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the first year of US Army service1–4
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ABSTRACT
Background: The high prevalence of overweight and obesity in
military recruits and in the US population as a whole necessitates
understanding the health effects of body composition and associated
morbidity.
Objective: In this study, we examined the effect of body mass index
(BMI; in kg/m2) and medical status on premature discharge from
the US Army in a large cohort of first-time–enlisted, active-duty
soldiers.
Design: We determined the odds ratios (ORs) associated with BMI
and medical status at enlistment by using a retrospective cohort of
first-time, active-duty army recruits.
Results: ORs for BMI, calculated by using 24–24.9 as a reference,
exhibited a U-shaped pattern. Soldiers with a BMI .34 had the
highest ORs for all-cause (OR: 1.47; 95% CI: 1.32, 1.64) and med-
ical (OR: 1.68; 95% CI: 1.46, 1.93) discharges. A BMI ,17 was
1.35 times as likely (95% CI: 1.02, 1.80) to result in an all-cause
discharge and 1.45 times as likely (95% CI: 1.01, 2.08) to result in
a medical discharge. ORs for soldiers who required a medical re-
examination did not vary when all-cause discharge (OR: 1.10; 95%
CI: 1.06, 1.14) and medical discharge (OR: 1.10; 95% CI: 1.05,
1.15) were compared. The medical discharge OR for soldiers who
required a medical waiver to enter the army (OR: 1.56; 95% CI:
1.48, 1.64) was higher than the OR for all-cause discharge (OR:
1.27; 95% CI: 1.22, 1.32).
Conclusion: Enlistment BMI and medical qualification status play
an important role in early discharge and may provide a valuable tool
in the development of fitness, nutrition, and injury-prevention inter-
ventions in higher-risk groups. Am J Clin Nutr 2011;93:608–14.

INTRODUCTION

Extremes of body mass index (BMI; in kg/m2), especially the
categories of overweight and obese, and their associated health
effects have been increasingly targeted for health policy in-
tervention in recent years in the US military and general pop-
ulation as a whole (1–4). Increases in the prevalence of
overweight and obese in the US population have corresponded
to increases in overweight and obese in the recruit populations
for the military and other public service jobs (5, 6), and the
leading reason for military applicant disqualification was a fail-
ure to meet body-composition standards (3, 7). The Accession
Medical Standards Analysis and Research Activity at Walter
Reed Army Institute of Research was established to support the
development of evidence-based standards for military enlistment

to ensure military recruit populations are medically fit and ready
to undertake all aspects of military service and to minimize the
morbidity and premature separation associated with military
service. Because of the high prevalence of overweight and obe-
sity in military recruits and the US population as a whole, it is
important to understand the health effects of body composition
and the associated morbidity and related premature separation.

Recent research has shown that higher BMI is associated with
decreased fitness (8–13) and increased risk of pain, injury, dis-
ability, and premature retirement or discharge (12, 14–20) in
firefighters, police, and military personnel. Although some recent
studies have shown an association between underweight and risk
of injury, illness, and premature discharge in population-based
civilian samples (20, 21) and military personnel (16, 17), the
increasing prevalence of overweight and obesity has resulted in
less emphasis placed on the evaluation of risks associated with
underweight, particularly in military personnel (23). Un-
derweight and normal-weight BMI are frequently grouped to-
gether (9–11), or the underweight are excluded from the study
population (12), when body composition is the focus.

Studies of overweight and underweight as risk factors for
injury or premature separation in military personnel, firefighters,
and police have reported inconsistent findings. Although some
authors reported risk associated with a nonnormal BMI exhibited
as a linear relation (24), other authors measured BMI as a con-
tinuous variable, which obscured the presence of a U-shaped risk
curve (25) or observed increases in risk of premature separation,
injury, or illness associated with extremes of BMI, although not
all associations were significant (8, 15–17, 19–22, 26). Nearly all
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studies that categorized BMI used broader classifications of BMI
on the basis of the National Institutes of Health (NIH) catego-
rization (27), which may obscure risk in individuals who ap-
proach, but do not cross, the defined BMI cutoff for more extreme
categories (underweight, overweight, and obese) (8, 10–13, 15–
18, 26).

The primary objective of this study was to examine the effect
of BMI, particularly extremes of BMI, on premature discharge
from the US Army in a large cohort of first time–enlisted, active-
duty soldiers. With the use of finer groupings of BMI than the
widely used NIH BMI categories (27), we assessed the effect of
BMI on both medical discharge and discharge for any reason,
while the medical status at time of application to the military was
controlled for. As a secondary objective, the independent effect of
medical qualification status at the time of application to both
medical discharge and discharge for any reason was evaluated.

SUBJECTS AND METHODS

Study population

First-time–enlisted, active-duty, US Army service members
with no prior service and an entry date between 1 January 2002
and 31 December 2006 listed in the Department of Defense
personnel records were eligible for inclusion in this study. Ex-
clusion criteria included invalid or missing information on sex,
BMI, age, race, or education or a height below minimum or
greater than maximum standards (28).

Data collection

All data elements were routinely collected by personnel of
Military Entrance Processing Stations as part of the normal army
entry process and reflected the individual’s status at time of entry.

BMI was calculated by using weight and height at the time of
entry into the military. Army applicants who exceed the upper
limits of weight for height (BMI ’27) underwent further
screening to measure body fat percentage (estimated by using
waist, neck, and hip circumferences); applicants who meet
weight-for-height standards were considered qualified regardless
of the body fat percentage (28). The Assessment of Recruit
Motivation and Strength Program was implemented in October
2006 and allowed applicants who exceeded body fat standards
for enlistment (up to a maximum 30% for men and 36% for
women, regardless of age) to enter if they could pass a fitness
test. Therefore, some recruits who entered between October
2006 and December 2006 exceeded army body fat standards. To
examine the relation between BMI and premature separation in
detail, especially in cases where it was on the cusp of the NIH
BMI categorization of underweight, normal weight, overweight,
and obese, BMI was categorized into 19 categories, each in-
cluding one unit of BMI (,17, 17–17.9, 18–18.9, 19–19.9, 20–
20.9, 21–21.9, 22–22.9, 23–23.9, 24–24.9, 25–25.9, 26–26.9,
27–27.9, 28–28.9, 29–29.9, 30–30.9, 31–31.9, 32–32.9, 33–
33.9 �34)

The medical qualification status of subjects was recorded at the
time of the preenlistment medical examination (29). Specified
medical conditions were considered permanently disqualifying,
but applicants with certain conditions that are not severe, easily
treatable, or unlikely to negatively affect military service may

receive a medical waiver after more complete review of addi-
tional medical records, tests, and consultations (30). If an ap-
plicant had a condition that was not permanently disqualifying
(most commonly, a positive marijuana drug test or exceeding
weight-for-height and body fat standards) and subsequently had
negative marijuana tests or weight-for-height or body fat within
standards, he or she was classified as “medical reexamination
required.”

Demographic data, which were assessed at the time of entry,
included age, race, education, and marital status, and were
obtained from military applicant and personnel databases. For
purposes of this study, demographic data were used as control

TABLE 1

Demographic characteristics of the study population

Count Percentage

BMI category

,17 kg/m2 296 0.1

17–17.9 kg/m2 3372 1.3

18–18.9 kg/m2 9636 3.6

19–19.9 kg/m2 15,966 6.0

20–20.9 kg/m2 21,960 8.3

21–21.9 kg/m2 26,240 9.9

22–22.9 kg/m2 26,992 10.2

23–23.9 kg/m2 27,379 10.3

24–24.9 kg/m2 24,543 9.2

25–25.9 kg/m2 22,400 8.4

26–26.9 kg/m2 21,616 8.1

27–27.9 kg/m2 18,109 6.8

28–28.9 kg/m2 13,004 4.9

29–29.9 kg/m2 10,800 4.1

30–30.9 kg/m2 8388 3.2

31–31.9 kg/m2 5906 2.2

32–32.9 kg/m2 3781 1.4

33–33.9 kg/m2 2383 0.9

�34 kg/m2 2695 1.0

Medical qualification status

No disqualifications 220,468 83.0

Medical waiver required 17,827 6.7

Medical reexamination required1 27,171 10.2

Sex

Male 217,653 82.0

Female 47,813 18.0

Age at entry

�20 y 165,595 62.4

21–25 y 74,420 28.0

26–30 y 18,590 7.0

.30 y 6861 2.6

Race

White 202,389 76.2

Black 42,048 15.8

Other 21,029 7.9

Marital status

Single 223,512 84.2

Married 37,736 14.2

Other 4218 1.6

Education

Less than high school 1334 0.5

High school diploma 240,570 90.6

Some college 11,962 4.5

College graduate or above 11,600 4.4

1 Including, but not limited to, exceeding weight-for-height and body

fat standards and positive urine drug screen for marijuana.
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variables. Demographic variables were selected for inclusion in
the model if the variable was independently associated with BMI
or medical qualification status and also independently associated
with premature discharge.

Premature separation was defined as a record with a discharge
date ,365 d after the date of entry. Medical discharges were
defined by using the Defense Manpower Data Center interservice
separation codes. Individuals with interservice separation codes
that indicated a medical disqualification, including medical con-
ditions that existed before service, a disability discharge for
medical conditions acquired during service, the failure to meet
weight and body fat standards, or being medically unqualified for
active duty and with a separation date �365 d of their entrance
date, were defined as medical discharges. Medical discharges and
all-cause discharges were analyzed separately.

Statistical analyses

Soldiers were followed for 1 y (365 d) after their military
entrance date. Logistic regression modeling was used to calculate
the odds of early discharge for BMI categories, medical quali-
fication status, and control variables. Odds ratios (ORs) and
associated 95% CIs were derived from the logistic regression
models that compared individuals who experienced discharge
�1 y of service with those who remained in the service for.1 y.
The following two models were generated: one model calculated
the odds of any discharge �1 y, and one model calculated the
odds of experiencing a medical discharge. Adjusted ORs were
calculated for BMI category by using the median category (24–

24.9) as the referent group and for medical qualification status
by using no disqualifications as the referent group. All analyses
controlled for sex, age, race, marital status, education, and BMI
category or medical status, respectively. No evidence of a sta-
tistical interaction between any of the variables was shown;
therefore, no interaction terms were included in the final model.
All analyses were performed with SAS statistical software ver-
sion 9.2 (SAS Institute, Cary, NC). The study was performed
under a minimal risk human-use protocol reviewed and ap-
proved by the Walter Reed Army Institute of Research In-
stitutional Review Board.

RESULTS

Less than 1% of eligible participants had invalid or missing
entries for sex, BMI, age, race, or education and were excluded
from this study. Individuals with heights ,58 or .80 in, who
comprised ,0.01% of total participants, were also excluded.
After applying exclusion criteria, the final population included
265,466 nonprior service-enlisted, active-duty soldiers. De-
mographic characteristics of the study population are shown in
Table 1. Most study participants were men (81.9%), white
(76.2%), ,20 y old at the time of entrance into the military
(62.4%), and high school graduates (90.6%). Subject BMIs
between 20 and 27 (64.5%) were the most common and, most of
these subjects had no disqualifications at the time of the
preenlistment medical examination (83%).

The frequency and rate of discharge by BMI category and by
medical qualification status for both medical and all-cause

TABLE 2

Frequency and rate of discharge by BMI category and medical status: all-cause compared with medical discharge

All-cause discharge Medical discharge

Count Percentage Rate (per 1000) Count Percentage Rate (per 1000)

BMI category

,17 kg/m2 62 0.2 209.46 35 0.2 118.2

17–17.9 kg/m2 621 1.6 184.16 327 1.7 97.0

18–18.9 kg/m2 1555 4.1 161.34 829 4.2 86.0

19–19.9 kg/m2 2389 6.3 149.82 1209 6.1 75.7

20–20.9 kg/m2 3082 8.1 140.56 1527 7.7 69.5

21–21.9 kg/m2 3677 9.6 140.17 1882 9.5 71.7

22–22.9 kg/m2 3676 9.6 136.33 1858 9.4 68.8

23–23.9 kg/m2 3865 10.1 141.22 1903 9.6 69.5

24–24.9 kg/m2 3408 8.9 138.93 1732 8.7 70.6

25–25.9 kg/m2 3233 8.5 144.42 1715 8.7 76.6

26–26.9 kg/m2 3116 8.2 144.19 1687 8.5 78.0

27–27.9 kg/m2 2576 6.8 142.37 1351 6.8 74.6

28–28.9 kg/m2 1829 4.8 140.90 970 4.9 74.6

29–29.9 kg/m2 1516 4.0 140.42 819 4.1 75.8

30–30.9 kg/m2 1262 3.3 150.45 692 3.5 82.5

31–31.9 kg/m2 890 2.3 150.81 485 2.4 82.1

32–32.9 kg/m2 561 1.5 148.33 322 1.6 85.2

33–33.9 kg/m2 376 1.0 158.01 194 1.0 81.4

�34 kg/m2 448 1.2 165.86 261 1.3 96.8

Medical qualification status

No disqualifications 30,595 80.2 138.8 15,524 39.2 70.4

Medical waiver required 3005 7.9 168.6 1902 4.8 106.7

Medical reexamination required1 4542 11.9 167.2 2372 6.0 87.3

1 Including, but not limited to, exceeding weight-for-height and body fat standards and positive urine drug screen for

marijuana.
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discharge are shown in Table 2. Subjects with BMIs lower and
higher than the normal category had higher rates of medical and
all-cause discharges, with clear U-shaped patterns observed. The
highest rates of all-cause discharge were observed in subjects
with BMI ,18, with the highest rates observable in subjects
with BMI ,17, followed by subjects who had BMI between 17
(209.5 discharges per 1000 individuals) and 17.9 (184.2 dis-
charges per 1000 individuals). Elevated rates of discharge were
also observable in individuals with BMI .33 (BMI: 33– 33.9:
158.0 subjects; BMI �34: 165.9 subjects), although the rates of
discharge were less than the rate of discharge in those with BMI
,18. Rates of medical discharge by BMI category followed
similar patterns.

Soldiers who required a medical waiver to enter the army and
soldiers who required a medical reexamination before entry had
similar rates of all-cause discharge (168.6 and 167.2, re-
spectively) that were elevated relative to the rate (138.8) for
soldiers who had no disqualifications. However, soldiers who
required a medical waiver experienced a higher rate of medical
discharge (106.7) relative to the rates of soldiers who required
a medical reexamination before entry (87.3) and soldiers with no
disqualifications at the medical examination (70.4).

The adjusted ORs and 95% CIs for a discharge in�1 y by BMI
category for all-cause discharge and medical discharge, re-
spectively, with medical qualification status, sex, age, race,
marital status, and education controlled for, are shown in Fig-
ures 1 and 2. Borders of the NIH BMI categories are also shown
on the figures. A clear U-shaped pattern was observed, with the
highest odds of discharge observed in subjects with the highest

and lowest BMI categories, when medical qualification status,
sex, race, age, education, and marital status were controlled for.
The odds of medical (OR: 1.68; 95% CI: 1.46, 1.93) and all-
cause (OR: 1.47; 95% CI: 1.32, 1.64) discharges were highest in
subjects with BMI .34.

Soldiers with BMI ,17 experienced the second highest odds
of a medical discharge and the third highest odds of an all-cause
discharge. Those with BMI ,17 were 1.35 times as likely (95%
CI: 1.02, 1.80) to experience an all-cause discharge and 1.45
times as likely (95% CI:1.01, 2.08) to experience a medical
discharge. In the BMI category that approached the lower
bounds of the normal-weight classification (19–19.9), a signifi-
cantly increased odds of discharge was observable for both
medical and all-cause discharges. The likelihood of all-cause
and medical separations decreases incrementally as BMI ap-
proached 20 but remained significant.

Adjusted ORs associated with a medical qualification status at
the time of the preenlistment physical, with BMI category, sex,
age, race, marital status, and education controlled for, are shown
in Table 3. ORs associated with requiring a medical re-
examination did not vary when all-cause (OR: 1.10; 95% CI:
1.06, 1.14) and medical (OR: 1.10; 95% CI: 1.05, 1.15) dis-
charges were compared, although though both were significant.
However, the odds of a medical discharge in subjects who re-
quired a medical waiver to enter the army (OR: 1.56; 95% CI:
1.48, 1.64) was higher than the odds of an all-cause discharge
(OR: 1.27; 95% CI: 1.22, 1.32) and higher than in subjects who
required a medical reexamination. The distribution of specific
medical conditions associated with requiring a medical waiver

FIGURE 1. Adjusted odds ratios (ORs) and 95% CIs for all-cause discharge by category of BMI (in kg/m2; reference: 24–24.9). Multiple logistic
regression models included BMI category, medical qualification status, sex, age, race, marital status, and education. Diamonds, adjusted OR point
estimate; vertical lines, upper and lower bounds of 95% CI.
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in soldiers who experienced a medical discharge and soldiers
who experienced a discharge for any reason were similar.

DISCUSSION

Significant associations between lowest and highest BMI
categories and all-cause and medical discharges during the first
year of service in a large cohort of army personnel were shown in
this study. The observed relation between extremes of BMI and
discharge was shown to have a U-shaped pattern of an increased
relative odds for a premature discharge in subjects with BMI,20
and .25, with medical conditions that were preexisting at the
time of enlistment, and with demographic factors controlled for.
In addition, we showed an increased likelihood of medical and
all-cause discharges during the first year of service for subjects
who required a medical waiver before entry or had a medical
condition at the time of application that was remediated before
enlistment.

This study extended previous findings of risk associated with
underweight (14–17) by showing a significant increase in all-
cause and medical discharges in those who meet the NIH defi-
nition of normal weight (BMI of 18.5–25) but who had a BMI
,20. These applicants were permitted to enter the army without
additional screening for either fitness or body fat percentage,
both of which have been used for further screening of applicants
who exceeded weight-for-height or body fat standards (28). A
BMI ,20 is as common as obesity in this population, but has
not traditionally been the focus of studies of morbidity in mil-
itary populations.

In subjects who required a medical reexamination before entry,
we showed the likelihood of a discharge to be similar for all-cause
and medical discharges. Because most medical disqualifications
of this type are the result of exceeding weight-for-height stan-
dards, we hypothesized that many of these individuals lost weight
to meet weight-for-height standards before enlistment. This
finding suggested that exceeding weight-for-height standards
may be associated with a premature discharge, even after the
weight has been lost and weight-for-height standards have been
met. Further studies are necessary to determine the extent to
which the elapsed time between the initial disqualification for
exceeding weight-for-height standards and delayed entry is as-
sociated with injuries in this population.

Findings with respect to soldiers who required a medical
waiver before enlistment are more difficult to interpret. The
distribution of medical conditions among the medical waiver–

FIGURE 2. Adjusted odds ratios (ORs) and 95% CIs for medical discharge by category of BMI (in kg/m2; reference: 24–24.9). Multiple logistic regression
models included BMI category, medical qualification status, sex, age, race, marital status, and education. Diamonds, adjusted OR point estimate; vertical lines,
upper and lower bounds of 95% CI.

TABLE 3

Medical qualification status: all-cause compared with medical discharge1

All-cause discharge Medical discharge

No disqualifications — —

Waiver required 1.27 (1.22, 1.32) 1.56 (1.48, 1.64)

Medical reexamination required2 1.10 (1.06, 1.14) 1.10 (1.05, 1.15)

1 All values are adjusted odds ratios; 95% CIs in parentheses. Multiple

logistic regression models included BMI category, medical status, sex, age,

race, marital status, and education.
2 Including, but not limited to, exceeding weight-for-height and body

fat standards and positive urine drug screen for marijuana.
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required group was similar when all-cause and medical dis-
charges were compared. Results from previous AccessionMedical
Standards Analysis and Research Activity studies indicate that the
relation between medical waivers and a discharge varies on the
basis of the condition waived (31–34); however, further research is
necessary to determine how BMI modifies risk associated with
requiring a medical waiver.

There are limitations to the interpretation of our findings. First,
one of the primary predictors in this study was BMI at entry into
the military. Because of its association with morbidity and
mortality and its ease of use in population health studies, BMI is
widely used as a surrogate for body fat (35). However, it is well
documented that BMI does not measure body fat well in indi-
viduals with high muscle mass, including men in the military (23,
36–39).

Second, the army assesses body fat in those who exceed weight-
for-height standards to determine whether body-composition
standards are met. If an applicant has BMI between 16 and 27 and
meets all other enlistment standards, he or she is allowed to enter
the army (28). Applicants with BMI .27 undergo anatomical
circumferential measurements to determine whether they exceed
age- and sex-specific body fat standards. The result of these
classifications is that some individuals in our study population
had BMI that indicated that they were overweight or obese even
though the army has not designated them as exceeding body fat
standards. Although these individuals who were classified as
overweight or obese did not exceed body fat standards, the re-
sults of this study suggested that they were at increased risk of
premature separation.

Third, BMIwas measured at the time of entry, not at the time of
discharge, which occurred �1 y later in our study population.
Body weight can vary greatly in �1 y, especially when the in-
dividual is subjected to rigorous physical- fitness training. This
phenomenon has been studied by Friedl et al (9), who docu-
mented frequent weight loss in male and female trainees who
exceeded body fat standards and male and female trainees who
were overweight, although the weight loss was more pronounced
in men. Weight gain during basic training was also observed and
was most common in the leanest women. Weight at the end of
basic combat training is not routinely collected for centralized
military databases and was unavailable for this study. Therefore,
BMI at time of entry likely overestimated discharge BMI for
obese soldiers and underestimated discharge BMI for un-
derweight soldiers and may not have been proximate in time to
the outcome of interest. However, the results of this study sug-
gested that enlistment BMI and medical status at the time of the
preenlistment physical play an important role in early discharge
and may provide a valuable tool in the development of fitness,
nutrition, and injury-prevention interventions in higher-risk
groups.

Fourth, smoking status was unmeasured in this population.
Previous studies of military personnel have shown significant
association between smoking and increased risk of injury, which
is a risk factor for premature discharge (19, 40) and discharge
(41–44). In a separate study, we showed associations between
BMI and musculoskeletal injury that were similar to the findings
in the current report, when smoking status was controlled for. In
addition, we showed that the relation between BMI and injury
was not confounded by smoking (45). Therefore, although we
could not exclude the possibility of some degree of residual

confounding of the association between BMI and premature
discharge observed in this study because of the smoking status of
study participants, it should not be assumed that the observed
associations between underweight and premature separation in
this study were completely attributable to unmeasured smoking
status.

Finally, separation codes are fairly general in nature and did
not allow us to ascertain the specific medical diagnosis associated
with a medical discharge, and this limited our ability to interpret
the precise cause for discharge. In addition, convenient separation
codes, including entry-level performance, character or behavior,
and existed before service, are used to discharge recruits that
cannot fulfill training requirements relatively early in basic combat
training, which may have resulted in some misclassification of
medical discharges as discharges for behavioral reasons (41, 46)
and in imprecise measurement of medical discharge of an out-
come.

In conclusion, notwithstanding these limitations, we have
shown an increase in the likelihood of discharge in underweight
soldiers for medical reasons that approach that of the more ex-
tensively studied obese body composition. These findings extend
current knowledge of risk factors of injury and disability in
military personnel and may help to inform training and re-
cruitment of other public service personnel, including firefighters
and police. Because of the level of increased risk of discharge in
underweight and obese subjects and in subjects who experienced
temporary and permanent disqualifications, the army should
consider appropriate interventions for these groups. These
populations of underweight and obese recruits may benefit from
testing to determine their fitness and motivation to complete
military service before entering the army.
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