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Abstract

Purpose To explore the relationship between body weight status and neurocognitive functioning in soldiers.

Methods U.S. soldiers (N=109) answered survey questions and completed neurocognitive tests including simple reaction
time, code substitution, procedural reaction time, go—no—go, matching to sample, code substitution recall, and four versions
of the Stroop test including congruent (color and meaning of word agreed); incongruent (color and meaning of word dif-
fered); neutral (nonsense words appeared), and emotional (combat-related words such as “I.LE.D” and “convoy” appeared).
Self-reported heights and weights were used to calculate BMI. A BMI >30.00 kg/m? was categorized as obese. Multivariate
analysis of variance was used to analyze weight status differences (p <0.05) across neurocognitive variables. Binomial logistic
regression analysis with obesity as the dependent variable was used to ascertain the contributions (p <0.05) of exercise and
the neurocognitive measures that differed based on weight status.

Results Twenty-nine participants (26.6%) were obese. The obese group had significantly lower scores on code substitution,
and both neutral and emotional Stroop tasks. Only Stroop emotional scores, p =0.022, OR =0.97, and frequency of moder-
ate/intense physical activity, p=0.009, OR =0.10, were significant predictors of weight status.

Conclusions Obesity was associated with less frequent moderate/intense physical activity and compromised executive func-
tioning, namely decrements in response inhibition. Given the design and sample size, additional research is needed to bet-
ter understand the direction of the relationship between these variables and to inform research related to the treatment and
prevention of obesity within military populations.

Level of evidence Level III, case-control analytic study.
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Introduction

With 13% of the world adult population classified as obese,
the prevalence of obesity is an important global health
concern [1]. This concern has grown as the worldwide
This article is part of the Topical Collection on Exercise and prevalence of obesity has increased nearly threefold since
Eating and Weight Disorders. 2016 [1]. While adult obesity rates vary among the global
regions, the rates are particularly high in the U.S. where 37%
of adults are classified as obese [2]. Although the reported
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an obesity rate of 14.7% among U.S. active duty personnel
[4]. According to this survey, the Army, with an obesity rate
of 18.0%, has the highest obesity rate among the branches
of the armed services.

The primary concern about obesity in military service
members is reduced force readiness. Military service is
innately demanding, and body composition standards are
thought to play an integral role with regard to physical
fitness, overall health, and maintaining a military appear-
ance [5]. A body mass index (BMI) of 30 kg/m? or greater
increases the risk of premature discharge from the Army [6].
In 2006, an estimated 1,200 first-term military service enlist-
ees were prematurely discharged as a result of their failure to
meet weight standards, and the cost associated with the early
separation of these individuals was an estimated $61 million
[7]. Compared to those with a normal BMI, soldiers who
are obese have a 33% greater risk of lower extremity mus-
culoskeletal injury or disorder (e.g., sprains, stress fractures,
joint derangements, osteoarthritis) [8]. Service member with
excessive body fat face an increased risk of heat injury [9],
and those who are obese are twice as likely to fail their fit-
ness readiness tests when compared to non-obese service
members [10]. National security concerns have even been
raised [11], as the U.S. armed services appear to be strug-
gling to recruit eligible individuals who meet weight stands
amidst the obesity epidemic [12, 13].

In addition to military-specific concerns, there are also
concerns for the overall health of service members. An
analysis of data from the Millennium Cohort Study, a large
prospective study of service members and former service
members, found that obesity was associated with hyper-
tension, diabetes, sleep apnea, and coronary heart disease
[14]. Within this study, those with obesity were also more
likely to screen positive for depression and PTSD compared
to participants with a normal body weight. A more recent
study found the prevalence of prediabetes and diabetes to be
increased among U.S. Air Force members with a BMI>30
[15].

There is a growing body of evidence suggesting an
important relationship between body weight status and
cognitive functioning [16]. A review by Smith et al. [17]
found a clear association between obesity and neuro-
cognitive deficits, particularly in executive functioning.
Executive functions are a family of higher-order cognitive
processes used in overriding instinct and in taking goal-
directed action [18, 19]. Although there are three primary
executive functions, namely cognitive inhibition, working
memory, and cognitive flexibility [19], there are various
approaches to measure each. Obesity is associated with
deficits in numerous executive function outcomes, includ-
ing inhibition, cognitive flexibility, working memory, deci-
sion-making, verbal fluency, and planning [16]. Among
girls, poor executive function predicts greater increases
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in BMI from age 10 to 16 [20]; whereas, better working
memory was found to predict a greater weight loss among
individuals participating in a weight loss program [21].
Further, cognitive remediation therapy which targets exec-
utive functions and thinking style is linked with greater
decreases in binge eating and weight loss [22]. Overall,
executive functions appear to play a crucial role in regulat-
ing behaviors related to one’s BMI.

Relative to what is known regarding the relationship
between neurocognitive function and body weight status
within the general population, the topic remains essentially
uncharted within the military. To better understand the rela-
tionship between obesity and neurocognitive function among
service members, an analysis of the variables related to these
constructs was performed using data collected as part of a
cross-sectional study designed to investigate the relationship
between lifestyle factors and psychological resilience among
deploying U.S. soldiers. We hypothesized that obese soldiers
will have significantly lower scores in executive functioning
compared to non-obese soldiers.

Method
Subjects

Data from a previous study to investigate the relationship
between lifestyle factors and psychological resilience [23]
were used for the analyses in the present study. Because of
operational time constraints, not all participants in the origi-
nal study were able to complete the neurocognitive assess-
ment necessary for inclusion in the present study. Of the 260
Soldiers included in the original study, only 109 provided
the data necessary for the present study. For two independ-
ent samples, based on a modest obesity prevalence rate in
the U.S. of 31.8%, a total sample size of 65 would have
provided sufficient power (95%) for detecting superiority
in mean scores (two tailed) between groups with an alpha
Type I error rate of 5% (0.05) and beta Type II error rate
of 20% (0.20) [24]. Based on this sample size calculation,
our sample of 109 participants (non-obese, n =79 vs obese,
n=29) would have been sufficiently powered to reject the
null hypothesis.

Participants were from two different brigade combat
teams scheduled for deployment to Iraq between 2009 and
2010. Participants provide written informed consent. Com-
pensation was not offered. Data collection occurred at the
brigade combat teams’ Soldier Readiness Processing sites.
The protocol was conducted in accordance with the Declara-
tion of Helsinki and approved by the Committee on Research
Involving Human Subjects, Institutional Review Board, at
Kansas State University.
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Materials
Demographic characteristics, health-related behaviors

Height, weight, demographic characteristics and health-
related behaviors were self-reported using a questionnaire. A
“fill-in-the-black™ format was used to record height, weight,
and age in years. Education level, sex, and race/ethnicity
were measured using response option categories as reported
in an earlier study describing the neuropsychological per-
formance of an active duty military sample [25]. Smoking
status was measured by asking, “Which of the following best
describes your smoking habits?”” and providing the following
response options: “never smoked”, “current smoker”, or “ex-
smoker”. Alcohol use was measured by asking, “Which of
the following best describes your usual alcohol consumption
during the last week?”” and providing the following response
options: “none”, “less than one drink per day”, “1-2 drinks
per day”, “3—4 drinks per day”, and “more than 4 drinks
per day”. Physical activity was measured using a question
developed to take into account regular soldier physical
training (i.e., PT). Participants were asked, “During the last
6 months, how many days per week have you done moder-
ate or intense physical activities (including PT) for at least
10 minutes at a time?”” with response options including “0”,
“1”, “2-3”, and “4 or more.”

Neurocognitive battery

Neurocognitive functioning was measured using the Combat
Stress Assessment [26], which was administered on a hand-
held computer. The cognitive tasks included, simple reaction
time, code substitution, procedural reaction time, go—no-go,
matching to sample, code substitution recall, and several ver-
sions of the Stroop test. Performance was quantified using
throughput scores [27].

a. For simple reaction time, a symbol appears on the
screen and participants respond by tapping the symbol
as quickly as possible.

b. For code substitution, a key of symbols and numbers
appear on the screen. A symbol and number pair also
appears on the screen below the key. Participants
respond by indicating whether or not the symbol and
number pair matched the key.

c. For procedural reaction time, numbers appear on the
screen and participants respond by tapping the box that
corresponded to each of the numbers.

d. For go—no-go, an asterisk or a plus sign appears on the
screen and participants respond by tapping the screen
when the asterisk appears or not tapping the screen when
the plus sign appears.

e. For matching to sample, a pattern appears on the screen
briefly. Participants are then presented with two patterns
and respond by tapping the pattern that that matches the
initial pattern.

f.  For code substitution recall, a number and symbol pair
appear on the screen and participants indicate whether
or not the pair match the key they were provided in the
code substitution test.

g. The Stroop test consist of a series of words of vari-
ous colors appearing on the screen. Participants are
instructed to respond to the words by tapping the color
rather than the meaning of each word. Four different ver-
sions of the Stroop test were administered including the
congruent version (color and meaning of word agreed),
the incongruent version (color and meaning of word dif-
fered), the neutral version (nonsense words appeared),
and the emotional version (combat-related words such
as “ILE.D” and “convoy” appeared).

Statistical analysis

The data were analyzed using SPSS version 25.0 (IBM,
Armonk, NY). Using the standard mathematical formula,
weight (kg) / [height (m)]? [28], BMI was calculated using the
height and weight as recorded on the self-administered ques-
tionnaire. Body weight status was categorized as either obese
(BMI > 30 kg/m?) or non-obese (BMI <29.99 kg/m?) [29].

Descriptive analyses were performed to characterize the
sample. Demographic and health-related behavior responses
were collapsed into meaningful categories to allow for com-
parison of body weight status (i.e., obese vs non-obese) using
Chi-square tests (X?). Data were inspected for the appropriate
assumptions for the statistical test used. Fisher’s exact test val-
ues were examined in instances where the Chi-square expected
cell counts were less than five. Multivariate analysis of vari-
ance (MANOVA) with Bonferroni adjusted pairwise compari-
sons was used to analyze body weight status differences across
neurocognitive variables. Binary logistic regression analysis
with backwards elimination (Wald) was used to ascertain the
contribution of the frequency of weekly moderate-to-intense
exercise (dummy coded) and scores on neurocognitive meas-
ures for which there were significant differences based on
body weight category. Removal of variables from the regres-
sion analysis was based on a significance of p<0.10; while,
two-tailed tests and a significance level of p <0.05 were used
for all analyses.
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Results
Sample characteristics

The majority of the participants were male (92.7%;
n=101) and married (56.9%; n=62). Roughly, two-thirds
(68.8%; n="175) identified themselves as non-Hispanic
Caucasian. The majority had not attained a college degree
(72.5%; n=19). Age in years ranged from 19 to 50 with
a mean age of 29.0 (95% CI [27.6-30.5]). Few were cur-
rent smokers (27.5%; n=30), and few reported regularly
consuming more than two alcoholic drinks per day (11.0%;
n=12). Sixty percent (59.6%; n=65) reported completing
moderate-to-intense physical activity four or more days
per week. Additional sample characteristics are summa-
rized in Table 1.

Body weight status

The BMIs ranged from 18.9 to 37.7 kg/m” with a mean
BMI of 27.4 kg/m? (95% CI [26.7-28.2]). The prevalence
of obesity was 26.6% (n="29). Participants who reported
moderate-to-intense physical activity two or more times
per week were less likely to be classified as obese com-
pared to those reporting less frequent physical activity,
p=0.004 Fisher’s exact test. Body weight status did not
differ significantly based on sex (p =1.0 Fisher’s exact
test), age (<24, 25-32, or >33 years of age, p=0.131),
ethnic/racial category (non-Hispanic Caucasian or all
others, p=0.625), education level (college degree or
less, p=0.993), smoking status (current smoker, former
smoker, or non-smoker, p =0.882), marital status (married
or not, p=0.125), or alcohol use (one or more drinks per
day or less than one drink per day p =0.533).

Group differences in neurocognitive functioning

The results of the MANOVA for neurocognitive measure
differences based on body weight status were significant,
F(10)=1.99, p=0.043, ’792 =0.17 (Wilk’s Lambda), and
there were no violations in homogeneity of variance,
(Levene’s test, p>0.05). There were significant group
differences in throughput scores on the neutral, p=0.023,
and emotional, p =0.013, versions of the Stroop, but
not the congruent, p=0.114, or incongruent versions,
p=0.176. In addition, there were significantly group dif-
ferences in throughput scores on only one other subtest
of the Combat Stress Assessment, the code substitution
task, p=0.020, but not simple reaction time, procedural
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Table 1 Demographic characteristics of sample

Characteristics Total sample (N=109)
Frequency Percent
Ethnic designation
African American 4 3.7
Asian 4 3.7
Caucasian 75 68.8
Hispanic 24 22.0
Native American 1 0.9
Other 1 0.9
Total 109 100.0
Moderate or intense physical activity
Less than once per week 0 0
Once per week 8 7.3
Two or three times per week 36 33.0
Four or more times 65 59.6
Smoking status
Never smoked 52 47.7
Current smoker 30 27.5
Ex-smoker 27 24.8
Total 109 100.0
Education level
Completed high school or GED* 27 24.8
Some college 52 47.7
College degree or higher 30 27.5
Total 109 100.0
Marital status
Single 37 33.9
Married 62 56.9
Divorced 7 6.4
Separated 3 2.8
Total 109 100.0
Characteristics Frequency Percent
Sex
Male 101 92.7
Female 8 73
Total 109 100.0

*GED is General Education Diploma (i.e., High School Equivalency
Certificate)

reaction time, go—no—go, matching to sample, or code
substitution recall. The results of pairwise comparisons
(Bonferroni adjusted) revealed that scores on these sub-
tests were significantly lower for the obese group com-
pared to the non-obese group, p < 0.05 (Table 2).

Using a one-way ANOVA, there were no significant
differences in cognitive scores between body weight cat-
egories in the frequency of weekly moderate-to-intense
exercise (1 vs. 2-3 vs. 4 or more times per week), p > 0.05.
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Table 2 Group body weight
differences on neurocognitive

measures

Neurocognitive measure Group n M SD P d

Stroop congruent Non-obese 79 84.27 14.05 0.11 0.35
Obese 29 79.28 15.40

Stroop incongruent Non-obese 79 61.27 24.11 0.18 0.30
Obese 29 54.24 22.81

Stroop neutral* Non-obese 79 81.52 16.03 0.02 0.50
Obese 29 73.55 15.77

Stroop emotional* Non-obese 79 76.37 15.89 0.01 0.55
Obese 29 67.72 15.37

Simple reaction time Non-obese 79 196.08 33.28 0.70 0.08
Obese 29 193.41 26.85

Code substitution* Non-obese 79 54.66 10.92 0.02 0.51
Obese 29 49.24 9.64

Procedural reaction time Non-obese 79 101.80 10.99 0.85 0.04
Obese 29 101.34 11.91

Go-No-Go Non-obese 79 136.39 23.32 0.80 0.06
Obese 29 137.62 17.01

Matching to sample Non-obese 79 40.04 11.59 0.64 0.10
Obese 29 38.90 9.48

Code substitution recall Non-obese 79 53.27 14.14 0.66 0.10
Obese 29 51.97 12.04

*p value <.05. Results of pairwise comparisons with Bonferroni adjustment for multiple comparisons

Associations between body weight status
and measures of executive function

A binomial logistic regression analysis was performed
with obesity as the dependent variable and physical activ-
ity and each of the neurocognitive tests for which there
were significant differences based on weight status cat-
egory. The results indicated that the model was significant;
X%(5)=15.18, p=0.010, and accounted for approximately
19% of the variance (Nagelkerke R*=0.19) and correctly
classified 73% of the participants. After extraction, only
emotional Stroop scores, Wald X2(1) =5.22, p=0.022,
B=-0.04, and frequency of moderate-to-intense physi-
cal activity, Wald X2(1) =6.85, p=0.009, B=—-2.27, were
significant predictors of weight status. The results suggest
that when all other variables are held constant, with a unit
increase in the frequency of weekly moderate-to-intense
physical activity (greater than 1 X weekly), the odds of
being obese is reduced by 0.10 times or 90% (OR =0.10,
95% CI [0.02, 0.57]). The results also suggest, when all
other variables are held constant, the odds of being obese
is reduced by 0.97 times or 3% (OR=0.97, 95% C1[0.94,
1.00]) with every unit increase on the emotional Stroop
which for the full sample had a standard deviation of 16.14
points. Overall, the results suggest an inverse relationship
between BMI status and both measures of executive func-
tioning and frequency of exercise.

Discussion

In the current study, we found that U.S. soldiers who are
categorized as obese compared to non-obese have poorer
performance on tasks of executive functioning, namely
both the neutral and emotional Stroop tests and the code
substitution test, which supported our hypothesis. More
specifically, those who were categorized as obese had
lower scores in cognitive inhibition. The results also
revealed that the odds of being obese was reduced by 3%
with each unit increase on the emotional Stroop test. More
impressively, increasing the frequency of moderate-to-
intense exercise to greater than one time weekly reduced
the odds of being obese by 90%.

Most certainly, obesity is linked to lifestyle factors, and
the lifestyle changes concomitant with military service have
been shown to be associated with a reduction in BMI and
weight loss among overweight and obese individuals [30].
The results of the current study revealed that increasing the
frequency of moderate-to-intense exercise weekly reduces
the odds of being obese by 90%. This is consistent with ear-
lier findings in which increased physical activity has been
shown to be independently associated with lower fat mass
[31]. As such, findings such as those presented in the present
study support the importance of the Dietary Guidelines for
Americans highlighting the need for regular physical activity
in weight maintenance [32].
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Measures of self-regulation of eating and physical activ-
ity have been found to be lower among obese individuals
[33], and an increasing number of studies are finding an
association between executive function and obesity-related
behaviors. Cross-sectional surveys have shown impulsiv-
ity, measured by delay discounting, positively associated
with frequent fast-food consumption [34] and symptoms of
attention deficit hyperactivity disorder which are believed
to arise from a deficit in executive functioning [35] posi-
tively associated with symptoms of binge eating [36].
Likewise, consumption of fruit and vegetables as well as
saturated fat has been shown to be associated with various
measures of executive function [37, 38].

Exercise has been shown to improve executive func-
tion in overweigh children [39] and children with atten-
tion deficit hyperactivity disorder [40]. In contrast, in the
current study, we did not observe significant differences in
cognitive scores between groups based on the frequency
of weekly moderate-to-intense physical activity. While
Guiney & Machado [41] outlined evidence supporting
the cognitive benefits of regular exercise in healthy older
adult, they point out the need for additional research to dis-
tinguish the cognitive benefits of exercise in young adults.

Although this study is unique in that it is the first to
note this occurrence within a military population, the find-
ing of an association between obesity and compromised
executive functioning is consistent with a growing body
of evidence [16]. A review by Smith et al. [17] found a
clear association between obesity and deficits of executive
function; however, the nature of the relationship remained
unclear with the authors citing evidence suggesting several
possibilities including: (a) obesity may be responsible for
cognitive deficits, (b) cognitive deficits may contribute to
the propensity for obesity, or (c) obesity and cognitive
deficits may be linked by a shared genetic predisposition
which can be triggered by lifestyle factors.

The cross-sectional design of the study is a limitation,
as no causal or directional effect can be inferred. While the
current study findings appear to build on what is known
in general, research is needed to better understand the
relationship between executive function and body weight
among military personnel. Although body weight status
classification estimates based on self-reported heights and
weights were similar to those based on measured values
for young adults [42], the use of self-reported anthropo-
metric data to determine body weight status should be
considered a potential limitation. In addition, while the
cut-point used in this study is well established [29], the use
of BMI to categorize service members as obese or non-
obese is not without potential concerns [43]. Nonetheless,
BMI has been shown to be an accurate discriminator for
the classification of obesity among service members based
on percent body fat [44].
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The use of self-reported health behaviors, including a
measure of physical activity that has not been validated
in a military population is also a limitation of the study.
Lastly, the use of data from a previous study is a limitation.
While differences between samples is a potential concern,
the demographic characteristics of the participants in the
present study were similar to those of the original study [23]
as well as in earlier studies involving soldiers. In the present
study, 92.7% were male, 56.9% were married, and the mean
age was 29.0 years. In the original study [23], 90.8% of the
participants were male, 55.8% were married, and the mean
age was 29.0 years. In an earlier study of 88,235 soldiers,
Milliken et al. [45] reported a sample in which 90.8% of the
participants were male, 58.2% were married, and the mean
age was 30.4 years. Overall, a strength of the study is that it
appears the sample of soldiers in the present study is char-
acteristic of the parent study as well as the larger population
of soldiers. Additional strengths of the study include the use
of a validated battery of tests [26] to assess neurocognitive
functioning and the inclusion of an array of demographic
variables. Being the first study to explore executive function
and obesity with a military population adds to the strengths
of the study as well.

The findings of this study should not be interpreted
without consideration of the main ideas that comprise the
Healthy at Every Size (HAES) paradigm. Developed as a
means to conceptualize overall health independent of body
weight, HAES encourages body acceptance, an intuitive
or non-diet approach to eating, and a reasonable outlook
regarding physical activity [46]. Weight stigma is associ-
ated with eating pathologies [47], and the concepts of HAES
have proven their worth especially among female popula-
tions [48], including within a randomized controlled trial
in which HAES interventions were found to decrease eating
disinhibition [49].

The military population is predominately male, and male
service members report eating for physical rather than emo-
tional reasons [50]. Nonetheless, efforts to meet military
weight requirements include unhealthy and extreme weight
loss strategies [51]; while, normal body weight status among
service members has been found to be associated with
greater reliance on internal hunger and satiety cues [50]. Yet,
restrained eating may not necessarily be detrimental [52]. A
recent review concluded that military weight management
interventions can be effective [53]. Although a full HAES
approach has not been explored within the military, research
exploring the intuitive or non-diet approach appears promis-
ing. While there are clearly military-specific risks associated
with obesity, the “weight loss at any cost” mindset can result
in unfavorable results as well.

Given the rising prevalence of obesity in the military,
the results of this study are important in and of themselves.
However, executive functions can be improved [19] and
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recent clinical studies have found that executive function
training can foster weight loss. For example, Allom et al.
[54] showed that patients receiving Cognitive Remediation
Therapy achieved higher executive function scores, reduced
habitual sedentary behavior, and potentially reduced habitual
unhealthy eating.

In all, the finding of an association between obesity and
executive functions is consistent with a growing body of
evidence. Future studies are needed and should include
researcher-measured anthropometric values and validated
measures of physical activity. Studies designed to better
understand the direction of the variable associations are
also needed to establish better insight and to inform research
related to the treatment and prevention of obesity within
military populations.

What is already known on this subject?

An important relationship exists between body weight and
cognitive functioning. In particular, decrements related to
executive function are associated with less favorable body
weight measurements.

What this study adds?

Among U.S Soldiers, obesity was associated with less fre-
quent moderate-to-intense physical activity and compro-
mised executive functioning, namely decrements in response
inhibition.
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