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Preface 

Although the Gulf War lasted but a few days, many combat troops have suffered lingering 
health problems that they attribute to their wartime service. Their health problems and illnesses 
have features in common with illnesses suffered by veterans of earlier wars, including the diffi- 
culty that their physicians have had in making a diagnosis. As yet, these illnesses remain unex- 
plained by medical science, which has prompted some people to wonder if troops in the Persian 
Gulf theater were exposed to an agent or combination of agents that caused these illnesses. Re- 
search on this question continues. Another important question is whether an agent in the envi- 
ronment in the Persian Gulf theater could cause lmown conditions like heart disease or cancer. 

In an effort to respond to the health concerns of veterans and their families, the Department 
of Veterans Affairs contracted with the Institute of Medicine (IOM) to study the scientific evi- 
dence concerning associations between the agents to which Gulf War veterans may have been 
exposed and adverse health effects. To carry out this assignment, the IOM convened the Com- 
mittee on the Health Effects Associated with Exposures During the Gulf War. In planning its 
work, the committee contacted representatives of veterans organizations for advice in setting its 
priorities for this study. The veterans and their representatives advised the committee to begin 
the project by studying depleted uranium, satin, pyridostigmine bromide, and vaccination against 
botulinurn toxin and anthrax. Reports on other agents will follow, as the Institute of Medicine 
and the Department of Veterans Affairs have a long-term commitment to study all of the agents 
to which the veterans may have been exposed. Further, the IOM will issue updated reports as 
new evidence appears in the scientific literature. 

The committee’s work has been quite rewarding, but it has also been quite challenging. The 
rewards have been largely personal. Americans owe so much to those who go to war to protect 
our country, yet few of us have the opportunity to do something tangible in return. The people 
who served on this committee had a wonderful opportunity to use their expertise to help clarify 
matters that are a source of concern and suffering to those who served their country in war. We 
felt that privilege very deeply, largely as a result of the many opportunities we had to talk with 
veterans who took the time and found the means to travel to Washington to advise us of their 
concerns. They helped us understand both the science and the human dimension of the problem 
that they were living with and that we had to address. Veterans, members of their families, lead- 
ers of veterans organizations, physicians, and scientists gave freely of their time. Many struggled 
to find words to express the suffering that they or their family members were experiencing. Our 
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committee responded in the only way that it could-by doing our very best, individually and 
collectively, to carry out our assignment. 

The committee sought to determine whether exposure to the agents of concern is associated 
with health effects in Gulf War military personnel. One of the most convincing ways to demon- 
strate such a relationship is to show that the magnitude of a specific health effect increases as the 
magnitude of the exposure increases. To achieve that goal would mean comparing the disease 
experience of people with diffenng levels of exposure to the agent. The committee soon learned 
that, because of extremely poor medical recordkeeping practices and limited enviromnental 
monitoring, it is not possible to document the exposure of individual Gulf War soldiers, with a 
few exceptions (e.g., soldiers with retained fragments of depleted uranium in their tissues). 
Therefore, the committee turned to studies of other populations with documented exposure to the 
agents of concern, including occupational-related exposure (in the case of uranium), terrorist at- 
tacks (in the case of satin), and medical exposure (in the case of pyridostigmine bromide and 
vaccines). The committee can show, in some instances, that the putative agents are associated 
with health effects in those populations. However, the lack of information about individual Gulf 
War veterans’ exposure to these agents means that it is not possible to show that an individual 
soldier experienced a dose that is associated with an increased risk of disease. Conversely, even 
with limited dose information, it is not possible to demonstrate that no health effect is related to 
the exposure. Possible exceptions, however, may occur when the exposure is still present, as in 
the case of soldiers with fragments of depleted uranium in their tissues. 

The limitations imposed by poor troop monitoring and inadequate recordkeeping have been 
quite tiustrating for the committee, as it will also be for the veterans. Yet our country has an ob- 
ligation to understsnd illnesses that occur in those whom it asks to go to war. Past conflicts, t?om 
the Civil War to the Gulf War, have taught us that some veterans experience long-&m health 
effects. Some of those health effects physicians will not find in a textbook of medicine. The 
military must lay the groundwork for understanding the health effects of titture wars. It must 
caretitlly monitor the health of deployed forces and, concomitantly, nondeployed troops who 
could serve as controls. It must develop reliable methods for measuring exposure to potentially 
harmful agents. It must learn how to keep good medical records. For environmental exposures, 
the military must tind ways to measure the dose experienced by individual soldiers. These tasks 
are technologically feasible. For this committee, one offhe most imporrunt lessons of the G&f 
War is the needfor accurate recordkeeping of what happens to soldiers in war. 

The nature of the evidence and of our narrowly focused charge means that our report will not 
satisfy everyone. We do hope that it will reassure some people. People who read the entire report 
will learn something about the difficulty of forming scientific conclusions based on inadequate 
information. We hope that our report will lead to improved troop monitoring and better medical 
recordkeeping practices in future military contlicts. We urgently call upon the military to collect 
routinely the epidemiological evidence required to understand illnesses that occur in the wake of 
war. We must do better next time. 

Harold C. Sox, M.D. 
Chair 
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EXECUTIVE SUMMARY 

On August 2, 1990, Iraqi armed forces invaded Kuwait; within 5 days the United States be- 
gan to deploy troops to Operation Desert Shield. Intense air attacks against the Iraqi armed forces 
began on January 16, 1991, and opened a phase of the conflict known as Operation Desert 
Storm. Oil-well fires became visible by satellite images as early as February 9, 1991; the ground 
war began on February 24, and by February 28,1991, the war was over. The oil tires were extin- 
guished by November 1991. The last troops to participate in the ground war returned home on 
June 13, 1991. In all, approximately 697,000 U.S. troops had been deployed to the Persian Gulf 
area during the conflict. 

Although considered an extraordinarily successful military operation with few battle casual- 
ties and deaths, returning troops began to report health problems that they attributed to their par- 
ticipation in the Gulf War. Although the majority of men and women who served in the Gulf re- 
turned to normal activities, a large number of veterans have had a range of unexplained illnesses 
including chronic fatigue, muscle and joint pain, loss of concentration, forgetfulness, headache, 
and rash. 

The men and women who served in the Gulf War theater were potentially exposed to a wide 
range of biological and chemical agents including sand, smoke from oil-well tires, paints, sol- 
vents, insecticides, petroleum fuels and their combustion products, organophosphate nerve 
agents, pyridostigmine bromide (PB), depleted uranium (DU), anthrax and botulinurn toxoid 
vaccinations, and infectious diseases, in addition to psychological and other physiological stress. 
Veterans have become increasingly concerned that their ill health may be related to exposure to 
these agents and circumstances. 

In response to these concerns, the Department of Veterans Affairs (VA) approached the Na- 
tional Academy of Sciences and requested that the Institute of Medicine (IOM) conduct a study 
to evaluate the published scientific literature concerning the association between the agents to 
which the Gulf War veterans may have been exposed and adverse health effects. To carry out the 
VA charge, the IOM formed the Committee on Health Effects Associated with Exposures During 
the Gulf War. The committee began its deliberations in January 1999 by choosing the initial 
group of compounds for study. The committee decided to select the compounds of most concern 
to the veterans. Following meetings with representatives of different veterans’ organizations, the 
committee decided to study the following compounds: depleted uranium, chemical warfare 
agents (satin and cyclosarin), pyridostigmine bromide, and vaccines (anthrax and botulinurn tox- 
oid). Additional IOM studies will examine the remaining agents. 

The committee met with the veterans and leaders of veterans organizations many times 
throughout the course of the study. These meetings were invaluable for the committee in pro- 
viding an important perspective on the veterans’ experiences and concerns. Further, ongoing dis- 
cussions with and written input corn the veterans became an integral part of the manner in which 
the committee conducted the study and greatly enhanced its process. 

Subsequent to the VA-IOM contract, two public laws were passed: the Veterans Programs 
Enhancement Act of 1998 (Public Law 105-368) and the Persian Gulf War Veterans Act of 1998 
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(Public Law 105-277). Each law mandated studies similar to the study already agreed upon by 
the VA and IOM. These laws detail several comprehensive studies on veterans’ health and spec- 
ify many biological and chemical hazards that may potentially be associated with the health of 
Gulf War veterans. 

The charge to the IOM committee was relatively narrow: to assess the scientific literature re- 
garding potential health effects of chemical and biological agents present in the Gulf War. The 
committee was not asked to determine whether a unique Gulf War syndrome exists, nor was it to 
make judgments regarding the veterans’ levels of exposure to the putative agents. Additionally, 
the committee’s charge was not to focus on broader issues, such as the potential costs of com- 
pensation for veterans or policy regarding such compensation. These decisions remain the re- 
sponsibility of the Secretary of Veterans Affairs. This report provides an assessment of the sci- 
entific evidence regarding health effects that may be associated with exposures to specific agents 
that were present in the Gulf. The Secretary may consider these health effects as the VA devel- 
ops a compensation program for Gulf War veterans. 

METHODOLOGY 

The committee’s charge was to conduct a review of the scientific literature on the possible 
health effects of agents to which Gulf War veterans may have been exposed. The breadth of this 
review included all relevant toxicological, animal, and human studies. Because only a few stud- 
ies describe the veterans’ exposures, the committee reviewed studies of any human popula- 
tions-including veterans--that had been exposed to the agent of concern at any dose. These 
studies come primarily from occupational, clinical, and healthy volunteer settings. 

The committee began its task by talking with representatives of veterans’ organizations, as an 
understanding of the veterans’ experiences and perspectives is an important point of departure 
for a credible scientific review. The committee opened several of its meetings to veterans and 
other interested individuals. The committee held a scientific workshop and two public meetings, 
and also received information in written form from veteran organizations, veterans, and other 
interested persons who wanted to make committee members aware of their experiences, or their 
health status, or to provide information about research. This process provided valuable informa- 
tion about the Gulf War experience and helped the committee to identify the health issues of 
concern. 

The committee and staff reviewed more than 10,000 abstracts of scientific and medical arti- 
cles related to the agents selected for study and then carefully examined the full text of over 
1,000 peer-reviewed journal articles, many of which are described in this report. For each agent, 
the committee determined-to the extent that available published scientific data permitted 
meaningful determinations-the strength of the evidence for associations between exposure to 
the agent and adverse health effects. Because of the general lack of exposure measurements in 
veterans (with some exceptions), the committee reviewed studies of other populations known to 
be exposed to the agents of interest. These include uranium-processing workers, individuals who 
may have been exposed to sarin as a result of terrorist activity (e.g., the sarin attacks in Japan), 
healthy volunteers (including military populations), and clinical populations (e.g., patients with 
myasthenia gravis treated with PB). By studying health effects in these populations, the com- 
mittee could decide, in some cases, whether the putative agents could be associated with adverse 
health outcomes. The committee’s judgments have both quantitative and qualitative aspects, and 
reflect the evidence and the approach taken to evaluate that evidence. The committee’s method- 




































































































































































































































































































































































































































































































































































































































