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Abstract: Diet quality and nutrition status are important for optimal health and military performance.
Few studies have simultaneously evaluated diet quality and biochemical markers of nutritional
status of military service members. The Healthy Eating Index (HEI) can be used to assess dietary
quality and adherence to federal nutrition guidelines. The aim of this study was to assess soldiers’
diet quality and nutritional status and compare results to a civilian control group. Methods: A
cross-sectional study was conducted with 531 soldiers. A food frequency questionnaire was used
to calculate HEI scores. A blood sample was collected for analysis of select nutrition biochemical
markers. Non-parametric analyses were conducted to compare the diet quality and nutritional status
of soldiers and controls. Differences in non-normally distributed variables were determined by using
the Wilcoxon signed-rank test. Results: Soldiers had an HEI score of 59.9 out of 100, marginally higher
than the control group (55.4). Biochemical markers of interest were within normal reference values
for soldiers, except for the omega-3 index and vitamin D. Conclusions: This study identified dietary
components that need improvement and deficits in biochemical markers among soldiers. Improving
diet quality and nutritional status should lead to better health, performance, and readiness of the
force.
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1. Introduction

A healthy mission-ready force is a high priority for the Defense Health Agency (DHA),
public health centers, and military leaders. One component of health is nutritional status,
which is mentioned often throughout the Department of Defense (DoD), but limited
actions have been taken to scientifically and simultaneously evaluate the diet quality and
nutritional status of military service members (SMs) by a standardized process. Diet quality
varies depending on what foods are available, cultural traditions, and how much time
and effort SMs have to seek out high-quality foods. Nutritional status can fall along a
continuum from adequate to deficient. In the typical context, nutritional status refers
to “an individual’s health condition as it is influenced by the intake and utilization of
nutrients” [1]. For example, if an SM is deficient in a particular nutrient, he/she might
be unable to perform required tasks. In addition, a biomarker of nutritional status could
be abnormal, such as high cholesterol. According to the DHA, the prevalence of obesity
in SMs has steadily increased from 5.0% in 1995 [2] to 17.4% [3] in 2018. Obesity rates of
males (18.4%) were higher than females (12.6%), and higher in older (28.2%) compared
to younger (9.7%) SMs [3]. Optimal diet quality and nutritional status are important for
preventing obesity, as well as for overall health and performance.
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Federal nutrition guidelines, including the Dietary Guidelines for Americans (DGAs),
were developed to help prevent chronic disease in the United States (US) [4]. Every
five years, the United States Department of Agriculture (USDA) and Health and Human
Services (HHS) publish updated DGA [4,5]. The 2015–2020 DGAs outline how people can
improve their overall eating patterns and emphasize the following dietary habits: maintain
healthy eating patterns across the lifespan; focus on food variety, nutrient density, and the
amount of food; limit calories from added sugar; reduce saturated fat and sodium intake;
and shift to healthier food and beverage choices. The DGAs assist health professionals
and the public in adopting healthy eating patterns, and are applied when developing
policies, programs, and strategies to help prevent chronic diseases. What is clear is that
nutrition choices and food habits affect every aspect of life, from physical performance [6–8],
cognitive performance [9–11], sleep [12], and mood [13] to overall health [14]. Thus, a
high-quality diet is critical for the health and performance of all soldiers, and assessing a
soldier’s adherence to the DGAs would provide pertinent feedback on their dietary choices.

The healthy eating index (HEI) is one standardized process for measuring overall diet
quality (e.g., balance, variety, and adequacy), and uses a scoring system to evaluate a set
of foods. HEI total scores range from 0 to 100, with 100 indicating complete adherence
with the 2015–2020 DGAs. The HEI-2015 overall score is made up of 13 components that
reflect different food groups and key recommendations from the 2015–2020 DGAs [15],
and it provides an objective assessment of diet quality [16]. Higher HEI scores have
been associated with positive health outcomes, including lower risk of cardiovascular
disease, diabetes [14], cancer [17,18], and obesity [19]. Lutz et al. reported HEI 2010 scores
for military recruits and noted a broad range, with all needing improvement and none
scoring as “good quality” [20]. Likewise, Cole et al. [21] evaluated HEI 2010 scores among
special operators and found similar results—all were either poor or needed improvement.
Together, these results indicate a need to improve the dietary habits of service members.

Importantly, HEI scores have been calculated in many studies, with the largest being
the National Health and Nutrition Examination Survey (NHANES). The National Center for
Health Statistics continuously conducts the NHANES, which provides timely population-
based information on food consumption; their data allow estimates of dietary adequacy
and excess to be developed and then used for comparisons [15]. Data from these surveys
provide an overview of the total nutrient intake and the current nutritional status across
the US. With a diverse force that has various needs, the HEI is currently the only measure
available to assess diet quality in the military. It can be used by dietitians to gain a general
sense of whether nutrients consumed by SMs are adequate or insufficient [22]. Educating
soldiers on areas of dietary improvement is necessary, and strategies for implementing
dietary changes might be beneficial across the DoD [8,23–25]. As such, we sought to
directly compare HEI scores and nutritional status between a cohort of active-duty US
Army soldiers and civilians by using age/sex matched NHANES data.

Purpose: The aim of this study was to evaluate Army soldiers’ diet quality and
nutritional status by using the HEI-2015 and selected biochemical markers, respectively,
and compare the results with a civilian control group of standardized norms from the
2015–2016 NHANES. This study will contribute to our better understanding of diet quality
and nutritional status in the military in an effort to improve health, performance, and
readiness of the force.

2. Materials and Methods

A cross-sectional study was conducted as a collaboration between the Consortium
for Health and Military Performance (CHAMP) at the Uniformed Services University
(USU) and the US Army’s Comprehensive Soldier and Family Fitness Program (CSF).
All subjects gave their informed consent for inclusion before they participated in the
study. The protocol was approved by the USU Institutional Review Board (CHAMP-
91-2536) on 3 May 2013. Written informed consent was obtained from soldiers prior to
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data collection. All participants were assigned an ID number during data collection for
de-identification purposes.

2.1. Participant Recruitment

Soldiers were recruited using flyers, social media, and word of mouth from June 2014
to November 2017 at five US Army installations. The on-site points of contact (POCs)
assisted with recruiting and briefing soldiers about the study. Each participant that com-
pleted the study, including a fasting blood draw, was compensated with a $25 debit card.
Inclusion criteria were being an active-duty soldier, at least 18 years of age, and giving
blood following an 8–12 h fast. Data from questionnaires were included for participants
who declined the blood draw. USU medical students were excluded.

2.2. Dietary Intake

The paper-based version of the 2005 Block food frequency questionnaire (FFQ) (Nutri-
tion Quest, Berkeley, CA) with 110 questions was completed in person to assess dietary
eating patterns and calculate HEI-2015 scores. The overall response rate on the FFQ was
93%. Tables 1 and 2, respectively, show the two HEI component categories, adequacy (nine
components) and moderation (four components), with scores being calculated according
to set minimum and maximum standards [22]. For the adequacy component, food intake
at the level of the set standard or higher receives the maximum number of points, with
higher intakes being desirable. For the moderation component, food intake at the level
of the set standard or lower receives the maximum number of points, since lower intakes
are preferred. Intake scores between the minimum and maximum standards are scored
proportionately [16]. Each component is weighted equally at 10 points, and some contain
subcomponents (fruit, vegetables, and protein). The total score is calculated from the sum
of the individual component scores [16], to a potential maximum score of 100. The HEI
uses a density approach, where each component is scored per 1000 kilocalorie [16], to create
a standardized approach for comparing diet quality across the general population [16].
The scores of each component indicate dietary patterns, and highlight the components that
need improvement. Improving the lowest scoring components will be most beneficial in
improving overall diet quality.

Table 1. Adequate intake HEI component scoring standards.

HEI Components Standard (Per 1000 Kcal) Max Score

Total fruit ≥0.8 cup equivalents 5
Whole fruit ≥0.4 cup equivalents 5

Total vegetables ≥1.1 cup equivalents 5
Greens and beans ≥0.2 cup equivalents 5

Whole grains ≥1.5 oz equivalents 10
Dairy 1.3 cup equivalents 10

Total protein foods ≥2.5 oz equivalents 5
Seafood and plant protein ≥0.8 oz equivalents 5

Fatty acids (MUFA + PUFA)/SFA * 10
* MUFA: monounsaturated fatty acid; PUFA: polyunsaturated fatty acid; SFA: saturated fatty acid.

Table 2. Moderation intake HEI components and standards for maximum and minimum scores.

HEI Components Standard for Maximum Score (10) Standard for Minimum Score (0)

Refined grains 1.8 oz equivalents (per 1000 kcal) ≥4.3 oz equivalents (per 1000 kcal)
Sodium ≤1.1 g (per 1000 kcal) ≥2.0 g (per 1000 kcal)

Added sugars ≤6.5% of total energy ≥26% of total energy
Saturated fats ≤8% of total energy 16% of total energy
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2.3. Control Group of Normative NHANES Match

The NHANES sample is a noninstitutionalized US civilian population of all ages
that reside in all 50 US states and Washington, D.C. The survey uses dietary interviews
to examine a nationally representative sample of about 5000 persons each year [26]. A
civilian control group, consisting of age/sex standardized norms from the NHANES 2015–
2016 survey [26], was compared to HEI scores and biochemical markers of US Army
soldiers collected in 2015–2016. The population method was used to calculate the control
group (NHANES match) HEI scores. This method calculated the mean intake of dietary
constituents, and scoring standards were applied to obtain scores at a group level [27]. The
NHANES sample was stratified by age (18–58) and sex, using two-year age increments.
Within each stratum (n = 23 for each sex), the NHANES sample frame-weighted median
(for non-normally distributed variables: HEI, biochemical values) or the mean (for normally
distributed variables: demographics) were calculated; these values were then matched to
equivalent age/sex strata of soldiers.

2.4. Biochemical Markers

Soldiers were required to fast (>8 h) prior to giving a blood sample by arm venipunc-
ture. The biomarkers were not collected to be reflective of intake based on the FFQ, but
rather reflective of nutritional status. The biochemical markers were chosen because past
research has indicated the lipid, iron, vitamin D, and omega-3 index statuses are possibly
low among military service members [8,28–33]. The biochemical markers of concern in the
military include total cholesterol, low density lipoprotein (LDL), high density lipoprotein
(HDL), triglycerides, glucose, hemoglobin (Hgb), hematocrit (HCT), ferritin, iron [33], high
sensitivity C-reactive protein (hsCRP), omega-3 index [28,29,32], and serum 25-hydroxy
vitamin D (vitamin D) [30,31]. Lipid profiles were analyzed using the NMR lipid profile
test at the National Institutes of Health (NIH; Bethesda, MD) National Heart Lung and
Blood Institute (NHLBI). Due to changes in the contract, vitamin D was analyzed by NIH
and Cleveland Heart Lab, Inc. Vitamin D was analyzed using a DiaSorin chemilumines-
cence technology immunoassay at the NHLBI and by a Chemiluminescence assay using
high-performance liquid chromatography tandem mass spectrometry at Cleveland Heart
Lab, Inc. (Cleveland, OH, USA). Hgb and HCT were measured on-site using a handheld
Alere HemoPoint H2. Analysis of ferritin was done with the Siemens 2000 immunoassay,
and iron was analyzed with the Beckman Coulter DXC600 Pro at Pennington Biomedical
Research Center (Baton Rouge, LA, USA). Folate was analyzed by an electrochemilumi-
nescence immunoassay, and hsCRP was analyzed by an immunoturbidimetric assay at
Cleveland Heart Lab, Inc. (Cleveland, OH, USA). Glucose level was analyzed on-site from
a drop of blood placed on a test strip with the OneTouch Ultra 2 Glucometer (Malvern, PA,
USA). For the omega-3 index, 1–2 drops of blood were placed on an antioxidant-treated
card on-site, and cards were sent to OmegaQuant (Sioux Falls, SD, USA) for analysis.

2.5. Statistical Analysis

Data analyses were completed using IBM SPSS statistics for Windows, Version 25
(Armonk, NY, USA: IBM Corp). Demographic variables were calculated as frequencies.
Medians with a 25–75% range were reported for data that were not normally distributed.
All comparisons between soldiers and NHANES data were conducted using the Wilcoxon
signed-rank test. This test was used because the distributions were non-normal by visually
inspecting the distributions of the difference scores between the Army sample and the
NHANES control sample. Non-parametric analyses were conducted in the comparison of
soldier HEI scores with the control group normative values from the appropriate NHANES
strata. Differences in non-normally distributed variables (biochemical markers) were
analyzed with effect sizes to show the strength of the comparison. Effect sizes ranging
between 0.1 and 0.3 indicated a small difference, 0.3 and 0.5 indicated a moderate difference,
and greater than 0.5 indicated a large difference between samples. The sample size varied
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by data availability, particularly for the biochemical measures. Statistical significance was
set a priori at p ≤ 0.05 with a Bonferroni correction.

This is an exploratory secondary analysis of a larger parent study. The overall objective
of the parent project was to describe the physical, spiritual, and nutritional status of US
Army soldiers by using a variety of subjective and objective assessment techniques. Using
the Wilcoxon signed-rank test, and with power set at 0.8 and alpha set at 0.05, a sample of
35 would be required to detect a large effect (r = 0.5) and a sample of 208 to detect a small
effect (r = 0.2).

3. Results
3.1. Participants

A total of 531 soldiers participated in the study, of which there were 382 males,
105 females, and 41 soldiers who did not report their sex information. Soldiers (n = 36) were
excluded from the dietary analysis because of incomplete dietary data (n = 5) or reporting
low caloric intake (n = 31), which was less than 800 kcal/day for males and 500 kcal/day
for females [34,35]. Therefore, the final sample size was 495 participants. Only soldiers
with complete data were included in the demographic information (Table 3). Soldiers had
an age range of 18–58 years old, with a mean age of 27.

Table 3. Demographics of the US Army soldier cohort (n = 531).

Category # of Participants (% of Category)
Sex n = 487

Female 105 (22)
Male 382 (78)

No response 41
Race n = 415
Asian 16 (3.9)

Black or African American 99 (23.9)
Native American/Alaskan Native 4 (0.9)
Native Hawaiian/Pacific Islander 6 (1.4)

White or Caucasian 248 (59.8)
Other 21 (5.0)

No response 134
Rank n = 431

Enlisted 391 (91)
Officer 40 (9)

No response 97
Age n = 425

25 and under 217 (51)
26 and older 208 (49)
No response 103

n = number of participants, # = number, and (%) is percentage of the category. No response indicates participants
with incomplete datasets.

3.2. Healthy Eating Index (HEI)

Soldiers (n = 492) had a median total score of 59.9 out of 100 on the HEI-2015. Compo-
nents with the highest scores were refined grains, greens and beans, total protein foods,
and whole fruit, whereas components with the lowest scores were whole grains, sodium,
and fatty acids. When compared to the control group (NHANES match), soldiers had a
slightly higher median HEI score (59.9 ± 10.2) than the NHANES match median HEI score
(55.4 ± 3.7) (Table 4). In utilizing the HEI to monitor trends in diet quality over time or
assess the effects of interventions, it is necessary to consider what constitutes meaningful
differences between groups or change over time. This may also be salient to epidemiologic
analyses in interpreting the magnitude of differences in HEI scores that are associated with
differences in risk of disease. Previous analyses of HEI scores have shown that the standard
deviation of the usual distribution of HEI scores is approximately 10 among children and
11 to 12 among adults (data not shown). Applying an effect size of 0.5 (which may denote
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a moderate effect), a difference between independent groups of five to six points might
be considered meaningful. However, it is possible that the standard deviation may differ
by population and assessment tool, suggesting that researchers need to carefully evaluate
differences over time or across groups in the context of the range of scores observed in the
study and/or similar studies [36].

Table 4. Comparison of median HEI scores for Army soldiers and NHANES match for civilians.

HEI Component Army Soldier Median
(25–75% Range)

NHANES Match Median
(25–75% Range)

Adequate components
Total fruit 3.7 (2.4–5.0) 2.9 (2.4–3.0)

Whole fruit 4.1 (2.0–5.0) 3.4 (2.9–3.9)
Total vegetables 3.2 (2.4–4.3) 3.5 (3.1–4.0)

Greens and beans 4.2 (2.3–5.0) 3.4 (2.3–3.9)
Whole grains 2.3 (1.4–4.1) 2.9 (2.4–3.4)

Dairy 5.2 (3.7–7.4) 6.6 (5.9–7.6)
Total protein foods 4.2 (3.5–5.0) 5 (5–5)

Seafood and plant proteins 3.7 (1.8–5.0) 4.6 (4.0–4.8)
Fatty acids 4.9 (3.3–6.5) 4.2 (4.2–4.2)

Moderation components
Refined grains 8.9 (7.2–10) 4.2 (3.1–5.2)

Sodium 3.7 (2.0–5.7) 3.6 (3.6–3.6)
Added sugar 7.8 (5.6–9.3) 6.1 (5.5–6.9)
Saturated fats 5.5 (3.6–7.3) 5.2 (5.2–5.2)

Total HEI 59.9 (53–67) 55.4 (52–58)

Figure 1 presents a radar graph depicting the soldiers’ HEI component scores com-
pared to those for the NHANES matched group, according to the HEI-2015. The most
notable differences where soldiers surpassed the NHANES control group were for to-
tal fruit (3.7 compared with 2.9), whole fruit (4.1 compared with 3.4), greens and beans
(4.2 compared with 3.4), refined grains (8.9 compared with 4.2), and added sugar (7.8
compared with 6.1). In contrast, soldiers did more poorly than the NHANES group for
whole grains (2.3 compared with 2.9), total protein foods (4.2 compared with 5.0), and
seafood and plant proteins (3.7 compared with 4.6).

3.3. Biochemical Markers

The medians for the lipid profiles were within the reference ranges for total cholesterol,
LDL, HDL, and triglycerides (Table A1). The medians for folate, glucose, and markers of
iron status (hemoglobin, hematocrit, ferritin, and serum iron) were also within normal lim-
its. However, the vitamin D median was below normal according to the Endocrine Society
and the American Association of Clinical Endocrinologists, with 86.1% of soldiers having
levels below 30 ng/mL. More specifically, 97 soldiers had levels of less than 20 ng/mL or
less, and 266 soldiers fell between 20–30 ng/mL. Only 127 soldiers had normal (>30 ng/mL)
vitamin D levels, with 97 soldiers between 30–39 ng/mL and 30 soldiers at ≥40 ng/mL.
When asked about dietary supplement use, 30% of soldiers reported consuming vitamin D
supplements, and their median vitamin D levels were significantly higher than those not
taking supplements.

The omega-3 index was assessed among soldiers and revealed an average score of
3.8%, which is well below the recommended level of >8% [27]. No solider presented with
an omega-3 index >8%. Only 16% of soldiers reported taking a supplement containing
omega-3 fatty acids, indicating that blood levels are primarily reflective of dietary intake.
Of those who reported taking a supplement, their average omega-3 index was significantly
higher (4.5%) than those not taking a supplement. Because the timing, compliance, and
dosing of supplements were not detailed, other details cannot be provided.

The biological marker levels of soldiers were compared to the control group (NHANES
match) for total cholesterol, LDL, HDL, triglycerides, glucose, Hgb, HCT, ferritin, iron,
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and hsCRP. The omega-3 index or vitamin D data were not available for the control group
(NHANES match). All biochemical markers except for cholesterol, ferritin, and CRP were
significantly (p ≤ 0.5) different from the control group (NHANES match). The largest
difference between groups was the level of HDL in males, which had a moderate effect size.
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4. Discussion

Previous research among soldiers has demonstrated less than desirable eating behav-
iors; in particular, they fall short of the recommended intake of fruit, vegetables, and whole
grains, while exceeding recommendations for total and saturated fats, refined grains, and
added sugars [11,37–39].

To that end, the HEI is of interest, and has been used in several studies of military
personnel—all show low adherence to the DGAs [8,11,20,21]. Overall, the present study
shows that the dietary habits of our SMs are not consistent with the DGAs, and are likely
to put them at risk for multiple chronic diseases in the future. Importantly, coupled with
less than adequate diets, their nutritional profiles indicated low vitamin D and omega-3
levels of concern. Across the DoD, we need to promote and support healthy dietary habits
so our SMs can meet the DGAs and improve their nutritional status.

4.1. Healthy Eating Index

The protective effects of fruit and vegetable consumption from non-communicable
diseases have been indicated in multiple studies, yet many Americans fail to meet stan-
dards recommended by the DGAs [4,15,40,41]. In addition, excess caloric energy and high
saturated fat and refined grain intake can lead to weight gain, increased adiposity, chronic
disease, and adverse health consequences [14,19,42,43]. In contrast, a high-quality diet
across adulthood has been associated with better physical performance in older age [42].
The HEI is an important index of diet quality and, to our knowledge, this is the first study to
comprehensively evaluate the diet quality of US Army soldiers and compare the results to
an age/sex matched civilian sample from the NHANES. We found specific dietary compo-
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nents that should be improved, as the soldiers’ overall HEI score indicated low adherence
to the DGAs. In particular, our results align with previous research indicating that soldiers
commonly fall short on consuming the recommended amount of vegetables and whole
grains, and exceed the recommendations for saturated fat and sodium [11,37–39].

In comparison to the NHANES matched control group, soldiers’ scores were slightly
higher on several HEI components, even though both groups had a total HEI score of 55–60
out of 100. Data from both groups are consistent with previous research indicating that the
total HEI-2015 score for US civilians was 59 out of 100 [44]. Therefore, neither civilian nor
SM dietary patterns align well to the DGAs, which clearly indicates suboptimal diet quality.

Specific improvements soldiers and civilians can make in their diet include consuming
more whole grains, monitoring sodium (unless soldiers have increased needs based on
training level or current mission location), and improving their intake of fatty acids by
incorporating more monounsaturated and polyunsaturated fats and reducing saturated
fat. Over one-third of the soldiers (n = 235) in this study were 17–26 years old, which is
important to note when considering ways to improve one’s health, as well as for comparison
of the HEI scores to future and previous studies with a larger age range.

4.2. Biochemical Markers

The results pertaining to biochemical markers indicate that soldiers and the age/sex
matched NHANES group would be considered nutritionally adequate. Although statis-
tically significant differences between the two groups were noted, none were clinically
significant, since the medians for all markers were within reference ranges. However, the
biomarkers for vitamin D and the omega-3 index were strikingly low—approximately
86.1% of soldiers had vitamin D levels below the cutoff of 30 ng/mL. With regard to
omega-3 status, about 61% (n = 284) had an omega-3 index considered high risk (<4%), and
39% (n = 185) had an intermediate risk (4–8%), while none had a low risk (>8%). Current
research shows that the average American is only around 4% [26,27], and this cohort of
soldiers is slightly lower. Harris et al. [27,32,45] provided these ranges to stratify for car-
diovascular risk. Our data are somewhat consistent with those of Anzalone et al. [46], who
found that 34% and 66% of athletes had an omega-3 index in the high and intermediate
risk ranges, respectively. In summary, the diet quality and select biomarkers of nutritional
status need to be improved in SMs. More research is needed to understand how to best get
SMs to improve their diet quality, and thereby enhance overall health, performance, and
readiness of the force.

4.3. DoD Programs to Consider

This study identified specific components for improving diet quality and deficits
in biochemical markers that impact nutritional status. Education and service programs
can be used to address the necessary dietary adjustments and deficits highlighted in
this study. One such program is the Go for Green® joint service (Army, Air Force, and
Navy) program that uses a stoplight color-coding system to help SMs improve food
choices in dining facilities [21]. Other programs include the Air Force Food Transformation
Initiative, which is designed to provide airmen greater variety, availability, and quality
of food, while maintaining home station and warfighting feeding capabilities. Another,
the Navy Operation Fitness and Fueling (NOFFS), provides physical fitness and nutrition
information to sailors. In addition, Fuel to Fight® helps marines make healthy choices that
provide optimal fueling by using a stoplight color-coding system similar to Go for Green®.
Education and behavior modifications will be key in obtaining optimal nutritional status
and a mission-ready force.

4.4. Strengths and Limitations

The strengths of this study include being the first to obtain dietary quality and nutri-
tional status for Army soldiers and compare them with age and sex matched US civilians.
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The results provide the foundation for evaluating diet quality and nutritional status over
time, and can be used to improve the overall health and readiness of the force.

One limitation of this study is the two different methods, the block FFQ and a 24 h
dietary recall, used to capture dietary intake. However, previous research has demonstrated
that FFQs provided comparable results to 24 h dietary recalls [47,48]. Both methods also
used the Food and Nutrient Database for Dietary Studies (FNDSS) to retrieve nutrient
values, and with minimal changes from year to year, we expect similar results allowing
for comparison [47,48]. Methods for questionnaire development and validation were
previously reported [47].

Another limitation of the study was that, given the predominately Caucasian demo-
graphics, recommendations on dietary quality and nutritional status by race were not
possible for the HEI scores or biochemical markers. However, these limitations do not take
away the clear message: we need to improve the diet quality our SMs consume to protect
their health and optimize their performance and readiness.

5. Conclusions

This cross-sectional study identified components of diet quality by using HEI scores
that can be improved; it also revealed deficiencies in vitamin D and the omega-3 index
from biochemical marker analysis in a cohort of Army soldiers. These data were compared
to an age/sex matched group from the NHANES to evaluate differences in diet quality
and nutritional status between military and civilian populations. The results revealed that
many improvements are needed for both populations, and identified specific components
of the soldiers’ health that needed improvement. Diet quality and nutritional status directly
impact overall performance and mission readiness of the force.
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Appendix A

Table A1. Comparison of biochemical marker results between soldiers and a civilian control group (NHANES match).

Biochemical Marker (Units) Reference Value/Range Participants (n) Army Soldiers Median (25–75% Range) NHANES Match Median (25–75% Range) Effect Size

Total Cholesterol (mg/dL) <200 420 177 (163–181) 170 (161–189) −0.047
LDL (mg/dL) <100 420 92.7 (79.6–106.3) 98 (90–118) 0.160 *
HDL (mg/dL)

Males 40–50 319 53 (47–60) 47 (45–49) −0.360 *
Females 50–59 101 59 (54–69) 58 (55–60) −0.250 *

Triglycerides (mg/dL) 40–200 471 89 (64–128) 87 (66–101) −0.107 *
Folate (ng/mL) 2–20 421 13.2 (12.9–13.6) 14.3 (13.1–15.0) −0.144 *

Glucose (mg/dL) <100 420 93.2 (93–95.7) 97 (96–100) −0.213 *
Hemoglobin (g/dL)

Males 14–18 318 15.6 (15.0–16.6) 15.4 (15.2–15.4) −0.278 *
Females 12–16 87 13.9 (12.8–14.6) 13.4 (13.2–13.4) −0.262 *

Hematocrit (%)
Males 38–54 332 47 (44–49) 45.5 (45.2–45.8) −0.246 *

Females 36–47 90 41 (39–43) 40 (39.8–40.2) −0.224 *
Ferritin (ng/mL)

Males 12–300 101 97.5 (71.2–154.3) NA
Females 12–150 45 40.7 (27.0–74.3) 40 (32–43) −0.141

Iron (mcg/dL) 60–160 199 109 (77–134) 90 (82–93) −0.2677 *
hsCRP (mg/L) 0–3 440 0.8 (0.4–1.8) 1.2 (0.8–1.6) −0.043

Vitamin D (ng/mL) 20–40 421 25.9 (25.7–28.2) NA
Omega-3 Index (%) 0–12 384 3.8 NA

* p < 0.04, as determined by a Bonferroni correction (0.05/14); NA—not available; hsCRP—high sensitivity; C—reactive protein; LDL—low density lipoprotein; HDL—high density lipoprotein; p-value and effect
size were obtained from the Wilcoxon signed-rank test.



Nutrients 2021, 13, 122 11 of 12

References
1. Todhunter, E.N. School feeding from a nutritionist’s point of view. Am. J. Public Health Nations Health 1970, 60, 2302–2306.

[CrossRef] [PubMed]
2. Reyes-Guzman, C.M.; Bray, R.M.; Forman-Hoffman, V.L.; Williams, J. Overweight and obesity trends among active duty military

personnel: A 13-year perspective. Am. J. Prev Med. 2015, 48, 145–153. [CrossRef]
3. Gwin, J.A.; Karl, J.P.; Lutz, L.J.; Gaffney-Stomberg, E.; McClung, J.P.; Pasiakos, S.M. Higher Protein Density Diets Are Associated

With Greater Diet Quality and Micronutrient Intake in Healthy Young Adults. Front. Nutr. 2019, 6, 59. [CrossRef] [PubMed]
4. United States Department of Health and Human Services. 2015–2020. Dietary Guidelines for Americans. Available online:

https://health.gov/our-work/food-and-nutrition/2015-2020-dietary-guidelines/ (accessed on 10 February 2020).
5. McGuire, S.; U.S. Department of Agriculture; U.S. Department of Health and Human Services. Dietary Guidelines for Americans,

7th ed.; U.S. Government Printing Office: Washington, DC, USA, 2011; Volume 2, pp. 293–294.
6. Montain, S.J.; Young, A.J. Diet and physical performance. Appetite 2003, 40, 255–267. [CrossRef]
7. Thomas, D.T.; Erdman, K.A.; Burke, L.M. Position of the Academy of Nutrition and Dietetics, Dietitians of Canada, and the

American College of Sports Medicine: Nutrition and Athletic Performance. J. Acad Nutr Diet. 2016, 116, 501–528. [CrossRef]
[PubMed]

8. Farina, E.K.; Thompson, L.A.; Knapik, J.J.; Pasiakos, S.M.; Lieberman, H.R.; McClung, J.P. Diet Quality is Associated with Physical
Performance and Special Forces Selection. Med. Sci. Sports Exerc. 2020, 52, 178–186. [CrossRef] [PubMed]

9. Schmitt, J.A. Nutrition and cognition: Meeting the challenge to obtain credible and evidence-based facts. Nutr. Rev. 2010, 68
(Suppl. 1), S2–S5. [CrossRef]

10. Lieberman, H.R. Nutrition, brain function and cognitive performance. Appetite 2003, 40, 245–254. [CrossRef]
11. Lutz, L.J.; Gaffney-Stomberg, E.; Williams, K.W.; McGraw, S.M.; Niro, P.J.; Karl, J.P.; Cable, S.J.; Cropper, T.L.; McClung, J.P.

Adherence to the Dietary Guidelines for Americans Is Associated with Psychological Resilience in Young Adults: A Cross-
Sectional Study. J. Acad. Nutr. Diet. 2017, 117, 396–403. [CrossRef]

12. Hanlon, E.C.; Van Cauter, E. Quantification of sleep behavior and of its impact on the cross-talk between the brain and peripheral
metabolism. Proc. Natl. Acad. Sci. USA 2011, 108 (Suppl. 3), 15609–15616. [CrossRef]

13. Askew, E.W. Environmental and physical stress and nutrient requirements. Am. J. Clin. Nutr. 1995, 61 (Suppl. 3), 631s–637s.
[CrossRef] [PubMed]

14. Wrobleski, M.M.; Parker, E.A.; Hurley, K.M.; Oberlander, S.; Merry, B.C.; Black, M.M. Comparison of the HEI and HEI-2010 Diet
Quality Measures in Association with Chronic Disease Risk among Low-Income, African American Urban Youth in Baltimore,
Maryland. J. Am. Coll. Nutr. 2018, 37, 201–208. [CrossRef] [PubMed]

15. Dwyer, J. The Importance of Dietary Guidelines. Ref. Modul. Food Sci. 2019, 1–16. [CrossRef]
16. Hiza, H.A.B.; Koegel, K.L.; Pannucci, T.E. Diet Quality: The Key to Healthy Eating. J. Acad. Nutr. Diet. 2018, 118, 1583–1585.

[CrossRef] [PubMed]
17. Chiuve, S.E.; Fung, T.T.; Rimm, E.B.; Hu, F.B.; McCullough, M.L.; Wang, M.; Stampfer, M.J.; Willett, W.C. Alternative dietary

indices both strongly predict risk of chronic disease. J. Nutr. 2012, 142, 1009–1018. [CrossRef] [PubMed]
18. Potter, J.; Brown, L.; Williams, R.L.; Byles, J.; Collins, C.E. Diet Quality and Cancer Outcomes in Adults: A Systematic Review of

Epidemiological Studies. Int. J. Mol. Sci. 2016, 17, 1052. [CrossRef] [PubMed]
19. Nicklas, T.A.; O’Neil, C.E.; Fulgoni, V.L. Diet quality is inversely related to cardiovascular risk factors in adults. J. Nutr. 2012, 142,

2112–2118. [CrossRef]
20. Lutz, L.J.; Gaffney-Stomberg, E.; Scisco, J.L.; Cable, S.J.; Karl, J.P.; Young, A.J.; McClung, J.P. Assessment of dietary intake using

the healthy eating index during military training. US Army Med. Dep. J. 2013, Oct–Dec, 91–97.
21. Cole, R.E.; Bukhari, A.S.; Champagne, C.M.; McGraw, S.M.; Hatch, A.M.; Montain, S.J. Performance Nutrition Dining Facility

Intervention Improves Special Operations Soldiers’ Diet Quality and Meal Satisfaction. J. Nutr. Educ. Behav. 2018, 50, 993–1004.
[CrossRef]

22. Krebs-Smith, S.M.; Pannucci, T.E.; Subar, A.F.; Kirkpatrick, S.I.; Lerman, J.L.; Tooze, J.A.; Wilson, M.M.; Reedy, J. Update of the
Healthy Eating Index: HEI-2015. J. Acad. Nutr. Diet. 2018, 118, 1591–1602. [CrossRef]

23. Fagnant, H.S.; Armstrong, N.J.; Lutz, L.J.; Nakayama, A.T.; Guerriere, K.I.; Ruthazer, R.; Cole, R.E.; McClung, J.P.; Gaffney-
Stomberg, E.; Karl, J.P. Self-reported eating behaviors of military recruits are associated with body mass index at military accession
and change during initial military training. Appetite 2019, 142, 104348. [CrossRef]

24. Nindl, B.C.; Jaffin, D.P.; Dretsch, M.N.; Cheuvront, S.N.; Wesensten, N.J.; Kent, M.L.; Grunberg, N.E.; Pierce, J.R.; Barry, E.S.; Scott,
J.M.; et al. Human Performance Optimization Metrics: Consensus Findings, Gaps, and Recommendations for Future Research. J.
Strength Cond. Res. 2015, 29 (Suppl. 11), S221–S245. [CrossRef]

25. Picó, C.; Serra, F.; Rodríguez, A.M.; Keijer, J.; Palou, A. Biomarkers of Nutrition and Health: New Tools for New Approaches.
Nutrients 2019, 11, 1092. [CrossRef] [PubMed]

26. Center for Disease Control and Prevention. National Health And Nutrition Exam Survey. Available online: https://www.cdc.
gov/nchs/nhanes/index.html (accessed on 17 June 2020).

http://doi.org/10.2105/AJPH.60.12.2302
http://www.ncbi.nlm.nih.gov/pubmed/5530414
http://doi.org/10.1016/j.amepre.2014.08.033
http://doi.org/10.3389/fnut.2019.00059
http://www.ncbi.nlm.nih.gov/pubmed/31134205
https://health.gov/our-work/food-and-nutrition/2015-2020-dietary-guidelines/
http://doi.org/10.1016/S0195-6663(03)00011-4
http://doi.org/10.1016/j.jand.2015.12.006
http://www.ncbi.nlm.nih.gov/pubmed/26920240
http://doi.org/10.1249/MSS.0000000000002111
http://www.ncbi.nlm.nih.gov/pubmed/31436735
http://doi.org/10.1111/j.1753-4887.2010.00329.x
http://doi.org/10.1016/S0195-6663(03)00010-2
http://doi.org/10.1016/j.jand.2016.09.018
http://doi.org/10.1073/pnas.1101338108
http://doi.org/10.1093/ajcn/61.3.631S
http://www.ncbi.nlm.nih.gov/pubmed/7879730
http://doi.org/10.1080/07315724.2017.1376297
http://www.ncbi.nlm.nih.gov/pubmed/29313747
http://doi.org/10.1016/B978-0-08-100596-5.22519-5
http://doi.org/10.1016/j.jand.2018.07.002
http://www.ncbi.nlm.nih.gov/pubmed/30146069
http://doi.org/10.3945/jn.111.157222
http://www.ncbi.nlm.nih.gov/pubmed/22513989
http://doi.org/10.3390/ijms17071052
http://www.ncbi.nlm.nih.gov/pubmed/27399671
http://doi.org/10.3945/jn.112.164889
http://doi.org/10.1016/j.jneb.2018.06.011
http://doi.org/10.1016/j.jand.2018.05.021
http://doi.org/10.1016/j.appet.2019.104348
http://doi.org/10.1519/JSC.0000000000001114
http://doi.org/10.3390/nu11051092
http://www.ncbi.nlm.nih.gov/pubmed/31100942
https://www.cdc.gov/nchs/nhanes/index.html
https://www.cdc.gov/nchs/nhanes/index.html


Nutrients 2021, 13, 122 12 of 12

27. National Institute of Health. HEI Overview of the Methods and Calculations. Available online: https://epi.grants.cancer.gov/
hei/hei-methods-and-calculations.html (accessed on 17 June 2020).

28. Coulter, I.D. The response of an expert panel to Nutritional armor for the warfighter: Can omega-3 fatty acids enhance stress
resilience, wellness, and military performance? Mil. Med. 2014, 179, 192–198. [CrossRef] [PubMed]

29. Dretsch, M.N.; Johnston, D.; Bradley, R.S.; MacRae, H.; Deuster, P.A.; Harris, W.S. Effects of omega-3 fatty acid supplementation
on neurocognitive functioning and mood in deployed U.S. soldiers: A pilot study. Mil. Med. 2014, 179, 396–403. [CrossRef]
[PubMed]

30. Farina, E.K.; Taylor, J.C.; Means, G.E.; Murphy, N.E.; Pasiakos, S.M.; Lieberman, H.R.; McClung, J.P. Effects of deployment on
diet quality and nutritional status markers of elite U.S. Army special operations forces soldiers. Nutr. J. 2017, 16, 41. [CrossRef]
[PubMed]

31. Gaffney-Stomberg, E.; Lutz, L.J.; Rood, J.C.; Cable, S.J.; Pasiakos, S.M.; Young, A.J.; McClung, J.P. Calcium and vitamin D
supplementation maintains parathyroid hormone and improves bone density during initial military training: A randomized,
double-blind, placebo controlled trial. Bone 2014, 68, 46–56. [CrossRef] [PubMed]

32. Harris, W.S.; Del Gobbo, L.; Tintle, N.L. The Omega-3 Index and relative risk for coronary heart disease mortality: Estimation
from 10 cohort studies. Atherosclerosis 2017, 262, 51–54. [CrossRef] [PubMed]

33. McClung, J.P.; Karl, J.P.; Cable, S.J.; Williams, K.W.; Nindl, B.C.; Young, A.J.; Lieberman, H.R. Randomized, double-blind,
placebo-controlled trial of iron supplementation in female soldiers during military training: Effects on iron status, physical
performance, and mood. Am. J. Clin. Nutr. 2009, 90, 124–131. [CrossRef] [PubMed]

34. Nielsen, S.J.; Adair, L. An alternative to dietary data exclusions. J. Am. Diet. Assoc. 2007, 107, 792–799. [CrossRef]
35. Rhee, J.J.; Sampson, L.; Cho, E.; Hughes, M.D.; Hu, F.B.; Willett, W.C. Comparison of methods to account for implausible reporting

of energy intake in epidemiologic studies. Am. J. Epidemiol. 2015, 181, 225–233. [CrossRef] [PubMed]
36. Kirkpatrick, S.I.; Reedy, J.; Krebs-Smith, S.M.; Pannucci, T.E.; Subar, A.F.; Wilson, M.M.; Lerman, J.L.; Tooze, J.A. Applications of

the Healthy Eating Index for Surveillance, Epidemiology, and Intervention Research: Considerations and Caveats. J. Acad. Nutr.
Diet. 2018, 118, 1603–1621. [CrossRef] [PubMed]

37. Purvis, D.L.; Lentino, C.V.; Jackson, T.K.; Murphy, K.J.; Deuster, P.A. Nutrition as a component of the performance triad: How
healthy eating behaviors contribute to soldier performance and military readiness. US Army Med. Dep. J. 2013, 66–78.

38. Smith, T.J.; Dotson, L.E.; Young, A.J.; White, A.; Hadden, L.; Bathalon, G.P.; Funderburk, L.; Marriott, B.P. Eating patterns and
leisure-time exercise among active duty military personnel: Comparison to the Healthy People objectives. J. Acad. Nutr. Diet.
2013, 113, 907–919. [CrossRef]

39. Bray, R.M.; Pemberton, M.R.; Hourani, L.L.; Witt, M.; Olmsted, K.L.; Brown, J.M.; Scheffler, S. Department of Defense Survey of
Health Related Behaviors Among Active Duty Military Personnel: A Component of the Defense Lifestyle AssessmentProgram(DLAP);
Defense Technical Information Center: Fort Belvoir, VA, USA, 2009.

40. Robinson, S.M.; Jameson, K.A.; Batelaan, S.F.; Martin, H.J.; Syddall, H.E.; Dennison, E.M.; Cooper, C.; Sayer, A.A. Diet and its
relationship with grip strength in community-dwelling older men and women: The Hertfordshire cohort study. J. Am. Geriatr.
Soc. 2008, 56, 84–90. [CrossRef]

41. Houston, D.K.; Stevens, J.; Cai, J.; Haines, P.S. Dairy, fruit, and vegetable intakes and functional limitations and disability in a
biracial cohort: The Atherosclerosis Risk in Communities Study. Am. J. Clin. Nutr. 2005, 81, 515–522. [CrossRef]

42. Robinson, S.M.; Westbury, L.D.; Cooper, R.; Kuh, D.; Ward, K.; Syddall, H.E.; Sayer, A.A.; Cooper, C. Adult Lifetime Diet Quality
and Physical Performance in Older Age: Findings From a British Birth Cohort. J. Gerontol. A Biol. Sci. Med. Sci. 2018, 73,
1532–1537. [CrossRef]

43. Drenowatz, C.; Shook, R.P.; Hand, G.A.; Hebert, J.R.; Blair, S.N. The independent association between diet quality and body
composition. Sci. Rep. 2014, 4, 4928. [CrossRef]

44. United States Department of Agriculture. Healthy Eating Index. Available online: https://www.fns.usda.gov/resource/healthy-
eating-index-hei (accessed on 28 January 2020).

45. Walker, R.E.; Jackson, K.H.; Tintle, N.L.; Shearer, G.C.; Bernasconi, A.; Masson, S.; Latini, R.; Heydari, B.; Kwong, R.Y.; Flock,
M.; et al. Predicting the effects of supplemental EPA and DHA on the omega-3 index. Am. J. Clin. Nutr. 2019, 110, 1034–1040.
[CrossRef]

46. Anzalone, A.; Carbuhn, A.; Jones, L.; Gallop, A.; Smith, A.; Johnson, P.; Swearingen, L.; Moore, C.; Rimer, E.; McBeth, J.; et al. The
Omega-3 Index in National Collegiate Athletic Association Division I Collegiate Football Athletes. J. Athl. Train. 2019, 54, 7–11.
[CrossRef]

47. Block, G.; Woods, M.; Potosky, A.; Clifford, C. Validation of a self-administered diet history questionnaire using multiple diet
records. J. Clin. Epidemiol. 1990, 43, 1327–1335. [CrossRef]

48. Cummings, S.R.; Block, G.; McHenry, K.; Baron, R.B. Evaluation of two food frequency methods of measuring dietary calcium
intake. Am. J. Epidemiol. 1987, 126, 796–802. [CrossRef] [PubMed]

https://epi.grants.cancer.gov/hei/hei-methods-and-calculations.html
https://epi.grants.cancer.gov/hei/hei-methods-and-calculations.html
http://doi.org/10.7205/MILMED-D-14-00189
http://www.ncbi.nlm.nih.gov/pubmed/25373106
http://doi.org/10.7205/MILMED-D-13-00395
http://www.ncbi.nlm.nih.gov/pubmed/24690964
http://doi.org/10.1186/s12937-017-0262-5
http://www.ncbi.nlm.nih.gov/pubmed/28673301
http://doi.org/10.1016/j.bone.2014.08.002
http://www.ncbi.nlm.nih.gov/pubmed/25118085
http://doi.org/10.1016/j.atherosclerosis.2017.05.007
http://www.ncbi.nlm.nih.gov/pubmed/28511049
http://doi.org/10.3945/ajcn.2009.27774
http://www.ncbi.nlm.nih.gov/pubmed/19474138
http://doi.org/10.1016/j.jada.2007.02.003
http://doi.org/10.1093/aje/kwu308
http://www.ncbi.nlm.nih.gov/pubmed/25656533
http://doi.org/10.1016/j.jand.2018.05.020
http://www.ncbi.nlm.nih.gov/pubmed/30146072
http://doi.org/10.1016/j.jand.2013.03.002
http://doi.org/10.1111/j.1532-5415.2007.01478.x
http://doi.org/10.1093/ajcn.81.2.515
http://doi.org/10.1093/gerona/glx179
http://doi.org/10.1038/srep04928
https://www.fns.usda.gov/resource/healthy-eating-index-hei
https://www.fns.usda.gov/resource/healthy-eating-index-hei
http://doi.org/10.1093/ajcn/nqz161
http://doi.org/10.4085/1062-6050-387-18
http://doi.org/10.1016/0895-4356(90)90099-B
http://doi.org/10.1093/oxfordjournals.aje.a114716
http://www.ncbi.nlm.nih.gov/pubmed/3661527

	Introduction 
	Materials and Methods 
	Participant Recruitment 
	Dietary Intake 
	Control Group of Normative NHANES Match 
	Biochemical Markers 
	Statistical Analysis 

	Results 
	Participants 
	Healthy Eating Index (HEI) 
	Biochemical Markers 

	Discussion 
	Healthy Eating Index 
	Biochemical Markers 
	DoD Programs to Consider 
	Strengths and Limitations 

	Conclusions 
	
	References

