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Abstract

Introduction: Obesity and physical inactivity are considered possible U.S. national security
threats because of their impact on military recruitment. The objectives of this study were to
estimate the prevalence of (1) BMI eligibility for military entrance, (2) adequate physical activity
participation among the BMI-eligible population, and (3) combined BMI eligibility and adequate
physical activity.

Methods: This cross-sectional study of nonpregnant, military-aged civilians (aged 17-42 years)
used objectively measured weight and height data and self-reported aerobic physical activity data
from the 2015-2020 National Health and Nutrition Examination Survey. BM/ eligibility was
defined as 19.0-27.5 kg/m2, per Department of Defense regulation. Adequate physical activity
for entering initial military training was defined as 2300 minutes/week of equivalent moderate-
intensity aerobic physical activity from all domains, approximating U.S. Army guidance.
Participants meeting both definitions were further classified as eligible and active. Analyses were
conducted in 2021-2022.
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Results: Of military-aged participants (unweighted /7=5,964), 47.3% were eligible by BMI.
Among BMI-eligible participants, 72.5% reported adequate physical activity. Taken together,
34.3% were bhoth eligible and active. The prevalence of eligible and active status was higher
among males, persons who were younger and non-Hispanic White, college graduates, and those
with higher family income than among their counterparts.

Conclusions: Among the military-aged U.S. population, slightly under half were eligible to
enter the military on the basis of their BMI, and only 1 in 3 met BMI eligibility and were
adequately physically active. Equitable promotion of healthy weight achievement and physical
activity participation may improve military preparedness.

INTRODUCTION

Physical fitness is one of several eligibility criteria for U.S. military enlistment,
appointment, or induction.! Body composition is the primary parameter of physical fitness
eligibility, and individual military Services may add traditional measures of physical fitness,
such as aerobic capacity.12 For example, U.S. Army recruiters administer a strength and
endurance examination to certify that a recruit is ready for the rigors of training and is
physically prepared for the predesignated military occupation.3 Before graduating from
initial military training (IMT), the new soldier must achieve a passing score on the Army
Combat Fitness Test.*

In a series of reports®9 drawing on published datal®-12 and internal government
documents, 1314 a consortium of retired military leaders emphasize preparedness
shortcomings across the U.S. young adult population. According to the latest report,
released in 2018,° 31% of the population aged 17-24 years were ineligible to serve because
of obesity. Echoing concerns raised in the 1950s,1° these leaders and others6.17 have
characterized widespread obesity and physical inactivity as threats to national security,
which jeopardize retention of current service members and recruitment of new service
members.

The well-documented societal trends in health-related behaviors and obesity18-20 challenge
military recruitment efforts. In 2017-2018, obesity prevalence in the U.S. among persons
aged 12-19 and 20-39 years was 21%%8 and 40%,2! respectively—up from 18%€ and
31%,19 respectively, in 2007-2008. Health-related behaviors of U.S. high-school students
have mostly trended in the less healthful direction during this time period. Although sugar-
sweetened beverage consumption has declined, it remains high,22 and youth dietary patterns
have shifted toward more ultraprocessed foods and fewer vegetables.23 Adolescent physical
activity has also decreased.22:24 Meanwhile, more adults aged 1844 years are meeting the
combined aerobic and muscle-strengthening physical activity guidelines in leisure time, but
the 2018 prevalence remained below 25%.25

The impact of these trends on military preparedness is unknown. The most recently
published manuscript on the topic used 2007-2008 data.? Moreover, previous preparedness
studies did not examine physical activity.19-14 Physical activity before military entrance is
inversely associated with costly discharge from IMT across the Services, including in the
U.S. Army,28 Marine Corps,2’ Navy,28 and Air Force.? It is also directly associated with
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physical fitness,30 which predicts training-related musculoskeletal injury31-38 and training
discharge.38-41

The objectives of this study were to estimate the percentage of the military-aged U.S.
civilian population who were eligible for military entrance by BMI, the percentage of
BMI-eligible who report an adequate physical activity level for IMT, and the combined
percentage who were both BMI eligible and adequately physically active. These are vital
datapoints for understanding the pool of potential military recruits and for scoping obesity
prevention and physical activity promotion efforts.

Study Sample

All data were acquired from the National Health and Nutrition Examination Survey
(NHANES), a multistage probability survey of a nationally representative sample of the
civilian, non-institutionalized U.S. population. To produce nationally reliable statistics,
NHANES visits 15 counties annually and oversamples Black and Hispanic persons. Detailed
methodology is available else-where.2 This cross-sectional study incorporated the 2015-
2016 cycle and the 2017-2020 (prepandemic) cycle, in which the National Center for
Health Statistics (NCHS) merged data from 2017 to 2018 with data from January 2019 to
March 2020, when field operations were suspended because of coronavirus disease 2019
(COVID-19).43 NHANES is approved by the NCHS Research Ethics Review Board. Al
participants provided informed consent. Response rates of the examined samples in the
2015-2016 and 2017-2020 cycles were 58.7% and 46.9%, respectively.** The sample was
restricted to nonpregnant participants aged 17-42 years, the permissible age range for
regular enlistment, appointment, or induction in the U.S. military,! and participants with
missing anthropometric and physical activity data were excluded.

In both NHANES cycles, participants reported their gender, age, race, Hispanic origin,

the highest level of education, and family income in the previous calendar year. Age

was categorized into 4 groups: 17-24, 25-29, 30-34, and 35-42 years. The youngest

group, which represents 88% of enlisted military applicants,*® facilitates comparison with

a recent report.? Race and Hispanic origin were merged by NCHS into a single variable

and consolidated into 4 groups: non-Hispanic White, non-Hispanic Black, Hispanic, and
non-Hispanic other. Education was categorized into 3 groups (less than high school, some
college, and college graduate) and was restricted to persons aged =20 years, ages for which
NHANES collects education levels for adults.*8 For many young adults, current educational
achievement may not reflect final educational achievement. To account for this, a sensitivity
analysis was conducted by restricting to participants aged 25-42 years. NCHS provided the
poverty income ratio, the ratio of the reported family income to the Department of Health
and Human Services poverty guideline during the respective survey year. Replicating the
methodology of a recent study,*” poverty income ratio was stratified as low (<1.5), moderate
(1.5-4.0), and high (>4.0). Participants missing a stratification variable value were excluded
from the analysis of that variable.
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Eligible BMI—Eligible BMI was defined as 19.0-27.5 kg/mZ, a range that closely
approximates a military-wide Department of Defense entrance standard.*8 This does not
exactly demarcate the entrance standard for all applicants because individual Services may
issue waivers for candidates not meeting standards,*® may use non-BMI measures to assess
body composition, and may establish more stringent standards (but not beyond <25.0 kg/
m?2).48 Using measured weight and height data in the NHANES examination module, BMI
was calculated as the weight in kilograms divided by the square of height in meters and
rounded to the nearest tenth place.?0

Adequate physical activity—Adequate physical activity was defined as reporting at
least 300 minutes/week of equivalent moderate-intensity aerobic physical activity from

all domains (i.e., leisure time, transportation, and, in NHANES, combined occupational

and household). This approximates the amount of physical activity—60 minutes per day,
4-5 days per week—recommended by the U.S. Army Future Soldier Program to prepare
incoming recruits for IMT.3 It also corresponds to the high aerobic guideline of the Physical
Activity Guidelines for Americans, second edition.>1 However, by necessity and by design,
this definition does not strictly reflect the U.S. Army recommendation because the example
physical activities listed in the NHANES questionnaire®2 do not perfectly overlap with the
suggested workouts in the Future Soldier Program.3

All-domain physical activity over the previous 30 days was ascertained from a series of

15 questions in NHANES (Appendix Table 1, available online).>2 To calculate equivalent
moderate-intensity duration, vigorous physical activity minutes were multiplied by 2 and
added to moderate physical activity minutes.>! Beginning in 2017, NHANES restricted the
detailed physical activity question set to adults, asking younger participants how many days
in the previous week they achieved at least 60 minutes of moderate-to-vigorous intensity
physical activity. Accordingly, for those aged 17 years in the 2017-2020 cycle (unweighted
nm=240), adequate physical activity was defined as =60 minutes per day of moderate-to-
vigorous physical activity, the youth recommendation in the Physical Activity Guidelines for
Americans, second edition.51 A sensitivity analysis was performed by excluding participants
aged 17 years in the 2017-2020 cycle.

Eligible and active—Eligible and active was defined as having an eligible BMI of 19.0-
27.5 kg/m? and reporting an adequate physical activity level of at least 300 minutes/week of
equivalent moderate-intensity activity. Given the importance of young adults to the military,
eligible and active prevalence was calculated by sociodemographic category within the
subpopulation aged 17-24 years.

Statistical Analysis

Data from the 2015-2016 and 2017-2020 NHANES cycles were merged. To account

for the 5.2-year surveillance period, the 2015-2016 survey weights were multiplied by
2/5.2, and the 2017-2020 survey weights were multiplied by 3.2/5.2, as recommended by
NCHS.46 Survey weights from the examination module were used because there were fewer
observations for examinations than for interviews in both cycles.
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Prevalences of eligible BMI, adequate physical activity, and eligible and active status

were calculated for the population and for subpopulations by gender, age category, race/
ethnicity, education, and family income. Prevalence within subpopulations was compared
using the Satterthwaite-adjusted A~test, with significance established at a of 0.05. Prevalence
estimates and 95% CI were obtained using Taylor Series Linearization methods. Estimates
based on low sample sizes or wide Korn—Graubard CI were suppressed, according to NCHS
data presentation standards.>3 To account for the complex survey design, analyses were
conducted in SAS-callable SUDAAN, release 11.0.0 (RTI International, Research Triangle
Park, NC). The STROBE statement on cross-sectional studies was used to develop this
report.>4

RESULTS

After excluding eligible participants missing measured weight and height values
(unweighted 7=45) or complete physical activity values (unweighted 7=75), the unweighted
analytic sample size was 5,964. More than half of the weighted sample was male (51.4%)
and non-Hispanic White (55.2%). By sociodemographic category, pluralities were aged 17—
24 years (29.8%), had completed high school or less (35.2%), and reported a moderate
family income (39.0%) (Table 1).

Weighted prevalence of an eligible BMI was 47.3% (95% CI=44.6, 49.9), and that of

an ineligible BMI was 52.7% (95% C1=50.1, 55.4), with BMI <19.0 kg/m? comprising
3.9% and BMI >27.5 kg/m? comprising 48.9% of the population. BMI eligibility was
similar among males (47.2%) and females (47.3%) (0=0.994) but varied significantly by age
(0<0.001), race/ethnicity (p<0.001), education (p<0.001), and income (p=0.030). Within the
population aged 17-24 years, 55.4% were BMI eligible, 7.3% had a low BMI, and 37.3%
had a high BMI (Table 2).

Among those with an eligible BMI (unweighted 7=2,812), weighted prevalence of adequate
physical activity was 72.5% (95% CI=70.4, 74.5), and that of inadequate physical activity
was 27.5% (95% Cl1=25.5, 29.6). Adequate physical activity was higher among males than
among females (p=0.001) and varied significantly by race/ethnicity (p<0.001); it was similar
by age (0=0.186), education (p=0.523), and income (p=0.553). Among those ineligible
owing to low and high BMI, respective weighted prevalence of adequate physical activity
was 63.7% and 63.5%. Irrespective of BMI, 67.7% of the population was adequately
physically active (Table 3).

Overall, 34.3% (95% CI=31.9, 36.7) of participants were eligible and active. The prevalence
was higher among males than among females (p=0.047), was lower with older age
(p<0.001), and varied significantly by race/ethnicity (p<0.001), education (p=0.001), and
income (,0=0.036). Among those aged 17-24 years, 41.1% were eligible and active (Table
4). Within the young adult population, prevalence differed by race/ethnicity (Appendix Table
2, available online).

Among participants aged 25-42 years (unweighted /7=3,918), the most common education
level was college graduate (weighted prevalence=36.4%). This slightly changed the outcome

Am J Prev Med. Author manuscript; available in PMC 2023 January 30.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wehbber et al.

Page 6

prevalence: 37.9% of college graduates in this age group were eligible and active, compared
with 39.8% in the full sample (Appendix Table 3, available online). Excluding the subset

of participants aged 17 years in the 2017-2020 NHANES cycle, adequate physical activity
prevalence was 69.3%, and eligible and active prevalence was 34.9%—both slightly higher
than in the full sample (Appendix Table 4, available online).

DISCUSSION

Of the military-aged U.S. civilian population, 47.3% had an eligible BMI for military
entrance. Among those eligible by BMI, 72.5% engaged in an adequate level of physical
activity. Accounting for both BMI and physical activity, only 34.3% were BMI eligible and
active. This is the first military preparedness study incorporating both anthropometric and
physical activity metrics.

The estimate for body composition ineligibility in this study exceeds those in previous
studies. Applying the 2-stage screening method used by the U.S. Army then,>® Cawley and
Maclean documented a dramatic rise in the population aged 17-42 years who did not meet
body composition standards: whereas 4% of males and 16% of females exceeded standards
in NHANES I (conducted from 1971 to 1975), 12% and 35% exceeded the standards in
the 2007-2008 NHANES cycle.19 In a distinct analysis using 2001-2004 NHANES data
and applying Service-specific standards in use then, excessive BMI ineligibility of the
population aged 17-42 years ranged from 31% for the U.S. Marine Corps to 40% for the
U.S. Air Force.11 Methodologic differences—some of which reflect changes in how the
Department of Defense assesses body composition—prevent direct comparisons between
studies. However, the upward trend in ineligibility running through these 3 studies mirrors
the increase in population prevalence of obesity.18:56

Similar to these studies, 1911 the current analysis includes the entire age-eligible U.S.
population. However, reports on military preparedness often focus on young adults.5-9:12.17
This is understandable given their disproportionate representation in the enlisted active
component of the U.S. military: individuals aged 17-24 years account for 88% of
applicants® and 47% of current service members.> A recent report asserts that 31% of the
U.S. population aged 17-24 years would be disqualified from military service, if they chose
to join, because of obesity.? For the same age group in this study, 37% were ineligible on
the basis of high BMI, and 59% were not eligible and active. Some fraction of the eligible
cohort would not meet other military entrance requirements (e.g., by virtue of a criminal
record! or medically disqualifying condition*9).

This study also draws attention to the military preparedness repercussions of the inequitable
distribution of unhealthy weight and inadequate physical activity. Fewer than 30% of the
non-Hispanic Black and Hispanic populations were eligible and active, and prevalence was
lower in noncollege graduates than in their peers. Addressing the root causes of health
disparities is an established public health priority®8 that may benefit the U.S. military by
expanding enlistment opportunities within underserved populations. The active duty force
(m7=1.33 million) has lower proportions of persons identifying as hon-Hispanic White (55.6%
Vs 62.1%) and who hold a college degree (22.5% vs 40.6%) than the nation’s civilian labor

Am J Prev Med. Author manuscript; available in PMC 2023 January 30.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wehbber et al.

Limitations

Page 7

force (7=162 million).59:60 This diverse workforce positions the U.S. military, in addition to
its national defense function, as an important institution for upward mobility.

Equitable strategies to improve nutrition and physical activity can reduce the disparities
identified in this study while increasing overall preparedness. Many of these strategies have
been synthesized in U.S. Surgeon General reports that endorse access to healthy foods6?
and to safe and convenient places for walking,52 with an emphasis on resource-limited
communities.53 Evidence-based strategies are also promoted in Active People, Healthy
Nation, an initiative by the Centers for Disease Control and Prevention to increase physical
activity through individual and community supports.64 Municipal leaders can use the
Centers for Disease Control and Prevention’s Active Communities Toolto enhance street
design and connectivity, expand pedestrian and bicycle infrastructure, and extend access to
parks and recreational facilities.5

As others have asserted,:916.66 the military recruitment challenges of tomorrow may be
best addressed today by encouraging healthy diet and physical activity among children

and adolescents—nhabits which often continue into adulthood and may protect against
obesity later in life.67 Challenges abound in the U.S., including racial and ethnic

disparities in the prevalence of childhood obesity and inadequate physical activity?4 and
reduced access to nutritious food51:68 and safe spaces for physical activity®2:69 in lower-
income communities. These multifaceted problems require engagement by parents, schools,
communities, industry, and healthcare providers. The U.S. Preventive Services Task Force
recommends universal obesity screening for children aged =6 years and referring those with
obesity to comprehensive behavioral interventions.”® The Community Preventive Services
Task Force outlines several evidence-based interventions to prevent and reduce obesity’! and
to promote physical activity’2 among youth. Early life solutions include devices to track

and reduce recreational screen time’3; traffic-mitigation strategies to increase walking to and
from school”#; and increased opportunities for physical activity before, during, and after
school. 76

The strength of this study is its large, nationally representative sample, but its findings

are subject to at least 5 limitations. First, the Service-agnostic BMI range may not strictly
correspond to eligibility for military entrance. It does not account for medical waivers,

more stringent Service-specific cutoffs (e.g., a BMI threshold of 25.0 kg/m? for young
female U.S. Army candidates’”), or alternative screening techniques for body composition.
However, in the population aged 20-39 years, BMI is highly correlated with other modalities
that estimate body fat percentage.”® Second, physical activity participation was self-reported
and limited to bouts of at least 10 minutes. Despite susceptibility to recall and social
desirability biases, self-reported pre-entrance physical activity has been strongly associated
with multiple performance measures among military recruits.28:30 Research also suggests
that failure to capture shorter-activity bouts would not dramatically alter these findings.”®
Third, educational achievement is not static in this cohort of mostly young adults and

was not collected for those aged 17-19 years in the later NHANES. Fourth, assessment

of physical activity for participants aged 17 years changed between NHANES cycles.
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To address these latter 2 issues, sensitivity analyses were conducted to provide outcome
prevalence under different restriction parameters.

Finally, physical activity participation does not precisely reflect physical fitness.3 NHANES
was selected because it contains objectively measured BMI and all domains of aerobic
physical activity. Including transportation, occupational, and household physical activity
may capture individuals who are aerobically prepared for IMT by virtue of physically
demanding commutes or occupations but who would be miscategorized by surveillance
systems that limit to the leisure-time domain.89 Although both endurance and muscular
fitness are required for military training, no surveillance system includes all pertinent
information. If the study were repeated with leisure-time aerobic and muscle-strengthening
activity data in the National Health Interview Survey, the prevalence of adequate physical
activity may be even lower. In 2018, just 34% of participants aged 18-24 years reported
>150 minutes/week of equivalent moderate-intensity physical activity and =2 episodes/week
of muscle-strengthening activity.2°

CONCLUSIONS

Between 2015 and 2020, nearly half of the military-aged U.S. population was eligible

to enter the military on the basis of their BMI, and only 1 in 3 was both BMI

eligible and adequately active. This is the first military preparedness study that

incorporates anthropometric-based eligibility and physical activity. Improving the health

of this population and thereby expanding the pool of eligible military applicants require
commitment from sectors beyond public health. Upstream efforts can help, including
behavioral education, built environment, and policy approaches that promote healthy eating
and physical activity. Continued innovation and collaboration may address the root causes of
the health inequities reported in this paper.5® In 1960, then President-elect John F. Kennedy
described our increasing lack of physical fitness as a menace to our security and summoned
a national response.81 Six decades later, this study contributes new evidence to the ongoing
dialogue concerning population health and national security.

Supplementary Material
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Wehbber et al.

Participant Characteristics of the Military-Aged U.S. Population, NHANES 2015-2020

Table 1.

Variables Population, n (weighted %o)
Gender

Male 2,927 (51.4)

Female 3,037 (48.6)
Age, years

17-24 2,045 (29.8)

25-29 1,094 (20.6)

30-34 1,107 (20.1)

35-42 1,718 (29.5)
Race and ethnicity

NH White 1,752 (55.2)

NH Black 1,435 (12.7)

Hispanic 1,636 (20.9)

NH other? 1,141 (11.2)
Educationb

High school or less 1,918 (35.2)

Some college 1,677 (32.2)

College graduate 1,318 (32.6)
Family income®

Low 2,064 (28.4)

Moderate 2,039 (39.0)

High 1,151 (32.6)

Page 14

Note: Data are restricted to nonpregnant participants aged 17-42 years with available BMI and physical activity data; unweighted 7=5,964 for all
variables except for education (/=4,913) and family income (/=5,254).

NH, non-Hispanic; NHANES, National Health and Nutrition Examination Survey.

a R . . . . . . . . .
Includes persons who identify as non-Hispanic and any of American Indian or Alaska Native, Asian, Native Hawaiian or Pacific Islander, or

multiracial.

bRestricted to participants aged 20-42 years.

cDefined by the poverty income ratio: low, <150%; moderate, 150%-400%; high, >400%.

Am J Prev Med. Author manuscript; available in PMC 2023 January 30.
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