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ABSTRACT Introduction: The military dietary reference intakes (MDRIs), outlined in Army Regulation 40-25,
OPNAVINST 10110.1/MCO10110.49, AFI 44–141, establish standards intended to meet the nutrient requirements of
Warfighters. Therefore, the purpose of this study was to comprehensively compare the revised MDRIs, published in
2017, with estimated dietary intakes in U.S. military personnel. Materials and Methods: During this cross-sectional
study, Block food frequency questionnaires were administered at the end of the 9-week basic combat training course to
estimate dietary intake during basic combat training in male (n = 307) and female (n = 280) recruits. The cut-point
method was used to determine nutrient adequacy in comparison to the MDRIs. This study was approved by the
Institutional Review Board of the U.S. Army Research Institute of Environmental Medicine. Results: Recruits con-
sumed an adequate amount of vitamins A, C and K, as well as the B-vitamins, and phosphorus, selenium, zinc, and
protein and carbohydrate as a percentage of total calories when compared with MDRI standards. Vitamin D was the
short-fall nutrient affecting the greatest number of participants, as 55 and 70% of males and females, respectively, con-
sumed less than 33% of the MDRI. In addition, less than 50% of males met the MDRI for linoleic and α-linolenic
acid, fiber, vitamin E, magnesium, and potassium, and less than 50% of females met the MDRI for α-linolenic acid,
fiber, vitamin E, calcium, iron, magnesium, and potassium. In contrast, fat and sodium were over-consumed by both
males (78 and 87%, respectively) and females (73 and 72%, respectively). Conclusion: The main findings of this study
were that vitamins D and E, magnesium, potassium, α-linolenic acid, and fiber were under consumed by male and
female recruits while males also did not consume adequate linoleic acid and females did not consume adequate calcium
and iron. Future prospective research studies are needed to determine possible health and performance impacts that
may be associated with suboptimal intake of these nutrients.

INTRODUCTION
Achieving and maintaining adequate nutritional status effect
military performance during training and operations. For
example, iron deficiency anemia has been linked to dimin-
ished two-mile run time in female recruits during U.S. Army
basic combat training (BCT).1 Further, vitamin D and cal-
cium supplementation have been linked to protective effects
on bone health during BCT, resulting in decreased stress frac-
ture risk,2 improvements in measures of bone strength in the
tibia,3 and mitigating changes in biomarkers associated with
decrements in bone health.3 Cognitive performance has also
been linked to dietary intake and nutritional status, as iron
supplementation during BCT attenuated declines in iron

status during training and was linked to improvements in
vigor, a component of the profile of mood states
questionnaire.1

The military dietary reference intakes (MDRIs), outlined in
Army Regulation 40–25, OPNAVINST 10110.1/MCO10110.49,
AFI 44-14,4 establish standards intended to meet the nutrient
requirements of Warfighters. The MDRIs were adapted from
the sex- and age-specific recommended daily allowances
(RDA), which are the nutrient standards intended to meet
the needs of 97–98% of healthy Americans over the age of
two and published by the Institute of Medicine (IOM).5

The IOM also publishes estimated average requirements
(EARs) for some nutrients, which represent dietary intakes
that meet the needs of 50% of the population in order to
prevent overt signs of deficiency. The MDRI nutrient stan-
dards have been adjusted from the RDAs when scientific
evidence indicates that Warfighters have unique nutrient
requirements as compared with the civilian U.S. popula-
tion, however the MDRIs do not include a military-specific
EAR equivalent. To comply with the MDRI standards, the
food choices offered in a military dining facility (DFAC)
are required to meet the MDRIs when averaged over a 5- to
10-day period.4 However, the food items that service mem-
bers choose to consume ultimately determine whether nutri-
ent intake requirements are met.
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Several studies have used various techniques to estimate
dietary intake in military personnel in order to compare nutrient
intakes to recommendations. Food frequency questionnaires
(FFQs) are widely used as they can be administered at one
time to provide average intake data over a defined period of
time, generally 6–12 months. Using the Block FFQ, the dietary
intake of Soldiers during a 9- and 12-month deployment was
assessed and compared to the IOM DRIs in two separate stud-
ies.6,7 During the 9-month deployment study, intakes of several
nutrients including energy, protein, total fat, carbohydrates, cal-
cium, phosphorous, sodium, potassium, and vitamins C, D,
and K were assessed.7 The 12-month deployment study
assessed energy, protein, total fat, carbohydrates, calcium, mag-
nesium, sodium, phosphorus, and vitamins K and D in 12
males and 7 females. In both studies, the authors reported that
the most prominent short-fall nutrient was vitamin D both
before and during deployment. Additionally, dietary intake in
Israeli male and female recruits was assessed using FFQ
derived nutrient estimates in comparison with the MDRIs
before, during, and at the end of Israeli Army BCT.8 Similar to
other reports, data from this study also indicated that recruits
did not consume adequate vitamin D, and females consumed
an inadequate amount of calcium.8 Lastly, the dietary intake of
West Point cadets was assessed using a prospective 7-day food
diary (n = 118M and 86F) and compared with the military
RDA in 1996.9 The West Point study documented that females
consuming 0–1 meals in the military dining facility (Cadet
Mess) had the highest incidence of inadequate intake of B6,
folate, vitamin A, magnesium, and zinc when compared with
those who consumed two or more meals in the dining facility.9

Such research is critical in efforts to identify short-fall nutrients
which may affect Warfighter health and performance. This
information also provides the basis for targeted nutrition educa-
tion and/or changes in military DFAC food choices in order to
encourage the consumption of foods rich in such nutrients.

BCT is the initial training course that civilian recruits par-
ticipate in after entry into military service. It consists of sev-
eral weeks of military and didactic training. The training is
demanding and requires optimal cognitive and physical per-
formance. Prior studies indicate that BCT results in perturba-
tions in biomarkers of nutrition status, to include decrements
in iron status.10 Recruits have access only to foods provided
in the DFAC during BCT, resulting in a controlled nutrition
environment. No study has comprehensively evaluated die-
tary intake in relation to MDRI values in U.S. military per-
sonnel. The purpose of this study was to assess the nutrient
intake of recruits during Army BCT using a FFQ, and to
compare the estimated daily nutrient intakes to the MDRIs.

METHODS
This research was approved by the Institutional Review
Board of the U.S. Army Research Institute of Environmental
Medicine (USARIEM), and investigators adhered to U.S.
Army regulation 70–25 and the U.S. Army Medical

Research and Material Command Regulation 70–25 regard-
ing the participation of volunteers in research. Assessing die-
tary intake was a secondary outcome embedded within a
series of trials aimed at understanding the roles of nutrient
intake on health and performance.3,11–13

Study Location and Participants
A total of 890 (498M, 390F, 2 not reported) Army recruits
were enrolled at the beginning of BCT after a verbal study
brief and written informed consent. Multiple study iterations
were conducted and participants enrolled as follows: (1)
February–April 2010 at Fort Jackson, SC (n = 223, 132M,
91F); (2) June–August 2012 at Fort Sill, OK (n = 245,
158M, 85F); (3) February–April 2013 at Fort Sill, OK (n =
247,158M, 89F); (4) June–August 2015 at Fort Jackson, SC
(n = 175, 50M, 125F). Participants were excluded from the
analysis if they did not complete experimental testing at the
end of BCT due to separation from their unit or voluntary
withdrawal from the study (n = 224, 136M, 86F, 2 not
reported), or if they reported implausible energy intakes
(males <800 or >5,000 kcal/d, n = 55; females <300 or
>4,500 kcal/d, n = 24) on their FFQ.11 In the end, a total of
587 recruits (307M and 280F) were included in the statistical
analysis. The demographic characteristics of the participants
were self-reported on a paper survey at the beginning of
BCT during reception. Race and ethnicity were self-reported
and assessed according to the National Institutes of Health
classification to describe the population of interest.14

Dietary Intake
Dietary intake was assessed at the end of BCT, prior to grad-
uation, using the 3-month 2005 Block FFQ.15 Participants
were instructed to complete the FFQ by estimating the
amount of foods consumed during the 9-week BCT period
only. The FFQ was completed with Registered Dietitians
present to answer any relevant questions. The Block FFQ
has been validated for use in the general U.S. population16,17

and has been utilized to assess dietary intake in military per-
sonnel in several published studies.6,7,18–20 The FFQ food
list was developed using National Health and Nutrition
Examination Survey (NHANES) 1999–2002 dietary recall
data and queried participants as to how often (ranging from
never to every day) they consumed items from the list of
approximately 110 foods, and on average how much (with
2–4 food appropriate options) they consumed of these items.
To aid in portion size estimation, pictures of various portion
sizes were provided. In addition to the food list, the FFQ
asks what kinds of foods were usually consumed (i.e., low
fat vs. regular fat foods, and low carbohydrate vs. regular
carbohydrate foods). Questionnaires were analyzed and
nutrient values determined by Nutrition Quest (Berkeley,
CA, USA) using the U.S. Department of Agriculture Food
and Nutrient Database for Dietary Studies version 1.0.
Although the MDRIs provide values for iodine and fluoride,
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these nutrients are not assessed using the Block FFQ and
therefore were not included in the analysis.

Statistical Analyses
Male and female participants were analyzed separately due
to the sex-specific MDRIs (AR 40–25). Nutrient intake esti-
mates are presented as median (25, 75%) as they were not
normally distributed when assessed using the Kolmogorov–
Smirnov test. Participants were categorized into one of four
groups for each micronutrient (except sodium) (those meet-
ing <33, 33–66, 67–100, >100% of the MDRI or EAR) by
dividing their estimated nutrient intake by the MDRI or
EAR, respectively, and multiplying the quotient by 100. To
split participants into those who ate below, at, and above the
MDRIs for percent of calories from macronutrients, partici-
pants were divided into three categories as follows: (1) pro-
tein <10, 10–35, >35% total daily calories, (2) carbohydrate
<50, 50–55, >55% total daily calories, and (3) fat <25,
25–30, >30% total daily calories. Participants were broken

TABLE I. Demographic and Anthropometric Characteristicsa

Male
(n = 307)

Female
(n = 280)

Mean ± SD

Age (year) 21 ± 4 22 ± 5
n (%)

Location, year
Fort Jackson, year 2010 103 (34) 81 (29)
Fort Sill, year 2012 55 (18) 24 (9)
Fort Sill, year 2013 103 (34) 64 (23)
Fort Jackson, year 2015 46 (15) 111 (40)

Ethnicity
White/Caucasian 178 (58) 154 (55)
Black/African American 46 (15) 81 (29)
Native American/Alaskan Native 3 (1) 3 (1)
Asian 11 (4) 8 (3)
Native Hawaiian/Pacific Islander 1 (<1) 4 (1)
Other 23 (8) 10 (4)

Race
Hispanic/Latino 44 (14) 51 (18)

aMissing values: ethnicity and race 45 males, 20 females.

TABLE II. Estimated Daily Nutrient Intakes in Comparison with Current Dietary Reference Intakes

Male (n = 307) Female (n = 280)

MDRIa RDAb EARc
Estimated Intaked

Median (25, 75%) MDRI RDA EAR
Estimated Intake
Median (25, 75%)

Protein (% kcal) 10–35 N/A 15 (14, 17) 10–35 N/A 15 (13, 17)
Carbohydrate (% kcal) 50–55 45–65 N/A 51 (47, 57) 50–55 45–65 N/A 53 (49, 57)
Fat (% kcal) 25–30 20–35 N/A 35 (31, 38) 25–30 20–35 N/A 34 (30, 37)
Linoleic acid (g/d)e 17 N/A 15 (11, 21) 12 N/A 13 (9, 17)
α-Linolenic acid (g/d)e 1.6 N/A 1.3 (0.9, 1.9) 1.1 N/A 1.1 (0.8, 1.5)
Fiber (g/d)e 34 38 N/A 20 (15, 26) 28 25 N/A 17 (13, 23)
Vitamin A (μg RAE/d) 900 625 906 (653, 1179) 700 500 754 (568, 1024)
Vitamin D (IU/d) 600 400 182 (117, 303) 600 400 136 (73, 244)
Vitamin E (mg/d) 15 12 8 (6, 11) 15 12 7 (5, 10)
Vitamin K (μg/d)5 120 N/A 171 (91, 273) 90 N/A 152 (89, 232)
Thiamin (mg/d) 1.2 1.0 1.9 (1.4, 2.5) 1.1 0.9 1.5 (1.1, 2.0)
Riboflavin (mg/d) 1.3 1.1 2.6 (1.9, 3.3) 1.1 0.9 2.0 (1.5, 2.6)
Niacin (mg NE/d) 16 12 24 (19, 32) 14 11 20 (15, 27)
Vitamin B6 (mg/d) 1.3 1.1 2.3 (1.7, 3.1) 1.3 1.1 1.9 (1.4, 2.5)
Vitamin B12 (μg/day) 2.4 2.0 5.8 (4.2, 8.3) 2.4 2.0 4.3 (3.2, 6.1)
Folate (μg DFE/d) 400 320 639 (479, 915) 400 320 519 (381, 668)
Vitamin C (mg/d) 90 75 126 (87, 182) 75 60 119 (78, 168)
Calcium (mg/d) 1000 800 1,043 (741, 1383) 1000 800 748 (569, 1094)
Iron (mg/d) 8 6 17 (13, 23) 18 8.1 14 (11, 18)
Magnesium (mg/d) 420 400 330 338 (256, 414) 320 310 255 282 (212, 371)
Phosphorus (mg/d) 700 580 1,584 (1,187, 1,992) 700 580 1,267 (938, 1661)
Potassium (mg/d)e 4700 N/A 2,887 (2,265, 3,630) 4700 N/A 2,400 (1,897, 3,162)
Selenium (μg/d) 55 45 114 (84, 150) 55 45 92 (72, 124)
Sodium (mg/d)e <2,300 1,500 N/A 3,590 (2,703, 4,782) <2300 1500 N/A 2,918 (2,194, 3,674)
Zinc (mg/d) 11.0 9.4 11.7 (9.0, 15.5) 8.0 6.8 9.2 (7.2, 12.4)

aMDRI, Headquarters Departments of the Army, the Navy, and the Air Force Washington, DC. Army regulation 40–25, Nutrition and menu standards for
human performance optimization. January 3, 2017.
bRDA, recommended daily allowances for males and females ages 19–30. Institute of Medicine. Dietary Reference Intakes Tables. http://www.
nationalacademies.org/hmd/Activities/Nutrition/SummaryDRIs/DRI-Tables.aspx. Accessed 6 September 2017.
cEAR, estimated average intakes for males and females ages 19–30. Institute of Medicine. Dietary Reference Intakes Tables. http://www.nationalacademies.
org/hmd/Activities/Nutrition/SummaryDRIs/DRI-Tables.aspx. Accessed 6 September 2017.
dNutrient intakes were estimated using a full-length, 3-month 2005 Block food frequency questionnaire.
eAdequate intake in place of RDA value.
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into two categories for sodium, those who met and those
who exceeded the MDRI. All analyses were performed using
the Statistical Package for Social Sciences (Chicago, IL,
USA, version 24). Inadequate nutrient consumption was
defined using the cut-point method as consumption less than
the MDRI or EAR, respectively.

RESULTS
Participants included in the analysis were mostly White or
Caucasian and non-Hispanic or Latino (Table I). Males had
a mean age of 21 years, and the largest proportion were

recruited from Fort Jackson in 2010 and Fort Sill in 2013,
while females were predominately recruited from Fort
Jackson in 2015 and had a mean age of 22 years. On aver-
age, males consumed an adequate amount of vitamins A, C,
and K, as well as the B-vitamins, and calcium, iron, phos-
phorus, selenium, zinc, and protein and carbohydrate as a
percentage of total calories. Conversely, males consumed an
inadequate amount of linoleic and α-linolenic acid, fiber,
vitamins D and E, magnesium, and potassium, while they
consumed excess sodium and fat as a percentage of total cal-
ories when compared to MDRI standards (Table II). Females
consumed adequate linoleic and α-linolenic acid, vitamins

(a)

(b)

FIGURE 1. Percent of participants meeting the MDRI for micronutrients. (a) Males and (b) females. n = 887 (307M and 280F); MDRI; ≥100% MDRI,
participants who met or exceeded the MDRI on average daily; 67–99% MDRI, participants who consumed between 67 and 99% of the MDRI on average
daily; 33–66% MDRI, participants who consumed between 33 and 66% of the MDRI on average daily; <33% MDRI, participants who consumed less than
33% of the MDRI on average daily. Headquarters Departments of the Army, the Navy, and the Air Force Washington, DC. Army regulation 40–25,
Nutrition and menu standards for human performance optimization. January 3, 2017.
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A, C, and K, as well as the B-vitamins, and phosphorus,
selenium, zinc, and protein and carbohydrate as a percentage
of total calories. Alternatively, females consumed an inadequate
amount of fiber, vitamins D and E, magnesium and potas-
sium, and similar to males, excess sodium and fat as a per-
centage of total calories when compared with MDRI
standards. In addition, females also consumed an inadequate
amount of calcium and iron when compared to the MDRIs,
whereas, on average, intake of these micronutrients was ade-
quate in males. When comparing estimated nutrient intakes
to the EARs, both males and females consumed an inade-
quate amount of vitamins D and E, while only females con-
sumed an inadequate amount of calcium.

When comparing between nutrients, vitamin D was the
short-fall nutrient affecting the greatest number of volunteers,
as 55 and 70% of males and females, respectively, consumed
less than 33% of the MDRI and only one male and one
female met the MDRI (Fig. 1). In addition, less than 50% of
males met the MDRI for linoleic and α-linolenic acid, fiber,
vitamin E, magnesium, and potassium, and less than 50% of
females met the MDRI for α-linolenic acid, fiber, vitamin E,
calcium, iron, magnesium, and potassium. In contrast, fat
and sodium were over-consumed by both males (78 and
87%, respectively) and females (73 and 72%, respectively;
Fig. 2). Lastly, when nutrient intake was compared with the
EAR, more than 50% of males and females did not meet the
EAR for vitamins D and E, while additionally, 51% of
females did not meet the EAR for calcium (Fig. 3).

DISCUSSION
The primary objective of this study was to assess nutrient
intakes during Army BCT, and to compare the estimated
daily nutrient intakes to the MDRIs. The major finding was
that military recruits consumed a diet adequate in most nutri-
ents to include vitamins A, C, and K, as well as the
B-vitamins, and phosphorus, selenium, zinc, and protein and
carbohydrate as a percentage of total calories. However, their
dietary intake did not meet the MDRI for: linoleic and
α-linolenic acid, fiber, vitamins D and E, magnesium and
potassium for males, and fiber, vitamins D and E, iron, mag-
nesium and potassium for females. In addition, both males
and females consumed excess sodium and fat as a percent-
age of total calories when compared with the MDRIs.
Lastly, when comparing intakes to the lower intake standards
of the EARs, more than 50% of males and females con-
sumed an inadequate amount of vitamins D and E and 49%
of females consumed inadequate calcium. While use of the
more conservative EAR resulted in identification of fewer
short-fall nutrients as compared with the MDRI, the EAR is
the intake level of a given nutrient that is expected to meet
the needs of 50% of the average, non-military, population.
Given the unique stressors sustained by military personnel,
this cut off may not be appropriate for use in this population.

Analyses from NHANES provide data on nutrient intakes
in the U.S. civilian population. These analyses indicate that
under-consumption of fiber, vitamins D and E, calcium,
iron, magnesium, and potassium and over-consumption of
fat and sodium is prevalent throughout the American popula-
tion. In this way, findings from the present study are similar
to the age- and sex-specific nutrient consumption observed
in the general civilian population.21 However, in the
2013–2014 What We Eat in America NHANES data, lino-
leic and α-linolenic acid were consumed in adequate
amounts in males and females, whereas the estimated intakes
in the present study indicated that recruits may consume an
inadequate amount of these fatty acids during BCT. This
may be due to an under-reporting of total fat intake on the
FFQ during BCT. Alternatively, the difference in fatty acid
intake may be the product of food selections within the mili-
tary DFAC. Male and female participants reported eating 86
and 69 g of fat per day, respectively, while the NHANES
data reported males of the same age consumed between 98

(a)

(b)

FIGURE 2. Percent of participants meeting the MDRI for macronutrients
and sodium. (a) Males and (b) females. n = 887 (307M and 280F); MDRI;
meeting protein MDRI equals 10–35% of calories from protein, meeting car-
bohydrate MDRI equals 50–55% of calories from carbohydrate, meeting fat
MDRI equals 25–30% of calories from fat, and meeting sodium MDRI
equals consuming less than 2300 mg daily. Headquarters Departments of the
Army, the Navy, and the Air Force Washington, DC. Army regulation
40–25, Nutrition and menu standards for human performance optimization.
January 3, 2017.
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and 104 g of fat per day and females between 74 and 77 g of
fat per day.21 Thus, while a large proportion of recruits over-
consumed total dietary fat, average total fat intake in this
study was less than that reported for the general U.S.
population.

The effects of inadequate iron, calcium, and vitamin D
intake on the health and performance of military recruits dur-
ing training have been well documented.1,3,22 These findings
underpinned changes in the BCT environment resulting in

efforts to improve micronutrient consumption. However, the
potential effects of diminished intake of linoleic and α-linolenic
acid, fiber, vitamin E, magnesium, and potassium have not been
well studied. Linoleic and α-linolenic acids are not synthesized
by humans, and are therefore considered essential in the diet.
They both function as precursors for eicosanoids and inade-
quate consumption of these fatty acids may result in dermati-
tis and poor growth.23 Adequate fiber consumption has been
associated with healthy laxation and regulation of blood

(a)

(b)

FIGURE 3. Percent of participants meeting the EAR for micronutrients. (a) Males and (b) females. n = 887 (307M and 280F); ≥100%EAR, participants
who met or exceeded the EAR on average daily; 67–99% EAR, participants who consumed between 67 and 99% of the EAR on average daily; 33–66%
EAR, participants who consumed between 33 and 66% of the EAR on average daily; <33% EAR, participants who consumed less than 33% of the EAR on
average daily.
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lipids and glucose.23 Vitamin E deficiency is rarely reported
and it is thought that vitamin E consumption is often under-
reported due to an under-reporting of fat intake.24

Magnesium and potassium depletion is associated with mus-
cle cramps,25 affecting physical performance, and in addi-
tion, magnesium is involved in bone modeling and
remodeling, potentially affecting bone health.26

Limitations of this study include the use of a FFQ to esti-
mate and not directly measure dietary intake. Assessing
energy intake using FFQs is difficult given that FFQs (1)
rely on participant memory of estimated food consumption
over time, (2) often result in under-reporting portions con-
sumed, and (3) contain a finite list of foods.27 However, the
FFQ used in this study was previously demonstrated to cor-
relate with blood biomarkers of nutrient intake such as alpha
and beta carotene in other military training environments.20

In addition, the dietary intake data were collected before the
MDRIs used for comparison in this study were published,
and during the time that new initiatives may have been
implemented in the dining facilities. It is possible that a lim-
ited selection of foods rich in short-fall nutrients resulted in
inadequate intake of those nutrients, such as vitamin D.
Strengths of this study include the comprehensive nature of
the analysis, with all but two nutrients (fluoride and iodine)
with a MDRI value analyzed and averaged over the course
of BCT. In addition, the robust study population included
both males and females at more than one BCT location and
was racially diverse.

If recruits followed the dietary recommendations set forth
in the Dietary Guidelines for Americans, and outlined in the
MDRIs, the gap in intakes of short-fall nutrients identified in
this study and the excess intakes of sodium and fat, would
be mitigated.28 Foods rich in these short-fall nutrients
include nuts, seeds and legumes, vegetable oils, fruits, vege-
tables, whole grains, dairy, and meat. Future prospective
research studies are needed to determine if linoleic and α-
linolenic acid, fiber, vitamin E, magnesium, and potassium
are persistently under consumed during BCT, if there are
demographic or cultural variables that may be associated
with the under-consumption of these nutrients, as well as
possible health and performance impacts that may be associ-
ated with suboptimal intake of these nutrients. This is partic-
ularly important to determine whether military-specific
recommendations are needed. In the interim, nutrition educa-
tion efforts in the BCT environment could focus on promot-
ing foods rich in these short-fall nutrients as well as
reducing sodium and total fat intake, and/or evaluate eating
behaviors that may underlie recruits’ dietary choices within
the military dining facilities.
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