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a b s t r a c t

Veterans of the 1991 Gulf War (GW) are a unique population of veterans who returned from

theater with multiple health complaints and disorders. Studies in the U.S. and elsewhere

have consistently concluded that approximately 25e32% of this population suffers from a

disorder characterized by symptoms that vary somewhat among individuals and include

fatigue, headaches, cognitive dysfunction, musculoskeletal pain, and respiratory, gastro-

intestinal and dermatologic complaints. Gulf War illness (GWI) is the term used to describe

this disorder. In addition, brain cancer occurs at increased rates in subgroups of GW vet-

erans, as do neuropsychological and brain imaging abnormalities.

Chemical exposures have become the focus of etiologic GWI research because nervous

system symptoms are prominent and many neurotoxicants were present in theater,

including organophosphates (OPs), carbamates, and other pesticides; sarin/cyclosarin

nerve agents, and pyridostigmine bromide (PB) medications used as prophylaxis against

chemical warfare attacks. Psychiatric etiologies have been ruled out.

This paper reviews the recent literature on the health of 1991 GW veterans, focusing

particularly on the central nervous system and on effects of toxicant exposures. In addi-

tion, it emphasizes research published since 2008, following on an exhaustive review that

was published in that year that summarizes the prior literature (RACGWI, 2008).

We conclude that exposure to pesticides and/or to PB are causally associated with GWI

and the neurological dysfunction in GW veterans. Exposure to sarin and cyclosarin and to

oil well fire emissions are also associated with neurologically based health effects, though

their contribution to development of the disorder known as GWI is less clear. Gene-

environment interactions are likely to have contributed to development of GWI in

deployed veterans. The health consequences of chemical exposures in the GW and other

conflicts have been called “toxic wounds” by veterans. This type of injury requires further

study and concentrated treatment research efforts that may also benefit other occupa-

tional groups with similar exposure-related illnesses.

© 2015 Published by Elsevier Ltd.

1. Introduction

The 1991 Gulf War (GW) was fought by a multinational coali-

tion that formed to oppose Iraq's invasion of Kuwait in 1990.

The coalition included nearly 700,000 U.S. troops as well as

soldiers from the United Kingdom, Canada, Australia, and

France, with over 30 partnering countries. It began with a

build-up of troops in the region (Operation Desert Shield) prior

to the actual conflict (Operation Desert Storm), which

included a six-week air campaign and four days of ground

fighting before a ceasefire was declared on February 28, 1991.

This was followed by the return of the majority of the troops

by the spring of 1991. There were few casualties on the win-

ning side. The GW was remarkable for the numbers of

chemical exposures experienced by troops, including the low-

level chemical warfare agents released by the destruction of

Iraqi facilities, extensive spraying and use of pesticides, and

hundreds of oil well fires set by the Iraqi troops as they

withdrew from Kuwait.

Within a year of return from the GW, it became apparent

that troops were suffering from a variety of symptoms that

were difficult to explain by health care providers, who did not

recognize a typical medical illness in the veterans. Initially

dubbed “GW syndrome” by the press, this disorder appeared

to affect many, but not all, GW veterans. Fatigue, widespread

pain, cognitive and memory problems, skin rashes, gastroin-

testinal and respiratory difficulties were commonly reported,

but not every veteran afflicted by GW illness (GWI) presented

with identical symptoms. Intensive research was initiated to

characterize the disorder, understand its prevalence, investi-

gate likely causes, and explore possible mechanisms of dis-

ease. Although the troops and some health care providers

immediately suspected that chemical exposures were the

cause of the condition, others ascribed GWI to post-traumatic

stress disorder (PTSD) or other psychiatric conditions, or to the

usual consequence of all wars. Effective treatments for GWI

have been elusive but recently a treatment research effort has

begun to flourish.

This paper explores the characteristics of GWI, its defini-

tion and prevalence (Epidemiology of GWI), the conditions in

theater that may have caused GWI and specific indictors of

nervous system dysfunction (Persistent Health Effects in GW

Veterans in Relation to Deployment Experiences and Expo-

sures), physiological mechanisms underlying GWI (Pathobi-

ology) and experimental models of GWI and its causation

(Animal Studies). It also summarizes current evidence related

to a variety of neurological outcomes in addition to GWI that

have been significantly associated with self-reported or

modeled chemical exposures encountered by veterans during

the GW. The paper is based on a recent summary of GWI

research, Gulf War illness and the health of Gulf War veterans:
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