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Abstract

To provide evidence-based guidance regarding the efficacy and safety of dietary protein supplement (PS) use by members of

the U.S. Armed Forces, a panel of internationally recognized experts in the fields of protein metabolism and dietary

supplement research was convened by the Department of Defense Center Alliance for Dietary Supplement Research and the

U.S. Army Medical Research and Material Command. To develop a consensus statement, potential benefits, risks, and

strategies to optimize military performance through PS use were considered in the context of specific warfighter populations

and occupational demands. To maintain muscle mass, strength, and performance during periods of substantial metabolic

demand and concomitant negative energy balance the panel recommended that warfighters consume 1.5–2.0 g � kg21 � d21

of protein. However, if metabolic demand is low, such as in garrison, protein intake should equal the current Military Dietary

Reference Intake (0.8–1.5 g � kg21 � d21). Although PS use generally appears to be safe for healthy adults, warfighters should

be educated on PS quality, given quality-control and contamination concerns with commercial dietary supplements. To achieve

recommended protein intakes, the panel strongly urges consumption of high-quality protein-containing whole foods. However, when

impractical, the use of PSs (20–25 g per serving or 0.25–0.3 g � kg21 per meal), particularly after periods of strenuous physical activity

(e.g.,military training, combat patrols, and exercise), is acceptable. The committee acknowledges the need for further study of protein

requirements for extreme,military-specific environmental conditions andwhether uniquemetabolic stressors associatedwithmilitary

service alter protein requirements for aging warfighters. J. Nutr. 143: 1811S–1814S, 2013.

Introduction

Protein supplements (PSs)9 are, after multivitamins, the most
frequently consumed dietary supplement by U.S. military
personnel, with recent estimates suggesting that the prevalence

of regular PS use by military personnel is nearly 20% or more
in active-duty personnel (1). As such, in November of 2012, a
group of internationally recognized subject matter experts
(SMEs) in the fields of protein metabolism and dietary supple-
ment research was convened by the Department of Defense
Center Alliance for Dietary Supplements Research and the U.S.
Army Medical Research and Materiel Command for a sympo-
sium that examined the efficacy and safety of PSs for U.S. Armed
Forces personnel. The aim of the symposium was to evaluate the
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current understanding of the efficacy and safety of PSs and
determined whether warfighters10 would benefit by consuming
dietary protein in excess of the current RDA (0.8 g � kg21 � d21).
To initiate the symposium, the unique occupational demands of
military service, current dietary protein research efforts in
military nutrition, and the prevalence of PS use by warfighters
were addressed by scientists from the Military Nutrition
Division of the U.S. Army Research Institute of Environmental
Medicine. Subsequently, SMEs presented and discussed the cur-
rent evidence base regarding the efficacy of PSs, potential bene-
fits or harm of consuming PSs, optimal nutrient timing strategies
for dietary or supplemental protein consumption, recommen-
dations for dietary protein intake for specific warfighter popu-
lations (e.g., occupation, deployment cycle, extreme conditions,
aging), and concerns regarding the quality assurance of PSs used
by warfighters.

A consensus statement was collaboratively developed by the
SMEs who participated in this symposium. The objective of this
consensus statement was to provide evidence-based, clear, and
practical guidance to members of the U.S. Armed Forces. Re-
commendations from the panel may also be used to shape and
develop military nutrition policy and for the formulation of
combat rations.

Dietary Protein Recommendations for

Warfighters: Efficacy of Supplemental

Protein

During acute, sustained, or repeated periods of substantially
elevated metabolic demand that can result in negative energy
balance, the panel agreed that warfighters may benefit from
consuming dietary protein at amounts that are approximately
twice, and in some cases higher, than the current RDA for
protein. The range for dietary protein intake by warfighter pop-
ulations exposed to substantially increased metabolic demand
recommended by the committee was 1.5–2.0 g � kg21 � d21,
which is slightly above the current MDRIs (military DRIs) (2)
but consistent with current national protein recommendations
for athletes and physically active adults (3). There is no available
evidence in healthy adults that demonstrates a metabolic ad-
vantage of consuming dietary protein beyond 2.0 g � kg21 � d21.
The extent to which additional dietary protein may be beneficial
for warfighters during periods of extreme physiological stress
(e.g., severe energy deficit; sustained, high-intensity training;
sleep deprivation) has not been determined.

The use of PSs should be intentional and strategic and may
confer the following benefits: increasing lean body mass and
skeletal muscle strength, maintaining body mass, attenuating the
loss of fat-free mass (FFM) during energy deficit, and assisting
with appetite control during periods of planned or unavoidable
energy deficit and weight loss. Recommendations for PS use
should take account of military training status, operational
conditions, and deployment cycle phase (in garrison, predeploy-
ment training, deployment, and recovery/regeneration) given the
vast discrepancies in energy expenditures between these opera-
tional scenarios. Recommendations should also consider the
activity levels and mission requirements of different warfighter

populations, ranging from elite forces, combat arms, to combat
service and combat service support.

When in garrison, the committee recommended that war-
fighters consume dietary protein at amounts consistent with the
MDRIs (0.8–1.5 g � kg21 � d21) (2). During this period of the
deployment cycle, supplemental protein may be used to promote
recovery andmaximize whole-body andmuscle protein turnover
responses to physical stress and military training. This recom-
mendation is based on overwhelming experimental evidence
demonstrating enhanced muscle protein synthesis and net pro-
tein balance when PSs are consumed before, during, or after a
bout of resistance or endurance-type exercise (4–8). Although
studies demonstrating metabolic advantages of PS consumption
in the context of recovery from exercise have focused primarily
on healthy men, sex-based differences in protein use (steady state
branched-chain amino acid oxidation) may alter dietary pro-
tein requirements and, as a consequence, PS recommendations
(9,10). Therefore, future studies are required to determine
whether the unique metabolic demands associated with military
training elicit similar sex-related differences in protein use and
necessitate PS recommendations on the basis of sex.

The metabolic demand associated with predeployment,
physical, and operational training also may warrant the use of
PSs. For example, warfighters including U.S. Army Special
Forces, Rangers, infantry, and Marines conducting dismounted
combat training and simulated mountain warfare training often
expend 3500–4600 kcal � d21, and in certain circumstances they
can expend up to 7000 kcal � d21 (11–13). Consuming sup-
plemental protein may optimize the whole-body and skeletal
muscle metabolic responses to periods of intense physical training
and preserve lean body mass by sustaining muscle protein bal-
ance, attenuating proteolysis, and promoting muscle protein
accretion (4,7,8). Consuming a high-protein diet (supplemental
or dietary) may also enhance bone health by attenuating bone
turnover and increasing intestinal calcium absorption, if calcium
intake is adequate (14–16). During repeated days and weeks of
intense physical training and periods of training overload, sup-
plemental protein may also mitigate the risk of injury and over-
training, although direct evidence for this is currently lacking
(17). The committee suggested that dietary or supplemental protein
intake be consumed in quantities of at least 0.25–0.3 g � kg21 per
meal or snack to maximize muscle protein anabolism (18) and to
achieve a total daily intake of at least 1.5 g � kg21 � d21 from
multiple high-quality protein sources such as milk-based, soy, egg,
and animal proteins.

Dietary Protein Recommendations for the

Aging Warfighter

A relationship between dietary protein intake and age-related
muscle loss (i.e., sarcopenia) has been observed (19). Dietary
protein is critical for maintaining lean body mass with aging,
because the anabolic sensitivity of skeletal muscle to protein-
containing meals is blunted in aging (20,21). As such, aging
adults likely require more dietary protein, particularly proteins
rich in leucine, a branched-chain amino acid that regulates
protein synthesis, to elicit a comparable skeletal muscle anabolic
response to that seen in young adults (22–24). For most aging
adults, it is recommended that protein intake be set at amounts
of 1.2–1.5 g � kg21 � d21 without increasing total energy intake
and while remaining within the acceptable macronutrient
distribution range (10–35% of total energy requirement from
protein) (25–28). The committee recognizes that research on

10 The term ‘‘warfighter’’ is used by the U.S. Department of Defense to refer to

any member of the U.S. Armed Forces. Warfighter is intended to be neutral

regarding military service or branch, sex, and service status and replaces

previously used terminology including ‘‘soldier,’’ ‘‘service member,’’ and ‘‘military

personnel.’’

1812S Supplement

 by guest on D
ecem

ber 21, 2015
jn.nutrition.org

D
ow

nloaded from
 

http://jn.nutrition.org/


age-related muscle loss and dietary protein requirements in aging
adults may not be entirely applicable to an aging warfighter
population who are not yet elderly but middle-aged (;25% of
officers and 5% of enlisted personnel are >41 y of age and <1%
of the active-duty military population are >50 y of age).

Safety Concerns for PS Use by Warfighters

Expert panels (Institute of Medicine and WHO) have concluded
that there is no direct evidence that consuming high-protein diets
or supplemental protein in large doses is detrimental to renal
function (e.g., development of kidney disease or kidney stones)
in healthy adults (25,29). Cross-sectional, longitudinal studies
in healthy individuals consuming a high-protein diet reported
healthy cardiometabolic profiles (30–32). Furthermore, there is
no apparent relationship between dietary protein intake and
deteriorating general health as defined by cardiovascular risk
(33).

Warfighters should consider the quality of protein contained
in the PSs being consumed and the potential for the product to be
adulterated, given the quality-control concerns with the dietary
supplement industry (34–36). Contamination of supplements
with substances hazardous to health (e.g., heavy metals, fecal
contaminants, and steroids) could result in adverse events and
reductions in military readiness and could also result in positive
drug tests: these outcomes have the potential to compromise
national security should the warfighter be adversely affected
during military training or combat operations. The committee
recommends that the Department of Defense establish specific
standards for the sale of products at military exchanges and
that quality and safety guidelines be established for PSs sold
to warfighters in military exchanges or on military facilities.
Validated third-party certification of quality (i.e., verified label
contents) and absence of contamination are necessary to mini-
mize the potential impact on health, performance, national
security, and military readiness. Military personnel should be
educated regarding safety concerns associated with PSs. Fur-
thermore, they should be advised that when a high-protein diet is
appropriate, increased protein intake should be achieved by
consumption of whole foods, and only when necessary, with PSs.

Recommendations for Type, Amount, and

Form of PSs for Warfighters

The committee agreed that whole foods should be the first
resource used to increase total dietary protein intake but
recognizes that this is not always practical. Intact proteins that
are high in essential amino acids, particularly the branched-
chain amino acid leucine, such as milk, soy, egg, and animal
proteins should be used to increase dietary protein intake (37).
Supplemental protein should be evaluated on the basis of a
protein quality rating that considers the essential amino acids,
branched-chain amino acids, and leucine composition of the
protein (38). In particular, consideration of the leucine content
of the protein would be warranted when FFM accretion or
retention is of paramount consideration. The timing of nutrient
consumption, whether as food or a PS, should be considered
when warfighters are in energy deficit or actively deployed and
operating in a state of high energy expenditure. In such cir-
cumstances, warfighters should consume high-quality dietary
protein or PSs in 20–25-g servings when feasible, particularly
after strenuous exercise or prolonged training or combat patrols
and before sleeping (39). Postexercise and presleep protein

snacks should be factored into the total daily energy intake to
avoid overconsumption and possible gain of fat mass (40). When
possible, particularly in austere, energy-deprived conditions,
protein should be consumed not only with meals but also with
snacks to ensure adequate provision of energy necessary for
meeting the metabolic demands of the mission as well as the
retention of FFM.

Recommendations for Further PS

Research

The committee recommends further study on protein require-
ments during ‘‘real world’’ environmental stress and circumstances
in which substantial disruption of the hypothalamic-pituitary-
adrenal axis may occur, including periods of high levels of physical
activity and inadequate energy intake. Specifically, studies are
needed to determine the metabolic consequences of PSs or high-
protein diets during exposures to challenging physical and
psychological environments: extreme heat, high altitude, and
cold. Further research should also be conducted to determine
whether increased protein consumption has the potential
to diminish inflammation associated with skeletal muscle
damage.

The group consensus was that little is known with regard to
the effect of extreme operational environments on whole-body
and skeletal muscle protein metabolism and dietary protein
requirements. To advance our current understanding of protein
supplementation, the committee recommended that future
research focus on evaluating the impact of increased protein
consumption via the diet or through PSs during periods of
extreme energy restriction in combination with high levels
of energy expenditure, as well as the impact of protein sup-
plementation during exposure to extreme environmental stress.
Research is also needed to evaluate the effects of protein sup-
plementation on middle-aged ($41–62 y of age) warfighters
including the following: 1) to determine whether aging exacer-
bates the effects of severe operational stress and whether PSs are
an effective countermeasure to the physiological consequences
of aging, because mandatory retirement age is generally 62 y of
age; 2) to determine if there is a benefit of higher protein intake
in individuals who are in energy balance and the effects of pro-
tein supplementation with regard to healthy weight management
in an aging population; and 3) to determine if protein enhances
rehabilitation from age-related injury and immobility.

Acknowledgments
The authors thank Philip J. Atherton, Arny A. Ferrando, Roger A.
Fielding, Ron J. Maughan, Tom M. McLellan, Stuart M. Phillips,
and Nancy R. Rodriguez for attending the meeting and Lauren
Thompson and Kelly Williams for their substantial contributions
to the success of the symposium. All of the authors drafted, read,
and approved the final manuscript.

Literature Cited

1. Lieberman HR, Stavinoha TB, McGraw SM, White A, Hadden LS,
Marriott BP. Use of dietary supplements among active-duty US Army
soldiers. Am J Clin Nutr. 2010;92:985–95.

2. Departments of the Army, Navy, and Air Force. Army Regulation AR
40–25. Medical services: nutrition standards and education. June 15,
2001 [cited 2013 Jan 8]. Washington: Headquarters, Department of the
Army. Available from: www.apd.army.mil/pdffiles/r40_25.pdf.

3. American Dietetic Association; Dietitians of Canada; American Col-
lege of Sports Medicine; Rodriguez NR, Di Marco NM, Langley S.

Protein supplement recommendations for warfighters 1813S

 by guest on D
ecem

ber 21, 2015
jn.nutrition.org

D
ow

nloaded from
 

http://jn.nutrition.org/


American College of Sports Medicine position stand: nutrition and
athletic performance. Med Sci Sports Exerc. 2009;41:709–31.

4. Pasiakos SM, McClung HL, McClung JP, Margolis LM, Andersen NE,
Cloutier GJ, Pikosky MA, Rood JC, Fielding RA, Young AJ. Leucine-
enriched essential amino acid supplementation during moderate steady
state exercise enhances postexercise muscle protein synthesis. Am J Clin
Nutr. 2011;94:809–18.

5. Miller SL, Maresh CM, Armstrong LE, Ebbeling CB, Lennon S,
Rodriguez NR. Metabolic response to provision of mixed protein-
carbohydrate supplementation during endurance exercise. Int J Sport
Nutr Exerc Metab. 2002;12:384–97.

6. Wilkinson SB, Tarnopolsky MA, Macdonald MJ, Macdonald JR,
Armstrong D, Phillips SM. Consumption of fluid skim milk promotes
greater muscle protein accretion after resistance exercise than does
consumption of an isonitrogenous and isoenergetic soy-protein bever-
age. Am J Clin Nutr. 2007;85:1031–40.

7. Phillips SM. Physiologic and molecular bases of muscle hypertrophy
and atrophy: impact of resistance exercise on human skeletal muscle
(protein and exercise dose effects). Appl Physiol Nutr Metab. 2009;34:
403–10.

8. Lunn WR, Pasiakos SM, Colletto MR, Karfonta KE, Carbone JW,
Anderson JM, Rodriguez NR. Chocolate milk and endurance exercise
recovery: protein balance, glycogen, and performance. Med Sci Sports
Exerc. 2012;44:682–91.

9. Lamont LS. Gender differences in amino acid use during endurance
exercise. Nutr Rev. 2005;63:419–22.

10. Tarnopolsky MA. Gender differences in substrate metabolism during
endurance exercise. Can J Appl Physiol. 2000;25:312–27.

11. Tharion WJ, Lieberman HR, Montain SJ, Young AJ, Baker-Fulco CJ,
Delany JP, Hoyt RW. Energy requirements of military personnel.
Appetite. 2005;44:47–65.

12. Hoyt RW, Friedl KE. Field studies of exercise and food deprivation.
Curr Opin Clin Nutr Metab Care. 2006;9:685–90.

13. Hoyt RW, Jones TE, Stein TP, McAninch GW, Lieberman HR, Askew
EW, Cymerman A. Doubly labeled water measurement of human energy
expenditure during strenuous exercise. J Appl Physiol. 1991;71:16–22.

14. Gaffney-Stomberg E, Sun BH, Cucchi CE, Simpson CA, Gundberg C,
Kerstetter JE, Insogna KL. The effect of dietary protein on intestinal
calcium absorption in rats. Endocrinology. 2010;151:1071–8.

15. Kerstetter JE. Dietary protein and bone: a new approach to an old
question. Am J Clin Nutr. 2009;90:1451–2.

16. Cao JJ, Johnson LK, Hunt JR. A diet high in meat protein and potential
renal acid load increases fractional calcium absorption and urinary
calcium excretion without affecting markers of bone resorption or
formation in postmenopausal women. J Nutr. 2011;141:391–7.

17. Witard OC, Jackman SR, Kies AK, Jeukendrup AE, Tipton KD. Effect
of increased dietary protein on tolerance to intensified training. Med Sci
Sports Exerc. 2011;43:598–607.

18. Moore DR, Robinson MJ, Fry JL, Tang JE, Glover EI, Wilkinson SB,
Prior T, Tarnopolsky MA, Phillips SM. Ingested protein dose response
of muscle and albumin protein synthesis after resistance exercise in
young men. Am J Clin Nutr. 2009;89:161–8.

19. Evans WJ. Skeletal muscle loss: cachexia, sarcopenia, and inactivity. Am
J Clin Nutr. 2010;91 Suppl:1123S–7S.

20. Cuthbertson D, Smith K, Babraj J, Leese G, Waddell T, Atherton P,
Wackerhage H, Taylor PM, Rennie MJ. Anabolic signaling deficits
underlie amino acid resistance of wasting, aging muscle. FASEB J.
2005;19:422–4.

21. Yang Y, Breen L, Burd NA, Hector AJ, Churchward-Venne TA, Josse
AR, Tarnopolsky MA, Phillips SM. Resistance exercise enhances
myofibrillar protein synthesis with graded intakes of whey protein in
older men. Br J Nutr. 2012;108:1780–8.

22. Katsanos CS, Kobayashi H, Sheffield-Moore M, Aarsland A, Wolfe RR.
A high proportion of leucine is required for optimal stimulation of the

rate of muscle protein synthesis by essential amino acids in the elderly.
Am J Physiol Endocrinol Metab. 2006;291:E381–7.

23. Kumar V, Selby A, Rankin D, Patel R, Atherton P, Hildebrandt W,
Williams J, Smith K, Seynnes O, Hiscock N, et al. Age-related
differences in the dose-response relationship of muscle protein syn-
thesis to resistance exercise in young and old men. J Physiol. 2009;
587:211–7.

24. Drummond MJ, Dreyer HC, Pennings B, Fry CS, Dhanani S, Dillon EL,
Sheffield-Moore M, Volpi E, Rasmussen BB. Skeletal muscle protein
anabolic response to resistance exercise and essential amino acids is
delayed with aging. J Appl Physiol. 2008;104:1452–61.

25. Food and Nutrition Board of Institute of Medicine of the National
Academies. Dietary Reference Intakes for energy, carbohydrate, fiber,
fat, fatty acids, cholesterol, protein, and amino acids. Washington:
National Academies Press; 2005.

26. Wolfe RR. The underappreciated role of muscle in health and disease.
Am J Clin Nutr. 2006;84:475–82.

27. Paddon-Jones D, Rasmussen BB. Dietary protein recommendations and
the prevention of sarcopenia. Curr Opin Clin Nutr Metab Care.
2009;12:86–90.

28. Martin WF, Armstrong LE, Rodriguez NR. Dietary protein intake and
renal function. Nutr Metab (Lond). 2005;2:25.

29. Joint WHO/FAO/UNU Expert Consultation. Protein and amino acid
requirements in human nutrition. World Health Organ Tech Rep Ser.
2007;935:1–265.

30. Vasdev S, Stuckless J. Antihypertensive effects of dietary protein and its
mechanism. Int J Angiol. 2010;19:e7–20.

31. Stamler J, Elliott P, Kesteloot H, Nichols R, Claeys G, Dyer AR, Stamler
R. Inverse relation of dietary protein markers with blood pressure:
findings for 10,020 men and women in the INTERSALT Study.
INTERSALT Cooperative Research Group. INTERnational study of
SALT and blood pressure. Circulation. 1996;94:1629–34.

32. Dyer A, Elliott P, Chee D, Stamler J. Urinary biochemical markers of
dietary intake in the INTERSALT study. Am J Clin Nutr. 1997;65(4
Suppl):1246S–53S.

33. Santesso N, Akl EA, Bianchi M, Mente A, Mustafa R, Heels-Ansdell D,
Schunemann HJ. Effects of higher- versus lower-protein diets on health
outcomes: a systematic review and meta analysis. Eur J Clin Nutr.
2012;66:780–8.

34. ConsumerLab.com. Product review: protein powders & drinks (includ-
ing sports, nutrition, and diet products) [cited November 26, 2012].
Available from: https://www.consumerlab.com/reviews/Nutrition_
Powders_Shakes_and_Drinks_Including_Protein_Diet_MealReplacement_
and_Sports_Endurance_Recovery_Products/NutritionDrinks/.

35. ConsumerReports.org. Protein drinks [cited November 26, 2012].
Available from: http://www.consumerreports.org/cro/2012/04/protein-
drinks/index.htm.

36. Food and Drug Administration. Two New Jersey dietary supplement
companies and their principals found guilty of criminal contempt [cited
November 26, 2012]. Available from: http://www.fda.gov/ICECI/Criminal
Investigations/ucm257815.htm.

37. Pasiakos SM, McClung JP. Supplemental dietary leucine and the skeletal
muscle anabolic response to essential amino acids. Nutr Rev. 2011;69:
550–7.

38. Millward DJ, Layman DK, Tomé D, Schaafsma G. Protein quality
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