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FARINA, E. K., L. A. THOMPSON, J. J. KNAPIK, S. M. PASIAKOS, H. R. LIEBERMAN, and J. P. MCCLUNG. Diet Quality Is Asso-

ciated with Physical Performance and Special Forces Selection. Med. Sci. Sports Exerc., Vol. 52, No. 1, pp. 178–186, 2020. Purpose: This

study determined associations between diet quality measured by the Healthy Eating Index (HEI)-2015, physical performance, and successful se-

lection following a U.S. Army Special Forces Assessment and Selection course characterized by arduous cognitive and physical demands.

Methods:TheHEI-2015 scoreswere calculated fromusual diet assessedwith aBlock food frequency questionnaire among 782 soldiers attending

Special Forces Assessment and Selection. Differences in HEI-2015 scores according to demographics and physical performance were determined

with analysis of variance. Differences in likelihood of selection according to HEI-2015 scores were determined with logistic regression. Models

were adjusted for potential confounders: age, education, body mass index (BMI), duration and type of resistance training, and smoking.Results:

The HEI-2015 total score was higher among older soldiers (≥25 yr), those with more education (≥some college), higher body mass index (≥25),
longer duration of resistance training (≥400 min·wk−1), those that reported use of free weights, suspension training, Olympic lifting, and non-

smokers (P < 0.05). The HEI-2015 total score was higher among those with higher Army Physical Fitness Test (APFT) total scores, APFT

sit-up score, APFT run score, and faster loaded road march times (P < 0.05). Those with higher HEI-2015 total scores were 75% (quartile

3 vs quartile 1: odds ratio, 1.75; 95% confidence interval, 1.09–2.81) and 65% (quartile 4 vs quartile 1: odds ratio, 1.65, 95% confidence interval,

1.03–2.65) more likely to be selected. Higher scores for total vegetables, greens and beans, seafood and plant protein, and refined grains, but lower

sodium scores (indicating more sodium consumed), were associated with better physical performance (P < 0.05). Conclusions: Dietary patterns

that conform to federal dietary guidelines (except sodium) are associated with physical performance and Special Forces selection. Key Words:

MILITARY, HEALTHY EATING INDEX, EXERCISE, SODIUM, PROTEIN, FRUITS AND VEGETABLES
Diet and nutrition may optimize physical performance
in athletic activities (1). Sports nutrition recommen-
dations on the timing and amount of fluids and mac-

ronutrients to optimize performance and recovery are well
established (1). However, the relationship between overall diet
quality and physical performance remains largely unexplored.
The Healthy Eating Index (HEI)-2015 is a measure of diet qual-
ity that assesses conformance with the 2015 to 2020 federal Di-
etary Guidelines for Americans (2,3). Nine of its components
assess recommended adequate intakes: total vegetables, greens
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and beans, total fruit, whole fruit, whole grains, dairy, total pro-
tein foods, seafood and plant protein, and fatty acid ratio. Four
of its components assess moderation: sodium, refined grains,
added sugars, and saturated fats.

Several HEI-2015 individual components are comprised of
foods or nutrients associated with measures of physical perfor-
mance or physical functioning in observational studies, including
fruits and vegetables (4,5), protein (6–8), and whole grains (9).
Fruits, vegetables, and whole grains may contribute to meeting
carbohydrate and antioxidant intake recommendations, whereas
animal, seafood, and plant proteinmay contribute tomeeting pro-
tein and iron intake recommendations (1). Consuming fewer
empty calories is also associated with reduced risk of classifica-
tion of overweight and obesity in men (10), and body composi-
tion is an important factor for physical performance (1,11).
Higher total score from the 2005 version of the HEI is associ-
ated with faster gait speed and greater knee extensor power
among older adults (12), but whether diet quality is associated
with measures of physical performance in athletes or younger,
physically active populations has not been explored.

Similar to athletes, U.S. military Special Forces personnel
must demonstrate their ability to perform particular physical
activities assessed by objective criteria. Special Forces Assess-
ment and Selection (SFAS) is an arduous 19- to 20-d assessment



course designed to select individuals with attributes for success
as an elite U.S. Army Special Forces Soldier, known as a “Green
Beret.” Candidate soldiers must complete extensive cognitive
and physical challenges during SFAS to be selected to receive
the additional training required for qualification as a Special
Forces Soldier. In addition to intelligence and aptitude testing,
team events, and peer evaluations, the difficult course is well
known for its strenuous physical demands which contribute
to a high failure rate, as the majority of candidates (>50%)
are unable to successfully complete SFAS (13).

Prior reports indicate that candidates who voluntarily with-
draw fromSFAS often cite insufficient physical fitness as the rea-
son (13). Physical performance is evaluated with several events,
including the Army Physical Fitness Test (APFT) (14), pull-ups,
multiple timed runs and timed loaded road marches, an obstacle
course, and timed land navigation tasks. In addition, dietary in-
take among candidates during SFAS is restricted to military ra-
tions which, to a certain extent, standardizes diet during the
course. Since dietary intake during the course is largely con-
trolled, variation in the quality of the usual diet consumed be-
fore SFAS may influence candidates’ physical performance
by affecting nutritional status during training and recovery,
body composition, and contributing to adequate micronutrient
and macronutrient status upon arrival at SFAS.

Therefore, SFAS provides a unique opportunity to evaluate
associations between diet quality, physical performance, and
successful selection among candidates attending the selection
course.We hypothesized that higher HEI-2015 scores on entry
to SFAS would be associated with better performance on
physical events and increased likelihood of being selected af-
ter SFAS. Associations between HEI-2015 scores, demo-
graphics, and health characteristics were also examined.
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METHODS

Participants. Participants were active duty, male, U.S.
Army Soldiers, enrolled as candidates in SFAS.

Candidates were recruited for the study from 12 SFAS
courses between May 2015 and March 2017 by an informa-
tional briefing. Of the 1750 candidates briefed, 821 provided
written consent to participate in the study (47%). Seven partic-
ipants, after not being selected on their first SFAS attempt, en-
rolled in the study a second time. After excluding data from
the first enrollment of the participants that enrolled twice
(n = 7), in addition to those that voluntarily withdrew after pro-
viding consent (n = 14), and were missing dietary intake
(n = 13) or demographic data (n = 5), 782 participants had
complete dietary intake, demographic, and selection status
data (Fig. 1). The sample size of models assessing physical
performance measures varied from 468 to 770, depending on
whether the candidate progressed far enough in the course to
perform the physical performance event. This research was
conducted under a Memorandum of Agreement between the
U.S. Army Special Operations Command (USASOC) and
the U.S. Army Research Institute of Environmental Medicine
(USARIEM). The USARIEM Institutional Review Board
DIET QUALITY AND PHYSICAL PERFORMANCE
approved this study. The investigators adhered to the policies
for protection of human subjects as prescribed by Department
of Defense Instruction 3216.02, and the research was con-
ducted in adherence with the provisions of 32 CFR Part 219.

Demographics and health characteristics. Informa-
tion on demographics and health characteristics were obtained
before the start of the course. A standardized self-report ques-
tionnaire was used to determine age, education, duration of resis-
tance training and aerobic exercise, participation in types of
resistance training exercises, cigarette smoking, and smokeless
tobacco use. Duration of resistance training and aerobic exercise
was calculated bymultiplying themidpoint of self-reported exer-
cise duration categories (minutes) by frequency (days per week).
Duration categories included 1 to 15 min, 16 to 30 min, 31 to
60 min, 61 to 75 min, 76 to 90 min, 91 to 120 min, or
>120 min. Midpoint of the >120-min category was set to 135.5
(midpoint of 121–150). Frequency categories included never, 1,
2, 3, 4, 5, 6, 7 d·wk−1. Multiple daily sessions could also be se-
lected and were recoded as daily frequency (7 d·wk−1). Partici-
pants were also asked to select categories for types of resistance
training activities performed: free weights, machine weights,
body weight exercises (such as pull-ups and push-ups), suspen-
sion training, Olympic lifting, and high-intensity training. Par-
ticipants could also write-in activities or resistance training
exercise programs not listed. Trademarked or named exercise
programs considered high-intensity training were combined
with the high-intensity training category, whereas other named
exercise programs were grouped as a separate category (other
exercise program). U.S. Army John F. Kennedy Special War-
fare Center and School (USAJFKSWCS) personnel provided
officer/enlisted status designation as 18X enlisted, active duty
enlisted, or commissioned officer. Enlisted personnel were cat-
egorized as 18X or active duty because they were derived from
either the active duty population or the 18X enlistment option.
The 18X enlistment option is a direct enlistment option which
provides recruits the opportunity to attend SFAS after their ini-
tial Basic Combat Training and Airborne training. By contrast,
enlisted personnel attending SFAS that are derived from the
active duty population first serve initial duty in the U.S.
Army before attending SFAS. Body mass index (BMI) was
calculated from body mass measured in kilograms with a
calibrated electronic scale (Befour, Staukville, WI) and vertical
height measured in centimeters with stadiometer (Hopkins
Medical Products, Caledonia, MI).

Diet quality. Usual dietary intake over the previous year
was assessed with a 127-item 2014 Block food frequency
questionnaire (NutritionQuest, Berkeley, CA) (15,16). Daily
consumption of foods and total energy intake derived from
the frequency and quantity of food items reported on the FFQ
were used to calculate HEI-2015 scores. The HEI-2015 scores
were calculated according to minimum and maximum score
standards, described in detail elsewhere (2,3,17). Briefly, the
nine components that assess compliance with adequate intakes
have maximum scores ranging from 5 to 10 that correspond to
the following standards: ≥1.1 cup equivalents per 1000 kcal for
total vegetables, ≥0.2 cup equivalents per 1000 kcal for greens
Medicine & Science in Sports & Exercise® 179



FIGURE 1—Participant sample size.
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and beans, ≥0.8 cup equivalents per 1000 kcal for total fruit,
≥0.4 cup equivalents per 1000 kcal for whole fruit, ≥1.5 oz
equivalents per 1000 kcal for whole grains, 1.3 cup equivalents
per 1000 kcal for dairy, ≥2.5 oz equivalents per 1000 kcal for
total protein foods, ≥0.8 oz equivalents per 1000 kcal for sea-
food andplant protein, and (polyunsaturated fatty acids+mono-
unsaturated fatty acids)/saturated fatty acids ≥2.5 for fatty acid
ratio. The minimum score of zero corresponds to a standard of
no intake of foods in aforementioned components, or a ratio of
≤1.2 for the fatty acid ratio component. The four components
that assess compliance with moderation each have a maximum
score of 10 that corresponds to the following standards: ≤1.1 g
per 1000 kcal for sodium, ≤1.8 oz equivalents per 1000 kcal for
refined grains, ≤6.5% of energy for added sugars, and ≤8% of
energy for saturated fats. The minimum score of zero corre-
sponds to ≥2.0 g per 1000 kcal for sodium, ≥4.3 oz equivalents
per 1000 kcal for refined grains, ≥26% of energy for added
sugars, and ≥16% of energy for saturated fats. The total
HEI-2015 score ranges from 0 to 100 and is calculated from
the sum of individual component scores, with higher scores in-
dicating greater compliance with federal guidelines (17).

Physical performance and selection outcome.Can-
didates performed several physical events as routine require-
ments during SFAS, including the APFT, pull-ups, timed
180 Official Journal of the American College of Sports Medicine
runs, timed loaded road marches, an obstacle course, and land
navigation assessment. The APFT is comprised of push-ups,
sit-ups, and a 2-mile run, scored from 0 to 100 for each event
with a maximum score totaling 300 (14). Scores were calculated
from standards for males, age 17 to 21 yr. After the APFT, the
number of pull-ups completed was also recorded (14). Candi-
dates performed multiple timed runs and timed loaded road
marches over wooded terrain of distances that are not disclosed
to candidates (recorded in minutes). Runs and road marches
were required to be completed within unknown time limits. To
maximize sample size, only the first run and road march times
were used in analyses. Candidates completed an obstacle course
consisting of approximately 20 obstacles that required climbing
ropes and nets, crawling through dark enclosed tunnels, and nav-
igating apparatuses at elevated heights. The obstacle course score
was calculated as the sum of the points received for each obstacle
successfully completed. Land navigation required the candidates
to locate grid coordinates with only a paper map and compass in
unfamiliar wooded terrain within time limits. The total number of
coordinates successfully located was recorded. After successfully
completing physical events and other course procedures, in-
cluding intelligence and aptitude testing, team challenges, and
peer evaluations, a board of USAJFKSWCS personnel made
a final determination whether to select a candidate. Candidates’
http://www.acsm-msse.org
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TABLE 1. Association between HEI-2015 total score, demographic characteristics, and
health behaviors among candidates in the U.S. Army SFAS course (N = 782).

HEI-2015 Total Score

n (%) LS Mean ± SE P

Age (yr)
18–24 376 (48.1) 63.37 ± 0.48 REF
≥25 406 (51.9) 65.15 ± 0.46 0.008

Enlisted/officer statusa

18X Enlisted 370 (47.3) 64.57 ± 0.49 REF
Active duty enlisted 351 (44.9) 63.86 ± 0.50 0.309
Commissioned officer 61 (7.8) 65.22 ± 1.20 0.617

Education
High school graduate or equivalent 165 (21.1) 62.03 ± 0.73 REF
Some college or associate’s degree 377 (48.2) 65.10 ± 0.48 <0.001
≥Bachelor’s degree 240 (30.7) 64.59 ± 0.60 0.007

BMI (kg·m�2)
<25 225 (28.8) 61.94 ± 0.61 REF
25 to <30 496 (63.4) 65.12 ± 0.42 <0.001
≥30 61 (7.8) 66.47 ± 1.18 0.001

Duration of aerobic exercise (min·wk−1)
0–199 253 (32.4) 64.14 ± 0.59 REF
200–299 253 (32.4) 64.73 ± 0.59 0.478
≥300 276 (35.3) 64.05 ± 0.56 0.915

Duration of resistance training
exercise (min·wk−1)
0–199 190 (24.3) 63.20 ± 0.68 REF
200–299 184 (23.5) 64.26 ± 0.69 0.274
300–399 135 (17.3) 63.83 ± 0.80 0.547
≥400 273 (34.9) 65.33 ± 0.56 0.016

Types of resistance training activities
Free weights
Yes 647 (82.7) 64.62 ± 0.37 REF
No 135 (17.3) 62.78 ± 0.80 0.037

Machine weights
Yes 364 (46.6) 64.81 ± 0.49 REF
No 418 (53.5) 63.85 ± 0.46 0.153

Body weight exercises (such as
pull-ups and push-ups)
Yes 721 (92.2) 64.40 ± 0.35 REF
No 61 (7.8) 63.11 ± 1.20 0.301

Suspension training
Yes 76 (9.7) 67.59 ± 1.07 REF
No 706 (90.3) 63.95 ± 0.35 0.001

Olympic lifting
Yes 309 (39.5) 65.71 ± 0.53 REF
No 473 (60.5) 63.38 ± 0.43 0.001

High-intensity training
Yes 403 (51.5) 64.80 ± 0.47 REF
No 379 (48.5) 63.77 ± 0.48 0.125

Other exercise program
Yes 38 (4.9) 65.42 ± 1.52 REF
No 744 (95.1) 64.24 ± 0.34 0.450

Cigarette smoking
Never/former 679 (86.8) 64.69 ± 0.36 REF
Current 103 (13.2) 61.69 ± 0.92 0.003

Smokeless tobacco use
Never/former 538 (68.8) 64.33 ± 0.40 REF
Current 244 (31.2) 64.25 ± 0.60 0.915

Energy intake (kcal·d−1)
<2000 281 (35.9) 63.96 ± 0.56 REF
2000–2999 260 (33.3) 65.09 ± 0.58 0.161
≥3000 241 (30.8) 63.84 ± 0.60 0.886

LS, least square; SE, standard error; REF, referent group.
aEnlisted personnel attending the selection course may be derived either from the 18X en-
listment option or the active duty population of enlisted soldiers in the U.S. Army.
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selection outcome (selected or not selected) was provided by
USAJFKSWCS personnel.

Statistical analyses. The SAS statistical software pack-
age (version 9.4; SAS Institute, Cary, NC), was used to perform
all analyses. Categorized demographics and health characteris-
tic variables were summarized with descriptive statistics (fre-
quencies and percentages). Differences in least square mean
HEI-2015 total score according to categorized demographics,
health characteristics, physical performance, and selection sta-
tus variables were determined with analysis of variance using
the general linear model procedure in SAS. Differences in the
probability (percentage selected) and likelihood of selection
(odds ratio [OR] and 95% confidence interval [CI]) according
to quartile of HEI-2015 total score were determined with χ2

and logistic regression. In post hoc analyses, differences in least
square mean HEI-2015 individual component scores according
to categorized total APFT score and road march time were de-
termined with analysis of variance, as these physical perfor-
mance measures were associated with HEI-2015 total score
(P < 0.05). Physical performance and selection status models
were adjusted for potential confounders of age, education,
BMI, duration of resistance training, use of free weights, sus-
pension training, Olympic lifting, and cigarette smoking, as
these variables were independently associated with HEI-2015 total
score (Table 1,P< 0.05) andmay be associatedwith the outcomes
of interest. The least square means (physical performance
models) and odds ratios (selection status models) presented in
adjusted models represent the association between HEI-2015
score and physical performance or selection status while
holding potential confounders constant (unchanged). All
physical performance variables were categorized as quartiles
because raw data for physical performance events were not
permitted by USAJFKSWCS to be released. To maintain
consistency, quartiles of run and road march times were
displayed in reverse order since lower quartiles corresponded
to faster times and better physical performance. To limit the
number of comparisons, differences in quartiles and levels of
categorized variables were compared with a referent group
and were considered statistically significant where P < 0.05 or
where the 95% CI for the OR excluded 1.00. The Open
Source Epidemiologic Statistics for Public Health calculator
was used for power calculations (18). At α = 0.05 and β = 0.20,
the total sample size of 770 (APFT), 770 (pull-ups), 685
(run time), road march time (673), obstacle course (642), and
468 (land navigation) was sufficient to detect mean differences
of 3.28, 3.46, 3.69, 3.73, 3.86, and 4.60, respectively, in
HEI-2015 score between quartile 1 and quartile 4 of physical
performance variables in adjusted models.
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RESULTS

The HEI-2015 total score was significantly higher among
older soldiers (≥25 yr), those with more education (some college
or a bachelor’s degree), higher BMI (≥25), those engaged in lon-
ger duration of resistance training exercise (≥400 min·wk−1),
those that used free weights or suspension training, those
DIET QUALITY AND PHYSICAL PERFORMANCE
engaged in Olympic lifting, and nonsmokers (Table 1). There
were no significant associations between HEI-2015 total score
and enlisted/officer status, duration of aerobic exercise, use ofma-
chine weights, body weight exercises, high-intensity training,
other exercise programs, smokeless tobacco use, or energy intake.

Associations between HEI-2015 total score and physical per-
formance measures are shown in Table 2. Before adjustment
Medicine & Science in Sports & Exercise® 181



TABLE 2. Association between HEI-2015 total score and physical performance in the U.S. Army SFAS course.a,b

HEI-2015 Total Score

Model 1 (Unadjusted) Model 2 (Adjusted)c

Change in Performance from Referent Quartiled n LS Mean ± SE P LS Mean ± SE P

APFT total score
Quartile 1 (lower) REF 770 63.61 ± 0.66 REF 63.63 ± 0.98 REF
Quartile 2 12% 63.15 ± 0.66 0.625 63.23 ± 1.01 0.666
Quartile 3 17% 64.38 ± 0.70 0.422 64.31 ± 1.04 0.473
Quartile 4 (higher) 22% 66.09 ± 0.68 0.009 65.63 ± 1.02 0.035

APFT push-up score
Quartile 1 (lower) REF 770 63.61 ± 0.68 REF 64.14 ± 0.98 REF
Quartile 2 17% 63.26 ± 0.67 0.710 63.32 ± 1.01 0.382
Quartile 3 26% 65.37 ± 1.03 0.154 64.87 ± 1.25 0.544
Quartile 4 (higher) 30% 65.07 ± 0.54 0.092 64.59 ± 0.97 0.602

APFT sit-up score
Quartile 1 (lower) REF 770 63.14 ± 0.73 REF 63.05 ± 1.04 REF
Quartile 2 17% 63.73 ± 0.64 0.542 63.69 ± 0.99 0.497
Quartile 3 21% 64.66 ± 0.76 0.152 64.86 ± 1.10 0.083
Quartile 4 (higher) 33% 65.32 ± 0.60 0.022 64.92 ± 0.95 0.046

APFT 2-mile run score
Quartile 1 (lower) REF 770 63.14 ± 0.73 REF 62.95 ± 1.02 REF
Quartile 2 18% 64.16 ± 0.66 0.298 64.07 ± 1.02 0.248
Quartile 3 20% 63.18 ± 1.15 0.977 63.14 ± 1.35 0.886
Quartile 4 (higher) 22% 65.14 ± 0.51 0.025 65.27 ± 0.93 0.011

No. pull-ups
Quartile 1 (fewer) REF 770 63.22 ± 0.65 REF 63.61 ± 0.97 REF
Quartile 2 57% 64.43 ± 0.57 0.167 64.20 ± 0.96 0.492
Quartile 3 100% 64.31 ± 0.77 0.278 64.20 ± 1.08 0.560
Quartile 4 (more) 143% 65.42 ± 0.76 0.028 65.41 ± 1.11 0.076

Run time, min
Quartile 4 (slower) REF 685 64.19 ± 0.72 REF 63.73 ± 1.10 REF
Quartile 3 −6% 63.11 ± 0.70 0.282 62.66 ± 1.10 0.277
Quartile 2 −9% 64.34 ± 0.70 0.879 64.45 ± 1.11 0.470
Quartile 1 (faster) −16% 65.34 ± 0.70 0.255 65.32 ± 1.08 0.115

Road march time, min
Quartile 4 (slower) REF 673 62.21 ± 0.71 REF 62.66 ± 1.10 REF
Quartile 3 −12% 64.96 ± 0.71 0.006 64.66 ± 1.13 0.047
Quartile 2 −19% 64.62 ± 0.71 0.017 64.35 ± 1.10 0.097
Quartile 1 (faster) −27% 65.59 ± 0.71 <0.001 65.06 ± 1.10 0.022

Obstacle course score
Quartile 1 (lower) REF 642 64.65 ± 0.73 REF 64.57 ± 1.13 REF
Quartile 2 19% 64.17 ± 0.65 0.619 63.70 ± 1.08 0.363
Quartile 3 25% 63.96 ± 0.80 0.520 63.66 ± 1.15 0.391
Quartile 4 (higher) 29% 64.81 ± 0.78 0.883 64.80 ± 1.18 0.828

Land navigation coordinates found
Quartile 1 (fewer) REF 468 64.22 ± 0.73 REF 64.12 ± 1.25 REF
Quartile 2 100% 65.39 ± 0.67 0.236 64.65 ± 1.19 0.595
Quartile 3 133% 64.99 ± 0.97 0.527 64.62 ± 1.44 0.677
Quartile 4 (more) 167% 65.05 ± 0.96 0.490 64.15 ± 1.42 0.982

aAPFT scoring calculated from standards for males, age 17–21 yr (14).
bRun and road march distance and load parameters not disclosed to candidates. Raw data for physical events not permitted to be displayed.
cModel 2 adjusted for age, education, BMI, duration of resistance training, free weights, suspension training, Olympic lifting, and cigarette smoking.
dPercentage change in performance from mean of referent quartile to mean of comparison quartiles.
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for potential confounders (age, education, BMI, duration of re-
sistance training, use of free weights, suspension training,
Olympic lifting, and cigarette smoking), HEI-2015 total score
was significantly higher among those with higher APFT total
scores (quartile 4 vs quartile 1), APFT sit-up scores (quartile
4 vs quartile 1), APFT run scores (quartile 4 vs quartile 1),
greater number of pull-ups (quartile 4 vs quartile 1), and faster
road march times (quartiles 1, 2, and 3 vs quartile 4). After ad-
justment, HEI-2015 total score was significantly higher
among those with higher APFT total scores (quartile 4 vs
quartile 1), APFT sit-up scores (quartile 4 vs quartile 1), APFT
run scores (quartile 4 vs quartile 1), and faster road march
times (quartiles 1 vs quartile 4). After adjustment, the associa-
tion between HEI-2015 total score and number of pull-ups
was no longer significant (P = 0.076). There were no signifi-
cant associations between HEI-2015 total score and run time,
182 Official Journal of the American College of Sports Medicine
obstacle course score, or number of land navigation coordi-
nates found.

The probability of selection was significantly higher among
those with higher HEI-2015 total scores (quartile 1 vs quartiles
3 and 4) (Table 3). After adjustment, those with HEI-2015 to-
tal score in quartiles 3 and 4 were 75% and 65% more likely,
respectively, to be selected compared with those with scores in
quartile 1.

Associations between HEI-2015 individual component
scores assessing adequate intakes and physical performance
are shown in Table 4. After adjustment, total vegetable score
was significantly higher among those with faster road march
times (quartiles 1, 2, and 3 vs quartile 4). Greens and beans
score was significantly higher among those with higher APFT
scores (quartiles 4 and 3 vs quartile 1) and faster road march
times (quartiles 1 and 3 vs quartile 4). Seafood and plant protein
http://www.acsm-msse.org
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TABLE 3. Association between quartile of HEI-2015 total score and likelihood of successful selection in the U.S. Army SFAS course (N = 782).

Likelihood of Selection

Model 1 (Unadjusted) Model 2 (Adjusted)a

Mean ± SD Probability (95% CI) OR (95% CI) p OR (95% CI) p

HEI-2015 total score
Quartile 1 52.21 ± 5.76 23% (17%–28%) REF — REF —

Quartile 2 62.39 ± 2.81 29% (23%–36%) 1.44 (0.92–2.27) 0.114 1.36 (0.85, 2.20) 0.205
Quartile 3 68.92 ± 2.65 36% (29%–42%) 1.91 (1.22–2.98) 0.005 1.75 (1.09, 2.81) 0.020
Quartile 4 77.46 ± 4.57 36% (29%–43%) 1.92 (1.23–3.00) 0.004 1.65 (1.03, 2.65) 0.039

aModel 2 adjusted for age, education, BMI, duration of resistance training, free weights, suspension training, Olympic lifting, and cigarette smoking.
score was significantly higher among those with faster road
march times (quartile 1 vs quartile 4). There were no significant
associations between total fruit, whole fruit, whole grains, dairy,
total protein foods, or fatty acid ratio score and any physical per-
formance measures.

Associations between HEI-2015 individual component
scores assessing moderation and physical performance are
shown in Table 5. After adjustment, sodium score was signifi-
cantly lower (indicating more sodium consumed) among those
with faster road march times (quartile 1 vs quartile 4). Refined
grains score was significantly higher (indicating fewer refined
grains consumed) among those with higher APFT scores
(quartile 4 vs quartile 1) and faster road march times (quartiles
1 and 2 vs quartile 4). There were no significant associations
between added sugars or saturated fats individual component
scores and physical performance.
TABLE 4. Association between HEI-2015 individual component scores assessing adequate intakes

Total Vegetables Max Score = 5 Gre

LSMean ± SE P LS M

APFT score
Quartile 1 (lower) 3.37 ± 0.13 REF 3.2
Quartile 2 3.44 ± 0.13 0.566 3.4
Quartile 3 3.51 ± 0.13 0.267 3.5
Quartile 4 (higher) 3.54 ± 0.13 0.180 3.6

Road march time
Quartile 4 (slower) 3.20 ± 0.14 REF 3.2
Quartile 3 3.66 ± 0.15 <0.001 3.7
Quartile 2 3.50 ± 0.14 0.021 3.5
Quartile 1 (faster) 3.78 ± 0.14 <0.001 3.8

Whole Fruit Max Score = 5 W

APFT score
Quartile 1 (lower) 3.52 ± 0.16 REF 4.3
Quartile 2 3.25 ± 0.16 0.071 4.1
Quartile 3 3.39 ± 0.17 0.389 3.9
Quartile 4 (higher) 3.74 ± 0.17 0.147 4.0

Road march time
Quartile 4 (slower) 3.41 ± 0.18 REF 3.9
Quartile 3 3.29 ± 0.18 0.488 4.1
Quartile 2 3.59 ± 0.18 0.266 3.8
Quartile 1 (faster) 3.44 ± 0.18 0.827 3.9

Total Protein Foods Max Score = 5 Seafoo

APFT score
Quartile 1 (lower) 4.88 ± 0.04 REF 4.3
Quartile 2 4.86 ± 0.04 0.576 4.2
Quartile 3 4.94 ± 0.04 0.149 4.3
Quartile 4 (higher) 4.93 ± 0.04 0.198 4.4

Road march time
Quartile 4 (slower) 4.92 ± 0.04 REF 4.2
Quartile 3 4.92 ± 0.04 0.948 4.4
Quartile 2 4.91 ± 0.04 0.857 4.3
Quartile 1 (faster) 4.97 ± 0.04 0.193 4.6

aAdjusted for age, education, BMI, duration of resistance training, free weights, suspension training
bn = 770 for APFT score and n = 673 for road march time.
cAPFT scoring calculated from standards for males, age 17–21 yr (14).
dRun and road march distance and load parameters not disclosed to candidates. Raw data for phy
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DISCUSSION

This study determined associations between diet quality,
physical performance, and successful selection following the
U.S. Army SFAS course. The assessment course is character-
ized by arduous cognitive and physical demands and is de-
signed to select individuals with attributes required to be
successful in the elite U.S. Army Special Forces. Higher overall
diet quality as measured by the HEI-2015 was associated with
objective measures of physical performance, including faster
loaded road march times and higher fitness test scores, as well
as increased probability of selection. However, the individual
component for sodium intake was an exception, in which lower
scores (indicative of more sodium consumed) were associated
with faster loaded road march times. These findings are impor-
tant since the loaded road march is the physical performance
and physical performance in the U.S. Army SFAS course.a,b,c,d

ens and Beans Max Score = 5 Total Fruit Max Score = 5

ean ± SE P LSMean ± SE P

3 ± 0.16 REF 3.15 ± 0.16 REF
2 ± 0.16 0.194 2.97 ± 0.17 0.211
4 ± 0.17 0.042 3.20 ± 0.17 0.789
6 ± 0.16 0.005 3.34 ± 0.17 0.225

4 ± 0.18 REF 3.14 ± 0.18 REF
4 ± 0.18 0.002 3.04 ± 0.19 0.574
4 ± 0.18 0.067 3.27 ± 0.18 0.436
0 ± 0.18 0.001 3.25 ± 0.18 0.531

hole Grains Max Score = 10 Dairy Max Score = 10

5 ± 0.25 REF 6.86 ± 0.25 REF
7 ± 0.26 0.434 7.03 ± 0.26 0.444
3 ± 0.27 0.087 7.14 ± 0.26 0.246
7 ± 0.26 0.244 7.11 ± 0.26 0.288

5 ± 0.29 REF 6.84 ± 0.28 REF
8 ± 0.29 0.382 7.27 ± 0.28 0.091
4 ± 0.29 0.657 7.28 ± 0.28 0.088
6 ± 0.28 0.982 7.32 ± 0.28 0.067

d and Plant Protein Max Score = 5 Fatty Acids Max Score = 10

4 ± 0.12 REF 4.71 ± 0.25 REF
3 ± 0.12 0.328 4.63 ± 0.26 0.720
8 ± 0.13 0.683 4.74 ± 0.26 0.896
9 ± 0.13 0.188 4.67 ± 0.26 0.890

6 ± 0.13 REF 4.50 ± 0.28 REF
7 ± 0.14 0.087 4.77 ± 0.29 0.294
6 ± 0.13 0.434 4.52 ± 0.28 0.943
8 ± 0.13 0.001 4.60 ± 0.28 0.711

, Olympic lifting, and cigarette smoking.

sical events not permitted to be displayed.
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TABLE 5. Association between HEI-2015 individual component scores assessing moderation and physical performance in the U.S. Army SFAS course.a,b,c,d

Sodium Max Score = 10 Refined Grains Max Score = 10 Added Sugars Max Score = 10 Saturated Fats Max Score = 10

LS Mean ± SE P LSMean ± SE P LSMean ± SE P LS Mean ± SE P

APFT score
Quartile 1 (lower) 3.71 ± 0.24 REF 8.90 ± 0.16 REF 7.59 ± 0.22 REF 5.00 ± 0.26 REF
Quartile 2 3.46 ± 0.25 0.256 9.02 ± 0.16 0.422 7.69 ± 0.23 0.659 5.07 ± 0.27 0.798
Quartile 3 3.56 ± 0.25 0.509 9.04 ± 0.17 0.369 7.91 ± 0.24 0.145 5.03 ± 0.27 0.909
Quartile 4 (higher) 3.99 ± 0.25 0.220 9.28 ± 0.17 0.016 7.82 ± 0.24 0.306 4.99 ± 0.27 0.945

Road march time
Quartile 4 (slower) 3.91 ± 0.27 REF 8.86 ± 0.17 REF 7.43 ± 0.26 REF 5.01 ± 0.29 REF
Quartile 3 3.48 ± 0.27 0.080 9.01 ± 0.18 0.358 7.84 ± 0.26 0.079 4.98 ± 0.30 0.915
Quartile 2 3.87 ± 0.27 0.876 9.26 ± 0.17 0.013 7.47 ± 0.26 0.866 4.95 ± 0.29 0.812
Quartile 1 (faster) 3.21 ± 0.27 0.006 9.34 ± 0.17 0.003 7.77 ± 0.25 0.164 4.94 ± 0.29 0.792

aAdjusted for age, education, BMI, duration of resistance training, free weights, suspension training, Olympic lifting, and cigarette smoking.
bn = 770 for APFT score and n = 673 for road march time.
cAPFT scoring calculated from standards for males, age 17–21 yr (14).
dRun and road march distance and load parameters not disclosed to candidates. Raw data for physical events not permitted to be displayed.
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measure that is most predictive of successful selection in SFAS
and the fitness test is the first physical event soldiers must pass
to continue in the course (13).

It is plausible that the quality of usual diet consumed before
SFAS may influence performance through several mecha-
nisms, such as supporting nutritional needs during training
and recovery after physical events, facilitating ideal body compo-
sition, and contributing to adequate micronutrient andmacronutri-
ent status. Because diet quality is potentially modifiable, these
findings may be used to provide nutritional guidance to soldiers
preparing to attend SFAS and athletes preparing to compete in
rigorous physical events, in combinationwith established dietary
strategies known to enhance athletic performance (1).

Investigations examining relationships between diet quality
and physical performance have typically been limited to obser-
vational studies among older populations that utilize various
methods to characterize diet quality and performance. Higher
scores indicating adherence with a Nordic diet (calculated
from scores assigned to intake of fruits, vegetables, cereals,
polyunsaturated fatty acid to saturated fatty acid and trans fatty
acid ratio, low-fat milk, fish, red and processed meat, total fat,
and alcohol) was longitudinally associated with better perfor-
mance on chair stand, 6-min walk, and arm curl tests among
Finnish women, but not men (19). Similarly, higher scores in-
dicating adherence to a Mediterranean-style diet were associ-
ated with a battery of physical performance measures among
Italian women and men, including 4-m walking speed, chair
rises, and standing balance, before adjustment for potential
confounding variables (20). Healthier dietary patterns identi-
fied by principal components analyses have also been associ-
ated with grip strength (5,21,22) and better performance on
the chair rise, timed-up-and-go, or standing balance tests
(9,22), with associations generally more robust before adjust-
ment for confounding variables. Higher HEI-2005 total scores
were associated with faster gait speed and greater knee exten-
sor power (12), but adjustment for physical activity attenuated
the association. In contrast to several of the aforementioned
studies among older adults (5,9,20–22), the association in
the present study persisted after adjustment for potential con-
founding variables, including measures of physical activity.
One possible reason the association with diet quality persisted
184 Official Journal of the American College of Sports Medicine
after adjustment may be because many of the physical perfor-
mance measures examined in our study were more challeng-
ing than the measures used to assess physical performance in
older adults.

Our finding of an association between diet quality and phys-
ical performance measures corroborates previous observational
studies. However, to our knowledge, this is the first study to
demonstrate this association with diet quality measured by the
HEI-2015 in a younger, healthy, and physically active popula-
tion. One prior study reported that soldiers with higher healthy
eating scores measured with a brief 5-question survey were
more likely to pass the APFT (23). Similarly, in the present
study, diet quality scores were associatedwith APFT total score,
in addition to individual events assessing aspects of muscular en-
durance (APFT sit-up score) and cardiovascular endurance
(APFT run score). Some studies have described diet quality in
athletes measured by various composite scores (24–29), but
these have not related diet quality to objective measures of phys-
ical performance. Two studies reported that nutrition knowledge
was associated with diet quality scores (28,29). Others reported
the adequacy of diet quality with mixed results (24–27). More
commonly, adequacy of dietary intake among athletes has been
described in relation to energy and macronutrient intakes (30).

Diet quality was associated with several demographic and
health characteristics. The finding that HEI-2015 total score
was higher among those that reported engaging in longer dura-
tion of resistance training (≥400 min·wk−1), as well as Olympic
lifting, is consistent with previous research showing that better
diet quality as measured by the HEI is associated with greater
frequency of physical activity among U.S. adults (31). Al-
though the association between HEI-2015 scores and physical
performance measures persisted after adjustment for duration
of resistance training, use of free weights and suspension train-
ing, and participation in Olympic lifting, the possibility that
higher diet quality combined with effective physical training
strategies work synergistically to support optimal physical per-
formance cannot be dismissed. For example, higher diet quality
measured by the Canadian HEI combined with increases in
physical activity over time, but not higher diet quality alone,
were associated with less loss of elbow flexor strength among
older adult men (32). In soldiers, higher healthy eating scores
http://www.acsm-msse.org
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were associated with meeting weekly exercise recommenda-
tions (23).

HEI-2015 total score was also higher among soldiers with
higher BMI (≥25). This is in contrast to a previous report in
which adult men with higher HEI-2010 scores were less likely
to have a BMI classified as overweight or obese (≥25) (10). An-
other study reported that HEI-2005 scores were inversely asso-
ciated with BMI among men age 30 to 59 yr, but not those age
20 to 29 yr (33), whereas HEI scores were not associated with a
BMI classified as overweight or obese (≥25) among U.S. adult
men (31). In our sample of healthy, physically active men, it is
possible that higher BMI is a poor indicator of overweight and
obesity and may also be reflective of differences in lean mass.
For example, the average BMI of elite U.S. Army Special Op-
erations Forces (SOF) soldiers was previously reported to be
26.3 ± 2.4 (34). The average lean mass reported for these
SOF soldiers is also higher than the average lean mass reported
for recruits in basic combat training (77 kg vs 72 kg) (35), in
which the same body compositionmeasures were used to calcu-
late lean mass in both studies. In agreement with previous re-
search, higher diet quality scores were also associated with
older age, more education, and being a nonsmoker (31).

The average HEI-2015 scores among soldiers in the third
and fourth quartile in the present study (68.92 ± 2.65 and
77.64 ± 4.57, respectively) approximate the average HEI-2010
score previously reported among elite U.S. Army SOF soldiers
(70.3 ± 9.1) (36) and the average HEI-2005 score of U.S. Army
recruits in the highest tertile of diet quality in basic training
(73.1 ± 6.2) (37). Soldiers with diet quality scores in the third
and fourth quartiles were also much more likely to be selected
for the opportunity to receive additional training to qualify as
a Special Forces Soldier after SFAS than those in the first quar-
tile (36% vs 23%). Taken together, it may be surmised that var-
iation in the quality of usual dietary intake exists among U.S.
Army Soldiers and that higher diet quality may be characteristic
of dietary patterns adopted by successful SOF personnel.

Higher HEI-2015 scores for several individual components
were associated with fitness test scores or loaded road march
time, including total vegetables, greens and beans, seafood
and plant protein, and refined grains. The associations were in-
dependent of energy intake since HEI-2015 scores are calcu-
lated from intakes standardized to energy intake. It cannot be
determined from this observational study whether the individ-
ual components are causally related. However, both vegetable
(4,5) and protein (6–8) consumption has been associated with
physical performance measures or physical functioning in ob-
servational studies. To minimize loss of muscle mass, protein
intake of 1.5 to 2.0 g·kg−1 body mass is recommended for
DIET QUALITY AND PHYSICAL PERFORMANCE
military personnel during periods of increased metabolic de-
mand (38). Higher scores for the refined grains individual
component (indicating fewer refined grains consumed) may
be reflective of an overall healthier dietary pattern, as post hoc
analyses show the HEI-2015 total score and refined grains score
are correlated (r = 0.44, P < 0.001).

The individual component for sodiumwas the only exception,
as lower scores, indicative ofmore sodium consumed, were asso-
ciated with better performance on the loaded road march. The re-
quirement to replace water and sodium losses from sweat among
athletes to prevent dehydration and hyponatremia is well estab-
lished (39). Athletes are not advised to restrict sodium after bouts
of exercise (1), and soldiers are advised to replace sodium losses
due to physical work by consuming food, beverages, and adding
salt to foods (40). The use of carbohydrate-electrolyte beverages
may be warranted under certain conditions, such as when so-
dium losses cannot be replaced by diet alone (40). Our finding
of an association between consuming more sodium and better
performance on a loaded roadmarch test supports existing guid-
ance for athletes and physically active soldiers for avoiding ex-
cessive restriction of sodium intake.

In agreement with our hypothesis, higher diet quality, as mea-
sured by the HEI-2015 was associated with better performance
on objective measures of physical performance among soldiers
in the U.S. Army SFAS course, including faster loaded road
march times and higher fitness test scores. Soldiers with higher
diet quality scores were more likely to be selected to receive ad-
ditional training to be qualified as a Special Forces soldier. One
exception was the individual component for sodium, as lower
scores were associated with better performance on the loaded
road march. These findings may be used to formulate guidance
on overall dietary patterns for soldiers or athletes that engage in
arduous physical activities.
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