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OBJECTIVES — Current incidence trends in type 2 diabetes portend a significant public
health burden and have largely been attributed to similar trends in overweight and physical
inactivity. Medical surveillance of the U.S. military indicates that the incidence of all types of
diabetes is similar to that in the civilian population (1.9 vs. 1.6 cases per 1,000 person-years)
despite weight and fitness standards. Differences in the common determinants of diabetes have
not been studied in the military population, which may provide novel clues to the increasing
incidence of diabetes in the U.S.

RESEARCH DESIGN AND METHODS — A case-control study, 4-to-1 matched for
age, sex, entry date, time in service, and service component (e.g., Army, Navy), was used to
describe the association of race/ethnicity, socioeconomic status, and BMI and blood pressure at
entry into military service with the subsequent development of type 2 diabetes.

RESULTS — Increased BMI (adjusted odds ratio, 3.0 for the �30 kg/m2 vs. �20 kg/m2

categories and 2.0 for the 25.0–29.9 kg/m2 category, compared with the reference category),
African-American (adjusted odds ratio, 2.0) and Hispanic origin (adjusted odds ratio, 1.6)
compared with white race and rank (adjusted odds ratio for junior enlisted versus officers, 4.1)
were all associated with type 2 diabetes.

CONCLUSIONS — Individuals with type 2 diabetes in the U.S. military have risk factors
similar to the general U.S. population. Because diabetes is a preventable disease, it is of concern
that it is occurring in this population of younger and presumably more fit individuals. This has
significant implications for the prevention of diabetes in both military and civilian populations.
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There has been growing concern over
recent increases in the prevalence of
diabetes and obesity in the U.S. and

the impact this may have on morbidity,
mortality, and health care expenditure
(1,2). Furthermore, accumulating evi-
dence shows that this epidemic is effect-
ing young adults in the U.S., with similar

increases in type 2 diabetes and obesity
(3,4). These trends may directly affect the
military in terms of recruitment, reten-
tion, and military readiness. Diabetes of
any type is cause for rejection into mil-
itary service, in accordance with De-
partment of Defense directive (DoD
instruction no. 6130.3, Physical Standards

for Appointment, Enlistment, and Induction,
2 May 1994). Members of the military
who develop diabetes during active duty
are referred for possible medical dis-
charge or retirement (5). However, not all
personnel with diabetes are discharged;
in one unpublished study, 83 soldiers
with diabetes were retained in the U.S.
Army during an 18-month period (J.
Mancuso, personal communication). Few
data exist regarding the prevalence and
incidence of diabetes in the military, par-
ticularly type 2 diabetes. A study of the
incidence of type 1 diabetes, among U.S.
Navy enlisted personnel, reported an in-
cidence of 21.3 per 100,000 person-years
(6). This study, which was based on hos-
pitalization records from 1974 to 1988,
demonstrated that incidence of type 1 di-
abetes increased with age and the disease
occurred more commonly in African-
Americans, which is an epidemiologic
picture more consistent with type 2 dia-
betes (7,8). In another study, conducted
exclusively among U.S. Army aviators,
the incidence of diabetes (type not speci-
fied) was 0.47 per 1,000 person-years (9).
In a recent report from the Defense Med-
ical Surveillance System, the crude inci-
dence of both type 1 and type 2 diabetes
was 1.9 per 1,000 person-years in 1998, a
figure similar to that among U.S. residents
aged 20–44 years (1.6 per 1,000 person-
years) from the Centers for Disease Con-
trol and Prevention in 1994 (10). This
surveillance report also noted positive as-
sociations with age as well as African-
American, Hispanic, and Asian-American
ethnicity. Rates were similar for the U.S.
Navy (2.09), the U.S. Air Force (2.03),
and the U.S. Army (2.16 per 1,000 per-
son-years) but lower in U.S. Marines
(0.56 per 1,000 person-years). In a sub-
sequent query of this same database for
incident type 2 diabetes in 1998, we
found incidence rates between services
that were statistically different: 1.99 for
the U.S. Navy, 1.82 for the U.S. Air Force,
1.67 for the U.S. Army, and 0.56 per
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1,000 person-years for the U.S. Marines
(R. Paris, unpublished data).

Because the incidence of type 2 dia-
betes is expected to be lower among ac-
tive, younger individuals, epidemiologic
information from the military may pro-
vide important clues to the increasing
prevalence of this disease among young
adults and may aid in identification of risk
factors for prevention among members of
the armed forces. Therefore, we sought to
determine whether type 2 diabetes was
associated with BMI, blood pressure, and
other data from physical examination
records that were obtained upon entering
the military.

RESEARCH DESIGN AND
METHODS — Our study population
was composed of members of the U.S.
military on active-duty status between
January 1997 and August 2000. We se-
lected case and control subjects from a
surveillance database that maintains in-
formation on all inpatient and outpatient
records of military personnel. To obtain
data on recruit characteristics such as
height, weight, education, and blood
pressure at entry, we merged our surveil-
lance data with information on these in-
dividuals from the Defense Manpower
Data Center, which manages all data from
the Military Entrance Processing Com-
mand obtained on recruits from July
1970 (11). A total of 500 individuals with
an initial diagnosis of type 2 diabetes by
International Classification of Diseases, 9th
Revision, Clinical Modification (ICD-9-CM)
code between January 1997 and August
2000 were selected at random. Only indi-
viduals whose records included coding
for type 2 diabetes (i.e., ICD-9-CM codes
250.00, 250.02, 250.40, 250.42, 250.50,
250.52, 250.60, 250.62, 250.70, 250.72,
250.90, and 250.92) were used as case
subjects. Because ICD-9-CM codes end-
ing in “1” or “3” denote type 1 diabetes
and those ending in “0” and “2” denote
type 2 diabetes, it is possible that some
cases could be misclassified as type 2 di-
abetes if the fifth digit were not specified.
To remove this possible misclassification
of type 1 diabetes, we analyzed two sub-
sets of the data, one consisting of those
cases coded 250.02 only (42% of cases)
and the other consisting of cases with the
code ending in “2,” which gave results
similar to our final multivariable model
using the full data set (data not shown). A
sample of 150 cases were screened for

available records at our local medical
treatment facility (Walter Reed Army
Medical Center, Washington, DC). Of the
150 cases, records were available for 58
individuals, and data from 1997 to Au-
gust 2000 were available for 29 individu-
als. A total of 22 cases (76%) included
laboratory evidence of diabetes, and 16 of
29 individuals (55%) were taking medi-
cation for diabetes. A total of 11 of these
16 individuals were taking oral hypogly-
cemics (with or without insulin) and 5
were on an insulin regimen only.

A total of 2,000 control subjects were
selected at random and matched on a
4-to-1 basis by the following character-
istics: age within 1 year, sex, branch of
service (i.e., Army, Navy, Air Force, Ma-
rines), date of entry into the military
within the same month, and active duty at
the time the matched case received an ini-
tial diagnosis of diabetes (to control for
time in military service). Control subjects
did not have a diagnosis of diabetes or
diabetes-related complications at the time
of selection. Race/ethnicity was analyzed
by three categories: non-Hispanic whites,
African-Americans, and Hispanic/other,
which included people of Hispanic origin
and all others who did not report being of
Caucasian or African-American descent
(e.g., Asians, Pacific Islanders). Rank was
categorized into three classes: junior en-
listed (service grades E0–E4), senior en-
listed (service grades E5–E9), and officers
(grades O1–O10, WO1–W05). Rank is
often used as a surrogate for socioeco-
nomic status in epidemiologic studies of
military populations and was hypothe-
sized to be associated with diabetes in this
study (12–14). This study was reviewed
and approved by the Human Use Com-
mittee at the Walter Reed Army Institute
of Research.

Statistical analysis
We estimated that our sample size re-
quired �500 case subjects and 2,000
control subjects to reject our null hypoth-
esis of no difference in the highest com-
pared with the lowest quartile of BMI,
which was the variable of primary in-
terest. In the first phase of analysis, we
performed bivariate and descriptive sta-
tistical tests to look for confounding and
effect modification of diabetes and vari-
ables known to be associated with diabe-
tes: BMI, race/ethnicity, and rank (as a
proxy for socioeconomic status), using
contingency tables, analysis of variance,

Student’s t tests, and other exploratory
data methods. We performed analyses of
continuous variables by dividing BMI,
systolic blood pressure, and diastolic
blood pressure into quartile distributions
and compared the highest and lowest of
these distributions. In addition, we used a
modification of the classification system
for overweight and obesity based on mea-
surement of BMI as recommended by the
National Heart, Lung, and Blood Institute
(15). We classified BMI into four catego-
ries: lean (�20), normal (20–24.9), over-
weight (25–29.9), and obese (�30 kg/
m2). This categorization provided better
interpretation and fit in regression models
and is reported in RESULTS. We used mul-
tivariate, stepwise, conditional logistic re-
gression analysis to estimate relative risk
(using odds ratios) of the association of
variables of interest and then adjusted for
potential confounding covariates identi-
fied in our exploratory analysis. We ex-
cluded persons with missing data from
the multivariate analysis (n � 454). We
performed model checking using the
Hosmer-Lemeshow �2 goodness-of-fit
test and applied the principle of condi-
tional error to evaluate the most parsimo-
nious model (16). We performed all
analyses with Stata statistical software,
(version 6.0; Stata, College Station, TX).

RESULTS — Our final data set con-
tained 419 observations for case subjects
and 1,627 observations for control sub-
jects; 454 observations were excluded
due to missing data (P � 0.71; Fisher’ s
exact test for difference in missing data for
case versus control subjects). The mean
age at diagnosis of personnel with type 2
diabetes was 35.3 years (range 18–55);
these individuals had served an average of
13.6 years in the military. Of the case sub-
jects, 86% were men, which is represen-
tative of the military population. Only 36
of our case subjects had been diagnosed
with diabetes as inpatients. In bivariate
analysis, diabetes was associated with a
higher BMI (mean 24.0 vs. 23.1, P �
0.0001), lower rank, and minority status
but not blood pressure (Table 1). There
were no significant differences in BMI at
entrance into military service between Af-
rican-Americans (mean 23.1, SD 3.1),
Hispanics (mean 23.7, SD 3.2), and
whites (mean 23.3 kg/m2, SD 3.0) (P �
0.07, one-way analysis of variance). Also,
there were no significant differences in
BMI between rank at the time of diagnosis
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(or matching for controls) and BMI at en-
try into the military; the mean was 23.2
(2.8) for officers, 23.5 (3.4) for junior en-
listed, and 23.2 kg/m2 (3.0) for senior en-
listed (P � 0.11, Mann-Whitney U test).

In multiple logistic regression analy-
sis, BMI, rank, and race/ethnicity were as-
sociated with type 2 diabetes (Table 2).
The association with BMI increased by
each category: for comparison of over-
weight and lean categories, the odds ratio
was 2.0 (95% CI 1.4–3.0), and for com-
parison of obese and lean categories, the
odds ratio was 3.0 (95% CI 1.4–6.4). In a
survival analysis of individuals in whom
diabetes developed, persons classified as
obese or overweight by BMI measure-
ments had fewer years of military service
than those with normal or lean BMI at
entry into the military (P � 0.0001 by
log-rank test).

In our final model, from which we
present our adjusted estimates, we in-
cluded only those covariates (rank, race/
ethnicity, and BMI) that remained
statistically significant and provided the
best fit to the data by model testing. Rank
had the strongest association with diabe-
tes and increased in a dose-response man-
ner. The odds ratio for junior enlisted (the
lowest ranking members) was 4.1 (95%
CI 1.9–9.3) compared with officers and
2.7 (95% CI 1.5–5.0) for senior enlisted
compared with officers. Education level
and scores on aptitude tests did not seem
to be potentially confounding variables,
because adjustment for these variables
had little effect on the association between
diabetes and rank (data not shown). Some
of the association between rank and dia-

betes could also be due to differences be-
tween rank and minority status. There
were significantly fewer Afr ican-
American (53 or 10.7%) or other officers
(18 or 3.6%) compared with white offic-
ers (424 or 85.7%) (P � 0.001 by �2 anal-
ysis). To further assess the effect of race on
the association between rank and diabe-
tes, separate multivariable models, ad-
justed for BMI, were analyzed. Among
African-Americans only, the effect of rank
persisted: the odds ratio (compared with
officers) was 5.1 (95% CI 0.2–108.1) for
junior enlisted and 2.4 (95% CI 0.4 –
15.6) for senior enlisted. Among whites,

the odds ratio was 5.5 (95% CI 1.7–17.6)
for junior enlisted and 3.3 (95% CI 1.5–
7.9) for senior enlisted. Among Hispanic
and other ethnicities, the odds ratio was
2.2 (95% CI 0.3–18.1) for junior enlisted
and 1.2 (95% CI 0.1–12.0) for senior en-
listed. Although some of the CIs include
one (except for whites), the magnitude of
association seems consistent. In addition,
minorities had a higher risk of diabetes:
adjusted for rank and BMI, the odds ratio
was 2.0 (95% CI 1.6–2.6) for African-
Americans and 1.6 (1.1–2.4) for Hispanic
and other ethnicity groups combined.
There was no association between either
systolic or diastolic blood pressure at en-
try and subsequent development of dia-
betes (data not shown). We found no
difference between unadjusted and ad-
justed odds ratios for BMI and diabetes. It
must be noted that our unadjusted values
are “adjusted” by matching on sex, age,
branch of military, and length of service.

CONCLUSIONS — Our results mir-
ror those of other epidemiologic studies
of type 2 diabetes, namely the well-
recognized associations with BMI, race/
ethnicity, and rank as a surrogate for
socioeconomic status (8). The incidence
rate for diabetes in the military in two
prior analyses is the same or higher than
that obtained from a similarly aged civil-
ian population (6,10). Whether this is
due to differences in case definition, bet-

Table 1—Selected demographic and biologic characteristics of U.S. millitary service members
with and without type 2 diabetes

Variable
Case subjects

(n � 419)
Matched control subjects

(n � 627) P

Age at diagnosis (years) 35.3 (8.0) 35.2 (8.0) NS
BMI (kg/m2) 24.0 (3.3) 23.1 (2.9) �0.001
Systolic blood pressure (mmHg) 121.1 (13.8) 121.3 (13.2) NS
Officer 60 (12) 435 (22) Ref
Senior enlisted 333 (67) 1,180 (59) �0.001*
Junior enlisted 107 (21) 385 (19) �0.001*
White 262 (52) 1,401 (70) Ref
African-American 175 (35) 438 (22) �0.001*
Hispanic/others 62 (12) 156 (8) �0.001*
Missing 81 (16) 373 (19) NS*

Data are means (SD) for continuous variables and n (%) for dichotomous variables. *Fisher’s exact test. NS,
not significant; Ref, reference comparison group.

Table 2—Association of type 2 diabetes with BMI, rank, and race/ethnicity among U.S. mili-
tary service members diagnosed with type 2 diabetes between 1 January 1997 and 1 August
2000

Unadjusted
odds ratio

Adjusted
odds ratio 95% CI

Likelihood ratio
test P value

BMI (kg/m2)
�20.0 1.0 1.0 Ref Ref
20.0–24.9 1.1 1.1 0.8–1.6 0.51
25.0–29.9 2.0 2.0 1.4–3.0 �0.001
�30.0 3.0 3.0 1.4–6.4 �0.01

Rank
Officer 1.0 1.0 Ref Ref
Senior enlisted 2.6 2.7 1.5–5.0 �0.001
Junior enlisted 3.4 4.1 1.9–9.3 �0.001

Race/ethnicity
White 1.0 1.0 Ref Ref
African-American 2.2 2.0 1.6–2.6 �0.001
Hispanic and others 2.2 1.6 1.1–2.4 0.02

Missing 0.7 1.5 0.9–2.2 0.08

Unadjusted odds ratios are matched for age, sex, branch of service, and time in service. Adjusted odds ratios
are adjusted for other variables listed in table. Ref, reference comparison group.

Type 2 diabetes in the U.S. military
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ter case ascertainment (overweight indi-
viduals in the military are referred for
evaluation and there is universal medical
coverage), or inadequate levels of physical
activity and/or weight standards that are
not enforced strictly is unclear and cannot
be determined from the present study.
What is unique, and perhaps surprising,
is the population from which these results
were obtained. Military personnel are
presumably healthier and more physi-
cally active than the general U.S. popula-
tion. Military personnel are required to
maintain weight/height and fitness stan-
dards, which vary between services. In
the U.S. Army, all personnel are man-
dated to participate in physical training
programs year-round, maintain a mini-
mum level of physical fitness, and un-
dergo testing (sit-ups, push-ups, and
2-mile run) two times per year. Soldiers,
without medical conditions that prohibit
participation, who repeatedly fail the
physical fitness test are barred from re-
enlistment or separated from service.
Special physical fitness programs are
available in addition to body composi-
tion/weight control programs for those
who are overweight. Interestingly, one re-
cent survey found that levels of physical
activity and prevalence of overweight
among military members were similar to
the general population. In this study, U.S.
Navy and Air Force personnel were less
likely to engage in physical activity (three
or more times per week) than U.S. Army
or Marine Corps personnel (17). This is
one plausible hypothesis that may explain
the differences in rates of diabetes be-
tween military services. Despite the lack
of physical activity data, increased BMI at
entry into military service during late ad-
olescence and early adulthood is associ-
ated with diabetes, suggesting that
adequate physical activity levels were ei-
ther not achieved and/or not maintained
in this population.

It is well recognized in epidemiologic
studies that association does not imply
causality. However, the associations de-
scribed in this study are consistent with
Hill’ s criteria (18). Namely, the strength
of the associations observed (odds ratios
�2.0), evidence of a dose response (for
both BMI and rank), coherency with
other studies, and biologic plausibility.
The biologic plausibility of overweight
and obesity is well established, being
largely mediated through the mechanism
of insulin resistance (19). The existence of

socioeconomic variation in disease occur-
rence strongly suggests environmental
determinants of risk. It is unclear what
this means in terms of actual exposures.
For chronic diseases, this is believed to be
explained in part by differences in risk
factors that cluster with social class or so-
cioeconomic status (except for access to
medical care in this situation) (20,21).
The effects of social class on diabetes may
therefore be explained in part by the in-
verse gradient associated with BMI (22)
and gains in BMI (23) and attendant in-
sulin resistance, low birth weight (24,25),
and nutrition (26,27).

Inferences from our study are limited
for several reasons. Misclassification bias
(of outcome) probably occurred, because
our case definition relied on individual
physicians and the criteria they used to
diagnose diabetes. Only a small number
of medical records were available for re-
view; therefore, some of our cases may
have had type 1 diabetes. However, it is
likely that this misclassification was
nondifferential and would tend to bias es-
timates toward the null (18). The possi-
bility also exists that diabetes may have
been present and undiagnosed at entry
into the military, which may have oc-
curred in a few cases, but is unlikely in the
majority, because the mean number of
years served was 13.6 at the time of diag-
nosis and any prevalent cases would
probably have been detected earlier. Sys-
tematic (nonrandom) and nonsystematic
error in measurement of certain variables,
particularly blood pressure, height, and
weight, probably occurred, because uni-
form quality-control measures do not ex-
ist throughout all military entrance
processing stations, resulting in misclas-
sification bias (of exposure). Again, this is
most likely nondifferential bias because
disease status was unknown at the time of
measurement. The possibility of residual
confounding exists in both measured and
unmeasured risk factors such as family
history, weight patterns, and exercise.
Physical activity levels, although likely
part of the causal pathway with diabetes
and obesity (and thus not technically a
confounder) were not assessed but would
provide important information about the
incidence of diabetes in this population
(28). External validity, although less im-
portant, is limited by the demographics of
our study population, because military
personnel are younger, include more men
(86%) than women, and include more Af-

rican-Americans (�20%) than the gen-
eral population but a similar number of
Hispanic-Americans (29).

This study has important potential
implications. For the U.S. military, it sug-
gests that levels of acceptable body fat at
entry, and perhaps during military ser-
vice, may be too high (this standard may
be waived when personnel are in critical
shortage). For example, in the U.S. Army,
acceptable body fat and weight levels in-
crease with age for both men and women
in conjunction with the risk of diabetes
and allow higher acceptable levels of BMI
compared with published U.S. guidelines
(15,30). Considering the national trends
of increased prevalence of obesity and
diabetes, this may become problematic
for military recruitment, retention, and
readiness. Although not examined, phys-
ical activity levels likely played a role in
the development of diabetes. It is possible
that the activity levels required to meet
fitness standards in the military are inad-
equate to prevent diabetes or that moder-
ate to high levels of physical activity are
inadequate to prevent diabetes in a
younger population at higher risk. This
and other alternative hypotheses, to in-
clude hereditary factors, occupational
and environmental exposures, and other
risk factors, must be explored. Investiga-
tion of diabetes in the military may pro-
vide a unique opportunity to study both
the current epidemic of type 2 diabetes
affecting young Americans and important
information on the effectiveness of re-
quired weight control and exercise in the
prevention of this disease in a burgeoning
epidemic.
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