifically, knowledge may be gained regarding the extent to which disorder 

chronically alters neurocognitive deficit patterns and the extent to which cognitive deficits are 

linked to PTSD symptom expression.  Cross-sectional study of global-local visual processing 

biases in PTSD under aroused and non-aroused conditions will address cognitive processing style

within PTSD as well as hemispheric specialization of emotion and arousal more generally.  

STATUS/RESULTS TO DATE: Data collection is on-going.

Most Recent Publications:

None to date
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Title:
Antibiotic Treatment of Gulf War Veterans' Illnesses (ABT) (See also DoD-119)

Project #:
VA-55
Agency:
VA
Location:
VAMC PerryPoint/multiple sites

Status:
Ongoing
Research Type:
Clinical Research

P.I. Name:
Sam T. Donta, M.D.
Research Focus:
Treatment

Study Start Date:
3/1/99

Estimated Completion Date:
12/31/01

Summary of Program(s):

See also DoD-119

OVERALL PROJECT OBJECTIVE: This study's primary objective is to determine whether a 12 

month course of doxycycline treatment in deployed mycoplasma positive Gulf War veterans 

with GWI improves patients' functional status compared to placebo. Major secondary objectives 

are 1) to determine whether doxycycline treatment reduces symptoms of GWI, 2) to determine 

whether doxycycline treatment converts Mycoplasma (+) patients to mycoplasma (-) status, and 

3) to determine if the benefits of 12 months doxycycline treatment endure after termination of 

treatment.

SPECIFIC AIMS: see objectives.

METHODOLOGY: This study is a 30 month, prospective, randomized, double-blind clinical trial. 

Patients will be randomized to one of two treatment groups: 1) patients treated with doxycycline 

for 12 months and, 2) patients given placebo for 12 months. Each patient will receive study 

medication for 12 months and will be followed for an additional six months after the termination 

of medications. Patients will be seen monthly during the medication phase and at 18 months. 

Major evaluations will be completed at baseline and at 3, 6, 9, 12, and 18 months.  450 GWI 

patients from 30 medical centers will be entered into the study over a one-year recruitment 

period. With 18 months of follow-up on each patient, total study duration is 30 months. All 

veterans deployed to the Gulf War between August 1990 and August 1991 will be eligible. 

Patients will be considered to have GWI if they have at least two of three symptoms (fatigue, 

musculoskeletal pain, neurocognitive dysfunction) that began after August 1990 and that have 

lasted more than six months and up to the present. Patients who test positive for Mycoplasma 

fermentors, Mycoplasma genitalium, and/or Mycoplasma pneumoniae at baseline will be eligible 

to enroll.  GWI patients meeting any of the exclusion criteria will not be entered. Patients 

assigned doxycycline will receive 200 mg/day. All patients will be provided with a potent sunblock

preparation for protection from common drug-related photosensitivity.

EXPECTED PRODUCTS (MILESTONES): The primary outcome measure is improvement in the 

Physical Component Scale (PCS) of the SF-36V at follow-up relative to baseline. The primary 

endpoints will be the proportion of patients with more than a seven unit increase in the PCS at 12 

months.

STATUS/RESULTS TO DATE: This study is ongoing.  As of 01/03/2000, actual patient intake is 

113% of expected intake with 282 Gulf War veterans randomized into the study.  Study progress

was reviewed 10/13/1999 and again on the 11/4/1999.  Twenty-eight sites are currently 
participating

 in this study, including two DoD sites.

Most Recent Publications:

None to date
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Title:
Birmingham's Gulf War Veterans' Illness Demonstration Clinic (13)

Project #:
VA-56
Agency:
VA
Location:
VAMC Birmingham

Status:
Complete
Research Type:
Clinical Research

P.I. Name:
Michael P. Everson, Ph.D.
Research Focus:
Treatment

Study Start Date:
7/1/98

Estimated Completion Date:
09/30/00

Summary of Program(s):

OVERALL PROJECT OBJECTIVE:  Gulf War veterans are currently cared for in our Veterans 

Affairs (VA) system in community-based Primary Care Clinics and in various Gulf War Special 

Emphasis Program clinics.  There are currently a variety of clinical settings such as Primary 

Care Clinics and Gulf War Special Emphasis Clinics that provide healthcare for Gulf War 

veterans suffering from undiagnosed and ill-defined illnesses.  It is possible that improvements 

can be made in the current situation by enhancing the care provided at the Special Emphasis 

Clinics by adding “just in time” support services to a new Demonstration Clinic (actually a Special

Emphasis Clinic with increased support services) that might increase patient satisfaction and 

functional outcomes while decreasing utilization and costs.  This study will look at the 

effectiveness of these settings in providing optimal treatment and patient satisfaction for these 

veterans. 

SPECIFIC AIMS: The two hypotheses to be tested in this proposal are that: (1) Special 

Emphasis Clinics provide healthcare superior to that provided in Primary Care Clinics for Gulf 

War veterans, and (2) Special Emphasis Clinics can be improved to provide greater patient 

satisfaction and better functional outcomes by enhancing application and coordination of support 

services currently available at VA Medical Centers throughout the country.

METHODOLOGY:  The proposed two-year demonstration project will initially compare two clinical 

settings (a Special Emphasis Clinic with a Case Manager on staff and Primary Care Clinics 

without Case Managers) to determine the impact of a Case Manager on healthcare effectiveness

of these two clinic settings by determining if there are differences in these outcomes:  1) patient

satisfaction, 2) patient functional status, 3) cost of care and resource utilization, and 4) 

knowledge about Gulf War Veterans’ Illness.  Following this initial evaluation and determining the 

baseline data for the Special Emphasis Clinic, they will then increase services in the Special 

Emphasis Clinic in the form of “just in time” support services (psychologist, benefits officer, 

social worker, chaplain, and pharmacist) thus changing the Special Emphasis Clinic into a “new 

and improved” Demonstration Clinic.  We will then compare the Demonstration Clinic to the 

baseline Special Emphasis Clinic to demonstrate whether the “just in time” services improve the 

above outcomes in Gulf War veteran patients.  We will also compare the Demonstration Clinic to

Primary Care Clinics as done previously for the Special Emphasis Clinic to control for any 

circumstantial changes in healthcare delivery over time. Comparison of outcomes of patient 

treated in Primary Care Clinics versus those treated in the Special Emphasis Clinic or 

Demonstration Clinic will be made and will include the following measures:

(1) Functional status, (2) Number of visits to healthcare providers, (3) Adverse events and 

intercurrent illnesses, etc,  (4) Hospitalizations, (5) Patient satisfaction with healthcare, (6) 

Symptoms measures.

EXPECTED PRODUCTS (MILESTONES): The study should result in recommendations for 

VA-wide implementation that will impact on the care of all Gulf War veterans, as well as being a 

model for a responsive system can enhance the provision of clinical care and supportive 

services for all future veterans who may possess a more complex, specialized need than exists 
in the routine care. Implicit in this study of care provision is discerning which system is best for 

understanding the nature, variability, and progression of Gulf War-related illnesses with the 

ultimate goal of enhancing and assessing effectiveness of multidisciplinary therapeutic intervention. 

This study should demonstrate which approach should be selected by the VA healthcare 


system to optimize care for Gulf War veterans. The primary objective of this proposal is to compare
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the effectiveness of healthcare delivery to Gulf War veterans of the newly developed Demonstration

Clinic to four Primary Care Clinics. The study will also compare the currently operated Special

Emphasis Clinic with the control Primary Care Clinics.  We will be able to determine whether 

patient-oriented outcomes and resource utilization differ significantly between clinic types.  
STATUS/RESULTS TO DATE: Statistical analysis of the initial phase of this three-phase study 
revealed no statistical differences for patient satisfaction with the special emphasis clinic versus
the primary care clinics.  The preliminary results lay the groundwork for determining new 
approaches to health care delivery via utilization of the Gulf War Demonstration clinic.  The 
preliminary data compared primary care clinics and the previous Gulf War Special Emphasis 
Clinic, prior to changing it to become the Gulf War Demonstration Clinic.  Thus, the basis has 
been set to evaluate this new clinic which is designed to improve the treatment satisfaction of 
Gulf War veterans of all types, including those suffering from undiagnosed and poorly defined 
illness.

Most Recent Publications:

None to date
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Title:
Case Management and Residential Rehabilitation for Persian Gulf War Veterans (13)

Project #:
VA-57
Agency:
VA
Location:
VAMC Tampa

Status:
Complete
Research Type:
Clinical Research

P.I. Name:
 Gail Powell-Cope, Ph.D./Roswell, M.D. Research Focus:
Treatment

Study Start Date:
7/1/98

Estimated Completion Date:
09/30/00

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: To improve access and quality of services to Persian Gulf 

War (PGW) veterans.  This study will aim to test new approaches to health care delivery and 

improve the treatment satisfaction of Gulf War veterans suffering from undiagnosed and 

ill-defined illnesses and disability.  

SPECIFIC AIMS: Tampa VAMC identified two gaps in services for PGW veterans:  (1)  PGW 

veterans identify patient satisfaction, patient education, and continuity of care as problems 

within the VHA; and (2)  after completing Phase II of the Registry Exam, there are no effective 

interventions designed for the 15-25% of PGW veterans who continue to be dissatisfied with 

VHA health care or have undiagnosed illnesses.  We have identified this group as 

“at-risk”(veterans who have strong, albeit diverse, unmet needs).  (Low-risk PGW veterans are 

defined as those who are satisfied with VHA care and who do not have unexplained illnesses.)  

To address the need of this at risk PGW veteran group, we proposed a unique residential 

rehabilitation program. 
Building on the existing PGW services, this program is an intensive,

 interdisciplinary, 8-bed treatment program for at-risk PGW veterans.  The proposed program 


philosophy is that 
restoration, wellness, and prevention efforts are critical in delaying the 


progression of disability. Rehabilitation programs have the potential for improving health behaviors


and health status, while reducing the magnitude of suffering and functional limitations.  Focusing

 on restoration, wellness and prevention, the staff will recognize complex interactions between cultural, 

pathophysiological, emotional, social, perceptual, and situational components of symptoms 

reported by PGW veterans.  In the treatment of PGW veterans, philosophically, we believe that 

symptoms exist when and as the individual describes them. 

METHODOLOGY: Registry Clerks will continue to serve as PGW Case Coordinators and will 

remain available to the veteran at any time during the evaluation process, or after the registry 

examination process is completed (should further issues or assistance be needed).  The 

coordinator will: (a) ensue that appointments and tests are scheduled in a timely fashion and at a 

time most suitable for the veteran, (b) be available by 1-800 phone call to answer any questions 

or concerns of the veteran or the veteran’s family and refer health care concerns to physician, 

(c) refer the veteran or family to social work service if such intervention would be helpful, (d) 

educate the veteran and family about VA benefits and services, including Compensation and 

Pension issues, and (e) help the veteran to access needed services.

The nurse practitioner will serve as Case Manager.  Case management is defined as a 

collaborative process which assesses, plans, implements, coordinates, monitors, and evaluates 

the options and services to meet an individual’s health needs, using communication and available

resources to promote quality, cost effective outcomes. (Mullahy, 1995).  Key components of 

case management include assessment of the client and family, long-term goal setting, diagnosis,

coordination and implementation and education and resource utilization (Jones, 1998).  The case 

manager will perform all the tasks of the Case Coordinator.  Differences between the two roles 

include (1) the case manager will be able to directly answer any questions or concerns of the 

veteran or the veteran’s family, including health care concerns and (2) case managers will also 

provide patient education and support to the veteran regarding symptoms management and 

health-promoting behavioral change, including self-efficacy, nutrition, exercise, and stress 

management.  Clinical knowledge is critical for effective case management.  It is this 

professional practice that differentiates case management from case coordination.

EXPECTED PRODUCTS (MILESTONES): A quasi-experimental design will be used to assess the

impact of this innovative two-component intervention program by comparing six groups of PGW
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veterans, including comparison groups of at-risk and low risk PGW veterans from VISN 8.  The 


groups will be compared on critical clinical (self management, self-efficacy, fatigue, sleep, pain,


anxiety, depression) and health services outcome measures (patient satisfaction, health status, 

health care utilization, and cost).  A notable feature of the project design is that it will provide 

evaluative data on the residential rehabilitation intervention, case management or case 

coordination interventions, and a combination of these two interventions.  That is, they will be 

able to disentangle effects due to either intervention alone or a combination of the two through a 

factorial design.

STATUS/RESULTS TO DATE: It appears that the preliminary results contribute to the scientific 

body of knowledge in the areas of testing new approaches to health care delivery and improving 

the treatment satisfaction of Gulf war veterans suffering from undiagnosed and ill-defined 

illnesses, or disability.  To date, 19 veterans have completed the residential rehabilitation portion 

of the program.  Formative feedback indicates that veterans like the rehabilitation approach and 

they report very positively about: (1) the interdisciplinary aspect of the program; (2) learning to 

be in more control of their care;  (3) the input from physical therapy and kinesiotherapy; (4) 

one-to-one consultation with the Clinical Coordinator; (5) the camaraderie that develops with 

groups.  (They appreciate being listened to, and as a result of this program, have more trust in 

the VA system.)  There have been several clinical lessons learned:    (a) Fibromyalgia-many 

formally diagnosed based on Rheumatology criteria; (b) Female veteran - establish a 

lecture/session with a registered nurse practitioner for specific GYN issues, etc; (c) Older patient

population - many “older” at their time of service; (d) Change schedule-shortened program from 

two weeks to one week to recruit patients;  (e) Male veterans-concerns by patient also from 

spouse regarding sex issues; (f) Case management-high risk veterans are pleased with concept; 

(g) Provider/Veteran relations-generally satisfied with VA clinicians; (h) Health Education 

Program component-veterans satisfied manage own sex; (i) Interdisciplinary rehabilitation 

approach-veterans value perspective.   Seven months after funding we determined that we were


about 4-5 months behind schedule and submitted a formal request to revise the time line which 


was approved.  We determined that a one-year follow up was not possible, therefore, changed the 


data collection time points from baseline-four weeks-one year to baseline-four week-six 

months.  (Low risk groups do not receive a four week follow-up.)  The shortened length of 

follow-up is methodologically more sound because of high mobility of this population and loss to 

follow-up.  We have been successful in retaining 72% of baseline sample at six weeks in study 
group 5 ( High risk routine care). Satisfaction and functional status measurements were to be 

made for each participant before the onset of the Demonstration Project, after one year, and at the

end of the two-year project.  We are presently stating that two year’s worth of data is unrealistic for

a two year funded project. We were unable to measure outcomes at the onset of the Demonstration

Project, after one year, and at the end of the two year project, as specified in the request for

applications because (1) there was 7 months start up time to launch this complex clinical program, 

and (2) recruitment has been more difficult than anticipated, necessitating a change in their data 

collection time points.

Most Recent Publications:
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Title:
Implementation and Evaluation of Gulf War Veterans' Demonstration Project (13)

Project #:
VA-58
Agency:
VA
Location:
VAMC Portland/Seattle

Status:
Complete
Research Type:
Clinical Research

P.I. Name:
David H. Hickam, M.D./Sandra K.
Research Focus:
Treatment

 Joos, Ph.D.

Study Start Date:
7/1/98

Estimated Completion Date:
09/30/00

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: Gulf War (GW) veterans comprise an important new group of

users of VA services.  This project will establish innovative clinical programs for GW veterans in
 
two large VA medical centers in VISN  20 (Portland VAMC and  Puget Sound VAMC).  The 

programs have been designed to meet the clinical needs of this patient group and to rectify 

problems with VA services identified in prior studies of GW veterans.  A comprehensive 

evaluation of the program will be conducted. 

SPECIFIC AIMS:  (1) Compare physical and psychological functioning and satisfaction with VA 

care between GW veterans who receive care from the targeted clinical programs and GW 

veterans who receive care from other clinical sites in the two VA medical centers. (2)  Evaluate a
 
panel of GW veterans who had received care at either of two urban VA medical centers prior to 

July 1, 1998, to measure whether implementing carefully designed outpatient clinical programs is 

associated with improvement of mean levels of physical and psychological functioning and 

satisfaction with VA care for the entire panel.  (3) Assess and describe the sources of 

dissatisfaction among GW veterans who report problems with VA services they have received.  

(4) Examine whether satisfaction with VA services among GW veterans is associated with 

demographic characteristics and levels of medical comorbidity and physical and psychological 

functioning.  (5) Compare utilization of VA clinical services between GW veterans who are 

followed in the targeted clinical programs and those who receive conventional VA care. (6)  

Measure the operating costs of the targeted clinical programs.

METHODOLOGY:  The clinical programs were designed to offer services pertinent to the types 

of medical problems reported by GW veterans in prior studies.  Organizational features of the 

programs were chosen to correct problems identified in prior studies of the satisfaction of GW 

veterans with VA services.  The program will offer primary care and case management services 

in interdisciplinary primary care clinics.  Clinical staff from the two sites will meet to share 

experiences and troubleshoot problems with program operation.

The study design includes two components.  The first component is a cohort study of GW 

veterans who were users of VA services prior to implementation of the new clinical programs.  

The second component is comparison of users and non-users of the new clinical programs at two

 time points.  Data to be gathered includes questionnaires containing the SF-36V, a comorbidity 

index previously developed in the VA, and the VA National Ambulatory Care Customer 

Satisfaction Survey.  Cost and utilization data will be collected using VISTA and DSS sources 

and the facilities’ cost data report.

EXPECTED PRODUCTS (MILESTONES): Persian Gulf War (GW) Veterans comprise a large 

group of eligible veterans who will be significant future users of VA medical care services.  

Recent federal legislation requires the VA to develop quality healthcare programs for GW 

veterans by carrying out a program of demonstration projects that will test new approaches to 

healthcare delivery.  It is expected that this program will lead to improved satisfaction and 

functioning of GW veterans.  This proposal describes a plan for implementing and evaluating 

targeted clinical programs for Gulf War Veterans at two large VA Medical Centers.

The previous research evaluating the medical problems and health care experience of GW 

veterans has shown that this patient group has substantial medical problems that fall into 

discrete categories.  Furthermore, the VA has not yet found a consistently effective model for 

delivering services to this population that is associated withal high level of patient satisfaction.  

The logical next step is to design clinical programs that respond to the needs of GW veterans 

and to carefully evaluate the functioning of these programs.  
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The project will provide high quality information that will assist the VA in planning future clinical 

services for GW veterans.  It build upon prior studies of the health of GW veterans conducted 


by the Portland Environmental Hazards Research Center and upon the work of the VHA National


Customer Feedback Center.  The findings of this project will provide useful information about the

effectiveness and cost of multidisciplinary clinical programs dedicated to the are of GW 

veterans in two large VA medical centers.

STATUS/RESULTS TO DATE: Substantial progress has been made on this study. The first 

phase of data collection for Component 1 of the study has been completed.  Using VISTA data 

sources, all veterans listing Gulf War as period of service who had used outpatient services at 

either the Portland or Puget Sound facilities since October 1, 1997, were identified.

In January 1999, questionnaires were mailed to 913 veterans who had received care at the 

Portland facility between October 1997, and September 1998.

The demographic characteristics of respondents were similar in the Portland and Puget Sound 

groups.  Average age was 36 years in the Portland group and 39 years in the Puget Sound group.

Eleven percent of the Portland respondents and 19% of the Puget Sound respondents were 

female.  Approximately two-thirds were married in each sample.  Eighty-five percent of the 

Portland sample and 80% of the Puget Sound sample reported being employed full-time or being 

enrolled in college.  For the entire sample, 50% reported some college experience, and 19% had 
graduated from college. The health status of the respondents was lower than would be expected for

 a cross-sectional of patients in this age range.  Only 19% reported their health as excellent or very good, 

and 45% reported their health as fair or poor.  Nearly half reported that they had felt depressed or sad 

much of the time during the past year.  Eighty-five percent had applied for Compensation and 

Pension Benefits, and half reported not being satisfied with the decision of the VA regarding 

compensation.
A substantial proportion of respondents reported previous problems with care in the VA

 system.  Half reported that they did not feel that there was a single provider in charge of their medical 

care, and 40% reported having to wait too long for appointments.  One-third reported significant 

problems in communicating with providers, and one-third also reported having low confidence in 

their providers.  Twenty-five percent reported that appointment times were significantly 

inconvenient.  These findings are similar to those of previous surveys of gulf war veterans and 

confirm that our samples are appropriate candidates for more intense study of their medical care

perceptions.
Most Recent Publications:



None to date
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Title:
Demonstration Treatment Program for Gulf War Veterans With Unexplained Physical 

Symptoms (13)

Project #:
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Agency:
Location:
VAMC Cincinnati/Cleveland

Status:
Complete
Research Type:
Clinical Research

P.I. Name:
Dewleen G. Baker, M.D.
Research Focus:
Treatment

Study Start Date:
7/1/98

Estimated Completion Date:
09/30/00

Summary of Program(s):

OVERALL PROJECT OJBECTIVE: The goal of this study is to determine treatment efficacy and

efficiency of a demonstration treatment project for GWVs with multiple physical symptoms.  

The treatment comparison group will be Group I (see below) and will have 100 participants at each

site.  Secondary study groups, Groups II and III will be recruited at each site and will have 50 

participants each.  Group I will be used to determine the effect of the demonstration clinic 

treatment (at Cincinnati) versus standard care (at Cleveland) and will be statistically compared 

by site over time on health status, clinical outcome and health service utilization.  All study 

groups will be compared across health status, site and time to determine functional health status 

and health care utilization.  These comparisons will be used along with demographic data for 

Groups II and III to demonstrate that the two study sites are similar and comparable, i.e., that 

they have similar patient populations and medical management.

SPECIFIC AIMS: Primary hypothesis: GWVs in the demonstration clinic group will show greater 

treatment efficacy than the standard care control group as measured by functional health status 

and clinical measures.  Secondary hypothesis: GWVs in the demonstration clinic group may 

initially show higher service utilization than the standard care control group, but by 18 months 

after the baseline visit will show significantly less health care service utilization than the control 

group. 
The site proposes to compare treatment in a GWV demonstration clinic, similar to the one 

described by Engel et al. to standard treatment of GWVs.  This project will be a 2-site, clinical 

demonstration project, with three study groups.  Group I will consist of GWVs with multiple 

physical symptoms who have been thoroughly medically assessed, and who have no serious, 

explanatory medical diagnosis.  GWVs in Group l receiving care at the Cincinnati VAMC will 

participate in the demonstration treatment clinic and those receiving care at the Cleveland VAMC 

will comprise the standard care group.  In addition there will be two additional comparison groups; 

Group II, consisting of GWVs with significant medial diagnoses, such as hepatitis C, diabetes, 

AIDS, cancer, etc., and Group III, consisting of GWVs who had neither a medical diagnosis nor 

significant health complaints.  Members of these Group II and III will be equally divided between 

the two sites.  Between site comparisons of health status and service utilization for Groups II and

III will be used, along with demographic data, to demonstrate similar patient populations and 

health care delivery systems at the two study sites. 

(1a) To determine health-related quality of life in all groups by comparing Groups I, II and II 

across location (Cincinnati vs. Cleveland) and over time. (1b)  To determine the effect of 

treatment in the demonstration clinic on health-related quality of life by comparing Group I across

location and over time. Primary outcome measures will be the SF-36 and the Basis-32 and the 

comparison time points will be at baseline, 6, 12, and 18 months.  

(2a) To longitudinally determine health care service utilization in all groups by comparing Groups 

I, II and III across location and over time. (2b) To determine the effect of treatment in the 

demonstration clinic on healthcare service utilization by comparing Group I across location and 

over time.

The groups will be compared at baseline, 3, 6, 12, and 18 months on traditional (VA and non-VA 

standard medical) and non-traditional health care service use. 

(3) To determine the effectiveness of treatment in the demonstration treatment clinic versus 

standard care on clinical outcome by comparing Group I across location and time. 

(4)  Primary treatment outcome measures will be the Clinician-Administered PTSD Scale (CAPS), 

the Hamilton-D Rating (Ham-D), and the Fibromyalgia Impact Questionnaire (FIQ).
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METHODOLOGY:  The original proposal called for 200 subjects at each site. A total of 


approximately 150 subjects have been enrolled, with about two-thirds of those at the Cincinnati


site.  The Cleveland site has also had to use a greater proportion of subjects from the existing 

Gulf War registry, which was to be a backup strategy for attracting new subjects.

A comprehensive set of procedures for measuring health care utilization is well detailed.  It 

includes methods for calculating VHA health care utilization from VHA administrative data bases,

and for obtaining information from subjects on non-VA health care services utilized.

A comprehensive set of measures are being obtained, which include the self reported patient 

satisfaction, functional status, diagnostic information, psychological symptoms, and specific 

measures or depression and stress related disorders.  These measures should adequately 
quantify the study’s hypotheses. While no power analysis have been completed, the investigators 

have been able, already, to demonstrate statistically significant differences between relatively small 

samples of subjects with Gulf War Illness and those without the illness on measures of depression 

and combat exposure.  The magnitude of the differences between relatively small samples on the SF-36 
measures, suggests that the full samples will provide adequate power to test the primary hypotheses 

in the study.

EXPECTED PRODUCTS (MILESTONES): The study shows promise of better detailing the 


relationship between medical and mental health symptoms over the course of time.  The study 

has already demonstrated that a case management approach to care can enlist subjects into 

treatment for both the physical and psychological symptoms they initially present with.  The 

study has also underscored the critical importance of providing a central point of contact for Gulf

 War veterans as they interface with the existing VHA systems of care.

STATUS/RESULTS TO DATE: Preliminary result suggests a high incidence of mental health 

comorbidities for veterans with Gulf War Illness (in 43% of cases).  The number of symptoms 

related to the CDC Gulf War case definition is significantly correlated with a broad range of 

psychological and neuropsychological measures.  The Cincinnati-Cleveland Demonstration 

Program appears to be on schedule.   The staff continue to work on developing new approaches 

to engaging patients in treatment, and adjusting the delivery of physical and mental health 

services to the special needs of this population of veterans.


Most Recent Publications:

None to date
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OVERALL PROJECT OBJECTIVE: A GW veterans Sleep Disorders Evaluation Center (SDEC), 

will be developed utilizing Case Managers to direct a multidisciplinary evaluation in order to 

improve recognition and treatment of sleep disorders.  The Center will identify GW veterans with 

potential sleep disorders, provide them with timely and expert evaluation and treatment of their 

disorders, and study optimal treatment regimens.  By addressing the problem in this manner we 

can improve GW veteran satisfaction with VA services and increase the likelihood of customer 

retention.  

The most common complaints of Gulf War (GW) veterans are of fatigue and sleep disturbances,

symptoms which can occur as the result of chronic deprivation caused by an undetected sleep 

disorder.  Several preliminary studies suggest a high prevalence of sleep disorders in the GW 

veteran population.  However, recognition of sleep disorders as a cause of GW complaints is low

and no studies have been conducted to establish successful treatment programs.  This project 

will evaluate three hypothesis:  1) A significant proportion of the complaints reported by GW 

veterans are due to undiagnosed sleep disorders. (2)  Treatment of those sleep disorders will 

reduce symptoms of chronic sleep deprivation and improve the quality of life of GW veterans. 

(3) Utilization of a symptom-oriented multidisciplinary specialized treatment unit featuring 

coordination of care by case managers will lead to high GW veteran satisfaction with VA 

services.

SPECIFIC AIMS: 1) To establish a multidisciplinary specialized treatment unit in order to 

evaluate the symptoms of 300 GW veterans and determine whether they have undiagnosed 

sleep disorders.

2) Treat those GW veterans with sleep disorders and assess the outcome of therapy. (3)  

Measure the satisfaction with care of GW veterans who participate in the treatment program and 

compare their level of satisfaction with that found in a control group.

METHODOLOGY:  Patient Recruitment:  GW veterans in the New England VISN will be sent 

selected questions from the National Health Survey of Persian Gulf War Era Veterans 

questionnaire and existing validated sleep questionnaires.  The services of SDEC will be offered 

to GW veterans with sleep related complaints on the initial questionnaire.  Addresses of eligible 

GW veterans will be obtained from existing GW databases.  Local addresses will be obtained 

from the GW Registries of the two participating sites, Brockton/West Roxbury VAMC and Boston

VAMC.  There are approximately 200 veterans registered at Brockton / West Roxbury VAMC 

and 300 at the Boston VAMC. Addresses for other veterans in the New England VISN will be 

obtained from the VA Persian Gulf Registry, which lists about 2400 veterans in the New England 

region.  If the response rate does not meet the target goal, additional addresses will be obtained 

from the Veterans Benefits Administration’s Compensation and Pension Service, which maintains

a database on over 160,000 Persian Gulf era veterans.  

Control Group: A demographically similar group of GW veterans not residing in VISN 1 and 

receiving care at facilities with similar characteristics to the Brockton/West Roxbury and Boston 

VAMCs will be mailed the initial questionnaire and serve as the control group.  Addressees will be 

obtained from the VA Persian Gulf Registry.   As with the treatment group, the questionnaires will

 be assessed and those with sleep-related complaints identified.  Instead of being evaluated in 

the SDEC, these veterans will be sent a letter stating that their symptoms may be due to and 

underlying sleep disorder and they should seek care at their local VAMC.  A follow-up 

questionnaire will be sent one year to later assess change in symptoms and customer 

satisfaction with standard care for GW related complaints.

EXPECTED PRODUCTS (MILESTONES):  A significant proportion of GW veterans have sought 
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valuation by the VA  for medical complaints they feel are related to their service in the Persian 


Gulf.  One quarter of those in the VA Persian Gulf Registry have complaints which may be


symptoms of sleep disorders.  Given the high rate of sleep disorders in the general population 

and the high potential of the combat environment to induce sleep disorders, appropriate 

recognition and treatment of sleep disorders could have a profound impact on delivery of care to

GW veterans.  Lack of resolution of symptoms due to unrecognized and untreated sleep 

disorders may lead to dissatisfaction with healthcare delivery systems by GW veterans.  

Successful treatment will reduce chronic symptoms, improve quality of life and should improve 

patient satisfaction with VA care.

Since the target population of this proposal is GW veterans this study has high relevance to the 

VA patient care mission.  If implemented, this study would fulfill the federally mandated mission 

to provide ongoing clinical care for GW veterans.  Treatment of sleep disorders would lead to 

improved functional status of GW veterans.  By improving patient satisfaction with health care 

delivery, this project may also help draw new and younger veterans to the VA health care 

system, increasing utilization of this resource.  The success of a problem oriented multispecialty 

evaluation center approach may serve as a model for addressing other populations in the VA. 

STATUS/RESULTS TO DATE: No change from original protocol except reduction of time to 

follow-up mail survey from 1 year to 6 months.  This change was necessitated by the fixed 

duration of the project and a longer than expected recruitment period. 

(1) Two of three planned mailing have been completed, with the last mailing planned for 

September 1999.  Results to date are as follows: (a) 35% response rate, (b) 65% of responders 
are eligible to participate, (c) 35% of eligible veterans willing to participate, (d) 64 veterans evaluated 

so far, (e) Target goal: recruit 300 patients. Multi-Center Study:  (a) Brockton/West Roxbury VAMC: 

45/64 patients (70%), (b) Boston VAMC: 19/64 patients (30%). 


(3) Utilization Pattern: (a) Current users of VA: 39/64 (61%), (b) Previous nonusers of: 25/64 (39%). 
(4) Sleep Disorder Prevalence: (a) High rate of treatable sleep disorders found: 46/48 patients who 

have completed evaluation (96%). (b) Distribution of sleep diagnoses: see graph.

(5) Follow-up: No data yet available, first follow-up mailing will occur September 1999.

(6) Adverse Reactions: None. 

From their initial data there appears to be a high rate of sleep disorders in Gulf War Veterans 

with ongoing complaints of fatigue and disrupted sleep.  The prevalence and distribution of sleep

disorders is similar to those found in the preliminary studies.  Availability of Sleep Medicine 

services may increase veteran’s utilization of VA facilities.   The impact of treatment of sleep 

disorders on chronic complaints of Gulf War Veterans and the effect of the treatment program 

design on customer satisfaction will not be determined until follow-up data is collected and 
analyzed.


Most Recent Publications:



None to date
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An Epidemiological Investigation into the Occurrence of Amyotrophic Lateral Sclerosis 

(ALS) Among Gulf War Veterans (See also DoD-118)
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VA
Location:
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Summary of Program(s):

See also DoD-118

OVERALL PROJECT OBJECTIVE: Recently, concern has arisen regarding a possible elevated 

occurrence of amyotrophic lateral sclerosis (ALS) among veterans who served in the Persian 

Gulf during Operations Desert Shield (August 2, 1990 – January 15, 1991), Desert Storm 

(January 16, 1991 – February 28, 1991) and Clean-up (March 1, 1991 – July 31, 1991).  

Accordingly, we are proposing an epidemiologic investigation into the occurrence of ALS among 

veterans of the Gulf War that will further define the epidemiology of this neurological disease 

among veterans, a relatively young population, determining whether there is a higher than 

expected occurrence; and, ascertain the possible etiology.  

SPECIFIC AIMS: To develop, through nation-wide ascertainment, a comprehensive descriptive 

epidemiology of ALS cases among Gulf War veterans with particular attention to whether there is

a higher than expected occurrence of ALS among deployed veterans as compared to 

non-deployed Gulf War veterans; and to ascertain possible etiologic factors with particular focus 

on the role of chemical or biologic factors in the Persian Gulf area of deployment.

METHODOLOGY:  To address these objectives, a two-phased investigation will address of the 

occurrence and epidemiology of ALS among Gulf War veterans.  The first phase, occurring over 

a one-year period, will involve complete ascertainment and comprehensive evaluation of ALS 

cases among veterans of the Gulf War.  As a major part of this phase, the incidence of ALS will 

be estimated among deployed and non-deployed Gulf War veterans and will compare these rates

to each other and to those of non-veteran populations as reported in the literature.  During Phase

1, a system will be created for continued surveillance of new cases among Gulf War veterans.  

In Phase 2, our case series (from Phase 1) will be supplemented with comparable controls 

selected from among deployed and non-deployed Gulf War veterans and ascertain potential 

etiologies based on reported exposures and presence of other potential risk factors.  

EXPECTED PRODUCTS/MILESTONES: The results of this study have importance for both the 

VA in achieving its mission to provide for the health of veterans and for the larger society in 

understanding ALS.  From the VA perspective, this project will indicate whether veterans 

deployed to the Persian Gulf during the Gulf War are at elevated risk of ALS.  If so, strategies 

can be designed for prompt, appropriate identification and clinical management of ALS patients in

this population.  From the broader perspective, a study of ALS in relatively young individuals 

may provide knowledge regarding the epidemiology, and particularly, the etiology of this disease.
 
VA is leading this joint study that also involves DoD, HHS, CDC, and academic centers of 

excellence in neurology, with advice from the ALS Association. 

STATUS/RESULTS: In process of developing census of cases for case verification.  

Verification will start July 15th.  This will include review of medical records and a detailed clinical 

examination, as necessary.

Most Recent Publications:

None to date
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Title:
A Randomized, Multi-Center, Controlled Trial of Multi-Model Therapy in Veterans with Gulf 
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Formerly Project VA/DoD-1V

See also Project # DoD-115

OVERALL PROJECT OBJECTIVE: This clinical trial will study Gulf War veterans who have 

unexplained chronic medical symptoms such as pain, fatigue, and/or cognitive difficulties. 

Patients will be randomized to one of four groups: 1) Cognitive Behavioral Therapy (CBT) plus 

aerobic exercise, 2) aerobic exercise alone, 3) CBT alone, and 4) usual and customary care. The 

primary outcome will be a clinically meaningful improvement in the Physical Component 

Summary (PCS) scale of the SF-36V at one year relative to baseline.

SPECIFIC AIMS: see objectives.

METHODOLOGY A cohort of 1356 patients (339 per group) who satisfy an operational definition 

of Gulf War Illnesses will be enrolled from 18 VA and 2 DoD medical centers over a 18-month 

period. The target sample size can be achieved in one year with 20 sites enrolling 68 patients 

each. All patients will be followed for one year and outcomes will be measured at 3 months 

(immediately following the end of treatment), 6 months and 12 months. The primary hypothesis 

of this study is that multi-modal therapy will significantly improve clinical outcomes in veterans 

with Gulf War Illnesses. The primary endpoint is the proportion of patients improved at one year 

relative to baseline on the PCS scale of the SF-36V. Patients with more than a 7-point increase is

used, instead of changes in the actual PCS scale, because it represents a significant 

improvement and, hence, is more clinically meaningful than just a change in value.

EXPECTED PRODUCTS (MILESTONES):  This trial focused on Gulf War veterans' who have 

unexplained chronic medical symptoms of pain, fatigue, and/or cognitive difficulties.  The 

treatments, cognitive behavior therapy and aerobic exercise, have been shown to be effective 

in alleviating symptoms in individuals with other similar types of illnesses, such as chronic 

fatigue syndrome and fibromyalgia.  The primary hypothesis is that the combination of CBT and 

aerobic exercise will be more beneficial than either therapy alone.  

STATUS/RESULTS TO DATE: This study is ongoing.  The kickoff meeting was held in April of 

1999 and patient enrollment began in May 1999.  The Data Monitoring Board met in July 1999.  

During the first 47 weeks of the study, 636 patients have been randomized.

Most Recent Publications:

None to date

Persian Gulf Veterans' Illnesses Research 
-
Project 
VA-63


Title:
VA/DoD Core funding of the Medical Follow-Up Agency (See also DoD-116; formerly 


VA/DoD-2V/2D)

Project #:
VA-63
Agency:
VA
Location:
Institute of Medicine/Medical Follow-Up







Agency

Status:
Ongoing
Research Type:
Epidemiology Research

P.I. Name:
Richard Miller, M.D., M.P.H.
Research Focus:
Symptoms/General Health

Study Start Date:
10/1/93

Estimated Completion Date:

Summary of Program(s):

**Formerly Project VA/DoD-2V/2D

Same as Project # DoD-116.

This program is a joint program funded by VA and DoD to provide the Medical Follow-Up Agency 

with core funding to maintain its operational capabilities to perform epidemiological research on 

veterans.  The MFUA maintains a number of important veterans' databases.  VA and DoD 

consider this Program a vital adjunct to its Gulf War programs.  It provides VA and DoD with a 

vehicle by which outside expert epidemiological skills can be quickly brought to bear to conduct 

small scale pilot projects to test the feasibility of new ideas, and to provide recommendations 

and proposals to VA and DoD for the conduct of more extensive projects.  This Program was 

authorized under P.L. 102-585, and initially served to fund the IOM/MFUA study panel "The 

Health Consequences of Military Service during the Persian Gulf War", which produced its final 

report in September 1996.


Most Recent Publications:

None to date

Persian Gulf Veterans' Illnesses Research 
-
Project 
VA-63A

Title:
Follow-Up Investigation of troops exposed to nerve agents at Aberdeen Proving Ground 

(Pilot Study) (See also DoD-116A; formerly VA/DoD-2VA/2DA)

Project #:
VA-63A
Agency:
VA
Location:
Institute of Medicine/Medical Follow-Up 







Agency

Status:
Complete
Research Type:
Epidemiology Research

P.I. Name:
William Page, Ph.D.
Research Focus:
Chemical Weapons

Study Start Date:

Estimated Completion Date:
12/31/97

Summary of Program(s):

** Formerly Project VA/DoD-2VA

See also Project # DoD-116A.  

OVERALL PROJECT OBJECTIVE: Between 1955 and 1975, the U.S. Army enrolled 6,720 

soldiers in an experimental exposure program of chemical warfare and other agents at the 

Edgewood Arsenal, Maryland.  In 1980 the Army asked the National Research Council (NRC) to 

study the possible long term health effects of these exposures.  A three-volume report was 

issued, the last volume dealing with the current health status of test subjects, including 1,581 

men exposed to anticholinesterase compounds such as GA (tabun), GB (sarin), GD (soman), GF,

and VX.  The report indicated that "the limited information available from the follow-up on these 

soldiers does not permit definitive conclusions regarding the nature and extent of possible 

long-term problems resulting from chemical exposure at Edgewood."  A pilot study was 

undertaken to determine whether follow-up of these test subjects is feasible and whether it would 

provide useful information.  Taking the suggestion of the NRC committee, we propose to survey

by telephone the Edgewood subjects who were exposed to anticholinesterase agents for the 

more common OP exposure-associated outcomes; neurological deficits, particularly peripheral 

never disease, and neuropsychological impairment, including sleep disorders, anxiety, and 

depression.  

SPECIFIC AIMS: To conduct a pilot study to determine if it is feasible to follow up on soldiers 

exposed to anticholinesterase agents at the Edgewood Arsenal.  

METHODOLOGY:  The Edgewood subjects who were exposed to chemical agents will serve as 

the first control group.  However, this is not an ideal control group because the original Edgewood

protocol did not include random assignment of subjects to treatment and control groups.  In 

particular, it is thought that healthier men were more likely to have been assigned to chemical 

exposure groups and second control group consisting of men who were exposed to chemical 

agents other than anticholinesterases will also be included in the follow-up.

We are proposing a screen by telephone questionnaire of all exposed subjects and controls for 

neurological deficit and neuropsychological impairment, including sleep disorders, anxiety, and 

depression.  

EXPECTED PRODUCTS (MILESTONES): If the pilot program proves successful, a full term 

study will be undertaken to study the health effects of subjects exposed to anticholinesterase 

and other chemical agents. 

STATUS/RESULTS TO DATE: MFUA is in the process of selecting a subcontractor to conduct 

the telephone survey. (New project is listed as DoD-93).

Most Recent Publications:

None to date

Persian Gulf Veterans' Illnesses Research 
-
Project 
VA-63B

Title:
Patterns of Pre-Persian Gulf War Illness and Health Care Seeking Pilot Study  (See also 

DoD-116B; previously VA/DoD-2VB)

Project #:
VA-63B
Agency:
DoD
Location:
IOM/NAS

Status:
Complete
Research Type:
Epidemiology Research

P.I. Name:
Richard Miller, M.D., M.P.H.
Research Focus:
Symptoms/General Health

Study Start Date:
10/1/96

Estimated Completion Date:
12/31/98

Summary of Program(s):

*Formerly PG Project #VA/DoD-2VB

 Same as PG Project #DoD-116B  

OVERALL PROJECT OBJECTIVE: To answer the question whether there are patterns of illness 

and the patterns of use of the Department of Defense (DoD) outpatient care during the year 

prior to deployment to the Persian Gulf War (PGW) in personnel who subsequently developed 

poorly defined illnesses different from the patterns of controls?  

SPECIFIC AIMS: To investigate the health records of military personnel who became ill after 

being deployed to the Persian Gulf War a year prior to their leaving for the Gulf. Patterns of 

illness and patterns of usage of DoD outpatient care will be compared to patterns of controls.

METHODOLOGY:  Conducting extensive searches of relevant literature and researching various 

methods of obtaining medical records; Data abstraction and categorization.  

EXPECTED PRODUCTS (MILESTONES): The information obtained from this pilot study will be 

useful in determining whether those personnel who were deployed to the Gulf had some 

pre-existing medical condition that made them more susceptible to becoming ill.  Depending upon 

the preliminary results, a full study may or may not be performed.

STATUS/RESULTS TO DATE: Approvals have been obtained from the NRC Governing Board 

and from the NRC Institutional Board.  Permission to access records has been received from:  

VABIRLS, the Army Personnel Center, and the Army Surgeon General's Office (SGO).  We have

developed a short study protocol, produced case definitions, and created an algorithm for 

identifying cases from the PGHR and the CCEP as well as for controls.  A database containing a

record of all cases and controls has been created in Paradox and SAS.  An algorithm for 

acquiring medical records has also been developed.  A second request for claims folders has 

also been mailed.  A registry match of records to determine those that are located at the National

Personnel Records Center (NPRC) has been completed.  We have obtained over 1,100 medical 

records and have begun the abstracting process.  It is predicted that the pilot will be completed 

and the data analyzed by the end of the year.  No plan for a full study can be constructed until 

the completeness of record ascertainment by PGHR or CCEP/control status is known.

Most Recent Publications:

None to date

Persian Gulf Veterans' Illnesses Research 
-
Project 
VA-64

Title:
Boston Environmental Hazards Research Center

Project #:
VA-64
Agency:
VA
Location:
VAMC Boston

Status:
Ongoing
Research Type:

P.I. Name:
Roberta F. White, Ph.D.
Research Focus:

Study Start Date:
4/1/00

Estimated Completion Date:
04/01/05

Summary of Program(s):

The Boston Environmental Hazard Research Center (BEHRC), which was initially funded in 1994,

was one of 4 funded Centers whose mission was to pursue basic and applied research in the 

field of environmental and occupational health. The primary emphasis was on the possible 

exposures that may have been encountered by Persian Gulf and Vietnam veterans while on 

active duty. Their work over the past five years has contributed to new knowledge related to the 

health of Persian Gulf veterans, including the observation that stress does not fully explain the 

increased symptoms in Gulf War veterans, and that post-traumatic stress disorder does not 

largely explain effects report by them.

The BEHRC has received a new award from the VA Office of Research and Development to 

continue their research program in environmental hazards. Specifically, the Center will focus on 

the field of behavioral neurotoxicology. The Center will emphasize the application of 

environmental health, neuroscience, and neurocognitive methodologies to issues in the field of 

behavioral toxicology.

OVERALL SUMMARY: The Boston Environmental Hazards Center (BEHC) is a science-based 

unit located at Boston VAMC. In the next 5 years, investigators who participated in studies 

carried out in the initial funding phase of the Center (1994-1999) will focus on 1) the application of

environmental health, neuroscience and neurocognitive methodologies to issues in the field of 

behavioral toxicology, and 2) the training of environmental health, neuropsychology and 

neuroscience students in this scientific field.

This group of scientists has collaborated in research on behavioral toxicology, environmental 

health and behavioral neuroscience for many years under the leadership of the Center Director, 

Dr. Roberta White, and Dr. David M. Ozonoff (Chair of Environmental Health at BUSPH). 

The Center structure consists of a director, administrative core, research investigatory team, 

advisory committee, and trainees. Key Center personnel have worked together at BEHC for the 

past several years and have become a well-coordinated team. They will be advised by an 

external advisory committee of veterans, community members and scientists who have also 

worked with BEHC in the past. The activities of the two major components of the Center--pilot 

research and training-- are designed to complement and enrich each other. The qualified 

investigators (4), primary investigators (8), trainees (2) and scientific consultants (3) will 

collaborate on three pilot projects . These projects are designed to utilize knowledge from basic 

science, environmental and occupational health epidemiology, and medicine for studies that are 

both innovative and translational. They are designed to have direct implications for the clinical 

care and monitoring of veterans and military personnel who are exposed to environmental 

hazards. Post-doctoral fellows with specialized interests in behavioral toxicology and backgrounds in 

environmental health, neuropsychology or neuroscience, will be recruited for the training program.

The training program will draw on the resources of the academic and clinical training programs 

with which Center investigators are affiliated and in which they have primary teaching 
responsibilities for coursework, clinical rounds and seminars.  The qualified investigators at 

BEHC have a strong track record of training researchers and clinicians who have gone on to

work in the VA system. The proposed Center structure will allow its investigators to continue

in this tradition, adding specialists in behavioral toxicology and environmental health.


Most Recent Publications:


None to date
 

Persian Gulf Veterans' Illnesses Research 
-
Project 
VA-64A

Title:
Functional Neuroimaging in Lead Exposed Adults

Project #:
VA-64A
Agency:
VA
Location:
VAMC Boston

Status:
Ongoing
Research Type:
Clinical Research

P.I. Name:
Roberta F. White, Ph.D.
Research Focus:
Brain and Nervous System

Study Start Date:
4/1/00

Estimated Completion Date:
04/01/05

Summary of Program(s):

OVERALL PROJECT OBJECTIVE:  The project is designed to develop a methodology for 

examining neurological and neuropsychological effects of lead exposure and to assess the value

and validity of using Magnetic Resonance Spectroscopy to establish the functional and regional 

patterns of lead-induced neurotoxic damage in the brain.  Although lead has been recognized as a

neurotoxicant for decades, little is known about the neuropathophysiological mechanisms 

mediating the toxic effects of lead, especially at lower dose exposures in humans. 

Neuropsychological and behavioral tests have revealed patterns of cognitive deficits in adults 

and children that are thought to be associated with specific brain regions. However, these 

associations have not been demonstrated using functional neuroimaging techniques.

SPECIFIC AIMS: The primary objective of this pilot research study is to develop a methodology

for examining neurological and neuropsychological effects of lead exposure in adults and to 

assess the value and validity of magnetic resonance spectroscopy (MRS) in studying lead 

induced neurotoxicity. 

METHODOLOGY:  This primary objective will be obtained by meeting several smaller objectives 

as follows: 1) identify and contact a subject population of adults with recent exposure to lead, 2) 

develop an exposure protocol to be used in MRS studies of the effects of lead exposed adults 

including tibial X-ray fluorescence (XRF), blood lead concentrations, and zinc protoporphyrin 

(ZPP) levels in the blood, 3) develop MRS methodology and protocol to be used in 

epidemiological investigation of lead poisoned adults, 4) assess the MRS patterns in frontal gray 

and white matter after lead exposure relative to the normal pattern seen in non-lead poisoned 

adults, and 5) determine if there is a reduced NAA/creatine ratio determined by MRS scans in 

adults with diagnosed lead poisoning.

It will be important to ascertain the nature and extent of subclinical neurobehavioral decrements 

using more sensitive methods such as magnetic resonance spectroscopy.  In this pilot project, 

neuropsychological testing and lead exposure measures (blood lead and XRF) will be examined in 

association with the MRS patterns (reduced NAA/creatine ratio) in frontal gray and white matter in

subjects exposed to lead relative to the normal pattern seen in non-lead poisoned adults. We will 

use this information to develop a protocol for further studies which will measure 

neuropsychological functioning and MRS patterns in occupationally exposed populations.  Though

patterns of neuropsychological deficits suggest damage in the frontal and mesial temporal areas

of the brain, structural imaging studies (computerized tomography (CT) and magnetic resonance 

imaging (MRI)) have not revealed gross abnormalities.  MRS provides a noninvasive, risk-free 

method to monitor the biochemistry of acute and chronic stages of disease. It utilizes spatial 

localization methods which sample the relative levels of metabolites from tissue defined by a 

structural magnetic resonance imaging (MRI) scan. MRS integrates biochemical information with 

the anatomic and pathologic information obtained from structural MRI.  

EXPECTED PRODUCTS (MILESTONES): This study is critical to the understanding of the 

pathophysiological mechanisms which mediate the toxic effects of lead. The mechanistic 

information obtained from functional imaging studies of these cases can be used to further 

understand the cognitive deficits associated with exposure to lead. The pathophysiological and 

behavioral data together, can then be used to direct treatment issues in these cases. 


STATUS/RESULTS TO DATE: Project recently funded.

Most Recent Publications:

None to date

Persian Gulf Veterans' Illnesses Research 
-
Project 
VA-64B

Title:
Quantification and Validation of Structure-Function Relationships through Visuospatial Test

performance

Project #:
VA-64B
Agency:
VA
Location:
VAMC Boston

Status:
Ongoing
Research Type:
Clinical Research

P.I. Name:
Roberta F. White, Ph.D.
Research Focus:
Brain and Nervous System

Study Start Date:
4/1/00

Estimated Completion Date:
04/01/05

Summary of Program(s):

OVERALL PROJECT OBJECTIVES: This new initiative will begin the process of refining and 

validating tasks to be used in the assessment of visuospatial function in persons who have been

exposed to known or suspected neurotoxicants. This domain of neuropsychological function is 

particularly important in behavioral toxicology because many of the brain structures that are 

affected by neurotoxicants also mediate specific neurocognitive components of visuospatial 

skills. 

SPECIFIC AIMS: This pilot project has four basic objectives: (1) Validate the sensitivity of the 

Stanford-Binet Copying Test and several other standard visuospatial tests in neurologic patients 

with well-defined focal damage to specific areas of the brain (i.e., explore the brain-behavior 

relationships revealed by performance on each of the tests). Four groups of patients with 

damage to brain areas that are also important with regard to the focal effects of neurotoxicant 

exposure will be studied: patients with Parkinson's disease (PD, basal ganglia), multiple sclerosis 

(MS, subcortical white matter), parietal/occipital strokes, and cerebellar atrophy.  (2) Explore the 

sensitivity of these tests to the localization of focal brain damage as confirmed on magnetic 

resonance imaging (MRI) in patients with well-defined toxicant exposures.  (3) Determine 

correlations in performance among the visuospatial tests in each of the subject groups and in all 

subjects.  (4) Examine the psychometric properties of the tests.

METHODOLOGY:  The study explores specific hypotheses about the relationship between sites 

of damage in the brain and performance on the tests included in the visuospatial battery. It is expected


that the same relationships between sites of damage and performance on tests will be found for the 


toxicant-exposed patients who show MRI evidence of brain pathology. The correlations among 


the tests in the battery are predicted to be low (less than 0.25), and it is expected that they will 


be lower in the pathological groups than in the control groups. The psychometric properties of 


the visuospatial tasks under study are likely to vary among the testswith regard to the characteristics 


of interest (floor, ceiling, range, variance, relationship to predictor variables).  

EXPECTED PRODUCTS (MILESTONES):  The study aims to better determine the visuospatial 

tasks that are best at quantifying dysfunction associated with pathology in specific brain 

regions. This will allow clinicians to use the tasks more effectively and it will also improve the 

interpretation process when carrying out studies on persons with occupational or environmental 

exposure to neurotoxicants. If, for example, the Stanford-Binet Copying Test is confirmed as a 

particularly sensitive indicator of posterior cortical brain function, then difficulties in performance

on this test (relative to other visuospatial tests) in subjects exposed to a particular neurotoxicant

would raise the hypothesis that the neurotoxicant acts directly on posterior brain structures. It is 

also possible that we will be able to uncover patterns of deficits among several visuospatial 

tasks that are associated with damage to particular brain regions and/or with particular 

neurotoxicants that will be helpful in determining diagnostic status or mechanisms of action of 

specific neurotoxicants. These developments would be extremely helpful in determining a highly 

sensitive group of tests for screening veterans and military personnel with known or suspected 

neurotoxicant exposure and for defining brain regions of interest for further study in individuals 
who show unexpected deficits in performance on tasks. In addition, a subset of the tests may prove 

useful as a battery by which personnel could be followed over time in order to monitor the development of neurocognitive dysfunction related to exposure to neurotoxicants.

STATUS/RESULTS TO DATE: Project recently funded.


Most Recent Publications:


None to date

Persian Gulf Veterans' Illnesses Research 
-
Project 
VA-64C

Title:
Development of a Structured Neurotoxicant Assessment Checklist (SNAC) for Clinical Use 

in Veteran Populations

Project #:
VA-64C
Agency:
VA
Location:
VAMC Boston

Status:
Ongoing
Research Type:
Clinical Research

P.I. Name:
Susan P. Proctor, D.Sc.
Research Focus:
Environmental Toxicology

Study Start Date:
4/1/00

Estimated Completion Date:
04/01/05

Summary of Program(s):

OVERALL PROJECT OBJECTIVES: See Specific Aims.  

SPECIFIC AIMS: The objectives of this project are to: 1) design a structured neurotoxicant 

assessment checklist (SNAC); 2) validate the SNAC in study group(s) in whom levels of 

neurotoxicant exposure have been or can be quantified; and 3) administer the SNAC to local VA 

in- and out-patients.

METHODOLOGIES:  By integrating an instrument such as the SNAC, with established reliability 

and validity, into standard clinical assessments of patients referred to the Neurology, 

Neuropsychology, or Psychology services, estimates of past and current prevalences of 

neurotoxicant exposures in relationship to various medical disorders can be determined. This 

information will be useful for the planning for the impacts of environmental exposures on clinical 

health care needs involving diagnosis, treatment, and prevention measures.

EXPECTED PRODUCTS (MILESTONES): Assessment of potential neurotoxicant exposures that 

may play a role in the development and treatment of central nervous system disorders is an 

important, and often overlooked, aspect of clinical research and/or individual clinical evaluation 

of persons with these disorders. Several exposure assessment methods are available for this 

purpose. These include self-report questionnaires, review of work histories and/or records 

identifying the chemicals involved in work practices, comprehensive industrial hygiene or 

environmental monitoring investigations, and measurements of biomarkers of exposure.  

Assessment of environmental and occupational exposures is not a standard clinical procedure 

within the VA healthcare system. After the Vietnam and Gulf Wars, specialized clinical 

assessment protocols were initiated (i.e., Agent Orange and Gulf War Registry Exams). 

However, by design, these protocols only include theater-specific exposure assessments and 

thus, do not include assessment of the entire veteran population served by the VA or of the 

veterans' complete occupational histories.


STATUS/RESULTS TO DATE: Project recently funded.

Most Recent Publications:

None to date

Persian Gulf Veterans' Illnesses Research 
-
Project 
VA-65

Title:
San Antonio Environmental Hazards Research Center

Project #:
VA-65
Agency:
VA
Location:
San Antonio Environmental 

Status:
Ongoing
Research Type:
Mechanistic Research

P.I. Name:
Arlan Richardson, Ph.D.
Research Focus:

Study Start Date:
1/7/00

Estimated Completion Date:
01/07/05

Summary of Program(s):

OVERALL PROJECT OBJECTIVES:  The research focus of the Environmental Hazards Center 

will be to develop novel transgenic/knockout mouse models that can be used to identify genetic 

deficiencies that increase the sensitivity of an animal to environmental hazards that cause 

oxidative damage. The hypothesis underlying our Center is that the sensitivity of animals to 

environmental hazards has a genetic component. We propose to begin identifying potential genes

 that contribute to the increased sensitivity of an individual to environmental hazards using 

transgenic/ knockout mouse models in which we have altered (increased or decreased) the 

expression of a specific gene or expressed a polymorphic variant or mutant gene. Program 

faculty in the Center will develop novel transgenic/ knockout mouse models in which genes 

involved in protecting cells/tissues from oxidative stress/free radicals are altered. The program is

focused around four Pilot Projects and four Cores. 

Four Core facilities will be important components of the Center and will be available to all trainees

and program faculty. The Animal/Pathology Core will be responsible for breeding and maintaining

the transgenic/knockout mice, treating the mice with oxidative stressors (paraquat and 

gamma-radiation), and assessing the pathology associated with oxidative stress. The 

Transgenic/Knockout Core will be critical to the Center because it will be responsible for 

transfecting embryonic stem cells with targeted constructs, selecting embryonic stem cells 

containing the targeted constructs, and producing chimeric mice from these cells. The Apoptosis 

Core will assist program faculty in measuring apoptosis in mouse tissues; this will be important 

because the agents that will be studied in the Center induce apoptosis, which could be 

physiologically important to the organism. Finally, a Genetic Assessment Core will provide three 

services: special transgenic mice for measuring mutations in tissues of mice, facilities for 

scanning the human genome for polymorphic variants, and a gene profiling facility.  One of the 

major goals of the Center is to set up at Audie Murphy VA Medical Center a Gene Profiling 

Facility that will employ the latest cDNA array technology to measure global gene expression in 

mouse tissues.  This technology is important for our Center because it is well established that 

oxidative stress induces a large number of changes in gene expression.  Therefore, monitoring 

the ability of oxidative stress to induce gene expression using cDNA arrays could be a powerful 


tool for measuring the ability of the various animal models to respond to oxidative stress.


Most Recent Publications:

None to date

Persian Gulf Veterans' Illnesses Research 
-
Project 
VA-65A

Title:
Does a Variant of the Human SOD2 Gene Increase Sensitivity to Hazards?

Project #:
VA-65A
Agency:
VA
Location:
San Antonio Environmental Hazards 







Center

Status:
Ongoing
Research Type:
Mechanistic Research

P.I. Name:
Arlan Richardson, Ph.D.
Research Focus:
Environmental Toxicology

Study Start Date:
1/7/00

Estimated Completion Date:
01/07/05

Summary of Program(s):

OVERALL PROJECT OBJECTIVES: This project will test the hypothesis that the mice 

expressing a Sod2 variant (Ile58Thr: threonine replacing isoleucine) will be more sensitive to 

oxidative stress. A novel knockout/knockin approach will be used to generate transgenic mice in 

which the human Ile58Thr variant replaces the wild type murine Sod2 allele. The sensitivity of 

these mice to gamma-irradiation and paraquat will be compared to wild type mice.  Based on our 

experience with Sod2 mice, we hypothesize that individuals carrying the Thr58 variant of Sod2 

are at a greater risk to environmental exposure to hazards because this variant has less 

biological activity than the wild type enzyme (Ile58) and because our studies with Sod2 mice 

clearly demonstrate that reduced MnSOD activity is associated with decreased mitochondrial 

function and increased sensitivity to apoptosis induced by oxidative stress.  

SPECIFIC AIMS:  (1) To generate mice that conditionally express the human Thr58 variant and 

Ile58 wild type MnSOD. (2) To determine if Sod2+/- mice are more sensitive to oxidative stress 

than their Sod2+/+ wild-type littermates.  (3) To determine if the KO/KI mice expressing the 

Thr58 variant of MnSOD are more sensitive to oxidative stress than mice expressing the wild 

type (Ile58) MnSOD.   

METHODOLOGIES:  See Specific Aims.

EXPECTED PRODUCTS (MILESTONES): The first line of defense against the deleterious 

effects of reactive oxygen species are the superoxide dismutases (SOD) that enzymatically 

scavenge superoxide anions converting them to hydrogen peroxide. Three separate genes 

encode the SODs in mammals: a homotetrameric CuZn containing form located in the 

extracellular space (ECSOD) and coded for by the Sod3 gene; a cytosolic homodimeric CuZn 

form (CuZnSOD) coded for by the Sod] gene; and a homotetrameric manganese form (MnSOD) 

compartmentalized within the mitochondrial matrix and coded by the Sod2 gene. Because the 

mitochondria are the primary sites of superoxide anion generation and because superoxide anions

do not readily cross membranes, MnSOD plays a critical role in protecting the mitochondria from

oxidative stress. The Sod2 gene has been reported to exist as polymorphic variants in the 

human population, and it has been suggested that these polymorphisms may be clinically 

important.  It has been suggested that the Thr58 variant exhibits balanced polymorphism similar 

to human hemoglobin, in which a structurally and functionally defective single-site mutant is 

maintained in the population due to a compensatory advantage. The Thr58r variant confers an 

early selective advantage by enhancing cellular defenses against viral infection at the cost of 

reduced protection against long-term oxidative damage and increased vulnerability to oxidative 

stress and late-onset diseases.  


STATUS/RESULTS TO DATE: Project recently funded.

Most Recent Publications:

None to date

Persian Gulf Veterans' Illnesses Research 
-
Project 
VA-65B

Title:
The Contribution of FEN-1 to Genetic Integrity Subsequent to Oxidative Stress

Project #:
VA-65B
Agency:
VA
Location:
San Antonio Environmental 

Status:
Ongoing
Research Type:
Mechanistic Research

P.I. Name:
Christi A. Walter, Ph.D.
Research Focus:
Environmental Toxicology

Study Start Date:
1/7/00

Estimated Completion Date:
01/07/05

Summary of Program(s):

OVERALL PROJECT OBJECTIVES: The goals of this study are to 1) develop embryonic stem 

(ES) cell lines with one allele of murine Fen-1 inactivated, 2) develop mouse models deficient in 

Fen- 1, and 3) determine the impact of oxidative damage in the absence of Fen-1. Ile hypothesis

that will be tested is that a reduction in Fen-l actively will increase the severity of the biological 

consequences of oxidative DNA damage. Data supporting the hypothesis will be consistent with 

Fen-1 having a significant role in protecting cells from the effects of oxidative DNA damage.

SPECIFIC AIMS:  (1) To generate embryonic stem (ES) cells carrying a targeted recombination 

event that results in the inactivation of one allele of murine flap endonuclease-1 (Fen-1).  (2)  To 

generate and characterize mice deficient in Fen-1.  (3) To determine the effects of model 

oxidative stressors in mice deficient in Fen-1.

METHODOLOGY:  Flap endonuclease-1 (FEN-1) has been implicated as a component of base 

excision repair, nonhomologous end joining and mismatch repair. Accordingly, it is logical to 

suggest that FEN-1 may have a central role in counteracting oxidative DNA damage. 

EXPECTED PRODUCTS (MILESTONES): Environmentally encountered oxidizing agents cause a

variety of DNA lesions that result in cell dysfunction. All organisms have evolved with multiple 

DNA repair pathways that function to restore the integrity of oxidized DNA. Thus, to identify 

genes that provide substantial protection from oxidative DNA damage it seems appropriate to 

consider genes that function in multiple DNA repair pathways with particular emphasis on those 

pathways that repair a significant fraction of the inflicted damage. The pathways that are 

implicated in repairing the bulk of oxidative DNA damage are base excision repair and 

nonhomologous end joining whereas mismatch repair and nucleotide excision repair appear to 

have more minor contributions in response to oxidative DNA damage. 

STATUS/RESULTS TO DATE: Project recently funded.

Most Recent Publications:

None to date

Persian Gulf Veterans' Illnesses Research 
-
Project 
VA-65C

Title:
The Importance of Hydrogen Peroxide Detoxification in Cellular Protection

Project #:
VA-65C
Agency:
VA
Location:
San Antonio Environmental 

Status:
Ongoing
Research Type:
Mechanistic Research

P.I. Name:
Holly Van Remmen
Research Focus:
Environmental Toxicology

Study Start Date:
1/7/00

Estimated Completion Date:
01/07/05

Summary of Program(s):

OVERALL PROJECT OBJECTIVES: This project will test the hypothesis that alterations in 

catalase levels will alter the sensitivity of mice to agents that Induce oxidative stress. Mice with 

a targeted mutation in the catalase gene will be generated. The sensitivity of these mice to 

gamma-irradiation and paraquat will be compared to wild type mice and transgenic mice that 

overexpress catalase.

SPECIFIC AIMS: Our hypothesis is that mice with increased expression of catalase activity will 

be more resistant to oxidative damage to lipids, proteins and DNA caused by exposure to the 

oxidative insults of gamma-irradiation and paraquat while mice with reduced expression of 

catalase will show increased sensitivity to these insults.

METHODOLOGY:  To test this hypothesis, we are currently breeding mice in which the activity 

of catalase is increased several fold in a variety of tissues in order to examine the effect of 

increased protection against hydrogen peroxide generation. When we have bred these mice to 

generate homozygous catalase transgenic mice, in which the human catalase gene is 

over-expressed in a variety of tissues, we will characterize the antioxidant status of these mice 

by measuring the activity of catalase and also the activity of the other major antioxidant 

enzymes (glutathione peroxidase and CuZn-and Mn-superoxide dismutase) to determine whether 

there is compensation in response to the increased catalase activity in other components of the 

antioxidant system. Glutathione levels will also be compared in wild-type and catalase transgenic 

mice. To study the effect of reduced detoxification of hydrogen peroxide, catalase knockout 

mice will be generated by targeted disruption of the catalase gene deleting of the region 600bp 

upstream of the transcription start site to intron 1. These mice should have no detectable 

catalase activity. Finally, to determine whether the changes in catalase activity result in altered 

sensitivity to oxidative insults, we will measure the survival of the two mouse models in 

response to an acute whole-body exposure to gamma-irradiation and treatment with paraquat. The

extent of oxidative damage will be determined in various tissues in mice by measuring lipid 

peroxidation, protein oxidation and DNA mutations.

EXPECTED PRODUCTS (MILESTONES): Hydrogen peroxide is produced during normal 

metabolism and by a variety of oxidants, including ionizing radiation. Although hydrogen peroxide

alone is not particularly harmful, in the presence of transition metals and superoxide anions 

hydrogen peroxide can be converted to the highly destructive hydroxyl radical. Therefore, cells 

have evolved efficient mechanisms to detoxify hydrogen peroxide and protect against potential 

damage caused by hydroxyl radicals. Control of hydrogen peroxide levels is accomplished 

primarily by two antioxidant enzymes, catalase and glutathione peroxidase that convert the 

hydrogen peroxide to oxygen and water. The goal of this study is to use two mouse models with 
altered catalase activity to determine the role of hydrogen peroxide detoxification in the veneration 

of oxidative damage in response to environmental hazards (e.g. ionizing radiation and paraquat).  

STATUS/RESULTS TO DATE: Project recently funded.


Most Recent Publications:

None to date
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Estimated Completion Date:
01/07/05

Summary of Program(s):

OVERALL PROJECT OBJECTIVES: We propose to test the hypothesis that susceptibility to 

environmental exposure may result from defects in the expression of gene products that prevent

and/or repair damage from lipid peroxidation in the mitochondrial membrane. 

SPECIFIC AIMS:  (1) To use mice homozygous and heterozygous for a targeted deletion of the 

glutathione peroxidase gene to test the hypothesis that deficiency in glutathione peroxidase 

increases sensitivity to long-term, low-level environmental exposure to hazards that promote lipid

peroxidation, specifically paraquat and ionizing radiation. Dependent variables will be length of 

survival, tissue-specific pathology, changes in membrane products of lipid peroxidation, protein 

oxidation and DNA damage. (2) To develop a mouse model with a targeted deletion of the 

mitochondrial aldehyde dehydrogenase gene to test the hypothesis that reduction in the capacity

to remove biogenic aldehydes increases vulnerability to environmental exposure to paraquat and

ionizing radiation. Initial characterization of this animal model will include tissue pathology and 

survival. If the homozygous null mutation is not lethal, then animals homozygous and 

heterozygous for the mutation will be assessed for sensitivity to paraquat and ionizing radiation. 

Vulnerability to environmental exposure will be as described in specific objective 1. (Years I and 

2) (3) To test the hypothesis that deficiencies in both mitochondrial glutathione peroxidase and 

aldehyde dehydrogenase increase the vulnerability to environmental exposure. Mice with a 

targeted deletion of the mitochondrial aldehyde dehydrogenase will be bred to mice with a 

targeted deletion of the glutathione peroxidase gene. Survival, tissue pathology, protein 

oxidation, membrane lipid peroxidation and DNA damage will be measured. (Year 3).

METHODOLOGY:  See Specific Aims.  

EXPECTED PRODUCTS (MILESTONES): It is generally accepted that the biological membrane 

and its structural lipids are vulnerable to peroxidation during environmental exposure to transition 

metals, radiation and certain classes of highly reactive chemicals. Moreover, the effects of lipid 

peroxidation are not limited to membrane damage. For example, the peroxidation of 

polyunsaturated lipids generates a range of substances that possess DNA damaging potential. 

This includes lipid hydroperoxides and various species that contain unpaired electrons, such as 

the alkoxyl and peroxyl radicals. In addition, a range of genotoxic aldehydes are formed. The 

best known of these are malondialdehyde and 4-hydroxynonenal.  The effects of environmental 

exposure to hazards that cause oxidative damage to mitochondria is an important subject of 

investigation for two reasons. First, mitochondria are a major source of free radical production 

and thus may be particularly vulnerable to environmental hazards that promote free radical 

formation. Second, damage to mitochondria has important functional consequences for every 

organ in the body due to the central role of mitochondria in energy metabolism. Protection 

against lipid peroxidation in mitochondria involves two complementary mechanisms, preventing 

damage and removing damaged products. Mitochondria lack catalase. Thus, glutathione peroxidase


is the principal mechanism for prevention of damage to mitochondrial lipids by hydrogen peroxide.

 The other protective process is the degradation of by-products of lipid peroxidation. As discussed

 above, the biogenic aldehydes malondialdehyde and 4-hydroxynonenal are major lipid byproducts 


which are themselves highly reactive. The mechanism of removal of biogenic aldehydes remains 

to be elucidated. Available evidence suggests that their removal is catalyzed by mitochondrial aldehyde dehydrogenase. The close proximity of this enzyme to the site of damage suggests that it plays

 an important role in repair of peroxidative damage of mitochondria.  

STATUS/RESULTS TO DATE: Project recently funded.

Persian Gulf Veterans' Illnesses Research 
-
Project 
VA-65D
Most Recent Publications:
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Title:
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PTSD

Status:
Complete
Research Type:
Clinical Research

P.I. Name:
Mark W. Miller, Ph.D.
Research Focus:
Brain and Nervous System

Study Start Date:
6/1/99

Estimated Completion Date:
12/01/00

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: This project examines the emotional processing deficits of 

veterans with Posttraumatic Stress Disorder (PTSD) and focuses on the changes in emotional 

responding that occur after exposure to trauma-related stimuli.  This project is part of a line of 

research focusing on the emotional processing abnormalities underlying  PTSD and the 

phenomenon of emotional numbing.

SPECIFIC AIMS: Combat veterans with and without PTSD participate in two experimental 

procedures involving the psychophysiological assessment of responses to emotionally 

evocative photographic images.  Experiment one was designed to examine the impact of 

trauma-related and non-trauma-related stressors on subsequent emotional responding.  It is a 

replication and extension of a previous study by Litz et al. which showed that following exposure 

to trauma-related stimuli, individuals with PTSD exhibit deficits in hedonic emotional responding 

as indexed by facial EMG.  This present study focuses on participants’ emotional responses to 

images varying in affective content under three conditions: (1) at baseline, (2) following exposure

to a non-trauma-related stressor, and (3) following exposure to a trauma-related stressor.  Our 

primary hypothesis is that participants with PTSD will exhibit selective deficits in hedonic 

emotional responding to pleasant images (as indexed by startle response modulation, facial EMG 

activity, and self-report) following exposure to the trauma-related stressor only.  Experiment two 

involves the presentation of a wider range of affective stimuli, including trauma-related images, 

with no stress manipulation.  This parametric investigation of the processing of affective stimuli 

is designed to elucidate the interplay of the pathological affective and attentional processes 

underlying PTSD.

METHODOLOGY: The plan is for 60 male veterans of the Vietnam and Persian Gulf wars with 

and without PTSD (n = 15 in each group) to undergo three, two-hour testing sessions. During 

session one, participants complete a structured diagnostic interview and a series of self-report 

questionnaires to assess PTSD.  Sessions two and three entail assessments of participants’ 

psychophysiological responses (including acoustic startle reflex, heart rate, electrodermal 

activity, and activity of the corrugator and zygomatic facial muscles) during viewing of 

evocative photographic images. Session two will also include the recording of event-related 

potentials (ERPs).  The startle reflex is measured by recording the eyeblink response to a 

startling acoustic stimulus (i.e. a 50 ms burst of 105 dB white noise).  The magnitude of the blink 

response is reliably modulated by an individual’s ongoing emotional state: blink responses are 

attenuated during pleasant emotion,  potentiated during aversive states.  The startle response 

provides the primary dependent measure of participants’ emotional responses to the images.  

The P300 component of the ERP provides an index of participants’ degree of attentional 

engagement during the processing of each image.

EXPECTED PRODUCTS (MILESTONES): Data collection has been underway for apx. 12 months
and is expected to be complete during the fall of 2000.  Preliminary results will be presented at the 

annual meeting of the Society for Psychophysiological Research in San Diego, CA in October 2000.  

STATUS/RESULTS TO DATE: 40 participants have completed the protocol to date.


Most Recent Publications:

None to date
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Title:
Olfactory Functioning in Gulf War Veterans

Project #:
VA-67
Agency:
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Status:
Ongoing
Research Type:
Clinical Research

P.I. Name:
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Research Focus:
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Study Start Date:
3/1/00

Estimated Completion Date:
02/28/01

Summary of Program(s):

OVERALL PROJECT OBJECTIVE: The primary objectives of this project are to: 1) investigate 

olfactory functioning as a possible proxy for neurotoxic exposure in cohorts of deployed and 

non-deployed Gulf War-era veterans; and, 2) examine potential associations between olfactory 

functioning and neurocognitive performance on measures known to be sensitive to neurotoxic 

sequelae.  A secondary objective is to examine associations between olfactory functioning and 

stress-related psychopathology, namely posttraumatic stress disorder, in Gulf War (GW) 

veterans.

SPECIFIC AIMS: The aim of this proposal is to investigate olfactory functioning in cohorts of 

deployed and non-deployed GW-era veterans.  In searching for symptom patterns related to 

neurotoxic exposure, examination of deployment status and neurocognitive dysfunction in 

relation to a sensory measure (i.e. olfaction) sensitive to environmental toxins has the potential 

to contribute additional confirming or ruling out evidence of GW exposures.

METHODOLOGY:  The study design is a case-controlled cohort.  A projected 120 male and 

female GW returnees who were deployed to the war zone and 38 male and female military 

personnel activated but not deployed during the Gulf War will participate.  Olfactory measures 

will include olfactory identification, and odor intensity and pleasantness judgments, which have 

been revealed by factor analysis to reflect distinct olfactory components.  Odors will be 

presented using the University of Pennsylvania Smell Identification Test.  A brief neurocognitive

battery including standardized, age-normed measures of the functions sensitive to neurotoxic 

exposure (i.e., attention, fine motor skills, executive functioning, and memory) will also be 

administered.  Psychopathology and self-reported health measures will be administered as part 

of the larger study, entitled “Follow-up of Psychological and Neurocognitive Gulf War Outcome:  

Relation to Stress”.

EXPECTED PRODUCTS (MILESTONES): 1) manuscript submitted to peer-reviewed scientific 

journal and 2) pilot data to be used in development of full-scale epidemiological grant proposal
STATUS/RESULTS TO DATE: Data collection is ongoing.  17 deployed and 7 nondeployed 


veterans completed the protocol as of 6/23/00.  Sample size is currently too small to detect 

meaningful trends.

Most Recent Publications:

None to date
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OVERALL PROJECT OBJECTIVE: Fibromyalgia is a frequent diagnosis among Persian Gulf 

War veterans.  Previous studies in other populations suggest that fibromyalgia co-occurs with 

psychiatric disorders, which are also common in the group of veterans of the Persian Gulf War. 

The goal of this study is to use family study methodology to examine whether fibromyalgia is a 

familial illness in Persian Gulf War Veterans.  A secondary goal is to study the relationship 

between fibromyalgia and psychiatric disorders within families.

SPECIFIC AIMS: Specific aims of this study will be to evaluate the familial transmission of 

fibromyalgia, and the relationship of fibromyalgia and psychiatric disorders within families.  The 

overarching hypothesis is that there is a familial association between fibromyalgia, depression, 

and anxiety disorders. The work will contribute to understanding the development of a functional 

somatic syndrome (fibromyalgia) following a stress (military service in a war), related to genetic 

vulnerability to develop the disorder.  

METHODOLOGY:  The proposed study will span 36 months.  Subjects will be recruited randomly 

from the Persian Gulf War Registry at the Iowa City Veteran Affairs Medical Center.  A total of 

29,010 Persian Gulf War veterans have been identified by the Registry, and 3,695 have been 

extensively interviewed.  The Registry has identified 396 veterans with fibromyalgia, 179 of 

them regular military ad 217 National Guard Reserves.  Seventy-five subjects with fibromyalgia 

and 75 control subjects will be recruited from the Registry. 

First degree relatives (parents, siblings, and adult children) of 75 subjects with fibromyalgia and 

75 control subjects will be personally interviewed and examined to identify fibromyalgia and 

psychiatric disorders.  The study will follow established procedures for family interview studies 

and employ state-of-the-art instruments of proven sensitivity to screen for disorders under 

study. 

Control subjects will be screened for fibromyalgia-like syndromes such as chronic fatigue 

syndrome, irritable bowel syndrome, and chronic migraine.  Probands will be excluded from both 

groups if they suffer from psychosis, dementia, mental retardation, or current suicidal ideation.  

Probands will be matched for gender and age.  First-degree relatives of probands will be recruited

for assessment. 

EXPECTED PRODUCTS (MILESTONES):  While there are few effective treatments for 

fibromyalgia, there are a number of effective treatments for depression and anxiety disorders.  

If a relationship between psychiatric disorders and fibromyalgia were established, treatment of 

the psychiatric disorder would improve the subjects quality of life and might lead to improvement

in their fibromyalgia.  The establishment of a relationship between psychiatric disorders and 

fibromyalgia could lead to a better understanding of the etiology of fibromyalgia, leading to early 

detection, treatment, and ultimately prevention.

STATUS/RESULTS TO DATE: Project started 10/01/99, no results to date, currently recruiting

 
subjects.

Most Recent Publications:

None to date
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OVERALL PROJECT OBJECTIVE: This research project is a follow-up to our prior VA-funded 

study that has found that chronic fatigue reported by Gulf War veterans may be a symptom of 

a problem with the system of cardiovascular stress response regulation (Peckerman et al., in 

press). When performing stressful cognitive tasks, increases in blood pressure in veterans with 

illness were substantially reduced relative to healthy veterans. The main objective of the present

investigation is to determine the specific mechanism through which this abnormality may 

contribute to Gulf War-related chronic fatigue. The study is also examining the effects of 

comorbid posttraumatic stress disorder (PTSD) on cardiovascular autonomic function. 

SPECIFIC AIMS: To establish the mechanisms of blood pressure hyporeactivity in Gulf War 

veterans with chronic fatigue and PTSD. Two alternative hypotheses are being examined. One, 

that dampened cardiovascular responses to stressors reflect reduced responsiveness of the 

peripheral arterial vasculature and/or the heart to sympathetic stimulation; and two, that the locus

of abnormality is actually in the brain, resulting in inadequate activation of the sympathetic 

nervous system during stressful behavioral activities. 

METHODOLOGY:  This study is being performed on four groups of Gulf War veterans, including 

those with symptoms that meet the CDC case definition of chronic fatigue syndrome (CFS), 

those with PTSD, those who have both CFS and PTSD, and healthy control veterans. A total of 

90 veterans will be studied. The study hypotheses are tested using selective pharmacological 

and behavioral probes of cardiovascular autonomic function. The hypothesis of target organ 

dysfunction is evaluated by measuring cardiovascular responses to intravenous infusions of 

phenylephrine and dobutamine, the drugs that mimic the effects of the endogenous chemical 

messenger substances released by sympathetic nerve fibers and neuroendocrine organs during 

stress response activation. Dose-responses to these drugs provide sensitive measures of 

vascular and cardiac responsiveness to sympathetic stimulation. The status of baroreceptor 

reflex function as a possible factor in reduced blood pressure reactivity will also be examined 

from responses to phenylephrine. The role of the brain in stress hyporeactivity is evaluated by 


measuring increases in plasma levels of catecholamines during the performance of challenging 


cognitive tasks. Collected plasma samples are analyzed using high performance liquid chromatography 


assays. Catecholamine responses will be examined in relation to cardiovascular stress responses 

controlling for peripheral target organ responsivity derived from the infusion studies. An 

independent association between hyporeactivity and low catecholamine increases during 

cognitive stress is expected if the cause of hyporeactivity originates centrally in the brain rather 

than in the periphery at the target organ level. To the extent that there is reduced responsiveness

to adrenergic agonists, but normal or increased catecholamine responses, the hypothesis of 

peripheral involvement would be supported.

EXPECTED PRODUCTS (MILESTONES): The study is designed to provide a better 

understanding of the physiological bases of medically unexplained health complaints in Gulf War 

veterans. By narrowing down where the problem my exist in the system of blood pressure 

control, the results of this study may suggest possibilities for effective treatments. A better 

understanding may also be achieved of the role of stress in the etiology of wartime syndromes.


STATUS/RESULTS TO DATE: The study is presently in its early data collection phase.


Most Recent Publications:

Peckerman A, LaManca JJ, Smith SL, Taylor A, Tiersky L, Pollet C, Korn LR, Hurwitz BE, 

Ottenweller JE, Natelson BH. Cardiovascular stress responses and their relation to 

symptoms 
in Gulf War veterans with fatiguing illness. Psychosomatic Medicine (in press).

Persian Gulf Veterans' Illnesses Research 
-
Project 
VA-69

LaManca JJ, Peckerman A, Walker J, Kesil W, Cook S, Taylor A, Natelson B.  

Cardiovascular response during head-up tilt in chronic fatigue syndrome. Clinical Physiology 


5: 106-117, 1998.


Peckerman A, Saab PG, Llabre MM, Hurwitz BE, McCabe PM, and Schneiderman N. 

Cardiovascular and perceptual effects of reporting pain during the foot and forehead cold 

pressor tests. Int J Behavioral Medicine 5: 106-117, 1998.

Persian Gulf Veterans' Illnesses Research 
-
Project 
VA-70

Title:
A Clinical Evaluation of the Health Status of Persian Gulf War Veterans in VISN 8

Project #:
VA-70
Agency:
VA
Location:
VAMC Tampa

Status:
Ongoing
Research Type:
Epidemiology Research

P.I. Name:
Gail M. Powell-Cope
Research Focus:
Symptoms and General 

Health

Study Start Date:
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Estimated Completion Date:
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Summary of Program(s):

OVERALL PROJECT OBJECTIVE: Results of other surveys indicate that Gulf War veterans’ 

rate their health across several dimensions lower compared to other groups.  Objective health 

data facilitates the planning and evaluation of health services to populations.  The overall 

objective of this administrative survey is to track the health status of Gulf War veterans in 

Sunshine Health Care Network (VISN 8) for planning and evaluation purposes.

SPECIFIC AIMS: The specific aim is to evaluate the health status of a group of Gulf War 

veterans in Florida and South Georgia over a 5-year period.  Health status will be measured using

the SF-36V, which yields mental and physical health summary scores.

METHODOLOGY:  Design: A longitudinal descriptive survey design was used.  Baseline and 

six-month data collections are completed.  Sample: The baseline sample consisted of 929 of the 

3,122 Gulf War veterans who had completed Gulf War registry exams at a VAMC in VISN 8.  

Their ages ranged from 25-83 years with a mean of 40.  The sample was 86% male and 65% 

Caucasian.  At the 6-month follow-up, 584 (63% of baseline sample) returned questionnaires. At 

1-year follow-up 530 surveys were returned.   Instruments: The Short Form 36V (SF-36V), a 

modification of the SF-36 for veterans, was used to measure components of health status. 

Demographic information and military service information were retrieved from the Gulf War 

registry.  Procedures: All veterans who had Gulf War Registry exams at VISN 8 facilities in 

Florida were mailed a survey packet that contained: 1) a letter inviting participation in the project,

2) the SF-36V, and 3) instructions for completing the questionnaire by telephone or by 

paper-and-pencil and returning it via self-addressed stamped envelope. Respondents mailed back

the questionnaire or called in their responses using an interactive voice response system. 

EXPECTED PRODUCTS (MILESTONES): Tracking health status data of Gulf War veterans will 

allow us to evaluate the VISN’s performance with respect to the care for this population and to 

move toward a population-based approach to health care for Gulf War veterans.  Several 

initiatives to improve the care for Gulf War veterans and therefore their health status are 

underway in the VISN.  

STATUS/RESULTS TO DATE: Compared to Unites States norms, Gulf War veterans scored 

lower on the summary physical and mental health scores, and on all dimensions of health status.

Larger differences between veterans and norms were noted for physical functioning, role 

functioning, bodily pain, general health, vitality, social functioning compared to differences for 

role emotional, and mental health.  Baseline scores were significantly different from 6-month 

follow-up scores on role physical, bodily pain, general health, social functioning, role emotional, 

and the mental health summary score. Data from the one-year follow-up time point are being


analyzed.

Most Recent Publications:

None to date
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OVERALL PROJECT OBJECTIVE: The major objective of the project is to determine the 

etiology of the abdominal pain and diarrhea experienced by a subset of veterans who served in 

the Persian Gulf.

SPECIFIC AIMS: The aims are as follows: 1. To determine if these subjects have visceral 

hypersensitivity as a cause of their abdominal pain  2.  To evaluate regional cerebral bloodflow in

these subjects during visceral pain and compare that to patients with the irritable bowel 

syndrome and normal controls.

METHODOLOGY:  The methods include visceral hypersensitivity testing with a barostat balloon 

in the rectum.   In addition, functional MRI will be used to measure changes in regional cerebral 

blood flow during visceral pain.

EXPECTED PRODUCTS (MILESTONES): The results should provide evidence that the 

symptoms experienced by this group of veterans is similar to that seen in the irritable bowel 

syndrome.  This may pave the way for new therapies to improve or prevent the development of 

functional bowel symptoms in future veterans engaged in combat.

STATUS/RESULTS TO DATE: Data collection is in progress, results have not been analyzed 

Most Recent Publications:

None to date
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Preface

It is my pleasure to provide you with this report of the Conference on Federally Sponsored Gulf War Veterans’ Illnesses Research that was held June 23-25, 1999 in Arlington, Virginia.  This was the fourth Conference on Gulf War veterans’ illnesses, the first one being held at the Armed Forces Institute of Pathology in 1995.  From 1995 to the present, the Conference has grown from about 50 participants to now nearly 300.  This growth reflects the vigor of the research activities carried out by federal and federally sponsored researchers on behalf of veterans of the Gulf War.

In 1990 and 1991 the United States of America deployed nearly 700,000 troops to Saudi Arabia and surrounding areas in response to the invasion of Kuwait by Iraqi forces.  Although the ensuing Gulf War is noted for its swift completion with minimal casualties to U.S. forces in the theater of operations, the U.S. Government did not anticipate the emergence of unexplained and undiagnosed illnesses among the veterans of the Gulf War upon their return home.

By 1994, the Government had embarked on a mission to conduct extensive research on the nature and potential cause(s) of these illnesses.  From 1994 to the present, the Federal Government has conducted or sponsored over 145 research projects with a financial commitment of over $134 million.

The purpose of the Conference was to bring federally sponsored researchers on Gulf War veterans’ illnesses together in a common forum to:

· Provide an opportunity for researchers to present and exchange study results

· Learn from recognized experts in relevant areas of research about overarching research areas as they relate to the etiology, diagnosis, and treatment of Gulf War veterans’ illnesses

· Inform clinicians of current practices for the treatment of Gulf War veterans’ illnesses, and the latest research findings and their potential impact on clinical care

· Provide an opportunity for veterans and veterans’ groups to learn about ongoing research and to interact directly with researchers, clinicians, and government officials

· Provide an opportunity to inform executive and legislative branches of the government about research and clinical initiatives related to the Gulf War that should be considered for future deployments

· Encourage communication, cooperation, and collaboration among researchers, clinicians, and veterans

Over the course of 3 days, the meeting was organized around three morning plenary sessions, two afternoon breakout sessions on specific research topics, one evening poster session, and a Veterans Service Organization (VSO) Round Table Session.  In addition, the Conference provided two early morning and one afternoon clinical symposia addressing treatment and clinical management of Gulf War veterans’ illnesses. 

The Plenary Sessions were intended to be of broad appeal to the wider audience of participants.  Nationally and internationally recognized experts spoke on their fields of expertise as they relate to issues surrounding Gulf War veterans’ illnesses.  The Breakout Sessions and the Poster Session provided researchers forums to present their research findings in a wide array of scientific areas including nosology, epidemiology, toxicology, psychology, neuropsychology, and the neurobiological correlates of stress.  The VSO Round Table provided an opportunity for Gulf War veterans and their representatives to exchange views on Gulf War veterans’ illnesses research with Government officials and researchers.   

The proceedings of the Conference presented here contain the texts of the material provided by each plenary speaker; and summaries of each Breakout Session.  These summaries were prepared by the co-chairs of each session, and consequently could vary in style.  A summary of the VSO Round Table is also provided.  There is a complete set of submitted abstracts from speakers in the Breakout Sessions and Poster Session.

It is through continuous rigorous scientific research that we will begin to better understand the nature and, potentially the causes, of Gulf War veterans’ illnesses.  It is, however, of potentially even greater importance that we use this research to improve the health of Gulf War veterans.  This Conference is just one aspect of the research process that will lead us to these goals.
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Keynote Address:  Federal Leadership and Biomedical Research

Dr. John R. Feussner, VHA Chief Research and Development Officer

Fourth Annual Conference on Federally Sponsored Gulf War Veterans’ Illnesses Research

Arlington, VA, June 23, 1999

I’m pleased to see so many practicing clinicians co-mingling with so many veterans and so many scientists.  I want to thank publicly the members of the three executive level departments – Veterans Affairs, Defense, and Health and Human Services – who work persistently and cohesively to deal with the significant challenge, though I think tractable challenge, of Gulf War veterans’ illnesses.  I also want to thank the scientists and clinicians that have brought to bear on this issue of Gulf War veterans’ illnesses their considerable intellect, clinical and scientific expertise.  It offers us hope that one day we will better understand these problems and be able to treat these illnesses more effectively.

I want to talk briefly about the bench-to-bedside paradigm not so much in a translational mode today but really in a spectrum mode.  That is to recognize the value of research along the entire spectrum from the most basic research to the most applied clinical and epidemiological research. 

A timely quote from President Roosevelt is:   “The defense this nation seeks involves a good deal more than building airplanes, ships, guns and bombs.   We cannot be a strong nation unless we are a healthy nation.  And so we must recruit not only men and materials, but also knowledge and science in the service of national strength.”

It is important that the President of the United States 60 years ago recognized that the strength of the national defense rests on the health of each and every individual soldier and that responsibility ought to continue when the soldier stops being a soldier and becomes a veteran.  Interestingly, the event of this speech was the dedication of the National Cancer Institute on what is now the Bethesda campus of the National Institutes of Health.  I will come back to cancer research later.

We talked earlier of the role of our research, establishing a linkage between the Gulf War and subsequent medical conditions – an apparently simple mission.  It is important in a variety of ways.  The statement presumes that there is in fact a linkage between service in the Gulf and subsequent illnesses.  And the statement presumes that we are committed to pursue that linkage and to clarify some of the issues surrounding the illnesses that our patients experience. 

Now this is the role of research in the particular area of Gulf War veterans’ illnesses:  Interest in the nature of disease; the nature specifically of these illnesses, the frequency of symptoms; the frequencies of diagnosable conditions, diagnosable diseases. Things we at least know and can name today.  Identifying risk factors for excess morbidity.  We certainly already know there is excess morbidity. The issue of excess mortality requires additional years of research.  Then, if possible, identify diagnostic tools to help us clinically say what these illnesses are.  And then treatment methods that we might apply to make our patients better.

It’s always very straightforward to be critical.  Tearing buildings down is fundamentally easier than building them.  These are some of the criticisms I’ve had the pleasure of experiencing over the past 3 years as chairperson of the Research Working Group of the Persian Gulf Veterans Coordinating Board.  This is my perspective on the criticism.

To the criticism that the research effort is not organized and not comprehensive, I would say it’s quite complex and quite extensive.  Think about it.  The entire spectrum of research is represented in this room, from the most basic science in molecular biology through clinical research, patient-focused research.  Through population-based epidemiology that involves national studies in multiple countries.  Research that looks at the disease paradigm from all its perspectives; the basic mechanisms of the disease. Issues relating to etiology and causation. How the disease works through time. That is, what is its clinical course or natural history?  Issues relating to possible diagnostic clues and treatment options. 

Look around you.  We have physician scientists, epidemiologists, and clinical trialists. We have biomedical scientists, in biochemistry, physiology, immunology, toxicology, molecular biology, genetics.  Complex, extensive, all focused on one issue: understanding this complex array of illnesses associated with Gulf War service. I’ve been told we don’t know the cause of these illnesses, as though that is somehow unusual.  Everyone who practices medicine knows that the most difficult problem on teaching rounds with medical students is that they ask hard questions like, Why does this patient have hypertension? What is causing this essential hypertension?  Why is this patient having it now and not 5 years ago or 5 years from now? What is the cause of Type 1 diabetes? Why do patients have Alzheimer’s Disease?  What is the pathophysiology and the cause of amyotrophic lateral sclerosis? I don’t know the answer to any of those questions. These are common diseases we’ve been studying for centuries. So I’m not troubled we don’t know the cause of Gulf War illnesses.  I think we have to keep looking, but I’m not surprised.

We’ve also been criticized because we don’t have a cure. I would remind you that is, in fact, the definition of chronic illness. By definition, an illness is chronic when it can’t be cured. Again we can use the same series of examples: hypertension – lifelong treatment; diabetes – lifelong treatment.  The surgeons have the luxury of curing many illnesses, internists and others perhaps not. 

I’ll  try to put some of this effort in context and to try to focus on what I see as the major issue, which is persistence. Persistence is working day-by-day, study-by-study, finding-by-finding, to make a breakthrough. I thought I’d use a piece I read recently on the war on cancer, especially given President Roosevelt’s earlier quote. 

Here’s the justification for the war on cancer. Cancer is a problem of public health proportions. What is the justification for research on Gulf War veterans’ illnesses? It is a significant and prevalent problem among our Gulf War veterans. What is the outcome of interest?  In cancer, the outcome is mortality. Cancer, as we know, is the second most common cause of death in the United States. In Gulf War illnesses, the outcome of interest is morbidity. Who are the funding agencies? They are listed here – DoD, VA and HHS.  What is the time to cure?  When another President, Richard Nixon, initiated the war on cancer, he thought it would take about 5 years, so he said in 1976, to cure the disease.  What he should have said is that we will invest considerable time and energy in trying to cure these diseases. Of course, that date has come and gone. The funding horizon on the war on cancer has been three decades. In Gulf War illnesses we’ve just gotten started. The investment in public research dollars has been substantial ( 35 billion in the war on cancer and, so far, 133 million in Gulf War veterans’ illnesses. 

Progress? Yes. How?  Incremental.  Will we succeed? Yes. How? By being persistent.  What many folks don’t realize is that every scientific breakthrough, every dramatic scientific breakthrough, is built on a thousand scientists, thousands of scientists and thousands of research projects incrementally making thousands of observations validated by other scientists until we get to the top and make the breakthrough. 

This is a breakdown of those funds.  You can see the three executive branches and their contributions over the years in millions of dollars.  A significant contribution, I think.  (DoD ( $100.9M, VA ( $15.3M, HHS ( $7M).

Our annual report to Congress shows the spectrum of our research effort – diseases of the brain and nervous system, diseases looking at immune functions, issues related to chemical weapons exposures and so on; a broad-based research effort, not narrowly focused, but certainly broad based.

And what are these research paradigms that we’re talking about? Basic biomedicine, epidemiological research – especially population-based epidemiological research ( and clinical research.  Certainly epidemiological research is clinical, but by clinical here I really mean patient-based, so that the focus of the first is very basic biology and chemistry.  The focus of the second is a population. And the focus of the third is an individual patient. 

I have a few examples to run through and this is one I’ve been interested in for some time: the issue of pyridostigmine bromide (PB) permeating the blood-brain barrier under stress. What this research demonstrates is two points I wish to make. First, that gains in knowledge are incremental, associated with a lot of years of hard work.  Second, the process is, at least, complex and at times apparently confusing. The background is that PB has been recommended by many Western governments as a pre-treatment when there is a threat of chemical warfare as there was in the Gulf War. PB is a quaternary ammonium compound.  It doesn’t make it through the blood-brain barrier.  The observation is that perhaps stress can disrupt the blood-brain barrier and somehow influence this process.

This is a study published in the journal Nature Medicine some years ago.  Mice, the species of interest, were subjected to forced swim protocol, the stressor of interest. What was observed was that when these animals were stressed in this physiological way, the blood-brain barrier became permeable to compounds, which it previously was not. Under this stress, the PB was able to cross the blood-brain barrier with sufficient facility so that it could inhibit the acetycholine esterase in the brain at 100th of the usual dose. An interesting observation! The question was, can peripherally acting drugs reach the brain and actually affect centrally controlled functions under conditions of stress? The data would suggest that the answer to that question is yes.  

We change venue and go to France where Dr. Guy Lallement  did another piece of work.  Here the species is different – guinea pigs. The stressor is different.  It’s heat stress. The scientist raised the core temperature of these rodents from 39.8 to 44.3 degrees Centigrade.  Yes, if the animals are maintained at a temperature above 44 degrees, they die.  So this is a terrible stress. The animals experienced heat stroke, that is they became unresponsive – extreme prostration. And what did he find? That there was no increase of permeability of the blood-brain barrier to PB.  

Are these two observations in conflict?  Not necessarily. The stressors are different.  The animal species are different. Imagine a situation where you would have in each of these species only one stressor.  Imagine if you would have multiple simultaneous stressors. And imagine if the species of interest was a human. What might we find? That answer is not quite completely known yet.

Another point is the frustration not just with the incremental nature of the basic science observations, but the long period of time it takes to make observations in epidemiological studies. In the national health survey of veterans, led by Dr. Kang at VA, Phase one took a cross-sectional look at veteran population by mail questionnaire, self-reported information, and a large sample of veterans. The second phase dealt with some methodological problems:  non-respondent bias, validating by chart review that some of the symptoms reported in the study were also reported by physicians. 

We are currently in the midst of phase three of this national survey where we actually see and examine the patients. There are 5,000 veterans, spouses, and children in this congressionally mandated study; 1,000 veterans who were deployed, 1,000 who were not, their spouses, and children. The VA is not equipped to deal with pediatric examinations, so we have engaged the help of our medical school affiliates in that regard.

This next study is the national mortality study, a retrospective cohort study that continues and will continue for decades. It consists of a large sample size of Gulf War veterans and control groups. At this point in time, there is no disease-related excess mortality. Does that mean there is no excess disease-related mortality? No! The time horizon to follow-up is too short, just 5 or 6 years. Again, the difficulty with this line of research is that it doesn’t just take years, but sometimes decades, to know definitively whether there are exposures that actually affect patients’ mortality. 

A similar study was done in another country since it is important that these observations are done in different populations.  In a survey of UK servicemen, a very interesting nuance involved not just Gulf War-deployed, but Bosnia-deployed veterans.  Again, a cross-sectional survey looking at symptoms and disorders.  The study essentially finds that Gulf War veterans have more symptoms and disorders than the Bosnia veterans and the non-deployed veterans, with some other issues raised about uniqueness of the symptoms and potential associations with vaccination strategies.

We are now at the next component in this research process, very specific patient-centered research that systematically addresses the issues of treatment. Two examples give some perspective on issues relating to treatment trials and issues relating to experimental research that is conducted on human beings and our concern about that.  There were extensive planning processes in both these trials. International expertise was assembled to help with the planning of the trials.  There was intense scientific review.  Not just national scientific review, but multiple Institutional Review Board (IRB) reviews as well. For example, in the antibiotic trial, not only national review by a federal review panel, but review by an additional 30 IRBs. You could legitimately say that these research projects have been reviewed 31 times by 31 separate bodies. There were human studies review, of course, and full compliance with FDA regulations.  Since using a drug that’s off the shelf, doxycycline, for a disease and a condition for which it is not approved requires FDA concurrence.

Here is a typical paradigm for clinical research involving a treatment strategy:  Knowing explicitly and a priori what the question of interest is, and selecting and recruiting the patients. I’m pleased to say this is going well. Having an intervention that is explicit and replicable so that if the intervention works any physician could administer this intervention.  Outcome measures that are explicit and pre-defined. And success that is explicit and pre-defined. Issues of statistical power. Issues of a priori statements for analysis plans.  Oversight, oversight, oversight! Not only from an executive committee, but from a full time DSMB – data, safety and monitoring board. 

I have presented a broad spectrum of research, from a very basic chemistry of how chemicals cross the blood brain barriers to large epidemiological studies.  Some involve huge populations of patients, such as Dr. Kang’s study with over a million patients, down to treatment trials with just enough patients to answer the research question with statistical power. 

I am, quite frankly, very proud to be associated with this effort, and very pleased that all of you have been willing to invest so much of your time, energy, and creativity as we try to clarify these issues. I’ll close with another quote.  This is a quote from Dr. Charles Coulston Gillispie circa the Italian Renaissance. I think this says it all and really expresses my views on this spectrum of research.  “Knowledge finds its purpose in action and action its reason in knowledge.”

During this conference, I would encourage the epidemiologists to attend some of the biomedical science presentations.  If you’re a biomedical scientist, extend yourself and go to some of the “epi” presentations.  Co-mingle.  Exchange ideas. Develop new ideas.  And remember that the purpose of the effort is to clarify the problem and to help the patient.

International Overview

Colonel J.T. Graham, British Liaison Officer (Gulf Health)

International Research Collaboration

This presentation reviews the history of international collaboration in Gulf health research, identifies benefits, highlights difficulties and suggests possible areas for future work.

In 1995, the UK sought the advice and guidance of American colleagues who had been investigating Gulf veterans health concerns for some time. Our initial research objectives were similar to those in the American “Working Plan” published in July 1995. Professor Wessely applied to the U.S. for funding in response to the “Request for Proposals” issued by DoD shortly afterwards. From the outset, there was an international dimension to Gulf veterans health research in the UK. Early the following year (1996), the Ministry of Defense asked the Medical Research Council (MRC) to commission a program of research on its behalf. The MRC issued a call for proposals which asked two key questions; are veterans more likely to be unwell than their counterparts, and are veterans’ offspring more likely to suffer adverse reproductive outcomes? Later in 1996, the MRC recommended that two studies should be funded, one led by Professor Nicola Cherry in Manchester and the other by Dr. Pat Doyle at the London School of Hygiene and Tropical Medicine. The MRC also recommended that both teams should collaborate with Professor Wessely’s U.S.-funded study. 

During the same period, Captain Craig Hyams published his paper on post-conflict syndromes. He developed a study proposal to examine British World War One medical records. He wanted to find out if the health problems reported by British soldiers then were similar to those experienced by Gulf veterans. His team is made up of American and British researchers and is funded by the U.S. 

While this was happening, the Canadians decided to commission a research program. Professor Anthony Miller of Toronto was asked to scope the problem, and he visited both the DoD in Washington and the MOD in London. Goss Gilroy were contracted to carry out the study, and American and British representatives were invited to be on the review panel. In effect, there has been an informal, collaborative exchange of ideas on an international level as the research programs in our respective countries have developed. 

Benefits

International collaboration enhances replication while reducing inefficient duplication. It may also exploit some of differences and similarities between different populations and help us understand the etiology, presentation and natural history of health problems. Harmful exposures may also be studied. Emerging therapies and preventive strategies may be tested in different populations. Military interoperability may be enhanced.

Limitations

There are demographic differences between the populations of the U.S. and UK. Health experience varies, for example, heart disease is common in Northern Ireland and Scotland. Recruiting patterns are different. The British Army recruits more heavily in Northern Ireland and Scotland and in areas of inner-city urban deprivation. British soldiers are not representative of the general population, whereas Americans are more so. 

We are beginning to understand that the post-conflict health experience of veterans may be related to their pre-deployment health status and their previous operational experience. The British people did not go through the trauma of Vietnam. British troops, however, have had a considerable amount of operational experience. The UK researchers have found it difficult to find controls without operational experience. 

Terminology differs between our countries; words such as veterans and reservist do not mean the same. Definition is difficult for, even though we use the International Classification of Diseases, we do not use the same revisions. When we come to definitions of terms such as “suicide,” the issues are more complex. Who makes the decision and on what criteria?

The different healthcare systems have a more immediate impact when we try to compare registry data, for example, from the Comprehensive Clinical Evaluation Program (CCEP) and the VA Registry with the Medical Assessment Program (MAP). The Defense Medical Services in the UK do not provide healthcare for those who have left the Services. Retirees who develop serious or life-threatening conditions will go to the National Health Service for care. They will be unlikely to come to an assessment program run by the Ministry of Defense. Consequently, the patients seen by the MAP in London are not representative of sick veterans as a whole.

When we try to compare conditions that are prevalent in the veteran population, such as post-traumatic stress disorder (PTSD), there are further complications. Following the Vietnam War, the Readjustment Counseling Service was established in the United States to care for veterans outside the formal medical system. Over 80,000 Gulf veterans have been seen by the Readjustment Counseling Service; many of these will not be included in U.S. registry data.

There are many practical problems to be overcome in the international arena. Are ethical clearance procedures consistent? How do we get access to research published as official monographs and what sort of peer review has it undergone?

Future Collaboration

Having highlighted some of the pitfalls, I suggest that we start with hard outcomes, where we can be confident about ascertainment and work out to examine less well-defined conditions. 

There are excellent studies into the mortality of veterans in both the U.S. and the UK but we will have difficulty interpreting their findings in an international context. We need to work out what we mean by terms such as “suicide” if we are to make meaningful comparisons. It would be a pity if long-term studies of veterans’ mortality were not so structured as to permit international comparisons.

We might look at cancer incidence. Again, these are fairly hard outcomes though there may be a problem with ascertainment. How much work is already being done internationally to monitor cancer incidence? 

Remembering the Agent Orange experience, it will be important to answer questions about the prevalence of birth defects. Can we use the International Clearing House for Congenital Abnormalities to help us understand if veterans are suffering an excess of adverse reproductive outcomes?

The Minister for the Armed Forces has indicated that he would like to see closer collaboration between the U.S. and UK on Gulf health research. I would welcome your views on these suggestions.

The Danish War Study

Bernadette Guldager, M.D., Ph.D.

Clinic of Occupational and Environmental Medicine

Copenhagen University Hospital Bispebjerg
Copenhagen, Denmark

Introduction

The Danish military and civilian contribution in the Persian Gulf was predominantly after the end of the war, as part of peacekeeping and humanitarian tasks, the so-called Operation Desert Peace. 

Design, Subjects and Methods

The Danish Gulf War study is an epidemiological cross-sectional investigation in which subjects who have been deployed in the Persian Gulf, Gulf War Veterans, are compared with a control group. The health examination was voluntary and ambulant and took place at the Clinic of Occupational and Environmental Medicine, Copenhagen.

The Veterans had been stationed in the Persian Gulf area within the period August 2, 1990 to December 31, 1997. Of 821 subjects potentially eligible for study, 686 (83.6 %) agreed to participate. A gender- and age-matched control group was drawn at random from the database of the defense comprising personnel employed to contract. Of the 400 invited subjects, 231 (57.8%) agreed to participate. Spot tests showed that the most common reason for not participating was lack of time.

The health examination took place during the period February 1997 to January 1998. All participants had fasted for a minimum of 8 hours. The investigation included measurements of height, weight, blood pressure, and para clinical analyses of blood and urine samples. A resting ECG with 12 standard leads was taken, and lung function was tested using at least two reproducible measurements. The examination ended with a computerized coordination test.

Based on a previously completed questionnaire, each participant was interviewed by a medical doctor. The questionnaire comprised questions on: education, housing, economy, working conditions including physical and chemical exposures, work-related injuries, contact to the health care system, use of medicine, vaccination history, health conditions, family diseases, habits concerning use of tobacco and alcohol, physical activity, marital status and conditions, and major life events. The participants described symptoms related to: the brain, vision, sleep, fatigue, memory, heart and lungs, gastrointestinal system, skin, hair, allergy, and general well-being. In addition, the Gulf War Veterans were asked to answer a number of questions specifically related to their stay in the Gulf, e.g., when, for how long time, and where they had been stationed, working conditions in the international setting, possible exposures, and disease episodes during their stay.

Following the interview, the participant underwent an objective medical examination. Diagnoses given were in accordance with WHO International Classification of Diseases revision 10.

Results

Compared with an age- and gender-matched control group, Danish Gulf War Veterans had a highly increased prevalence of gastrointestinal symptoms, neuropsychological symptoms and skin symptoms. The study demonstrated a pattern of diseases and symptoms in some respect comparable to the findings in studies of American Gulf War Veterans. Our results suggest that (1) a large proportion of long-term gastrointestinal and neuropsychological problems can be attributed to specific exposures, and (2) it should be possible to avoid a large proportion of these symptoms in future missions by committed preventive and interventive measures. Data will be presented at the Conference.
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A Quantitative Guide to Somatic Symptoms

Simon Wessely, M.D.

Department of Psychological Medicine 

Kings College, London

Somatic Symptoms Are Common

It is now well established that experiencing somatic symptoms is the norm rather than the exception. In one early survey, 14% of a community sample reported having no symptoms at all. An American study of healthy university students taking no medication found that no fewer than 81% had experienced at least one somatic symptom during the previous 3 days. Over a 6-week period, 43% of normal American women reported at least one somatic symptom, whilst women in South London experienced symptoms on 1 day out of 3, chiefly headache and fatigue.

Experiencing chronic symptoms is also extremely common. Over 20 studies, report that headache and fatigue are the commonest long-term symptoms - exact prevalences vary according to how they are measured, but a typical finding is that 30% of women and 20% of men will answer yes to the question “did you feel tired all the time every day for the last month?”

They Are Rarely the Result of Specific Pathological Processes

Chronic fatigue can be caused by most of the conditions listed in the Oxford Textbook of Medicine and also the Oxford Textbook of Psychiatry for good measure.  But in practice it usually isn’t.  Thus studies of general medical clinics reveal that the majority of those presenting to doctors with chronic medical symptoms, a discrete, straightforward biomedical cause is found in only the minority.  Although heart disease, cancer, endocrine disease and so on can cause chronic fatigue, more often than not they don’t.  Of course one should not stop looking for further discrete causes of such symptoms, but always bear in mind that the evidence suggests that in many instances a more broad-based approach to understanding symptoms has proved more successful.

The Most Accepted Terminology Is “Medically Unexplained”

So what do we call these symptoms that are not the result of cancer, thyroid disease and so on?  Should they be considered as psychiatric, as opposed to medical?  This is clearly untenable.  First, although many of these symptoms are indeed accompanied by evidence of depression or anxiety, many are not.  Even when the symptoms of depression, for example, are present, as well as chronic fatigue, that does not prove cause and effect. Indeed, it ignores the similar symptom-based classification of psychiatric disorders, and imposes a false physical/psychiatric dichotomy where there is none in nature.  The term “psychosomatic,” which suggests a more balanced approach to the joint contributions of psyche and soma, has sadly become synonymous with psychiatric disorder, and thus does not assist.  Hence, the best terminology is also the simplest – medically unexplained symptoms.

Medically Unexplained Symptoms Are Not “All in the Mind”

Because most long-term chronic symptoms are not associated with specific biomedical markers of disease, this does not mean they are “all in the mind,” disregarding for the moment what an “all in the mind” symptom would actually consist of.  However, there are numerous physiological processes that can help to explain the physiology of symptoms such as irritable bowel disorder, atypical chest pain or chronic fatigue, and remind us that these symptoms are produced by physiological processes in both the body and central nervous system.  Unexplained symptoms are not inexplicable, they are just not the result of simple ICD-10 diagnosis.

Symptoms Go Together

When dealing with chronic symptoms, the total number of symptoms can provide more useful information than the exact nature of each individual symptom. For example, a patient may have all the symptoms currently listed under the definition of chronic fatigue syndrome (CFS).  However, in that case he or she is likely to have many more somatic symptoms as well, including many of those not listed as specific for CFS.  As the next section will consider, the more symptoms one experiences, the greater the chance of fulfilling the criteria for several unexplained syndromes. 

Each Medical Specialty Has Developed Its Own Unexplained Syndrome

For example, gastroenterologists frequently write about irritable bowel syndrome, rheumatologists about fibromyalgia, dental surgeons about atypical facial pain, and cardiologists, atypical chest pain or Syndrome X. The implication is that all these disorders are discrete conditions.  Not so.  First, the criteria for all these conditions show considerable overlap – fatigue, for example, is prominent in most. More importantly, studies that have considered the question show that patients fulfilling criteria for one particular syndrome are very likely to fulfill criteria for one or more of the other syndromes as well. The choice of label may be arbitrary, reflecting the most prominent symptom of the specialty of the physician, the availability of services and so on.  Overall, we believe that the similarities between these conditions such as fibromyalgia and CFS outweigh the differences. Advanced statistical techniques have been used in civilian settings to try and look for specific patterns, but the results have not provided compelling evidence of very many “splits” between the conditions in nature.

Psychiatric Disorders Are Also Largely Symptom-Based Conditions

The greater the number of somatic symptoms, the greater the number of psychological symptoms.  Hence, psychiatric symptom-defined conditions have exactly the same limitations as somatic-defined conditions.  All one can say is that symptoms, both physical and psychological, go together, and that our classification into “physical versus psychological” is as arbitrary as our belief that CFS and fibromyalgia are distinct conditions. 

Chronic Symptoms Are Not Specific
 As doctors we attempt to use symptoms in a precise fashion. For example, fatigue and weakness are terms that have completely different meanings to physiologists, and are capable of precise, objective measurement.  However, in real life, things are not so simple.  The terms we use to describe symptoms are our attempts to put into words feeling states. Hence, it can be inaccurate to assume that the symptom of fatigue when used by a patient indicates a precise pathophysiological disorder as it does when used by a neurophysiologist. 

What Starts a Symptom May Not Be the Same as What Keeps It Going

This is almost self-explanatory, but a large body of research has suggested that the best way of understanding chronic somatic symptoms is to distinguish between factors that predispose to developing somatic symptoms, factors that actually trigger them, and factors that perpetuate them, or stop them from going away. In clinical practice, the most successful treatments tend to be those that concentrate on perpetuating factors.  The tendency to continue to search for a single, unitary explanation (“the smoking gun”) is understandable, but rarely produces the breakthroughs one wants, and can distract from a more balanced, biopsychosocial approach. 

Unexplained Illness: Qualitative Focus

Robert A. Aronowitz, M.D.

Department of Medicine

Robert Wood Johnson Medical School

This morning I will elaborate a simple idea that follows from both my clinical experiences as a general internist and from research into the history of chronic disease.  It is the importance of understanding many of the clinical, policy, and research controversies surrounding medically unexplained illnesses such as the Gulf War syndrome as being similar to those which surround many, if not most, “explained” illnesses.  Such controversies include debates over the reality and legitimacy of unexplained illness as well as more practical questions about how these entities should be defined, researched, and reimbursed.   There are differences but they are often differences in degree rather than kind.

The major implication of questioning the dichotomy between explained and unexplained illness is to emphasize that we need to name, define, diagnose, treat, and research “unexplained illness” in the same individualized and negotiated manner with which thoughtful researchers and clinicians have approached many more readily explained illnesses.  Given the continuities, we also should not stigmatize patients, who receive diagnoses such as gulf war syndrome, nor the clinicians who care for ( and the researchers who study ( them. 

I will illustrate these continuities by making a few historical and comparative observations about two “explained” illnesses ( asthma and Lyme disease.
 
  The two relevant observations about asthma’s history are (1) its persistence as a clinically based disorder despite intense research and expanding knowledge into its physiological, pathological, and molecular aspects over the past two centuries and (2) the fact that researchers and clinicians have attempted to preserve a unified concept of asthma in the face of tremendous individual variation in triggers and clinical manifestations of the disease.  

The term asthma is from classical Greek.  In many classical Greek texts, authors used asthma to describe a specific degree kind of abnormal breathing, somewhere in severity between orthopnea and dyspnea.  Until the Renaissance, asthma was not so much a symptom-based anything but a symptom.  Gradually over the 19th and 20th centuries, asthma was reformulated as a specific disease, that is, a chronic ailment that was the same across different individuals and which could be distinguished from the many new diseases which were increasingly described during this period.  

Despite many attempts to define asthma objectively in the past two centuries, it has remained a diagnosis made more by what a clinician sees, feels, and hears than any objective test or set of objective criteria.  Although clinicians can hear wheezing, they recognize that not all asthmatics wheeze.  Some only or merely cough.  And all that wheezes is not asthma ( asthma has remained an elusive and residual diagnostic category after other specific causes of wheezing or related symptoms are “ruled out” ( for example, wheezing caused by pulmonary edema would not be called asthma.  Although asthma has been associated with “objective” abnormalities such as reversible “obstructive” pattern of pulmonary function testing or a positive response to methyl choline challenge, this is true only in a subset of the universe of patients who most clinicians would label as having asthma.  No single test rules in or rules out asthma.  

The retention of a clinically based definition has been a choice made by researchers, clinicians, and patients, albeit a largely implicit one.  But even if scientists and clinicians had agreed upon an “objective” definition there would remain the problem of asthma’s stubborn idiosyncrasy — that is, clinicians have long recognized that different individuals have different emotional, environmental, and physiological triggers and very different clinical courses.  Similar to the situation in many unexplained illnesses, researchers, clinicians, and patients have responded to the idiosyncrasy of asthma by postulating an important role for the individual’s unique psychosocial and environmental circumstances in the etiology and course of the illness.

Asthma’s increasing prevalence and mortality in this country is frightening, but like the situation in many unexplained illnesses the meaning of these trends is hotly contested by different groups of epidemiologists and other researchers.  These trends are not readily explained by presumed environmental factors.  Some people have suggested that these trends may have more to do with changes in the way asthma has been defined and diagnosed and the social influences on disease such as access to care and health seeking behaviors and beliefs. 

There has also been a long history of speculation about the role of stress in the disease and in the role of an individual’s emotions in the cause and course of the disease.  Like the situation in Gulf War syndrome, researchers, clinicians, and patients have wondered whether and how much of asthma’s idiosyncrasy is best understood by immunological mechanisms or by emotional influences.

Despite the continued use of a clinically based definition and clinical criteria for the diagnosis of asthma, there are periodic voices who ask whether we should replace the clinical definition of asthma with a more objective test.  If we did, what would be the consequences for laboratory, clinical, and epidemiological research?  And again similar to the situation in many unexplained illnesses, asthma’s idiosyncrasy has led many people to wonder if asthma was one disease or many and to devise strategies to manage the vast individual differences in asthma’s triggers and clinical manifestations.

Like asthma, Lyme disease is not at first glance a disease that should have much in common with those entities we call symptom-based or medically unexplained. And yet this disease, at first glance so far from Gulf War syndrome or chronic fatigue syndrome, has raised many similar questions to those posed by medically unexplained illness.  

Questions raised by the definition and diagnosis of Lyme disease resonate with the issues which come up when we try to create case definitions for medically unexplained illness: should symptom-based criteria alone be used to diagnose chronic Lyme disease?  Is the definition a matter of evidence or something else?  Who is to decide? 

The history of Lyme disease suggests that there are generally winners and losers when the disease is defined this way or that, and it is not simply a matter of evidence where the boundary is drawn.   To some extent, experts have drawn a narrow definition of chronic Lyme disease not only because there is more evidence of persistent B. burgdorferi infection in cases defined this way, but because they do not know how, and do not want, to take care of the many patients who fail to meet the expert definition of Lyme disease.

Of the many implications of the continuities between the controversies surrounding medically explained and medically unexplained illness, the most important follows from the fact that the controversies surrounding medically unexplained illness ( as well as asthma and Lyme disease ( are by no means exceptional.  Few clinical encounters, especially in primary care, are built around the diagnosis and management of patient complaints that follow simply and directly from well recognized, specific, pathophysiological derangements.  It follows then that we need to question our reliance on the specific disease model.   We need to use symptom-based diagnoses flexibly and contingently, by which I mean that patients can be educated to the pluses and minuses of taking on or not taking on a particular diagnosis, or using it in some contexts and not others.  And we should educate health care workers, patients, and the general public to the limitations of the specific disease model. 

We also need to question our reliance on the specific disease model because it results in continuous pressure on both patients and physicians to create new and eventually controversial medical diagnoses such as the Gulf War syndrome.  Inasmuch as the specific disease model is held by both lay people and medical practitioners as the ideal legitimation of sickness, pressure is put on individuals to understand their own suffering in such terms. Without diagnoses rationalized by objective measures of disease and specific mechanisms, patients are routinely shunned by doctors, felt to be suffering imagined ills by themselves and friends, and denied social benefits such 

as disability payments. So it is not surprising that people flock to doctors’ offices in great numbers to see if their poorly understood symptoms could be explained by a newly discovered and named, mechanistically rationalized, specific disease.  While it is not unusual for doctors to bemoan the popularity of such diagnoses, little attention has been paid to the biomedicine’s role in creating the market in the first place by its collective inability to accommodate suffering not understandable in such terms. 
Gulf War Illness and Related Research at the Institute of Medicine, National Academy of Sciences: An Overview of Research and Recommendations

Philip O. Renzullo, Ph.D., M.P.H.; Lyla M. Hernandez, M.P.H.;
Joseph S. Cassells, M.D., M.P.H.

Institute of Medicine

Health Consequences of Service in the Gulf and Five Year Follow-up of Army Personnel Potentially Exposed to Low-Level Chemical Warfare Agents

The National Academy of Sciences was established in 1863 by order of President Abraham Lincoln to serve as an adviser to the federal government on scientific and technological matters.  Specifically, its Act of Incorporation stipulates that “…the Academy shall, whenever called upon by any department of the Government, investigate, examine, experiment, and report upon any subject of science and art….”  Since that time, as the role of science and technology has expanded, so too has the Academy.  In 1916, the National Research Council (NRC) was created to serve as the principal operating arm of the Academies in providing services to the government, the public and the scientific community; in 1964, the National Academy of Engineering (NAE) was established; and in 1970, the Institute of Medicine (IOM) was founded to address issues of health policy, research and education.  The Academy and its associated institutions are private, non-governmental organizations that do not receive direct federal appropriations for their work.  Work performed by the Academies at the request of a federal agency is funded by that agency.

NRC studies make use of unpaid volunteer experts who serve as committee members and authors of most reports.  Both the committee formation and the report writing processes follow strict Academy institutional procedures to insure that unbiased and technically sound reports are presented to the sponsoring federal agency and the public.  While sponsors may recommend areas of expertise they would like represented on committees, final decisions regarding appointments lie entirely with the NRC.  Further, employees or officers of a sponsoring agency may not serve on a committee funded in whole or part by that agency.

One of the first studies of Gulf War Illnesses performed at the IOM was initiated in 1993.  The final report resulting from this committee study entitled “Health Consequences of Service During the Persian Gulf War:  Recommendations for Research and Information Systems” was published in 1996.  The committee was charged with three tasks; (1) to assess actions taken by the Departments of Veterans Affairs and Defense to collect and maintain data on the health of Gulf War veterans, (2) to make recommendations to improve the collection and maintenance of these data, and (3) to evaluate the scientific basis for carrying out an epidemiologic study of the health consequences of GW service, and if appropriate, to recommend the type of study performed.  The committee made 16 recommendations in all, most of which concerned (1) continued attention to the development, funding and support of automated medical records for all service personnel; (2) continued support of studies under way at the time; and (3) support for the initiation of new studies on health risks associated with deployment to the Gulf War.  Many of these recommendations have served as the genesis for subsequent research.

In 1997 the Department of Defense (DoD) asked the IOM to perform a longitudinal study of mortality and morbidity among Army personnel potentially exposed to chemical warfare agents during and immediately after the destruction of the Khamisiyah Ammunition Depot in southern Iraq in March 1991.  This study, under the direction of an expert panel of epidemiologists, biostatisticians, and clinicians, will be performed by staff of the Medical Follow up Agency, IOM.  The objectives of this study are twofold: (1) to compare morbidity and mortality among Army personnel potentially exposed and those not exposed, and (2) to compare temporal trends in health perception and health care use before and after notification of potential chemical agent exposure.  This study is currently in progress.

Studies on the CCEP, the VA Registry and UCAP, Health Status of Gulf War Veterans and Health Effects of Gulf War Exposures

The Division of Health Promotion and Disease Prevention of the Institute of Medicine has undertaken four major studies related to the health of Gulf War veterans.  Two of those studies have been completed.  In the first completed study, the IOM evaluated the DoD Comprehensive Clinical Evaluation Program (CCEP) for Gulf War veterans with special attention to the adequacy of the diagnostic protocol as it related to difficult-to-diagnose individuals and those with ill-defined conditions; the diagnosis and treatment of patients with stress and psychiatric disorders; and assessment of the health problems of those who may have been exposed to low levels of nerve agents.  Two reports were issued in 1997, each providing committee recommendations for changes in the CCEP that would increase its effectiveness.

The second completed study evaluated the adequacy of the VA special diagnostic program for Gulf War veterans with specific emphasis on the protocol, its implementation and administration, outreach efforts to inform veterans of available services, and education of providers.  The report of this committee released in early 1998 complimented the VA on its provider education programs and outreach efforts but recommended several changes to improve the program.

Two studies are now in progress within this division of IOM.  The first is a study jointly funded by VA and DoD that will (1) identify relevant questions regarding the evaluation of the health status of active-duty troops and veterans deployed to the Gulf War; (2) identify issues to be addressed in the development of study designs and methods that could be used to answer such questions; and (3) develop a research design(s) and methods that could be used to address such questions.  The report of this committee is scheduled for release in mid-July 1999.

Lastly, the IOM Division of Health Promotion and Disease Prevention has begun a study on the health effects of the Gulf War.  In this study the committee will review the scientific and medical literature regarding adverse health effects associated with exposures experienced during the Gulf War.  The review will include assessments of biologic plausibility that exposures, or synergistic effects of combinations of exposures, are associated with illnesses experienced by Gulf War veterans.

Study on Strategies to Protect the Health of Deployed U.S. Forces

Since Operations Desert Shield/Desert Storm, Gulf War veterans have expressed concerns about possible hazardous exposures and other potential health effects associated with their deployment and service during the war.  A number of expert committees have conducted extensive reviews and published reports on the health of veterans and potential health effects of their service.  Much of the focus of these and other efforts have been on understanding the current health of veterans, ensuring appropriate evaluation and care of veterans’ health concerns and attempting to determine the connections between service and specific exposures in the Gulf War and veterans’ current health.

The Special Assistant to the Deputy Secretary of Defense for Gulf War Illnesses (OSAGWI) has, among his several tasks, to ensure that the DoD puts into place all required military doctrine, and personnel and medical policies and procedures, to minimize any future problems from exposure to biological and chemical warfare agents and other environmental hazards.  DoD has asked the National Academy of Sciences and the Institute of Medicine to review the lessons of the Persian Gulf War and subsequent deployments in order to recommend ways in which DoD can enhance or improve its protection of the health of deployed U.S. military forces in the future.

Drawing on the lessons of previous conflicts, the NRC will advise the DoD with regard to a strategy for managing the health and exposure issues faced during deployments; these include infectious agents, vaccines, drug interactions, and stress.  It also will include adverse reactions to chemical or biological warfare agents and other substances.  The project will address the problem of limited and variable data in the past, and in the development of a prospective strategy for improved handling of health and exposure issues in future deployments.

Specific issues to be addressed include:

· Assessing health risks during deployments in hostile environments through use of an analytical framework

· Assessing technology and methods for detection and tracking of exposures to a subset of harmful agents

· Assessing past, current and potential future approaches for developing, evaluating, and fielding protective equipment, clothing, and technologies related to decontamination.

· Addressing issues related to health protection, health consequences and treatment, and medical record keeping

The 3-year study will be completed in September 2000.

Vulnerability of the Nervous System to Chemicals

Peter S. Spencer, Ph.D., FRCPath

Portland Environmental Hazards Research Center, a joint initiative of the 

Portland Veterans Affairs Medical Center and the 
Center for Research on Occupational and Environmental Toxicology

Oregon Health Sciences University

Neurotoxicity is a direct or indirect effect of chemicals that disrupt nervous system function.  Hundreds of chemicals are recognized as having systemic neurotoxic potential in humans.  Some act directly on neural components; others interfere with metabolic processes on which the nervous system is dependent. The neurotoxic properties of chemicals find expression in the deleterious alteration of nervous system function in the presence or absence of visible structural damage.  Perturbations may appear and disappear rapidly, or may evolve slowly over days or weeks and regress over months or years. Neurotoxic disorders may leave scars or disappear without a trace [1].

Chemicals that disrupt the nervous system include many natural substances; these are produced by or stored in certain bacteria (e.g., diphtheria toxin), algae (anatoxin-a), fungi (3-nitropropionic acid), plants (cyanogenic glucosides), coelenterates (palytoxin), insects (apamin), arachnids (scorpion toxins), molluscs (conotoxins), fish (ciguatoxin), amphibia (batrachotoxin), reptilia (dendrotoxins), and mammals (vitamin A). Many substances that occur naturally exhibit great target specificity, high toxic potency, discrete biological actions, and are among the best understood mechanistically.  Many other substances of lower neurotoxic potency occur in nature: examples include metals (arsenic, lead, manganese, mercury) and their compounds, and substances that are in a liquid (methanol, n-hexane) or gas phase (ethylene oxide) under normal ambient conditions.  Some substances (pyridoxine, manganese, selenium), while neurotoxic in sustained heavy doses, are required in smaller amounts to support physiological function. Synthetic chemicals with neurotoxic properties are most commonly encountered in the form of prescription (2’,3’-dideoxyinosine, ethambutol) and over-the-counter pharmaceutical agents (bismuth preparations), domestic products (pyridinethione), fragrance raw materials (2,6-dinitro-3-methoxy-4-tert-butyltoluene), workplace chemicals (acryl amide), pest-control agents (pyrethroids), environmental pollutants (tetraethyl lead), and substances (methamphetamine) voluntarily used to induce euphoria. Others are associated with special applications, such as chemical warfare in civilian and military settings (sarin) and in the prevention of the effects thereof (pyridostigmine bromide).

The mature nervous system is protected from some chemicals by barriers to the free movement of substances from blood and cerebrospinal fluid.  Extra cellular fluid bathing the nervous system is separated from the vascular system by endothelial cells with apposed surfaces that contain specialized tight junctions that constitute a barrier to the free passage of certain chemicals from blood to brain tissue. This substantially reduces the passage of ionized chemicals and agents bound to plasma proteins (e.g., inorganic mercury salts) but does not prevent the penetration of lipid-soluble substances with neurotoxic potential (organomercurials).  While most parts of the brain and spinal cord (central nervous system, CNS) have specialized blood vessels that regulate passage of circulating chemicals, this blood-brain barrier is normally absent in the choroid plexus and certain discrete regions of the mature brain that control neuroendocrine functions.  Chemical damage to neuroendocrine areas of the brain can trigger a cascade of pathophysiological changes that have far-reaching effects on functions, such as somatic metabolism, reproduction, and growth. With the exception of sensory and autonomic ganglia, which lack specialized blood vessels, the peripheral nervous system (PNS) also exists within a protected microenvironment with regulated access to circulating chemicals.

Several features of the nervous system predispose the organ to chemical disruption.  Mature nerve cells have an absolute dependence on a continuous supply of oxygen to generate aerobically the large amount of chemical energy needed to support ionic membrane pumps, intracellular transport systems, and energy-requiring enzymes such as oxidases. This need is met by providing the CNS with a relatively huge blood supply that, in turn, favors the delivery of blood-borne toxicants to the brain and spinal cord. The CNS is also equipped with enzyme systems that may modify and increase the toxic potential of a xenobiotic (e.g., 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine, MPTP).  Plasma membrane transporter systems provide a route of passage for certain 

neurotoxic chemicals (N-methyl-4-phenylpyridinium ion). Plasma membranes of nerve cells are richly provided with receptors for neurotransmitters that also serve as targets for some neurotoxic substances (domoic acid).  Other neurotoxic agents disrupt the synthesis of key neurochemicals or catabolic pathways on which nerve cells depend for normal function.

The architecture of nerve cells is a risk factor for chemical disruption.  Unlike most types of mammalian cells, mature neurons and glial cells in both the CNS and PNS possess elongate cellular processes that expose vast surface areas of membrane to chemicals present in extra cellular fluid.  Additionally, each of these cell types has a segregated anabolic region (the perikaryon) that supplies the metabolic needs of proportionately huge volumes of cytoplasm (axons, dendritic arbor, myelin), some of which may be distributed in small processes or compartments (synaptic bulb) at a relatively great distance from the perikaryon.  Axonal transport systems that communicate materials and information between the perikaryon and sites of product utilization represent another important target for chemical attack (e.g., vincristine, carbon disulfide).

The cells of the nervous system are highly interconnected and dependent upon each other’s presence and physiological activity for normal function.  For example, rapid impulse conduction along nerve fibers requires the maintenance of myelin sheaths (formed from compacted plasma membranes) by Schwann cells (PNS) and oligodendrocytes (CNS).  Profound functional effects result from chemicals that induce intramyelinic edema (e.g., triethyltin) or distal axonal degeneration (nitrofurantoin); the former blocks electrical conductivity and the latter disconnects nerve cells from sensory and motor end organs.  In these situations, major functional impairments may occur without the loss of a single neural cell.

Communication among nerve cells and their target organs (glands, muscles) is dependent on the coordination of electrochemical events that are readily disrupted by a number of xenobiotics.  Perturbed transmission of electrical impulses along axons results in functional effects for the organism, irrespective of whether the electrical activity is reduced (e.g., saxitoxin) or increased (pyrethrin) by the culpable agent.  The arrival of impulses at the nerve terminal activates a complex sequence of events that culminates in the release of neurotransmitter to the extra cellular space, its translocation to a receptor on the neighboring neuron or target organ, and the removal of excess transmitter from the synaptic gap.  These events are prone to chemical disruption and the consequent generation of neurotoxic phenomena.  Natural substances (e.g., botulinum toxin) and venoms ((-latrotoxin), as well as synthetic chemicals (anticholinesterases), exploit this inherent vulnerability of the nervous system to chemical attack.

Chemical-induced damage to discrete areas of the CNS may induce functional effects that are disproportionate to the size of the lesion. Unlike most tissues (liver, kidney), the nervous system is organized into many specialized regions that serve specific functions, such as coordination, audition, balance, vision, and memory. Small lesions may thus have major functional consequences, viz. debilitating movement disorders (e.g., MPTP) resulting from damage to basal ganglia; blindness from toxic damage to the retina (chloroquine) or optic nerves (methanol), and impaired retention of new memory from toxic damage to the hippocampus (domoic acid). By contrast, small lesions in most other tissues, such as the lung or liver, have trivial effects on the function of the organ and the subject.  Moreover, whereas repair of such organs may occur through reconstruction of damaged tissue, most nerve cells in the adult human are post-mitotic and therefore unable to divide and re-populate an ablated area.

The nervous system has a vast repertoire of functional reactions to chemical perturbation.  These responses give rise in the aggregate to a plethora of neurological and psychiatric phenomena, many of which recapitulate the clinical manifestations of diseases with other, nontoxic etiologies.  Neurotoxic substances may also be involved in the etiology of apparently idiopathic neurological disorders, such as certain basal ganglia diseases.  One clear-cut example is a mycotoxin (3-nitropropionic acid) responsible for the induction of a persistent movement disorder (dystonia) among Chinese children who have consumed sugarcane contaminated with a fungus.  Herbal teas prepared from components of common plants have been implicated in other diseases of the basal ganglia (e.g., progressive supranuclear palsy) in the French West Indies.  Many studies have sought relationships between exposure to synthetic environmental chemicals (insecticides, herbicides) and idiopathic Parkinson’s disease, but compelling evidence is lacking.  On Guam, there is a very strong epidemiological association between parkinsonism-dementia (PD) and use of a neurotoxic plant (cycad) for food and/or medicine. In this location, PD occurs in concert with amyotrophic lateral sclerosis (ALS), the age-adjusted incident rate of which also shows a 

very strong correlation with the food content of the cycad chemical cycasin.  Millions of U.S. servicemen and women passed through Guam after 1946, and some may have been exposed to traditional food prepared from cycads.  Studies performed in 1960 did not disclose an increased presence of neurodegenerative disease in this population, but the expression of the ALS-PD complex may be delayed for decades.  The Guam experience, where non-infectious environmental factors play an important etiologic role in ALS-PD, raises the possibility that exposure to natural or synthetic chemicals may trigger sporadic ALS in other parts of the world.
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The U.S. Congress passed two laws which mandated that the U.S. Army destroy their stockpile of chemical warfare agents and munitions (1985) and clean-up a variety of lethal wastes from past disposal efforts (1991).  These included unserviceable munitions, chemically contaminated containers and production facilities, in-ground storage sites, binary weapons, etc.  Whereas there was a record of stockpiled weapons, the location of the non-stockpiled chemical materials  (NSCM) was not as well documented.  Nevertheless, the Army has identified 82 NSCM locations in the U.S. where NSCM are thought to be either buried in the ground or under water.  These materials are potential contaminants of soil and ground water and as such pose a threat to human and environmental health.  

In the past the destruction of NSCM did not have a high priority, but with U.S. agreement to participate with 150 nations in the Convention on the Prohibition of the Development, Production, Stockpiling, and Use of the Chemical Weapons and on Their Destruction, the clean-up of NSCM became a major commitment of the U.S. Army Environmental Center (USAEC) and the Army Corps of Engineers.  The USAEC has been charged with managing the restoration (clean-up) of these sites.  The aim of USAEC was to ensure that following clean-up procedures the sites would no longer represent a threat to public health. 

The USAEC elected to base their restoration strategy on the establishment of reference doses (RfD), by the oral route of exposure, for each contaminant.  The RfD, as defined by the U.S. Environmental Protection Agency (USEPA) in 1989 is “...an estimate (with uncertainty spanning perhaps an order of magnitude) of the daily oral exposure to a potential toxicological hazard that is likely to be without risk of deleterious effects during a human lifetime.” The RfD is applied to chemicals which are thought to have thresholds for their effects.  For genotoxic carcinogens the use of slope factors, defined as upper-bound lifetime cancer risks, was chosen as the point of reference instead of RfD values.  The Army decided that the chemical contaminants most likely to be found at these sites were GA, GB, GD, and VX which are known to be cholinesterase inhibitors, and lewisite and sulfur mustard, which are vesicants.  Working with the Oak Ridge National Laboratory (ORNL), they derived RfD values for GA, GB, GD, VX, lewisite and sulfur mustard.  For sulfur mustard, which is a carcinogen, a slope factor was derived.  A report was written and submitted to the Army Surgeon General who took two actions.  First he accepted the derived values on an interim basis.  Then he asked the National Research Council (NRC) to review the scientific validity of the Army/ORNL report.

The NRC assigned this project to the Committee on Toxicology (COT), which in turn established a Subcommittee on Chronic Reference Doses for Selected Chemical Warfare Agents, composed of COT members and a group of scientists with expertise and experience in the toxicology of these agents.  The panel included R. Snyder (Rutgers U.), M.B. Abou-Donia (Duke U.), E.X. Albuquerque (U. Maryland), J.I. Daniels (Lawrence Livermore Lab.), D.E. Gardner (Inhalation Toxicology Associates), D.W. Gaylor (USFDA), R.F. Henderson (Lovelace Respiratory Inhalation Inst.), J.T. James (NASA), S.S. Leffingwell (HLM Consultants), J.J. Saady (Commonwealth of Virginia), P.S. Spencer (Oregon Health Sciences Center), B.M. Wagner (Consultant), and B.W. Wilson (U. California, Davis).  The subcommittee acknowledges the excellent staff support provided by K.S. Bakshi (Project Director) and S.N.J. Pang (Program Officer) of the NRC.

“The subcommittee was asked to: (1) determine whether all of the relevant toxicity data were appropriately considered in developing chronic RfDs, (2) review the uncertainty, variability, and quality of data and the appropriateness of the assumptions used in the derivation of the RfDs (e.g., consideration of the most relevant toxicity studies, application of uncertainty factors), and (3) identify data gaps and make recommendations for future research.  The subcommittee was not asked to address issues related to risk management.”

At the outset of the review, the subcommittee met with representatives of the Army and the ORNL to be informed of the Army’s plans for the clean-up and role the derived values would play. ORNL discussed their derivations and presented their recommendations. The subcommittee then worked independently to evaluate and comment on the report. 

Table 1 shows the RfD and slope factor values recommended in the Army/ORNL report and currently in use as interim standards. The subcommittee has prepared its draft report which is currently undergoing external review and the report is likely to be published shortly. The subcommittee’s conclusions and recommendations will be contained in that report. 

Table 1.  Reference Doses and Slope factors for Six Chemical Warfare Agents Recommended by the U.S. Army and Oak Ridge National Laboratory

AGENT
Army’s Interim RfDs
(mg/kg/day)
Army’s Interim Slope Factor
(per mg/kg/day)

GA
4 x 10-5
NA**

GB
2 x 10-5
NA

GD
4 x 10-6
NA

VX
6 x 10-7
NA

Sulfur Mustard
7 x 10-6
9.5

Lewisite
1 x 10-4
NA

* Reference Doses

** Not applicable

The Neurobiology of Stress, with Emphasis on Post-Deployment Illnesses

Daniel J. Clauw, M.D.
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Introduction

There is considerable controversy regarding what role stress may have played in the development of unexplained illnesses that occurred in individuals deployed to the Gulf War.  It is clear that some individuals who are exposed to combat stressors go on to develop post-traumatic stress disorder (PTSD), but the incidence of PTSD (as a succinctly defined clinical disorder) is relatively low in cohorts of Gulf War veterans, and PTSD only develops after exposure to stressors that have a strong emotional component.  

There are considerable data suggesting a whole variety of biological stressors, including not only emotional stress but also immune (including infections), chemical, and physical stressors are capable of leading to the development of chronic multi-symptom illnesses.  This discussion will review the biological mechanisms underlying the “stress response,” as well as the abnormalities in the stress response that have been identified in various ill-defined disorders.  

Definitions of Stress

Part of the problem with any discussion of stress is that this term has markedly different meanings.  The lay meaning of this term has a negative or pejorative connotation, and is closest to the more scientific term “distress.”  Distress is defined as a perturbation of the internal state of the organism, usually characterized by a state of anxiety or tension.  Stress can also be used to define a stressor, which is an episode or event that disturbs homeostasis.  And in another context, this term is used to describe a measurable biological response that stressors or distress can evoke. 

The Human Stress Response
Components

The principal components of the human stress response are the corticotropin-releasing hormone (CRH) and locus ceruleus-norepinephrine/autonomic (sympathetic/LC-NE) nervous systems.  The CRH system is primarily centered in the hypothalamus, and the sympathetic/LC-NE system in the brain stem.  Activation of these systems by physical or emotional stimuli propagates a series of physiologic changes known as the “stress response.”

CRH is a principal modulator in this system.  Although most of CRH containing neurons are in the paraventricular nucleus of the hypothalamus, these neurons and their projections are widely distributed throughout other portions of the central nervous system, and may be uniquely able to coordinate the overall stress response.  The release of CRH is enhanced and inhibited by a number of factors which are noted, and then CRH exerts a number of direct and indirect effects on the various effector axes of the stress response.  This system not only plays a well-recognized role in the control of hormonal and autonomic responses, but also directly mediates arousal as well as so-called stress-induced analgesia, via opioid-peptide secreting neurons in the arcuate nucleus of the hypothalamus that project to the brain stem and spinal cord.  In addition, the locus ceruleus is important in controlling other descending anti-nociceptive pathways, which under normal circumstances act to diminish the upward transmission of pain.  Thus, low CRH and/or sympathetic output is capable of causing diffusely increased nociception because descending CRH or opioid peptidergic and sympathetic pathways act in the spinal cord to diminish pain. 

Effect of genetics and early life stressors

Within any species, there are genetic differences in the activity of the biological stress response. Early life stressors can also have a permanent and profound impact on the subsequent biological response to stress in 

animals.   Studies in rodents have demonstrated that exposure to endotoxin, trauma, or separation in the neonatal period all lead to permanent changes in the subsequent biological response to stress, extending throughout the life of the animal.  This plasticity may be due to changes in the numbers of neurons, number of circuits, and/or increases or decreases in gene expression–leading to permanent changes in molecules that define the function of the system. 

Types of stressors

Both internal and external factors can activate the stress response.  External factors activate the stress response largely via activation of higher cortical structures, that then project to elements of the stress response.  Internal factors such as infections, immune aberrations, and neurotransmitter abnormalities all are equally capable of initiating the stress response. 

Factors controlling the magnitude and direction of the stress response

Several authors have noted that although this system is adaptive in animals and early human species, it may be maladaptive in the twentieth century.  In everyday life, this system is much more likely to be activated by daily events that have no threat to survival (e.g., sitting in traffic) than for the intended purposes of this system, e.g., to protect against predators, starvation.  Although different types of stress lead to markedly different biological responses, in both animals and humans, the environment in which a stressor is presented is in many instances the most important determinant of the biological effect of stress.  Stressors perceived as inescapable or unavoidable, or which are accompanied by lack of predictability, directionality, or social support, evoke the strongest adverse biological consequences. 

Clinical disorders characterized by aberrations in the stress response

The accumulated information suggests that the biological stress response is blunted in the chronic phase of fibromyalgia, CFS, and allied conditions. The expected biological consequences of this low CRH state are the opposite of that seen in acute stress, and are very similar to those noted in chronic pain and fatigue states: hypoarousal or fatigue, diffusely increased peripheral and visceral nociception, and dysautonomia conceivably leading to a number of consequences, including smooth muscle dysmotility and abnormalities in cardiovascular function.

There are several neuroendocrine abnormalities that have been identified in CFS, fibromyalgia, and related chronic multi-symptom illnesses.  Most of these are consistent with a low central CRH state, and a blunted stress response.

Hypothalamic pituitary adrenal (HPA) axis

In CFS there is a blunting of the HPA axis, including low 24-hour free cortisol excretion, increased adrenocortical sensitivity to ACTH, and attenuated ACTH responses to CRH.  These abnormalities are consistent with a tertiary (hypothalamic) adrenal insufficiency.   Neuroendocrine studies in fibromyalgia have yielded similar results, with a relative hyporesponsiveness of the adrenal glands (decreased production of cortisol in response to CRH or ACTH), low 24-hour urine free cortisol, and an exaggerated pituitary response to CRH.  These data appear to indicate a primary adrenal insufficiency rather than tertiary (hypothalamic) defect as noted in CFS, and the aggregate data in fibromyalgia indicate hypothalamic CRH hyposecretion as well.  Adrenal insufficiency also occurs in response to exercise in fibromyalgia since cortisol levels paradoxically fall rather than rise in response to physical exertion.   This post-exercise adrenal insufficiency, as well as the decreased sympathetic response to exercise noted below, may be responsible for the severe post-exertional pain and fatigue that both fibromyalgia and CFS patients experience.  These same abnormalities suggesting a blunting of the HPA axis have also been noted in many of the less common chronic fatigue states, such as dysthymia or seasonal affective disorder.  Because of the complexity and plasticity of the HPA axis, emphasizing the similarities between the HPA axis in these conditions is more appropriate than the minor differences: all are characterized by both an under active and blunted “stress response.” 

These changes are opposite to those seen in melancholic depression, as well as PTSD, and are characterized by chronically increased stress system activity.  The reason for these opposite changes in the function of the stress response in clinically similar disorders is not clear.


Abnormalities in autonomic function

There are identifiable abnormalities in autonomic nervous system function in many of the disorders in this spectrum.  Several studies have demonstrated dysregulation of the autonomic nervous system in fibromyalgia. Perhaps the most consistent finding regarding autonomic function is that fibromyalgia patients have an impaired sympathetic ability to respond to a stressor (e.g., exercise, muscle contraction, noise).   The autonomic nervous system has not been as extensively studied in CFS although these patients have been found to experience a high prevalence of neurally mediated hypotension on tilt table testing, which is related to autonomic dysfunction. 

Dysautonomia has likewise been documented in both irritable bowel syndrome (IBS) and migraine headaches, and is felt to play a central role in the genesis of both disorders.  In IBS, there have been several studies suggesting abnormalities in both central sympathetic and parasympathetic influences, and some studies have suggested that the abnormalities in the autonomic nervous system can predict certain types of symptoms (e.g., diarrhea or constipation-predominant).  Defects in autonomic function have also been delineated in migraine, with the aggregate data in these studies suggesting that there is baseline sympathetic hypofunction, as well as instability of the sympathetic response.  Furthermore, studies in both IBS and migraine suggest that there is a dissociation between the symptoms of pain and of autonomic dysfunction, which supports the hypotheses proposed regarding the independence of the axes of the stress response.

Although the autonomic nervous system has been studied using different modalities in fibromyalgia, CFS, and related conditions, most of these disorders are characterized by dysautonomia.  The findings that have been frequently noted include lability of the autonomic nervous system, a diminished baseline sympathetic response, and an impaired sympathetic response to stressors.  This is the type of defect that is predicted by the model presented, which posits that the dysautonomia is central in origin, and again is the opposite of the hyperactive sympathetic nervous system function that is seen in major depression, and PTSD.

Abnormalities in nociception

There are several elements involved in the processing of pain, and this area will not be reviewed in detail.  Briefly, though, peripheral pain is produced by the activation of nociceptors that respond to thermal, mechanical, or inflammatory stimuli, and travels via afferent fibers through the dorsal horn to areas of the brain stem and cortex.  In recent years, there has been a considerable body of knowledge collected regarding the central control of nociceptive processing, which descends from the cerebral cortex and brain stem into the spinal cord.  Normally, the net effect of these descending influences is to inhibit the upward transmission of pain.

The best studied of the allied conditions regarding pain sensitivity is fibromyalgia since it is defined by nociceptive criteria.  The precise localization for the pain in fibromyalgia is not clear although most evidence points to dysfunction at the level of the spinal cord or brain.  Data suggesting that the pain in fibromyalgia is relieved by both intravenous lidocaine and ketamine, but not low doses of morphine, support the thesis that secondary hyperalgesia is present.  Nociception has never been formally studied in CFS, but this is likely to be similarly abnormal, given the extensive clinical overlap with fibromyalgia, as well as the plethora of pain-based symptoms where there is no concurrent evidence of peripheral abnormalities.  

Irritable bowel syndrome has also been well studied with respect to nociception.  Several studies have demonstrated that individuals with IBS display increased visceral nociception.   These changes are suspected to be mediated by splanchnic afferents projecting to the spinal cord. Studies of cohorts of migraine headache sufferers also suggest that many individuals have a diffusely decreased pain threshold, not only in the region of cephalgia but throughout the entire body. 

A number of neurotransmitters, neuromodulators, and receptors are important in the processing of nociceptive information at the supraspinal, spinal, and peripheral levels.  Substances that have the most prominent anti-nociceptive effects, primarily because of activation of descending inhibitory pathways which inhibit pain, include serotonin, acetylcholine, norepinephrine, CRH, neuropeptide Y, and endogenous opioid peptides.   Substances which have a pro-nociceptive effect, especially in leading to  “central pain sensitization” in animals that is most reminiscent of that seen clinically in fibromyalgia, include excitatory amino acids (acting primarily at the N methyl-D-aspartate receptor), tachykinins (primarily substance P), and ACTH.  There are limited data regarding levels of some of these substances in fibromyalgia, and these data support the thesis that central mechanisms are operative in these conditions.    

Substance P (SP)

Substance P is a neuropeptide stored in the secretory granules of sensory nerves and released upon axonal stimulation.  As with other neuropeptides, SP has a variety of neurotransmitter functions, and in addition acts to increase smooth muscle tone and vascular permeability.  Three different groups of investigators have demonstrated that cerebrospinal levels of SP are approximately threefold higher in fibromyalgia patients than controls.  These studies have also demonstrated that there is little overlap between fibromyalgia and control cohorts in this measure, making this the most discriminative laboratory test identified in this condition to date.  In animal studies, high CSF concentrations of SP play a major role (along with excitatory amino acids) in the development of allodynia.  Individuals with CFS, an illness not defined on the basis of pain, do not display elevated SP levels.  It is not clear if these high levels of SP are a cause of the pain in fibromyalgia, or occur because of the pain, and the specificity of this finding for other chronic pain states has not been determined.  Furthermore, it is not known if these high levels of SP may participate in inhibiting central CRH secretion, as has been shown in animals.

Other influences on nociception

There are several other substances known to have prominent effects on nociception.   For example, norepinephrine has an anti-nociceptive function centrally, and the level of its principal metabolite, (3-methoxy-4-hydroxyphenethylene [MHPG]), is low in the CSF of fibromyalgia patients (the metabolite of norepinephrine is measured because the parent compound is undetectable in the CSF).  This finding supports the notion that descending anti-nociceptive influences from the autonomic nervous system are diminished in fibromyalgia and could contribute to pain.  Blunting of the stress response could also lead to the type of pain seen in these conditions if central CRH were low, but this is not directly measurable.  Cerebrospinal fluid levels of endogenous opioid peptides may actually be elevated in fibromyalgia, making it unlikely that a deficiency of these substances contributes to pain .

Excitatory amino acids are primary candidates for playing either a primary or secondary role in the pain in these conditions, given the noted response to ketamine in fibromyalgia. Moreover, excesses of these neuromodulators at the level of the spinal cord are suspected to participate in the “spreading” of pain from a local to a wider focus, as commonly occurs when individuals with regional pain syndromes, e.g., temporomandibular disorders or myofascial pain, develop fibromyalgia.  Furthermore, excitatory amino acids have been noted to play a prominent role in mediating stress-induced analgesia, although in this instance these compounds are found to have a paradoxical anti-nociceptive effect.
Summary of nociception

Within this spectrum of disorders, there is evidence of diffuse nociceptive abnormalities.  Since there have been few abnormalities in the peripheral tissues in these entities, a central mechanism is suggested.  Further evidence for central pro-nociceptive mechanisms is that both peripheral and visceral nociception are increased in these conditions.  Preliminary work in this spectrum of conditions examining neuromodulator concentrations in the CSF has detected abnormalities that would be expected to be pro-nociceptive.  Finally, single photon emission computerized tomography (SPECT) scanning has demonstrated regional differences in blood flow in areas involved in pain transmission, such as the caudate nucleus, but these results need confirmation with larger studies.

These diffuse changes in nociception would be promoted if the central influences from descending anti-nociceptive pathways were diminished because of a generalized blunting of the stress response. This may occur because of diminished central CRH and norepinephrine secretion, and/or the loss of “stress-induced analgesia,” which is mediated by both beta-endorphin and excitatory amino acids.  In the model proposed, diminished descending anti-nociceptive influences would lead to a permissive environment for the development of regional or local pain syndromes, which are primarily mediated by changes at the level of the spinal cord.

Summary

The chronic pain and fatigue syndromes represent a clinically and biochemically overlapping spectrum of illnesses that affect a significant percentage of the population.  There are data supporting the notion that there is a genetic predisposition to develop this spectrum of illness, and that a number of different types of stressors can either initiate or exacerbate these conditions.  Once this illness develops, individuals display hypofunction of various components of the stress system, which can explain the decreased arousal and fatigue, increased pain perception, and dysautonomia that characterize these entities. Hypofunction of the stress system also explains many of the physiologic abnormalities that have been identified in these conditions, including blunting of hypothalamic-pituitary-adrenal, -growth hormone and -thyroid axes, hypoactivity of the sympathetic nervous system, and increased humoral and decreased cell-mediated immunity. These changes are the opposite of those that are seen in conditions such as major depression, and PTSD. 
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The Health Impact of Chemical Exposures During the Gulf War:
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From February 28 through March 2, 1999, the Centers for Disease Control and Prevention (CDC), in coordination with the Office of Public Health and Science (OPHS) of the Department of Health and Human Services (HHS), the National Institutes of Health (NIH), and the Agency for Toxic Substances and Disease Registry (ATSDR), sponsored a conference to address the health concerns of Gulf War veterans.  The purpose of this conference was to provide a forum for broad public input into the development of a multi-year research plan for investigating the relationship between chemical exposures during the Gulf War and illnesses affecting Gulf War veterans.  

This meeting was held in response to a request from Congressman Bernard Sanders (I-VT) that HHS examine the role of chemical exposures in the illnesses being reported by Gulf War veterans.  Specifically, Congress believed it would be useful to support research in the areas of multiple chemical sensitivity; the definition of individual genetic differences in the ability to metabolize environmental agents commonly encountered during the Gulf War; and the development of a better understanding of how multiple exposures of chemicals interact to exert their toxicity. 

In planning for the conference, CDC held a public input meeting in July 1998 in order to obtain input from veterans, advocates, and scientists regarding the format and agenda for the conference.  Over 40 individuals were brought together and asked to provide their feedback on the types of topics that should be discussed at the conference and to give their recommendations regarding potential speakers and conference participants. 

One recommendation made during the July planning meeting was that it would be useful to have a background document circulated prior to the conference that would provide an overview of the research literature relating to Gulf War health issues.  This background document was produced by an independent contractor, Syracuse Research Corporation, and provides an excellent resource on Gulf War health issues.  It includes an overview of the exposures and health outcomes of concern to Gulf War veterans and reviews the research effort that has examined these health problems.  The document can be accessed on the Internet at:  www.cdc.gov/nceh/meetings/

1999/gulfwar/.

Based on feedback that we received during the July planning meeting, the Executive Planning Committee developed a format for the conference that included plenary sessions, concurrent workgroups, and a veterans’ forum.  The plenary sessions were meant to provide background information and to stimulate dialog on research questions.  The plenary sessions included a presentation on current research findings regarding the health impact of the Gulf War, a panel discussion of the experience of Gulf War veterans, a series of presentations on the possible health outcomes of low level chemical exposures focusing on nervous system, immune system, and pulmonary system outcomes, a series of panel discussions on research and clinical findings regarding multiple chemical sensitivity among Gulf War veterans and civilian populations, a series of presentations on possible mechanisms of action of chemical exposures, and a panel discussion on methodological considerations in studying the health impact of chemical exposures during the Gulf War.

The concurrent workgroups were tasked with developing research recommendations in four areas: pathophysiology, etiology, and mechanisms of action, chaired by Dr. Barry Wilson of the University of California at Davis; assessment and diagnosis, chaired by Dr. Roberta White of the Boston VA Medical Center; treatment, chaired by Dr. Benjamin Natelson of the New Jersey Medical School and the East Orange VA Medical Center; and prevention, chaired by Dr. Melissa McDiarmid, of the University of Maryland and the Baltimore VA Medical Center.   Additional workgroup members were selected to bring a variety of experience and expertise to the process of developing research recommendations and included scientists and non-scientists, government and non-government representatives, and U.S. and international researchers.   

In developing the agenda, the Executive Planning Committee made a concerted effort to structure the meeting to allow for maximum public input and interaction between veterans and scientists.  An evening session, the veterans’ forum, was held to provide an opportunity for veterans to discuss their concerns with the workgroup chairs.  The workgroups were also structured to ensure audience participation.  Each workgroup met on four occasions.  The first session focused on workgroup member presentations while the second session was devoted to audience input.  Research recommendations were developed during the third and fourth workgroup sessions.

Each workgroup was asked to develop research recommendations that addressed specific issues.  For the pathophysiology workgroup, these issues included synergistic and subclinical effects of chemicals, genetic susceptibility, biomarkers of susceptibility and exposure, and appropriate study methods.  The assessment/diagnosis workgroup was asked to focus on case definition, overlap of conditions, the role of chronic, multi-systemic conditions, biomarkers of illness, optimal methods for assessment and diagnosis, and validation of assessment approaches.  The treatment workgroup was asked to focus on appropriate treatment paradigms, rehabilitation approaches, health care opportunities, education of physicians, and appropriate study methods.  The prevention workgroup was asked to focus on health education and risk communication, approaches to environmental assessment, bio-monitoring, and health preparedness.  A variety of recommendations were discussed, including recommendations for both human and animal studies, research on other exposed populations, autopsy studies, novel treatment approaches, and new surveillance methods.  One message that was clear from each of the workgroups is that veterans need to be involved in the process from the beginning phases of research planning. 

Our next steps in processing the enormous amount of information generated by this conference are to release the transcripts from the conference, prepare a document that summarizes the proceedings, and develop a report on research recommendations.   The transcripts will be placed on the same Internet site as the background document.  The Executive Planning Committee will review the information in the transcripts in order to develop a final report on research recommendations.  We anticipate that the report will be completed Fall 1999.

Update on Federal Research Program

Timothy R. Gerrity, Ph.D.

Office of Research and Development

U.S. Department of Veterans Affairs

Washington, DC

Introduction

The United States deployed approximately 697,000 military personnel to the Persian Gulf area to serve in Operations Desert Shield and Desert Storm.  During these Operations, military personnel were subject to a variety of exposures, both natural and man-made, that could have harmful health effects.  Within a year of their return from the Persian Gulf area, a number of Gulf War veterans began to experience a broad range of health-related symptoms.  They have also expressed concern about possible Gulf War relationships to spousal illnesses, poor pregnancy outcomes, and birth defects in children conceived after the war.     

Because of these concerns, the Federal Government undertook the development of a comprehensive and coordinated research program. On August 31, 1993, in response to Section 707 of Public Law 102-585, President William J. Clinton named the Secretary of Veterans Affairs (VA) to coordinate research funded by the Executive Branch of the Federal Government into the health consequences of service in the Gulf War. Section 104 of Public Law 105-368 (1998) expands the responsibilities of the Secretary of the Department of Veterans Affairs.  VA carries out its research coordinating role through the auspices of the Research Working Group (RWG) of the Persian Gulf Veterans Coordinating Board (PGVCB).  The Secretaries of the Department of Defense (DoD), Health and Human Services (HHS), and VA chair the PGVCB, and have representatives on the RWG.  Because of the potential link between environmental factors and Gulf War veterans’ illnesses, the U.S. Environmental Protection Agency (EPA) is also a member of the RWG.


The VA Office of Research and Development has the primary responsibility for coordinating the federal research effort toward clarifying health problems related to service in the Gulf War.  The principal charge to the RWG is to:

· Assess the state and direction of ongoing research;

· Identify gaps in knowledge;

· Identify testable hypotheses;

· Recommend research directions;

· Review developing concepts;

· Collect and disseminate information;

· Ensure that the right research is done; and

· Ensure appropriate review and oversight of research.

Membership on the RWG consists of senior research scientists and clinical managers from VA, DoD, HHS, and EPA.  Figure 1 shows the structure of the RWG with its subcommittees.





Figure 1.   Research Working Group Organization

Since its inception, the RWG has accomplished a number of important tasks in the process of organizing and coordinating the federal research effort.  These tasks include:

· Five comprehensive annual reports to Congress on Gulf War veterans’ illnesses research1-5;

· A strategic plan for research (A Working Plan for Research on Persian Gulf Veterans’ Illnessses6);

· A strategic plan for research on the health effects of exposure to low levels of organophosphorous nerve agents4;

· Programmatic review of peer-reviewed, competed research proposals leading to funding recommendations for more than $100 million in research projects;

· Four national and international meetings of federally funded researchers;

· Sponsorship of a workshop in conjunction with the Society of Toxicology on the potential health consequences of low-level exposure to chemical warfare nerve agents; and

· Follow-up investigation of preliminary reports of positive experimental serological tests for leishmaniasis4.

Setting the Research Agenda

In 1995 the RWG recognized the need for a systematic approach to the management of the federal research portfolio and developed a strategic plan for the conduct of research on Gulf War veterans’ illnesses (for conciseness it will be referred to as the Working Plan)6.  To reflect and account for newly acquired information and knowledge, the Working Plan has undergone one major revision (November 1996).  It is anticipated that a further revision will be developed.

The Working Plan has three stated goals for research on Gulf War veterans’ illnesses:

· Determine the nature and prevalence of symptoms, diseases, and other conditions among Gulf War veterans;

· Identify risk factors for symptoms, diseases, and other conditions; and

· Identify diagnostic tools, treatment methods, and prevention/intervention strategies.

Both the first and the revised Working Plan contain about 20 research questions in the broad areas of exposure and health outcome posed by Gulf War veterans’ illnesses.  In the context of these questions, the Working Plan has provided assessments of the state of ongoing research and has identified specific research needs.

The original 1995 Working Plan articulated five research recommendations that should serve as the basis for new research at that time:

· Determine illness and symptom prevalence in Gulf War veterans;

· Determine illness and symptom prevalence in coalition forces and indigenous populations;

· Determine the prevalence of adverse reproductive outcomes; and

· Determine the long-term, cause-specific mortality of Gulf War veterans.

As reported in the Annual Reports to Congress for 1996, 1997, and 1998 3-5, significant progress has been made in research in these areas.  Previously unknown answers to questions have begun to emerge.  The only area for which there is no current research is in the determination of illness and symptom prevalence in indigenous populations such as Saudi Arabia and Kuwait.  The RWG has concluded that the ability to conduct sound reliable epidemiological studies in the Gulf area is severely limited for methodological reasons.  However, the RWG remains alert to any new circumstances that could modify that position.

In the 1996 revised Working Plan, new factual and conceptual knowledge about exposures and outcomes during and after the Gulf War led to a revised set of research recommendations that were divided into short-term and long-term recommendations.  The long-term recommendations recognized the need to conduct research that may 

be less likely to directly answer questions about the cause and nature of Gulf War veterans’ illnesses, but are vitally important for planning future military deployments.

Short-Term Research Recommendations

· Epidemiological follow-up on Gulf War veterans’ mortality experience at appropriate time intervals;
· Longitudinal follow-up studies of Gulf War veterans’ health status; and
· Peer review of atmospheric exposure models for pollutants, such as the oil well fires, and chemical warfare agent releases at Khamisiyah, Iraq.
Long-Term Research Recommendations
· Research on risk factors for stress-related disorders;

· Research on risk factors for excess mortality due to accidents;

· Development of exposure biomarkers for chemical warfare agents;

· Toxicological and epidemiological research on the health effects of exposure to low concentrations of chemical warfare agents;

· Development of a strategic research plan for investigating the long-term health effects of low-level chemical warfare agent exposures; and

· Development of a simple, sensitive test for L. tropica infection.

These recommendations have been guiding the selection of new research projects since November 1996.  The next section is an overview of the current research portfolio on Gulf War veterans’ illnesses research that has been driven by the actions of the RWG through its various activities including the development of the Working Plan.

The Research Portfolio

Since 1994 the Federal Government has sponsored 145 research projects (with new projects about to begin) and has committed $133.5 million in resources to these projects.  More than one-half of these projects involve scientists outside of the Government. Through 1998, 40 projects have been completed, 103 projects are ongoing, and 2 projects have been awarded funds and are pending startup.

Figure 2 shows the trend since 1994 of the number of active research projects taking different research approaches (mechanistic, clinical, epidemiological, and developmental) toward understanding the health problems of Gulf War veterans. 

Note: Members for 1999 are projections and do not account for possible new project starts in 1999.

Figure 2. Number of Research Projects by Research Type from 1994-1999

As the number of active research projects has increased from 32 in 1994 to more than 100 in 1999, the patterns of investment have changed.  The proportion of research projects funded in epidemiology research has remained steady while the number of research projects concerned with the toxicology of chemical weapons, both in relative and absolute terms, has markedly increased.  

Beginning in 1998 new research began to focus on treatments for Gulf War veterans. VA and DoD are investing more than $10 million in two important clinical trials.  One trial is a large multicenter study of the effectiveness of cognitive behavioral therapy and exercise in ameliorating the non-specific, multisymptomatic problems of Gulf War veterans that have been such a burden to them.  The second treatment study is a large multicenter trial of the effectiveness of the antibiotic doxycycline in reducing symptomatic complaints in veterans. The decision to undertake the latter trial rests in part on the concern that a large number of veterans may be receiving this drug as a treatment of their symptoms without actual knowledge of its efficacy in the absence of positive proof of infection.  Additionally, small single-site trials in the civilian community of antibiotics have demonstrated the possibility of symptomatic improvement in conditions such as rheumatoid arthritis. Both trials began in spring 1999.

Figure 3 shows the cumulative number of research projects across various areas of research focusa.  The nature of each research project in the portfolio is described by as many as three focus areas, as appropriate.  Figure 3 shows the number of projects according to the primary focus area of each project, and according to all focus areas assigned to each project.  The investment of funds has been greatest in the Brain and Nervous System and in Symptoms and General Health focus areas.  A relatively large investment is in the Diagnosis focus area which includes research on characterizing Gulf War veterans’ illnesses and on specific diagnostic tests.

Figure 3.  Number of Research Projects in Each Focus Area

The distribution of research projects across various research focus areas has changed over time since 1994 as a reflection of the evolution of issues centered on Gulf War veterans’ illnesses.  Over the years, research has increased in the areas of chemical interactions, chemical warfare agents, and pyridostigmine bromide.  These increases are an outgrowth of increased concern about the health risks posed to veterans by exposure to multiple 

toxic agents at low levels.  It is significant to note that of all potential etiologic agents, the largest investment in research focuses on chemical weapons.

In the future it is anticipated that greater emphasis will be on diagnosis, treatment, and planning for future deployments.
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Introduction
The health impact of war has been studied for at least a century, but it has not been a primary concern among military personnel until recent years.  Beginning with the Vietnam conflict, concerns were raised about exposures to chemicals, particularly defoliating agents.  During and after the Persian Gulf War (PGW), health outcomes became prominent concerns among deployed forces, their families, and the general public.  In response to these concerns, extensive research has been conducted to try to understand the patterns of complaints and illnesses and the reasons for these symptoms and illnesses since 1992.

It is clear that illness and symptoms have occurred among the forces deployed to the Persian Gulf at rates higher than among forces not deployed to this region.  Particularly troubling is the prevalence of various symptoms for which medical explanations have not been found.  The reasons for these patterns of complaints and sickness are not clear and have not been explained to the satisfaction of the PGW veterans, their families, health professionals, or scientists attempting to understand the health impact of the Persian Gulf War.

History
Historically, the predominant cause of mortality has been battle deaths (soldiers killed in action or died of wounds).  Non-battle deaths have changed over time, shifting from infectious disease deaths due to wound infections to non-combat accidents.  The largest number of military deaths among deployed forces per year occurred during World War II.  Combat deaths were primarily due to bullet wounds during the Civil War and World War I, but by the Korean War, combat deaths were predominantly due to explosives.

War syndromes and unexplained symptoms are not a new phenomenon, having been recognized since the Civil War, with a syndrome referred to as irritable heart.  Terms used since World War I were shell shock, followed by post-traumatic stress disorder, recognized after the Vietnam conflict.  Today’s medically unexplained physical symptoms share some characteristics with these earlier syndromes.  Unlike their precursors, however, these outcomes from the Persian Gulf War have less certainty in either diagnosis or treatment.

Health Outcomes of the Persian Gulf War
There were notable differences in the demographics of the Persian Gulf War deployed forces in contrast to earlier deployments.  Compared to all earlier wars, there was a higher proportion of women, a larger proportion of personnel over the age of 30, and a higher percentage of reserve and National Guard forces.  

Research on the health outcomes of the Persian Gulf War have encompassed a broad range of exposures–chemical, biological, natural environment/hostile environment, and psychosocial.  The outcomes measured have been mortality, symptoms, and illnesses.  During the war, deployed forces in the Persian Gulf experienced a higher rate of deaths due to unintentional injury than non-deployed forces.  After the war, deployed forces had higher rates of death due to accidents, particularly motor vehicle accidents.  There was a higher rate of hospitalization among Persian Gulf War veterans compared to non-deployed forces for alcohol and drug-related diagnoses.

The most striking health outcomes among Persian Gulf War veterans are the symptoms for which specific diagnoses were not made.  The more common symptoms include general aches and pains, sleeping problems, fatigue, problems with social interactions, respiratory problems, and anxiety.  These have been observed among veterans from the United States, Canada, and the United Kingdom.  These are the findings from the first studies.  Many studies are under way and results will be reported over the next decade.

Future Directions
For the protection and health-readiness of future deployed forces, prevention, surveillance, and further research are essential.  Fortunately, useful leads are available from a wide variety of sources, including occupational and environmental epidemiology, civilian health surveillance systems, and similar experiences among civilians seeking primary care.

Public health and preventive medicine expertise are essential for the military, as are improvements in health records systems for both active and reserve and National Guard forces.  There are many prevention interventions that can be implemented now–such as health behavior modifications (smoking cessation, dietary modification, drug and alcohol abuse prevention).  In addition, there are specific medical and non-medical countermeasures that can be taken, depending on the advance knowledge about each deployment.  More generally, improvements can be made in the health services of deployed and non-deployed, active and reserve/guard forces, especially for women.  Improvements in health services for veterans also may reduce post-war chronic health outcomes in the future.

Finally, research is needed in many areas, including health outcomes among women and among reserve and National Guard forces.  A major issue in prior deployments has been the difficulty in linking known exposures to known health outcomes.  Improved surveillance and health record systems should facilitate improvements in both categories of measures in future studies.  Some of the key scientific issues include the need for quantitative, objective measurement of exposure, objective measurement of post-deployment health, identification of relevant outcomes prior to deployment, and the need for baseline health assessments against which future health outcomes can be compared.

In conclusion, health effects of war have existed since the human race first utilized combat to resolve differences.  Force readiness must include public health and prevention if we are to reduce morbidity and mortality for deployed forces.  No individual prevention program or study is perfect, but a comprehensive approach, identifying relevant exposures, health effects, surveillance, and prevention will move us in the right direction–toward protecting military and deployed personnel from future adverse effects upon health.

Clinical Trial Methodology: Application to Symptom-Based Conditions

Philip W. Lavori, Ph.D.

Cooperative Studies Program

The main goal of a clinical trial is to guide clinical decisions, particularly, what to do for the “typical” patient. The study may also have some lesser ability to identify subgroups for whom the clinical recommendations might go in different directions (“qualitative interactions”). Statistical guides to the prognosis in individual patients, or rather, subgroups that resemble each other in particular ways, may also emerge from trials. The clinical trial “stance” is that even though one size does not fit all, it may fit enough people to be useful. It takes the point of view that in decision making, one should play the odds and look for averages. In taking this stance, we recognize tradeoffs, such as bias vs. variance, typical vs. individual, objective vs. informed, better answers vs. more questions answered. 

Does the Treatment Have an Effect?
This deceptively simple question is the one we begin with (and often end not far from). The principal goals of the techniques of clinical trials are to rule out any other explanations for the differences we hope to observe, leaving only the causal effects of the treatments under study as plausible agents. The first step is to frame the “null hypothesis.” stating precisely what we mean if we say that the treatment has no effect. This is done by specifying some comparative summary such as a hazard ratio or a difference of means that measures how far from the null hypothesis the data appear to be. The null hypothesis can be surprisingly difficult to frame. When it is correctly stated, the null hypothesis has the critical property that it defines the probabilities of all possible experimental outcomes when taken in the context of the other background assumptions. 

Rule Out Chance
The significance test, or P-value, is a description of the lack of fit between the null hypothesis and the observations of a completed experiment. It is a probability, and it is small if the results are far from what we would expect under the null. It is the probability that results at least as unexpected as those observed would occur if chance were the only operating cause. It helps to think of it as the chance that the accidental distribution of prognostic factors will cause one or the other treatment group to look better or worse on average, despite a complete lack of true causal effect. It is worth noting that if we were able to produce exactly identical, perfectly matched groups and measure outcomes without error, we would not expect any chance differences in outcome since chance would have no scope to operate. A small P-value indicates that we are looking at a difference that would not occur very often purely by chance, in hypothetical repetitions. Of course, if we did not use a true random mechanism to allocate treatments, then a small P-value may be moot.

Is There an Uninteresting Cause?

In addition to the play of pure chance, ruled out by a small P-value, there are many possible real effects that are not specific to the treatments under study. In observational studies, patients are assigned to treatment groups by their own choice, or the physician’s. Prognostic factors associated with the choices may produce real observed differences, which might be falsely attributed to the treatments. This is a real but uninteresting cause. 

Furthermore, patients (or clinicians) who are aware of which treatment they (or their patients) are receiving in an experiment may allow their opinions to color their assessment of their outcomes. If, for example, there is a general tendency to believe that new treatments are better than old ones, this will masquerade as a treatment effect. This is an imaginary and uninteresting cause! In the jargon, we say that the errors are correlated with the assignment. 

The Role of Randomization

Randomization can be relied on to produce approximately comparable treatment groups (fair comparisons) on both measured and unmeasured characteristics. This is the unique character of randomized assignment. Together with a null hypothesis, randomizing allows one to precisely define the play of chance.  This gives the P-value its full official meaning.  Randomization also helps exclude other causes, especially those associated with knowledge of the treatment assignment. Without randomization it is hard to mask the treatment assignments, but of course, randomization does not suffice to do so. 

The Role of the Placebo

In connection with the above, the placebo is an indispensable element of any plan to preserve masking. In addition, an additive placebo is a powerful source of non-specific effects, providing some assurance that any differences in outcome are specific to the experimental treatment itself. 

By additive placebo is meant a pill or other condition that is added to the standard background therapy that occurs equally in both arms of a study. A subtractive placebo would substitute for some component of the standard therapy. Such a use of placebo might not meet current ethical standards.

The Intent-to-Treat (ITT) Principle

One of the cardinal principles of clinical trials design and analysis, the ITT principle directs the researcher to (1) measure all outcomes, regardless of adherence to protocol, and (2) assign them to originally randomized groups. Deprecated alternatives include “as-treated” and “compliers only” analyses, as well as ad hoc methods such as carrying forward the last compliant observation. The ITT principle is motivated by two factors. First, it is the analysis fully grounded in the randomization, so it is the one that yields P-values with a standard interpretation. Second, it yields the causal effect of trying to deliver the treatments, and this will often be the pragmatic goal of the study. 

Power and Sample Size

The power to detect a true difference is analogous to the sensitivity of a diagnostic test. Think of the statistical test as a diagnosis, with a positive test corresponding to rejecting the null hypothesis. Then the power is just the probability of rejecting the null hypothesis given that it is false. 

The power increases with sample size and with true effect size. It decreases with measurement error and with the stringency of the significance test. The (usually pre-set) P that will be considered as significant defines the “specificity” of the test, in diagnostic terms – the chance of rejecting a null when it is true.

Symptom-Based Conditions (SBCs)

There are several special features of SBCs that interact with the general issues described above. In general, such conditions have unknown pathophysiology, a poorly defined nosology, subjective outcomes, and must rely on self-report for diagnosis as well as response to treatment. This leads to difficulties due to heterogeneity of patients (especially across sites), as well as multiple possible success criteria. Aside from issues of generalizability, the possibility of unmeasured heterogeneity raises the likelihood that the observed effects of treatments that are successful in a subgroup will be diluted by the inclusion of patients for whom the treatment is ineffective. The presence of multiple success criteria must increase the play of chance, and reduce power. Subjectivity of outcome assessment provides scope for expectations and other biases, and conflation of different outcomes with each other. Stoicism and other “response sets” can cloud the true outcomes. But perhaps the most devastating consequences flow from the simple observation that outcome assessment requires the patient’s participation. This often leads to outcome-dependent dropout, which can wreak havoc on the strength of inference from the study. 

What Can We Do?

Underpromise and Overdeliver

Our experience with clinical trials tells us that many treatments do not work. By means of reviews of innovations that come to the point of clinical trial, we can estimate the distribution of true effect sizes. Despite the fact that innovations must pass many tests before a full-scale clinical trial, it appears that each innovation is only a little bit better than an even bet to be truly more effective than the standard treatment. This may be a reflection of the maturity of medicine; the low-hanging fruit is already in the standard fruit salad. Furthermore, despite the ubiquity of claims of “breakthrough,” success comes in small steps, often with some success-limiting unwanted side effects. 

A corollary holds that the detection of such small gains is not cheap or easy. We must be prepared to deploy full-strength methods, and to take the time to do it right, in order to overcome the difficulties of SBCs. Therefore, we should mount powerful studies to detect modest effects on subjective outcomes. “Powerful” here means large studies that are complex in their methods (in order to overcome the difficulties described above) but simple and modest in their goals. It is not easy to recruit patients and clinicians into such studies; more precisely, it is not easy to recruit adherent and informative participation. It is critical to educate clinician-researchers to induce an appropriate degree of equipoise, or they will not be able to participate with a clear conscience in an experiment that manipulates treatment. The experienced clinician-researcher knows (often from personal experience) that if he or she is certain that a new treatment is efficacious, there is nearly an even chance of being wrong. Such epistemological modesty can be taught, and a sincere appreciation for its basis should be a pre-requisite for participation in a clinical trial as a clinical investigator. In contrast, it is important to recruit patients who are already in equipoise, or are willing to accept the clinician’s equipoise. Sometimes investigators worry about recruitment to the extent of enrolling and randomizing patients who then drop out almost immediately upon detecting that they are not in the treatment group they wanted to be in, or are disappointed in the lack of immediate results. Such post-randomization dropouts are far worse for the science of the study than equal numbers of pre-randomization dropouts, especially if the rates and reasons are different in the treatment groups. Statisticians must emphasize that they are not equipped to fix this problem with the methods they learned in school. 

One of the hardest but most important achievements in a clinical trial is to measure all outcomes regardless of protocol adherence. It requires a purposeful unlinking of the protocols for measurement and experimental treatment. It also requires the patient to understand that he or she is free to decline further experimental treatment intervention at any time, and also to decline to participate in measurement, but that the former does not imply the latter. We must avoid coercion, but it is important to create the awareness in research volunteers that each one who drops out of measurement vitiates the contribution of several of his or her fellow volunteers. This is a practical restatement of the mathematical fact that outcome-dependent dropout reduces statistical information by an amount that is disproportionate to the fraction of data that is missing. 

Create the Partnership

To bring off an enterprise as complex as a clinical trial requires true partnership between clinical researcher and volunteer. The clinical trial is a joint venture, and in the study of treatments for SBCs, the research volunteer holds the key to success. Fully informed, and fully motivated, the volunteer will stay the course and the truth will emerge. A well-designed and well-conducted study will be a success for the community of sufferers regardless of outcome. Even a “null result” can be extremely valuable, preventing the diversion of the research effort down blind alleys. But this optimistic view of progress will be stymied unless the researcher and clinician form a partnership, with trust in each other’s motivations built by clear and unambiguous disclosure, and a bedrock conviction that the disease is the only adversary in sight.

VA/DoD Treatment Trials for Gulf War Veterans’ Illnesses

John R. Feussner, M.D.

U.S. Department of Veteran Affairs

More than 700,000 Americans served in the Gulf War.  Many of the veterans of the conflict suffered from health problems marked by a variety of unexplained symptoms. Although neither a cause nor a single underlying disease process has been identified, the Department of Veterans Affairs (VA) is dedicated to studying and treating these ailments.

Recently the VA identified patients who may benefit from possible therapies. Now VA is leading a $20 million effort with the Department of Defense (DoD) to conduct two separate major studies of possible treatments for the symptoms of the undiagnosed illnesses of Gulf War veterans.

Veterans who meet the eligibility requirements are encouraged to consider volunteering for one of these large-scale clinical trials as we seek ways to provide veterans with the best possible care and a high quality of life. To qualify for participation, veterans must have served in the Gulf War between August 1990 and August 1991 and must currently be suffering from at least two of three otherwise unexplained symptoms of fatigue, muscle and joint pain, and memory and thinking problems. The symptoms must have been present for more than 6 months.

The first study will test whether exercise and cognitive behavioral therapy (CBT)(separately or in combination(improve physical function. CBT teaches patients active techniques for reducing the severity of symptoms and is commonly used to enhance traditional treatments for many chronic conditions, including cancer, coronary artery disease, asthma, and a variety of conditions characterized by pain and fatigue. The 1,300 participants in the study will receive exercise training, CBT, a combination of the two treatments, or usual and customary care. All participants will receive care from specially designated clinics and will work with a single nurse specifically assigned to the study. If you would like to volunteer or learn more about this study, refer to the CBT list for the telephone number of the nearest participating medical center.

The second study is the antibiotic treatment (ABT) trial, which will involve more than 400 volunteers.  This study will test whether an antibiotic is effective in treating the illnesses reported by Gulf War veterans. One current theory is that infection with the microorganism Mycoplasma fermentans causes the symptoms veterans are reporting. Some veterans say that the antibiotic doxycycline helps to treat their conditions, but a large-scale scientific study is needed to properly test this therapy. Volunteers will receive doxycycline or an inactive placebo orally for 12 months. To participate in this study, veterans must also have been suffering for 6 months or more from at least two of the three symptoms of fatigue, muscle and joint pain, or memory and thinking problems. Additionally, a test must show that they have a Mycoplasma infection. To volunteer for this study or to learn more, refer to the ABT list for the telephone number of the nearest participating medical center.

These two studies offer the prospect of significantly advancing our knowledge of the illnesses affecting veterans and our ability to treat related symptoms. Eligible veterans may wish to consider helping our nation once more by volunteering for one of these studies and supporting our effort to enhance the care and health of the men and women who served in the Gulf War.

Force Health Protection

RADM Michael L. Cowan, MC, USN

Joint Staff Surgeon

Joint Staff Logistics Directorate

Introduction

Force Health Protection (FHP) is a strategy to protect service members from all health hazards associated with military service.  The objectives of FHP are to provide a fit and healthy force to joint operations, prevent casualties through an active health and environmental surveillance program, and to provide the best casualty care and management possible.  FHP is consistent with Joint Vision 2010 (JV 2010), which is the conceptual template for how the Armed Forces will channel the vitality and innovation of our people and leverage technological opportunities to advance new levels of effectiveness in joint warfighting.  Soldiers, sailors, airmen, and Marines are the most valuable, most complex weapon systems the U.S. military will ever field.  These human weapon systems require life-cycle support and maintenance just as other less complex weapon systems do.  FHP is the life-cycle maintenance program for the human weapons system.   FHP encompasses a full spectrum of operational medical concepts designed to establish future benchmarks for the military healthcare system in response to the challenges of JV 2010.  FHP endorses or proposes several fundamental changes in the way military medicine supports America’s warfighters, and it builds on the technological and doctrinal progress implicit in JV 2010.

Background

Joint Vision 2010, with its operational concepts of dominant maneuver, precision engagement, full-dimensional protection, and focused logistics, holds broad implications for the military healthcare system.  Force Health Protection is based on the key ideas advanced in JV 2010.  In fact, it adapts those same principles to the healthcare setting, creating a military health system that thrusts preventive medicine into the forefront of health service support to the total force.

There are five factors which have driven the development of force health protection, including lessons from the Gulf War, the National Military Strategy, JV 2010, the changes in American medicine, and new technology.  Military deployments since the war have highlighted the need for increased force protection, including protection from health hazards during military operations.  DoD is aggressively pursuing a unified force health protection strategy to protect service members from health hazards associated with their military service, from accession through retirement.

FHP introduces a life-cycle management program for our most complex weapon system, (and the only one which improves over time) people!  The three pillars of force health protection are (a) Healthy and Fit Forces, (b) Casualty Prevention, and (c) Casualty Care and Management.

Principles of Force Health Protection

First and foremost, FHP involves enhanced methods of preventing casualties before, during, and after a military operation.  It does this through full spectrum health services that

· Emphasize fitness, preparedness, and preventive measures

· Improve the monitoring and surveillance of forces engaged in military operations

· Enhance service members’ and commanders’ awareness of health threats before they can affect the force

· Support the healthcare needs of the fighting forces and their families across the continuum of medical services

In this way, FHP is the catalyst for a fundamental reorientation of military medical forces – away from acute-care services that emphasize post-casualty intervention and toward proactive, preventive services that strive to prevent casualties.  FHP builds on other JV 2010 concepts as well.  Information dominance – one of the key ideas of JV 2010 – is a driving force in FHP, which uses information to improve preventive measures, speed evacuation, and reduce the battlefield footprint of the medical force to its minimum essential level.

Thus, FHP is about preventing medical threats from affecting military forces.  It is designed to improve existing health, proactively address medical threats, and finally provide care for any illness or injury that does occur.  FHP is described in terms of three “pillars,” but the individual medical support concepts are so inextricably linked that successful FHP development must proceed in a way that the pillars rise in a balanced and planned manner.

Current Initiatives

Results to date are significant and have shown tremendous benefits in protection to forces in current deployments.  Initiatives since Desert Storm to decrease risks inherent to military operations include:

· Standardized methods for identification of medical threats and application of appropriate countermeasures prior to deployment

· Integrated and coordinated preventive medicine and continued medical and environmental surveillance throughout the operation

· Medical screening and analysis, both pre and post-deployment

This program relies on exploitation of advanced technologies, including the electronic medical record, bio-sensing and NBC detection capabilities, physiological monitoring, and advanced clinical concepts for medical treatment.  Leadership involvement is critical to program success.

Conclusion

The battlefield is our occupational workplace.  The Department of Defense’s evolving force health protection strategy reflects our commitment to: (1) promote wellness and sustain the health of each military member so the Nation can maintain a healthy and ready military force; (2) prevent acute and chronic casualties during training, deployment, and war; and (3) provide high quality healthcare in peacetime and on the battlefield.
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�  R.A. Aronowitz and C. Keirns, curators.  Breath of Life.  An exhibition at the National Library of Medicine, Bethesda, MD, 3/99-5/00.


�  R.A. Aronowitz.  Making Sense of Illness: Science, Society, and Disease.  Cambridge, U.K. and New York: Cambridge University Press, 1998.


a Research focus areas include Brain and Nervous System; Chemical Weapons; Depleted Uranium; Diagnosis; Environmental Toxicology; Immunology; Interactions; Leishmaniasis; Mortality; Prevention; Pyridostigmine Bromide, Reproductive Health; Symptoms and General Health; and Treatment
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