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Objective: To assess the prevalence of obesity and associated health outcomes among US service

members and veterans.

Methods: Data from three survey cycles (2001–2008) of the Millennium Cohort Study were used to

examine the prevalence of obesity and associated health outcomes.

Results: Of the 42,200 individuals, 25% were of normal weight in 2007/2008. Rates of obesity were sig-

nificantly higher among veterans (32%) compared with service members (20%). Over a 7-year period,

obesity rates doubled among both service members (10%–20%) and veterans (14%–32%). Participants

with obesity were significantly more likely to be male, older, less educated, in the Army or Navy, and sep-

arated/retired from the military. Hypertension, diabetes, and sleep apnea were significantly more common

among individuals with obesity compared with participants with normal weight (all P<0.05). Individuals

with obesity also had significantly higher rates of depression and post-traumatic stress disorder than indi-

viduals with normal weight and had lower mental and physical functional scores (all P< 0.05).

Conclusions: These findings indicate an urgent need to enhance strategies for preventing and reducing

excess weight gain within the military and veteran populations. Such strategies should aim to ensure a fit

military force and promote health after military service.
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Introduction
Obesity has become a national health crisis, with a nearly threefold

increase in prevalence (13%–36%) among the US general population

in the past decades (1,2). The consequences of obesity are multiple,

including adverse health outcomes, premature death, and associated

societal and psychosocial costs (3,4). Although weight and body com-

position standards must be met for accession and retention in the US

military, the military may not be immune to the ongoing obesity epi-

demic. Most national data on obesity are obtained through surveys of

the general population, such as the Behavioral Risk Factor Surveillance

System (5) and the National Health and Nutrition Examination Survey;

however, these surveys do not specifically sample military personnel.

Data on obesity among active duty military personnel have largely

been derived from serial cross-sectional surveys [i.e., the Department

of Defense (DoD) Survey of Health Related Behaviors Among Active

Duty Military Personnel] (6,7), while veteran data have often relied on

substudies using the Behavioral Risk Factor Surveillance System (8,9).

While some studies have suggested that military members may have

lower rates of obesity compared with the general population (10), a

recent study indicated that the prevalence of overweight and obesity

rose from 50.6% to 60.8% among active duty service members

between 1995 and 2008 (7); however, these data were collected using

serial cross-sectional surveys and did not evaluate the same cohort

over time. A prospective investigation of body weight over time among

a sample of service members and veterans followed longitudinally,

examining factors associated with overweight/obesity, is needed.
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Knowledge regarding the patterns of weight gain among service

members is not only important for understanding health and fitness

of the military force, but also the impact on society since military

members and veterans make up approximately 13% of the adult US

population (9). Hence, data on the prevalence and associated factors

of obesity among military populations are needed for informing both

military-specific and national preventive and health care programs.

We utilized data from the largest prospective study in US military

history, the Millennium Cohort Study, to describe the prevalence of

obesity among current and former service members over time and to

assess cross-sectional associations with health outcomes.

Methods
Study population
Designed to prospectively evaluate the health impact of serving in

the military, the Millennium Cohort Study launched in 2001 and

includes members from all service branches and components. The

first panel of the study was a probability-based sample of the entire

military population. Participants were randomly selected from US

military rosters, with over-sampling of selected subgroups of inter-

est, as previously described (11). All participants voluntarily agreed

to participate and gave informed consent.

Of the 77,047 participants who enrolled in the first panel and com-

pleted a baseline survey between 2001 and 2003 (referred to as the

2001 survey cycle), 55,021 (71%) completed the first follow-up

questionnaire (2004–2006; referred to as the 2004 survey cycle), and

54,790 (71%) members completed the second follow-up question-

naire (2007–2008; referred to as the 2007 survey cycle). Previous

studies have found the Millennium Cohort to be a representative

sample of service members not influenced to participate by poor

health, and analyses on weighting for nonresponse have not identi-

fied changes in metrics for mental disorders (12,13). For this analy-

sis, we evaluated participants who completed a baseline and two

follow-up surveys in order to assess BMI changes over time using

the same study population (n 5 46,437). Individuals missing body

weight or height data from the questionnaires were excluded

(n 5 4,237), yielding a total study population for the current analysis

of 42,200 participants.

Data sources
The Millennium Cohort survey includes self-reported height and

body weight measures from which BMI was calculated. The survey

also includes a comprehensive set of mental, physical, and func-

tional health questions. Demographic and military variables were

obtained from official military personnel files from the Defense

Manpower Data Center. Deployment data, including in and out of

theater dates, were obtained from electronic military records.

Deployment status was based on being deployed at least once in

support of operations in Iraq and Afghanistan prior to completing

the 2007 survey. Military separation/retirement was determined

using official military personnel files provided by Defense Man-

power Data Center.

BMI was categorized (14) as underweight (BMI <18.5 kg/m2), nor-

mal weight (18.5–24.9 kg/m2), overweight (25.0–29.9 kg/m2), and

obesity (�30 kg/m2). Underweight and normal weight were com-

bined, and referred to as normal, due to low numbers of individuals

who were underweight (<1%) in our cohort. BMI was calculated

for each survey time point and shown over three time periods.

The associations of obesity with physical, mental, and functional

health outcomes were examined using 2007 survey data. Physical

health outcomes included hypertension, diabetes, sleep apnea, and

coronary heart disease (CHD). For each physical health outcome,

participants reported if they had been diagnosed by a doctor or

health professional in the last 3 years. In addition, the total number

of diagnosed medical conditions was determined by summing the

number of conditions endorsed from 40 possible conditions (e.g.,

depression, gallstones, fibromyalgia, migraines) and were catego-

rized as 0, 1, 2, and �3.

Mental health outcomes, which included post-traumatic stress disor-

der (PTSD) and depression, were based on self-report of either a

professional-diagnosed condition in the past 3 years or a positive

screen from a standard assessment measure on the 2007 survey.

The PTSD Checklist–Civilian Version is a 17-item measure of

PTSD symptoms interpreted according to the Diagnostic and Statis-

tical Manual of Mental Disorders, 4th edition criteria. A positive

PTSD screen was based on having a moderate or higher level of at

least one intrusion symptom, three avoidance symptoms, and two

hyperarousal symptoms (15,16). Corresponding to the Diagnostic

and Statistical Manual of Mental Disorders, 4th edition, the nine

items of the Patient Health Questionnaire (PHQ-9) was adminis-

tered to assess depression using the following two criteria: (1)

endorsement of a depressed mood or anhedonia; and (2) responding

“more than half the days” or “nearly every day” to at least five of

the nine items, where suicidal ideation was counted if present at

all (17,18).

Current levels of stress and worry were evaluated using 10 items—

including “worrying about your health” and “financial problems or

worries”—scored from 0 (not bothered at all) to 2 (bothered a lot)

from the PHQ (18). Categories for stress and worry were defined as

low (score of <15), moderate (score of 15–18), and high (score of

>18).

Functional health was assessed by the Physical Component Sum-

mary and Mental Component Summary scores that were calculated

from data obtained from the Medical Outcomes Study 36-Item Short

Form Health Survey, Veterans version. Higher scores for both the

Physical Component Summary and Mental Component Summary

represent better health (19). Continuous scores were collapsed into

three categories based on approximately 1 standard deviation (SD)

of the baseline scores from the mean, with “low” representing scores

below the 15th percentile and “high” representing scores above the

85th percentile (20). Somatic symptoms were assessed using the

PHQ 15-Item Somatic Symptom Severity Scale (PHQ-15).

The PHQ-15 consists of 15 somatic symptoms scored from 0 (not

bothered at all) to 2 (bothered a lot). Scores of 15 or higher

(referred to as multiple somatic symptoms) have shown to be signif-

icantly associated with increased impairment and higher health care

utilization (21).

Statistical analysis
Descriptive characteristics, including demographic and military

covariates, were summarized and reported by BMI category using

the 2007 survey data. The percentage of participants in each BMI
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TABLE 1 Characteristics* by BMI category for Millennium Cohort participants at the 2007 to 2008 survey
(N = 42,200)

BMI

Normala

(n 5 10,962), n (%)

Overweight

(n 5 21,452), n (%)

Obesity

(n 5 9,786), n (%)

Sex
Male 5,914 (19.0) 17,350 (55.6) 7,923 (25.4)

Female 5,048 (45.8) 4,102 (37.3) 1,863 (16.9)

Age (years)
�36 3,845 (32.7) 5,577 (47.5) 2,329 (19.8)

37–42 2,443 (24.6) 5,272 (53.1) 2,214 (22.3)

43–48 2,457 (23.3) 5,316 (50.4) 2,786 (26.4)

>48 2,217 (22.3) 5,287 (53.1) 2,457 (24.7)

Race/ethnicityb

Non-Hispanic white 7,878 (26.1) 15,314 (50.8) 6,941 (23.0)

Non-Hispanic black 1,081 (22.3) 2,364 (48.7) 1,407 (29.0)

Hispanic 577 (23.9) 1,242 (51.3) 600 (24.8)

Asian/Pacific Islander 1,184 (30.6) 2,087 (53.9) 600 (15.5)

Other 227 (25.6) 430 (48.5) 230 (25.9)

Marital status
Never married 1,843 (35.1) 2,338 (44.6) 1,065 (20.3)

Married 7,655 (23.8) 16,914 (52.5) 7,623 (23.7)

Divorced, separated, widowed 1,464 (30.7) 2,200 (46.2) 1,098 (23.1)

Education
Some college or less 5,286 (22.7) 11,806 (50.8) 6,154 (26.5)

Bachelor’s degree or higher 5,676 (30.0) 9,646 (50.9) 3,632 (19.2)

Service branch
Air Force 3,540 (28.1) 6,319 (50.2) 2,721 (21.6)

Army 4,970 (24.7) 10,290 (51.1) 4,872 (24.2)

Coast Guard 115 (24.3) 248 (52.4) 110 (23.3)

Marine Corps 425 (26.6) 896 (56.1) 276 (17.3)

Navy 1,912 (25.8) 3,699 (49.9) 1,807 (24.4)

Military component
Active duty 6,040 (27.4) 10,830 (49.1) 5,203 (23.6)

Reserve/National Guard 4,922 (24.5) 10,622 (52.8) 4,583 (22.8)

Occupation
Combat 1,820 (22.9) 4,375 (54.9) 1,771 (22.2)

Health care 1,871 (37.1) 2,241 (44.5) 929 (18.4)

Functional support 2,744 (29.2) 4,722 (50.2) 1,939 (20.6)

Other 4,527 (22.9) 10,114 (51.1) 5,147 (26.0)

Deployed before 2007–2008c

No 6,483 (27.0) 11,636 (48.4) 5,919 (24.6)

Yes 4,479 (24.7) 9,816 (54.1) 3,867 (21.3)

Separation from the military
No 8,527 (27.0) 16,612 (52.6) 6,423 (20.4)

Yes 2,435 (22.9) 4,840 (45.5) 3,363 (31.6)

aOf those in this category 210 (1.9%) were underweight.
bThirty-eight individuals are missing race/ethnicity data.
cIncludes individuals with deployment experience in support of the operations in Iraq and Afghanistan before the 2007–2008 survey date.
*All characteristics were significant at P< 0.0001 (v2 test).
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category, stratified by gender and service status (current vs. former

service members were assessed at the time of completion of the

2007 survey), were calculated for each survey cycle. The mean and

percent body weight change over time were calculated and

described. Weights were created and applied based on the sex and

gender of the US military population as of October 2000, when the

population was established. Weighted unadjusted associations of

BMI with health outcomes were assessed using v2 tests. All data

management and statistical analyses were conducted using SAS ver-

sion 9.3 (SAS Institute, Inc., Cary, NC).

Results
Study population characteristics and factors
associated with obesity
Among the 42,200 military members and veterans at the 2007 sur-

vey, the mean (SD) age was 42 (9.0) years, 74% were male, and

71% were non-Hispanic white. Seventy-five percent were on active-

duty service, while 25% had separated or retired from military serv-

ice [mean (SD) time since separation/retirement 5 3.8 (1.9) years].

Data from the 2007 survey demonstrated that 210 (<1%) partici-

pants were underweight, 10,752 (26%) were normal weight, 21,452

(51%) were overweight, and 9,786 (23%) had obesity.

Participants with obesity were proportionately more likely to be

male, older, non-Hispanic black less educated, in the Army or Navy,

nondeployers, and separated/retired from the military (Table 1). For

example in 2007, 20% of current service members had obesity com-

pared with 32% of veterans (P< 0.001). There was no significant

change in the percentage of obesity among veterans when the time

since separation from the military was divided into periods of <1

year, 1 to 3 years, and >3 years since separation (30%, 31%, and

32%, respectively), suggesting that the increase in obesity may occur

close to the time of military separation.

Obesity and body weight change trends
over time
The mean BMI of the study population significantly increased dur-

ing the study timeframe: 26.1 kg/m2 in 2001, 26.8 kg/m2 in 2004,

and 27.5 kg/m2 in 2007 (P< 0.0001). Data, stratified by gender and

service status (current vs. former service members), showed that the

percentage of service members with obesity (�30 kg/m2) increased

over time among each of the four groups, with the female and male

veteran groups having the largest increases (8%–26% and 16%–

35%, respectively). The percentage of service members/veterans

who were of normal weight or underweight (<25 kg/m2) diminished

over time (Figure 1).

Similar to BMI changes over time, the study population had a mean

(SD) body weight change of 14.1 (6.9) kg during the 2001 to 2007

study period. Overall, 35% of service members/veterans gained 3%

to 10% of their body weight, while 22% gained more than 10% of

their body weight between 2001 and 2007. Females and males had a

mean (SD) weight increase of 4.5 (7.3) kg and 4.0 (6.8) kg,

respectively.

Associations between obesity and
health outcomes
In cross-sectional analysis using weighted data from the 2007 survey

cycle, participants with obesity were significantly more likely to

report having hypertension, diabetes, sleep apnea, and CHD, com-

pared with individuals with normal weight (all P< 0.001; Table 2).

Twice as many individuals with obesity reported being diagnosed

Figure 1 BMI categories by survey cycle (2001–2003, 2004–2006, 2007–2008) for study population (N 5 42,200) stratified by sex and service status.
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with �3 medical conditions compared with normal weight individu-

als (24% vs. 12%; P< 0.001; Table 1). Participants with obesity

were also more likely to screen positive for mental health condi-

tions, including depression and PTSD (P< 0.0001), and multiple

somatic symptoms (P< 0.0001; Table 2). Finally, those with obesity

had lower mental and physical functional health scores, and more

self-reported life stressors/worries compared with normal weight

individuals (all P< 0.0001; Table 2).

Discussion
This study provides data on obesity trends among military service

members and veterans, indicating a doubling of the prevalence

between 2001 and 2007. Although the prevalence of obesity was

lower among service members compared with the general US popu-

lation (2007: 20% vs. 34%) (1), veterans had a nearly identical rate

(32%), demonstrating the propensity for excessive weight gain

around the time of leaving the military. This study also demon-

strated an association between obesity and numerous adverse physi-

cal, mental, and functional health outcomes in this relatively young

cohort. The high prevalence of obesity and associated adverse health

effects indicate the need to enhance strategies for preventing excess

weight gain within military and veteran populations.

Our study demonstrated that military personnel, even during service

time, are susceptible to weight gain and development of obesity.

Data from the DoD Survey of Health Related Behaviors showed that

obesity increased from 9% to 13% between 2002 and 2005 and

remained elevated (13% in 2008) (6,7). Our study confirmed this

rising trend using confidential survey data and demonstrated a con-

tinuing rise in prevalence of obesity among current service members

(10% in 2001–2003, 15% in 2004–2006, and 20% in 2007–2008).

Findings from our veteran sample provide an even more concerning

trend—despite being out of the service for only a mean of 3.8 years,

veterans had a similar prevalence of obesity compared with the gen-

eral population. Previous studies also demonstrated that veterans

have similar or higher rates of obesity compared with nonveterans,

but these studies often evaluated individuals long after leaving mili-

tary service (8,9,22-24). Previous findings from the Millennium

Cohort suggest that veterans often gain excess weight near the time

of discharge, thus highlighting a critical time for the implementation

of preventive strategies (25). This association between weight gain

and separation from the military indicates that having served in the

US military does not protect against subsequent obesity—perhaps

some of this may be a result of the military’s weight maintenance

programs (including mandatory biannual weight checks and fitness

testing) being based on negative consequences rather than the inter-

nalization of standards for healthy living.

Our data also revealed an increasing prevalence of obesity among

veterans over the past decade. A study of veterans in 2004 showed

that 25% of male and 21% of female veterans with obesity (8), and

our data showed a continued progression of these obesity rates

(25%–34% for male veterans and 19%–26% for female veterans in

2004–2006 and 2007–2008, respectively). These data are important

for the overall health of the nation, as military personnel (in particu-

lar veterans) comprise a sizable proportion of the US population,

with a notable increase in the number of veterans since the Iraq and

TABLE 2 Weighteda prevalence of self-reported physician-
diagnosed medical conditions and weighted frequencies of
functional health by BMI for Millennium Cohort participants,
2007–2008 survey cycle

BMI

Normalb

(%)

Overweight

(%)

Obesity

(%)

Medical condition*

Hypertensionc 7.9 15.0 27.4

Diabetesc 1.1 1.9 4.5

Sleep apneac 2.5 5.4 13.8

Coronary heart diseasec,d 0.7 1.1 1.7

No. medical conditionse

0 54.4 51.3 37.1

1 23.4 23.3 24.7

2 10.7 11.8 14.7

�3 11.5 13.7 23.5

PTSDf 7.4 7.2 11.8

Depressionf 10.3 9.6 15.5

Multiple somatic symptomsg 2.3 2.2 5.1

Functional health*

Mental component summary scoreh

Low 16.2 15.0 20.1

Moderate 71.2 71.4 66.9

High 12.7 13.5 13.0

Physical component summary scoreh

Low 10.1 12.7 21.3

Moderate 67.4 71.7 70.6

High 22.5 15.7 8.1

Life stress/worriesi

Low 38.7 34.2 21.0

Moderate 41.8 43.8 45.3

High 19.5 22.0 33.7

aSample was weighted to US military population in October 2000.
bOf those in this category 210 (1.9%) were underweight.
cSelf-reported physician-diagnosed medical conditions in “past 3 years.”
dCoronary heart disease included heart attack diagnosis.
eSelf-reported physician-diagnosed conditions included: anemia, angina, asthma,
cancer, chronic fatigue, chronic bronchitis, cirrhosis, coronary heart disease,
Crohn’s disease, depression, diabetes, emphysema, fibromyalgia, gallstones, hear-
ing loss, heart attack, hepatitis B, hepatitis C, hepatitis other, hypertension, kidney
failure, lupus, manic depression, migraine, multiple sclerosis, neuropathy, other
heart diagnosis, pancreatitis, PTSD, rheumatoid arthritis, schizophrenia, seizure,
sinusitis, sleep apnea, stroke, thyroid condition, ulcer, vision loss, ulcerative colitis,
and urinary tract infection.
fPTSD and depression included both self-reported physician diagnosis and screen-
ing data from the PHQ-9 (depression) and PCL-C (PTSD) using DSM-IV criteria.
gPositive screen is a PHQ-15 score of �15.
hComputed using the Medical Outcomes Study 36-Item Short Form Health Survey,
Veterans version (SF-36V) with “low” and “high” representing scores below the
15th and above 85th percentile, respectively.
iLife stress and worries were assessed using screening data from the Patient
Health Questionnaire, which includes questions concerning worries about appear-
ance, finances, health, and family. Those with a “low” score have lower levels of
worry/stress.
*All characteristics were significant at P< 0.0001 (v2 test).
DSM-IV, Diagnostic and Statistical Manual of Mental Disorders, 4th Edition; PCL-C,
Patient Checklist–Civilian Version; PHQ-9, Patient Health Questionnaire-9; PHQ-15,
Patient Health Questionnaire 15-Item Somatic Symptom Severity Scale; PTSD,
post-traumatic stress disorder.
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Afghanistan conflicts (3,22). These study findings demonstrate high

obesity rates in veterans despite having experienced both environ-

mental and cultural factors that promote healthy body weight while

in the military.

Excessive body weight does not exist in isolation, but has important

consequences for the health and well-being of the individual.

Despite evaluating a young, otherwise healthy, population, this study

demonstrated significant relationships between obesity and several

physical health outcomes, including hypertension, diabetes, CHD,

and sleep apnea. In prior studies using Millennium Cohort data,

many of these outcomes were significantly associated with obesity

(e.g., diabetes, CHD, Achilles tendinitis, and plantar fasciitis) after

adjustment for demographic, behavioral, and military characteristics

(26-28). Other studies in the general population have identified other

physical health conditions that have been associated with obesity,

including dyslipidemia, osteoarthritis, and certain types of cancers

(e.g., endometrial, breast, colon) (4,29,30).

Similar to previous studies, our study also showed significant cross-

sectional relationships between obesity and mental health conditions,

including depression and PTSD (3,31,32). Using data from the Mil-

lennium Cohort Study, a recent study found that PTSD was associated

with a subsequent 3-year weight gain and the development of obesity

(33). Mental health illnesses may result in unhealthy dietary habits in

response to stress or emotional regulation; poor physical activity hab-

its; use of medications that cause weight gain; and/or neuroendocrine

changes that contribute to obesity. It is also possible that obesity may

predispose to the development of mental health conditions (5).

Although several studies in the general population have described

demographic groups at highest risk for obesity, military data are

more limited. Our study found that female service members and vet-

erans were less likely to have obesity than their male counterparts.

This contrasts with national data showing that, in 2007 to 2008,

36% of women had obesity compared with 32% of men (34).

Although, women may under-report their body weight and may have

higher body fat than demonstrated by BMI (35), these factors likely

do not explain the differences in obesity between military and civil-

ian women. It is possible that females who have joined the military

have specific attributes toward physical fitness and weight mainte-

nance compared with their civilian counterparts.

Similar to other studies, we found that increasing age was associated

with obesity (5,6), which may be the result of progressive accumula-

tion of small weight increases over time. We also found that blacks

had higher rates of obesity despite having similar access to health

care and food services within the military setting.

Regarding military-specific characteristics, those in a health care

occupation and prior deployers were proportionally less likely to

have obesity. The Army and Navy had a higher prevalence of obe-

sity, while the Marine Corps had the lowest, similar to results of

DoD surveys (36). Further examination showed that the percentage

of obesity was lower in each age category for the Marines, indicat-

ing that there are likely service-related differences. The types of

people who join and type of work performed in each service may

contribute to different rates of obesity. For example, rates of obesity

by the service branch may be related to differences in behaviors,

such as smoking and exercise habits.

Obesity’s impact on the military has been described as a national

security risk (37). The obesity epidemic has affected the number of

eligible recruits (38) as the military recruits come from a population

with increasing obesity rates. After military entry, excess weight

contributes to early discharges prior to completion of service term,

amounting to costs of $60 million per year (37). Among those who

remain in service, obesity may negatively affect career progression

(e.g., promotion or selection for professional military schools) and

deployability. Finally, there are additional costs associated with

service-connected disabilities, decreased productivity, absenteeism,

and premature mortality (5).

While the military and veteran leaders are currently addressing

many of the concerns mentioned above, the present data are impor-

tant for informing programs and policies that specifically aim to

address obesity and overall health behaviors among US service

members and veterans. For example, the Performance Triad imple-

mented by the US Army Surgeon General addresses some of these

issues by using public health initiatives that focus on quality sleep,

activity engagement, and improved nutrition (see www.armymedi

cine.mil for more information). In addition, other DoD programs

(e.g., Operation Live Well) focus on active lifestyles and healthy

eating habits (see www.health.mil/livewell). Such programs may

benefit from this study’s findings, in conjunction with other

research, to strengthen their program aims and goals. Military serv-

ice time and transition out of the military represent critical times for

establishing lifelong healthy behaviors, which could not only ensure

a fit force but also reduce post-service-related costs for the DoD,

Department of Veterans Affairs, and US health care system, as well

as enhance the quality of life for thousands of veterans.

Several study limitations should be noted. We utilized self-reported

data provided on confidential surveys, which may misclassify some

individuals due to misreporting weight and height measurements

(39). However, when self-reported weight from the Millennium

Cohort questionnaire was compared with fitness records within 60

days of each other among a sample of Air Force personnel, 75%

reported weight within 3% of the weight recorded on their fitness

record. We utilized BMI as an estimate of body fat, but this measure

may be influenced by muscle mass. For this article, our research

team specifically focused on obesity; however, we also reported

weight changes (kg) over time. Researchers have found that BMI is

an adequate measure to assess excessive weight and its associated

morbidities in population studies (5,40).

Another potential limitation is that we evaluated military members

who were in the service during 2000; hence, our study did not

include more recent military accessions. However, this approach

allowed for longitudinal assessments of BMI trends among service

members and veterans utilizing the same population—a notable limi-

tation of prior studies (6,10). In addition, it was not possible to

assess weight change in survey nonresponders who were generally

younger, less educated, and more likely to have left the military

(13); such characteristics may have underestimated obesity rates in

our study. While our study population may not be representative of

the overall military or veteran population, analyses were weighted

based on the age and sex of the overall military population. The

reported prevalence rates are unadjusted, which could overestimate

or underestimate obesity in some groups by not adjusting for varia-

bles such as smoking and physical exercise. Finally, our study

examined the cross-sectional associations of BMI and various health
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outcomes; future longitudinal studies that examine the trajectories of

body weight over time and long-term health outcomes are planned.

In summary, this is the first study to prospectively follow a large

cohort of military members and veterans during 2001 to 2007 and

describe obesity trends and associated health outcomes. Although

active duty military members were less likely to have obesity com-

pared with civilians, this rapidly reversed after separation from mili-

tary service, with veterans being as likely to have obesity as civil-

ians. These results can be used to inform both DoD and Veterans

Affairs leadership of the current obesity rates and trends in both

service member and veteran populations. Given the associations of

obesity with multiple adverse physical, mental, and functional health

outcomes in this relatively young cohort, body weight management

strategies should stand as a DoD and national priority.O

Acknowledgments
In addition to the authors, the Millennium Cohort Study Team

includes Richard Armenta, PhD; Lauren Bauer, MPH; Deborah

Boggs Bookwalter, PhD; Madeline Cross; James Davies; Carrie

Donoho, PhD; Dennis Faix, MD, MPH; Susan Farrish, MD, MPH;

Toni Rose Geronimo; Kathleen Gunn; Isabel Jacobson, MPH;

William Lee; Hector Lemus, PhD; Gordon Lynch; Denise Lovec-

Jenkins; David Luxton, PhD; Danielle Mitchell; Kristin Motylinski;

Anna Nagel, MPH; Chiping Nieh, PhD; Chris O’Malley, MPH; Ser-

guey Parkhomovsky; Anet Petrosyan; Jackie Pflieger, PhD; Christo-

pher Phillips, MD, MPH; Teresa Powell, MS; Ben Porter, PhD;

Rudy Rull, PhD; Kari Sausedo, MA; Beverly Sheppard; Steven

Speigle; Evelyn Sun, MPH; Valerie Stander, PhD; Daniel Trone,

PhD; and Jennifer Walstrom from the Deployment Health Research

Department, Naval Health Research Center, San Diego, California,

USA. We specifically thank Richard Armenta for reviewing the

manuscript and providing detailed feedback. We also thank the pro-

fessionals from the US Army Medical Research and Materiel Com-

mand, especially those from the Military Operational Medicine

Research Program, Fort Detrick, Maryland, USA; Scott L. Segger-

man from the Management Information Division, Defense Man-

power Data Center, Monterey, California, USA; and the Millennium

Cohort Study participants. The views expressed in this article are

those of the authors and do not reflect the official policy or position

of the Department of the Navy, Department of the Army, Depart-

ment of the Air Force, Department of Defense, Department of Vet-

erans Affairs, or the US Government. Approved for public release;

distribution is unlimited. This research was conducted in compliance

with all applicable federal regulations governing the protection of

human subjects (Protocol NHRC.2000.0007). US Government Work

(17 USC 105); not copyrighted in US.

VC 2016 The Obesity Society

References
1. Moyer VA. Screening for and management of obesity in adults: U.S. Preventive

Services Task Force recommendation statement. Ann Intern Med 2012;157:373-378.

2. Flegal KM, Carroll MD, Kit BK, Ogden CL. Prevalence of obesity and trends in
the distribution of body mass index among US adults, 1999-2010. JAMA 2012;307:
491-497.

3. Coughlin SS, Kang HK, Mahan CM. Selected health conditions among overweight,
obese, and non-obese veterans of the 1991 Gulf War: results from a survey
conducted in 2003-2005. Open Epidemiol J 2011;4:140-146.

4. Field AE, Coakley EH, Must A, et al. Impact of overweight on the risk of
developing common chronic diseases during a 10-year period. Arch Intern Med
2001;161:1581-1586.

5. Wyatt SB, Winters KP, Dubbert PM. Overweight and obesity: prevalence,
consequences, and causes of a growing public health problem. Am J Med Sci 2006;
331:166-174.

6. Smith TJ, Marriott BP, Dotson L, et al. Overweight and obesity in military
personnel: sociodemographic predictors. Obesity (Silver Spring) 2012;20:1534-1538.

7. Reyes-Guzman CM, Bray RM, Forman-Hoffman VL, Williams J. Overweight and
obesity trends among active duty military personnel: a 13-year perspective. Am J
Prev Med 2015;48:145-153.

8. Almond N, Kahwati L, Kinsinger L, Porterfield D. Prevalence of overweight and
obesity among U.S. military veterans. Mil Med 2008;173:544-549.

9. Nelson KM. The burden of obesity among a national probability sample of
veterans. J Gen Intern Med 2006;21:915-919.

10. Lindquist CH, Bray RM. Trends in overweight and physical activity among U.S.
military personnel, 1995-1998. Prev Med 2001;32:57-65.

11. Smith TC. The US Department of Defense Millennium Cohort Study: career span
and beyond longitudinal follow-up. J Occup Environ Med 2009;51:1193-1201.

12. Wells TS, Jacobson IG, Smith TC, et al. Prior health care utilization as a
potential determinant of enrollment in a 21-year prospective study, the
Millennium Cohort Study. Eur J Epidemiol 2008;23:79-87.

13. Littman AJ, Boyko EJ, Jacobson IG, et al. Assessing nonresponse bias at follow-up
in a large prospective cohort of relatively young and mobile military service
members. BMC Med Res Methodol 2010;10:99. doi: 10.1186/1471-2288-10-99.

14. Centers for Disease Control and Prevention. Body Mass Index: Considerations
for Practitioners. Available from: http://www.cdc.gov/obesity/downloads/BMIfor
Pactitioners.pdf. Last accessed July 14, 2013.

15. Diagnostic and Statistical Manual of Mental Disorders. American Psychiatric
Association: Washington, D.C.; 2000.

16. Brewin CR. Systematic review of screening instruments for adults at risk of PTSD.
J Trauma Stress 2005;18:53-62.

17. Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief depression
severity measure. J Gen Intern Med 2001;16:606-613.

18. Spitzer RL, Kroenke K, Williams JB. Validation and utility of a self-report version
of PRIME-MD: the PHQ primary care study. Primary Care Evaluation of Mental
Disorders. Patient Health Questionnaire. JAMA 1999;282:1737-1744.

19. Ware JE Jr, Sherbourne CD. The MOS 36-item short-form health survey (SF-36). I.
Conceptual framework and item selection. Med Care 1992;30:473-483.

20. LeardMann CA, Smith TC, Smith B, Wells TS, Ryan MA. Baseline self reported
functional health and vulnerability to post-traumatic stress disorder after combat
deployment: prospective US military cohort study. BMJ (Clin Res Ed) 2009;338:
b1273.

21. Kroenke K, Spitzer RL, Williams JB. The PHQ-15: validity of a new measure
for evaluating the severity of somatic symptoms. Psychosom Med 2002;64:
258-266.

22. Park SY, Zhu K, Potter JF, Kolonel LN. Health-related characteristics and dietary
intakes of male veterans and non-veterans in the Multiethnic Cohort Study (United
States). J Mil Veterans Health 2011;19:4-9.

23. Barrett DH, Boehmer TK, Boothe VL, Flanders WD, Barrett DH. Health-related
quality of life of U.S. military personnel: a population-based study. Mil Med 2003;
168:941-947.

24. Koepsell TD, Forsberg CW, Littman AJ. Obesity, overweight, and weight control
practices in U.S. veterans. Prev Med 2009;48:267-271.

25. Littman AJ, Jacobson IG, Boyko EJ, Powell TM, Smith TC. Weight change
following US military service. Int J Obes (Lond) 2013;37:244-253.

26. Boyko EJ, Jacobson IG, Smith B, et al. Risk of diabetes in U.S. military service
members in relation to combat deployment and mental health. Diabetes Care 2010;
33:1771-1777.

27. Owens BD, Wolf JM, Seelig AD, et al. Risk factors for lower extremity tendinopathies
in military personnel. Orthop J Sports Med 2013;1:2325967113492707.

28. Crum-Cianflone NF, Bagnell ME, Schaller E, et al. Impact of combat deployment
and posttraumatic stress disorder on newly reported coronary heart disease among
US active duty and reserve forces. Circulation 2014;129:1813-1820.

29. Bray GA. Medical consequences of obesity. J Clin Endocrinol Metab 2004;89:
2583-2589.

30. Terry RB, Page WF, Haskell WL. Waist/hip ratio, body mass index and premature
cardiovascular disease mortality in US Army veterans during a twenty-three year
follow-up study. Int J Obes Relat Metab Disord 1992;16:417-423.

31. Vieweg WV, Julius DA, Bates J, et al. Posttraumatic stress disorder as a risk factor
for obesity among male military veterans. Acta Psychiatr Scand 2007;116:483-487.

32. Pagoto SL, Schneider KL, Bodenlos JS, et al. Association of post-traumatic stress
disorder and obesity in a nationally representative sample. Obesity (Silver Spring)
2012;20:200-205.

33. LeardMann CA, Woodall KA, Littman A, et al. Post-traumatic stress disorder
predicts future weight change in the Millennium Cohort Study. Obesity (Silver
Spring) 2015;23:886-892.

34. Flegal KM, Carroll MD, Ogden CL, Curtin LR. Prevalence and trends in obesity
among US adults, 1999-2008. JAMA 2010;303:235-241.

Obesity Obesity in the US Military Rush et al.

1588 Obesity | VOLUME 24 | NUMBER 7 | JULY 2016 www.obesityjournal.org

info:doi/10.1186/1471-2288-10-99
http://www.cdc.gov/obesity/downloads/BMIforPactitioners.pdf
http://www.cdc.gov/obesity/downloads/BMIforPactitioners.pdf


35. Gallagher D, Visser M, Sepulveda D, Pierson RN, Harris T, Heymsfield SB. How
useful is body mass index for comparison of body fatness across age, sex, and
ethnic groups? Am J Epidemiol 1996;143:228-239.

36. Barlas FM, Higgins WB, Pflieger JC, Diecker K. 2011 Department of Defense
Health Related Behaviors Survey of Active Duty Military Personnel. Fairfax, VA:
ICF International; 2013. Contract No. GS-23F-8182H.

37. Khan A. Obesity in the military on the rise; first lady seeks to reverse trend. International
Business Times. February 10, 2012 Available from: http://www.ibtimes.com/obesity-
military-rise-first-lady-seeks-reverse-trend-408876. Last accessed July 12, 2013.

38. Hsu LL, Nevin RL, Tobler SK, Rubertone MV. Trends in overweight and obesity
among 18-year-old applicants to the United States military, 1993-2006. J Adolesc
Health 2007;41:610-612.

39. Merrill RM, Richardson JS. Validity of self-reported height, weight, and body mass
index: findings from the National Health and Nutrition Examination Survey, 2001-
2006. Prev Chronic Dis 2009;6:A121.

40. Heinrich KM, Jitnarin N, Suminski RR, et al. Obesity classification in military
personnel: a comparison of body fat, waist circumference, and body mass
index measurements. Mil Med 2008;173:67-73.

Original Article Obesity
EPIDEMIOLOGY/GENETICS

www.obesityjournal.org Obesity | VOLUME 24 | NUMBER 7 | JULY 2016 1589

http://www.ibtimes.com/obesity-military-rise-first-lady-seeks-reverse-trend-408876
http://www.ibtimes.com/obesity-military-rise-first-lady-seeks-reverse-trend-408876


Standard Form 298 (Rev. 8/98) 

REPORT DOCUMENTATION PAGE 

Prescribed by ANSI Std. Z39.18 

Form Approved 
OMB No. 0704-0188 

The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, 
gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of 
information, including suggestions for reducing the burden, to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 
1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any 
penalty for failing to comply with a collection of information if it does not display a currently valid OMB control number. 
PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS. 
1. REPORT DATE (DD-MM-YYYY) 2. REPORT TYPE 3. DATES COVERED (From - To) 

4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER 

5b. GRANT NUMBER 

5c. PROGRAM ELEMENT NUMBER 

5d. PROJECT NUMBER 

5e. TASK NUMBER 

5f. WORK UNIT NUMBER 

6. AUTHOR(S) 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION 
REPORT NUMBER 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR'S ACRONYM(S) 

11. SPONSOR/MONITOR'S REPORT 
NUMBER(S) 

12. DISTRIBUTION/AVAILABILITY STATEMENT 

13. SUPPLEMENTARY NOTES 

14. ABSTRACT 

15. SUBJECT TERMS 

16. SECURITY CLASSIFICATION OF: 
a. REPORT b. ABSTRACT c. THIS PAGE 

17. LIMITATION OF 
ABSTRACT 

18. NUMBER 
OF 
PAGES 

19a. NAME OF RESPONSIBLE PERSON 

19b. TELEPHONE NUMBER (Include area code) 

11-02-2016 Journal article 2001-2007

Obesity and Associated Adverse Health Outcomes Among US Military
Members and Veterans: Findings from the Millennium Cohort Study

60002

Rush, Toni; LeardMann, Cynthia A; Crum-Cianflone, Nancy F

Commanding Officer
Naval Health Research Center
140 Sylvester Rd
San Diego, CA 92106-3521

15-08

Commanding Officer Chief, Bureau of Medicine and Surgery
Naval Medical Research Center (MED 00), Navy Dept
503 Robert Grant Ave 7700 Arlington Blvd Ste 5113
Silver Spring, MD 20910-7500 Falls Church, VA 22042-5113

BUMED/NMRC

Approved for public release; distribution is unlimited.

Open access publication. Obesity, 24(7):1582-9, 2016 Jul, doi:10.1002/oby.21513

Objective: To assess the prevalence of obesity and associated health outcomes among US service members and veterans.
Methods: Data from three survey cycles (2001–2008) of the Millennium Cohort Study were used to examine the prevalence of obesity and associated health
outcomes.
Results: Of the 42,200 individuals, 25% were of normal weight in 2007/2008. Rates of obesity were significantly higher among veterans (32%) compared with
service members (20%). Over a 7-year period, obesity rates doubled among both service members (10%–20%) and veterans (14%–32%). Participants with
obesity were significantly more likely to be male, older, less educated, in the Army or Navy, and separated/retired from the military. Hypertension, diabetes, and
sleep apnea were significantly more common among individuals with obesity compared with participants with normal weight (all P<0.05). Individuals with
obesity also had significantly higher rates of depression and post-traumatic stress disorder than individuals with normal weight and had lower mental and
physical functional scores (all P<0.05).
Conclusions: These findings indicate an urgent need to enhance strategies for preventing and reducing excess weight gain within the military and veteran
populations. Such strategies should aim to ensure a fit military force and promote health after military service.

obesity, weight, health outcomes, prospective study, military, veteran, epidemiology

U U U UU 8

Commanding Officer

COMM/DSN: (619) 553-8429


	obesity and associated_rush
	15-08_SF298_printed

