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Preface

Many individuals, groups, and federal agencies have a strong interest in
finding answers to the numerous and complex questions regarding the health of
Gulf War veterans. Various types of research and health measurement are
needed to address these diverse issues. The Institute of Medicine (IOM) was
asked by the Department of Veterans Affairs (VA) and the Department of De-
fense (DoD) to undertake a study to identify important questions concerning the
health of Gulf War veterans and then to design a study to answer those ques-
tions. The committee determined that it is of fundamental importance to ask how
healthy are Gulf War veterans? Are they as healthy as others? What characteris-
tics are associated with differences between the health of Gulf War veterans and
the health of others?

To address these questions, it will be necessary to measure not only the
health status of those who served in the Gulf War, but also to compare Gulf War
veterans with other groups. Further, one must continue to follow these groups
through time to determine whether the groups differ in the way their health
status is changing. As the committee began to develop a design that would ad-
dress the fundamental questions identified, it realized that such a study could
have important implications for understanding not only the health of Gulf War
veterans, but also the health of veterans of other conflicts.

There exists a rich body of literature on the health effects of participation in
specific conflicts prior to the Gulf War, including World War II and Vietnam.
Research has examined the health effects of exposure to mustard gas and Agent
Orange and the long-term health consequences for those who were prisoners of
war. More recently, there has been renewed interest in studying poorly under-
stood, multisymptom clusters that have been reported following every conflict
since the U.S. Civil War. Similar health problems have been reported by some
Gulf War veterans. Questions are beginning to emerge about whether there are
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health effects that are attributable to participation in military conflict in general,
as well as to service in specific conflicts.

The committee recognizes that the study it is recommending will be chal-
lenging and that it will require a sustained commitment of resources by VA and
DoD, and of time and cooperation by study participants. Nevertheless, we feel
that these commitments are important and worthwhile if the nation is to ade-
quately understand and respond to the health needs of Gulf War veterans.

In fact, the study designed by the committee to focus on Gulf War veterans
could, with slight modification, be used to longitudinally monitor the health
status of veterans of any conflict. Additionally, if a cohort were identified and
the study begun immediately upon return from participation in a conflict, many
of the problems we face in attempting to resolve Gulf War veterans health is-
sues, several years removed from the end of that conflict, could be eliminated.
The committee believes that such efforts would contribute greatly to our under-
standing of the impact of military conflict on the health of the men and women
who serve in those conflicts.

In closing, we note that this committee’s work complements that of several
other current studies at the IOM and the National Academy of Sciences. A study
on strategies to protect the health of deployed U.S. forces is scheduled for com-
pletion of the first phases in the fall of 1999 and is addressing health risk assess-
ment and issues related to health protection, health consequences and treatment,
and medical record keeping in the U.S. military services. The study of the health
effects of Gulf War exposures has recently begun and will review the scientific
and medical literature regarding adverse health effects associated with exposures
experienced during the Gulf War. This study will include an assessment of bio-
logic plausibility that exposures, or synergistic effects of combinations of expo-
sures, are associated with illnesses experienced by Gulf War veterans.

We want to thank the many people, listed by name in the Acknowledg-
ments, who contributed to this study. As cochairs of this committee, we wish to
express our appreciation to the members of the committee for their insight,
creativity, and hard work in developing the study approaches and methods rec-
ommended in this report. We also wish to commend Lyla Hernandez and Jane
Durch for their enormous effort in producing a clearly written, well-organized
report that reflects the collective thought of the committee.

Dan G. Blazer, II
Isabel V. Hoverman
Cochairs
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Executive Summary

The Gulf War was short in duration but the consequences linger 8 years af-
ter the fighting ceased. Some veterans of that conflict report debilitating health
problems that they believe are connected to service in the Gulf.* Once healthy
and fit soldiers report they are no longer able to engage in normal daily activi-
ties, much less the rigorous tasks they completed in the military. Symptoms
commonly described include fatigue, memory loss, severe headaches, muscle
and joint pain, and rashes (Fukuda et al., 1998; Iowa Persian Gulf Study Group,
1997). These veterans want to know why they are ill, what can be done to make
them better, and whether the government is doing all it can to help them. They
have taken their case to the media, to Congress, to the Department of Veterans
Affairs (VA), and to the Department of Defense (DoD).

With concern about the veterans’ reports escalating, numerous activities
were launched to investigate veterans’ health concerns. Various aspects of the
problem have been studied by a Presidential Advisory Committee (PAC), the
General Accounting Office (GAO), a special investigation unit of the Commit-
tee on Veterans Affairs of the U.S. Senate, the Centers for Disease Control and
Prevention (CDC), the Institute of Medicine (IOM), and independent research-
ers. The federal government has spent more than $230 million to fund research
efforts and diagnostic programs to answer the many questions raised.

Research studies have compared Gulf War veterans to other contemporary
military veterans to determine whether they have higher hospitalization rates

*
For purposes of this report, the term “veteran” refers to any person who served on

active duty or in the reserves or National Guard during the period of the Gulf War or
other specified engagements. A Gulf War veteran is defined as any person who served on
active duty in the Gulf War theater of operations between August 2, 1990, and June 13,
1991. Thus, the “veteran” population may include persons who remain on active duty or
continue to serve in the reserves or National Guard.
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(Gray et al., 1996; Knoke and Gray, 1998), a greater incidence of reproductive
problems (Araneta et al., 1997; Cowan et al., 1997), or higher mortality rates
(Kang et al., 1996). One study has compared the health of Iowa Gulf War veter-
ans to that of Iowa veterans who were not deployed to the war (Iowa Persian
Gulf Study Group, 1997). Reviews of scientific literature and new research have
been conducted to try to determine whether any veterans’ Gulf War exposures
could be responsible for their symptoms, and various approaches to treatment of
veterans’ problems have been tried.

The findings of these studies, evidence from the many efforts to evaluate
Gulf War veterans’ health conducted by the aforementioned bodies, and addi-
tional independent research support several conclusions:

• No single diagnosable illness or set of symptoms with a known etiology

characterizes either Gulf War veterans in general or a subset of veterans who are
experiencing some kind of health problem.

• VA and DoD data systems do not demonstrate a higher incidence of hos-
pitalizations or deaths among Gulf War veterans than among other veterans. The
incidence of birth defects in children and the incidence of health problems
among spouses are not higher for the Gulf War cohort than for other veteran
cohorts.

• There does seem to be a higher prevalence of some symptoms among
veterans who served in the Gulf War as compared to nondeployed veterans. The
primary symptoms include fatigue, difficulty concentrating, memory loss, skin
rash, headache, and muscle and joint pain.

• Many Gulf War veterans receive no diagnosis that explains their symp-
toms. Many of these complaints produce no observably physiological indicators,
and must be measured by self-reports of those experiencing them. For some vet-
erans, the symptoms are severe enough to be disabling; others experience milder
symptoms that still allow some level of normal daily activity, while others report
no problems at all.

• Several possible explanations for the symptoms experienced by Gulf War
veterans have been suggested. They include exposure to vaccines, toxic chemi-
cals, chemical and biological warfare agents, and depleted uranium, as well as
stress associated with either exposure to battlefield stimuli or rapid deployment
with associated uncertainty about time and circumstances of return home. Veter-
ans’ symptoms have not been found to be correlated with exposure to any par-
ticular physical or psychological stimulus. Although future epidemiological
studies may show such an association, the extant literature is limited and results
are inconclusive.

• No strong evidence exists for any effective treatment of these symptoms
as a single disease entity. There is little published evidence of successful treat-
ment of symptom clusters.

Many areas of uncertainty remain. For example, no one has yet determined
the extent of the problem, that is, the number of veterans who have symptoms or
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illnesses that they attribute to service in the Gulf War. Also, no one yet knows
whether the health status of the Gulf War veteran population is better than,
worse than, or the same as that of veterans who were not deployed to the Gulf
War, although some studies have found higher levels of reported symptoms
among Gulf War veterans. There has been no systematic evaluation of whether
the health status of these veterans is changing and, if so, how.

COMMITTEE CHARGE

In December 1997, the VA and the DoD asked the IOM to convene a group
of experts to consider the numerous questions regarding the health of Gulf War
veterans and then to determine how best to address the issues of measuring and
monitoring the health of these veterans. The charge to the IOM was to: “(1)
identify relevant questions regarding the evaluation of the health status of ac-
tive-duty troops and veterans deployed to the Gulf War; (2) identify issues to be
addressed in the development of study designs and methods that would be used
to answer such questions; and (3) develop a research design(s) and methods that
could be used to address such questions.”

The IOM convened the Committee on Measuring the Health of Gulf War
Veterans, which is composed of experts in outcomes analysis, study design, re-
search methods, statistics, epidemiology, health status measurement, military
health databases, clinical medicine, and Gulf War veterans’ health. Between
May 1998 and April 1999, the committee met five times. In addition, a work-
shop was held in May 1998 to obtain background information on the health con-
cerns of Gulf War veterans and an overview of relevant research. During subse-
quent meetings the Committee reviewed and analyzed additional information
on: symptoms, complaints, and diagnoses of veterans; completed population-
based and sample-survey research on the health of Gulf War veterans from the
United States, Canada, and the United Kingdom; VA and DoD health databases;
the reports of the PAC, the GAO, and other IOM committees; and books and
articles describing and evaluating approaches to and instruments for measuring
health status.

The first component of the study charge directed the committee to identify
questions important in evaluating the health and well being of active-duty troops
and veterans who were deployed to the Gulf War. Through a review of state-
ments and presentations by major interested groups, the committee identified
questions that appear critical to those groups (see Table 1). Some of these ques-
tions can be addressed by research, others are in the realm of policy.

Furthermore, many individuals and groups are now beginning to ask if these
questions apply only to the health of Gulf War veterans or if they also apply to
the health of veterans of any conflict.
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TABLE 1 Questions, by Group Asking, About the Health of
Gulf War Veterans

Veterans
a • How many Gulf War veterans are ill and

why?

• Are we getting the care we need?

• Will we get better or will we get worse?

• Has all the information on Gulf War expo-
sures and health problems been made pub-
lic?

• How can we get the government to listen to
us?

Department of Veterans Affairs
b • Longitudinal follow-up of health status of

Gulf War veterans is challenging, especially
for ill-defined or undiagnosed conditions.
What methodological questions should be
considered regarding acquiring and analyz-
ing longitudinal information?

• What scientific studies should be conducted
to resolve the areas of continued scientific
uncertainty related to health outcomes and
treatment efficacy in Gulf War veterans?

• What would be the best approach to an-
swering questions regarding the health of
Gulf War veterans? Would it be a national
database? Well-designed research studies?
A longitudinal study? A study similar to the
Ranch Hands study of Vietnam veterans?

• How can we obtain a better understanding
of treatment for chronic fatigue syndrome,
fibromyalgia, and PTSD?

Department of Defense
b • Are treatments improving the health of Gulf

War veterans and, if not, are veterans being
medically followed?

• Are clinical trials needed to answer ques-
tions about Gulf War veterans’ health and, if
so, for what entities?

• Should DoD and VA examine clusters of
illnesses and clusters of symptoms and their
treatment and then measure outcomes?

• Are there known treatment interventions
that DoD is not using that would be more
successful with some of these difficult con-
ditions?

Continued
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TABLE 1 Continued

Department of Defense (continued) • Do we need a longitudinal cohort study to
answer questions about the health of Gulf
War veterans?

• Should questions regarding mental health be
considered?

• Do these questions apply to all deployments
and not just the Gulf War?

Congress
c • How many veterans are ill? Is the number

increasing?

• What is happening to the sick veterans? Are
they getting any better or are they getting
worse?

• Why don’t we know what is wrong with the
ill Gulf War veterans?

• Are treatment trials needed to determine
what will help these veterans?

• What are VA and DoD doing to help the
veterans?

• Why did it take so long for anyone in DoD
or VA to recognize this problem?

General Accounting Office
d • Are ill Gulf War veterans in better or worse

physical health than when they were first
examined? What is their clinical progress
over time?

• Are Gulf War veterans receiving appropri-
ate, effective, high-quality health care?

• What plans do DoD and VA have to provide
data on effectiveness of treatments received
by Gulf War veterans?

• What plans do DoD and VA have to collect
longitudinal information on the health of
veterans who report diagnosed and undiag-
nosed illnesses after the war?

• How can we know if Gulf War veterans are
ill due to something that happened in the
Gulf War, since adequate exposure data or
adequate data on their health at that time are
not available?

aFrom testimony presented by veterans and veterans organizations during congres-
sional hearings.
bQuestions raised by VA and DoD during formal presentation of the study charge to
the IOM committee.
cQuestions asked by members of Congress during congressional hearings.
dGAO, 1997, 1998.
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CONCLUSIONS AND RECOMMENDATIONS

The committee concluded that a single study cannot satisfy all information
needs concerning the health of Gulf War veterans. Because these questions are
diverse and require the application of various types of research and health meas-
urement to address them thoroughly, the committee has developed and recom-
mends a “portfolio” of research activities that includes population studies, health
services research, and clinical and biomedical investigations.

Of fundamental importance is the need to know how many Gulf War veter-
ans are suffering from health problems that affect their ability to function;
whether the prevalence of such problems among Gulf War veterans is consistent
with their prevalence among the general public or among other veterans groups;
and whether the health of veterans is getting better, staying the same, or deterio-
rating with time.

Because these fundamental questions address both the health of Gulf War
veterans at specific time points and changes over time, the committee recom-

mends that a prospective cohort study of the population of Gulf War veterans

be conducted. Such a study should include appropriate comparison groups.

Additionally, the committee recommends that the prospective cohort

study investigate the following four questions:

1. How healthy are Gulf War veterans?

2. In what ways does the health of Gulf War veterans change over

time?

3. Now and in the future, how does the health of Gulf War veterans

compare with that of

• the general population;

• persons in the military at the time of the Gulf War but not de-

ployed;

• persons in the military at the time of the Gulf War who were de-

ployed to nonconflict areas; and

• persons in the military deployed to other conflicts, such as Bos-

nia, Somalia?

4. What individual and environmental characteristics are associated

with observed differences in health between Gulf War veterans and com-

parison groups?

Key comparison groups must be included in the study design to provide a
basis for drawing conclusions about reasons for levels and trends in the health
status of Gulf War veterans. Comparisons with the general population provide a
basis for ascertaining whether the health experience of Gulf War veterans sim-
ply reflects levels and trends in the general population, or is different because of
some aspect of military service. Additionally, a general population comparison
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group will provide a basis for distinguishing changes in health of Gulf War vet-
erans that are attributable to factors such as economic conditions experienced by
veterans since the War versus participation in the War. For example, decline in
health may be attributable to economic recession, as was found for the general
population in an analysis of the Health and Activity Limitation Index over the
1984–1994 interval (Erickson, in press). Comparisons with those in the military
at the time of the Gulf War but not deployed provide a basis for ascertaining
whether selection for deployment is associated with differences in health levels
and trends.

Comparisons with a sample of individuals who were in the military and
who were deployed to theater but were deployed to a “safe” area provide a
basis for ascertaining whether selection for war-theater deployment had health
consequences or whether health levels and trends resulted simply from selec-
tion for deployment to the Gulf region. Finally, comparisons with a sample of
veterans of other conflicts (e.g., Bosnia and Somalia) provide a basis for as-
certaining whether health levels and trends of Gulf War veterans are a conse-
quence of serving in any conflict or the result of unique aspects of the Gulf
War situation.

The committee recognizes that many completed studies have made impor-
tant contributions to our understanding of the issues and problems affecting the
health of Gulf War veterans and that other valuable studies are currently under-
way or will be undertaken in the coming years. Various agenda-setting bodies
are directing the flow of resources to these investigations. The committee be-
lieves, however, that the contributions of future individual studies will be en-
hanced if a mechanism exists for linking these studies through the collection of a
core set of key data elements, thereby allowing comparisons across all research
undertaken. Linking studies in this manner is an essential feature of the com-
mittee’s research portfolio concept.

The committee believes that this portfolio approach, which encompasses
various study designs and related methods, will, if implemented, lead to a greater
understanding of the longer-term health effects of service in the Gulf War. There-
fore, the committee recommends that multiple studies be initiated through a

research portfolio with three components: population studies, health services

research studies, and biomedical and clinical investigations.

The committee recommends that a core set of data on health be col-

lected in all studies and include measures of:

• death and duration of life,

• impairment,

• functional status,

• health perceptions, and

• opportunity [the capacity for health, the ability to withstand stress,

and physiological reserve].
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The committee recommends that a core set of data on the correlates of

health be collected in all studies. These data should include measures of

individual and environmental characteristics that are associated with dif-

ferences in health. Individual characteristics of interest include:

• biology and life course,

• lifestyle and health behavior,

• illness behavior,

• personality and motivation, and

• values and preferences.

Environmental characteristics of interest include:

• social and cultural ,

• economic and political,

• physical and geographic, and

• health and social care.

The committee further recommends that the prospective cohort study

of Gulf War veterans (and appropriate comparison groups) serve as the

foundation for the entire portfolio of activities.

The committee has not attempted to develop detailed design specifications
for such a study, but it has identified key methodological considerations. Spe-
cifically, the committee recommends the prospective cohort study incorpo-

rate the following features:

• multiple cohorts, one for each group of interest;

• multistage sampling with initial cluster sampling followed by strati-

fied random sampling within clusters; and

• random and representative selection of participants within clusters;

hypothesis-driven oversampling of specific population subgroups; and mul-

tiple modes of interviewing, including telephone and in-person interviewing.

Although the committee is persuaded that a prospective cohort study is a
necessary and appropriate method for monitoring the health of Gulf War veter-
ans, it recognizes that such a study requires a major commitment of resources.
Therefore, the committee recommends a pilot study be conducted to deter-

mine the feasibility and cost of the prospective cohort study. The pilot study

should include an assessment of the following points:

• for each of the five cohorts, identification of the universe from which

the sample is to be drawn, especially the Gulf War veteran sample;

• willingness of members of each cohort to participate in the baseline

study;
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• modes of data collection; and

• use of incentives to maximize response rates.

An independent advisory board should be established to ensure high-quality
research throughout the program and to set policies for and monitor the progress
of the long-term survey and research portfolio of studies of the health of Gulf
War veterans. This advisory board should be independent in order to ensure its
scientific integrity and the public perception of validity of research results.

The committee sees several benefits of such an advisory board. First, it
would provide a means for engaging a broad range of expertise in the oversight
of this major, and complicated, effort to monitor and improve the health of vet-
erans of military conflict. Second, its agenda can be quite broad and encompass
more than might be accomplished by any single federal department. Third, it
would provide a visible mechanism for public accountability. Finally, such an
advisory board can command national attention when it speaks or acts; it is thus
in a position to call for direct, immediate, and meaningful action on the conclu-
sions and implications of critical findings.

Specific functions of the advisory board should include a review of the sci-
entific and methodological merit of proposed and ongoing studies in the re-
search portfolio. This review would take into account not only the research ac-
tivities being supported or carried out within the structure proposed in this
report, but also changes in various other programs within the federal government
and the private sector.

Specifically, the committee recommends that an independent advisory

board oversee the conduct of the prospective cohort study. The advisory

board should

• be an independent, scientific, and policy-oriented body composed of

experts in clinical medicine, epidemiology, health status and health out-

comes assessment; veterans’ health issues; health services research; social,

behavioral, physical, and biomedical sciences; survey research; statistics;

national health databases; health policy; and members of the public who

represent Gulf War veterans.

• review, in a timely fashion, requests for proposals developed by the

funding agencies to conduct the prospective cohort study recommended by

the committee.

• evaluate the methodological design of the cohort study.

• set the minimum requirements for policies on:

— methods for locating and retaining study participants,

— informed consent,

— respondent burden,

— confidentiality and security of data,

— use of incentives, and
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— responsibility for reporting identified individual or public health

threats.

• evaluate the success of the prospective cohort study at the end of the

10-year study period.

• submit a report to Congress every 2 years.

SUMMARY

As this report is being prepared, 8 years have elapsed since the last U.S.
troops returned from the Gulf War. During that time enormous effort has been
expended in attempts to solve the puzzle of the effects of the Gulf War on the
health of those deployed to fight in that war. Veterans have lobbied extensively
to ensure that their concerns are heard and problems are addressed. Numerous
investigations by Congress, the GAO, the PAC, and the IOM have attempted to
tease out factors contributing to those problems. VA and DoD have established
examination programs focused on diagnosing and treating Gulf War veterans’
complaints. The Department of Health and Human Services (HHS), VA, and
DoD have funded more than 120 research projects aimed at various aspects of
the problem. Independent researchers have engaged in additional research fo-
cused on the health of Gulf War veterans.

VA has undertaken the enormous task of coordinating research efforts
through the Research Working Group of the Persian Gulf Veterans Coordinating
Board, chaired by the secretaries of Defense, HHS, and VA. Yearly reports of
activity have been submitted to Congress. Much has been learned, but much
remains to be accomplished.

The Committee on Measuring the Health of Gulf War Veterans believes
that the recommendations in this report will contribute answers to many of the
remaining questions. We must learn the extent of the health problems experi-
enced by Gulf War veterans, both those using the DoD and VA health systems
and those seeking health care in the private sector. We must also ascertain how
and in what ways the health problems of Gulf War veterans differ from those of
the general public and other veterans groups. We must determine how the health
status of all these groups changes through time, thereby enabling us to under-
stand whether and to what extent Gulf War veterans differ from other groups.
The prospective cohort study designed by the committee will provide the basis
for answering these fundamental questions.

Additionally, given the enormous amount of time, effort, and resources de-
voted to numerous studies of the health of Gulf War veterans, it is important that
a mechanism be implemented to allow comparisons across these studies on key
health correlates and health outcomes. The research portfolio recommended by
the committee is designed to accomplish this.

Finally, to assure the public, the veterans, Congress, the scientific commu-
nity, and others that all efforts to resolve these issues are being conducted with
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the greatest scientific integrity and public accountability, the committee believes
it is necessary to establish an independent advisory board to oversee the imple-
mentation of the prospective cohort study and related research portfolio, with
periodic reports on these efforts to Congress.
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Introduction

On August 2, 1990, Iraq invaded the independent nation of Kuwait. Within
5 days the United States began to deploy troops to the region. Ultimately, in
response to United Nations Resolution 678, a coalition of 41 countries mobilized
a force of almost 1 million soldiers, 700,000 of whom were U.S. troops. (See
Appendix A for a list of participating countries and numbers of troops.)

From August 1990 through early January 1991, troops settled into position
and prepared for war. On January 16, 1991, intense air attacks against the Iraqi
forces were begun, and on February 24 a ground attack was launched. Within 4
days Iraqi resistance crumbled. Following the fighting, the number of troops in
the area declined rapidly. By June 13, 1991, the last U.S. troops who partici-
pated in the ground war returned home.

The demographic characteristics of the U.S. troops deployed to the Gulf
War differed from those involved in previous military engagements. Overall,
they were older, a large proportion (about 17%) were from National Guard and
Reserve units, and almost 7% of the total forces were women.

U.S. casualties were low during the Gulf War. There were 148 combat
deaths, with an additional 145 deaths due to disease or injury. Deployed person-
nel were, however, exposed to a number of stressors. The term stressor generally
refers to the external circumstances that challenge or obstruct an individual
(IOM, 1997a). Stressors to which those deployed to the Gulf War may have
been exposed are listed in Table 1-1.

Following the war, most veterans returned home and resumed their normal
activities. Within a relatively short time, however, some began to report health
problems they believed were connected to their service in the Gulf. Commonly
reported problems include fatigue, moodiness, cognitive problems, muscle and
joint pain, shortness of breath, and rashes (Fukuda et al., 1998; Iowa Persian
Gulf Study Group, 1997).
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TABLE 1-1 Stressors of the Gulf War

Chemical Environmental Combat Related

Oil fire smoke Sand Rapid mobilization lead-
ing to unexpected dis-
ruption of lives, par-
ticularly for Reserve
and Guard units

Diesel and jet fuel Fleas and other insects Waiting for combat to
begin

Solvents and other petro-
chemicals

Extreme heat Potential cumulative ef-
fect of repeated de-
ployments to conflict

Insect repellents Relatively primitive living
conditions

Rapid demobilization,
particularly for Re-
serve and Guard units

CARC paint Unfamiliar character of
region

SCUD missile attacks

Depleted uranium Prohibition against interac-
tion with indigenous
population

Multiple chemical alarms

Anthrax and botulinum
vaccines

Exposure to dead and mu-
tilated bodies

Pyridostigmine bromide
pills

Exposure to dead animals

SOURCE: IOM, 1996b, 1998.

There have been a variety of responses to these reports. The Department of
Veterans Affairs (VA) and the Department of Defense (DoD) developed pro-
grams to examine Gulf War veterans and diagnose and treat their illnesses. Re-
searchers and policymakers also responded with studies to characterize the vet-
erans’ health problems, explore potential causes of those problems, and assess
the adequacy of the response by VA and DoD.

VA AND DoD PROGRAMS FOR GULF WAR VETERANS

VA Persian Gulf Registry and

Uniform Case Assessment Protocol

In 1992, the VA developed and implemented the Persian Gulf Registry. The
original purposes of the registry were to

• create a database containing medical and other data on Gulf War veterans
that would assist in addressing questions about possible future effects of expo-
sures to air pollutants and other environmental agents; and



Copyright © National Academy of Sciences. All rights reserved.

Gulf War Veterans: Measuring Health
http://www.nap.edu/catalog/9636.html

GULF WAR VETERANS: MEASURING HEALTH14

• serve as the basis for future medical surveillance (VA, 1995).

Exposures, particularly those associated with the oil well fires, were included
as part of the veterans’ history taking. As time passed, it became apparent that
several exposure issues and a host of symptoms needed further investigation.

The VA diagnostic program for Gulf War veterans is divided into two phases,
the Registry Exam and the Uniform Case Assessment Protocol (UCAP). During
the Registry Exam, a complete medical history is taken; time of onset of symp-
toms or condition, intensity, the degree of physical incapacitation and details of
any treatment received are recorded; and basic laboratory tests are administered.

UCAP provides for the additional examination and testing given to those
veterans who, after completing the registry evaluation, are found to have a dis-
ability but no clearly defined diagnosis that explains their health problems.
Symptom-specific supplemental baseline laboratory tests and consultations are
ordered. If a diagnosis is not made after completing the UCAP investigation of
the veteran’s symptoms and conditions, the veteran may be referred to one of
four Gulf Referral Centers. These centers offer inpatient stays during which ob-
servation, multidisciplinary consultation, documentation of lengthy occupational
and exposure histories, and serial physical examinations are conducted.

DoD Comprehensive Clinical Evaluation Program

In 1994, the DoD implemented a clinical diagnostic program similar to that
of the VA, called the Comprehensive Clinical Evaluation Program (CCEP). This
program was intended to provide a thorough, systematic clinical evaluation for
the diagnosis of health problems of Gulf War veterans. Specifically, the CCEP
was designed to (1) assess possible Gulf War-related conditions; (2) streamline
patient access to medical care; (3) make clinical diagnoses in order to treat pa-
tients; (4) provide a standardized, staged evaluation and treatment program; and
(5) strengthen the coordination between DoD and the VA in the provision of
health care (IOM, 1997a).

The CCEP is a two-phase process as is the VA program. It consists of a
medical history, physical examinations, and laboratory tests. All participants in
the CCEP are evaluated by a primary care physician at their local medical treat-
ment facility and receive specialty consultations, if the primary care physician
deems them to be appropriate. Evaluation at this phase includes a survey for
nonspecific patient symptoms, including fatigue, joint pain, diarrhea, difficulty
concentrating, memory and sleep disturbances, and rashes.

Primary care physicians may refer patients to Phase II for further specialty
consultations if they determine that such referrals are clinically indicated. These
Phase II evaluations are conducted at a regional medical center and consist of
targeted, symptom-specific examinations, lab tests, and consultations.

In March 1995, DoD established the Specialized Care Center at Walter
Reed Army Medical Center to provide additional evaluation, treatment, and re-
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habilitation for patients suffering from chronic debilitating symptoms. The Spe-
cialized Care Program consists of an intensive 3-week evaluation and treatment
protocol designed to improve the health status of participants. As of March
1999, the program had served 200 patients.

Participation in the VA and DoD Programs

Participation in the VA and DoD special diagnostic programs for Gulf War
veterans is voluntary. By March 1999, almost 125,000 Gulf War veterans had
participated in one of these programs, 72,000 in the VA Registry and 52,000 in the
CCEP. Table 1-2 displays some of the basic demographic and military service
characteristics of the first 83,000 participants as of late 1997, the latest date for
which complete information is available for both. As can be seen from these data,
the demographic and military characteristics of those participating in the registries
differ from the distributions of those characteristics in all Gulf War veterans.

TABLE 1-2 Demographic and Military Service Characteristics of All
Gulf War Veterans and Veterans Participating in the VA PGR/UCAP or the
DoD CCEP

Demographic or
Military Service
Characteristics

% All
Gulf War
Veteransa

(n = 696,530)

% PGR/
UCAPb

(n = 57,253)
% CCEPc

(n = 27,747)

% PGR or
CCEPd

(n = 83,197)

Age Group (yrs.) (1991)
<25 42.0 37.0 24.2 33.1
25–34 39.7 34.6 48.9 39.4
35–44 15.5 21.5 23.7 21.9
45–54 2.6 6.2 2.9 5.0
55–64 0.2 0.7 0.2 0.6

≥65 0.0 0.0 0.0 0.0

Sex
e

Male 89.1 89.8 89.7 89.9
Female 6.9 10.2 10.3 10.1
Unknown 4.0 0.0 0.0 0.0

Race
White 65.3 64.5 55.4 61.5
Black 21.8 23.6 32.9 26.6
Hispanic 4.8 5.5 5.1 5.4
American Indian 0.6 0.8 0.6 0.7
Asian 2.2 1.1 1.5 1.2
Other 1.3 1.3 2.3 1.6
Unknown 4.1 3.2 2.3 3.0

Continued
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TABLE 1-2 Continued

Demographic or
Military Service
Characteristics

% All
Gulf War
Veteransa

(n = 696,530)

% PGR/
UCAPb

(n = 57,253)
% CCEPc

(n = 27,747)

% PGR or
CCEPd

(n = 83,197)

Marital Status
Married 48.0 49.8 66.4 54.9
Single 45.1 42.6 26.8 37.7
No longer married 2.8 4.4 4.5 4.4
Unknown 4.1 3.2 2.3 2.9

Highest Level of Education
Elementary school 0.5 1.4 0.3 1.0
High school 1.8 1.3 0.8 1.1
High school di-

ploma 73.7 74.9 73.7 74.7
Some college 2.5 2.8 5.0 3.5
Bachelor’s degree 10.0 10.2 8.3 9.5
Master’s degree 2.2 1.4 2.2 1.6
Post-master’s de-

gree 4.1 4.0 6.1 4.7
Other/unknown 5.2 4.1 3.5 3.9

Branch
Army 50.4 73.3 84.5 76.8
Air Force 11.9 6.4 6.8 6.5
Marine Corps 14.9 13.0 5.0 10.5
Navy 22.7 7.1 3.7 6.0
Coast Guard 0.1 0.2 0.1 0.2

Pay Grade
Enlisted 89.3 93.2 89.9 92.2
Officer 9.5 5.6 7.7 6.3
Warrant 1.2 1.1 2.4 1.5

Military Component
Active duty 83.9 60.7 91.1 70.9
Reserve and guard 16.1 39.3 8.9 29.1

aGulf War veterans include military personnel deployed to the Gulf between August 1,
1990, and July 31, 1991.
bVA PGR/UCAP participants from inception to November 27, 1997.
cDoD CCEP participants from inception to December 10, 1997.
dUnique veterans from both registries; 1,803 individuals are enrolled in both registries.
eIf sex was unknown in the Defense Manpower Data Center roster, sex as recorded in
the registry was used to tabulate the data.

SOURCE: Department of Veterans Affairs, 1998b.
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GULF WAR REPORTS AND EVALUATIONS: A BRIEF SUMMARY

As concern increased about Gulf War veterans’ health problems and their
causes, the media began to talk about “Gulf War Syndrome,” an illness they
described as characterized by the long and growing list of symptoms being expe-
rienced by Gulf War veterans. Congress enacted legislation aimed at providing
medical care to veterans experiencing problems and called for investigations
into the causes.

U.S. General Accounting Office

The U.S. General Accounting Office (GAO) conducted several evaluations
of Gulf War veterans’ health problems and the VA and DoD responses. GAO
criticized the Army’s preparation for and response to depleted uranium (DU)
exposure during the Gulf War (GAO, 1993). A report on the health concerns of
Gulf War veterans from the 123rd Army Reserve Command headquartered in
Indianapolis, Indiana (GAO, 1995), found that most of these veterans reported
having health problems that limited their physical and social activities to some
extent and that veterans believed these problems were caused by their service in
the Gulf. The veterans were either dissatisfied with the medical services re-
ceived from DoD and VA or were unaware such services were available. A June
1997 report was extremely critical of the DoD and VA efforts to monitor the
clinical progress of Gulf War veterans (GAO, 1997). In an investigation of tu-
mors in Gulf War veterans, GAO reported that incidence could not be reliably
determined from available data (GAO, 1998a). A subsequent report observed
that “[w]hile the number of Gulf War veterans who participated in the military
operations known as Desert Shield and Desert Storm is well established at al-
most 700,000, the number who actually suffer, or believe they suffer, from ill-
nesses related to their Gulf War service remains uncertain 7 years after the war”
(GAO, 1998b:2). This report recommended that VA provide a case management
approach to the care of Gulf War veterans, and that VA work to fully and uni-
formly implement these systems in their facilities.

Presidential Advisory Committee on

Gulf War Veterans’ Illnesses

In May 1995, President Clinton established the Presidential Advisory
Committee on Gulf War Veterans’ Illnesses (PAC) to conduct an independent
and comprehensive review of health concerns related to Gulf War service. This
12-member panel reviewed research, coordination efforts, medical treatment,
outreach, reviews conducted by other governmental and nongovernmental bod-
ies, exposures and health effects, and the possibility that chemical and biological
weapons were used in the Gulf.



Copyright © National Academy of Sciences. All rights reserved.

Gulf War Veterans: Measuring Health
http://www.nap.edu/catalog/9636.html

GULF WAR VETERANS: MEASURING HEALTH18

The PAC deliberations resulted in six key conclusions.

1. Although the government had been somewhat slow to act at the end of the
Gulf War, it was now providing appropriate medical care to Gulf War veterans.

2. The government’s research portfolio was appropriately weighted toward
epidemiological studies and studies on stress-related disorders.

3. DoD investigations into possible chemical and biological warfare agent
exposures had produced an atmosphere of mistrust surrounding every aspect of
Gulf War veterans’ illnesses, and the government had lost credibility with the
public.

4. Many veterans have illnesses that are likely connected to their service in
the Gulf.

5. There is no evidence of a causal link between reported symptoms and
illnesses and specific exposures.

6. Stress is likely to be an important contributing factor in these illnesses
(Presidential Advisory Committee, 1996a,b, 1997).

Institute of Medicine

The Institute of Medicine (IOM) undertook several activities focusing on
the potential health implications of deployment in the Gulf War and on the re-
sponses by the DoD and the VA to address veterans’ health concerns. The IOM
Medical Follow-up Agency examined the health consequences of service in the
Gulf and developed recommendations for research and information systems. The
first report of this group (IOM, 1995:8) recommended that “the VA Persian Gulf
Health Registry should be limited and specific to gathering information to de-
termine the types of conditions reported. There should be efforts to implement
quality control and standardization of data collected by the registry.” The report
also recommended improved outreach to inform veterans about the availability
of the registry. A second report focused on findings and recommendations con-
cerning research and information systems needed to assess the health conse-
quences of service during the Gulf War (IOM, 1996b).

An evaluation of the adequacy of the DoD CCEP concluded that, even
though the CCEP was a comprehensive effort to address the clinical needs of
those who had served in the Gulf War, specific changes in the protocol would
help increase its diagnostic yield (IOM, 1996a). The study also concluded that
the CCEP was not appropriate as a research tool but that the results could and
should be used to educate Gulf War veterans and the physicians caring for them,
to improve the medical protocol itself, and to evaluate patient outcomes.

IOM continued its evaluation of the CCEP, focusing attention specifically
on difficult-to-diagnose problems and ill-defined conditions, the diagnosis and
treatment of stress and psychiatric conditions, and the assessment of health
problems of those who may have been exposed to low levels of nerve agents.
The report addressing the adequacy of the CCEP relative to nerve agents con-
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cluded that the CCEP provided an appropriate screening approach to the diagno-
sis of neurological diseases and conditions but recommended certain refine-
ments to enhance the program (IOM, 1997b).

In addressing the issues of medically unexplained conditions, and stress and
psychiatric disorders, the IOM (1997a) emphasized the need to treat veterans’
symptoms whether or not there had been a diagnosis; the need to provide in-
creased screening for depression, traumatic exposure, and substance abuse; the
importance of conducting an evaluation across facilities to determine consis-
tency in terms of examination and patterns of referral; and the need for greater
coordination between the DoD and the VA, particularly relating to the ongoing
treatment of patients.

A separate IOM committee evaluated the adequacy of the VA medical pro-
gram for Gulf War veterans (IOM, 1998). Its report complimented the VA for its
overall provider education and outreach efforts. Recommendations called for the
development of clinical practice guidelines for the difficult-to-diagnose or unex-
plained symptom constellations, and for the establishment of a system of feed-
back and continuous quality improvement to monitor the care received by Gulf
War veterans.

Other Investigations

In April 1997, the U.S. Senate Committee on Veterans’ Affairs created an
expert bipartisan special investigation unit (SIU) to undertake a comprehensive
and detailed review of what may have caused the illnesses of Gulf War veterans.
This unit also investigated what should be done to treat these veterans and how
to avoid such uncertainty in future situations. Its report found that “while there
does not appear to be any single ‘Gulf War syndrome,’ there is a constellation of
symptoms and illnesses whose cause or causes eludes explanation at this time”
(U.S. Senate Committee on Veterans’ Affairs, 1998:3). Further, there is a great
need to monitor Gulf War veterans to determine whether their health is getting
better or worse and to define the long-term health effects they may experience.

The Executive Office of the President (EOP, 1998) issued a report making
several recommendations aimed at improving the federal government’s re-
sponses to the health needs of its military, veterans and their families. When
health problems are identified following a military deployment, the report states,
there must be plans in place to improve and facilitate cooperation and coordina-
tion among DoD, VA, and HHS. The report recommended (1) creating a Mili-
tary and Veterans Health Coordinating Board, (2) developing an Information
Management/Information Technology Task Force, and (3) implementing strate-
gies aimed at deployment health, record keeping, health risk communication,
and research (EOP, 1998).
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MEASURING THE HEALTH OF GULF WAR VETERANS

Committee Charge and Activities

Because of continuing questions and concerns about the health of Gulf War
veterans, VA and DoD asked IOM in December 1997 to convene a group of
experts to consider the numerous questions and determine how best to address
the issues of measuring and monitoring the health of Gulf War veterans. The
charge to IOM was to (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 would be used to answer such questions; and (3) develop a re-
search design(s) and methods that could be used to address such questions.

In response to the request from DoD and VA, IOM convened the Commit-
tee on Measuring the Health of Gulf War Veterans. The committee is composed
of experts in outcomes analysis, study design, research methods, statistics, epi-
demiology, health status measurement, military health databases, clinical medi-
cine, and Gulf War veterans’ health. As a starting point for its deliberations, the
committee held a workshop on May 7, 1998, to obtain background information
on the health concerns of Gulf War veterans and an overview of relevant re-
search. During subsequent meetings the committee reviewed and analyzed addi-
tional information on the following topics: symptoms, complaints, and diagno-
ses of veterans; completed population-based and sample-survey research on the
health of Gulf War veterans (United States, Canada, and the United Kingdom);
VA and DoD health databases; the reports of the PAC, the GAO, and other IOM
committees; and books and articles describing and evaluating approaches and
instruments for measuring health status.

Questions Regarding the Health of Gulf War Veterans

The first task before the committee was to identify questions regarding the
health of Gulf War veterans. A review of sources such as congressional testi-
mony, GAO reports, and presentations to the committee pointed to several key
groups and their questions. Some of these questions can be addressed by re-
search, but others are in the realm of policy.

Gulf War veterans want to know how many of them are ill and why. They are
concerned about their medically unexplained symptoms. They want to know
whether they will get better or not, and they want reassurance that the government
is trying to help them. Veterans also want to know whether DoD and VA are pro-
viding them with the treatments they need in an appropriate and timely manner.

VA and DoD are also asking questions. They want to know whether the
health of ill veterans is getting better, worse, or remaining constant; how to best
track the health of Gulf War veterans over time, especially for ill-defined or un-
diagnosed conditions; and what scientific studies should be conducted to resolve
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areas of continued scientific uncertainty related to health outcomes and treat-
ment efficacy.

Questions from Congress and GAO concern how many veterans are ill and
their clinical progress over time, that is, whether ill veterans are better or worse
now than when first examined. They want to know whether veterans are receiv-
ing appropriate, effective, high-quality care; about plans for collecting longitu-
dinal information on the health of ill veterans; whether the number of ill veter-
ans is increasing; and whether these veterans are ill because of something that
happened in the Gulf.

Furthermore, many individuals and groups are now beginning to ask if these
questions apply only to Gulf War veterans or if they also apply to the veterans of
any conflict.

The committee concluded that no one study can answer all the questions,
but that it is possible to design a study that will measure the health of Gulf War
veterans and permit comparisons with the public in general, veterans who were
not deployed to a conflict, and veterans of other conflicts. This report discusses
the deliberations and recommendations of the committee, including a research
portfolio designed to help answer some of the questions being asked about the
health of Gulf War veterans. The research portfolio and its centerpiece, a pro-
spective cohort study, are intended to (1) monitor the current and future health
status of Gulf War veterans; (2) identify the extent to which there are differences
in health between Gulf War veterans and other groups who did not serve in the
Gulf War; and (3) provide information that can be used to generate hypotheses
about why any such differences exist.

Specifically, the study designed by the committee is intended to answer the
following questions:

1. How healthy are Gulf War veterans?
2. In what ways does the health of Gulf War veterans change over time?
3. Now and in the future, how does the health of Gulf War veterans com-

pare with that of

•  the general population;
•  persons in the military at the time of the Gulf War but not deployed;
•  persons in the military at the time of the Gulf War who were de-

ployed to nonconflict areas; and
•  persons in the military deployed to other conflicts, such as Bosnia

and Somalia?

4. What individual and environmental characteristics are associated with
observed differences in health between Gulf War veterans and comparison
groups?
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DEFINING GULF WAR VETERANS

Various definitions related to the Gulf War are relevant to this committee’s
work. The definitions used by the VA and DoD differ, making it essential that
the committee specify those that it has adopted.

The VA defines the Gulf War Era as beginning on August 2, 1990, and
continuing to the present. Other definitions used by the VA include

• Gulf War Conflict Veteran—discharged from active duty status on or af-
ter August 2, 1990, and with service in the Southwest Asia theater of operations
and with in-theater service occurring between August 2, 1990, and July 31,
1991.

• Gulf War Theater Veteran—discharged from active duty status on or after
August 2, 1990, and with service in the Southwest Asia theater of operations.

• Gulf War Era Veteran—discharged from active duty status on or after
August 2, 1990.

The definitions generally followed by DoD are those published in the final
report of the Presidential Advisory Committee on Gulf War Veterans’ Illnesses
(1996a).

• Gulf War theater of operations is defined as including the Persian Gulf,
Kuwait, Iraq, Saudi Arabia, Red Sea, Gulf of Oman, Gulf of Aden, northern
portion of the Arabian Sea, Oman, Bahrain, Qatar, and the United Arab Emir-
ates.

• Gulf War veteran is a person who served on active duty in the Gulf War
theater of operations anytime during the period from August 2, 1990 (Iraq in-
vaded Kuwait) to June 13, 1991 (last U.S. service member who participated in
the ground war returned to the United States).

• Gulf War era veteran is defined as anyone who served on active duty
anywhere other than the Gulf War theater of operations during the August 2,
1990, through June 13, 1991, time frame.

For purposes of this report, the committee has followed the PAC definition
of a Gulf War veteran, that is, any person who served on active duty in the Gulf
War theater between August 2, 1990, and June 13, 1991. Thus, the population of
Gulf War “veterans” includes individuals who were on active duty at the time of
Iraq’s invasion of Kuwait as well as individuals called up for active duty from
reserve and National Guard units. It may include individuals who remain on
active duty or continue to serve in reserve units or the National Guard. Simi-
larly, “veterans” of other conflicts (e.g., Bosnia, Somalia), who are of interest as
a comparison group, are persons who served on active duty in a designated area
during a specified period of time, regardless of their current service status.
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STRUCTURE OF THE REPORT

Chapter 2 reviews some of the numerous research studies that have exam-
ined specific aspects of the health of Gulf War veterans. Chapter 3 discusses
concepts of health and approaches used to measure it. Chapter 4 describes the
committee-developed portfolio of research studies for coordinating research
efforts aimed at addressing questions about the health of Gulf War veterans.

Chapter 5 details the components of the prospective cohort study designed
by the committee, including its general design, sampling and scheduling issues,
selection of survey modes and instruments, cost, ethical issues, and oversight
responsibilities. The final chapter presents the committee’s conclusions regard-
ing the need to establish a means for measuring the health of Gulf War veterans
and assessing changes over time.
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2

Studies of the Health of Gulf War Veterans

INTRODUCTION

The second component of the charge to this committee is to identify issues
to address in the development of study designs and methods used to answer
identified questions regarding the health of Gulf War veterans. The committee
began by reviewing and evaluating previous studies to determine what they can
tell us about the health of these veterans. In this chapter we first review pub-
lished studies that examine Gulf War veterans’ health. This is followed by a
discussion of the methodological strengths and limitations of the research to
date. Finally, this chapter describes the evidence available to date on adverse
health effects related to service in the Gulf War and the basis that current evi-
dence provides for the design of the study described in Chapter 5.

A rich literature exists on adverse health effects of military conflicts, in-
cluding effects attributed to exposure to mustard gas and Agent Orange. Addi-
tionally, a recent article by Hyams and colleagues (1996) summarized reports of
poorly understood, multisymptom clusters recorded in conflicts dating back to at
least the Civil War. They found reports of symptoms include fatigue, shortness
of breath, headache, sleep disturbance, forgetfulness, and impaired concentra-
tion. No single etiologic entity has been discovered to account for these symp-
toms in conflicts prior to the Gulf War, and no generally accepted diagnostic
label or set of clear clinical criteria has been developed out of earlier conflicts to
use in the assessment of health problems among Gulf War veterans.

For earlier conflicts, various stress-related or psychogenic explanations
were put forward to account for the cluster of symptoms observed among veter-
ans. Shell shock, combat fatigue, irritable heart, or effort syndrome are all terms
that have been used to both label and possibly explain the observed symptoma-
tology. None of the labels was particularly useful in leading to clear diagnostic
criteria, effective preventive interventions, or effective clinical treatments. There
was a clear stigma of weakness associated with many of the labels and associ-
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ated explanatory theories, so they were understandably not widely embraced by
veterans or their families.

The Vietnam experience contributed case criteria and a label for posttrau-
matic stress disorder (PTSD). The disorder itself was not new, but the recogni-
tion of it and the eventual incorporation of PTSD into the standard medical and
psychiatric diagnostic coding systems (ICD-9 and DSM-III [Diagnostic and

Statistical Manual], respectively) date from the Vietnam era. Additionally, con-
cerns regarding health effects related to Gulf War exposures are similar to the
concerns that emerged regarding Agent Orange exposure for Vietnam veterans.

Health problems in Gulf War veterans, then, are studied with the recognition
of their potential similarity to problems in other conflicts, but not necessarily with
the acceptance of prior causal explanations. Most studies take Gulf War deploy-
ment (yes/no) as the measure of exposure, because the set of potential causal fac-
tors for postwar health problems was not well understood at the time of the con-
flict and is not much more clearly understood today. A few studies, however,
focus on a specific chemical or biological exposure (again, usually yes/no rather
than a graded scale). The studies discussed below typically are designed to detect
an unusually high frequency or severity of health problems in a group of veterans
who served in the Gulf, compared to either veterans of the same period who were
not deployed or a more general population who did not serve.

SPECIFIC STUDIES OF GULF WAR VETERANS

Mortality

Two studies focused on mortality among Gulf War-deployed veterans com-
pared to similar veterans not deployed to the Gulf. The study by Kang and
Bullman (1996) used the Beneficiary Identification and Records Locator System
(BIRLS) of the Department of Veterans Affairs (VA) to track deaths in nearly
the entire population of deployed Gulf War veterans. Death rates in the deployed
group were compared with the rate in a similar-sized control group of active
duty, National Guard, and reserve personnel who served during the Gulf War
period but were not deployed. Deaths for any cause were tracked through Sep-
tember 1993. Writer et al. (1996) compared deaths occurring during the conflict
among the population of deployed veterans and among a large population of
nondeployed veterans in the 1990–1991 period. Data on deaths were obtained
from Report of Casualty forms (DD Form 1300).

The Kang and Bullman study is perhaps more directly relevant to the com-
mittee’s charge, because it was designed to detect excess mortality among de-
ployed veterans in at least the immediate post war period. No such excess was
found, except for deaths attributed to accidents. A similar finding was also noted
among Vietnam veterans and may reflect a set of risk-taking phenomena among
veterans returning from conflict rather than a chemical, biological, or psycho-
logical exposure leading to physiological change. During the 1998 meeting of
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Federal Investigators on Gulf War Illness, Kang presented similar results based
on an updated analysis of mortality data through 1996. The Writer study also
found no excess mortality among deployed veterans once deaths directly related
to combat were excluded.

Data from these studies indicate no measurable increase in mortality, other
than accidents, either during the Gulf War itself or in the period through 1996.

Disease Incidence and Prevalence

Some studies have specifically focused on incidence of diagnosed disease
(using ICD-9 or ICD-10 labels and codes) in cohorts of Gulf War veterans. Most
notably, diagnostic data are available from the VA’s Persian Gulf Registry (DVA,
1999) and the DoD’s Comprehensive Clinical Evaluation Program (IOM, 1998).
Tables 2-1 and 2-2 present the distribution of diagnoses by major disease catego-
ries. It is important to note that data collection began in 1992 but in 1996 a revised
code sheet was implemented. This revision makes it impossible to aggregate com-
plaint, symptom, and diagnostic data for the total population of veterans whose
data are recorded in the VA registry. The revision does, however, allow for a
greatly expanded self-report exposure history questionnaire. In addition, although
the original recording form allowed up to 3 symptoms and up to 3 diagnoses to be
listed, the revised form allows expanded recording of up to 10 symptoms and up to
10 diagnoses. Although absolute prevalence rates are different in the two series,
the relative distribution across major categories is very similar, with diseases of
the musculoskeletal system and mental disorders being the two leading categories
in both sets of patients. Because the data come from self-selected case series (i.e.,
veterans who presented for care in special Gulf War health assessment and treat-
ment programs), the relative prevalence of various diagnoses is informative, but
no conclusions can be drawn about risk for various diseases among Gulf War vet-
erans versus nondeployed veterans or a civilian population with similar demo-
graphic characteristics.

Data obtained in a similar manner were reported in a study of British Gulf
War veterans by Coker and colleagues (1999). They found that 59 percent of
veterans who presented for care at a Ministry of Defense Gulf War Assessment
Programme had more than one diagnosis. The five most common categories of
diagnosis (in order of prevalence) were diseases of the musculoskeletal system,
mental or behavioral disorders, chronic fatigue syndrome, diseases of the respi-
ratory system (mainly asthma), and diseases of the digestive system. Twelve
percent of the participants had a PTSD diagnosis. Because the study did not seek
to compare the symptom experience of deployed and nondeployed veterans, the
prevalence of diagnoses and the relative distribution of diagnoses across organ
systems are useful as descriptions of the problems found in a selected case series
of program participants, but these data are not generalizable to all British Gulf
War veterans or Gulf War veterans of other nationalities.
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Two studies focused specifically on diagnosis of birth defects among infants
born to U.S. Gulf War veterans. Cowan and colleagues (1997) examined the inci-
dence of diagnosed birth defects in children born in the 1991–1993 time period to
Gulf War veterans remaining on active duty. Records for all live births at 135 U.S.
military hospitals were examined. Birth defects were identified from medical rec-
ords that included any ICD-9-CM codes in the range 740–759, plus codes for neo-
plasms or hereditary diseases. The study included 33,998 infants born to veterans
deployed to the Gulf and 41,463 infants born to nondeployed veterans. The risk of
birth defects was the same for deployed as for nondeployed veterans (odds ratio
.97 for male veterans, 1.07 for female veterans), and rates for both groups were
very similar to rates in the civilian population. Length of service in the Gulf was
not associated with risk of birth defects, and a separate analysis of severe birth
defects also showed no association with service in the Gulf.

Araneta and colleagues (1997) found among newborns of Gulf War veterans
a relative risk of 3.0 for Goldenhar Syndrome (a rare abnormality of facial struc-
ture), but the increased risk was not statistically significant. A small number of
cases produced very broad confidence intervals (0.63–20.6) around this relative
risk estimate, indicating that it could have been produced by chance alone.

TABLE 2-1 Distribution of Diagnoses for Participants in the VA Persian
Gulf Registry (PGR)a

Original Code Sheetb

(n = 53,935)
Revised Code Sheetc

(n = 19,721)

Diagnosis No. % No. %

Musculoskeletal and connec-
tive tissue

13,299 25.5 7,286 36.9

Mental disorders 7,995 15.1 6,887 34.9
Respiratory system 7,540 14.3 3,626 18.4
Skin and subcutaneous tissue 7,144 13.5 3,813 19.3
Digestive system 6,028 11.4 3,451 17.5
Nervous system 4,398 8.3 3,441 17.4
Circulatory system 3,747 7.1 2,083 10.6
Infectious diseases 3,715 7.0 1,785 9.1
Injury and poisoning 2,485 4.7 2,020 10.2
Genitourinary system 1,774 3.4 1,126 5.7
Neoplasm 232 0.4 149 0.8

aAs of February 1999; data were prepared by the DVA Environmental Epidemiology
Service.
bData were collected using the original code sheet implemented in 1992 and used until
1996.
cData were collected using the revised code sheet implemented in 1996.
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TABLE 2-2 Distribution of Diagnoses for Participants in the DoD CCEP

Original Code Sheeta

(n = 18,495)
Revised Code Sheetb

(n = 10,242)

Diagnosis No. % No. %

Musculoskeletal 3,419 18.8 2,140 22.1
Psychoses and mental disor-

ders 3,385 18.6 1,645 17.0
Signs, symptoms, and ill-

defined conditions 3,236 17.8 1,721 17.7
Healthy 1,712 9.4 583 6.0
Respiratory system 1,226 6.7 597 6.2
Digestive system 1,141 6.3 626 6.5
Skin and subcutaneous tissue 1,152 6.3 526 5.8
Nervous system and sensory

organs 1,047 5.8 512 5.3
Infectious diseases 457 2.5 268 2.8
Circulatory system 383 2.1 302 3.1
Endocrine/nutritional meta-

bolic diseases 366 2.0 248 2.6
Genitourinary system 226 1.2 140 1.4
Injury and poisoning 140 0.8 117 1.2
Neoplasms 153 0.8 102 1.1
Blood and blood-forming

organs 105 0.6 102 0.7

aData were collected from inception until April 1996 using the original code sheet.
bData were collected from April 1996 through March 1998 using the revised code
sheet.

Signs, Symptoms, and Specific Impairments

Preliminary reports on unusual clusters of symptoms among Gulf War vet-
erans began to appear in the media in late 1992, and publications in peer-
reviewed journals began to appear in 1993. Perconte (1993) and Southwick
(1993) reported on what they described as psychological and war stress symp-
toms and trauma-related symptoms among relatively small numbers of Army,
Marine, and National Guard reservists who had been deployed to the Gulf. The
analysis focused on mental health issues in general, and symptoms of PTSD in
particular. Both studies noted relatively high prevalence of PTSD symptoms
among deployed veterans, and the Perconte study also noted higher levels of
depression and general psychiatric symptomatology in deployed veterans than in
a comparison group of nondeployed veterans.

Sostek and colleagues (1996) found a higher prevalence of gastrointestinal
(GI) complaints (e.g., abdominal pain, gas, loose stools, and nausea and vomit-
ing) among members of a National Guard unit who had been deployed to the
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Gulf than among members of the same unit who had not been deployed. The
deployed veterans had GI symptoms while serving in the Gulf that continued
after return to the United States. These data were obtained in a self-report survey
focusing on GI symptoms. No clinical examinations were performed, and no
attempt was made to provide clinical diagnoses for the symptoms reported.

In a larger study of deployed veterans, Stretch and colleagues (1995) surveyed
all active duty and reserve personnel in Army, Navy, Marine, and Air Force units
in Hawaii and Pennsylvania. Questionnaires were distributed to approximately
16,000 individuals through their units; responses were received from 4,334, of
whom 1,739 had been deployed to the Gulf. Deployed veterans were two to three
times as likely as nondeployed veterans to report a variety of symptoms. The in-
vestigators concluded that the symptoms were related to deployment and that the
physical symptoms were more strongly associated with deployment than psycho-
logical health measures (Stretch et al., 1996a). An algorithm based on a cluster of
symptoms (e.g., fatigue, malaise, rash, headache, and respiratory symptoms) that
might characterize a possible “Gulf War syndrome” identified 178 deployed vet-
erans, as well as 55 nondeployed veterans. The investigators noted a four-fold
difference in PTSD prevalence rates between deployed veterans (9.2%) and non-
deployed veterans (2.1%) (Stretch et al., 1996b).

A study by Proctor and colleagues (1998) compared the symptom experience
of Gulf War veterans from New England and New Orleans to that of members of a
single National Guard unit who had been sent to Germany during the same time
period. Symptoms from the 52-item Expanded Health Symptom Checklist were
grouped into nine body-system clusters; scores for the body-system groupings
were the sum of 0–4 frequency ratings for either the three symptoms in the group
or, if more than three symptoms were included in a body-system group, the three
most representative symptoms (determined by expert judgment). Veterans also
reported on exposure to various toxic substances, biological agents, and combat
stressors, and were assessed for PTSD using two different instruments.

Gulf War veterans reported a higher level of symptom experience than
those deployed to Germany on all but one of the symptom groups. The largest
differences between the Gulf-deployed and Germany-deployed cohorts (in terms
of odds ratios) were for dermatological, neuropsychological, and gastrointestinal
symptoms. Rates of PTSD were also higher in Gulf-deployed veterans, and their
self-reported general health status scores were lower. The meaning of these dif-
ferences is uncertain, though, as individuals from the New England and New
Orleans cohorts were selected for study based on symptom reports in 1992–1993
while the Germany-deployed cohort was not.

Even though associations were found between specific wartime exposures
and presence of symptoms, there is uncertainty about the significance of this
association because the data on exposures were from self-reports several years
after the fact.

Another approach to defining Gulf War illness was reported by Haley, Kurt,
and Horn (1997b), based on a study of 249 U.S. naval reservists from a single
battalion that had been called to active service in the Gulf. Members were from
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five southeastern states. Study participants completed surveys in special face-to-
face sessions conducted in two cities in December 1994 and January 1995. The
investigators used factor analysis to identify underlying relationships among the
individual symptoms and identified six possible clusters. The investigators did
not find an association between psychological factors and having one or more of
the six clusters; they concluded that the six symptom clusters could represent six
syndromes or six variants on a single syndrome. It is important to note that the
participants in this study were members of a single unit of Gulf War veterans
that had already been extensively studied. Additionally, the response rate was
low and there was no control group.

A second report from this group (Haley and Kurt, 1997) on the same 249 vet-
erans noted associations between specific types of chemical exposures and specific
symptom clusters. However, the results are suggestive rather than conclusive
given the limitations which include relatively small sample size, conceptual over-
lap among some of the lists of symptoms in the six symptom clusters, and reliance
on retrospective self-report data on possible chemical exposures.

A third study by Haley and colleagues (1997a) reported on a series of neu-
rological tests in a small group (23) of veterans who met their case definition for
a Gulf War-related symptom cluster compared to 10 controls who were de-
ployed to the Gulf but did not meet case criteria and 10 veteran controls who
were not deployed. A series of laboratory investigations on neurologic function
was performed, and several specific dysfunctions were noted with more fre-
quency in the case group than in either of the control groups. The authors con-
cluded that the three factors identified in their prior studies represented three
variants of a more general neurologic injury related to service in the Gulf (Haley
et al., 1997a). No specific diagnoses could be made, and no specific wartime
exposures were identified as causal factors for the neurologic dysfunctions.
Some demographic factors (e.g., age) were associated with the symptom cluster
experience. Unfortunately, there is no clear definition for a “case,” rather the
authors studied a group of subjects scoring high on these symptom factors for a
broad range of neurologic tests, compared to groups of asymptomatic controls.
Other limitations to this study include concern about the use of pooled scores for
comparisons and multiple comparisons.

Fukuda et al. (1998) conducted a factor analysis study of symptoms on a
much larger sample of Air Force and Air National Guard veterans (3,723) from
four units in Pennsylvania. A detailed set of survey, clinical evaluation, and
laboratory test data was assembled. Approximately one-third of the sample had
been deployed to the Gulf, so the investigators had the opportunity to compare
symptom experience, and clinical, and laboratory findings for the deployed and
nondeployed groups.

The factor analysis originally identified 10 possible factors, but confirma-
tory factor analysis produced two factors accounting for most of the variance in
symptom experience: mood-cognition-fatigue and musculoskeletal. A total of 10
symptoms were included in the two factors. A third factor was identified based
on clinical experience with chronic fatigue. An individual was labeled a case if



Copyright © National Academy of Sciences. All rights reserved.

Gulf War Veterans: Measuring Health
http://www.nap.edu/catalog/9636.html

STUDIES OF THE HEALTH OF GULF WAR VETERANS 31

he or she had one chronic symptom from two of these three categories. Although
deployed veterans were significantly more likely than nondeployed veterans to
meet case criteria, perhaps the most notable finding from this study was that
approximately 15% of the nondeployed also met the case definition. Clinical and
laboratory findings were generally not different between the deployed and non-
deployed groups, and no specific characteristics of service in the Gulf were pre-
dictive of the multisymptom illness.

Perhaps the strongest study on Gulf War veterans’ experience of symptoms
related to deployment in the Gulf is the “Iowa Study,” a population-based study
of all military personnel who listed Iowa as the home of record at enlistment
(Iowa Persian Gulf Study Group, 1997). A total of 29,000 individuals were po-
tential study participants; a stratified random sample was created to study ap-
proximately 750 individuals in each of four groups: Gulf War regular military;
Gulf War National Guard or reserve; non-Gulf War regular military; and non-
Gulf War National Guard or reserve. Gulf War status was based on deployment
to the Gulf War theater. Other stratification variables (e.g., age, sex) were built
into the sampling design; 4,886 individuals were selected for possible inclusion
in the study and 3,695 were actually contacted by telephone and interviewed.
Topics in the interview included symptom experience, wartime exposures, oc-
currence of injuries or specific illnesses (e.g., cancer), and PTSD.

The investigators developed a priori definitions for a series of health out-
comes of interest, such as cognitive dysfunction, fibromyalgia, depression,
bronchitis, asthma, and anxiety. They used structured instruments such as the
PRIME-MD and the SF-36 to arrive at these outcomes. Not only did those de-
ployed to the Gulf report symptoms significantly more often, but most of the
medical and psychological a priori outcomes were also elevated in the deployed
group. The greatest differences between deployed and nondeployed respondents
were seen for symptoms of cognitive dysfunction, fibromyalgia, and depression.
The associations between exposures and the outcomes of symptoms of fibromy-
algia, depression, and cognitive dysfunction were with “categories” of exposure
thus, for example, associations were seen between one or more petrochemical
exposures, and each of these three major outcomes.

Similar findings about higher prevalence of clusters of cognitive and other
symptoms for deployed veterans were reported by Wolfe et al. (1998) in a study
of approximately 3,000 veterans from New England, by Pierce (1997) in a study
of 525 women veterans, and by Unwin and colleagues (1999) in a study of 8,000
veterans from the United Kingdom. The Unwin study, a mail-out survey as-
sessing symptoms, is noteworthy for its ability to compare veterans who served
in the Gulf War to veterans from the same era who served in Bosnia and those
who served in the Gulf War era but were not deployed to either conflict. Service
in the Gulf War was associated with significantly higher rates of symptom expe-
rience than service in Bosnia or nondeployment. The authors did report an asso-
ciation between vaccinations and the multisymptom cluster identified by Fukuda
et al. (1998).
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A separate study by Ismail and colleagues (1999) used factor analysis of
symptom data from United Kingdom servicemen deployed to the Gulf. This
report identified 10 possible factors, which were then reduced to three by con-
firmatory factor analysis. The three factors were labeled mood-cognition, respi-
ratory system, and peripheral nervous system. The authors noted some similari-
ties between their factor structure and that reported by Haley (1997a); however,
they also noted significant differences, attributable perhaps to differences in
sample definitions and wartime experiences, or to somewhat different original
lists of symptoms being used for the analyses. The absence of a musculoskeletal
factor in the Unwin group’s analyses is perhaps the most noteworthy difference.

The survey of Canadian Gulf War veterans (Goss Gilroy, 1998) showed
significantly higher rates of self-reported chronic conditions and symptoms of a
variety of conditions (fibromyalgia, cognitive dysfunction, PTSD, depression,
bronchitis, asthma, multiple chemical sensitivity, and anxiety) among deployed
veterans compared to controls. Odds ratios for various conditions ranged from
1.35 (respiratory disease) to 5.27 (chronic fatigue). Rates of self-reported
chronic conditions were also generally higher in both the deployed and control
veterans than in an age-matched general population sample of the Ontario
Health Survey.

The Canadian Study and the Iowa Study produced very similar results.
Some of the differences in prevalence between the two studies may be attribut-
able to the use of a priori outcomes in the Iowa Study and differences in de-
ployment of the Canadian veterans who were more often in supporting, non-
frontline areas.

Most of the results discussed in this section come from self-report data ob-
tained through surveys or telephone interviews. Some questions can be raised
about the accuracy or validity of reports, particularly reports about specific ex-
posures during the Gulf War that occurred several years before the survey and
were not well documented or perhaps even noted at the time. Nevertheless, the
consistency of findings of higher prevalence of cognitive, musculoskeletal, and
energy/fatigue symptoms among veterans deployed to the Gulf is striking. Given
the subjective nature of most of the symptoms some psychogenic origin for the
complaints may exist. However, the consistency of reports across services, parts
of the country, and across countries suggests that these are very real experiences,
even if not fully understood.

Gulf War veterans who participated in the CCEP program completed de-
tailed symptom surveys. A report by Kroenke (1998) described the experience
of more than 18,000 veterans who participated in the CCEP program through
April 1996. The same general set of symptoms identified in the Iowa studies and
most other studies appears here: fatigue, cognitive problems, muscle and joint
pains, rash, and so on. Because the study reports on self-selected program par-
ticipants, drawing any inferences about relative frequency of symptom experi-
ence as a result of deployment to the Gulf is not possible. The similarity of dis-
tribution of symptoms in this large group to that reported in more population-
based studies is striking. No specific exposures during the war were associated
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with individual symptoms, but individuals who reported exposures to more
things also reported more symptoms.

Three other studies related some aspect of symptom experience to either
specific aspects of Gulf War experience or demographic factors. Morgan et al.
(1998) found that PTSD symptoms among deployed veterans were more severe
during months associated with the anniversary of particularly stressful events
such as seeing a fellow soldier killed or being in a missile attack. Sutker (1994)
noted a particularly high prevalence of PTSD and other psychological symptoms
among veterans who had been assigned to graves registration duties during the
Gulf War. Sutker (1995) also reported higher levels of psychological distress
(assessed through a combination of psychological tests) among women and mi-
nority veterans who had served in the Gulf.

On the basis of all these studies it appears that veterans who served in the
Gulf are more likely than their nondeployed comrades or civilians to experience
a set of symptoms that include cognitive, musculoskeletal, and energy/fatigue
elements. However, no study has yet included a representative sample of the
entire population of Gulf War veterans with appropriate comparison groups. In
some cases, the symptoms are severe enough to be totally debilitating. Not all
veterans experience the same cluster of symptoms; therefore, assuming a single
underlying pathology or single cause for the complaints would not be appropri-
ate. Despite intensive study in a number of large cohorts, it is impossible to say
which exposure(s) in the Gulf War are associated with the symptoms being re-
ported and what the underlying mechanism(s) may be.

Functional Status and Well-Being

The study of Canadian Gulf War veterans (Goss Gilroy, 1998) indicated a
slightly higher proportion of bed days due to health in the 2 weeks prior to sur-
vey administration in deployed veterans compared to controls. Deployed veter-
ans also reported more days in the past 2 weeks with “activity cut down” due to
health (27% versus 15% in controls). Deployed veterans were more likely to
respond in the “less favorable” half of a scale of general health than were con-
trols.

The Iowa Study (1997) included the RAND Short Form-36 (SF-36) ques-
tionnaire in its data collection battery. Deployed veterans reported statistically
significant lower scores than did the nondeployed on all eight subscales of the
SF-36. Absolute differences on a 0–100 scale were smaller for physical func-
tioning (2 points) and social functioning (3 points), but were larger for general
health (7 points) and vitality (8 points). Because differences of even 1 point or a
fraction of a point have been considered meaningful in other large population
studies (Allen, 1997), a 7- or 8-point difference is substantively, as well as sta-
tistically, significant.

The Fukuda study of Air Force and Air National Guard veterans used SF-36
questionnaires for the subset of participants who volunteered for a clinical
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evaluation (Fukuda et al., 1998). The clinical evaluation was offered only to
members of the index unit (the National Guard unit that was deployed to the
Gulf), so one cannot draw any conclusion about any effect of deployment on SF-
36 scores. It was noted, though, that SF-36 scores were significantly lower
among those veterans who met criteria as a severe case of multisymptom illness
(according to symptom criteria) than among those labeled as mild-to-moderate
cases, who in turn had lower scores than noncases.

Health Care Utilization

The largest and most significant study of health care utilization, specifically
hospitalization, among Gulf War veterans was conducted by Gray and col-
leagues (1996) at the Naval Health Research Center in San Diego. They studied
the predeployment and postdeployment hospitalization experience of essentially
all deployed military personnel who remained on active duty through 1993 to
that of nondeployed military personnel for the same time period. Data for the
study came from the Defense Manpower Data Center (used to identify eligible
individuals) and discharge summary data for all DoD hospitals. The study sam-
ple was very large; approximately 1 million individuals were included in follow-
up analyses for 1991, 1992, and 1993.

The study tested the hypothesis that deployed veterans would be admitted to
DoD hospitals more frequently than their nondeployed counterparts, either for any
cause or for specific conditions suspected of being caused by exposures during the
Gulf War. Examples of the specific conditions included infectious and parasitic
diseases, cancers, nervous system diseases, and musculoskeletal diseases.

The basic finding of the study was that risk of hospitalization for deployed
veterans in the immediate postwar period was no different from that of nonde-
ployed veterans, either for any cause or for virtually all the specific disease con-
ditions. The one or two significant findings were for 1 year only and did not
appear in previous or subsequent years (e.g., more admissions for disease of the
blood in 1992 but not in 1991 or 1993); moreover, these findings were not al-
ways in the predicted direction (deployed veterans were significantly less likely
to be admitted for ill-defined conditions in 1991 and 1992).

A healthy soldier effect was noted: admission rates for deployed veterans
were significantly lower than those for nondeployed veterans in the 2 years prior
to the Gulf War, and the largest difference in the period occurred immediately
before the war. The effect was not found before 1990, however, suggesting that
those deployed to the Gulf were perhaps in better health at that time than their
nondeployed counterparts, but were not necessarily healthier due to stable
causes that would predict hospitalization rates for years into the future.

The study was limited because of its focus on active duty personnel; con-
ceivably, those suffering from Gulf War-related symptoms might leave active
duty voluntarily or take a medical discharge. Hospitalizations for that group
would appear in VA or private sector databases but not in the DoD database.
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Despite this limitation, the study would have been able to detect any marked
increase in hospitalizations among those who did stay on active duty (and per-
haps would have been admitted at least once before going into any sort of medi-
cal discharge status); no such effect was seen.

A study from the same data set on hospitalizations that focused on unex-
plained symptoms or conditions showed a slight excess of such admissions for
deployed veterans compared to nondeployed veterans (Knoke and Grey, 1998).
The exclusion of veterans who had been admitted through the CCEP for evalua-
tion not only eliminated the difference, this analysis suggested a lower rate of
hospitalization for unexplained symptoms in the deployed group.

Summary of Findings from Studies to Date

The committee found that the large and growing literature on the health of
Gulf War veterans supports both the conclusions that follow and the list of ques-
tions to be addressed by the prospective cohort study described in Chapter 5.

• Military personnel who served in the Gulf War have had a significantly
higher risk (at least through 1996) of suffering one or more of a set of symptoms
that include fatigue, memory loss, difficulty concentrating, pains in muscles and
joints, and rashes. Other symptoms are noted with reduced frequency, but still
may be experienced more often by deployed than nondeployed veterans.

• The symptoms range in severity from barely detectable to completely de-
bilitating.

• No single accepted diagnosis or group of diagnoses has been identified
that describes and explains this cluster of symptoms.

• There is no single exposure, or set of exposures, that has been shown
conclusively to cause individual symptoms or clusters of symptoms. Although
some statistical associations have been seen in some studies, they have not been
confirmed in other studies or confirmed through laboratory tests that would es-
tablish a cause–effect connection in individual patients.

• No diseases included in the ICD-9-CM or ICD-10 classification systems
have been shown to be more frequent in deployed or in nondeployed veterans
with the exception of PTSD symptoms.

• Mortality among deployed veterans is not higher in general than mortality
among nondeployed veterans, at least through 1993. Deaths due to accidents are
higher among deployed veterans.

• Health-related quality of life, as measured through instruments such as
the SF-36, is lower on average among deployed veterans than among nonde-
ployed veterans.

• The natural course of symptom experience over time is not known, as no
longitudinal studies of symptom experience have been conducted and reported
in the literature.
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LIMITATIONS OF PREVIOUS STUDIES

Although the studies to date have provided valuable information regarding
the health problems experienced by some Gulf War veterans, these studies have
important limitations in terms of assessing the health status of those veterans.
One concern is that available data and studies are not representative of the entire
population of U.S. Gulf War veterans. For example, the Gulf War veteran regis-
tries developed by DoD and VA include only those veterans who have chosen to
participate. The health status of participating veterans may differ from that of
other Gulf War veterans. The studies of hospitalizations (Gray et al., 1996;
Knoke and Gray, 1998) and adverse birth outcomes (Araneta et al., 1997;
Cowan et al., 1997) have been limited to personnel remaining on active duty and
to events occurring in military hospitals. Health status or characteristics of active
duty personnel could differ from those of personnel who have left active duty or
who have been treated in nonmilitary hospitals. Moreover, economic and other
non-health-related factors are likely to have a greater effect on the use of non-
military hospitals and health care services.

As noted in the review above, other studies have focused on individual
service units or other subpopulations of Gulf War veterans (e.g., Fukuda et al.,
1998; Haley et al., 1997 a,b,c; Pierce, 1997; Stretch et al., 1995). The deploy-
ment experience of specific units (e.g., location of deployment, tasks during
deployment) or other features of a unit (e.g., service branch, reserve or National
Guard versus active duty) may be distinctive and therefore not generalizable to a
larger Gulf War veteran population. Even the Iowa Study (Iowa Persian Gulf
Study Group, 1997), which drew a representative sample from the population of
all veterans with Iowa as home of record at time of enlistment without regard to
service unit, may not be generalizable to all Gulf War veterans because of fac-
tors specific to Iowa such as a small minority population.

Another factor that may affect the representativeness of the studies con-
ducted so far is bias introduced by low participation rates or by participation
rates that differ among subgroups (e.g., Fukuda et al., 1998; Haley et al.,
1997a,b). Several factors may influence participation rates. For example, veter-
ans still on active duty or attached to reserve or National Guard units may be
easier to locate than those who have been discharged. Gulf War veterans on ac-
tive duty may be reluctant to identify conditions that could lead to a change in
their duty status, whereas those veterans who perceive that they have service-
related health problems may have a greater incentive to participate in studies
than those who do not have health problems.

The studies to date are also limited in their assessments of the health status
of Gulf War veterans. Some studies have used very specific indicators such as
mortality (Kang and Bullman, 1996) or hospitalizations (Gray et al.,1996;
Knoke and Gray, 1998). Many conditions, however, may impair health, func-
tional status, and other aspects of well-being without causing death or requiring
hospitalization. Furthermore, because the published mortality analysis covers
only about 30 months following the return of many deployed troops, those data
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reflect only the most severe health effects that Gulf War veterans might experi-
ence. A longer period of observation will be needed to detect changes in mortal-
ity related to health problems with a long latency (e.g., cancer) or with a more
chronic course (e.g., multiple sclerosis). Other studies have focused on indica-
tors such as the prevalence of reported symptoms. Although symptoms can sig-
nal health problems, determining their presence does not by itself provide
enough information to assess whether those symptoms affect function or other
aspects of health.

REMAINDER OF THIS REPORT

The work of this committee is directed toward designing a research portfo-
lio that will address the knowledge gaps and methodological problems identified
thus far. Our overall aims are to develop a conceptual and operational frame-
work that will produce a population-based assessment of the nature and extent of
health problems among Gulf War veterans, assess the impact of these health
problems on veterans’ health status, and monitor changes in the health status of
these veterans over time. Such a framework will generate information necessary
for policymaking, clinical decision making, and shared decision making be-
tween health care providers and patients. The remainder of the report addresses
the committee’s proposed study framework for making such assessments.
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3

Measuring Health

As the discussion in Chapter 2 has shown, studies of the health of Gulf War
veterans have provided convincing evidence of health concerns for some veter-
ans. These studies have not, however, succeeded in identifying specific factors
that may have caused those health problems or in establishing firm diagnoses in
many cases. The work of this committee represents an effort to move ahead with
a more general and prospectively oriented approach for ensuring systematic
study of the current and future health of Gulf War veterans. This chapter reviews
the key aspects of defining and measuring health that have served to guide the
committee in developing recommendations for future research.

THE EVOLVING DEFINITION OF HEALTH

Early health status assessments relied only on mortality. In comparing
populations, those with the lower mortality rates were considered healthier and
“better off” than those with higher mortality rates. Infant mortality and mortality
rates of cohorts with defined diseases or at older ages continue to be used as
general indicators of population health status.

As basic survival became less problematic and chronic disease became
more prevalent, assessments of health status began to include measures of mor-
bidity reflected in rates of illness and injury. With increasing scientific and
medical knowledge, results of biochemical tests, observed symptom rates, and
statistics on use of health care services were employed as indirect measures of
morbidity. In the mid-1950s, the United States government initiated major sur-
veys designed to collect population-based data about illnesses and injuries, and
their effects on levels of activity in the population.
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Also in the 1950s, attention began to focus on the World Health Organiza-
tion (WHO) definition of health as “a state of complete physical, mental, and
social well being, and not merely the absence of disease or infirmity” (WHO,
1948). Health was no longer defined only in the negative, that is, as the absence
of disease, and was recognized as much more than simply the state of not suf-
fering from any designated undesirable condition (Evans and Stoddard, 1994).

For health status assessment, the result was an expansion in how health was
measured. The new definition of health necessitated development of new indi-
cators that would measure complete physical, mental, emotional, and social well
being. A frequently used approach relies on measures of physical and psycho-
logical functioning, that is, an individual’s functional status or the extent to
which an individual can function normally and carry on his or her typical daily
activities. Talcott Parsons (1958) described functional status an individual’s
effective performance of or ability to perform those roles, tasks, or activities that
are valued, for example, going to work, playing sports, maintaining the house.
Bowling’s (1997:4) definition of functional status is similar: “the degree to
which an individual is able to perform socially allocated roles free of physically
(or mentally in the case of mental illness) related limitations.” Thus, conditions
that limit an individual’s ability to perform usual roles or tasks are recognized as
threats to health. However, Patrick and Erickson (1993) and Bowling (1997)
both pointed out that functional status is only one of the components of health.

Social well being or social health is another component of the WHO defini-
tion of health. It is considered distinct from physical and mental health and may
be viewed in terms of adjustment, social support, or the ability to perform nor-
mal roles in society (McDowell and Newell, 1996). Bowling (1997) reported
that social health has been described in terms of the degree to which people
function adequately as members of the community; socially healthy persons
would be more able to cope with day-to-day challenges. Individual personalities
can be influenced by the quality and quantity of interpersonal relationships, and
lack of social integration may produce stress and decrease an individual’s re-
sources for dealing with it.

A broader concept, health-related quality of life, has been described by Pat-
rick and Erickson (1993:22) as “the value assigned to duration of life as modi-
fied by the impairments, functional states, perceptions, and social opportunities
that are influenced by disease, injury, treatment, or policy.” McDowell and
Newell (1996) included measures of physical, emotional, and social dimensions
of health in their description of this concept, although they asserted that re-
searchers have, for the most part, not clearly distinguished between quality of
life measures and general health measures.

Ware and colleagues (1993) described health-related quality of life out-
comes as those most directly affected by disease and treatment. These outcomes
include behavioral functioning, perceived well being, social and role disability,
and personal evaluations (perceptions) of health in general. Gold et al. (1996),
following the approach of Patrick and Erickson and narrowing it to measures
that integrate survival and health, used the concept of health-related quality of
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life to represent the values assigned to different health states. Despite slight dif-
ferences in terminology, there is general consensus on the concepts and domains
included in operational definitions of health-related quality of life.

As this brief review indicates, the definition of health and the indicators
used to measure health have evolved over time. McDowell and Newell
(1996:11) summarized this evolution as “a shift away from viewing health in
terms of survival, through a phase of defining it in terms of freedom from dis-
ease, onward to an emphasis on the individual’s ability to perform daily ac-
tivities, and more recently to an emphasis on positive themes of happiness,
social and emotional well being, and quality of life.” With a broader definition
of health, it is no longer adequate to rely on measures of mortality, illness, or
surrogate measures of health such as hospitalizations. Also needed are health
measures that can represent social, psychological, and physical well being to
obtain a meaningful picture of the overall status of both individuals and
populations.

CORE CONCEPTS OF HEALTH

Table 3-1 displays the five core concepts of health-related quality of life:
death and duration of life; impairment; functional status (physical, psychologi-
cal, and social); health perceptions; and opportunity (Patrick and Erickson,
1993). These concepts encompass both the quantity and quality of life and can
be further differentiated into several domains. Domains are states, attitudes, be-
haviors, perceptions, and other spheres of action and thought; for instance, under
the concept of impairment, symptoms and subjective complaints is the first do-
main. In assessing health, researchers must choose relevant domains and sub-
domains for measurement. The five main concepts of health, with selected do-
mains and subdomains, are briefly described below.

Death and Duration of Life

The mortality-based measures most frequently used in prior studies of Gulf
War veterans include the total death rate, condition-specific death rates, and
infant mortality. Future studies could also use such measures as potential years
of life lost, and remaining years of life at various ages, or could combine mor-
tality with health status to form a composite measure such as years of healthy
life, quality-adjusted life year, or disability-free life years. (Patrick and Erickson,
1993; Torrance and Feeny, 1989).
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TABLE 3-1 Core Concepts and Domains of Health

Concepts and Domains Definitions/Indicators

Death and Duration of Life Mortality; survival; years of life lost

Impairment
Symptoms and subjective complaints Reports of physical and psychological

symptoms, sensations, pain, health
problems, or feelings not directly ob-
servable

Signs Physical examination: observable evidence
of defect or abnormality

Self-reported disease Patient listing of medical conditions or
impairments

Physiological measures Laboratory data, records, and their clinical
interpretation

Tissue alterations Pathological evidence
Diagnoses Clinical judgments after “all the evidence”

Functional Status
Social function

Limitations in usual roles Acute or chronic limitations in usual social
roles (major activities) of child, student,
worker

Integration Participation in the community
Contact Interaction with others
Intimacy and sexual function Perceived feelings of closeness; sexual

activity and/or problems
Psychological function

Affective Psychological attitudes and behaviors,
including distress and well being

Cognitive Alertness; disorientation; problems in rea-
soning

Physical function
Activity restrictions Acute or chronic reduction in physical

activity, mobility, self-care, sleep,
communication

Fitness Performance of activity with vigor and
without excessive fatigue

Health Perceptions
General health perceptions Self-rating of health; health concern/worry
Satisfaction with health Satisfaction with physical, psychological,

social function
Opportunity

Social or cultural disadvantage Disadvantage because of health; stigma;
societal reaction

Resilience Capacity for health; ability to withstand
stress; physiological reserves

SOURCE: Adapted from Patrick and Erickson, 1993.
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Impairments
∗

The concept of impairment includes morbidity, which can be represented by
measures such as the number of sick persons or cases of disease in relationship
to a specific population. In the medical model of disease, morbidity includes
both pathological processes that have not yet been recognized and those that
have become evident. Diagnoses have typically been the focus of morbidity
studies, but they are incomplete as a measure of health. Morbidity can be viewed
more broadly as impairment, which encompasses both disease and any loss or
abnormality of psychological, physiological, or anatomic structure or function.

Although health professionals apply varying etiological, anatomic, and
physiological criteria for the evaluation of disease, at least six impairment do-
mains can be distinguished: symptoms and subjective complaints, signs, self-
reports of disease, physiological measures, tissue alterations, and diagnoses.

Symptoms and Subjective Complaints. Reports of physical and psycho-
logical symptoms, sensations, pain, health problems, or other feelings of abnor-
mality are best known to the person who has them, and often are not directly
observable by an interviewer or evaluator. Many condition and symptom check-
lists have been developed and are most useful for identifying condition-specific
subgroups for analysis. Some of the most common health problems reported by
Gulf War veterans (e.g., fatigue, difficulty concentrating, joint pain) fall in this
domain.

Signs. In contrast to symptoms, which are usually best known to the per-
son experiencing them, signs are objective, observable evidence of impairment.
They are generally identified through physical examination.

Self-Reported Disease. In assessing the health of a population, health
status surveys frequently ask respondents to report whether or not they have or
have had heart disease, cancer, respiratory disease, or other specific diagnosable
condition. Some of these reports will reflect information conveyed to the re-
spondent by a physician. Other reports will be based on the respondents’ own
assignment of a diagnosis.

Physiological and Performance Measures. Clinicians use a vast number
of physiological measures (e.g., blood count, glucose tolerance, forced expira-
tory flow, treadmill tests, cognitive tests) to detect abnormalities. Records from
these tests may be single readings or an extensive series of measures, such as
prolonged electrocardiograph monitoring to determine the efficacy or toxicity of
a drug prescribed to treat cardiac rhythm disturbance.

Tissue Alterations. Alterations in body tissue may be detected by exami-
nation of tissue obtained either at autopsy or collected during a surgical proce-
dure. For example, microscopic examination of heart tissue from a patient with

∗
Much has been written about how to define the concepts of impairment, disability,

and functional status. Although space precludes reviewing the issues here, the 1991 IOM
report Disability in America provides a discussion of these concepts.
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atherosclerotic coronary heart disease can detect pathological processes such as
necroses of cardiac muscle.

Diagnoses. Diagnoses represent categories of disease or medical condi-
tions. They are arrived at through consideration of some mix of clinical history,
observation, physical examination, reported symptoms, and physiological and
performance measures.

Functional Status

Functional status has three major domains: physical, psychological, and
social.

Physical Function. Physical function can be classified into two sub-
domains: activity restrictions and fitness. Commonly reported activity restric-

tions are restrictions in body movement (e.g., difficulty in walking or bending
over), limitations in mobility (e.g., having to stay in bed or not being able to
drive a car or use public transportation), or interference with self-care activities
(e.g., not being able to bathe, dress, or eat without assistance). Commonly used
indicators of restricted activity are work-loss days, school-loss days, days of
restricted activity, and bed days. Fitness is assessed in terms of energy, endur-
ance, speed, and the more positive nature of physical activity. Individual meas-
ures of fitness include such items as the ability to run the length of a football
field or the speed with which one can walk 10 yards.

Psychological Function. Psychological function includes affective indi-
cators of happiness, distress, morale, or mood and cognitive dimensions such as
alertness, confusion, or impaired thought and concentration. The subdomain of
affective functioning is assessed using general measures of distress, measures of
specific mood states, and diagnosable conditions such as depression and anxiety.
The subdomain of cognitive functioning refers to matters such as impaired
thought and concentration, memory, and the ability to carry out intellectual
functions essential to normal routines of living (e.g., remembering names and
telephone numbers, performing tasks on the job).

Social Function. Social function refers to the individual’s ability to main-
tain relationships with others in the context of work, neighborhood, and family.
The broad concept is divided into several subdomains:

Limitations in Usual Roles or Major Activity. This domain includes the
capacity for or performance of usual social roles (e.g., holding a job, going to
school, parenting, managing a house, engaging in leisure pursuits, and main-
taining relationships with friends).

Social Integration. This domain includes participation in the community
through membership in social, civic, political, or religious organizations.
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Social Contact. Social contact is assessed through indicators such as the
frequency of visits with friends or relatives, the number of meetings and com-
munity activities attended, or types of social interaction.

Intimacy. This domain covers feelings of closeness and trust. Intimacy
can be an important determinant of emotional well being in patients facing seri-
ous illness or death. Social contact and intimacy, of course, are not mutually
exclusive; both can be provided by the same person or persons in a social net-
work. Sexual function and dysfunction are included in this domain.

Health Perceptions

Individuals’ subjective judgments of their health capture both the personal
evaluative nature of health and the more positive aspects of the quality of life.

General Health Perceptions. Subjective health status is often assessed on
the basis of a self-rating of health as excellent, very good, good, fair, or poor.
Such judgments are considered ratings because they reflect individual differ-
ences in evaluating health. Global self-assessments, like more comprehensive
and lengthy measures of general health perceptions, include the individual’s
evaluation of physiological, physical, psychological, and social well being and
the effect of health on other aspects of life such as opportunity and respect.

Satisfaction with Health. The domain of satisfaction with health reflects
the extent to which an individual’s needs or aspirations are fulfilled.

Opportunity

Opportunity is defined as the potential for an optimal state of health or
“being all that one can be.” Capacity or potential can be represented through
both the negative term, disadvantage and the positive term, resilience.

Social or Cultural Disadvantage. This domain of opportunity includes
physical and social access to the environment, to education and training, and to
employment. For example, patients with chronic renal failure who require dialy-
sis may find it difficult to obtain or keep employment. Health disadvantage is
assessed in relation to people who do not have a particular condition or signifi-
cant illness.

Social and cultural disadvantage also includes the concepts of social reac-
tion and stigma associated with a health-related condition. People with disabili-
ties have described repeatedly the guarded references to the disability, changes
in social relationships, and negative reactions of others to the differentness of
disability.

Individual Resilience. Resilience is consistent with the concept of
physiological reserve, which is the unused capacity that can be called upon in
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times of stress, crisis, or increased activity. Resilience, or the capacity for health,
is most often measured by the ability to cope with or withstand stress or to
maintain emotional equilibrium. This approach recognizes that people adjust
differently to life situations altered by disease or treatment.

Application to Studies of Gulf War Veterans

Studies of Gulf War veterans conducted to date have measured specific
components within the wide range of domains and subdomains of health-related
quality of life just described. Most of these studies have focused on mortality
and clinical assessment rather than on the veterans’ own evaluation of their
health. The studies of Iowa veterans (Iowa Persian Gulf Study Group, 1997) and
Canadian veterans (Goss Gilroy, 1998), however, demonstrate the importance of
the use of self-report data for understanding veterans’ health, especially when
the findings of these investigations can lead to policies for responding to Gulf
War veterans’ health concerns. Especially at this point after the Gulf War,
strategies that depend largely on “population rates” of death or overt disease
(especially established diagnoses), will not suffice. Programs that address a
broad range of experience, perceptions, and health problems are needed for the
remainder of the life expectancy of the Gulf War veterans.

The concepts just reviewed capture the diverse aspects of health outcomes
in terms of health-related quality of life, which this committee believes must be
taken into account in studying the current and future health of Gulf War veter-
ans. Establishing a more complete understanding of the health of these veterans
also requires consideration of a variety of other influences that represent corre-
lates of health.

CORRELATES OF HEALTH

Health-related quality of life, measured at any specific point in time, is a
function of a variety of influences that inevitably go beyond the specific expo-
sures or risk factors (e.g., deployment to the Gulf) of greatest interest in a spe-
cific study. Characteristics of the individual and the environment, both past and
present, influence health; the committee believes that a study of the health of
Gulf War veterans should pay explicit attention to a variety of factors in addition
to deployment to the Gulf or specific experiences there, that influence health and
health-related quality of life.

In developing study designs and health assessment strategies, the committee
has adopted a model of the correlates of health to guide identification of those
characteristics of the individual and the environment that might be assessed in
relation to health and general quality of life. This conceptual model is shown in
Figure 3-1.
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Individual Characteristics

Some health correlates are specific to an individual. These are represented
on the bottom plane of Figure 3-1. Biology includes, most importantly, geneti-
cally based vulnerabilities, predisposition, and potentiating factors. Life course

refers to the exposures actually encountered by the individual, including such
factors as harmful chemical agents and life-event stressors. Life-style and health

behavior includes individual activities and exposures, such as smoking, drink-
ing, drug use, diet, and exercise—factors often referred to as risk behaviors.
Illness behavior includes an individual’s coping behaviors and information
seeking in the face of a potential or actual health threat. Personality and motiva-

tion also refers to the behaviors of an individual, including his or her sense of
locus of behavior control and proclivity for or aversion to risk taking. Values

and preferences refers to the individual’s cultural values and attitudes relating to
health and illness and his or her concepts of the nature of health and illness.

Environmental Characteristics

Interacting with these individual-level variables will be the physical and
social environments that influence individuals and groups of people, as depicted
in the top plane of Figure 3.1. Social and cultural influences include role ex-
pectations, social networks, and dominant concepts of what is considered to be
health and illness. Economic and political factors define the level and type of
resources and constraints that permit or deter individuals from being able to re-
spond to needs and desires. Physical and geographic factors have to do with the
likelihood and frequency of protective or dangerous exposures such as climate,
air quality, presence of environmental toxins, and crime. Health and social care

include the public health infrastructure and personal health services available to
respond to health threats and problems. Culture and the social environment help
to define what is considered a health care need and how these needs are met.

Characteristics of Health-Related Quality of Life

Health-related quality of life, shown as the middle plane in Figure 3-1, is
influenced by both individual and environmental factors that a person (or a
population) experiences. The components of health-related quality of life were
discussed in some detail earlier in this chapter. General quality of life, shown on
the far right side of the figure, includes satisfaction with overall life as well as
satisfaction with the environment and individual aspects of life. The arrows in-
dicate the direction of interaction between the characteristics.
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FIGURE 3-1 Model of determinants of health-related quality of life of Gulf War veter-
ans.
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MEASURING HEALTH-RELATED QUALITY OF LIFE

Health cannot be measured directly, as can the weight of an object. Instead,
a number of variables are used as indicators of the overall concept of health.
Different applications or types of studies require the use of health status meas-
ures with different measurement properties (Guyatt et al., 1993b; McDowell and
Jenkinson, 1996; Scientific Advisory Committee, 1999). An assessment instru-
ment that works well for one purpose or application or in one setting or popula-
tion may not do so when applied for another purpose or in another setting or
population. For example, for monitoring the health of a population, a single in-
dicator such as the prevalence of limitation of major activity or self-rating of
health may be used to gain information on trends over time. For epidemiological
investigations, clinical trials, and studies of practice that are intended to select
treatments and monitor individual patient response, more detailed or multidi-
mensional health status information is needed. In addition to overall, or generic,
data on individual functioning, investigators and clinicians may need to know
about symptoms and specific areas of functioning, as well as side effects that
may represent adverse consequences of treatments.

Regardless of the nature of a measure or its intended application, all meas-
ures used to assess health-related quality of life must be reliable and valid, and if
evaluating change, they must be responsive. Reliable measures produce the
same results when measurement is repeated. Valid measures are those that
measure what they purport to measure, in this instance that means they must
accurately reflect health-related quality of life. Responsive measures are those
that are able to identify changes over time or in response to specific interven-
tions. Similarly, the instruments used to obtain data on which such measures are
based must meet accepted standards for reliability and validity.

When assessing health, one chooses to measure a sample of behaviors and
traits; that is, one chooses domains relevant to the question of interest. Whether
one chooses to combine different domains to calculate an overall summary
measure will depend on the type of study or application for which the measure is
needed.

For policy making, for example, one often needs a measure that summarizes
multiple domains into an overall measure in order to compare across different
health policy alternatives. Such a measure involves tradeoffs between the differ-
ent domains in the decision process. It should be possible, however, to disaggre-
gate a summary measure in such a way that analysts and decision-makers can
assess the relative contribution of individual domains to the overall value as-
signed to health. In developing programs for Gulf War veterans, these points
may be especially relevant for both policymakers and clinicians.
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Features of Measures of Health-Related Quality of Life

The taxonomy of health measures shown in Table 3-2 addresses specific
features of such measures related to their use for assessing health status and
quality of life (Guyatt et al., 1993; Patrick and Erickson, 1993). The table in-
cludes summary comments on the strengths and weaknesses of each type of
measure. Such information can be used to guide the selection of measures for
specific applications. Although it is beyond the scope of this report to define in
detail the characteristics of all possible measures of health that might be used,
some definitions and a brief review of the characteristics of such measures will
be helpful in interpreting later sections of this report.

The measures are classified according to (1) sources of data; (2) type of
scores produced, which reflects the level of aggregation across concepts and
domains; (3) range of populations and concepts/domains covered, including the
different diseases, health conditions, and populations to be assessed and the
breadth of concepts and domains included in the measure; and (4) the weighting
system used in scoring items and in aggregating different domains.

Health measures can be differentiated on the basis of the means used to ob-
tain data. Physiological measures (e.g., blood pressure, serum glucose) rely on
direct testing or observation of biologic material such as blood or tissue samples
or of physiological processes such as cardiac function. Physical examination

provides clinically relevant information on an individual as observed by a physi-
cian or other trained personnel. Performance-based data are derived from results
of defined tasks such as walking a specified distance. Self-reports are respon-
dent-supplied information gathered using methods that include written question-
naires, interviews, internet administration, or computer-adapted testing.

Health measurement may be reported using any of several types of scores:

• indicators: a single number obtained from a single item;

• indexes: a single number summarizing multiple concepts or a classifica-
tion of health-related quality of life;

• profiles: multiple numbers on the same metric; or

• batteries: multiple numbers on different metrics.

Most health measures discussed in this report are either profiles of scores or
indexes in which a single number is derived from multiple items.

In terms of the range of populations or concepts covered, measures are
characterized as generic or specific. Generic instruments cover a wide range of
domains and are used primarily to compare across populations without regard to
the specific condition of the person being assessed. Specific instruments focus
on those aspects of health and quality of life that are of primary interest in terms
of a population (e.g., older adults, children) or an individual; a disease (e.g.,
asthma or heart failure); a certain domain or function (e.g., sleep or sexual func-
tion); or a problem (e.g., pain). Specific measures can be seen as having the ad-
vantage of being relevant to clinicians and persons with specific conditions, but
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generic measures often have the advantage of permitting comparisons across
varied groups, as is expected for Gulf War veterans, or against population norms
calculated for numerous and/or large groups of respondents.

TABLE 3-2 Characteristics of Health Measures

Measure Strengths Weaknesses

Sources of Data

Physiological measures,
e.g., blood pressure

Physical trace can be
stored or recorded

May be expensive and
measures not avail-
able for many PGW
conditions

Physical examination Clinician-focused and
diagnostically relevant

May not be reproducible
and may be expensive

Performance-based,
e.g., person asked to
perform task and per-
formance recorded

Can be standardized Not available for many
conditions or relevant
to subjective reports

Self-reports Directly from individuals
affected

Difficult to establish
validity as no gold
standard or criterion
exists

Type of Scores Produced

Single indicator number Represents global evalua-
tion useful for popula-
tion monitoring

May be difficult to inter-
pret; trends may not
be responsive to
change

Single index number Represents net impact
Useful for cost-effective-

ness

May not be possible to
disaggregate contri-
bution of domains to
the overall score

May not be responsive to
change

Profile of interrelated
scores

Single instrument
Contribution of domains

to overall score possi-
ble

May not be responsive to
change

Length may be a problem
May not have overall

score

Battery of independent
scores

Wide range of relevant
outcomes possible

Cannot relate different
outcomes to common
measurement scale

May need to adjust for
multiple comparisons

May need to identify
major outcome
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Preference-based measures are those that are used primarily in economic
and decision theory and that incorporate preferences for different health states.
Such measures were developed for resource allocation purposes. In preference-

based measures, health-related quality of life is summarized as a single number
along a continuum that usually extends from death (0.0) to full health (1.0), al-
though states worse than death are possible. Preference scores reflect both health
status and the value of that health state to the person being assessed. Far more
common are descriptive measures in which each item of the instrument or meas-
ure is weighted equally and frequency of response is used to calculate scores.

Choosing the Appropriate Measure

Selecting a health measure depends on the purpose of the study and essen-
tial characteristics of the study population. For cross-sectional studies, measures
that are good at discriminating between different subgroups in a population are
important. For longitudinal designs (as in the prospective cohort study proposed
by the committee in Chapter 5), measures that are responsive to small changes in
health status are important. For health status surveys, generic measures may be
particularly useful in comparing levels of health with extant norms and reference
values. Generic measures can be supplemented with a condition- or diagnosis-
specific instrument if study resources allow and there is a reason to focus on a
specific condition. Gulf War veterans as a population group might be described
with either a generic measure or with measures specific to an identified condi-
tion of concern.

The goals of health assessment include (1) differentiating between people
who have a better health status and those who have a worse health status; (2)
measuring health over time, which involves identifying the extent to which the
status of an individual or a group has changed; and (3) making predictions or
diagnoses.

For prediction, the sensitivity and specificity of the measure are both im-
portant. For example, an index measure that discriminates well between persons
with or without a specific disease, such as thyroid disease, might not include
fatigue as an item because fatigue is common among people with and without
thyroid disease and therefore not a highly specific indicator for thyroid disease.
However, a measure good at discriminating among different groups or individu-
als may not be right for measuring changes in health status over time. For meas-
uring improvement achieved with a treatment for thyroid disease, level of fa-
tigue would be an essential item because of its importance in the daily lives of
people with thyroid disease.
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Use of Self-Reported Data

An important consideration in assessing the health of Gulf War veterans is
the appropriateness of using self-reported information. Because many of the
symptoms and subjective complaints of Gulf War veterans cannot be measured
solely with physiological or physical tests, or observable markers such as death,
the committee views self-report measures as essential to complement evidence
from physiological measurement, physical examination, and performance-based
measurements such as treadmill or timed walking tests.

There are strong arguments for taking the individual or patient’s point of
view into account when assessing health-related quality of life. First, outcomes
of care, and therefore prior health status, must be defined broadly enough to
include variables important to patients and consumers (IOM, 1990). Second,
only patients can describe or relate the symptoms or health states they experi-
ence; examples include pain, energy or fatigue, or feelings of sadness. Third,
discrepancies are frequently noted between physician and patient judgments
(Hall et al., 1976; Jachuck et al., 1982; Sugarbaker et al., 1982; Thomas and
Lyttle, 1980). Discrepancies are not surprising because concerns of clinicians
and patients often differ. Patients may focus more on felt distress, fatigue, or
ability to function whereas physicians may focus more on risk factors, probabil-
ity of changing health, or specific treatments.

Self-reports of health, like much subjective information, are sometimes per-
ceived as too soft a basis for drawing definitive clinical, research, or policy con-
clusions. Some observers believe that physiological data, physician observation,
and records are inherently more accurate, reproducible, and hard. Several studies
have suggested, however, that items of medical history or questionnaire re-
sponses obtained through the reports of the individual patient or study partici-
pant can be more reproducible than a physician’s examination or interpretations
of tests (Deyo et al., 1985; Koran, 1975; Pecoraro et al., 1979; Wood et al.,
1979). Feinstein (1977) has suggested that patient-generated data may be as re-
producible as physiological measures and thus equally as hard. Moreover, medi-
cal intervention may improve functional health and quality of life without evi-
dence of physiological improvement (Croog et al., 1986; Kaplan et al., 1984;
Million et al., 1982). Medical therapy may also result in evidence of physiologi-
cal improvement without discernable clinical benefit to patients.

The prospective cohort study recommended by this committee relies on
collection of self-reported measures. The committee believes this data source is
appropriate, reliable, and justifiable for delineating the health of Gulf War veter-
ans. These veterans suffer from symptoms not easily categorized into clear diag-
nostic entities. Because of the ill-defined nature of their complaints, much of
their health assessment relies upon the descriptions of their complaints to a
health-care worker. Indeed, the medical model for assessing and caring for af-
fected individuals itself relies on self-reports.



Copyright © National Academy of Sciences. All rights reserved.

Gulf War Veterans: Measuring Health
http://www.nap.edu/catalog/9636.html

MEASURING HEALTH 53

As demonstrated in the Registry programs of VA and DoD, extensive clini-
cal evaluations of Gulf War veterans have demonstrated that physiological and
performance-based measures do not correlate well with the nature and severity
of symptoms of Gulf War veterans. Alternative mechanisms to capture the
health of Gulf War veterans lack the feasibility of this survey methodology. The
committee believes that the data contained in completed surveys of health status
will form the basis for hypothesis generation and subsequent in-depth studies of
targeted subgroups or promising therapeutic interventions.

Data Collection Instruments

Numerous books describe the process for developing reliable, valid instru-
ments that measure health-related quality of life. Because that process is both
time-consuming and expensive, it is best, whenever possible, to use previously
tested and validated instruments. Chapter 5 briefly discusses issues concerning
construction of new measures or adaptation or modification of existing ques-
tionnaires.

Many health status measures are derived from data obtained through sur-
veys and interviews. Traditional survey and interviewing techniques derive from
a philosophical, statistical, and practical base that assumes, among other things,
instruments of fixed length and format developed through a standardized con-
ceptual and analytic process. Such a “classic” process includes:

• developing a formal conceptual and measurement model;
• developing large “item databases”;
• carrying out various quantitative analyses to place items into appropriate

categories, “factors,” or scales;
• conducting other analyses to reduce items within categories and overall to

a manageable number; and
• testing the reliability and validity of the resulting instrument.

The proliferation of instruments in the health-related quality of life litera-
ture illustrates this general approach to instrumentation. Such instruments can be
applied individually or in groups to obtain responses. The field of psychometrics
has adapted and validated the psychophysical methods for use in fields that lack
objective physical measures for assessing health. Studies demonstrate that peo-
ple can accurately judge loudness of sound, intensity of an electric shock, or the
brightness of light (McDowell and Newell, 1996).

In recent years a new approach has arisen that goes by various names, such
as item-response theory (IRT), computer-adaptive testing (CAT), or dynamic
testing. These approaches attempt to use a very wide universe of questions, not
to dictate a fixed format or length to the instrument, and to employ statistical
calculations to reduce the necessary number of questions, per individual respon-
dent, to as few as possible consistent with preestablished reliability thresholds.
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As a practical matter, therefore, IRT or CAT approaches rely heavily on com-
puter technologies. The advantages of these types of approaches lie in the pre-
sumptively greater efficiency of the questionnaire for large groups of subjects
and the broader set of concepts, constructs, topics of interest, scales, and items
from which to draw. Applied originally in the field of educational testing (for
instance, in licensing examinations for health professionals), IRT or CAT tech-
niques are taking hold in the health status assessment arena as well.

SUMMARY

This chapter has briefly reviewed the concepts this committee is using to
characterize its view of health, as it should be measured in addressing the four
questions set out in Chapter 1. The committee has identified five major con-
cepts—death and duration of life, impairments, functional status, general health
perceptions, and opportunity—as the core elements to be studied. The next two
chapters discuss the means by which the committee believes these aspects of the
health of Gulf War veterans and identified comparison groups should be investi-
gated over time. Chapter 4 presents the committee’s proposal for a “research
portfolio” for studies of the health of Gulf War veterans. Chapter 5 outlines the
foundation of that research portfolio, a prospective cohort study called the Gulf
War Veterans Health Study (GWVHS).



Copyright © National Academy of Sciences. All rights reserved.

Gulf War Veterans: Measuring Health
http://www.nap.edu/catalog/9636.html

55

4

The Gulf War Veterans
Health Research Portfolio

As discussed in Chapter 1, the first of the three components in the charge to
the IOM committee called for identifying questions important in evaluating the
health and well-being of active-duty troops and veterans who were deployed to
the Gulf War. Chapters 2 and 5 address the second component of the charge: to
identify issues to be addressed in the development of study designs and methods
that would be used to answer such questions. The third component of the charge
to the committee was to develop a research design (or designs) that could be
used to address such questions. Because these questions about the health of Gulf
War veterans are diverse, efforts to address them in a thorough manner will re-
quire the application of various types of research and health measurement (e.g.,
population monitoring, treatment effectiveness, and clinical practice quality).

RESEARCH PORTFOLIO TO GUIDE STUDIES OF THE

HEALTH OF GULF WAR VETERANS

In the committee’s judgment, a single study cannot satisfy all information
needs about the health of Gulf War veterans (and the various comparison groups
noted in the questions in Chapter 1). The committee also recognizes that many
completed studies have already made important contributions to our under-
standing of the problems affecting the health of Gulf War veterans and that other
valuable studies are under way or will be undertaken. Various agenda-setting
bodies are directing the flow of resources to these investigations. The committee
believes, however, that the contributions of future individual studies will be en-
hanced by a mechanism to coordinate and link these studies. Others, such as the
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Presidential Advisory Committee (PAC) (1996b), have also recognized the need
for better coordination and oversight of the numerous studies.

Thus, the committee has responded to the task of developing a research de-
sign (or designs) that could be used to address questions regarding the health of
Gulf War veterans by conceptualizing a “portfolio” of research activities. This
portfolio encompasses an array of studies that could be conducted on a variety
of topics, using study designs and population subgroups appropriate to the spe-
cific questions under investigation. An essential feature of the research portfolio
is facilitating linkages across individual studies through the collection of a core
set of key data elements, thereby allowing comparisons across all research. This
idea is consistent with the observation of the PAC (1996b:31) that “when spe-
cific questions from different studies are aimed at obtaining the same informa-
tion, then consistency [of questions] offers the advantage of allowing future in-
ter-study comparisons.”

The committee believes that this portfolio approach will, if implemented,
provide a more effective basis for assembling the information needed to achieve
a greater understanding of the longer-term health effects of service in the Gulf
War. Moreover, the committee views the conceptual framework and the practi-
cal, methodological features inherent in the proposed research portfolio as a
model that could be used by the Department of Veterans Affairs (VA) and the
Department of Defense (DoD) to conduct similar studies of the health conse-
quences of deployment to other conflicts (e.g., Somalia, Bosnia). In fact, the
committee believes that inclusion of veterans of such conflicts in some of the
studies conducted within the proposed research portfolio will provide a way of
distinguishing between health consequences that are unique to the Gulf War and
those that emerge from participation in any conflict.

Specifically, the committee recommends that multiple studies be initi-

ated through a research portfolio with three components: population stud-

ies, health services research studies, and biomedical and clinical investiga-

tions.

Further, the committee recommends that a core set of data on health be

collected in all studies and include measures of

• death and duration of life,

• impairment,

• functional status,

• health perceptions, and

• opportunity.

These categories of measures reflect the five core concepts of health-related
quality of life outlined in Chapter 3.
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Research Approaches in the Portfolio

The committee envisions the research portfolio as providing a basis for de-
veloping the research agenda—that is, to plan, implement, and coordinate the
variety of studies—needed to address diverse veterans’ health issues. The port-
folio encompasses three principal categories of research: population studies,
health services research, and clinical and biomedical investigations. Figure 4-1
illustrates the research portfolio, with the horizontal bars representing the three
major categories of research used to study the health of Gulf War veterans.

Population studies are conducted to measure and track levels and trends in
health status and health outcomes, risk factors, the use of health services, and
other health correlates (as described in Chapter 3) for entire populations, such as
communities, or in the context of this report, the population of Gulf War veter-
ans (and specific comparison groups). Such studies are also used to investigate
the course of disease and illness. Data are often collected through surveys of
statistically valid samples of the population.

Health services research is a multidisciplinary field that investigates the
structure, processes, and effects of health care services (IOM, 1995). It may in-
volve health status assessment to establish priorities, examine the effectiveness
of health policies and programs, and allocate resources, using a variety of data
sources. Within this category, the committee would include program evaluation,
policy analyses, and health status assessments to select treatments and monitor
individual patient outcomes (often typically with health data obtained from
medical examination and testing).

Clinical and biomedical investigations are used to test the efficacy of di-
agnostic and therapeutic interventions. They are also used to examine the etiol-
ogy of diseases and less well understood health problems such as those reported
by Gulf War veterans.

In developing a research design (or designs) that could be used to address
questions regarding the health of Gulf War veterans, the Committee decided to
focus on the population studies level of the research portfolio. This conclusion
was based on several considerations.

First, it is necessary to determine to extent to which the Gulf War veteran
population experiences health problems. Such an overview is best obtained
through a population monitoring study. Second, it is necessary to determine
whether identified problems are unique to Gulf War veterans or are shared by
other populations and, therefore, not specifically related to service in the Gulf
War. Third, it is important to obtain information that will generate hypotheses
that can guide more detailed studies at the two other levels of the research port-
folio. In Chapter 5, the Committee describes in more detail a prospective cohort
study—the Gulf War Veterans Health Study—that is intended to provide the
population-based foundation for the research portfolio.
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FIGURE 4-1 Research portfolio model for studies of the health of Gulf War veterans.

Dimensions of the Research Portfolio

Figure 4-1 illustrates three dimensions that characterize the range of studies
that the committee sees encompassed by the research portfolio: scope of the
studies in terms of coverage of the domains of health, level of detail at which
studies address the domains of health and health correlates, and the time frame
for studies.

Scope of Studies

Study scope is shown as ranging from general to specific on the vertical
axis. Population studies fall at the general end of this general-to-specific axis.
The prospective cohort study, described in Chapter 5, will cover the five do-
mains of health discussed previously, that is, death and duration of life, impair-
ment, functional status, health perceptions, and opportunity. From the prospec-
tive cohort study might emerge an epidemiological study to clarify the
incidence, prevalence, and determinants of cognitive impairments among Gulf
War veterans and comparison groups.

At the other end of this axis are clinical and biomedical investigations.
These are studies in which health data may be the most person-specific because
the studies are focused on more specific health or illness questions, often inves-
tigated, for instance, in clinical research of biological markers or randomized
clinical trials (RCT). As one case in point: results from the prospective cohort
study might indicate that fatigue is more prevalent among Gulf War veterans
than among comparison populations. Thus, for patients with severe fatigue
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problems, an RCT of physical therapy and conditioning might be given high
priority. Another example is trials of new pharmacotherapeutic agents for use
among patients with serious joint pain.

At an intermediate point in terms of scope are health services research
studies. Such studies might address a wide variety of topics. With respect to
quality of care provided to Gulf War veterans and other comparison groups for
specific ailments or problems, a study could examine whether the process and/or
outcomes of care differ among these groups. Similarly, one might investigate the
cost-effectiveness of alternative interventions for managing Gulf War veterans
and other patient populations with chronic fatigue syndrome. In addition, issues
of timely access to appropriate, necessary care could warrant investigation; for
instance, one might research whether veterans who participate in the VA or DoD
Gulf War registries report better access to specialty care.

Level of Detail on Domains of Health and Health Correlates

The horizontal axis of Figure 4-1 represents the level of detail at which
studies would address various domains of health and quality of life. For exam-
ple, a population monitoring study that explores the prevalence and correlates of
disability among Gulf War veterans may ask about limitation in physical activity
(e.g., walking and performing basic activities of daily living), as well as a large
number of additional domains. However, a clinical study of patients with a diag-
nosis of rheumatoid arthritis is likely to collect detailed information about both
upper and lower body function but only core information about other domains
such as cognitive function.

Time

The third axis in this model, as shown in Figure 4-1, represents the time di-
mension of studies in the research portfolio. It is important to note that the length
of time it takes to complete a study varies with the type of study conducted, there-
fore the time axis will show variation in depth. Among population studies, for
example, a longitudinal cohort study with repeated administrations of the survey
instrument will require a much longer time period than will a single cross-
sectional study based on a one-time survey. Including time in the portfolio model
also takes into account the possibility of selecting measurement strategies that
incorporate time as part of their conceptual framework, such as in the quality-
adjusted life year approach to health status and quality-of-life measurement.

Core Data Sets

The core set of measures for all three research approaches should include
both measures of health, and likely correlates of health, as discussed in Chapter
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3. For comparisons between studies, each of these characteristics should be as-
sessed using the same data collection instruments and methods. Individual in-
vestigators could choose to measure any of these characteristics in more detail,
as fits the purpose of their studies. In the committee’s view, adopting a common
minimum set of measures will overcome some of the problems of interpreting
Gulf War research findings.

Figure 4-1 illustrates the inclusion of core data sets in research portfolio
studies with two shaded vertical columns. The first column represents data on
individual and environmental characteristics, for instance, protective and dan-
gerous environmental exposures. This also includes information on personal
characteristics such as age, gender, and education, as well as selected informa-
tion about occupation, socioeconomic status, and military service. The second
column represents the core set of health measures. Conceptually, identical data
within these two columns would be collected in any investigation carried out
within any of the portfolio’s three research approaches.

Thus, in addition to the core set of data on health identified in the previous
recommendation in this chapter, the committee recommends that a core set of

data on the correlates of health be collected in all studies. These data should

include measures of individual and environmental characteristics that are

associated with differences in health. Individual characteristics of interest

include

• biology and life course,

• lifestyle and health behavior,

• illness behavior,

• personality and motivation, and

• values and preferences.

Environmental characteristics of interest include

• social and cultural,

• economic and political,

• physical and geographic, and

• health and social care.

For population studies (the top bar in Figure 4-1), the shaded vertical col-
umns at the right-hand side of the bar show the core set of measures on health-
related quality of life as being one of the more detailed sets of items. For clinical
and biomedical investigations (the bottom bar), the core columns fall at the left-
hand side of the horizontal bar, indicating that these measures are a small set of
the totality of constituent domains included in clinical investigations. The two
columns appearing in the health services research row are an intermediate posi-
tion in the data collection strategy.
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To link the studies of the research portfolio to national-level data for the
general population, it would be possible to collect in all portfolio studies the
same basic data on perceived health and activity limitations that are collected in
the National Health Interview Survey (NHIS), an ongoing survey of the health
of the general population in the United States. That is, the same basic set of core
data could be collected in population monitoring, health services research, and
clinical and biomedical investigations.

With this design approach, information on perceived health and activity
limitation as well as their combined measure, the Health and Activity Limitation
Index, collected in smaller and focused clinical study groups, would be directly
comparable with that collected on representative samples of the U.S. population.
With Gulf War veterans as the clinical study population, such comparisons al-
low examination of the veterans’ health status relative to that of their sociode-
mographic peers in the general population. Similarly, data on the health of vet-
erans participating in the clinical investigations could be linked to findings from
epidemiologic or health services studies, if the same core health status measures
are used in each.

Linking the portfolio of studies to an ongoing national survey such as the
NHIS through a core of common measures provides a basis for distinguishing
changes in health-related quality of life that are due to changes in health care
from those changes that are due to other factors, such as economic conditions
experienced by veterans since the War, versus participation in the War. For ex-
ample, analysis of the Health and Activity Limitation Index over the 1984–1994
interval indicated that the decline in population health was in part due to the
economic recession that occurred in the early 1990s (Erickson, in press).

Other Information Beyond the Core

The white space in the horizontal bars of Figure 4-1 illustrates that studies
will include information other than that in the core set of measures. The types of
data collected will vary according to the purpose of the various investigations, as
represented by the horizontal axis. For example, health data collected in popula-
tion studies are less likely to consist of physiological measures, such as blood
pressure readings, than are data collected for use in clinical or biomedical investi-
gations. Similarly, health services research studies are likely to focus more on use
of health care services or costs (e.g., drawing on elements of the Medical Expen-
diture Panel Survey) than will either population studies or clinical investigations.

SUMMARY

To guide and coordinate studies of the health of Gulf War veterans, the
committee proposes a research portfolio that will encompass population studies,
health services research studies, and clinical and biomedical investigations.
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Within this portfolio, high priority should be assigned to conducting a prospec-
tive cohort study that can detect differences in health status among specific
populations (e.g., Gulf War veterans and nondeployed veterans) and measure
changes in health over time. This approach provides the basis for assessing the
extent to which Gulf War veterans are experiencing poorer health compared to
other relevant veteran and nonveteran populations.

The following chapter describes the proposed design for this prospective
cohort study. It also discusses in more detail statistical and other factors that
need to be taken into account in mounting such a study.
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5

Gulf War Veterans Health Study

The previous chapter presented the committee’s recommendation for the
development of a research portfolio to guide studies of the health of Gulf War
veterans. Within this portfolio, a prospective cohort study is seen as an essential
foundation for the broader array of research. We have called this the Gulf War
Veterans Health Study (GWVHS).

 As of March 1998, the Department of Veterans Affairs (VA) was projecting
cumulative expenditures of $115.2 million for research related to Gulf War health
issues from FY 1994 through FY 1998 (VA, 1998a). The types and foci of re-
search topics encompassed by these federally funded projects are broad and in-
clude studies at all levels of the research portfolio developed by the committee.

The contributions of the GWVHS and associated research portfolio to these
myriad federal efforts are twofold. First, although several studies have focused
on Gulf War veterans’ health, there has been no population-based study that is
both representative of the entire U.S. Gulf War veteran population and that
measures current health status, compares it to groups of other veterans and the
general public, and provides for the longitudinal tracking through time of
changes in health status. To understand the extent to which service in the Gulf
War may have affected the health of individuals deployed to this conflict, one
must implement such a prospective cohort study.

Second, despite the numerous and high-quality research efforts undertaken
at all levels of investigation, no mechanism has been in place that allows com-
parisons of health to be made between the individual study populations on im-
portant and key factors. The research portfolio designed by the committee and
described in Chapter 4 would accomplish this.

To understand the contributions of the Gulf War, as well as other conflicts, to
the long-term health of the men and women who served, the committee concluded
that implementing a prospective cohort study that provides for comparisons with
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other populations will be necessary. Additionally, collecting a common set of data
on key factors in all newly funded efforts is important to enable analysts to make
essential comparisons and to conduct key analyses of research results.

For these reasons, the committee believes that implementation of the pro-
spective cohort study—the GWVHS—and the accompanying research portfolio
merits the time, effort, and cost required. This chapter describes the key features
of this study. It does not, however, provide detailed design specifics, because the
committee believes that the principal investigator who will actually implement
the GWVHS should develop those aspects. Rather, the committee has provided
a template for the GWVHS that addresses the questions the study is intended to
answer, its general design, sampling and scheduling issues, considerations for
the selection of survey modes and instruments, a proposed pilot study, cost in-
formation, ethical considerations, and oversight responsibilities.

STUDY QUESTIONS AND DESIGN

The specific design of a study is dictated by the research questions to be
addressed and the target population to be studied. As discussed in Chapter 1, a
variety of questions are being asked about the health of Gulf War veterans by
the veterans themselves and by other interested parties, including Congress, the
VA, and the DoD. The committee believes that among these many questions, of
fundamental importance is ascertaining how many Gulf War veterans are suf-
fering from health problems that affect their ability to function; whether the na-
ture of those problems and the frequency of their occurrence in the veteran
population are consistent with the experience of the general public or other
groups of veterans; and whether the health of Gulf War veterans is getting bet-
ter, staying the same, or deteriorating with the passage of time.

Because these fundamental questions address both the health of Gulf War
veterans at specific points in time and changes in their health over time, the

committee recommends that a prospective cohort study of the population of

Gulf War veterans be conducted. Such a study should include appropriate

comparison groups.

Additionally, the committee recommends that the prospective cohort

study investigate the following four questions:

1. How healthy are Gulf War veterans?

2. In what ways does the health of Gulf War veterans change over time?

3. Now and in the future, how does the health of Gulf War veterans

compare with that of:

• the general population;

• persons in the military at the time of the Gulf War but not de-

ployed;
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• persons in the military at the time of the Gulf War who were de-

ployed to nonconflict areas; and

• persons in the military deployed to other conflicts, such as Bosnia

or Somalia?

4. What individual and environmental characteristics are associated

with observed differences in health between Gulf War veterans and com-

parison groups?

Further, the committee recommends that this prospective study serve

as the foundation for a portfolio of needed research activities. (The research
portfolio was discussed in Chapter 4.) As noted earlier, the prospective cohort
study is designated by the committee as the Gulf War Veterans Health Study
(GWVHS). Appendix B provides a more detailed discussion of the design,
methodological and implementation issues.

Although the specific decisions regarding data to be collected and modes of
administration to be used are left to those actually implementing the GWVHS,
the committee recommends that the prospective cohort study incorporate

the following features:

• multiple cohorts, one for each group of interest;

• multistage sampling with initial cluster sampling followed by strati-

fied random sampling within clusters;

• random and representative selection of participants within clusters

with hypothesis-driven oversampling of specific population subgroups; and

• multiple modes of interviewing, including telephone and in-person in-

terviewing.

Use of a Panel Design

In selecting the prospective cohort design the committee evaluated various
alternatives and considered several features of the Gulf War veteran population.
Based on these considerations, the committee concluded that either a permanent
panel design or repeated panel surveys without temporal overlap is the preferred
choice. As reflected in the questions the GWVHS is designed to answer, there is
interest in both the level of health of Gulf War veterans and changes in their
health over time. Panel studies with temporal overlap (rotating panel studies) are
the commonly used approach when both levels and change are of interest. Use
of this design calls for periodic selection of a new panel from each of the cohorts
of interest because the cohorts are continuously gaining and losing members.
That is, refreshing the study with a new sample that accurately represents the
changed population is usually necessary.

The committee concluded, however, that a study design calling for repeated
selection of new panels would not be necessary because the Gulf War veteran
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population is closed, that is, the population will not gain new members. Mem-
bership in this population was determined by participation in the Gulf War, spe-
cifically service in the Gulf War theater of operations between August 2, 1990,
and June 13, 199l. Because the population of Gulf War Veterans is a closed
population, a representative sample can be selected at one point in time; insofar
as the sample is successfully followed, it will continue to be representative of
the population of Gulf War veterans.

The committee also concluded that the ability to locate Gulf War veterans
and members of the comparison groups of veterans is likely to deteriorate over
time. Although DoD maintains records with locating information for all indi-
viduals who have served in the armed forces, including Gulf War veterans, the
accuracy of address information for those who have left military service be-
comes less reliable as the years pass. The VA’s Benefit Identification and Rec-
ord Locator Subsystem (BIRLS) is another source of locating information for
those who are receiving benefits from VA.

As this report is being written, however, 8 years have elapsed since the Gulf
War. Given the anticipated deterioration of the address information in DoD and
VA records, the committee anticipates that a substantial tracing and tracking
effort will be necessary to locate, recruit, and follow a representative sample of
Gulf War veterans in the prospective cohort study it recommends. Because the
accuracy of information for selecting the initial sample will become less reliable
over time, it is important to select a representative sample of Gulf War veterans
as soon as possible. To minimize the cost of sample selection, it is desirable to
avoid conducting costly recruitment on a periodic basis.

The quality of the study data should be reviewed periodically to determine
the extent to which the validity of inference based on the panels is compromised
by cumulative attrition or other factors. A cohort study that is well designed and
implemented holds the attrition rates over time to the lowest possible level, 5%
or less for each wave. If the quality of the panel for each cohort of interest is
judged satisfactory, the study would continue following the same panels. It is
important, if at all possible, to continue following the same panel throughout the
study to allow data collected at baseline to be used to identify predictors and
correlates of health status changes at subsequent points in time.

If attrition leads to a serious degradation of the sample, it may be necessary
to select a new panel. If the representativeness of the sample is somewhat im-
paired, it may be advisable to implement a hybrid design that continues to fol-
low random subsamples of the initial panels, and also draws new panels for each
cohort to make up for the discontinued portion of the initial panels.

Comparison Groups

Key comparison groups are included in the design to provide a basis for
identifying unique characteristics of and changes in the health of Gulf War vet-
erans. Comparisons with civilians provide a basis for ascertaining whether levels
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and trends in the health status of Gulf War veterans reflect the experience of the
general population or show differences that are associated with some aspect of
military service. Comparisons with those in the military at the time of the Gulf
War but not deployed provide a basis for ascertaining whether deployment is
associated with differences in levels and trends in health status.

Comparisons with a sample of individuals who were in the military and de-
ployed to a “safe” area provide a basis for ascertaining whether war-theater de-
ployment is associated with health consequences or whether levels and trends in
health status of Gulf War veterans are associated with general deployment to the
Gulf region. Finally, comparisons with a sample of veterans of other conflicts
(e.g., Bosnia and Somalia) provide a basis for ascertaining whether levels and
trends in the health status of Gulf War veterans were associated with serving in
any conflict or with unique aspects of the Gulf War situation. Other comparison
groups could be added, as new conflicts arise in the future, to provide an ongo-
ing basis for assessing the health effects of service in those conflicts for U.S.
military personnel.

For the study recommended by the committee, comparison groups are to be
sampled and surveyed using the same design as that used for Gulf War veterans
to maximize the comparability of the data obtained from all groups. Because
members of the Gulf War veteran population and the comparison groups were
not randomly assigned to those groups, the comparison will be subject to poten-
tial selection bias problems common to all observational studies: Gulf War vet-
erans might be different from the comparison groups even in the absence of the
Gulf War experience. To account for such differences, data are to be collected
on potential confounding factors, such as sex, years of schooling, and other cor-
relates of health status.

SAMPLING

Sampling Methods

Many issues regarding sample selection procedures must be addressed. The
most straightforward approach is to use simple random sampling. A disadvan-
tage of this technique, for purposes of the GWVHS, is that it requires a listing of
the entire study population, that is, not only Gulf War veterans but also the com-
parison groups. Another disadvantage is the potential costliness if data collec-
tion involves conducting in-person interviews or evaluations on a study popula-
tion that is widely dispersed across the country.

Stratified random sampling involves dividing a total population into groups
(e.g., based on age, sex, military branch of service), and selecting a random
sample within each group. This approach is frequently used when attempting to
ensure that certain groups are adequately represented in the sample populations
(e.g., women, American Indians). As with simple random sampling, however,
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every member of the population must be listed and, in addition, must be catego-

rized using the stratification variables.
Cluster sampling is an approach used when lists of an entire population are

not available, but when lists of clusters (e.g., schools within a state or school
district) are available. A sample of clusters is selected and all members of se-
lected clusters (e.g., all students in a selected school) are included in the study
population. Multistage sampling, often referred to as two-stage sampling, in-
volves initial selection of clusters, followed by listing and sampling of members
within each cluster to produce the final sample (Henry, 1990). Using this ap-
proach, a sample of geographical locales is drawn first. A stratified random
sample of individuals is then drawn from each sampled locale.

Geographical clustering of the study population within the sampling units re-
duces the cost of data collection, particularly for some types of data and modes of
survey implementation. For example, some of the analyses included in the
GWVHS or the portfolio of studies might require the use of contextual data, such
as the supply of health care services in the geographical locale in which the re-
spondent resides. Although some contextual data can be obtained with little effort
for all geographical locales, some detailed contextual data require direct data col-
lection in the specific locales being studied. Additionally, if face-to-face inter-
viewing is used to administer questionnaires, a geographically clustered sample is
more efficient than random distribution of the study population across the country.
Similarly, conducting physical examinations on a subsample of the GWVHS par-
ticipants would be facilitated by geographical clustering of the sample.

Over time the level of clustering can be expected to dissipate gradually, due
to migration. Some of the participants who migrate out of the original locales
from which they were recruited will move to a new locale that is part of or near
another cluster sampled, making it relatively easy to continue face-to-face inter-
views. Those who move away from any cluster included in the study are likely
to be costly to follow if face-to-face interviews are required.

Nevertheless, the use of geographic clustering is an efficient, cost-effective
approach to sampling. The committee believes that such an approach is the most
appropriate method for choosing the samples in the GWVHS. Within clusters
the samples would be randomly selected and stratified by demographic charac-
teristics such as age, sex, race/ethnicity, and military characteristics such as
branch of service and duty status.

Sample Size

Sufficient sample sizes for each cohort in the study are crucial to ensure
adequate statistical power to find differences as well as to reliably identify the
lack of differences between groups. The sample size required depends, in part,
on the baseline level of the variable of interest in the comparison group and the
magnitude of difference expected in the affected group. The committee con-
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cluded that final decisions on necessary sample sizes for the GWVHS should be
left to the researchers who will actually implement the study.

To calculate the appropriate sample size, the number of subjects per group
must be multiplied by the number of groups used for comparison. As many as
five possible comparison groups have been identified for the GWVHS. If it is
anticipated that 25% of potential respondents are expected not to respond, the
sample must be increased by 25% to achieve the required size. If the sample is
to be followed prospectively, the researchers must anticipate some attrition and
they may need to choose a reserve cohort.

The following are examples to illustrate possible sample sizes needed for
studies comparing Gulf War veterans with other groups. Sample size calcula-
tions are made on the basis of formulas used in EpiInfo Version 6 (1/97).

Assume, for example, that one or more poorly defined symptoms were pre-
sent in about 1% of non-Gulf War veterans and 2% of Gulf War veterans. To
establish that this difference is true with 80% power and 5% statistical signifi-
cance would require a sample of 2,514 veterans in each of the two comparison
groups. If a higher level of significance (1%) is desired, a sample of 3,647 veter-
ans in each group is needed.

If the condition under investigation occurs less frequently than in 1% of the
population of interest and all other conditions remain similar, a larger sample
will be needed. For example, assume that posttraumatic stress disorder is found
in 0.7% of non-Gulf War veterans. If it is twice as common among Gulf War
veterans, a sample of 3,600 from each group is needed. If the significance level
is raised to 1%, a sample of 5,233 in each group is needed.

If the difference in the frequency of the condition is greater than twofold, the
necessary sample size is reduced. In the above example, moving from a twofold
difference (0.7 to 1.4%) to a threefold difference (0.7 to 2.1%), sample size for 5%
significance drops from 3,600 to 1,243; for 1% it drops from 5,233 to 1,784.

Detection of differences in more common conditions requires smaller sam-
ple sizes. Assuming major depression occurs in 2.7% of non-Gulf War veterans
and 5.4% of Gulf War veterans, a sample size of 908 is needed for each group
for a 5% significance level; for significance of 1%, the sample size is 1,317 for
each group.

The committee emphasizes that these examples provide the number of indi-
viduals that are needed at the end of a study. To allow for anticipated attrition over
the course of a longitudinal study, much larger numbers of participants will need
to be recruited at the start of the study to ensure adequate sample size at the end. If
subgroup analysis is to be performed, larger samples are also necessary. For ex-
ample, if comparisons are to be made not just between Gulf War veterans and non-
Gulf War veterans, but also between male and female veterans of each group, the
appropriate sample size will be larger than that required when comparing only
Gulf War and non-Gulf War veterans overall. If a cluster-based sample design is
used, the power analyses must take into account the design effect due to intraclus-
ter correlation, which usually increases the sample size required.
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SCHEDULING

An important parameter in the design of longitudinal cohort or panel studies
is the frequency with which the participants are surveyed. The committee has
designed this study to include a baseline survey with two follow-up surveys (or
waves) over a 10-year study period. Ensuring the timely availability of informa-
tion has been considered in developing the implementation schedule because the
information obtained is of value to the Gulf War veterans only during their life-
times. The committee concluded that the GWVHS should be designed with
more frequent data collection in the early years when the information obtained
has a longer “useful life” to the Gulf War veterans and, if the study is continued
beyond the first 10 years, with less frequent data collection in later years when
the information has a shorter useful life.

For the initial study period, the interval between surveys should not exceed
3 years. This interval should allow time for preliminary analysis of results and
any survey modifications deemed necessary after a review of survey findings,
and it should provide a short enough interval to maximize participant retention.
Additionally, each wave of data collection should be conducted throughout the
year to avoid the effects of seasonal variation, but there should be no temporal
overlap in data collection across waves. Figure 5-1 illustrates the timing sug-
gested for the GWVHS.

To improve retention among the study participants an effort should be made
to maintain contact with them during the intervals between studies. Such activi-
ties are generally referred to as tracking. During the baseline survey, the inter-
viewer collects contact information from the participants that will help locate
them for follow-up surveys. The contact information is usually updated during
each follow-up survey. Additional tracking mechanisms that can be used be-
tween surveys include sending postcards, birthday cards, and newsletters to the
participants at regular intervals; requesting postal notification of change of ad-
dress; and requesting that participants submit change-of-address information to
the study. Incentives can be offered to encourage the participants to provide this
information.

 Baseline Data

Analysis

First Follow-Up Data

Analysis

Second Follow-Up

Year 1 Year 10Prep

Time

FIGURE 5-1 Timing of the Gulf War Veterans Health Study.
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MODE OF SURVEY

The committee believes that those who implement the GWVHS must
evaluate multiple modes of data collection based on the types of information to
be collected. With the revolution in communication and information technolo-
gies in recent years, many data collection methods can be considered, including
face-to-face interviews, telephone interviews, distribution and return of ques-
tionnaires by mail, or combinations of these modalities.

Computer-assisted interviewing is commonly used in face-to-face and tele-
phone interviews. It can help guide interviewers through the proper sequence of
questions, check for invalid responses, and allow responses to be recorded elec-
tronically. Audio-assisted interviewing is sometimes used in the face-to-face
modality for sensitive topics. It allows respondents to listen and respond to
questions privately without direct interaction with the interviewer or household
members who might censor responses. Internet-based interviewing via e-mail or
the World Wide Web may become a possibility.

Face-to-face interviewing is usually considered the most reliable method,
because it allows for the use of auxiliary material such as printed response cate-
gories and interviewer prompts that are difficult to use in telephone interviews,
and it allows for direct examination of the respondents, such as taking physical
measurements. Also, a face-to-face interviewer can ensure that the study partici-
pant, rather than a proxy or surrogate, actually answers the questionnaire. How-
ever, some evidence suggests that this format may result in more socially desir-
able responses, such as underreporting of stigmatized behavior, and it is the
most costly form of interviewing.

Telephone interviewing is less costly than face-to-face interviews, but it is
limited to those who have access to a telephone. Mail surveys are usually the
least costly, but they also usually result in a higher nonresponse rate. These sur-
vey modalities can encourage respondents to provide honest answers to ques-
tions on sensitive topics, but both methods also make it easier for a proxy or
surrogate to respond. Regardless of the method of survey administration
adopted, GWVHS researchers should allow for proxy assessment of the health
status of panel members who die during the study period or who cannot respond
directly due to physical, cognitive, or psychological impairments.

IMPROVING RESPONSE RATES

The willingness of Gulf War veterans and members of the recommended
comparison groups to participate in the GWVHS will be crucial to the study’s
success. Because of the longitudinal nature of the study, the demands on partici-
pants will be even greater than for participants in a one-time cross-sectional
study. In various survey-based studies of Gulf War veterans conducted to date,
response rates have ranged from a low of 31% in the study of active duty and
reserve personnel based in Hawaii and Pennsylvania, conducted by Stretch et al.
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(1995, 1996), to 97% of those located in a survey of women who served in the
U.S. Air Force during the Gulf War, conducted by Pierce (1997). Studies that
included non-Gulf War comparison groups have generally found lower response
rates in those comparison groups (e.g., Goss Gilroy, 1998; Holmes et al., 1998;
Iowa Persian Gulf Study Group, 1997; Unwin et al., 1999). Table 5-1 presents
response rate information for several such studies conducted.

Maximizing response is an important issue in all survey studies, since al-
most all such studies fail to obtain participation from some individuals in the
sample. Reasons for such nonresponse will vary: some subjects cannot be lo-
cated or reached, some are too sick to be interviewed, some refuse to be inter-
viewed. If the response rate is low, for example, less than 70%, there is the po-
tential that nonresponse bias may seriously undermine the ability to draw
conclusions from the data. Statistical and econometric techniques can reduce
impact of nonresponse, but efforts can and should be made to maximize re-
sponse rates. (A detailed discussion of these issues can be found in Appendix B,
section 5 entitled Nonresponse, Attrition, Tracking, and Tracing.)

The committee identified two particular areas that should be explored as
approaches for improving participation in the GWVHS: veteran participation in
organizing and implementing the study, and use of incentives. The “Iowa Study”
(Iowa Persian Gulf Study Group, 1997) illustrates the potential benefit of vet-
eran participation. Principal investigators identified their Public Advisory
Committee, composed of members from veterans organizations, as a key factor
in achieving high participation. This committee provided input from the begin-
ning stages of the study, and assisted in generating participation of the veteran
community. This IOM committee believes that veteran participation in organiz-
ing and implementing the GWVHS is a key element in facilitating the participa-
tion of veterans, not only from the Gulf War cohort, but also from other veteran
comparison groups.

Another approach to improving response rates is the use of incentives.
Research has shown that monetary incentives are effective at increasing re-
sponse rates; are more effective when prepaid than when promised; may induce
greater respondent commitment and, therefore, improve quality of data obtained;
are most effective at increasing the response rates of individuals with lower in-
come and less education; when combined with follow-up mailings, are signifi-
cantly more effective than one, two, or three follow-up mailings without incen-
tives; and added costs are likely to be offset by savings in the costs of follow-up
activities (Armstrong, 1975; Berk et al., 1987; Berlin et al., 1992; Cannell and
Henson, 1974; Duffer et al., 1996; James and Bostein, 1990; Kulka, 1993; Lin-
sky, 1975; and O’Keefe and Homer, 1987). Because of the importance of
achieving and maintaining representative participation in the study, the com-
mittee urges the principal investigators implementing the GWVHS to consider
the use of monetary incentives.
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TABLE 5-1 Response Rates in Previous Survey-Based Studies of
Gulf War Veterans

Response Rate Study Characteristics Author/Citation

97% (of 525 located vet-
erans)

92% at follow-up 1
87% at follow-up 2

Mail survey; two subse-
quent survey rounds

Study population: women in
U.S. Air Force (active
duty, reserve, or National
Guard) during Gulf War
period

Pierce, 1997

95% (of 620) Questionnaires/assessments
completed during week-
end training sessions
(psychological symp-
toms)

Study population: Gulf War
veterans from reserve
units in western Penn-
sylvania; includes per-
sonnel not deployed or
deployed to Europe

Perconte et al., 1993

78.4% (of 2,949) Study population: Ft. De-
vens ODS Reunion Sur-
vey; Army Active Re-
serve and National
Guard soldiers assessed
within 5 days of return
to United States

Wolfe et al., 1998

Gulf War veterans: 78.3%
(of 2,421)

Non-Gulf War veterans:
73.0% (of 2,465)

Telephone survey

Study population: Active
duty, reserve, National
Guard troops serving in
or during Gulf War pe-
riod; Iowa as home of
record

Iowa Persian Gulf Study
Group, 1997

74.4% (of 160) at 1 month
52.5% at 6 months
38.8% at 2 years

Self-administered question-
naires completed at
training sessions at 1
month, 6 months, and 2
years following return

Southwick et al., 1993,
1995

Continued
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TABLE 5-1 Continued

Response Rate Study Characteristics Author/Citation

Study population: returning
members of two National
Guard reserve units
(medical company, mili-
tary police company)

Southwick et al., 1993,
1995 (continued)

74.2% (of 136) Questionnaires distributed
to unit members

Study population: single
National Guard unit

Sostek et al., 1996

Gulf War veterans: 73.0%
(of 4,262)

Not deployed: 60.3% (of
5,699)

Mail-out, mail-back survey;
one follow-up question-
naire mailing

Study population: Canadian
Gulf War and Gulf War-
era veterans

Health Study of Canadian
Forces Personnel (Goss
Gilroy, 1998)

Gulf War veterans: 70.4%
(of 4,246)

Bosnia veterans: 61.9%
(of 4,250)

Not deployed: 62.9% (of
4,248)

Mail-out, mail-back survey;
two follow-up question-
naire mailings

Study population: U.K.
Gulf War veterans, Bos-
nia veterans, Gulf War-
era veterans

Unwin et al., 1999

Phase I: 52.8% (of
30,000)

Phase II: 69.8% (of
30,000)

Phase I: mail-out, mail-
back survey; three fol-
low-up mailings

Phase II: telephone inter-
views with nonrespon-
dents

Study population: 15,000
U.S. Gulf War veterans,
15,000 Gulf War-era
veterans

VA National Health Sur-
vey of Gulf War-era
veterans and their
families (study ongo-
ing)

Index unit: 62% (of
1,083)

Unit A: 35% (of 1,520)
Unit B: 73% (of 1,141)
Unit C: 70% (of 2,407)

Questionnaires distributed
during unit training
weekends; for Unit C,
during 10-day period

Fukuda et al., 1998

Continued
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TABLE 5-1 Continued

Response Rate Study Characteristics Author/Citation

Study population: Index
unit: Air National Guard,
Lebanon, Pennsylvania;
Unit A: other Pennsylvania
Air National Guard, Unit B:
Air Force Reserve; Unit C:
active Air Force (Florida)

Fukuda et al., 1998 (con-

tinued)

Deployed: 57.3% (of 517)
Nondeployed: 42.2% (of

497)

Mail-out, mail-back survey

Study population: activated
Air National Guard Unit

Holmes et al., 1998

41% (of 606) Mail and telephone re-
cruiting; questionnaires
completed at one of five
sessions

Study population: 24th
Reserve Naval Mobile
Construction Battalion

Haley, et al., 1997

31% (of 16,167) Questionnaires distributed
through units

Study population: Active
duty, National Guard,
and reserve personnel
from units in Hawaii and
Pennsylvania

Stretch et al., 1995, 1996

SOURCE: Compiled from published articles cited.

PILOT STUDY

Because the GWVHS recommended by this committee requires a major
commitment of resources, a pilot study will be essential to determine its feasi-
bility and its cost.

The committee recommends a pilot study be conducted to deter-

mine the feasibility and cost of the prospective cohort study. The

pilot study should include an assessment of the following points:

• for each of the five cohorts, identification of the universe

from which the sample is to be drawn, especially the Gulf War vet-

eran sample;
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• willingness of members of each cohort to participate in the

baseline study;

• modes of data collection; and

• use of incentives to maximize response rates.

DATA COLLECTION INSTRUMENTS

Three main approaches can be followed in identifying instruments to use in
measuring selected health domains: use existing, validated instruments in their
entirety; modify existing questionnaires (including combining existing question-
naires into larger batteries, which might be construed as a “new” instrument);
and construct wholly new instruments.

Using Existing Instruments

Generally, the committee advises that, wherever possible, proposed surveys
and studies should attempt to use existing instruments, where such instruments
have been documented (ideally in the peer-reviewed literature or through other
authoritative avenues) to be reliable, valid, reasonably responsive, and reasona-
bly practical to implement. There are several reasons for this approach. The first
reason is resources. Existing validated instruments need not be put through fur-
ther extensive psychometric testing. Moreover, existing instruments offer the
potential advantage that population norm data are available, providing a basis
for valuable cross-sectional or longitudinal comparisons (e.g., with civilians or
with populations facing different types of stressful events).

The second reason is timing. Existing instruments could be put into the field
months, or even years, ahead of questionnaires that are developed de novo. The
third consideration is comparability. It may well be that at least some instru-
ments (or parts of instruments) have been fielded already within the Gulf War
veteran population; to the extent they can be used in the proposed studies over
time, they will provide a better comparison with previous studies than will
newly created instruments. Finally, issues of practicality arise; for example, in-
struments already used in federally contracted studies have passed the clearance
requirements of the Office of Management and Budget and thus are easier to
describe and justify.

Identifying instruments is, of course, a critical exercise. Many books review
available instruments in terms of their purpose, conceptual basis, reliability and
validity, and other characteristics (e.g., Bowling, 1997; Frank-Stromborg and
Olsen, 1997; McDowell and Newell, 1996).

Documenting the quality of off-the-shelf instruments that are considered for
these purposes will also enhance the perceived and actual credibility of the sur-
veys/studies. GWVHS principal investigators should review published compila-
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tions or available databases to ascertain what information is currently available
regarding the reliability, validity, and similar properties of existing instruments.

Another approach is direct evaluation of potential instruments against es-
tablished criteria as discussed by Lohr et al. (1996). A third option is for the
designers of these surveys/studies (or VA and DoD) to engage the services of
evaluators knowledgeable in the assessment of a wide array of existing instru-
ments for the purposes envisioned for this study, for example, the Medical Out-
comes Trust.

Modifying Existing Instruments

Using existing instruments, more or less intact, may blur into modifying
existing instruments. This may be desirable, or at least necessary even if not
optimal, in several circumstances. For example, combining two or more instru-
ments (e.g., a generic instrument with one or more condition-specific question-
naires) may result in redundant items, and these should be pared such that each
item is asked only once. Different instruments are likely to be formatted differ-
ently, and achieving a consistent, unique appearance for any “combined” ques-
tionnaires to be employed in the GWVHS will necessarily lead to modifications
of at least some of the original forms. Such reformatting should be done with
care taken not to distort the intent of the original items or response categories.

Length of a survey instrument may prove to be a significant consideration,
and here the GWVHS principal investigators may be tempted to pick and choose
items from different instruments that may appear to suit their purposes (e.g., add-
ing to one instrument specific items from other instruments). This practice should
be discouraged for questions that constitute subsets of a larger questionnaire, un-
less it is essential in view of interview length or time constraints, as it can make
irrelevant the psychometric, scoring, and feasibility properties of the “donating”
instrument. Use of such subsets of items from existing instruments requires meth-
odological research on the subset to ensure that it is acceptable to use.

Creating New Instruments

If, in the end, investigators of the proposed studies choose not to use exist-
ing instruments at all, then they will face the challenge of constructing a new
instrument. By and large, this requires attention to the following types of steps:

• laying out the conceptual model for the domains to be measured;

• developing, in an iterative process, successively smaller pools of items to
address the domains laid out in the conceptual model; this work can be done
through review of existing instruments, review of the literature, and use of focus
groups or other cognitive testing procedures;
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• pretesting a draft instrument in the population(s) of interest, with specific
attention to reliability (replicability in the test–retest sense), internal consistency
(where appropriate), feasibility, and various forms of validity;

• revising the instrument as needed in response to problems identified in
the pretesting stage; and

• developing (and testing) different versions of these instruments (e.g., both
self- and interviewer-administered models).

When the measurement model calls for instruments for which pure psy-
chometric properties are not considered relevant, then the developers must un-
dertake equivalent testing activities and document the characteristics of the final
instrument in other ways. Care should be taken to format any new instruments in
accordance with accepted principles of format and layout (e.g., those of Jenkins
and Dillman, 1977). When instruments are to be administered in a computer-
assisted mode, additional efforts are necessary to develop and test the computer
programs that are to be used.

Developing and testing data collection instruments can take months and
should be led by an experienced instrument development team. Space does not
permit detailed description of all the steps of instrument construction, but guide-
lines for such endeavors can be found in sources such as Fowler (1995).

COST

The committee recognizes that the cost of implementing the recommended
prospective cohort study is not insignificant. Recent estimates of the cost of
other large national panel surveys offer a range of reference points. The Health
and Retirement Study, conducted by the Institute for Social Research of the
University of Michigan for the National Institute on Aging, has an estimated
cost of $13.4 million for a 2-year cycle. The household component of the Medi-
cal Expenditure Panel Survey of the Agency for Health Care Policy and Re-
search has a budget of $13.8 million for six rounds of interviews with a single
panel over a 2.5-year study period. The cost of the Panel Study of Income Dy-
namics, also conducted by the Institute for Social Research and funded by the
National Science Foundation and other federal agencies, is estimated at $2 to $3
million per year. The budget for the Survey of Income and Program Participa-
tion, conducted by the U.S. Census Bureau, is $31 million for FY 1999. These
cost estimates for ongoing survey programs do not include the initial costs to
select the sample and develop the survey instruments and procedures.

ETHICAL CONSIDERATIONS

As with any survey or experiment involving human participants, ethical
considerations must be addressed in implementing the GWVHS. For the most
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part, these are governed by the requirements and regulations of the principal
investigators’ institutional review board. Certain issues are prominent, however,
because of the features of the research portfolio this committee is proposing,
because of considerations of compensation and benefits raised by the study
population, and because of potential work-related impact for those remaining in
the military.

The results of the prospective cohort study are viewed as providing infor-
mation that will generate hypotheses for further research at other levels of the
portfolio. Such results could, for example, generate the desire to include a sub-
sample of the study population in additional research efforts, such as determin-
ing treatment effectiveness for a particular condition or symptom. How and in
what ways can the obligations and requirements for confidentiality of individual
responses be balanced with the benefits to be derived from identifying sub-
populations for future research? How will determinations be made about the
validity of requests for information to conduct additional research? Who should
have that decision-making authority?

Additionally, questions will arise about whether the individuals enrolled in
the study are bearing a disproportionate burden of intrusiveness into their lives
over an extended period (relative to those never approached or enrolled in the
study). The issue of initial study participation is presumed to be dealt with
through informed consent, but consent for further study participation also should
be explicit.

These are examples of some of the important questions that must be ad-
dressed prior to implementation of the GWVHS. The following section dis-
cusses a mechanism for dealing with these and other important oversight issues
relevant to implementing the research portfolio.

INDEPENDENT ADVISORY BOARD

The long-term research strategy envisioned through full implementation of
the research portfolio laid out by this committee will involve many participants:
individuals from the armed services and the civilian sector, and agencies and or-
ganizations from both the public and private sectors. Moreover, many factors in
the coming years may exert substantial influence on the particular questions to be
asked and the specific types of projects to be carried out within this research strat-
egy. The structure and the assumptions that underlie the committee’s proposed
study design are dynamic, not static. This is particularly true if the portfolio is ap-
plied to investigations of the health effects of contemporaneous conflicts (e.g.,
Somalia, Bosnia) and to those of as yet unforeseen conflicts, peacekeeping efforts,
or wars as well as to the health problems of Gulf War veterans.

Health-related factors likely to be of importance include well-known and
predictable phenomena. Aging of the Gulf War population, for example, will
bring more of the “traditional” chronic diseases as an overlay on health prob-
lems that some veterans now manifest or could experience in the future. At the
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same time, newly emerging and reemerging diseases, particularly infectious
diseases, may complicate the epidemiological picture for veterans. In addition,
the number and sophistication of new health technologies—diagnostic, thera-
peutic, rehabilitative, and preventive—will continue to increase. Understanding
of the genetic or molecular basis of disease will also improve, potentially giving
rise to approaches to management of illnesses not thought of or considered pos-
sible today.

To ensure high-quality research throughout the program the committee be-
lieves an independent advisory board should be established to set policies for
and monitor the progress of the prospective cohort study and research portfolio
of the health of Gulf War veterans and veterans of other military conflicts. Such
an advisory board could include the following tasks among its functions:

• provide scientific and public oversight of research on issues related to the
health of Gulf War veterans and veterans of other conflicts;

• establish policies regarding data protection and access, and review and
award research grants or contracts;

• ensure integration of new research findings to advance understanding and
treatment of war-related illnesses; and

• provide advice to federal agencies on research on the health of veterans.

The advisory board should be an independent body to ensure its scientific
integrity and public perception of validity of research results. It should be com-
posed of acknowledged leaders in fields pertinent to the investigation of veter-
ans’ health issues and should include members who represent the veteran popu-
lation.

The benefits of such an advisory board are several. First, it provides for a
broad range of expertise to participate in the oversight of this major, and com-
plicated, effort to monitor the health of veterans of military conflict. Second, its
agenda can be quite broad and thus encompass more than might be accom-
plished by any single federal department; it could include relatively immediate
concerns such as funding priorities as well as longer-term issues such as how to
take account of changing disease epidemiology, new health care technologies, or
new populations of veterans of other conflicts.

Third, it provides a visible mechanism for public accountability. Finally,
such an advisory board can command national attention when it speaks or acts;
it is thus in a position to call for direct, immediate, and meaningful action on the
conclusions and implications of critical findings.

The functions of the advisory board should include a review of the scientific
and methodological merit of proposed and ongoing studies in the research port-
folio. This review should take into account not only the research activities being
supported or carried out within the structure proposed in this report, but also
changes in various other programs within the federal government or the private
sector. Of particular concern would be modifications to large national surveys
(e.g., the National Health Interview Survey, the Medical Expenditures Panel
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Survey, or similar periodic surveys of the Department of Health and Human
Services or other federal agencies) that capture epidemiological and other data
relevant to the health and health care utilization of veterans. Should any major
changes be judged necessary, they can be set in motion in an orderly, but timely
way so that consistency with earlier studies and methods is maintained.

Therefore, the committee recommends that an independent advisory

board oversee the conduct of the prospective cohort study. The advisory

board should

• be an independent, scientific, and policy-oriented body com-

posed of experts in clinical medicine, epidemiology, health status

and health outcomes assessment; veterans’ health issues; health

services research; social, behavioral, physical, and biomedical sci-

ences; survey research; statistics; national health databases; and

health policy, along with members of the public who represent Gulf

War veterans.

• review, in a timely manner, requests for proposals developed

by the funding agencies to conduct the prospective cohort study

recommended by the committee.

• evaluate the methodological design of the cohort study.

• set the minimum requirements for policies on

⎯ methods for locating and retaining study participants,

⎯ informed consent,

⎯ respondent burden,

⎯ confidentiality and security of data,

⎯ use of incentives, and

⎯ responsibility for reporting identified individual or

public health threats.

• evaluate the success of the prospective cohort study at the

end of the 10-year study period.

• submit a report to Congress every 2 years.

SUMMARY

A prospective cohort study—the Gulf War Veterans Health Study—com-
paring the health of Gulf War veterans to other veteran and civilian groups pro-
vides the opportunity to obtain important information about the current and
long-term health effects of military service in conflicts in which the United
States engages. Such information will provide the basis for analyzing the extent
to which health status is a function of a particular conflict, of participation in
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conflict in general, or the result of factors common to both military and civilian
populations.

Special effort must be made to ensure the integrity of the study process and
public acceptance of findings because of the many questions and concerns
voiced by both members of Congress and the public about the openness and
completeness of federal efforts to investigate the health problems of Gulf War
veterans. To this end, the committee believes it essential to establish an inde-
pendent advisory board composed of scientists and members of the public to
oversee the GWVHS process and to report findings.
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Conclusion

Numerous investigations and research efforts have been undertaken because
of concern about the impact of the Gulf War on the health of U.S. troops who
served in that conflict. Some of these efforts have addressed the federal govern-
ment’s preparedness to meet its obligations and responsibilities to protect U.S.
military service members, veterans, and their families. Others have attempted to
determine what health effects might be attributed to service in the Gulf War.
Still others have tried to identify possible causes for the myriad reports of health
problems among Gulf War veterans.

The continuing focus on the health problems of Gulf War veterans is attrib-
utable in no small part to the efforts of individual veterans and the organizations
that represent them. These veterans have tirelessly kept before the public and the
Congress the idea that more needs to be done to help those veterans who are
experiencing health problems they believe are due to their service in the Gulf
War.

Although the adequacy of the government’s response has been criticized,
the Departments of Veterans Affairs (VA), Defense (DoD), and Health and Hu-
man Services (HHS) have expended enormous effort and resources in attempts
to address a number of important issues related to the health of Gulf War veter-
ans. VA and DoD have implemented clinical diagnostic programs in which more
than 100,000 Gulf War veterans have participated. They have funded more than
120 distinct research projects on Gulf War veterans’ illnesses, covering the fol-
lowing areas of research:

• prevalence of and risk factors for symptoms and alterations in general
health status,

• brain and nervous system function,
• reproductive health,
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• immune function,
• mortality experience,
• environmental toxicology,
• chemical weapons,
• depleted uranium,
• pyridostigmine bromide,
• leishmaniasis,
• interactions of exposures,
• prevention of diseases and illnesses,
• diagnosis of conditions related to Gulf War service, and
• treatment of conditions related to Gulf War service.

The findings of these efforts have contributed valuable information to our
attempts to understand the causes and consequences of Gulf War veterans’ ill-
nesses, yet fundamental questions remain. We do not know the extent to which
the population of Gulf War veterans is experiencing health problems that they
believe are related to service in the Gulf, nor do we know whether the health
status of the Gulf War population is better than, worse than, or the same as that
of veterans who were not deployed to the Gulf War. Additionally, there has been
no systematic evaluation of whether the health status of these veterans is
changing and, if so, how.

The committee has developed and recommends implementation of a re-
search portfolio and prospective cohort study—the Gulf War Veterans’ Health
Study (GWVHS)—that it believes will address these questions. Key to this port-
folio is the linking of individual studies through the collection of a core set of
key data elements on health and its correlates. Such linkage will enhance the
contributions of future studies by providing a mechanism that allows for com-
parisons across all research undertaken. The committee believes that the
GWVHS and the broad research portfolio will, if implemented, lead to a greater
understanding of the longer-term health effects of service in the Gulf War.

The issues surrounding the health of Gulf War veterans are complex, from
both a scientific and a policy perspective. Many believe, correctly or not, that
attempts to address these issues have been governed by people with conflicting
interests. As long as that view persists, resolving these issues will be difficult.
The committee recommends establishing an independent advisory board to
oversee the implementation of the GWVHS and accompanying research portfo-
lio to assure the public, the veterans, Congress, the scientific community, and
others that all efforts to resolve these issues are being conducted according to
the highest standards of scientific integrity and public accountability.

In the more than 8 years since the men and women who served in the Gulf
War returned home, many veterans have become ill and believe that their health
problems are a consequence of participation in the Gulf War. A schism has de-
veloped, with ill veterans and their representatives on one side and the federal
agencies charged with addressing veterans’ health problems on the other. In the
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interests of all involved, additional coordinated and concerted efforts must be
made to bridge this gap. The committee believes that the recommendations in
this report will facilitate that process and urges that they be implemented as
speedily as possible.
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APPENDIX A

Coalition Forces and Force Strength

Total U.S. forces deployed: 697,000; peak personnel strength: 541,400
Total other coalition forces: 259,700 at peak personnel strength

Country No. Country No.

Afghanistan 300 Norway 50
Argentina 300 Oman 6,300
Australia 700 Pakistan 4,900
Bahrain 400 Philippines Unknown
Bangladesh 2,200 Poland 200
Belgium 400 Qatar 2,600
Canada 2,000 Romania Unknown
Czechoslovakia 200 Saudi Arabia 100,000
Denmark 100 Senegal 500
Egypt 33,600 Sierra Leone Unknown
France 14,600 Singapore Unknown
Germany Unknown South Korea 200
Greece 200 Spain 500
Hungary 50 Sweden Unknown
Italy 1,200 Syria 14,500
Japan Unknown Thailand Unknown
Kuwait 9,900 Turkey Unknown
Morocco 13,000 United Arab Emirates 4,300
Netherlands 600 United Kingdom 45,400
New Zealand Unknown Zaire Unknown
Niger 600
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ABSTRACT

The design for the Gulf War Veterans Health Study poses a variety of
challenges. In order to study changes in the Gulf War (GW) veterans’ health
status over time, a panel design (also known as the prospective cohort design)
is indicated. Since the study also aims to examine the levels of the GW veter-
ans’ health status at various time points, consideration needs to be given to the
cross-sectional representativeness of the panel, thus a repeated panel design
should be considered as a potential alternative to a permanent panel design.
Due to the anticipated deterioration in the quality of the locating information on
the GW veterans, recruiting the GW veterans will likely require a substantial
effort to track and trace the sampled participants, making it unattractive to use
designs such as a rotating panel that requires repeated recruitment of new pan-
els. Given the closed nature of the GW veteran population (there are no new
entries), it is important for the study to provide timely information of value to
the GW veterans during their lifetime. Thus, the study should be designed with
more frequent data collection in the early years when the information obtained
has a longer “useful life.” Based on the consideration of various trade-offs,
three of the most promising designs are the permanent panel design, the re-
peated panel design, and a combination of the two. A promising design is to re-
cruit an initial panel and follow the panel every 3 years for three waves. An as-
sessment shall be made after the third wave to assess the quality of the panel, to
determine whether to continue following the same panel, to switch to a new
panel, or to take a combination of the two. The survey frequency might be re-
duced in the second decade and beyond.

∗
Prepared for the Institute of Medicine Committee on Measuring the Health of Gulf

War Veterans.
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INTRODUCTION

The design of a study is usually determined by the research questions that
need to be addressed, and the target population to be studied. The proposed Gulf
War Veterans Health Study (GWVHS) aims to address the following research
questions:

1. How healthy are Gulf War veterans?
2. In what ways does the health of Gulf War veterans change over time?
3. Now and in the future, how does the health of Gulf War veterans com-

pare with:

• The general population?
• Persons in the military at the time of the Gulf War but not deployed?
• Persons in the military at the time of the Gulf War who were de-

ployed to nonconflict areas?
• Persons in the military deployed to other conflicts, such as Bosnia,

Somalia, and so on?

4. What individual and environmental characteristics are associated with
observed differences in health between Gulf War veterans and comparison
groups?

Since the study aims to address both the levels at specific time points (the
first and third research questions) and changes over time (the second and fourth
research questions) for Persian Gulf veterans’ health status, we will consider
study designs appropriate for both types of research questions. In particular, we
will consider repeated cross-sectional surveys and various panel survey designs
(also known as prospective cohort designs).

Unlike the general population (either civilian or military), Gulf War (GW)
veterans are a closed population: there is no birth, enlistment, or migration into
this population. The membership in this population was determined by the par-
ticipation in the Persian Gulf War, that is, those who served in the Gulf War
theater of operations between August 2, 1990, and June 13, 1991. The closed
nature of the GW veteran population has important implications for the study
design, such as on the merits of replenishing the panel.1 Further discussions are
given in the section on temporal structure below.

Given the closed nature of the GW veteran population, it is important for
the GWVHS to provide timely information for the GW veterans. This objective
gives the GWVHS a stronger focus on public health rather than basic science
research. The information obtained in GWVHS will be of value to the GW vet-
erans only during their lifetime. Therefore timeliness of information should be

1
Discussions about the use of refreshment samples in a panel study with attrition are

given in Hirano et al. (1998).
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taken into consideration for the design of the GWVHS. In other words, the focus
for GWVHS is more on public health (to serve the GW veterans) than basic sci-
ence research (to obtain scientific knowledge applicable to future patients). This
important feature indicates that the GWVHS should be designed with more fre-
quent data collection in the early years when the information obtained has a
longer “useful life” to the GW veterans, and less frequent data collection in later
years when the information has a shorter “useful life.” Further discussions are
given in the section on Survey Frequency.

In order to strengthen our ability to understand the health problems of GW
veterans and their trajectories, it is worth considering a case-control component
in GWVHS. The comparison group would consist of patients with medically
unexplained physical symptoms in the same geographical areas as the GW vet-
erans in the GWVHS sample. Geographical matching has an important implica-
tion for the study design, namely, the extent to which the GWVHS sample
should be clustered geographically. Further discussions are given in the section
on Survey Modality and Geographical Clustering.

Another important unique feature about the GW veteran population is that
our ability to locate individuals in this population is likely to deteriorate over
time. While the Department of Defense (DoD) maintains locating information
on record for all veterans, including GW veterans, the accuracy of this informa-
tion is likely to decrease over time. As this report is being written, 8 years have
elapsed since the Gulf War. We anticipate, therefore, that a substantial tracking
and tracing effort is necessary to recruit a representative sample of GW veterans,
and a substantial level of nonresponse will still occur despite this effort. This
feature has important implications for the design of GWVHS, making it less
appealing to recruit multiple cohorts into the study.

In population studies of Gulf War veterans conducted to date, response rates
ranged from a low of 31% in the study conducted by Stretch et al. (1995) to 97%
of those located in a survey of women who served in the U.S. Air Force during
the Gulf War conducted by Pierce (1997). Further details are given in Chapter 5
of the report. A low response rate is a concern for the validity of the data, there-
fore it is important to engage in efforts to increase the response rate, using sur-
vey research tools such as tracking and tracing of participants, and incentives.
Further discussions on nonresponse, tracking, and tracing can be found in the
section “Nonresponse, Attrition, Tracking, and Tracing.”

In order to help interpret the health status of GW veterans (especially the
changes over time), several comparison groups (listed under the third research
question above) will be included in GWVHS. Those comparison groups will be
recruited and surveyed using the same design to be used for GW veterans to
maximize the comparability. Since the membership in the GW veteran popula-
tion versus the comparison groups is not randomized, the comparison will be
vulnerable to potential selection bias problems common to all observational
studies: GW veterans might be different from the comparison groups even in the
absence of the Gulf War experience. In order to account for such differences, the
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best possible effort needs to be made to collect data on potential confounding
factors.

Based on the consideration of various trade-offs in the ability of various
study designs to accomplish the objectives for the GWVHS, three of the most
promising designs are the permanent panel design, the repeated panel design,
and a combination of the two. A promising design is to recruit an initial panel
and follow them every 3 years for three waves. An assessment shall be made to
evaluate the quality of the panel at the end of the third wave, to determine
whether to continue following the same panel, to switch to a new panel starting
in year 10,2 or to take a combination between the two. The survey frequency
might be reduced in the second decade and beyond. Note that the final design
decision can be made after the first three waves have been fielded; thus it can be
(and should be) based on the actual cost data obtained in the field.

In order to facilitate the recruitment of the second panel if warranted, it is
worth considering recruiting a “reserve” sample along with the initial panel,
giving them a brief enrollment interview to collect contact information, and
maintaining contact with them over time through tracking. This provision will
reduce the potential deterioration in our ability to locate and contact the GW
veterans who were not sampled in the initial panel.

TEMPORAL STRUCTURE FOR SURVEY STUDIES

Given the dual goals in GWVHS to study both levels and changes for GW
veterans’ health status, it is important to consider the structure of the survey
study design both in terms of the units (individuals) to be surveyed and the
time(s) those units are to be surveyed. We discuss in this section the candidate
designs, the pros and cons for those designs, and specific considerations for the
GWVHS.

Taxonomy of Survey Studies

The temporal structure for survey study design can be classified according
to the following taxonomy,3 listed in order of increasing emphasis on temporal
versus unit-specific data collection.

2
Starting the second panel a year after the end of the first panel, instead of following

the regular 3-year interval between waves, would facilitate the opportunity to “splice”
across the panels.

3
Similar taxonomies and discussions about the trade-offs among those designs are

given in Duncan and Kalton (1987), Bailar (1989), and Kalton and Citro (1993). General
discussions about design and analysis issues for panel studies are also given in Duncan et
al. (1984) and Hsiao (1985, 1986).
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1. Single cross-sectional survey. A cross-sectional sample of observation
units is identified at one time point and surveyed once. This design only allows
for the estimation of level parameters, such as the prevalence of medically un-
explained physical symptoms, at the specific time point, and usually does not
allow for the assessment of prospective changes over time. The survey might
include retrospective data items to inquire about past events; thus, it might pro-
vide some information on past changes, although the reliability of the retrospec-
tive data might be compromised. Additionally, the validity of retrospective data
might be affected by mortality and other forms of exit from the target popula-
tion. For example, in order for patients who experienced a life-threatening dis-
ease to be available to report on past changes, they must have survived the dis-
ease. Therefore the survival rate estimated from the retrospective data is likely
to be very biased.

2. Repeated cross-sectional surveys without unit overlap. A cross-sectional
sample of observation units is identified at each of several time points; each
sample is surveyed once. The samples are drawn with no provisions for overlap;
a few overlap cases might occur if the samples are drawn with replacement and
the sampling rates are sufficiently high. This design allows for the estimation of
level parameters at each of the selected time points, as well as the average of the
level parameters over time. In addition, this design also allows for the estimation
of net changes in the population parameters over time, such as the increase or
reduction of the prevalence of medically unexplained physical symptoms over
time. It usually does not allow for the assessment of individual gross changes,
such as the persistence of these unexplained symptoms, whether the same pa-
tients are affected over time, and the amount of turnover. (Retrospective inquir-
ies might provide some information, but might be of compromised quality.)

3. Repeated cross-sectional surveys with unit overlap. This design is simi-
lar to (2), with the exception that a portion of each subsequent sample is drawn
from the previous sample. In other words, the membership in the previous sam-
ple is used as a stratifying variable in the subsequent sample, with the units in
the previous sample being oversampled relative to the new units. This design
has similar capabilities as (2); it also allows for the estimation of gross changes
on the individual level, using the portion of the sample that overlaps with the
previous sample.

4. Repeated panel surveys with temporal overlap. This design is similar to
(2), with the exception that each sample is surveyed several times, usually at
regular time intervals, thus each sample serves as a panel. The temporal spans
for the panels overlap in time: a new panel is initiated before the previous panel
has retired, thus several panels are usually active in the field at the same time.
This design is essentially the same as the rotating panel survey design. (There
are some fine distinctions between those two designs, but the similarity domi-
nates their differences.) For each time point, the level parameters can be esti-
mated using the panels active at the time, usually including a new panel (just
initiated) and several ongoing panels. The quality of the ongoing panels for the
level estimates might be compromised by panel artifacts such as attrition and
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panel conditioning, to be discussed later. (Similar compromise might also occur
in [3] among the overlap portion of the subsequent samples.) However, the pres-
ence of multiple panels in different stages of progression might help mitigate
some of those problems. On the other hand, this design usually provides more
precise estimates on the changes (both net and gross) than the previous designs.

5. Repeated panel surveys without temporal overlap. This design is similar
to (4), with the exception that the panels do not overlap in time: a new panel is
initiated after the previous panel is retired. (Thus the temporal span for each
panel is distinct and does not overlap with other panels.) Each panel allows the
estimation of level parameters at the time of its initiation, as well as the estima-
tion of those parameters at each follow-up. Similar to (4), this design might also
be vulnerable to attrition and panel conditioning, and is likely more vulnerable
than (4) at follow-up waves because there are no other panels active at the same
time to help mitigate those problems.

6. Permanent panel survey. A single sample is drawn at one specific time
point, then followed for the entire duration of the study. This design provides
more information on changes, especially on long-term gross changes on the in-
dividual level. (The ability of [4] and [5] to provide direct information on long-
term gross changes is limited by the duration of the individual panels. It might
be possible to “splice” distinct panels to assess long-term gross changes. This
usually requires strong assumptions such as the Markovian properties on the
nature of the gross changes.) On the other hand, this design is more vulnerable
than (4) and (5) to attrition and panel conditioning.

7. Time series study. A single unit is chosen and followed intensively for
the entire duration of the study. This design will provide the most intensive in-
formation on gross changes, and practically no information on level parameters.

There are many possible variations on and combinations of the designs
listed above. For example, a study focused on a specific disease or condition
might follow all cases with the condition to assess their trajectories, and follow a
subsample only for the noncases to assess the incidence rates.

Pros and Cons for Alternative Study Designs

Given the dual goals for GWVHS to obtain both level and change estimates,
designs (1) and (7) should be ruled out. Among the remaining candidate designs
(2)–(6), the sequence in which they appear in the above section on Taxonomy is
ranked in increasing order of the emphasis on repeated measurements on the
same individuals, that is, the overlap of the cohort over time.

Generally speaking, the more overlap there is across time in the units sur-
veyed, the more information is available on estimating changes. This premise is
self-evident for gross changes on the individual level: we observe gross changes
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only among the units that overlap in time.4 The permanent panel survey is there-
fore the preferred design for studies focused on gross changes.

For net changes, the overlap is usually viewed as a plus because the same
individuals serve as their own controls over time. This is illustrated in the fol-
lowing simple model:

,1,0;,...,1, ==+++= tnitY itiit εθβα

where Y denotes the outcome of interest, α denotes the baseline population

status, β  denotes the net change of interest, θ denotes the time-invariant indi-

vidual variation, and ε  denotes the temporal random error. With less overlap,
such as in repeated cross-sectional surveys, distinct individuals are observed at
times 0 and 1. The net change is estimated using the difference between the two
sample means:

),()(ˆ
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where the subscripts 0 and 1 refer to the distinct cross-sectional samples. The
uncertainty in the estimated net change includes both the sampling error in the

cross-sectional samples, θ,  and the temporal random error, ε. With more over-
lap, such as in panel surveys, the same individuals are observed at times 0 and 1,

thus the sampling error θ  is cancelled when we compare times 0 and 1, resulting
in a more precise estimate for the net change.5

For estimating levels, the overlap is usually a disadvantage.6 More specifi-
cally, consider the estimation of the average level of Y across the population and
also over time. This is usually estimated using the grand mean of all observed
Yij’s. With repeated cross-sectional surveys, the sampling error variance is re-
duced by a factor of 2n, because two distinct (and independent) samples are
drawn at times 0 and 1. For panel survey, the sampling error variance is reduced
by a factor of n, because the same sample is used at times 0 and 1. Therefore the

4
It is possible to use repeated cross-sectional surveys to estimate gross change pa-

rameters such as survival rates under various assumptions. The precision for those esti-
mates is usually substantially lower compared to those obtained using panel surveys.

5
For simplicity of illustration, we restricted ourselves here to a two-wave design and

an analysis of changes. With more waves of data collected on the same participants, a
rich variety of longitudinal analysis (time trend analysis, growth curve analysis) can be
applied (see, e.g., Hsiao, 1985, 1986; Diggle et al., 1994). Discussions on the pros and
cons of cohort designs versus repeated cross-sectional designs for community interven-
tion studies are also given in Diehr et al. (1995) and Gail et al. (1996).

6
An important implication is that the less overlapped designs such as the repeated

cross-sectional surveys without unit overlap are more capable of identifying cases with
rare attributes such as rare disease conditions.
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estimate based on the panel survey is less precise.7 This comparison is impor-
tant, for example, for detecting persistent rare conditions: the chance for detect-
ing such conditions is much higher with repeated cross-sectional surveys than
panel surveys (because more individuals are surveyed).

A related advantage for the panel survey design is its ability to control for
time-invariant unobserved confounding factors. As an illustration, consider the
following extension of the earlier model:

,1,0;,...,1, ==+++++= tniwxtY itiiitit εθδγβα

where x denotes the predictors of interest, and w denotes unobserved confound-
ing factors (assumed to be time-invariant). If the confounding factors w were
observed, it would be possible to control for them in cross-sectional data. With
panel data, it is possible to control for unobserved time-invariant confounding
factors by taking the difference across time, resulting in the following difference
model:

.,...,1),()( 010101 nixxYY iiiiiii =−+−+=−=∆ εεγβ

We then regress the change in Y (∆) on the change in x. Assuming that the con-
founding factors w are time-invariant, they would be cancelled out in the differ-
ence model.

It should be noted, though, that the ability of the difference model to control
for confounding factors and estimate the effects of interest depends critically on
the temporal variation in the predictors of interest. If the predictors x do not vary
over time, the difference model does not allow us to estimate their effects. Even
if the predictors x do vary over time, the precision for the estimated effects
might be poor if the temporal variation in x is small.

Another important advantage of the panel design is that it might help im-
prove the quality of the recall by using the events observed in the earlier waves
to bound the time frame of recall in future waves (see, e.g., Neter and Waksberg,
1964). However, since the anticipated between-wave lags are much longer than
the recall period for GWVHS, this feature is unlikely to be applicable. Further
discussions on bounding the time frame and related recall error issues can be
found in the section, Measurement Error.

While the panel design has much merit, it also has some limitations. One
important limitation is that the panel design can be especially vulnerable to non-
response. Nonresponse is an important limitation to all survey studies under both
cross-sectional and panel designs. Almost all survey studies fail to obtain com-
plete data on some sampled subjects due to various reasons: some subjects can-
not be located or reached, some are too sick to be interviewed, some refuse to be

7
This comparison assumes the same sample size under the two designs. This is

somewhat unfair: the sample size available under the panel design will likely be larger
due to its lower cost per person-wave.
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interviewed. It is usually plausible that the nonrespondents are different from the
respondents in terms of the attributes of interest. For example, Groves and Cou-
per (1998) reported that households with many members and households with
elderly persons or young children are easier to contact, urban households are
more difficult to contact than rural households; once contacted, those in military
services, racial and ethnic minorities, and households with young children or
young adults are more likely to cooperate with the surveys. Given the potential
for respondents to differ from nonrespondents, the analyses based on the re-
spondents might provide biased estimates for the target population. The severity
of the nonresponse bias is usually associated with the nonresponse rate (see, e.g.,
Kish, 1965, Section 13.4B). If the nonresponse rate is low, say, less than 10%,
the nonresponse bias is likely to be small and negligible. If the nonresponse rate
is high, say, more than 30%, there is a potential that the nonresponse bias might
be serious, thus the conclusions based on the respondents might be flawed.

There are a number of statistical and econometric techniques that can be used
to mitigate the impact of nonresponse, such as nonresponse weighting, (multiple)
imputation, pattern mixture modeling, and selectivity modeling. The section Non-
response, Attrition, Tracking, and Tracing provides further discussion.

While nonresponse is usually a limitation for both cross-sectional and panel
designs, it is usually a bigger problem for panel designs because the nonre-
sponse can accumulate over time. A panel study that is designed and imple-
mented well usually holds the attrition over time to a very low level, such as 5 to
10 percent in each wave. Furthermore, some sampled subjects who did not re-
spond to an early wave might be “resurrected” in a later wave. However, the
nonresponse usually accumulates across waves, and reaches a substantial level
after multiple waves. For example, the wave nonresponse accumulated to 19%
at wave 7 in the 1987 Survey of Income and Program Participation (SIPP) panel
(Jabine et. al., 1990), one of the exemplary panel studies. Therefore, the poten-
tial for nonresponse bias becomes more severe in later waves.8

A related limitation for the panel design is the omission of new members in
the target population, due to birth, enrollment, immigration, and so on. While
the panel was designed to be representative of the target population at the begin-
ning of the study, the panel ages over time and does not represent the new mem-
bers. Therefore the representativeness of the panel becomes compromised in
subsequent waves, both because of the omission of new members, and because
of the cumulative attrition discussed earlier. Some panel studies refresh the sam-
ple by adding a sample of new members who joined the target population since
the original sample was drawn. This can be costly unless there is an easy way to
identify the new members. However, since the GW veterans are a closed popu-
lation, there are no new members entering the target population, thus the omis-
sion of new members is not an issue.

8
The ability of the statistical techniques to mitigate the potential nonresponse bias

also improves over time with the panel design, because we have more data on the sam-
pled subjects who responded to earlier waves and drop out in a later wave.
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Another important limitation in the panel design is panel conditioning: the
observed responses might be affected by the participation in the panel, thus
compromising the validity of the data obtained in later waves. Further discus-
sions on panel conditioning can be found in the section, Measurement Errors
Specific to Panel Surveys.

GULF WAR VETERANS HEALTH STUDY DESIGN

Repeated panel surveys with temporal overlap (rotating panel surveys) is
the commonly used compromise when both levels and changes are of interest.
However, this design requires recruiting new cohorts from the target population
regularly; thus, it might not be appropriate for the GWVHS. Given the antici-
pated deterioration of the quality of the DoD records data on the GW veterans,
the recruitment cost is likely high for the GW veteran population, requiring sub-
stantial tracking and tracing efforts. In order to economize the design, it would
be desirable to reduce the need to recruit new cohorts. Based on those consid-
erations, either a permanent panel design or repeated panel surveys without tem-
poral overlap would be the preferred choice for GWVHS, to avoid conducting
costly recruitment on a regular basis.

The permanent panel design has the advantage that it allows the direct as-
sessment of long-term gross changes on the same individuals—with the repeated
panel surveys without temporal overlap, we need to “splice” the trajectory from
different panels to assess changes across waves that fall under different panels.
However, the permanent panel design will be more vulnerable to cumulative
attrition and panel conditioning. Therefore, a promising design also worth con-
sidering for the GWVHS is repeated panel surveys without temporal overlap.
The study should review the quality of the first panel after the third wave for the
initial panel,9 to determine the extent to which the validity of the inference based
on the panel is compromised by cumulative attrition and panel conditioning.10 If
the quality of the panel is judged to be satisfactory, the study would continue
following the same panel. If the validity is judged to be unsatisfactory, the study
would switch to a new panel. If the validity is judged to be marginal, it is con-

9
Cumulative attrition usually levels off after the first two or three waves in the ex-

isting panel studies. Therefore it is reasonable to conduct the assessment after the third
wave, and assume that further attrition will be small. It is reasonable to assume that panel
conditioning will also level off after two or three waves, although there is less empirical
evidence.

10
The assessment of cumulative attrition is straightforward. The assessment of panel

conditioning is more involved, and requires differentiating the true changes over time
from panel conditioning. Ideally, the assessment should use a new sample, and compare
the distribution of outcome measures between the new sample and the on-going panel.
However, since we anticipate that panel conditioning is unlikely to have a major impact
on the GWVHS participants, it might not be worthwhile to devote a substantial amount of
resources to conduct this assessment.
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ceivable that a hybrid design analogous to a rotating panel design could be used,
continuing to follow a random subsample of the initial panel, and drawing a new
panel to make up for the discontinued portion of the initial panel.

In order to facilitate the recruitment of a second panel if it is warranted, it is
worth considering that a “reserve” sample be recruited at the same time of the ini-
tial sample. The “reserve” sample will be enrolled into the study, and given a brief
survey to collect the contact information.11 This sample will then be sent into “hi-
bernation,” and will be reactivated if a decision is reached later to recruit a second
panel. While the “reserve” sample is in “hibernation,” we will maintain tracking to
make it feasible to reactivate this sample if needed.12 This provision will require a
nontrivial amount of resources, but will guard against the risk that the contact in-
formation in the DoD records will deteriorate further during the tenure of the ini-
tial panel, making it impossible to recruit a second panel.

If the “reserve” sample is implemented successfully, the rotating panel de-
sign might be a viable option. We can activate a third of the “reserve” in waves
2, 3, and 4, respectively, and retire a corresponding portion of the original panel.
The maintenance cost for the “reserve” sample will be lower under the rotating
panel design, because the size of the “reserve” sample is reduced over time. On
the other hand, the recruitment cost is still likely to be substantial even with the
“reserve” sample, therefore it might be more economical to activate the “re-
serve” sample in one lump sum instead of in pieces.

There are important analytic trade-offs between those designs. With the re-
peated panel design without temporal overlap, the entire panel is available in the
first three waves, allowing more precise estimates for changes (both net and
gross). Furthermore, this design allows the option of switching to a permanent
panel design (without activating the “reserve” sample), either in part or in full, if
warranted. However, we cannot estimate gross changes between the two panels,
say, between the third and fourth waves. On the other hand, the rotating panel
design includes less overlap across the first three waves; thus, it provides less
precision for estimating changes (especially gross changes) among those waves.
However, it does allow for the estimation of gross changes in later waves, say,
between the third and fourth waves. As discussed in the Introduction to this ap-
pendix, the public health focus of the GWVHS indicates that it is more impor-
tant to assess changes across the first three waves (repeated panel surveys with-
out temporal overlap is preferable for those objectives), than assessing changes
that occur in later waves (rotating panel design is preferred for those objectives).
See Survey Frequency for further discussion.

11
We might as well collect a minimal amount of health status data at the same time

the contact information is collected.
12

Since the “reserve” sample will be in “hibernation” for many years before re-

activation, the tracking should be conducted in a cost-effective way, using the low-cost
procedures only. A more comprehensive tracing effort will be conducted when the sam-
ple is reactivated.
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Another analytic advantage in the rotating panel design is that it allows us
to assess the presence and severity of panel conditioning regularly because a
new portion of the “reserve” sample is activated in each wave. However, given
our anticipation that panel conditioning is unlikely to be a major problem for the
GWVHS (see Survey Modality and Geographic Clustering), this advantage is
less critical. In summary, the challenges in recruiting the GW veterans make the
rotating panel design less appealing for the GWVHS than either the permanent
panel design or the repeated panel design without temporal overlaps.

To summarize, three of the most promising designs for the GWVHS are the
permanent panel design, the repeated panel design, and a combination of the
two. A promising design is to recruit an initial panel, and follow them every 3
years for three waves. An assessment shall be made to evaluate the quality of the
panel at the end of the third wave (to be fielded during the 9th year of the study),
to determine whether to continue following the same panel, to switch to a new
panel starting in year 10, or to take a combination between the two. It is worth
considering recruiting a reserve sample to be activated as needed for the second
panel. Note that the final design decision can be made after the first three waves
have been fielded; thus, it can be (and should be) based on the actual cost data
obtained in the field.

SURVEY FREQUENCY

An important parameter in the design of panel studies is the survey frequency:
how often will the participants be surveyed. We assume for now that the survey is
conducted with equal spacing between waves—this is the design commonly em-
ployed in most panel studies. We also assume that the overall duration of the study
has been determined in advance. The survey frequency is then determined by the
number of waves to be conducted within the given duration.

For many panel studies, the survey frequency is determined by the reference
periods for the key outcome measures (see the section, Measurement Error be-
low), so as to obtain a contiguous stream of those outcome measures over time.
Since the GWVHS follow-up waves will be much longer than the reference pe-
riods for the outcome measures, this aspect is not applicable.

For studies with a fixed budget, there is usually a trade-off between the sur-
vey frequency and the number of participants surveyed in each wave. With a
higher survey frequency, the number of participants surveyed in each wave will
be smaller.

For panel studies, a simplistic way to measure the total amount of information
collected can be measured using the number of person-waves of surveys con-
ducted. The cost per person-wave surveyed usually decreases with the survey fre-
quency. More specifically, the marginal cost to conduct an additional wave of the
follow-up survey for a participant already recruited into the study is usually lower
than the cost to recruit an additional participant into the study for the first wave of
data collection, because tracking and tracing costs for ongoing participants are
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usually lower than the recruitment cost for new participants. Therefore, this sim-
plistic measure (the number of person-waves surveyed) usually favors collecting
many waves of follow-up on the same sample of participants.

The simplistic measure described above does not convey all information
relevant to the design of a panel study. We must also consider the statistical in-
formation obtained in the study. Due to intraclass correlation at the individual
level, the statistical information per person-wave of survey is likely to decrease
with the survey frequency, thus counter-balancing the reduction in the cost per
person-wave of survey. The intraindividual correlation can occur on the levels: a
healthy individual will usually remain healthy over time. The correlation can
also occur on the changes: the trajectory of an individual’s health change during,
say, the first 3 years might be predictive of his/her trajectory in the future.

As was noted in the Introduction, the repeated measurements on the same
participants usually contribute less information towards the estimation of cu-
mulative levels, such as the detection of rare conditions. For estimating changes,
the panel design is usually preferable to the repeated cross-sectional design.
However, the statistical information does not accumulate proportionately with
the number of waves surveyed. Assuming a linear time trend, the largest contri-
bution to the statistical information of the estimated rate of change comes from
the first and last waves. The marginal contribution from each intermediate wave
is smaller.

The appropriate survey frequency needs to balance between the cost per
person-wave of survey and the statistical information per person-wave of sur-
vey. Overall and Doyle (1994) and Hedeker, Gibbons, and Waternaux (1999)
provided the methodologies for power calculations for longitudinal studies un-
der a variety of model assumptions. Those techniques can be used in conjunc-
tion with information about survey costs to compare alternative survey frequen-
cies to determine the appropriate design that provides the optimal power and
precision under the available budget.

In addition, one also needs to take into consideration attrition and measure-
ment error issues discussed in the section Nonresponse, Attrition, Tracking, and
Tracing and in Measurement Error, in order to arrive at the appropriate choice
for the survey frequency. This is not an easy task. Presser (1989) observed that
“There are difficult trade-offs here . . . a given decision might decrease sampling
error but increase potential nonresponse bias, while at the same time reducing
conditioning and increasing telescoping . . . the paucity of relevant studies
means we are frequently operating in the dark.”

A useful recommendation was given in Cantor (1989) to base decisions on
survey frequency on “the amount of time it takes to expect meaningful change
and/or occurrence in the variables that are of substantive interest. . . . For exam-
ple, epidemiological studies typically require a number of years for a follow-up
period in order to allow for physical and mental development.” In other words,
the survey frequency should allow enough time between waves for meaningful
changes worth measuring to take place.
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We have assumed up until now that the survey is conducted with equal
spacing between waves—this is the design commonly employed in most panel
studies. This might not be the most appropriate design for the GWVHS, for sev-
eral reasons.

First, the usual practice of conducting longitudinal studies with equal spac-
ing is not well-grounded in statistical theory. Maxwell (1998) observed that
“equal spacing of observation periods is a typical mathematical assumption, in
part because many longitudinal designs follow this practice. Nevertheless, if the
straight-line grow model is in fact the correct model, greater power can be
achieved by spacing all of the assessments farther from the middle of the overall
assessment period and closer to the extremes (i.e., closer to the pretest and to the
posttest). On balance, the equally spaced design often offers a better choice in
practice. . . .”

The observation that nonequal spacing can improve power is important. In
the extreme, if there is compelling evidence that the change in the outcomes
follows the straight-line model (the rate of change is constant over time), the
intermediate waves do not contribute much information, thus the study design
can be improved by placing more observations near the beginning and the end of
the study period. The optimality under the straight-line model needs to be bal-
anced against the robustness for the design to perform well under deviations
from the straight-line mode, thus some waves should be placed in the intermedi-
ate time range. However, as long as the straight-line model is a reasonable ap-
proximation to the actual pattern of the change over time, the balance between
optimality and robustness is unlikely to justify the equally spaced design—the
appropriate design should still place more emphasis near the beginning and the
end of the study period.

In addition, the public health (vs. basic science research) focus of the
GWVHS makes it important to take into consideration the timeliness of interim
data. As discussed in Section 1, the information obtained in GWVHS will be of
value to the GW veterans only during their lifetime. Therefore timeliness of in-
formation should be taken into consideration for the design of the GWVHS.

In basic science research, we usually assume an infinite time horizon.13 The
scientific knowledge acquired from the study is expected to serve a large num-
ber of future clients in the years to come. The study participants might receive
suboptimal treatments in order to provide the scientific knowledge to serve fu-
ture clients. For example, in placebo-controlled trials, the participants assigned
to the control group receive the placebo instead of the experimental treatment.

13
Weinstein (1974) criticized the assumption of an infinite time horizon in clinical

trials, and advocated considering a limited time horizon instead. Indeed, the “useful life”
of scientific knowledge is usually limited; a new treatment will likely be replaced by
other treatments in several years. A variety of alternatives to the usual clinical trial design
have been proposed in the literature, such as sequential designs, two-stage designs, and
play-the-winner designs, but those designs are not widely used (see, e.g., Armitage, 1960;
Coad and Rosenberger, 1999; Day, 1969; Lai et al., 1980; Robbins, 1974; Wei and Dur-
ham, 1978; Whitehead, 1997; and Zelen, 1969).
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Although the ethical consideration dictates that the trial be conducted only in the
absence of conclusive evidence favoring the experimental condition over the
control condition, it is conceivable that some partial evidence is available to
justify the plausible benefits in the experimental condition. During the course of
the trial, interim comparisons between the conditions are usually made to moni-
tor the accumulation of evidence. The trial will usually be terminated when con-

clusive evidence is found favoring either the experimental or the control condi-
tion. However, it is conceivable that the interim data might indicate weak but
not-yet-conclusive evidence; the trial usually continues, to allow further accu-
mulation of evidence. In essence, the trial participants are making a short-term
sacrifice to contribute to the benefits of future patients. The performance of the
trial is usually judged based upon the value of the scientific knowledge acquired
at the end of the study. Interim evidence is usually not used for the benefits of
the trial participants except in extreme cases when the interim evidence is con-

clusive. Timeliness of information (the value of the interim data) is usually not
taken into consideration for study designs because the dissemination phase sub-
sequent to the trial has an infinite time horizon.

On the other hand, a public-health-oriented study like GWVHS aims to
serve today’s target population; thus, it does have an infinite time horizon.14

The following diagram illustrates the pattern of information accumulation in
a basic science research study that attempts to estimate the rate of change over
time (assumed to be constant) in the outcome variable, using five waves of data
collection.

The horizontal axis in the diagram denotes time. The baseline survey is
conducted at time zero, corresponding to the left edge of the diagram. The first
follow-up is conducted at time one, corresponding to the first vertical line inside
the diagram. The second follow-up is denoted by the next vertical line, and so
on. As an illustration of the basic science research paradigm, we assume that the
study period is relatively short compared to the dissemination period during
which the information obtained in the study is utilized.

The vertical axis denotes the level of uncertainty about the rate of change.
Prior to the first follow-up, the study provides no information about the rate of
change. The first white bar between time zero and time one denotes the level of

14
It is conceivable that the GWVHS can also serve a basic science function and pro-

vide scientific knowledge applicable to veterans in future wars and conflicts. We assume
that this objective is secondary to the objective of serving the GW veterans.
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uncertainty based on prior information. The first follow-up provides some new
information about the rate of change, thus reducing the uncertainty somewhat.
The second white bar between times one and two denotes the level of uncer-
tainty remaining after the first follow-up. The portion of the second bar shaded
in light gray denotes the information gain (the reduction in uncertainty) due to
the first follow-up. Further reduction in uncertainty is accomplished with each
follow-up, until the fourth and final follow-up. The white space subsequent to
time four denotes the uncertainty remaining after the conclusion of the study.
(The reduction in uncertainty is not linear in time; the diagram should be viewed
as a conceptual demonstration.)

The gray areas in the diagram denote the reduction in uncertainty. The por-
tion of the reduction due to the interim data is shaded in light gray. The portion
of the reduction available after the conclusion of the study is shaded in dark
gray. Since the study period is short compared to the dissemination period, the
value of the interim data is low compared to the value of the final study results
available after the conclusion of the study.

The next diagram illustrates a public-health-oriented study like the
GWVHS. This study has the same five waves of data collection. However, the
time horizon is much shorter than the previous study. The objective of this type
of study is to serve the current population being studied, rather than to serve
future populations. As can be seen from the diagram, the value of the interim
data is high compared to the value of the final study results. Indeed, if the
GWVHS follows the GW veterans until the end of their life cycles, the final
study results will be of very little value to the GW veterans.

Under the paradigm discussed above, there is an important rationale to
place more emphasis on data collection in the early years in the GWVHS: this
information can be utilized to serve the GW veteran population over a longer
time period that the data collected in later years. It appears reasonable that a
higher survey frequency should be used in the early years in the GWVHS to
maximize the overall utility of the information obtained over time, as illustrated
in the diagram below. Note that we have varied both the spacing between waves,
and the amount of uncertainty reduction corresponding to each wave: with
shorter spacing between waves in the early years, the reduction in uncertainty
due to each wave is likely to be smaller, because less change is expected to oc-
cur. The appropriate design needs to balance the smaller uncertainty reduction
associated with shorter between-wave spacing in the early years against the
longer utility of the information obtained.
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Motivated by the design issues in the GWVHS, we have conducted some
preliminary research that indicates the variable-frequency design can be benefi-
cial, especially if the uncertainty is high prior to the study. Further research in
this area would be worthwhile, not only to address the design issues in the
GWVHS, but also to address similar public-health-oriented issues.

SURVEY MODALITY AND GEOGRAPHICAL CLUSTERING

With the revolution in communication and information technologies in re-
cent years, there are many modalities to be considered for conducting a survey
study, including face-to-face interview, telephone interview, mail administra-
tion, and combinations of those modalities. Computer-assisted interview is
commonly used in the face-to-face and telephone interviews. Audio-assisted
interview is sometimes used in the face-to-face modality for sensitive topics, for
the respondents to be interviewed privately without direct interface with the in-
terviewer. Internet-based interview via e-mail or the World Wide Web is be-
coming a possibility. The choice of survey modality can affect both the response
rate and the quality of the data (see, e.g., Groves, 1989, Chapter 11; McHorney
et al., 1994; Weinberger et al., 1994, 1996; and Wu et al., 1997).

Face-to-face interview is usually considered to be the most reliable modal-
ity. This modality allows for the use of auxiliary material such as printed re-
sponse categories and prompts that are difficult to use under the telephone mo-
dality. The face-to-face contact between the interviewer and the respondent also
facilitates the retrieval of written or printed documents such as insurance benefit
brochures. This modality also allows for direct examination of the respondents,
such as the taking of physical measurements. There is some evidence that this
modality might result in more socially desirable responses, such as underre-
porting of stigmatized behavior. Most importantly, this is usually the most costly
modality, because it requires the physical co-location of the interviewer and the
respondent at the same time.

Telephone interview is less costly than face-to-face interview. It is limited
by the access to the respondent by telephone; thus, it is difficult to utilize for
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respondents who do not have direct access to a telephone. Mail survey is usually
the least costly, but usually results in a higher nonresponse rate than the other
modalities.

An important design implication of the face-to-face modality is that it is
usually economical to implement this modality using a geographically clustered
sample, to reduce the travel cost for the interviewers. More specifically, the
sample is usually drawn in multiple stages; a sample of geographical locales is
drawn first, usually using the probability-proportional-to-size (PPS) design. A
sample of individuals is then drawn from each sampled locale.

There are several other design features in the GWVHS that might also indi-
cate the need for a geographically clustered sample. The case-control portion of
the GWVHS will also require geographical clustering, to facilitate the identifi-
cation of non-GW veteran cases with medically unexplained physical symptoms.
In order to maximize the comparability between the GWVHS sample and the
non-GW veterans sample with medically unexplained physical symptoms, it
would be desirable to take a portion of the GWVHS sample from the same geo-
graphical locales where the non-GW veteran cases with medically unexplained
physical symptoms are sampled. In addition, if physical examinations will be
conducted on a subsample of GWVHS participants, it would be worth consid-
ering making the subsample geographically clustered, to facilitate the face-to-
face contact for the physical examination. Finally, some of the GWVHS analy-
ses might require the use of contextual data, such as the supply of health care in
the geographical locale in which the respondent resides. While some contextual
data can be obtained with little effort for all geographical locales, some detailed
contextual data would require direct data collection from the agencies in the
geographical locales being studied. Geographical clustering of the GWVHS
sample will also reduce the cost of this type of data collection.

The clustering of the sample usually reduces the statistical information avail-
able in the sample, due to the intracluster correlation (ICC): the respondents from
the same geographical locale are usually more similar to each other than the re-
spondents from different locales. Due to the ICC, the statistical information ob-
tained from each respondent usually exhibits diminishing return with the sample
size in the same locale: the second respondent from a locale contributes less in-
formation than the first respondent, the third respondent contributes less than the
second, and so on. In the extreme case of perfect ICC (all respondents from the
same locale have identical attributes), the first respondent conveys all information
available; subsequent respondents from the same locale contribute no additional
information. Therefore the design of a geographically clustered sample needs to
balance between the cost savings due to clustering and the diminishing return in
the statistical information (see, e.g., Kish, 1965, Chapter 5).

It is challenging to maintain the geographically clustered design in a panel
study: the level of clustering usually dissipates gradually over time, due to mi-
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gration.15 Some participants will migrate out of the original locales they were
recruited from. Some of the migrants might move to a new geographical locale
that is part of the sampled locales, or near a sampled locale; thus, they can be
followed easily using the face-to-face modality. Some of the migrants might
move to a new geographical locale that is not near any sampled locales. It will
be costly to follow those migrants using the face-to-face modality.

To the extent that face-to-face contact is important, either for the entire
GWVHS sample or for a subsample, the dissipation of geographical clustering
might make it prohibitively costly to follow the sample over time, thus making it
necessary to draw a new panel.

NONRESPONSE, ATTRITION, TRACKING, AND TRACING

Nonresponse is a common challenge to the implementation of most survey
studies, both for cross-sectional and longitudinal studies (see, e.g., Bailar, 1989;
Brick and Kalton, 1996; Groves, 1989, 1998; Kalton, 1986; Kish, 1965, Chapter
13; Laird, 1988; Lepkowski, 1989; and Lessler and Kalsbeek, 1992). For longitu-
dinal studies, nonresponse can occur both at the baseline and in subsequent fol-
low-up surveys. We begin our discussions with baseline nonresponse, followed by
attrition (follow-up nonresponse), and techniques commonly used to reduce non-
response.

The GWVHS is likely to be especially vulnerable to baseline nonresponse.
As this report is being written, 8 years have elapsed since the Gulf War. While
DoD maintains the locating information on records for all veterans, including
the GW veterans, the accuracy of this information is likely to deteriorate over
time. We anticipate, therefore, that a substantial tracking and tracing effort will
be necessary to recruit a representative sample of GW veterans, and a substantial
level of baseline nonresponse will still occur despite this effort.

A substantial level of baseline nonresponse raises concerns about nonre-
sponse bias. The nonrespondents are likely different from the respondents, thus
the data obtained from the respondents might be biased and fail to represent the
target population appropriately. To a limited extent, baseline nonresponse bias
can be mitigated using nonresponse weighting and poststratification weighting,
(multiple) imputation, pattern mixture modeling, and selectivity modeling (see,
e.g., Brick and Kalton, 1996; Copas and Farewell, 1998; Heckman, 1979; Little,
1993, 1994; Little and Rubin, 1987; Rubin, 1987, 1996; and Schafer, 1997).
Those techniques usually rely on strong assumptions that are difficult to verify
empirically. Nonresponse weighting and imputation usually relies on the as-
sumption that the nonrespondents are missing at random (MAR) after control-
ling for characteristics observed for both the respondents and nonrespondents.
Pattern mixture models provide a way to assess the sensitivity of the analysis

15
Given the limitations in the DoD data, it is likely that migration already took place

for some individuals sampled for the first wave.
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results to informative missingness that violate the MAR assumption. Selectivity
models usually rely on assumptions about the joint distributions about the non-
response mechanism and the outcome data to assess the informative missing-
ness. Those assumptions should be viewed as (at best) approximations to the
reality. If the nonresponse rate is low, those techniques might help reduce the
nonresponse bias. If the nonresponse rate is high, the potential for nonresponse
bias is likely to remain even after applying those techniques.

As an example of those techniques, nonresponse weighting is based on
comparisons between respondents and nonrespondents, using characteristics
available for both groups, such as the administrative information available from
DoD. A nonresponse weighting model16 is then used to estimate the response
rate for each category of subjects; the reciprocal for the estimated response rate
is used as the nonresponse weight. The subjects with low estimated response
rates are given larger nonresponse weights; those with high estimated response
rates are given smaller nonresponse weights. The nonresponse weights therefore
adjust the distribution in the observed sample so as to compensate for the distor-
tion resulting from the nonresponse. Similarly, poststratification weighting com-
pares the respondents with the target population using characteristics available
for both groups, to adjust for distortion that might have occurred in the observed
sample.

Among respondents to the baseline survey, some might fail to respond to
some or all of the subsequent follow-up surveys. Many panel surveys accom-
plish very high follow-up rates (95% or more) from wave to wave. However,
nonresponse usually accumulates across waves, thus the overall response rate
might be substantially lower after many waves. Attrition becomes a more severe
problem.

Like baseline nonresponse, nonresponse during the follow-up waves is also
likely to result in bias in the observed data. In particular, the cross-sectional rep-
resentativeness of the cohort is likely to deteriorate over time, as the baseline
nonresponse is compounded with attrition. This is one of the main reasons many
panel studies use the repeated panel design to regain the cross-sectional repre-
sentativeness. To a limited extent, wave nonresponse bias can also be mitigated
using the techniques discussed earlier for baseline nonresponse (see, e.g., Copas
and Farewell, 1998; Diggle, 1989; Diggle and Kenward, 1994; Diggle et al.,
1994; Heckman and Robb, 1989; Kalton, 1986; Kyriazidou, 1997; Laird, 1988;
and Lepkowski, 1989).

Many panel surveys restrict the follow-up to the respondents to the previous
wave, thus the nonrespondents to the baseline survey are eliminated from all fol-
low-ups, the nonrespondents to the first follow-up survey are eliminated from all

16
The nonresponse weighting model is either a simple cross-tabulation (an ANOVA

model) that stratifies the respondents and nonrespondents according to a few available
characteristics such as gender, race/ethnicity, and age bracket, or a logistic regression
model that predicts the response status (being a respondent vs. a nonrespondent) using a
larger number of available characteristics.



Copyright © National Academy of Sciences. All rights reserved.

Gulf War Veterans: Measuring Health
http://www.nap.edu/catalog/9636.html

GULF WAR VETERANS: MEASURING HEALTH116

subsequent follow-ups, and so on. This practice is usually based on the expectation
that the nonrespondents are unlikely to convert into respondents in future waves.17

While this expectation is not unreasonable, this practice usually results in a sub-
stantial accumulation of nonresponse across waves. In order to reduce the level of
cumulative attrition, we believe it would be appropriate to make efforts to survey
the nonrespondents to earlier waves (including the baseline nonrespondents), un-
less they have given explicit instructions not to be contacted again.

There are a number of procedures commonly used in panel studies to reduce
nonresponse, namely, tracing and tracking (see, e.g., Burgess, 1989).18 Given the
anticipated difficulties in recruiting the GW veterans, those procedures are im-
portant to help strengthen the quality of the GWVHS data.

Tracing is in essence looking for a missing person using available informa-
tion. Prospective tracing is necessary at the baseline to locate the participants
who cannot be located using the record data from DoD information. Retrospec-
tive tracing is necessary for participants who were surveyed in an earlier wave
but could not be located at a subsequent follow-up wave.

A variety of public information sources are usually used for tracing, such as
telephone directories, credit records, property records, court records, mortality
records, (to identify deceased sampled subjects), and so on. It is important in the
tracing procedure to verify the identity of the subjects located, to avoid false
identification.

Customized tracing procedures can also be utilized, such as visiting the
subject’s prior residences, neighbors, and known and possible associates. Those
procedures are labor intensive, and thus are likely to be too costly for the na-
tional scope of the GWVHS sample. It is conceivable that those procedures can
be utilized for participants clustered in a limited number of geographical areas if
a (partially) clustered design is used for the GWVHS.

While tracing is used to locating the missing subjects, tracking is used to
maintain contact with subjects already located. During the baseline survey, the
interviewer collects contact information (both primary and secondary) from the
participants, to help locate the participants for subsequent follow-up surveys.
The contact information is usually updated during each follow-up survey. For
studies with infrequent survey frequencies, additional tracking procedures are
usually deployed to maintain contact with the participants between waves. This
includes sending postcards, birthday cards, and newsletters to the participants at
regular intervals, requesting postal notification of change of address, and re-

17
Another reason for the “monotonic follow-up” might be the anticipation that the

cases with incomplete data will be eliminated from the analysis. While this might be true
for the way longitudinal data was analyzed, the analysis techniques developed in recent
years, such as multilevel modeling, do not require all respondents to be observed at the
same time points; thus the cases missing some waves can be used in the analysis under
appropriate assumptions.

18
We distinguish tracking as following those with whom we have active contact, and

tracing as locating those with whom we do not have active contact.
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questing the participants to submit change-of-address information to the study
(an incentive is usually offered to encourage the participants to provide this in-
formation). In addition to updating the contact information, some of those pro-
cedures (e.g., birthday cards and newsletters) might also enhance the goodwill
among the participants, so as to facilitate their cooperation at subsequent follow-
up surveys.

Given the long lag between waves for GWVHS, additional procedures can
be utilized to help maintain the contact information. One possibility is to con-
duct “light-duty” tracing procedures (such as retrieving easy-to-access public
records) on the participants regularly. Burgess (1989) recommended that “If the
intersurvey period is five years, . . . it may be more cost-effective to trace a per-
son five times over five years than once after five years.”

Another possible procedure is to make brief telephone contacts with partici-
pants between waves, to greet the participants (hopefully to enhance the good-
will), and to request updates on contact information. It is conceivable that more
intensive tracing procedures can also be used between waves to maintain the
contact information. Those procedures are more costly, therefore it might be
appropriate to restrict them to participants anticipated to be more difficult to
follow, such as those who were difficult to locate during an earlier wave.

MEASUREMENT ERROR

Empirical data are almost always subject to measurement error. Survey data
are no exception. Some types of measurement errors are general, and apply to
both cross-sectional and panel surveys. Some types of measurement errors are
specific to panel surveys. We discuss both types of measurement errors, and
remedies that can help mitigate problems resulting from those measurement
errors (see, e.g., Bailar, 1989; Groves, 1989; Groves and Couper, 1998; Kish,
1965, Chapter 13; and Lessler and Kalsbeek, 1992).

General Measurement Error Issues

Part of the measurement error can be attributable to the respondent. The re-
spondent might intentionally provide an inaccurate response to a survey ques-
tion. For example, the respondent might intentionally provide a socially desir-
able response, or refuse to report a stigmatized condition. The inaccurate
response might also be given unintentionally, because the respondent does not
have the necessary information, or does not want to make the effort to compile
the necessary information.

Part of the measurement error can be attributable to the interviewer—this is
applicable to face-to-face and telephone interviews delivered by an interviewer,
it is not applicable to self-administered mail surveys. For example, the inter-
viewer might not accurately follow the branching logic to deliver the appropriate
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survey questions to the respondent; might not convey the survey question clearly
to the respondent, might not guide and motivate the respondent to compile and
process the information necessary to provide accurate responses, might record
the respondent’s responses erroneously, or might not be alert in identifying in-
consistencies in the respondent’s responses and request the respondent to con-
firm the responses. In the worst scenario, the data might be forged in part or in
its entirety by the interviewer.

Part of the measurement error can be attributable to the survey instrument.
For example, the branching logic in the survey instrument might be inappropri-
ate, leading the respondent to miss applicable questions; the survey questions
might not be organized in a user-friendly sequence to make it easy for the re-
spondent to compile and process the information accurately; the wording of the
survey question might not be cognitively clear, resulting in confusion and mis-
interpretation by the respondent; the response categories might not be defined
clearly (mutually exclusive and exhaustive) for the respondent to classify his or
her status according to the given categories.

Finally, part of the measurement error might be attributable to data proc-
essing subsequent to the interview, such as data entry errors, coding errors, sec-
ondary errors introduced in data editing, errors in matching records, and so on.

The nature of measurement error can usually be classified into systematic
error and random error. The quality of survey responses is usually characterized
using validity and reliability: validity measures the level of systematic error,
reliability measures the level of random error. We use the term “accuracy” be-
low to refer to the combination of validity and reliability.

The level of measurement error can be evaluated using a number of tech-
niques, such as test–retest (to assess reliability), comparisons with alternative
data sources such as records data (to assess validity), and so on.

Systematic error occurs when similar measurement error persists across
multiple waves of surveys, and/or when similar measurement error occurs across
respondents. For example, the respondents might overreport outpatient medical
visits systematically. Systematic error usually leads to bias in estimated popula-
tion parameters such as the prevalence for a disease condition or the average
level of outpatient service use.

Random error usually varies over time across multiple waves of surveys,
and/or varies across respondents. For estimating aggregate population parame-
ters such as the disease prevalence or average service use, random error usually
results in reduced power and precision, but does not result in bias. However,
random error might result in the overestimation for individual level gross
changes. There are many techniques and procedures that can be used to mitigate
measurement error in the survey data. We describe several below.

Many of the general sources of measurement errors can be mitigated with
computer-assisted survey techniques. For example, the computerized survey
instrument usually incorporates built-in branching logic, thus avoiding inter-
viewer mistakes in following the branching logic. It is of course still crucial that
the branching logic be designed accurately and programmed accurately. Data
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entry errors are essentially eliminated in computerized surveys, to the extent the
interviewer records the respondent’s responses accurately.

Thorough interviewer training and monitoring is essential to mitigate meas-
urement error. In addition, the match between the interviewer and the respon-
dent can help improve the rapport for the interview, such as the match in race
and ethnicity or the use of HIV-positive interviewers in surveys of HIV-positive
respondents.

In-depth cognitive testing of the survey instrument can be used to identify
ambiguities in the wording of the survey questions and response categories. The
results of the cognitive testing can be used to revise the instrument, improve the
clarity, and reduce the measurement error. Similar laboratory-based testing of
other design features about survey questions and instruments, such as the se-
quential order of survey questions in an instrument, can also help address poten-
tial measurement error issues.

An alternative to laboratory-based testing prior to the deployment of the sur-
vey is to include substudies in the survey study to assess important measurement
error issues. As an example, the RAND Health Insurance Experiment (Newhouse
et al., 1993) included a substudy on the frequency of health reports, randomizing
the respondents to various levels of reporting frequency, to assess the potential that
the health report might prompt the respondents to seek medical care.

Some sources of measurement error can be mitigated with the appropriate
choice of survey modality. For example, audio-assisted interview can be incor-
porated into the face-to-face modality for sensitive and stigmatized topics to
reduce the respondent’s concern about providing socially undesirable responses
to the interviewer. Sometime a randomized response design (Horvitz, 1967) is
used, in which the respondent’s response is randomized to help alleviate his
concerns.

For survey questions that inquire about the respondent’s past experience or
future anticipation, the level of measurement error is determined by the refer-
ence period (see below). Therefore it is important to make an effort to choose an
appropriate reference period to reduce the measurement error.

Reference Period

The nature of the measurement error for a specific attribute usually depends
on the time frame for the trait being measured. Some traits are usually time-
invariant, such as birth year, gender, race, and ethnicity. Time frame is usually
irrelevant for those traits. Some traits vary over time, therefore the specific
measure needs to take the time frame into consideration. Some measures are
specific to the current status and thus can be viewed as snapshots, such as cur-
rent health status (excellent, good, fair, poor), current marital status, and current
employment status. Some measures inquire about events that occurred during
the specified time interval (the reference period), such as the number of outpa-
tient medical visits during the last 6 weeks. Some measures inquire about the
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accumulation or the central tendency of a time-variant trait over a reference pe-
riod, such as the household income during the calendar year 1998 (accumulated
over time), the number of cigarettes smoked each day (on the average) over the
last 6 weeks, and the level of satisfaction with the primary care provider during
the last 6 weeks (presumably the central tendency over this time interval). Most
survey questions are retrospective and inquire about reference periods that oc-
curred in the past. Some might be prospective and inquire about the respon-
dent’s anticipation for the future. The reference period might be a fixed time
interval determined by the calendar (such as the calendar year 1998), a fixed
time interval defined relative to the time of the interview (the last 6 weeks, the
next 2 weeks), a time interval defined relative to an easily recognized milestone
(since the last interview, since the most recent discharge from a hospital, until
the anticipated surgery). Note that the duration for the milestone-based reference
periods might vary from respondent to respondent; it might even be unknown
(for prospective milestones). The analysis needs to take those variations into
account—there is more chance for events to occur in a longer reference period.
A special type of milestone-based reference period is the lifetime experience
(since the respondent’s birth), or lifetime anticipation (till the respondent’s
death).19

The nature of the reference period for a specific survey measure has impor-
tant implications on the measurement error (see, e.g., Bailar, 1989; Neter and
Waksberg, 1964). The respondent might misclassify the time for specific events
relative to the reference period, resulting in telescoping (inclusion of events that
occurred outside the reference period) and omission of events that occurred in-
side the reference period. Omission can also occur irrespective of the reference
period: the reason for the omission might be the respondent’s failure to recog-
nize or report a specific event, rather than the respondent’s failure to classify the
time for the event accurately. “Fabrication” of nonexistent events can also occur
irrespective of the reference period.

The accuracy of the survey response usually decreases with the length of the
reference period: both telescoping and omission are more likely to occur when the
respondent is required to recall or anticipate events distant in the past or the future.
Exceptions to this general rule might occur if the longer reference period is easier
for the respondent to recognize. For example, it might be easier for the respondent
to report taxable income for the calendar year 1998 (the available information is
likely organized by calendar year) rather than for the last 6 months (the respondent
might have difficulties determining whether specific payments were received
within or prior to the last 6 months). The presence of milestones might also help
the respondent to respond accurately, even though the reference period might be
longer than an alternative shorter fixed reference period.

19
The analysis of lifetime experience data needs to take the duration into considera-

tion. For example, the lifetime prevalence for a specific disease condition is likely lower
for respondents in their 30s than respondents in their 40s, because the latter group had
more time to develop the condition.
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The appropriate reference period to be used in a survey question depends on
the trait being inquired. For major events such as hospitalization (to be more
specific, discharge from a hospital), the accuracy of the respondent’s recall usu-
ally remains high even for long time periods of 6 months or a year. For less
“impressive” events such as outpatient visits, the accuracy might deteriorate
substantially beyond a few weeks.

In addition to the accuracy of the survey measure, the choice of the appro-
priate reference period should also take into consideration the sampling variation
associated with the time frame. In the absence of measurement error, the statisti-
cal information in the survey measure increases with the length of the reference
period. In a sense, the effective sample size should be measured in terms of per-
son-time. The longer reference period allows more events to be accumulated,
thus provides more information. For example, it is conceivable that we can ob-
tain nearly perfect reporting of hospital discharges during the last 7 days. How-
ever, very few respondents experienced hospital discharges during such a short
reference period, therefore the precision of the estimated rate of hospitalization
will be poor due to the high sampling error.

The rate of hospitalization needs to be defined relative to time, such as the
number of hospital discharges per thousand person-years. A sample of a thou-
sand individuals asked about a 7-day reference period only contributes about 20
person-years’ worth of data. The same sample asked about a 12-month reference
period will contribute a thousand person-years’ worth of data. The latter design
might be preferable even if the measurement error might be larger with the 12-
month reference period. The ultimate choice of the time interval needs to be
based on the trade-off between the reduction in the sampling error and the in-
crease in measurement error due to the use of the longer time interval.

Most data items to be used in the GWVHS will likely be standard, with
known properties in the quality of the recall measures. If some recall data ele-
ments are new, or if there are concerns about the recall properties among the
GW veterans for some existing data elements, one might consider a substudy to
use different recall periods for randomly partitioned subsamples, say, inquire
about 3 months for a random subsample, and 6 months for others. The consis-
tency between the two versions of the survey instrument can then be tested using
the two subsamples.

Measurement Error Issues Specific to Panel Surveys

One of the advantages in using panel surveys is that the previous interview
and/or events reported during the previous interview can be used as milestones
to bound the reference period, to help improve the accuracy of the respondent’s
recall. This advantage is applicable when the reference period coincides with the
lag between successive waves of surveys. However, this advantage is unlikely to
be applicable to the GWVHS. The anticipated lag time between waves for
GWVHS is much longer than the reference periods appropriate for most health
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outcome measures, therefore it is unlikely that prior interviews can be used as
milestones to bound the reference period for subsequent interviews.

A unique measurement error issue for panel surveys is panel conditioning:
the observed responses might be affected by the participation in the panel, thus
compromising the validity of the data obtained in later waves (see, e.g., Bailar,
1975, 1989; Cantor, 1989; Corder and Horvitz, 1989; Holt, 1989; Presser, 1989;
Silberstein and Jacobs, 1989; and Waterton and Lievesley, 1989).

There are a number of possible interpretations for the panel conditioning.
First, the participation in the panel might affect the respondents’ actual behavior.
For example, the survey might serve as a prompt for the participants to attend to
their health care needs. Under this scenario, the survey responses in the subse-
quent waves might reflect the actual behavior and its consequences, but the be-
havior might not be representative of what would take place in the general
population in the absence of the earlier survey. The potential for the participa-
tion effect is especially important if physical examination is conducted on a sub-
sample of the GWVHS participants: the physical examination might reveal a
health condition that requires medical care, thus having an impact on the health
status for the participants in this subsample. The impact might be both short
term and long term: the medical care received might affect the trajectory of the
health status.

Second, the participants might learn from earlier waves that certain “trig-
ger” items would lead to additional items; they might avoid the burden by re-
sponding to the “trigger” items negatively in future waves to avoid the addi-
tional items. Under this scenario, the survey responses in the subsequent waves
would be biased towards underreporting of the “trigger” conditions.

Third, the participants might learn from earlier waves what is the informa-
tion required for the survey; thus, they are more capable of compiling and proc-
essing the information required to provide accurate responses to the survey
questions. Under this scenario, the panel conditioning will reduce the measure-
ment error.

The presence of panel conditioning is easy to detect under the rotating panel
design. For each wave of survey, we have respondents at various levels of
“seniority” on the panel: some are new, some have had some experience on the
panel in earlier waves, some have completed their tenure on the panel and are
ready to retire from the panel. We can therefore compare the responses given by
respondents at various levels of “seniority” on the panel to assess the presence
of panel conditioning. (It is important, though, to control for attrition in those
comparisons.) If panel conditioning is judged to be important, the rotating panel
design should be considered to make it easy to address panel conditioning.

It is much more difficult to assess panel conditioning with either the perma-
nent panel design or repeated panel surveys without temporal overlap. The com-
parison across waves cannot be used to assess panel conditioning because it is
confounded with true changes over time. It is conceivable that some compari-
sons with records data can be made, maybe for a subsample, to assess the meas-
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urement error due to panel conditioning. This will not address the impact of
panel conditioning on actual behavior.

It is possible to assess panel conditioning by using a substudy that varies the
follow-up frequency. For example, we can take a random subsample and inter-
view them at a higher frequency, say, annually, to compare their responses to the
responses in the rest of the sample. This might be too costly to be worthwhile.
Of course we also obtain more data in the subsample; thus, we might be able to
reduce the overall sample size.

The lag between waves is anticipated to be fairly long for the GWVHS.
Therefore it is plausible that panel conditioning is unlikely to happen, except for
the long-term impact of the physical examination. Therefore, we should focus
the assessment of panel conditioning on the impact of the physical examination,
and place a low priority on the other components of panel conditioning. More
specifically, if we do not detect a long-term impact due to the physical examina-
tion, it would be reasonable to assume the absence of other components of panel
conditioning. If we do detect a long-term impact due to the examination, we
might need to consider either rotating the panel or switching to a new panel.

If physical examination is to be conducted in the GWVHS, it should be de-
signed as a randomized substudy for GWVHS, with a random subsample as-
signed to receive the examination. It will then be easy to assess the long-term
impact of the examination, by comparing the health status in the subsample ver-
sus the rest of the sample.
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