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ABSTRACT

Purpose: The Millennium Cohort Study, the US Department of Defense’s largest and longest running
study, was conceived in 1999 to investigate the effects of military service on service member health
and well-being by prospectively following active duty, Reserve, and National Guard personnel from all
branches during and following military service. In commemoration of the Study’s 20th anniversary, this
paper provides a summary of its methods, key findings, and future directions.
Methods: Recruitment and enrollment of the first 5 panels occurred between 2001 and 2021. After com-
pleting a baseline survey, participants are requested to complete follow-up surveys every 3-5 years.
Results: Study research projects are categorized into 3 core portfolio areas (psychological health, physical
health, and health-related behaviors) and several cross-cutting areas and have culminated in more than
120 publications to date. For example, some key Study findings include that specific military service-
related factors (e.g., experiencing combat, serving in certain occupational subgroups) were associated
with adverse health-related outcomes and that unhealthy behaviors and mental health issues may in-
crease following the transition from military service to veteran status.
Conclusions: The Study will continue to foster stakeholder relationships such that research findings in-
form and guide policy initiatives and health promotion efforts.
Published by Elsevier Inc.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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The United States Armed Forces comprises over 2,000,000 ser-
vice members charged with the defense of the nation [1]. Through
the course of their service, military personnel may deploy, en-
dure traumatic experiences, be exposed to toxic substances, sus-
tain disabling injuries, and risk death, as well as develop leadership
skills, obtain education, and gain technical training and certifica-
tions. Certain exposures, stressors, and experiences may influence
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Table 1
Enrollment summary of the Millennium Cohort Study
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Panel (group) Enrollment dates Y of service at enrollment

Oversampled groups

Roster size (date) Total contacted  Total enrolled (%)

1 Jul 2001-Jun 2003 Unrestricted Females Reserves and/or 256,400 (Oct 2000) 214,388 77,019 (36%)
Guard Prior deployers

2 Jun 2004-Feb 2006 1-2 Females Marine Corps 150,000 (Oct 2003) 123,001 31,110 (25%)

3 Jun 2007-Dec 2008 1-3 Females Marine Corps 200,000 (Oct 2006) 154,270 43,439 (28%)

4 Apr 2011-Apr 2013 2-5 Females Married 250,000 (Oct 2010) 247,266 50,052 (20%)

5 Sept 2020-Aug 2021 1-5 Females Married 500,000 (Jun 2020)" ~500,000" ~58,000 (11%)"

* Specific subgroups were oversampled in order to ensure robust numbers for comparisons among these subgroups. To augment Panel 1, Panels 2-5 had restrictions on
years of service at enrollment to obtain a sample that was representative of the currently serving force.
T Final roster size, total contacted, and total enrolled will be determined once all data have been received and cleaned.

their well-being and physical health during and following military
service. Historically, the ability to ascertain risk factors associated
with military service has been a challenge. For example, numer-
ous reports of unexplained health symptoms among veterans re-
turning from the 1990-1991 Gulf War resulted in the prioritization
of research on what became known as Gulf War illness, which, to
this day, does not have a single clinical definition. This research
was hindered by a lack of baseline health assessments necessary
to detect longitudinal associations [2-4]. Consequently, the Insti-
tute of Medicine recommended a coordinated prospective study of
the health of service members [5]. This recommendation was sub-
sequently mandated by Congress in Section 743 of the National
Defense Authorization Act for Fiscal Year 1999 (Public Law 105-
261), which directed the Department of Defense (DoD) to establish
“a longitudinal study to evaluate data on the health conditions of
members of the Armed Forces upon their return from deployment
on military operations for purposes of ensuring the rapid identifi-
cation of any trends in diseases, illnesses, or injuries among such
members as a result of such operations” [6].

The Millennium Cohort Study (henceforth referred to as Study)
was subsequently launched in 2001 with the enrollment of the
first panel of participants drawn from a random sample of ser-
vice members. The Study has since become the largest and longest-
running prospective study in the DoD and is the only study to fol-
low active duty, Reserve, and National Guard personnel from all
service branches during and after their military service. This occu-
pational cohort study allows for in-depth and nuanced assessments
of multiple aspects of military service that may be associated with
adverse or beneficial outcomes.

Consistent with Congressional mandate, the overarching aim of
the Study remains the same since its inception, which is to in-
vestigate the long-term effects of military service and experiences,
including deployments, on the health and well-being of service
members. Although initially expected to continue through 2022 to
follow service members through their military careers, the Study
was extended through 2068 to enable the study of the transition
from military service, and the detection of outcomes across a life-
time. In addition, the Millennium Cohort Family Study (henceforth
referred to as Family Study) was established in 2011 as a com-
plementary effort to assess the effects of military experiences on
the health and well-being of spouses of service members [7]. In
recognition of the 20th anniversary of the Study, the purpose of
this paper is twofold: (a) to present a brief summary of the Study
methodology and findings from the past 20 years, and (b) to dis-
cuss the impacts of these key findings and future directions of the
Study.

Study design and capabilities

The Study employs a multi-panel design (Figure 1) where po-
tential participants are randomly selected from a sample of US
military service members on active rosters maintained by the De-
fense Manpower Data Center, including individuals from all service
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branches and components (Table 1) [8-10]. To ensure sufficient
power to detect differences in smaller subsamples, specific groups
(e.g., women, Marines) were targeted for oversampling. The first
Panel of participants was enrolled from a probability-based sample
of the entire military population on July 1, 2001. To augment Panel
1, Panels 2 through 4 in 2004, 2007, and 2011, respectively, were
derived from probability-based samples of current service mem-
bers with length of military service ranging between 1 and 5 years
in order to obtain a sample that contained the currently serving
force. Enrollments across these first four panels yielded a total of
201,619 participants. The recent enrollment of a fifth panel oc-
curred between September 2020 and August 2021 (Table 1). Re-
sponse rates for enrollment of Panels 1-4 ranged from 20%-36%.
While numerous studies have noted the widely observed declines
in survey participation [11-14], inherent challenges in obtaining
survey responses from military personnel also include greater ge-
ographic mobility associated with moving on military orders, de-
ployments to regions where contact is restricted or limited, and
survey fatigue due to numerous required surveys for military per-
sonnel. Nonetheless, investigations of potential biases found Cohort
participants to be representative of the Armed Forces population,
with participants reporting reliable data, and no differential par-
ticipation by health status (Table 2).

Invited service members who provided informed consent to en-
roll in the cohort and completed a baseline survey were subse-
quently invited to complete follow-up surveys even after sepa-
ration from military service. Follow-up surveys are administered
approximately every 3-5 years in order to allow for sufficient
time to procure federal regulatory approvals for each planned sur-
vey, process survey responses (e.g., entering data from paper sur-
veys, data cleaning), and minimize participant burden. These self-
administered web-based or paper surveys include a variety of
standardized assessments for mental and physical health, health-
related behaviors, military exposures, and other experiences based
on their direct relevance to stakeholder-identified topics of interest
[8-10,15]. Detailed descriptions of the Study’s methodology have
been published elsewhere and provide an overview of the Study’s
design, sampling methodology, data collection instruments, sur-
vey reliability and validity, and linkages with enterprise databases
(Table 2) [8,9,15,16].

Several aspects of the Study distinguish it from other perspec-
tive research on military personnel (e.g., the UK King’s Cohort
(17); Army Study to Assess Risk and Resilience in Servicemem-
bers [Army STARRS] [18,19]). Notably, the Study includes person-
nel from the Army, Navy, Marine Corps, Air Force, Coast Guard,
and Space Force, and participation is not limited solely to those on
active-duty service. Individuals serving as Reservists or in the Na-
tional Guard, who collectively make up almost half of all currently
serving military personnel and have deployed regularly since the
1990-1991 Gulf War, are also invited to participate. Furthermore,
the Study remains the largest prospective effort to continuously
follow service members after separation from service. Addition-
ally, repeated self-reported survey data facilitate the follow-up of
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Figure 1. Depiction of the multiple panel design used in the Millennium Cohort Study.

participants in relation to important experiences, such as deploy-
ment, and the transitional period from military service to veteran
status. This unique feature of the Study allows for ascertainment
of health conditions and other post-service outcomes, such as em-
ployment status, potentially associated with military service that
manifest later in life.

To complement the collection of survey data, the Study is
linked with DoD, Department of Veterans Affairs (VA), and national
databases (e.g., National Death Index). These data linkages provide
a rich array of information that enhances the analytic capacity of
the Study beyond self-reported data [15,16]. The DoD enterprise
databases include administrative personnel files, deployment data,
military inpatient and outpatient medical records, pharmaceutical
transactions, vaccination records, traumatic injury registries, and
mortality data, as well as other data sources, surveys, and stud-
ies (e.g., the DoD Birth and Infant Health Research Program, De-
ployment Health Assessments, and the Family Study) [16]. A recent
Study innovation is the ability to further link with VA databases,
including health and benefits records. The Study is thus the first
large-scale prospective research with the ability to ascertain health
outcomes reported in surveys in current and former military ser-
vice members as well as those diagnosed and recorded in the DoD
and VA healthcare systems. This comprehensive data linking abil-
ity has provided numerous opportunities to validate self-reported
measures with objective data and assessment of other relevant
psychometric properties ([20-30]; Table 2).

The Study’s conceptual model (Figure 2) illustrates the com-
plex interrelationships between individual and community charac-
teristics with military service experiences. In this ecological frame-
work, these characteristics and experiences are hypothesized to in-
fluence a range of resiliency and vulnerability factors over the life
course of a service member that subsequently affect health, well-
being, and career outcomes. Building on this conceptual model,
research from the Study is organized into three intersecting and
overarching portfolio areas: psychological health, physical health,
and health-related behaviors. These are complemented by multiple
cross-cutting research portfolios that span several health domains
(e.g., occupational and environmental health, injury and recovery,
sexual trauma, veterans’ health, women'’s health).

Summary of findings

Since 2002, the Study Team has published over 120 peer-
reviewed publications. These include foundational papers describ-
ing the study design, methods, and capabilities, in addition to
other methodological reports that provided baseline prevalence of
a variety of health conditions, validated self-report measures with
objective data, and examined a variety of psychometric proper-
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ties (Table 2). The vast majority of the Study’s publications have
reported findings from etiologic and hypothesis-driven analyses.
Approximately two-thirds of the publications to date prospec-
tively examined whether certain occupational exposures sustained
during military service were associated with adverse outcomes
(Table 3). The large-scale deployments in support of Operations En-
during Freedom (OEF), Iraqi Freedom (OIF), and New Dawn (OND)
that followed the launch of the Study led to an extensive portfo-
lio of publications that examined the relationship between deploy-
ment, including combat experience, and subsequent mental and
physical health outcomes and health-related behaviors. For exam-
ple, across nearly 50 publications, results have consistently shown
that combat experience is associated with numerous adverse out-
comes. Consistent with the Study’s conceptual model and overall
purpose, the Study’s research can be broken down into three core
areas (psychological health, physical health, and health-related be-
haviors) as well as multiple cross-cutting focus areas that organize
an increasingly diverse portfolio. A summary of each of the core
areas and research on sexual trauma as one example of a cross-
cutting research area are provided in turn.

Psychological health overview

A large proportion of the Study’s research has focused on vari-
ous aspects of mental health among service members during and
after service. Early findings of baseline prevalence of mental health
disorders among Study participants suggested that service mem-
bers experienced fewer mental health disorders than the general
population [31], though those with (vs. without) mental health
conditions at subsequent assessments were more likely to be un-
employed following separation from service [32]. Specific men-
tal health conditions were frequently examined as outcomes, with
posttraumatic stress disorder (PTSD) (n = 27) [31,33-58] and de-
pression (n = 15) [31,33-37,40-44-48,58-60] most commonly re-
ported in Study publications to date. Other conditions of inter-
est examined as part of the psychological health portfolio include
general mental health and overall health-related quality of life
[34,35,42,43,45,61-64], comorbid PTSD and depression [65], dis-
ordered eating [66,67], stress [61], anxiety [35,40,43-45,58], anger
[68], and suicide [27,64,69,70]. Findings for PTSD, depression, and
suicide are described more thoroughly as follows.

PTSD

Among the most consistent findings of the Study is that combat
experience increases risk of adverse mental health outcomes, with
PTSD being the most commonly demonstrated outcome [37,43-
45,48,49,51-55]. The Study observed a threefold increase in new-
onset self-reported PTSD symptoms or diagnoses among those who
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Table 2
Summary of foundational Millennium Cohort Study publications to date.
Citation Summary
Foundational papers and/or literature [8] Presents a general review of Millennium Cohort Study methodology.
reviews and/or study design [9] Provides a general summary of the Millennium Cohort Study.

[10] Presents a literature review of the first 10 years of the Millennium Cohort Study.

[15] Provides a brief summary of findings from the Millennium Cohort Study.

[16] Provides an overview of different Department of Defense databases that can be linked with
Millennium Cohort Study data.

[17] Compares the Millennium Cohort Study with the UK’s King’s Cohort.

[78] Summarizes presentations at a 1-day American Thoracic Society workshop focused on effects of
deployment on respiratory health, which included a Millennium Cohort Study presentation.

[124] Summarizes the effectiveness of different sources of mortality data to indicate deaths among
members of the Cohort.

Enrollment and recruitment [31] Presents baseline prevalence of mental disorders in Millennium Cohort Study participants
enrolled in Panel 1.

[125] Describes the use of postcards to encourage participation and cost-effective means to keep
contact information updated over time for a highly mobile population.

[126] Summarizes the Millennium Cohort Study methodology and demographic characteristics of
participants enrolled in Panel 1.

[127] Compares baseline health of Millennium Cohort participants with a general population of same
age and sex.

[128] Compares health outcomes by whether participants completed the web-based versus
paper-based survey.

[129] Examines whether prior healthcare utilization was associated with Millennium Cohort
enrollment by comparing those who did and those who did not enroll in response to the
recruitment invitation.

[130] Examines differences between those who respond early to the invitation to participate
(including both consenters and refusers) and non-responders.

[131] Evaluates the potential for nonresponse bias in follow-up assessments among Panel 1
responders.

[132] Examines whether deployment status and prior healthcare utilization were associated with
enrollment in Panels 2 and 3.

Validation of self-reported measures [20] Assesses differences between self-reported deployment information and that recorded in the
official military record.

[21] Describes agreement between self-reported medical diagnoses and those recorded in the
medical record.

[22] Describes the validity of self-reported and officially recorded military occupation for female
Millennium Cohort participants.

[23] Compares results of depression screens completed on the Millennium Cohort Study survey with
those reported on the Post-Deployment Health Assessment.

[24] Estimates the reliability and validity of self-reported smallpox vaccinations when compared
with official documentation in the medical record.

[25] Estimates the reliability and validity of self-reported anthrax vaccinations when compared with
official documentation in the medical record.

Examination of psychometric [26] Examines test-retest reliability of various measures, including demographic characteristics and
properties standardized instruments for physical and mental health.

[27] Compares the effectiveness of the 9-item Patient Health Questionnaire (PHQ-9) with the PHQ-8.

[28] Presents confirmatory and exploratory factor analyses of a modified version of the Posttraumatic
Growth Inventory-Short Form.

[29] Describes an exploratory factor analysis of self-reported physical and psychological symptoms.

[30] Reports on responses to an open-ended “health concern” item on the Millennium Cohort Study
survey.

[133] Summarizes the efficiency and feasibility of multiple imputation to address missing data in
longitudinal research.

Commentaries and responses [71] Responds to a critique of a paper by LeardMann et al. (2013) on suicide among military
personnel.

[134] Responds to a critique of a paper by Jacobson et al. (2008) on the association between combat
deployment and alcohol use.

[135] Responds to a critique of a paper by Smith et al. (2004) examining the effects of 9/11 on
substance use.

[136] Responds to a critique of a paper by Donoho et al. (2017) examining trajectories of

posttraumatic stress disorder symptomology.

deployed with combat compared with their nondeployed peers
[38], though studies examining PTSD, and other mental health out-
comes among specific sub-populations have been mixed. For ex-
ample, individual augmentees (i.e., individuals deployed under a
unit different from their current assignment; versus non-individual
augmentee deployment) and Army Special Forces personnel (vs.
Army General Purpose Forces infantrymen) were not at higher
risk for PTSD [35,42], while Army veterinarians were more likely
to experience mental disorders than Army physicians [64]. Fur-
thermore, the association between combat experience and post-
deployment PTSD was relatively consistent among all branches of
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service [38] and did not differ by sex when adjusting for relevant
confounding variables, including sexual assault [50]. However, the
risk of post-deployment PTSD was elevated among those who had
deployed more than once [57], experienced prior physical or sexual
assault [55], sustained more (vs. less) severe combat injuries [37],
or reported poor baseline mental health [41]. These findings sug-
gest those with pre-existing vulnerabilities, such as a prior assault
or poor pre-deployment mental health, appeared to have greater
risk for PTSD, above and beyond the risk of experiencing combat.
Furthermore, the Study Team has made great strides to under-
stand the trajectories of PTSD over time. While combat experience
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Table 3
Millennium Cohort Study publications reporting on physical health outcomes, psychological health outcomes, health-related behaviors, and risk factors*

Military service characteristics

‘Ip 32 U0SqoID[ "D’ ‘DpaupIsv) 4'S ‘Suipjog ‘N[

Includes Gulf War era, pre- Deployment characteristics Health-related behaviors
versus post-9/11, branch of Includes general deployment, Includes general health-related
service and/or pay grade, combat deployment, behaviors, physical activity, Mental health Includes
service component, military deployment frequency, burn pit alcohol use, prescription Physical health Includes general mental health,
occupation, post-service exposure, land versus sea substance use, sleep general physical health, pain, PTSD, depression,
Core research area characteristics deployments, blast exposure disturbance, vaccinations head injury, childbirth stress, trauma
Physical health outcomes [35,36,61,62,66,72,88,95,96, [61,62,66,72-74,80-87,92- [25,89,90,92,95,97-99] [36,86,98,143] [33,34,84-86,91,92,94- 42
Includes general physical health, 98,127,138,139] 96,115,127,138,140-145] 8 4 96,115,116,145]
autoimmune diseases, chronic 13 28 13
multisymptom illness, coronary heart
disease, diabetes, hearing loss,
hypertension, inflammatory bowel
disease, low back pain, lower
extremity tendinopathies, migraines
and/or headaches, reproductive health,
respiratory health, weight change
Psychological health outcomes [31,35,37,38,46,47,52,56- [37,38,42-57,59- [39,40,44,45,51,53,56,68,69,98] [36,37,41,51,56,60,65,98] [33,34,37,40,41,50,55, 40
Includes general mental health, anger, 58,61-65,68,127,146] 62,65,68,69,117,127,146] 10 8 56,65,68,69]
anxiety and/or panic, comorbid PTSD 18 28 11
and depression, depression,
health-related quality of life, PTSD,
sexual harassment and/or sexual
assault, stress, suicide
Health-related behaviors outcomes [31,35,58,64,100,102,104,106] [43,48,87,100,102-106,147] [40,89,100,101] [36,148] [33,40,67,106,109,118, 27
Includes alcohol use, complementary 8 12 4 2 149,150]
and alternative medicine use, 8
disordered eating, motor vehicle
crash, physical activity, sleep
disturbance, prescription substance
use, tobacco use
31 64 19 12 30 92

* Study publications that did not present novel empirical data are not included, nor are two publications whose outcomes did not fit neatly into one of the three core research areas [32,137].
Bold and italicized number in each cell and at the end of each row and column represents the total number of publications for that category.
PTSD = posttraumatic stress disorder.
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Figure 2. Conceptual model of the Millennium Cohort Study.

has been consistently associated with PTSD, multiple investigations
using latent growth mixture models identified several trajectories
of PTSD, the most common of which was resiliency [54,56,57,65].
Specifically, among those who deployed, nearly 90% without com-
bat experience and 80% with combat experience maintained low
levels of PTSD symptoms over several survey cycles following de-
ployment [54]. Findings were generally consistent when account-
ing for single versus multiple deployments [57]. Taken together,
these findings suggest that while military service may expose ser-
vice members to combat experience, which can result in PTSD, the
vast majority of service members are resilient and do not develop
PTSD.

Depression

Study findings regarding depression were similar to those ob-
served for PTSD. Specifically, several publications reported that
those who experienced combat while deployed had an increased
risk of depression compared with those who did not deploy or
who deployed without combat experience [43-45,48,49,59]. While
military healthcare workers endure the stress of being responsi-
ble for providing potentially lifesaving care to wounded or injured
personnel, those exposed to combat had no greater risk for depres-
sion or PTSD compared with those working in other occupations
who were also exposed to combat [49]. Additionally, other inves-
tigations reported that those with (vs. without) pre-deployment
insomnia symptoms were more susceptible to depression follow-
ing combat deployment [44]. Furthermore, the Study observed that
serviccewomen had a higher prevalence of depression than ser-
vicemen, a trend also noted among non-military populations, al-
though risk factors were consistent for both men, and women
[59]. Maternal depression may partially explain this difference be-
tween women and men, but these findings suggest that combat
experience was the most important factor in predicting depression
among servicewomen with young children [60].

Suicide
Developing strategies to prevent suicide among service mem-
bers and veterans is a critically important priority for the DoD and
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VA and requires a comprehensive understanding of the complex
nature of suicidality. While a predominant theory emerged that
the higher suicide rates among service members and veterans were
directly associated with deployments in support of OEF and/or
OIF and/or OND, a seminal prospective analysis of 150,000 ser-
vice members and veterans was the first study to report no direct
association between deployment and suicide risk [69,71]. Rather,
depression, bipolar disorder, alcohol-related problems, and male
sex were independently associated with suicide risk [69,71]. A
more recent in-depth examination found that high combat severity
and certain combat experiences, such as killing a non-combatant,
were associated with suicide attempts, though these associa-
tions were mostly accounted for by mental health disorders (e.g.,
PTSD) [70].

Physical health overview

The second core research portfolio focuses on physical health
(e.g., acute and chronic physical illnesses and injuries). Although
physical and mental health outcomes were examined with rela-
tively equal frequency, the specific outcomes studied within the
physical health portfolio have been more varied, with most exam-
ined as a function of different facets of deployment. Other than
findings that deployment, broadly defined, was associated with in-
creased risk of plantar fasciitis [72] and newly reported respira-
tory symptoms [73,74], much of the Study’s findings were con-
sistent with the “healthy warrior effect” that hypothesizes that
those who are healthier are more likely to deploy and are thus at
lower risk of adverse physical health outcomes than those who do
not deploy [75-77]. While these findings suggest that deployment
in and of itself is not inherently harmful to physical health and
that deployers are generally healthier than non-deployers, certain
events or exposures that are more likely to occur during deploy-
ment have been associated with adverse physical health outcomes.
Here we review specific Study findings on respiratory health,
autoimmune conditions, and cardiometabolic health in more
detail.
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Respiratory health

In response to public concerns regarding airborne hazards en-
countered during deployments, including open-air burn pits, dust
storms, and high ambient levels of particulate matter, the Study
has conducted multiple analyses examining respiratory health
[78,79]. The Study was one of the first to report an increase in res-
piratory symptoms (e.g., shortness of breath) during deployment,
though these increases are likely attributed to specific exposures,
such as combat, compared with deployment itself [73,74]. Using
survey data linked with records of OEF and/or OIF deployment
locations within 2, 3, or 5 miles of a documented burn pit, no
significant association was observed between burn pit proximity
and chronic multisymptom illness [80], newly reported respiratory
symptoms (i.e., persistent cough or shortness of breath), or res-
piratory diseases (i.e., asthma, chronic bronchitis, or emphysema)
[81]. However, with ongoing follow-up of participants, the Study is
conducting additional analyses that account for extended follow-
up time to capture respiratory outcomes with longer latency (e.g.,
emphysema and chronic bronchitis) in relation to combat deploy-
ment and potential burn pit exposure.

Autoimmune conditions

Data from the Study have been leveraged to examine the ef-
fects of military service on the development of several autoim-
mune conditions such as lupus, rheumatoid arthritis, and inflam-
matory bowel disease. Deployment (both with and without com-
bat) was not associated with increased risk of newly reported lu-
pus, and deployers were less likely to report rheumatoid arthri-
tis than their non-deployed counterparts [82]. Furthermore, prox-
imity to burn pits during deployment was not associated with
newly reported lupus or rheumatoid arthritis [81]. However, a re-
cent study observed that PTSD was associated with the devel-
opment of select autoimmune conditions, a finding suggestive of
a common immune-mediated inflammatory mechanism [84]. An-
other study found that a greater number of life stressors and prior
infectious gastroenteritis were associated with subsequent inflam-
matory bowel disease (e.g., Crohn’s disease and ulcerative colitis)
[85,86].

Cardiometabolic health

In addition to respiratory and autoimmune health, several in-
vestigations have examined the potential associations between
military service and cardiometabolic conditions and its precursors,
including obesity [33,36,66,87-91], hypertension [33,36,92,93],
heart disease [36,94], and type 2 diabetes [33,36,95,96]. While ser-
vice members tend to be healthier than their civilian counterparts
overall, service members and veterans similarly gain weight over
time [36]. Those who reported combat experience during deploy-
ment and those with PTSD were more likely to gain weight and
become obese over time [66,91]. Additionally, separation from ser-
vice was associated with subsequent weight gain [36,66], although
practicing healthy behaviors (e.g., regular exercise, sufficient sleep)
was identified as one potential avenue for obesity prevention [90].
Similarly, combat deployment, PTSD, being overweight, and poor
sleep were associated with development of newly reported hyper-
tension among study participants [92,93]. Combat deployment and
PTSD were also found to be associated with diagnoses of new-
onset coronary heart disease [94]. Furthermore, while combat de-
ployment was not directly associated with development of type 2
diabetes, associations were observed with PTSD, trouble sleeping,
and sleep apnea [95,96].

Health-related behaviors

The third core research portfolio area addresses health-related
behaviors, including substance use (e.g., alcohol, tobacco), sleep,
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and physical activity. These modifiable behaviors have been a key
focus of the Study, given the potential to inform recommendations
and interventions that may improve service member and veteran
health. This particular research portfolio comprised about 30% of
the Study’s publications to date, with research investigating health-
related behaviors as both consequences of military service as well
as precursors (e.g., modifiable risk factors) for other outcomes of
interest [25,39,40,44,45,51,53,56,68,69,89,90,92,95,97-101]. Gener-
ally, combat deployment has been associated with a variety of
maladaptive health-related behaviors, including greater alcohol use
[43,48,102-104], tobacco use [43,105-107], and sleep disturbance
[108], though findings suggest that the associations between the
number of deployments (i.e., single vs. multiple) and these health-
related behaviors are mixed [102,105]. When examined as precur-
sors, Study findings have noted that poor health-related behaviors
are associated with increased risk of adverse mental and physical
health outcomes [45,56,69]. A summary of findings on physical ac-
tivity, substance abuse, and sleep are provided in further detail as
follows.

Physical activity

Due to physical activity and fitness requirements inherent in
military service, the Study has conducted several investigations of
self-reported physical activity. For example, an investigation of Air
Force participants observed high rates of self-reported physical ac-
tivity levels that exceeded national recommendations and were ul-
timately associated with high levels of physical fitness based on
objective assessments [89]. Engagement in more healthy behav-
iors, such as physical activity and adequate sleep, has conferred
subsequent benefits, including decreased risk of mental and phys-
ical health problems among soldiers [35]. Another study observed
decreased risk of new-onset and persistent PTSD among those en-
gaged in physical activity, especially vigorous activity [39]. Among
veterans, moderate to vigorous physical activity decreased among
those who most recently separated from the military, indicating
the importance of including health promotion efforts targeted for
the transition period out of service [88,90].

Tobacco and alcohol use

Another topic that has received a great deal of attention by
Study investigators is unhealthy substance use, including the ini-
tiation of and relapse to smoking and unhealthy alcohol use. No-
tably, the association between mental health issues and substance
use are inherently bidirectional in nature [40]. Study findings have
also repeatedly observed increases in heavy weekly drinking, binge
drinking, alcohol-related problems, smoking initiation, and smok-
ing relapse associated with combat deployment [43,48,102-106],
and was one of the first to document significant unhealthy alco-
hol use in Reserve and/or Guard members post-deployment [103].
Additionally, prior mental health issues (e.g., PTSD) and major life
stressors were all associated with initiation, persistence, and re-
lapse of tobacco use [105,106]. Furthermore, Study findings have
shown occupational differences in substance use [35,64] and that
prior sexual assault was associated with relapse to smoking in men
and relapse to unhealthy alcohol use in women [109].

Sleep

As with other health-related behaviors, sleep can be affected by
military service and poor sleep is associated with numerous ad-
verse outcomes. Deployment in particular was observed to hamper
sleep quality and quantity, though these associations were medi-
ated by a combination of combat experience, and mental health
symptoms [108]. Poor sleep was also associated with adverse men-
tal and physical health outcomes. For example, those with poor
sleep prior to deployment were more likely to experience a vari-
ety of post-deployment mental health conditions, including PTSD,
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depression, and anxiety [44,51]. Type 2 diabetes risk was also el-
evated among those with self-reported trouble sleeping and sleep
apnea, compared to those without these sleep problems, even af-
ter adjustment for relevant mental health conditions [95]. Further-
more, the association between sleep, readiness, and other military
career outcomes is of particular importance to the DoD. For ex-
ample, the Study observed that service members with insomnia
symptoms were less likely to deploy, more likely to report lower
self-rated health, more lost workdays, and early discharge from
service, and to have more health care visits, compared to those
with no insomnia symptoms [97].

Sexual trauma

In addition to the psychological health, physical health, and
health-related behaviors core portfolio areas, several other top-
ics have emerged over time as research priorities that cut across
the overarching portfolio areas, including sexual trauma. Sexual
trauma, which includes sexual harassment and/or sexual assault,
has been prioritized by the DoD, the VA, Congress, and the general
public [110,111]. Although the absolute counts of US servicemen
who experience sexual trauma are comparable to servicewomen,
most of the previous research had focused on women. Research
from the Study has corroborated and expanded upon the previous
findings that documented some of the negative impacts of sexual
trauma among service members and veterans [112-114].

Analyses of Study data revealed numerous associations between
sexual trauma and adverse outcomes. Among male and female
participants, sexual trauma was associated with poorer functional,
physical, and mental health as well as difficulties in the work-
place [34]. Furthermore, male survivors of sexual assault or harass-
ment were more likely to experience smoking relapse, separation
from the military, and post-service disability and/or unemploy-
ment [34,115]. In addition, sexual health was negatively affected by
sexual assault in service men, which was mediated through PTSD
[116]. Among women, sexual assault was associated with relapse to
unhealthy alcohol use [109], and sexual harassment was associated
with military demotion [115]. Combat experience during deploy-
ment was associated with elevated risk of sexual trauma among
women [117]. Study findings have also observed that service men
and women who experienced sexual assault were more likely to
report higher levels of physical activity, potentially suggesting that
survivors may use exercise as a means of coping [118].

Discussion

Over the past 20 years, the Study has provided a unique and
extraordinary opportunity to efficiently study the effects of mili-
tary service on service member and veteran health and well-being,
including but not limited to the unanticipated deployments in sup-
port of OEF, OIF, and OND. Given the productivity of the Study to
date and the promise of further discoveries with additional follow-
up, the Study arguably represents a large return on investment.
The Study has been prolific in identifying risk and protective fac-
tors for service member and veteran health and well-being. Indeed,
from being one of the earliest large-scale prospective longitudi-
nal studies to use internet-based data collection, the accumulation
of linkages with multiple databases, and the ability to prospec-
tively follow service members throughout their military careers
and through transition out of service, the Study has been ground-
breaking in multiple areas. In order to make research accessible to
a diverse range of audiences and stakeholders, the Study’s dissem-
ination strategy includes identifying customers for targeted knowl-
edge transition and developing formal agreements with DoD of-
fices and other stakeholders, conducting stakeholder-informed re-
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search, and producing reports tailored toward the translation from
research to practice and policy.

Future directions

Although initially designed as a 21-year effort to track service
member health throughout their military careers, the Study is now
planned to continue through 2068 in order to follow service mem-
bers throughout their lifetimes. This provides the unique ability to
research health and life challenges during the period of transition
out of military service and reintegration into civilian life, as well
as long-term health and well-being outcomes of military service.
Additionally, the Study will continue to present opportunities to
increase collaboration across the DoD, VA, academia, government,
and non-governmental organizations.

The Study remains responsive to ever-changing situations and
environments (e.g., congressional mandates [119], emerging mil-
itary conflicts, new research priorities) as well as major current
events (e.g., 9/11, COVID-19 pandemic). Some of these new research
priorities reflect the increasing proportion of participants who are
now veterans, while others reflect recognition of novel risk factors
for service member, and veteran health or responses to stakeholder
concerns (e.g., women'’s health [119]). For example, the large pro-
portion of Cohort members who have left military service since
the Study’s initiation prompted substantial growth of the veterans’
health research area. Additionally, the survey instrument contin-
ues to evolve over time to remain responsive to stakeholder con-
cerns. For example, following increased awareness of the incidence
of traumatic brain injury during the recent conflicts [120,121], new
items assessing history, severity, and mechanisms of brain injury
were incorporated. Other additions to the survey over time in-
cluded topics such as sexual orientation, gender identity, financial
health, homelessness, bullying and/or discrimination, perceived so-
cial support, specific combat events, anger, resilience, e-cigarette
and/or vaping use, childhood trauma, and insomnia. Since the sur-
vey revision process occurs several years prior to cycle launch in
order to allow time for review and approval, it is challenging to
quickly adapt to include items related to important current events
(e.g., COVID-19). This highlights the importance of established data
linkages already in place (e.g., with medical records from DoD and
VA) which enable timely responses to stakeholder and public con-
cerns. The study thus remains well-positioned to investigate cur-
rent and emerging threats to service member health and well-
being.

Two future directions warrant special note. Following a long-
standing research collaboration with VA researchers, which began
with planning the Study, the VA became a Study sponsor follow-
ing an interagency agreement in 2013, and a subsequent data use
agreement in 2018 enabled linkages with VA healthcare and ben-
efits records. This unprecedented access facilitates examination of
the continuity of care between the DoD and VA during the transi-
tion to veteran status, risk and protective factors during the transi-
tion phase, and enhances the long-term ascertainment of health
outcomes (e.g., cancer, neurodegeneration) occurring long after
separation from service. Veteran health and well-being represent
an emerging priority for the Study. For example, future research
will identify factors associated with retention of service members
as well health and well-being of those during transitioning out of
the military. This expansion will further advance the understanding
of the implications of military service on chronic conditions, in-
cluding those that may develop much later in life (e.g., dementia),
and those that may not be identified based on survey data alone.
Furthermore, because veterans are followed regardless of their uti-
lization of VA services, the Study will be uniquely positioned to
examine an important segment of the veteran population that of-
ten cannot be examined in research conducted by the VA.
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Second, in recognition of the integral role that families play in
service member readiness and well-being, the Study expanded its
scope to include spouses of service members in a complementary
and parallel effort, the Family Study, which is the largest prospec-
tive longitudinal study of nearly 10,000 military spouses. The Fam-
ily Study completed its first decade of follow-up and finished en-
rolling its second panel of participants in August 2021. The Fam-
ily Study is uniquely able to study several subpopulations such as
dual-military couples, male spouses, and, with the addition of the
second panel, single-parent service members. Spouses enrolled in
the Family Study also report on the health of their children, which
further expands capabilities to understand the impact of military
service on families. The Family Study also shares several character-
istics in common with the Study, such as the ability to link data
from a variety of administrative data sources. Specifically, the abil-
ity to link Family Study data with Millennium Cohort Study data
allows for dyadic analyses of military couples and a unique way
to examine the associations between military service and family
well-being [122,123].

Conclusion

This paper presented a brief summary of the Study, its method-
ology, and its impact over its first 20 years. Although the impact
the Study has made over these 20 years cannot be overstated,
the continued growth of scientific knowledge and understanding
of how military service (including but not limited to deployment)
has the potential to affect service member and veteran health and
well-being. The Study Team investigators will continue to collabo-
rate with other research organizations to deliver high-quality and
impactful knowledge products that inform scientific understanding,
policy, clinical practice guidelines, and health promotion efforts to
ultimately improve the health and well-being of service members,
veterans, and families.
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