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ABSTRACT The objective of this study was to identify changes in weight that occurred during deployment to Iraq or 
Kuwait between 2005 and 2008. Data on length and type of deployment among 16.365 male U.S. Navy personnel were 
combined with weight measurements before and after deployment from the Physical Readiness Information Management 
System. Weight measurements were available for I 0.886 men who did not exceed Navy weight recommendation before 
deployment. In general, weight increased after deployment and. for those who did not exceed Navy recommendations 
before deployment, factors associated with weight gain included being enlisted and having a deployment longer than 
228 days. Among 1.108 men with 2 deployments, a dwell time shorter than the combined deployed time was a risk factor 
for weight gain during the second deployment. Future studies should explore the combined effects of long deployments 
and short dwell times in maintaining the readiness of military personnel. 

INTRODUCTION 
Deployment to areas of active warfare is associated with var­
ious health problems and injuries among military men and 
women. 1 Although battle and nonbattle injuries are common 
during deployment, the nature of warfare in Iraq and Kuwait, 
which includes exposure to blast-related injuries, presents new 
health challenges to military personnel. For example, mild 
traumatic brain injuries may lead to psychological stressors or 
neurological disorders that may not be fully diagnosed until 
several months after deployment. Because of these findings, 
many previous studies on deployment-related health issues 
have focused on psychological stress, anxiety, posttraumatic 
stress disorder, and suicidal ideation. 1 Although other tudies 
have identified biological changes in serum cholesterol lev­
eL and blood pressure during military service,2 little attention 
has been devoted to changes in weight that may occur during 
dep loyment. Examining weight changes is important because 
decreases or increases in weight after deployment may be 
explained by limited access to nutritious foods, limited access 
to exercise opportunities, or development of psychological 
condition uch as anxiety or depression. 3 In addition, weight 
changes may be associated with physical readiness scores or 
health conditions not yet diagnosed that may have an impact 
on operational readiness.~ 

Little is known about weight fluctuation associated with 
single or multiple deployments, especially when consider­
ing total length of deployment or dwell time. Psychological 
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changes (increase in the onset or rates of depression, anxiety, 
and acute stress) have been found to be associated with long 
deployments or short dwell time. between deployments.5 The 
purpose of this study was to examine weight changes assoc i­
ated with deployment to Iraq and Kuwait while controlling for 
length of deployment and dwell time as possible modifiers of 
these changes. 

METHODS 

Subjects 
Subjects were identified using deployment information 
obtained from the Defense Manpower Data Center, Monterey, 
CA. Active duty male U.S . Navy personnel with at least I 
deployment to Iraq or Kuwait between 2005 and 2008 were 
selected. Deployment start and end dates had to occur between 
January 1, 2005, and December 31, 2008, and minimum 
deployment length was set at greater than 1 month. To obtain 
a more uniform sample, a small percentage of service mem­
bers (N = 94, 0.43%) who were deployed 3 times during the 
designated period were excluded. We also excluded women 
because the number of deployed women with complete data 
wa too small for meaningful interpretation. The fina l sample 
included 22,034 active duty male Navy personnel. To obtain 
longitudinal height and weight measurements, these subjects 
were then matched to Physical Fitness Assessment (PFA) 
records from 2005 through 2009 found within the Physical 
Readiness Information Management System (PRIMS). This 
research was conducted in compliance with all applicable fed­
eral regulations governing the protection of human subjects in 
research (protocol NHRC.2003.0025). 

Weight (Outcome) Data 
Height and weight measurements were taken semiannually 
according to the Body Composition Assessment component 
of the Navy PFA program. Measurements were housed in the 
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PRIMS database and available through the Navy Physical 
Readiness Program Office (OP AV 135F). All active duty 
members of the Navy were required to complete a Body 

mp ition Assessment once every 4 to 8 months, except 
service members who were deployed during the semiannual 
PFA time period. To incorporate longitudinal measurements 
of weight, PRIMS data were arranged according to PFA date 
and compared with deployment start and end dates. For all 
service members, the most recent weight measurement before 
the start of the first deployment was considered the pre­
deployment I weight and the first weight measurement occur­
ring after the end date of the first deployment was considered 
the post-deployment I weight. For service member with 2 
deployments between 2005 and 2008, the same methodology 
wa applied to determine pre-deployment 2 and post-deploy­
ment 2 weight . Based on these criteria, it was possible for 
the po t-deployment I measurement to reAect the same PFA 
a. the pre-deployment 2 measurement. Since all subjects in 
this study were deployed at least once, many subjects were 
exempted at I time or another from participating in I or more 
PFAs and were therefore missing pre- or post-deployment 
weight measurements . These exemptions contributed to the 
exclusion of certain individuals in the final analyses. 

Pre- and post-deployment longitudinal weight measure­
ment were used to calculate body rna s index (BMI) by divid­
ing each subject's body weight in kilograms by the square 
of his height in meters. To examine changes in weight from 
deployment start to finish, the change in BMl and the annual 
rate of change in BMI were both calculated across deploy­
ment . The change in BMI wa calculated by subtracting the 
pre-deployment BMI from the post-deployment BMI. The 
annual rate f change in BMI was calculated by dividing the 
change in BMI by the number of days between measurements 
and multiplying by 365. ln previous studies, a 5% increase 
in BMl has been suggested to hold clinical significance6

; 

therefore, a categorical variable indicating a 5% increase, 5% 
decrease, or less than 5% change from pre- to post-deploy­
ment was included in analyses. 

To evaluate the effect of weight change on operational 
readiness, a dichotomous variable indicating if a subject met 
the avy recommended weight according to height was cre­
ated for each time point (OPNAYlNST 6110.1 H). At the pop­
ulation lev I, a change in the percentage of subjects exceeding 
weight recommendations from pre- to post-deployment could 
indicate a change in overall force readiness level. At the indi­
vidual level, deployment-related and demographic factors 
associated with a change in status from pre- to post-deploy­
ment could be identified. 

Deployment Status 
For the purpose of thi, study, deployments were recognized 
if a subject received combat zone tax exclusion or hazard­
ous duty/imminent danger pay while deployed to either Iraq 
or Kuwait. Deployments were required to have started and 
ended between January I, 2005, and December 31, 2008. 
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Deployment length was analyzed as continu u and cat­
egorical (quartiles) variables. Quartiles were determined 
based on first deployment length (in days) among our pri­
mary population of service members deploying once or twice. 
These quartiles were then used for all subsequ nt analyses 
(Ql: ~181 days, Q2 : 182-207 days, Q3: 208-227 days, and 
Q4: ;:::228 days). Additionally, the effect of exceptionally long 
deployments was examined by comparing the fourth quartile 
of deployment length against the lesser 3 quartiles. 

Dwell Time 
The time between successive deployment . dwell time, was 
analyzed relative to total length of deployment. The ratio of 
dwell time to the length of the first and second deployments 
combined was calculated for subjects with 2 rec rded deploy­
ments. A dichot mous variable wa. then created by catego­
rizing the ratio of dwell time to combined deployment length 
into2groups(~l and>l). 

Demographic Data 
Demographic variables used in this study included age and 
pay grade. Age at the start of deployment I or 2 was analyzed 
as continuous and 2 categorical variables (<20, 20-29, and 
30-40 years) and (~40 and >40 years). Pay grade at the start 
of deployment I or 2 was analyzed as categorical (officer/ 
enlisted). 

Statistical Analysis 
Descriptive analyses of demographic and deployment-related 
characteristics were undertaken for service members with 
available weight and height measurements before and follow­
ing deployment I (n = 16,365). A subsample of this popula­
tion was then determined by selecting service members who 
did not exceed the Navy recommended weight for height 
before deployment 1 (n = I 0,866). Analyses were performed 
on this subsample to evaluate potential risk factors for exceed­
ing the Navy recommended weight following deployment I . 
Univariate odds ratios (ORs) with 95% confidence inter­
vals (Cls) were computed and a multivariate logistic regres­
sion was performed to generate adjusted ORs with associated 
95% Cis. 

Demographic and deployment-related characteristics were 
analyzed for a second population of service members deploy­
ing twice, with weight and height measurements before and fol ­
lowing both deployment I and deployment 2 (11 = 1,1 08). For 
this population, paired t tests, McNemar's tests, and Bowker's 
tests for symmetry were conducted to compare demographic 
and deployment-related characteristics of the first and second 
deployments. Pre-deployment mean BMI, post-deployment 
mean BMI, mean change in BMI, and mean annual rate of 
change in BMI were age adjusted using a generalized linear 
model (GLM), taking into account individual subject effects. 
Age-adjusted least squares means (L Ms) were calculated 
using SAS GLM procedure. LSM from depl yment I were 
compared with those from deployment 2 u ing an analysi of 
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covariance test u ing age as a continuous covariate. LSMs 
are values predicted by the generalized linear model at the 
mean age taken across both deployments. One-way analysis 
of variance and X2 te t were performed to test for associations 
between the dwell time ratio and several indicators of change 
in BMI. For all analyses, significance was set at the p < 0.05 
level. All tatistical calculations were carried out using SAS, 
version 9.2 oftware (SAS Institute Inc., Cary, NC). 

RESULTS 

Demographic Characteristics 

Three analytic amples were selected ba ed on the availabil­
ity of BMI and weight measures (see Fig. I). The fir t am­
ple included 16,365 men who had 1 or 2 deployment with 
a pre- and post-BMI mea ure for deployment I. The second 
sample included 10,886 men who had a pre- and po t-BMI 
mea ure for deployment I and who did not exceed weight rec­
ommendations before their fir t deployment. The third ample 
included I, 108 men who had 2 deployments with pre- and 
post-BMI mea ures for each deployment. 

Group that Deployed Once or Twice 

For the population with I or 2 deployment (n = 16,365), the 
mean age at the start of the first deployment was 30 years, 
with more than half of the population in the 20 to 29 years 
age group. Over 80% were enlisted, and the mean length of 
deployment wa 214 days. Approximately 60% of the deploy­
ment were between 180 and 240 day (Fig. 2). Increa es 
were observed in mean BMI after deployment when evalu­
ating pre-post differences or annualized pre-post differences 
(Table I). Over the course of their first deployment, approxi­
mately 19% of service members experienced a greater than 
5% increase in BMI, whereas only 13% experienced a greater 
than 5% decrease in BMI. Overall, about 35% exceeded 

avy men dep loymg once or twice I 
.v = 22,034 

I 

I Deploying once I I Dcploymg twtce I v - 19,831 Valid BM I V = 2,203 
measurements taken 

~ before and after 
., 

deployment I for Valid BMI measurements 
Valid BM I measurements r· avy men •·: taken before and after 

taken before and afler 
deploymg once or '" deployment I 

twice 
deployment I v - 1,248 

N• l5,11 7 
N= 16,365 

~ 
~ 

Valid BMI 

Navy men who did not 
measurements taken 

before and afler 
exceed weight deployment I and 

recommendations before deployment 2 
deployment I 

N• I0,886 
Y• I,I08 

FIGURE 1. Diagram outlining sample sizes used in analyses. 
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weight recommendations after deployment, but among 
the I 0,886 men who met weight recommendations before 
deployment, 11 % exceeded weight recommendation after 
deployment. 

For those deploying once or twice and meeting weight rec­
ommendations before deployment 1, the odds of exceeding 
the Navy weight recommendation after deployment were sig­
nificantly greater for enlisted service members and tho e who 
deployed for 228 day or more (Table II). 

A multivariate logistic regression model including grade, 
length of deployment, and age was used to calculate adjusted 
ORs (Table III). Results from the multivariate model indicated 
that enlisted male Navy personnel had 1.5 times the odd of 
exceeding weight recommendation after deployment com­
pared with male Navy officers. Additionally, male Navy er­
vice members who were deployed for 228 days or more had 
almost 1.3 times the odds of exceeding weight recommenda­
tions after deployment when compared with service member 
deployed for a shorter length of time. 

Group that Deployed Twice 

For those deploying twice between 2005 and 2008 (n = l, 108), 
BMI differences were adjusted for age. In the adju ted anal­
ysis, the BMI before both deployments wa similar, but the 
adjusted mean BMI following deployment 2 was significantly 
greater than the adjusted mean BMI following deployment I. 
The mean difference in BMI and BMI per year from tart to 
end of deployment remained significantly different between 
deployment 1 and deployment 2 in the adjusted estimate . 
In this case, deployment 2 aw an age-adjusted increa e in 
BMI, whereas deployment 1 aw an age-adjusted decrease in 
BMI (Table IV). Although 18% of men experienced a greater 
than 5% increase in BMI from pre- to post-deployment 1, 
over 22% experienced the arne increa e from pre- to po t­
deployment 2. Overall, about 29% of those deploying twice 
exceeded weight recommendation after deployment I, but 
a significantly greater percentage (36%) went on to exceed 
weight recommendations after deployment 2. Among the 785 
men who met weight recommendations before deployment 1, 
8.5% exceeded weight recommendation after deployment, 
and among the 755 men who met weight recommendations 
before deployment 2, approximately 14% exceeded weight 
recommendation after deployment. 

For those deploying twice, the average dwell time was 
361.3 days, with a SD of 142.5 days. The ratio of dwell 
time to the combined length of deployments 1 and 2 was 
divided into 2 categories ($;I and > 1 ). For service members 
with more dwell time than total time deployed (ratio > 1 ), 
the second deployment mean increases in BMI and BMI per 
year were 0.13 and 0.12, respectively (Table V). However, 
for service members with less dwell time than combined 
deployment time (ratio s; J ), the second deployment mean 
increases in BMI and BMI per year were significantly higher 
(0.45 and 0.37, respectively). Having less dwell time than 
combined deployment time wa al o found to be as ociated 
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FIGURE 2. Distribution of deployment lengths among avy men during their fi rst deployment (N = 16,365). 

TABLE I. Demographic and Deployment Statistics for Navy Men TABLE II. Univariate ORs fo r Exceeding the Navy 

1---
Age (Years) 

<20 
20-29 
30-39 
~40 

Mean± SD 
Grade 

Offker 
Enlisted 

During Deployment I 

Length of Deployment (Days) 
< 182 
182-207 
208 227 
~228 

<228 
~228 

Mean ± SD 
BMI 

Pre-deployment (Mean) 
Po;t-deployment (Mean) 
Change (Mean) 
Ann ua l Rate of hange (Mean) 
>59'~ Increase 
$5% hange" 
>5% Decrease 

avy Recommendations 
xceeded Weight Post-deployment 

Exceeded Weight Post-deployment• 

Deployment I, 11 (%) 

(N= 16,365) 

366 (2.24) 
8.674 (53.00) 

5.558 (33.96) 
I ,767 ( 10.80) 
30.03 ± 7.39 

2,99 1 ( 18.28) 
13,374 (8 1.72) 

3,907 (23.87) 
4,1 13 (25. 13) 
4,228 (25.84) 
4, 117 (25. 16) 

12,248 (74.84) 
4,1 17(25. 16) 

2 14.34 ± 70.57 

26.54 ± 3.32 
26.67 ± 3.27 
0. 13 ± 1.64 
0.06 ± 1.46 

3,062 ( 18.7 1) 
II , 188 (68.37) 
2, 11 5 ( 12.92) 

5,641 (34.47) 
1,187 ( 10.90) 

"$5% increa>e or decrease in BMI. •, = I 0,886 serv ice member who did not 
exceed weight recommendations before deployment I. 
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Recommended Weight After Return From Deployment I 

Age (Years) 
<20 
20-29 
30-39 
~40 

Grade 
Officer 
Enl isted 

Length of Deployment (Days) 
< 182 
182-207 
208-227 
~228 

<228 
~228 

Deployment I (N = 10,886) 

OR 95%Cl 

1.00' 
0.91 0.65-1.28 
0.78 0.55-1. 11 
0.71 0.4 1. 10 

1.00' 
1.62 1.36-1.92 

1.00" 
1.0 1 0.85· 1.21 
1.06 0.89 1.26 
1.3 1 1.11 1.55 

1.00" 
1.28 1. 12-1.46 

Sample did not exceed avy recommended weight before deployment I. 
"Reference variable level for ORs. 

with a greater than 5% increase in BMI from pre- to p st­
deployment 2. 

DISCUSSION 
These data indicated that male avy ervice members who 
deployed twice to Iraq or Kuwait between 2005 and 2008 
were likely to gain weight during their econd deployment, 
even after we adjusted for age. Relati ve t pre-deployment 
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number , the percentage of men exceeding Navy weight rec­
ommendation increased upon return from deployment I and 
increa ed to an even greater extent upon return from deploy­
ment 2. The e statement upport the conclu ion that weight 
gain occur for many male Navy service members during 
deployment. By modeling the outcome of exceeding the Navy 
weight recommendations, we concluded that enlisted service 

TABLE Ill . Adjusted ORs for Outcome of Exceeding the Navy 
Recommended Weight After Return From Deployment l 

Deployment I (N = 10,886) 

OR 95% CI p Value 

Grade 
Officer 1.00' 
Enlisted 1.56 1.29-1 .88 <0.01 

Length of Deployment (Days) 
<228 1.00' 
~28 1.31 1.15-1.50 <0.01 

Age (Years) 
Continuous 0.99 0.98-1.00 0.16 

Sample did not exceed Navy recommended weight before deployment I. 

•Reference variable level for ORs. 

members and service members who were deployed for lon­
ger periods of time were at greater odds for weight gain dur­
ing deployment. Specifically, deployments lasting longer than 
228 days were associated with increased BMI and increa ed 
BMI per year. Intere tingly, the Navy standard length of 
deployment is set at 210 days. Although we are unclear of 
the exact role through which deployment prolonged beyond 
what is standard, expected, or trained for are associated with 
weight gain, we speculate that this finding may be related to 
increased stress and recommend that future studies examine 
this relationship. 

When our analy es were confined to subject with 2 
deployments, we observed an increase in mean BMI as a func­
tion of time. Studies involving other samples have reported a 
similar positive correlation between age and BMI. To deter­
mine the extent of weight gain independently attributable to 
deployment, as oppo ed to increa ed age, we performed an 
age adjustment. Age-adjusted mean indicated that for an 
average-aged individual, BMI would be expected to stay the 
same or decrease acros deployment l, whereas BMI would 
be expected to increase across deployment 2. The increase in 
BMI during the econd deployment remained after adju t­
ing for age, and we can assume that factors other than age 

TABLE IV. Comparison of Demographic and Deployment Statistics for Navy Men During Deployment 1 and 2 

Deployment I (N = I, I 08) 

Age (Years) 
<20 55 (4.96) 

20-29 704 (63.54) 

30-39 295 (26.62) 

~40 54 (4.87) 

Mean±SD 27.50± 6.65 

Grade 
Officer 97 (8.75) 

Enlisted 1,011 (91.25) 

Length of Deployment (Days) 
<182 413 (37.27) 

182-207 273 (24.64) 

208-227 303 (27.35) 

~228 119 (10.74) 

<228 989 (89.26) 

~228 119 (10.74) 

Mean ±SD 190.20 ± 45.50 

Age-adjusted BMJ 
Pre-deployment (Mean) 26.29 ± 0.09 

Post-deployment (Mean) 26.00 ± 0.11 

Change (Mean) -0.28±0.15 

Annual Rate of Change (Mean) -0.30± 0.15 

>5% Increase 199 (17.96) 

:S5% Change 771 (69.58) 

>5% Decrease 138 ( 12.45) 

Navy Recommendations 
Exceeded Weight Po !-deployment 319 (28.79) 

Exceeded Weight Post-deployment' 67 (8.54) 

Deployment 2 (N = I, 108) 

2 (0.18) 
688 (62.09) 
343 (30.96) 

75 (6.77) 
29.01 ± 6.66 

99 (8.94) 
I ,009 (91.06) 

382 (34.48) 
309 (27.89) 
263 (23.74) 
154 (13.90) 

954 (86.10) 
154 (13.90) 

190.60 ± 56.56 

26.20 ± 0.09 
26.91 ± 0.11 
0.71 ±0.15 
0.60 ±0.15 
250 (22.56) 
751 (67.78) 
107 (9.66) 

399 (36.01) 
105 (13.91) 

p Value 

<O.Ot• 

<O.OJb 

0.16' 

<0.01 • 

0.02' 

0.64d 
<O.Old 
<0.0Id 
<O.Old 

0.03• 

<0.01 ' 

•Bowker's test for symmetry. bPaired t test. ' McNemar's test. d Analysis of covariance test with age as a continuous covariate. 'Samples djd not exceed Navy 

recommended weight before deployment. Deployment I, n = 785; deployment 2. n = 755. 
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TABLE V. Comparison of BMI Changes During Deployment 2 for 2 Dwell Time Levels Relative to Combined Deployment Length 

BMI Change Annual BMI Rate of >5% Increase in 
N (Mean ±SD) Change (Mean± SD) BMI (11 [%]) 

Dwell Time Divided by Combined 
Length of Deployments I and 2 
~I (Les Dwell Time) 724 0.45 ( 1.70) 0.37 (1.51) 177 (24.3) 
>I (More Dwell Time) 384 0.13 (1.54) 0.12(1.46) 73 (19.0) 

Total 1,108 
p Value <0.0 1" 

•One-way analysis of variance. bX' test. 

contributed to the ob erved increa e in BMI during deploy­
ment 2. The finding of a tudy of National Guard Soldier 
found increa ed depres ive and omatic symptoms before 
their second deployment compared with their fir t deploy­
ment,? thus suggesting that stress or anxiety may be pre ent and 
contribute to weight gain during a second deployment. This is 
a topic for future research. 

Unlike our study, a previous analysis of men from a large 
coh rt of military personnel found moderate weight loss 
(>3%) among men who deployed without combat expo ures 
compared with men who did not deploy.8 This tudy included 
Army, avy, Marine Corp , Air Force, and Coast Guard per-
onnel who deployed between 2001-2003 and 2004-2006 

and who reported their height and weight on a subsequent ur­
vey. The discrepancies in study population, area of deploy­
ment, and methods used to collect weight data (mea ured v . 
self-report) could account for the differences between the 2 
studies. 

Although there have been everal anecdotal report , this 
study is the fir t to document weight increases associated 
with deployment among men. Although some reports indicate 
that limited acce to healthy food is re ponsible for weight 
increases while deployed, we were not able to determine 
the pecific causes for weight increa e from our data. This 
remains an important area of research for future studies. 

One of the trength of this tudy wa the large tudy 
cohort of male avy per onnel with height and weights mea­
sured at several points in time, both before and after deploy­
ment . AI o, we were able to acce s deployment data files 
rather than rely on elf-report que tionnaires. We used ev­
eral measures of weight change in this study, including BMI, 
5% change in weight, and compliance with Navy recommen­
dation . Although each weight variable measured something 
different, all were consistent in showing increase associated 
with deployment. 

This tudy wa limited in its a se ment of body compo­
sition. Although weight measurements were objective and 
obtained at everal points over time, we did not have access 
to body fat or waist circumference data. The increases we 
ob erved in BMI may have been associated with increa ed 
mu cle rna rather than fat, but our methods did not allow 
u to eparate out this effect.9 In addition, we were not able 
to link our data with health-risk appraisal data to determine 
if other risk factor (e.g., tress, hypertension, and smoking) 
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or comorbidities were pre ent in our population, which could 
provide more context for weight increa e .10•11 

COMMENTS 
This study provides important evidence that weight gain 
is as ociated with deployment among male avy person­
nel deployed to Iraq or Kuwait between 2005 and 2008. 
These mall, but consistent, weight increase were not due to 
aging alone, but could al o be due to a number of other fac­
tors, including access to high-calorie food, lack of exercise 
opportunities, or stress/anxiety is ues that may increa e eat­
ing behaviors. The finding that a longer dwell time mitigate 
the weight gain during a second deployment provides impor­
tant information in the ongoing discussion about optimal 
dwell time. 
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