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SUMMARY

Objectives: The aim of the study was to evaluate widespread dietary supplements (DSs) use among the military population. There is no recent
study to comprehensively evaluate the prevalence of DS use among the military population. Therefore, this systematic review and meta-analysis
aimed to present an overview and estimate of the overall prevalence of DSs use among the military population.

Methods: PubMed, Scopus, Web of Science, and Google Scholar databases were searched up to September 2023 using relevant keywords.
Al original articles written in English evaluating the prevalence of DSs use among the military population were eligible for this study. The risk of
bias assessment of the included studies was done using the Joanna Briggs Institute critical appraisal checklist. The meta-analysis was performed
utilizing a random-effects model and STATA software.

Results: In total, 32 cross-sectional studies were included in this review. The prevalence rate of DS use in the overall military population was
57% (95% Cl: 49-64); this rate was higher in the studies that were carried out in the USA and the studies with a sample size lower than 10,000
members. Eleven studies reported adverse effects (AEs) following DSs use in the military population, the pooled effect size of them was 13.0%
(95% CI: 6-20). The most common AEs reported by military personnel were abdominal pain, nausea, vomiting, and diarrhoea, however, they did
not include any serious complications.

Conclusion: The findings indicate that the prevalence of DSs use among the military personnel was high. Moreover, some studies reported
AEs following DSs use such as gastrointestinal symptoms. Promotion of knowledge and informed attitudes regarding the DSs use in the military
population could be useful.
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INTRODUCTION might more commonly use DSs than the general population.
Some soldiers undertake intense and prolonged physical activity
Dietary supplements (DS) are compounds added to one’s diet  in extreme environments, which can increase their required en-
to attain benefits in health and daily functions (1), among which ergy and nutrients. A survey in Slovenia (21) revealed that while
are vitamins, amino acids, minerals, and herbs (2). These bioactive  meals were prepared in line with nutritional recommendations,
substances are commonly used in different populations (3). More  some military personnel failed to consume the required amount
than half of adults in different countries use DSs regularly (4-8), of food to meet dictary targets (22).
with people in military occupations using them more often than the The rise in DS use is alarming in light of their adverse ef-
general population (9—12). Most soldiers consume DSs regularly, fects (AEs) and insufficient evidence of their efficacy (23, 24).
and an increasing trend in DS usage is evident (13). The use of Determining the incidence of AEs related to DS can assist in
DS among athletes has also consistently been reported to be high  establishing the safety of these supplements. Such AEs include
depending on the type of sport and level of competition (14, 15).  insomnia (23), liver damage (24), an increased risk of bleeding
People often use DSs to make up for their inadequate nutrition  (23), interactions with ibuprofen (25), and death (26). AEs occur
and improve their health (16), some may also seek to augment most commonly in the gastrointestinal, nervous and cardiovas-
their performance, both mentally and physically (17). Soldiers cular systems (27). While there have been numerous reports of
use DSs to enhance health, increase muscle strength, and gain ~ AEs concerning DSs among military staff (28, 29) and civilians
energy (18), with use to augment performance also rising (9). (30, 31), it is not easy to establish causality in some cases of
These factors explain why athletes (19) and military staff (20) self-reported AEs (32). AE incidence was especially high among
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users of combination products and purported prohormone supple-
ments (31). It is reported that AEs tended to occur with products
marketed for weight loss (27).

The previous review by Knapik et al. (17) reported the preva-
lence of DSs use by military subjects but, numerous investigations
have studied the prevalence of various DSs use and their AEs
among the military population since then. Moreover, to our best
knowledge, there is no recent study to systematically evaluate
the prevalence of DS use among the military population. Hence,
we conducted a systematic review and meta-analysis to sum-
marize the evidence of the prevalence of DS use among military
personnel.

MATERIALS AND METHODS

Search Strategy

All steps of this study were conducted considering the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guideline (supplementary S Table 1). The protocol of
this study has also been registered in the International Prospective
Register of Systematic Reviews (PROSPERO) under number
CRD42024506496. Electronic databases of Scopus, Web of Sci-
ence, Google Scholar, and PubMed were searched by the MeSH
terms and the following keywords (supplementary S Table 2):

“Supplement or supplementation or multivitamin or vitamin or
mineral or sports drink or nutraceutical or neutraceutical” AND
“military or soldier or sailor or airmen or marine armed force or
coast guard or submariners or Navy or air force”.

The search was limited to September 2023. Moreover, a manual
search of the references list of eligible studies and Google was
conducted to minimize the risk of lost relevant papers. The similar
articles section in the PubMed database and the studies that cited
the included studies were also screened to find all eligible studies.
The articles were downloaded to the Endnote software (Version
X20) to manage citations.

Eligibility Criteria

The retrieved articles were systematically screened and all
English language original literature that addressed the prevalence
of DSs use in military personnel was included in this review. In the
current review, the observational studies including cross-sectional
and cohort studies that evaluated the prevalence of the DSs use
among the military population were eligible for this review. DSs
are vitamins, amino acids, minerals, and herbs that were defined
previously (2). The definition of the search keywords and the
screening of the included articles was done according to the PICO
criteria, which for the present review included the prevalence
studies, was defined as CoCoPop, which includes the Condition
of study (DSs use), the Context of study (around the world), and
the Population of study (military population). The studies that
reported the prevalence of a single specific body-building or an-
other single specific DSs were not included in the present review.
Review articles, book chapters, theses, letters, posters, conference
publications, editorials, case reports, case series, and commentary
were not included. Randomized clinical trials that studied the
effects of specific supplementation on health outcomes in the

military population and articles that evaluated the prevalence of
energy drinks among these populations were excluded from this
study. Studies with full-text not available were also excluded.

Selection of the Studies and Data Extraction

After removing duplicate articles, the achieved articles were
independently screened by two authors according to the eligibil-
ity criteria. First, the titles and abstracts of the included studies
were evaluated by the eligibility criteria. Then, the full text of
eligible studies was further evaluated, and articles that did not
meet the predefined criteria or contained insufficient information
were excluded. If there was any disagreement, it was resolved by
consensus with the third author. Data extraction was also done
by two independent authors who retrieved the required data us-
ing a standard extraction table. The items in the extraction table
were considered by consensus with the third author. Moreover,
the required data for conducting meta-analysis was entered into
Microsoft Excel. The extracted data of the included studies were
the authors’ name, publication year, study design and location,
sample size, population type and sex, type of used DSs, method
for data collection, prevalence of used DSs, and AFs of DSs use.

Assessment of the Studies’ Risk of Bias

Two independent authors used the Joanna Briggs Institute
critical appraisal checklist (33) for studies reporting prevalence
data assessing the quality, methodology, and risk of bias of the
included studies. The questions of the tool are shown in sup-
plementary S Table 3. The results were evaluated and if any
disagreement existed between the two reviewers, the third author
assessed the study.

Data Analysis

In this systematic review and meta-analysis study, we used
random effects models through the restricted maximum likelihood
method to calculate the prevalence rates of DSs consumption
and 95% ClIs. To detect heterogeneity, we used the I? statistic
and Cochrane’s Q test, and the I? value > 50% or p<0.1 for the
Q test was finally considered as significant heterogeneity among
the studies. Subgroup analysis was done based on the sample size,
the country, the data collection method, the type of used dietary
supplement, and the year of publication of the studies. Egger’s
and Begg’s formal tests and visual inspection of funnel plots were
used to examine the publication bias. The p-value is less than 0.05
as the significance of the findings. STATA software version 17.0
was used to perform all statistical analyses (Stata Corporation,
College Station, TX, USA).

RESULTS

Selection of Studies

In the initial search, 25,851 records were retrieved from the
electronic search databases including Web of Science (n=1,169),
Scopus (n=10,601), PubMed (n=4,188), and Google Scholar
(n=310). After removing duplicates, 21,630 articles remained
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Table 2. Subgroup analyses for the prevalence of DSs use in military population

Effect size Effect size s I? .
n) (95% CI) p-value within® () p-heterogeneity®

Sample size

<1,000 12 0.60 (0.52-0.67) <0.001 96.4 <0.001

1,000-10,000 " 0.57 (0.49-0.64) <0.001 99.5 <0.001

>10,000 10 0.42 (0.29-0.56) <0.001 99.9 <0.001
Country

USA 23 0.62 (0.57-0.68) <0.001 100.0 <0.001

Australia 4 0.33(0.19-0.47) <0.001 99.9 <0.001

UK 2 0.38 (0.37-0.40) <0.001 914 0.001

Germany 1 0.34 (0.27-0.41) <0.001 0.0 -

Macedonia 1 0.61(0.57-0.73) <0.001 0.0 -
Supplement type

MVM, IVM, AA/protein, or others 20 0.59 (0.50-0.69) <0.001 99.97 <0.001

IVM or AA/protein 7 0.60 (0.43-0.78) <0.001 99.67 <0.001

Body-building or energy supplements 4 0.38 (0.27-0.50) <0.001 99.75 <0.001
Data collection method

Online survey 26 0.61(0.54-0.69) <0.001 99.92 <0.001

Paper-based survey 5 0.57 (0.49-0.64) <0.001 99.99 <0.001
Publication year

2019-2023 10 0.53 (0.42-0.65) <0.001 99.99 <0.001

2015-2018 10 0.62 (0.50-0.73) <0.001 99.85 <0.001

2014 and before 11 0.56 (0.46-0.66) <0.001 99.73 <0.001

AA — amino acid; Cl — confidence interval; IVM - individual vitamins and minerals; MVM — multivitamin or multimineral
20btained from the random-effects model; “refers to the prevalence rate (95% Cl); cinconsistency, percentage of variation across studies due to heterogeneity; “obtained

from the Q-test

for further screening. The title and abstract of the studies were
screened in the first stage, and 21,541 irrelevant articles were
excluded. In the second stage, the full text of the 89 articles was
critically reviewed of which 57 articles were excluded because
they studied DSs prescriptions filled by the personnel; were case
reports; studied the effects of a specific DSs supplementation on
the military population; studied the effects of energy drinks on the
personnel; and the full text was not available. Finally, 32 cross-
sectional studies were included in the systematic review (Table
1) and 30 studies were considered for quantitative synthesis. No
additional articles were found through forwarding and backward
citation tracking of the eligible studies. The PRISMA diagram for
the current study is presented in Figure 1.

Characteristics of Included Studies

The main characteristics of the included studies are presented
in Table 1. The included studies were published from 1990 to
2023. In total, 350,375 military personnel aged over 18 years
old were involved in this study. Except for one case, all of the
included studies involved both genders of the personnel. The
location of the studies was as follows: 24 in the USA, four in
Australia, two in the UK, one in Germany, and one in Macedo-
nia. The military personnel included in the studies were service
members, wing commanders, air force, army, marine corps, navy,
active-duty soldiers, veterans, armed forces, defence force, coast
guard, ranger battalion, special force battalion, reserve, and na-

tional guard personnel. The main DSs evaluated in the included
studies were multivitamin or multimineral (MVM), individual
vitamins and minerals (IVM), proteins or amino acids, omega-3
fatty acids, herbal and combination products, caffeine, creatine,
antioxidants, fish oil, bodybuilding or weight loss supplements,
and DSs containing 1,3-dimethylamylamine. The methods used
for data collection in the included studies were online surveys,
self-report questionnaires, and interviews.

Risk of Bias Assessment

The results of the risk of bias assessment of the included studies
using the Joanna Briggs Institute critical appraisal checklist are
illustrated in S Table 3. As shown in S Table 3, the overall quality
score for the included studies ranged from 7 to 9 of the maximum
10 scores and 7 of the maximum 9 scores, respectively. Most of
the included studies did not report adequate information about
the sampling method, response rate, and conducting data analysis
with sufficient coverage of the identified sample. However, the
majority of the studies generally included large sample sizes that
were more representative of the average in the community and
the outcome assessments were appropriate.

Prevalence of DSs use in Military Personnel
Thirty-two studies were identified that evaluated the preva-
lence of DSs use in military personnel. Table 1 presents the
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Fig. 1. PRISMA diagram for the process of the search and study selection.
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Fig. 2. Forest plots of the prevalence of DSs use among the military population.
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prevalence rate of DSs use by the military population among the
included studies. Except for one case, all of the included studies
were included in the meta-analysis. The prevalence rate of DS
use in the overall military population was 57% (95% CI: 49-64)
with significant heterogeneity (1>=99.96%, p<0.001) (Fig. 2).
Subgroup analysis revealed that the prevalence of DSs use in the
studies with sample size above 10,000 (42%, 95% CI: 29-56)
was lower than in the other studies (Table 2). Moreover, except
for one study that was conducted in Macedonia, the prevalence of
DSs use in the studies that were carried out in the USA (58.2%,
95% CI: 47.6-68.7) was higher than in the other countries. In
addition, the prevalence of DSs use was higher in the studies that
were performed in the years 2015-2018 (62%, 95% CI: 50-73)
and used online surveys for data collection (61%, 95% CI: 54-69).
The prevalence rate of body-building and energy supplement use
(38%, 95% CI: 27-50) was lower than other DSs. The Egger’s
tests indicated a small study effect (p=0.001), however, there is
not an asymmetry in the funnel plot (supplementary S Fig. 1).

Adverse Effects of DSs Use in Military Personnel

Eleven studies were found to evaluate the AEs of DSs use
among the military population and seven studies presented the
rate of reported AEs. The prevalence rate of AEs following
DS use among the seven studies was 2%—18.4%. Based on the
meta-analysis result, the prevalence of DSs use AEs was 13.0%
(95% CI: 6-20) with a high heterogeneity (1>=99.89%, p<0.001)
among them (Fig. 3). The Begg’s tests indicated no small study
effect (p=0.881), and the asymmetry was also not observed in the
funnel plot (supplementary S Fig. 2). As shown in Table 1, the AEs
reported by the military personnel involved in the included studies
were palpitations, abdominal pain, nausea, vomiting, diarrhoea,
muscle cramps, pain, weakness, sleep disturbances, insomnia,
confusion, lightheaded, numbness, seizures, convulsions, tremors,
increased heart rate, tingling on face, skin and arms, itching near
the nose, flushing, headache, anxiety, and dizziness. However,
no military personnel reported serious complications of DSs use
or seeking medical care for supplement AEs.

DISCUSSION

The prevalence of DS use has been reported in several military
and civilian studies. It is well documented that military staff use
DSs more commonly than civilians (9, 18). According to the
current study’s findings, the prevalence of DS use in the overall
military population was 57%; moreover, this rate was higher in
the studies carried out in the USA, the studies with a sample size
lower than 10,000 participants, and studies that used an online
survey for data collection. The studies that were conducted re-
cently (during 2019-2023) reported a lower prevalence of DSs
use compared to the others. Moreover, the prevalence of body-
building and energy supplement use was lower than other DSs.
The prevalence of MVM and IVM use was higher than other DSs
among the military population. Under this study, Knapik et al. also
indicated that MVM supplements were the most commonly used
DSs among military personnel (17). Similarly, in the athletes and
the general population, MVM supplements were also the most
commonly consumed DSs (34, 35).

The widespread use of DSs in different populations could have
various reasons. DS use has been linked with health-promoting
activities, with consumers seeking a healthy lifestyle (36). In the
military population, the use of DSs may be general health pres-
ervation and improvement, physical performance enhancement,
and provision of energy (17, 37). Studies have demonstrated that
people who use DSs care more about their health and wellbeing
than those who do not use DSs (38). A population-based cross-
sectional study found that soldiers undertaking high-intensity
interval training and showing healthy behaviours often used
performance-enhancing and weight-reducing DSs (39). Athletes
were also one of the populations that represent a major part of
dietary supplement users (40). Similar to military personnel,
it appears the main reasons for DS use are improving health,
improving athletic performance, and accelerating recovery (14).

The previous meta-analysis conducted by Knapik et al. dem-
onstrated that female personnel used DSs more commonly than
male personnel in the army (65% vs. 55%), air force (76% vs.
60%), navy (71% vs. 60%), and marine corps (71% vs. 61%) (17).

%
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Austin (2015) B . E 0.07 (0.06, 0.08) 14.48
Paisley (2015) -.-:- 0.08 (0.04, 0.16) 13.27
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Overall (12 = 99.89%, p = 0.00) <> 013(006,020) 100,00
A 05 T 05 1
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Fig. 3. Forest plots of the prevalence of DSs use AEs among the military population.
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However, most studies on athletes indicated that the prevalence
of DS consumption was higher in males compared to females
(41-43). It was demonstrated that female athletes were more
likely to consume DSs for health reasons, and male athletes were
more likely to consume DSs to enhance performance (44-46).

Some consumers incorrectly assume that the safety and effi-
cacy of DSs are controlled by the Food and Drug Administration
(47). However, there is insufficient evidence to support the use of
many DSs, with some even having AEs (48). This study’s results
demonstrated that the prevalence of AEs following DSs use was
13.0%. DS consumers may experience AEs due to excessive
intake, contaminants (secondary to inadequate quality control
during production), allergic reactions to ingredients, danger-
ous ingredients, interactions with prescribed medications, or
unlisted or illegal constituents (49, 50). Based on the included
studies’ findings, some AEs reported by the military personnel
following DS use were palpitations, abdominal pain, vomiting,
diarrhoea, nausea, muscle cramps, weakness, insomnia, sleep dis-
turbances, confusion, lightheaded, tingling, seizures, numbness,
convulsions, tremors, tachycardia, pruritus, flushing, headache,
anxiety, and dizziness. However, no military personnel reported
serious complications of DS use or seeking medical care for their
AEs. A 2.5-year experiment showed that AEs were highest with
products marketed for weight loss and were most common in
the gastrointestinal, cardiovascular, and nervous systems (27).
Another population-based study indicated that the incidence of
AE was higher for the combination of products and purported pro-
hormones. They also reported that younger individuals, women,
those with higher BMI, and those consuming a greater number
of DSs were at higher risk for AE incidence (31).

Many soldiers lack knowledge or misunderstand the efficacy
and safety of DSs; one study found that most soldiers confidently
believed DSs are safe and deliver the advertised benefits (51) and
were unaware of the related regulatory requirements. Moreover,
several reports have discussed AEs of DS consumption in this
population (28, 29). One comprehensive survey declared that DS
consumption is widespread among military personnel and deemed
it vital to perform long-term evaluations of the safety and efficacy
of'these supplements (52). Also, in light of such widespread usage
and related concerns, understanding why military personnel are
opting to use DSs is crucial. As a solution, providing evidence-
based facts regarding the AEs of DS use and conducting nutritional
education interventions about various DSs among the military
population is suggested.

As mentioned above, most military personnel usually use DSs
to ensure adequate nutrient intake and to improve their health
and performance (17, 37). In addition to DSs that may have AEs,
diet-based approaches are useful methods for enhancing human
health and performance. Dietary diversity (DD) as an indicator of
nutrient adequacy can benefit human health in several dimensions
(53, 54). Individuals with acceptable DD had better nutritional
and health status (54, 55). Higher DD was also associated with
a higher intake of protein (56). Adequate protein intake can help
in maintaining muscle function (57). Thus, the participants with
a high DD had a high protein, vitamins, and antioxidant nutrients
intake (53, 54), all of which have been shown to prevent frailty
and improve health and physical performance. It is important to
strengthen healthy dietary behaviour education for the military
population to increase their awareness regarding healthier and

diet-based methods for enhancing general health and physical
performance.

This study encountered certain limitations, including the
significant heterogeneity among studies, numerous ranges of the
included study populations, different assessment methods and
questionnaires for collecting information about DSs use in military
personnel, and heterogeneity of the studied DSs.

CONCLUSIONS

This systematic review and meta-analysis indicated that the
prevalence of DSs use was high (54.1%) among military person-
nel. Moreover, some of the included studies reported various AEs
following DSs use in military personnel. Promotion of military
population knowledge and attitudes regarding DSs safety and ef-
ficacy by nutritional educational interventions could be effective
in preventing the abuse or misuse of DSs and consequent AEs in
the military population. More population-based studies are needed
to determine the exact prevalence of DSs use and specify the AEs
of their use among different military populations.

Electronic Supplementary Materials
This article contains supplementary material available at https://doi.
org/10.21101/cejph.a8321

Authors’ Contributions

BA and RMG — conception and design; RMG data collection, statistical
analysis, drafting the manuscript; BA and MR revised the manuscript.
All authors approved the final version of the manuscript.

Acknowledgments

We gratefully acknowledge the financial support of the Vice-Chancellor
for Research of Tabriz University of Medical Sciences, Tabriz, Iran
(Grant no. 72070).

Adherence to Ethical Standards

The protocol of the current study was registered and certified by the Re-
search Vice-Chancellor of Tabriz University of Medical Sciences, Tabriz,
Iran (Ethical code: IR.TBZMED.VCR.REC.1402.109).

Conflicts of Interest
None declared

REFERENCES

1. Maughan RJ, Burke LM, Dvorak J, Larson-Meyer DE, Peeling P, Phillips
SM, et al. IOC consensus statement: dietary supplements and the high-
performance athlete. Int J Sport Nutr Exerc Metab. 2018 Mar;28(2):104-
25.

2. Dietary Supplement Health and Education Act of 1994 Public Law 103-
417 103rd Congress. United States Government Office; 1994.

3. Knapik JJ, Trone DW, Steelman RA, Farina EK, Lieberman HR. Dietary
supplement and prescription medication use among US military service
members with clinically diagnosed medical conditions: the US military
dietary supplement use study. J Acad Nutr Diet. 2022 Oct;122(10):1841-
50.

4. Mishra S, Stierman B, Gahche JJ, Potischman N. Dietary supplement
use among adults: United States, 2017-2018. NCHS Data Brief. 2021
Feb;(399):1-8.

46



10.

11.

13.

14.

15.

19.

20.

21.

22.

23.

24.

25.

26.

Tan ECK, Eshetie TC, Gray SL, Marcum ZA. Dietary supplement use in
middle-aged and older adults. J Nutr Health Aging. 2022;26(2):133-8.
Alhazmi A, Kuriakose BB, Mushfiq S, Muzammil K, Hawash MM.
Prevalence, attitudes, and practices of dietary supplements among middle-
aged and older adults in Asir region, Saudi Arabia: A cross-sectional
study. PLoS One. 2023 Oct 12;18(10):€0292900. doi: 10.1371/journal.
pone.0292900.

Allehdan S, Hasan M, Perna S, Al-Mannai M, Alalwan T, Mohammed D,
et al. Prevalence, knowledge, awareness, and attitudes towards dietary
supplements among Bahraini adults: a cross-sectional study. Food Prod
Process Nutr. 2023 Dec 2;5:54. doi: 10.1186/s43014-023-00168-7.
Fravel MA, Ernst ME, Gilmartin-Thomas J, Woods RL, Orchard SG,
Owen AJ; ASPirin in Reducing Events in the Elderly Investigator Group.
Dietary supplement and complementary and alternative medicine use
among older adults in Australia and the United States. J Am Geriatr Soc.
2023 Jul;71(7):2219-28.

Austin KG, McLellan TM, Farina EK, McGraw SM, Lieberman HR.
Soldier use of dietary supplements, including protein and body building
supplements, in a combat zone is different than use in garrison. Appl
Physiol Nutr Metab. 2016 Jan;41(1):88-95.

Kullen C, Prvan T, O'Connor H. Dietary supplement use in Australian
Army personnel. Mil Med. 2019 May 1;184(5-6):¢290-7. doi: 10.1093/
milmed/usy266.

Baker B, Probert B, Pomeroy D, Carins J, Tooley K. Prevalence and
predictors of dietary and nutritional supplement use in the Australian
Army: a cross-sectional survey. Nutrients. 2019 Jun 27;11(7):1462. doi:
10.3390/nul11071462.

. Kjertakov M, Hristovski R, Racaj M. The use of dietary supplement

among soldiers from the Macedonian special operations regiment. J Spec
Oper Med. 2013 Spring;13(1):19-24.

Knapik JJ, Austin KG, Farina EK, Lieberman HR. Dietary supplement
use in a large, representative sample of the US armed forces. J Acad Nutr
Diet. 2018 Aug;118(8):1370-88.

Daher J, Mallick M, El Khoury D. Prevalence of dietary supplement
use among athletes worldwide: a scoping review. Nutrients. 2022 Oct
3;14(19):4109. doi: 10.3390/nu14194109.

Lauritzen F, Gjelstad A. Trends in dietary supplement use among athletes
selected for doping controls. Front Nutr. 2023 Mar 15;10:1143187. doi:
10.3389/fnut.2023.1143187.

. Kaufman DW, Kelly JP, Rosenberg L, Anderson TE, Mitchell AA. Recent

patterns of medication use in the ambulatory adult population of the
United States: the Slone survey. JAMA. 2002 Jan 16;287(3):337-44.

. Knapik JJ, Steelman RA, Hoedebecke SS, Farina EK, Austin KG, Lieber-

man HR. A systematic review and meta-analysis on the prevalence of
dietary supplement use by military personnel. BMC Complement Altern
Med. 2014 May 2;14:143. doi: 10.1186/1472-6882-14-143.

. 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 Oct;92(4):985-95.

Ficarra G, Rottura M, Irrera P, Bitto A, Trimarchi F, Di Mauro D. Use of
drugs and dietary supplements in university students of sports science:
results of a survey-based cross-sectional study. Nutrients. 2022 Oct
13;14(20):4267. doi: 10.3390/nu14204267.

Austin KG, Price LL, McGraw SM, McLellan TM, Lieberman HR.
Longitudinal trends in use of dietary supplements by U.S. Army per-
sonnel differ from those of civilians. Appl Physiol Nutr Metab. 2016
Dec;41(12):1217-24.

Pograjc L, Stibilj V, S¢ancar J, Jamnik M. Determination of macronu-
trients and some essential elements in the Slovene military diet. Food
Chem. 2010 Oct 15;122(4):1235-40.

Baker-Fulco CJ. Overview of dietary intakes during military exercises. In:
Marriott BM, editor. Not eating enough: overcoming underconsumption
of military operational rations. Washington: National Academies Press
(US); 1995. p. 121-49.

Cohen PA, Ernst E. Safety of herbal supplements: a guide for cardiolo-
gists. Cardiovasc Ther. 2010 Aug;28(4):246-53.

Navarro VJ, Khan I, Bjornsson E, Seeff LB, Serrano J, Hoofnagle JH.
Liver injury from herbal and dietary supplements. Hepatology. 2017
Jan;65(1):363-73.

1zzo AA, Ernst E. Interactions between herbal medicines and prescribed
drugs: an updated systematic review. Drugs. 2009;69(13):1777-98.

Or F, Kim Y, Simms J, Austin SB. Taking stock of dietary supplements'
harmful effects on children, adolescents, and young adults. J Adolesc
Health. 2019 Oct;65(4):455-61.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Schmitz SM, Lopez HL, Mackay D, Nguyen H, Miller PE. Serious adverse
events reported with dietary supplement use in the United States: a 2.5
year experience. J Diet Suppl. 2020;17(2):227-48.

Harris BF, Winn C, Ableman TB. Hemorrhagic stroke in a young healthy
male following use of pre-workout supplement animal rage XL. Mil Med.
2017 Sep;182(9):¢2030-3. doi: 10.7205/MILMED-D-17-00013.
Brazeau MJ, Castaneda JL, Huitron SS, Wang J. A Case report of
supplement-induced hepatitis in an active duty service member. Mil Med.
2015 Jul;180(7):e844-6. doi: 10.7205/MILMED-D-14-00654.

Hatami B, Saffaei A, Jamali F, Abbasinazari M. Glutamine powder-
induced hepatotoxicity: it is time to understand the side effects of sports
nutritional supplements. Gastroenterol Hepatol Bed Bench. 2020 Win-
ter;13(1):86-9.

Wang SSY. Pre-workout supplement induced cardiac ischaemia in a young
female. J Sports Sci. 2020 Jan;38(2):187-91.

Knapik JJ, Trone DW, Steelman RA, Farina EK, Lieberman HR.
Adverse effects associated with multiple categories of dietary supple-
ments: the military dietary supplement use study. J Acad Nutr Diet. 2022
Oct;122(10):1851-63.

Munn Z, Moola S, Lisy K, Riitano D, Tufanaru C. Methodological guid-
ance for systematic reviews of observational epidemiological studies
reporting prevalence and cumulative incidence data. Int J Evid Based
Healthc. 2015 Sep;13(3):147-53.

Huang SH, Johnson K, Pipe AL. The use of dietary supplements and
medications by Canadian athletes at the Atlanta and Sydney Olympic
Games. Clin J Sport Med. 2006 Jan;16(1):27-33.

Timbo BB, Ross MP, McCarthy PV, Lin CT. Dietary supplements in a
national survey: Prevalence of use and reports of adverse events. ] Am
Diet Assoc. 2006 Dec;106(12):1966-74.

Knapik JJ, Steelman RA, Hoedebecke SS, Austin KG, Farina EK, Lieber-
man HR. Prevalence of dietary supplement use by athletes: systematic
review and meta-analysis. Sports Med. 2016 Jan;46(1):103-123.
Bukhari AS, DiChiara AJ, Merrill EP, Wright AO, Cole RE, Hatch-Mc-
Chesney A, et at. Dietary supplement use in US army personnel: a mixed-
methods, survey and focus-group study examining decision making and
factors associated with use. J Acad Nutr Diet. 2021 Jun;121(6):1049-63.
Willis E, Royne Stafford M. Health consciousness or familiarity with sup-
plement advertising: what drives attitudes toward dietary supplements?
Int J Pharm Healthc Mark. 2016 Jun 6;10(2):130-47.

Kegel JL, Kazman JB, Scott JM, Deuster PA. Health behaviors
and psychosocial attributes of US soldiers. J Acad Nutr Diet. 2020
Sep;120(9):1469-83.

Outram S, Stewart B. Doping through supplement use: a review of the
available empirical data. Int J Sport Nutr Exerc Metab. 2015 Feb;25(1):54-9.
Barrack M, Fredericson M, Dizon F, Tenforde A, Kim B, Kraus E, et al.
Dietary supplement use according to sex and triad risk factors in collegiate
endurance runners. J Strength Cond Res. 2021 Feb 1;35(2):404-10.
Barrack MT, Muster M, Nguyen J, Rafferty A, Lisagor T. An Investigation
of habitual dietary supplement use among 557 NCAA Division I athletes.
J Am Coll Nutr. 2020 Sep-Oct;39(7):619-27.

Tabata S, Yamasawa F, Torii S, Manabe T, Kamada H, Namba A, et al.
Use of nutritional supplements by elite Japanese track and field athletes.
J Int Soc Sports Nutr. 2020 Jul 22;17(1):38. doi: 10.1186/s12970-020-
00370-9.

Barrack MT, Sassone J, Dizon F, Wu AC, DeLuca S, Ackerman KE, et al.
Dietary supplement intake and factors associated with increased use in pre-
adolescent endurance runners. J Acad Nutr Diet. 2022 Mar;122(3):573-82.
Caraballo I, Dominguez R, Guerra-Hernandez EJ, Sanchez-Oliver AJ.
Analysis of sports supplements consumption in young Spanish elite din-
ghy sailors. Nutrients. 2020 Apr 3;12(4):993. doi: 10.3390/nu12040993.
Jovanov P, Pordi¢ V, Obradovi¢ B, Barak O, Pezo L, Mari¢ A, et al.
Prevalence, knowledge and attitudes towards using sports supplements
among young athletes. J Int Soc Sports Nutr. 2019 Jul 4;16(1):27. doi:
10.1186/512970-019-0294-7.

Carvey CE, Farina EK, Lieberman HR. Confidence in the efficacy and
safety of dietary supplements among United States active duty army
personnel. BMC Complement Altern Med. 2012 Oct 10;12:182. doi:
10.1186/1472-6882-12-182.

Cohen PA. The Supplement paradox: negligible benefits, robust consump-
tion. JAMA. 2016 Oct 11;316(14):1453-4.

Aznar-Lou I, Carbonell-Duacastella C, Rodriguez A, Mera I, Rubio-Valera
M. Prevalence of medication - dietary supplement combined use and
associated factors. Nutrients. 2019 Oct 15;11(10):2466. doi: 10.3390/
null102466.

47



50.

SI.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Dwyer JT, Coates PM, Smith MJ. Dietary supplements: regulatory
challenges and research resources. Nutrients. 2018 Jan 4;10(1):41. doi:
10.3390/nu10010041.

Wells TS, Knerl CJ, Webb TS. Modifiable characteristics associated with
training success among US Air Force Tactical Air Control Party candi-
dates. Battlefield airmen study, Part B. Defence Technical Informational
Center; 2010.

Thomasos CJ, Greenwood MR, Oria M. Findings of recent surveys on
dietary supplements use by military personnel and the general popula-
tion (Appendix C). In: Use of dietary supplements by military personnel.
Washington: National Academy Press; 2008. p. 406-7.

Kennedy G, Ballard T, Dop M. Guidelines for measuring household and
individual dietary diversity. Rome: Food and Agriculture Organization
of the United Nations; 2010.

Verger EO, Le Port A, Borderon A, Bourbon G, Moursi M, Savy M, et al.
Dietary diversity indicators and their associations with dietary adequacy
and health outcomes: a systematic scoping review. Adv Nutr. 2021 Oct
1;12(5):1659-72.

Zhang Q, Chen X, Liu Z, Varma DS, Wan R, Zhao S. Diet diversity and
nutritional status among adults in southwest China. PLoS One. 2017 Feb
23;12(2):¢0172406. doi: 10.1371/journal.pone.0172406.

Bianchi CM, Egnell M, Huneau JF, Mariotti F. Plant protein intake and
dietary diversity are independently associated with nutrient adequacy in
French adults. J Nutr. 2016 Nov;146(11):2351-60.

Wu G. Dietary protein intake and human health. Food Funct. 2016
Mar;7(3):1251-65.

Knapik JJ, Trone DW, Steelman RA, Farina EK, Lieberman HR. As-
sociations between clinically diagnosed medical conditions and dietary
supplement use: the US military dietary supplement use study. Public
Health Nutr. 2023 Jun;26(6):1238-53.

Sammito S, Erley OM, Rose DM, Giittler N. The Prevalence of dietary
supplement usage in military aviators. Int J Environ Res Public Health.
2022 Apr 20;19(9):5017. doi: 10.3390/ijerph19095017.

Knapik JJ, Trone DW, Steelman RA, Farina EK, Lieberman HR. Ad-
verse effects associated with use of specific dietary supplements: The
US Military Dietary Supplement Use Study. Food Chem Toxicol. 2022
Mar;161:112840. doi: 10.1016/j.fct.2022.112840.

Knapik JJ, Trone DW, Steelman RA, Farina EK, Lieberman HR. Preva-
lence, factors associated with use, and adverse effects of sport-related
nutritional supplements (sport drinks, sport bars, sport gels): the US
military dietary supplement use study. J Int Soc Sports Nutr. 2021 Aug
25;18(1):59. doi:10.1186/s12970-021-00457-x.

Lui CW, Waller M, Bell A, van der Pols JC. Retrospective self-reported di-
etary supplement use by Australian military personnel during deployment
to Iraq and Afghanistan: results from the Middle East Area of operations
health study. Appl Physiol Nutr Metab. 2019 Jun;44(6):674-80.
Humphreys MA, Phillips CJ, Trone DW. Association between dietary
supplement use and ICD-9-CM code classification in active duty US
Navy and Marine Corps service members. Mil Med. 2019 Oct 1;184(9-
10):e531-7.

Hatch AM, Cole RE, DiChiara AJ, McGraw SM, Merrill EP, Wright AO,
et al. Personality traits and occupational demands are linked to dietary

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

supplement use in soldiers: a cross-sectional study of sensation seeking
behaviors. Mil Med. 2019 Mar 1;184(3-4):¢253-62.

van der Pols JC, Kanesarajah J, Bell A, Lui CW. Current dietary sup-
plement use of Australian military veterans of Middle East operations.
Public Health Nutr. 2017 Dec;20(17):3156-65.

Knapik JJ, Trone DW, Austin KG, Steelman RA, Farina EK, Lieberman
HR. Prevalence, adverse events, and factors associated with dietary sup-
plement and nutritional supplement use by US navy and marine corps
personnel. J Acad Nutr Diet. 2016 Sep;116(9):1423-42.

Austin KG, Price LL, McGraw SM, Leahy G, Lieberman HR. Demo-
graphic, lifestyle factors, and reasons for use of dietary supplements by
air force personnel. Aerosp Med Hum Perform. 2016 Jul;87(7):628-37.
Austin KG, Farina EK, Lieberman HR. Self-reported side-effects associ-
ated with use of dietary supplements in an armed forces population. Drug
Test Anal. 2016 Mar-Apr;8(3-4):287-95.

Austin KG, Price LL, McGraw SM, Lieberman HR. Predictors of dietary
supplement use by U.S. Coast Guard personnel. PLoS One. 2015 Jul
31;10(7):¢0133006. doi: 10.1371/journal.pone.0133006.

Paisley RD. Nutritional and sports supplement use among deployed U.S.
Army soldiers in a remote, austere combat outpost in eastern Afghanistan.
Mil Med. 2015 Apr;180(4):391-401.

Casey A, Hughes J, Izard RM, Greeves JP. Supplement use by UK-based
British Army soldiers in training. Br J Nutr. 2014 Oct 14;112(7):1175-84.
Austin KG, McGraw SM, Lieberman HR. Multivitamin and protein sup-
plement use is associated with positive mood states and health behaviors
in US Military and Coast Guard personnel. J Clin Psychopharmacol. 2014
Oct;34(5):595-601.

Boos CJ, Simms P, Morris FR, Fertout M. The use of exercise and dietary
supplements among British soldiers in Afghanistan. ] R Army Med Corps.
2011 Sep;157(3):229-32.

Jacobson IG, Horton JL, Smith B, Wells TS, Boyko EJ, Lieberman HR, et
al.; Millennium Cohort Study Team. Bodybuilding, energy, and weight-
loss supplements are associated with deployment and physical activity
in U.S. military personnel. Ann Epidemiol. 2012 May;22(5):318-30.
Young CR, Stephens MB. Sports and nutritional supplement use in USMC
recruits: a pilot study. Mil Med. 2009 Feb;174(2):158-61.

Johnson AE, Haley CA, Ward JA. Hazards of dietary supplement use. J
Spec Oper Med. 2007;7(1):30-8.

Castillo EM, Hurtado SL, Shaffer RA, Rock CL, Brodine SK. Dietary
Supplement use in a physically active population. Technical report. San
Diego: Naval Health Research Center; 2002.

Sheppard HL, Raichada SM, Kouri KM, Stenson-Bar-Maor L, Branch
JD. Use of creatine and other supplements by members of civilian and
military health clubs: a cross-sectional survey. Int J Sport Nutr Exerc
Metab. 2000 Sep;10(3):245-59.

Arsenault J, Kennedy J. Dietary supplement use in U.S. Army Special
Operations candidates. Mil Med. 1999 Jul;164(7):495-501.

Received June 14, 2024
Accepted in revised form February 8, 2025

48



