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Abstract
Objective: To assess patterns and levels of dietary supplement use among
Australian Defence Forces, previously deployed to the Middle East Area of
Operations.
Design: A cross-sectional study. Participants of a large survey self-completed
questions about dietary supplement use, health status, personal and job-related
characteristics, and lifestyle factors. Frequency of current use of supplements was
assessed in three categories (bodybuilding, energy and weight loss).
Setting: Middle East Area of Operations post-deployment health survey.
Subjects: Current and ex-serving Australian Defence Force personnel (n 14 032)
who deployed to the Middle East between 2001 and 2009.
Results: Bodybuilding supplements were used by 17·5% of participants, energy
supplements by 24·5% and weight-loss supplements by 7·6%. Overall, 32·3% of
participants used any of these supplements. Bodybuilding and energy supple-
ments were more often used by men, younger persons and those in the Army,
while weight-loss supplements were more commonly used by women and Navy
personnel. Supplements in all three categories were more commonly used by
persons in lower ranks, active service and combat roles. Users of bodybuilding
supplements had healthier lifestyles and better health status, while users of energy
and weight-loss supplements had less healthy lifestyles and poorer mental and
physical health status. Overall, 11·7% of participants used supplements containing
caffeine and 3·6% used a creatine-containing product.
Conclusions: Use of dietary supplements among Australian Defence Force
personnel is common, and patterned by lifestyle factors and health status.
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Use of dietary supplements is common in many Western
countries including Australia, where national data indicate
that almost a third of adults use these products(1).
However, the efficacy and safety of dietary supplements
have long been debated(2). Carbohydrate and/or protein
drinks can offer benefits during an extended period of
intensive exercise(3,4), or iron and calcium supplements
can be beneficial for persons with low dietary intakes of
these nutrients(5). Due to the high physical demands
commonly experienced by military personnel, they
choose to use dietary supplements to improve energy
levels, performance, muscle strength and endurance, and
to promote general health(6). Overweight and obesity are
also increasingly affecting military populations(7,8), which
may lead to use of supplements marketed for weight loss
in this population group, to help them to meet the fitness
standards required for employment in military services.

However, many of the available supplements offer no
health benefits(9) and some may cause harm when multi-
ple supplements are used, when intake exceeds the
recommended dose(10) or when their use causes a
person’s total intake to exceed recommended levels. For
example, caffeine and creatine supplements can have
ergogenic and performance-enhancing effects(11,12), but
caffeine-containing supplements add to the caffeine intake
from drinks and caffeine intake levels in US military per-
sonnel have been reported to be high(13). Some studies
have shown possible risks associated with high caffeine
intake, including a negative effect on sleep patterns(14),
although the effects of high caffeine intake on sleep
quality in a combat environment have not been
established definitively(15). Certain weight-loss related
supplements have been associated with gastrointestinal
distress and nervousness(16,17).
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Current evidence indicates that use of dietary supple-
ments by military personnel is higher than that in the
general population in Western countries. More than 50%
of US soldiers(6) and almost 40% of British soldiers in
training(18) reported use of dietary supplements, with
many using multiple products; and use is higher in army
personnel serving in conflict zones(19,20). Products target-
ing muscle strength, muscle mass and endurance are
favoured by British and US military personnel(6,19,21–23),
and weight-loss supplements are also commonly used by
US military personnel(24).

Most of the evidence on use of dietary supplements by
military personnel comes from data collected on US and
British military personnel, but evidence for Australian
military personnel, who can take typical multivitamin
preparations approved by the Australian Therapeutic
Goods Administration at recommended doses without
prior approval, is lacking. We therefore investigated levels
and patterns of use of dietary supplements by Australian
military personnel, particularly those who have experi-
enced deployment to conflict zones. We studied the
characteristics of dietary supplement users by assessing
general demographic factors, service and lifestyle factors,
and mental and physical health status.

Methods

Study design and participants
We analysed data from a large cross-sectional survey of
current and ex-serving Australian Defence Force (ADF)
members who deployed to the Middle East Area of
Operations (MEAO) between 1 October 2001 and 31
December 2009(25). This survey included MEAO veterans
deployed to Iraq or areas supporting operations in Iraq
(including ships in the Persian Gulf), those deployed to
Afghanistan or areas supporting operations in Afghanistan,
and those attached to foreign militaries or the UN in the
above areas. A small proportion (6%) of participants had
left the ADF since serving in the Middle East. These ex-
serving personnel were included in the present study to
capture current supplement use of all persons who had
served in the Middle East previously and improve repre-
sentation of all those who served.

Data collection
Data were collected in 2010 and 2011 through online
surveys or hard copy questionnaires that were sent to all
eligible current and former ADF members for completion.
Participation was voluntary and anonymous. Full details on
the participant recruitment, response rates, survey design
and methodology are documented elsewhere(25). In brief,
all participants completed a questionnaire that asked about
demographic characteristics, their role during the most
recent deployment, current health status, lifestyle beha-
viours and health symptoms. Participants were asked the

following questions in relation to their supplement use:
‘How often do you currently take any of the following
supplements? Body building supplements (such as amino
acids, weight gain products, creatine etc.); Energy supple-
ments (such as energy drinks, pills, or energy enhancing
herbs); Weight loss supplements?’, with response options of
‘never’, ‘less than once a month’, ‘monthly’, ‘weekly’ and
‘daily or almost daily’. The respondent was then asked to
record the name (generic or brand name) of the supple-
ment they used, for each of the three categories.

The supplement brand name and type listed by the
participant were entered into an Internet search engine to
verify the product was a dietary supplement and to obtain
product information. Products in each of the three
supplement categories (bodybuilding, energy and weight
loss) were coded into sub-categories based on the most
prominent type of ingredients, including protein and amino
acids, multivitamins and herbs, carbohydrates and sugars,
stimulants, and creatine monohydrate. We further identified
which products contained either creatine or caffeine in
each sub-category, given the concern about possible side-
effects associated with these ingredients. Manual coding of
the data was undertaken by one author and incongruities
were resolved through discussion with all authors.

Lifetime smoking history was self-reported in three
categories (current smoker; ex-smoker; never smoker) and
caffeine use was ascertained as the reported average daily
consumption of caffeine-containing beverages (250–375ml)
grouped into four categories (none; 1–2 per day; 3–5
per day; 6 or more per day). Participants were asked to
report whether they experienced selected health symptoms
(e.g. sleeping difficulties, headaches, vomiting) in the past
month. The Short Form-12 Survey (SF-12)(26) was com-
pleted as part of the study questionnaire, and summary
component scores for physical and mental health calculated
using standardised methodology. Major depressive syn-
drome was derived using the Patient Health Questionnaire
(PHQ-9) Depression module, which evaluates the fre-
quency of nine DSM-IV (the Diagnostic and Statistical
Manual of Mental Disorders, 4th edition) criteria for major
depression syndrome in the last two weeks(27). Major
depression was considered present if five or more of the
nine depressive symptoms were reported more than half
the time in the past two weeks, and if one of the symptoms
reported was depressed mood or anhedonia.

Ethical approval for the present study was obtained
from the Australian Department of Defence (protocol
number LREP 14-010) and The University of Queensland
(protocol number 2009001441) ethics committees. Parti-
cipants of the MEAO Survey provided consent in writing
or electronically, and all aspects of this research complied
with the Declaration of Helsinki.

Statistical analysis
We assessed the proportion of respondents who reported
using supplements in each of the three supplement
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categories by subgroups of general demographic
characteristics, service and lifestyle characteristics, and
the presence or absence in the past month of a number
of specified health symptoms. Differences between
subgroups were ascertained by using binary logistic
regression analysis to calculate OR and 95% CI. Univariate
comparisons were followed by multivariable-adjusted
models with adjustment for possible confounding by all
other demographic, service and lifestyle factors con-
sidered (only factors with evidence of confounding, based
on evidence from the literature and changes in the risk
estimate when the covariate was included, were retained
in the model). Physical and mental health scores from the
SF-12 instrument were continuous variables and compar-
isons between subgroups carried out using multivariable
linear regression weighted for non-response. The total
number of health symptoms was modelled as a count
variable, using the negative binomial model with robust SE.
All data were weighted for non-response, based on the
response rates in the three service groups (Navy, Army, Air
Force), four service status groups (active regulars, active
reserves, inactive reserve, ex-serving), three rank
categories (commissioned officers, non-commissioned
officers, other ranks), and among males and females.
This resulted in seventy-two strata and weights calculated
were the inverse of the response rate in each stratum.
Count data (number of participants) in subgroups of
supplement use are presented as unweighted data, but all
summary statistics such as percentages, means and OR
were based on weighted data. All analyses were carried
out using the statistical software package SAS version 9.3.

Results

A total of 26 239 eligible ADF members were invited to
participate and 14 032 (53%) responded to the survey.
Most of the respondents were male (88·9%), mean age
was 37 years (range 18–68 years), and 49·3% were Army,
23·6% Navy and 27·1% Air Force personnel. Alcohol use
was common (48·3% consumed 1–2 alcoholic drinks/d,
33·9% drank 3–5 alcoholic drinks/d and 6·1% drank ≥6
alcoholic drinks/d), and 28·2% were current smokers.
A small proportion (6·0%) of the participants had left the
ADF since serving in the Middle East. Mean age of
ex-serving participants (36·4 years) was similar to that of
active regular personnel (35·8 years), while the average
age of active reserve and inactive reserve personnel was
slightly higher (39·7 and 37·2 years, respectively).

Analysis of non-response was reported previously(25)

and showed that response rates were higher among
females (59% of females responded v. 52% of males),
older persons (67% of those aged ≥45 years responded v.
39% of those aged 18–25 years old), personnel of the Air
Force (60% responded v. 50% of those in the Navy
and 51% of those in the Army), those ranked as officer

(63% of officers responded v. 35% of those in other ranks)
and personnel actively serving in the military (58% of
those in active employment responded v. 32% of
ex-serving personnel).

Use of dietary supplements was common among the
study participants, with 21·5% of respondents using a
dietary supplement in any of the three categories once
weekly or more often. Overall, 32·3% of participants used
any of the three types of supplement investigated (at any
frequency of use), with bodybuilding supplements
(17·5%) and energy supplements (24·5%) used more
often than weight-loss supplements (7·6%); 11·6% of
participants used supplements in more than one category.
A large proportion of users of bodybuilding supplements
used these daily (47·9%), while 21·7% used these weekly
and 30·4% monthly. Energy supplements were used daily
by 28·8% of users of these supplements, weekly by 27·1%
and monthly by 44·2%. Weight-loss supplements were
used daily by 42·5% of respondents who used such sup-
plements, weekly by 15·5% and monthly by 42·0%. The
number of different bodybuilding supplements used per
person ranged from 1 to 5 different products (average 1·1
products per person), and this ranged from 1 to 4 different
products (average 1·0 product per person) for energy
supplements, and from 1 to 2 different products (average
1·0 product per person) for weight-loss products.

Types of supplements
In terms of the types of supplements used, amino acid and
protein supplements were most commonly used. Overall,
51·5% of supplement users used amino acid and protein
products, followed by multivitamin or herb compounds
(14·9%) and carbohydrates and sugars (11·9%). Overall,
40·0% of all supplement users used a supplement con-
taining caffeine (11·7% of all study participants) and
12·2% of supplement users took a product containing
creatine (3·6% of all study participants), including 4·1%
who used a pure creatine monohydrate product.

Table 1 and Fig. 1 show the distribution of supplement
types reported within the three categories of supplements
investigated. Users of bodybuilding supplements most
commonly used amino acid and protein supplements,
typically taken as bars or powder (90·1% of all
bodybuilding supplement users used these products).
Multivitamin and herb compounds marketed to aid
bodybuilding were also commonly used as a bodybuilding
supplement (9·3%), followed by products predominantly
containing creatine monohydrate (8·5%) and other
products (2·8%). Besides creatine, multivitamin and herb
products marketed for bodybuilding also commonly
contained caffeine (24·0% of such products).

Users of energy supplements most commonly used
products that contained stimulants (54·6% of all energy
supplement users), almost always including caffeine.
Users of energy supplements also often reported using
amino acid and protein products (21·2%), as well as
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multivitamin and herb products (18·9%), but less often
(9·3%) products that predominantly contained carbohy-
drates and sugars. Users of weight-loss supplements most
often used products that supplied protein and amino acids
(47·5%), carbohydrates and sugars (27·4%), or multi-
vitamin and herb compounds marketed to support weight
loss (12·2%). Stimulants (9·6%), mainly containing caf-
feine (97·4% of such products), were also used as weight-

loss supplements, while a small proportion of weight-loss
supplement users (5·8%) reported using prescription
medicines to support weight loss.

Factors associated with supplement use
Men were more likely than women to use bodybuilding
and energy supplements, while women were more
likely to use weight-loss supplements. There was a clear

Table 1 Subgroups of supplements used by used by current and ex-serving Australian Defence Force personnel (n 14032) who deployed
to the Middle East between 2001 and 2009

Total Contains creatine Contains caffeine

n % n % n %

Bodybuilding supplements
Amino acids/protein products 1702 90·1 86 5·1 17 1·0
Multivitamin/herb compound 175 9·3 72 41·1 42 24·0
Carbohydrates and sugars 0 0·0
Stimulants 0 0·0
Creatine monohydrate 160 8·5 160 100·0 0 0·0
Other (non-prescription) 9 0·5 0 0·0 0 0·0
Other (prescription medicine) 0 0·0
Total users of bodybuilding supplements* 1890 100·0 307 16·2 59 3·1

Energy supplements
Amino acids/protein products 568 21·2 201 35·4 19 3·3
Multivitamin/herb compound 505 18·9 0 0·0 1 0·2
Carbohydrates and sugars 249 9·3 0 0·0 7 2·8
Stimulants 1460 54·6 1 0·1 1442 98·8
Creatine monohydrate 0 0·0
Other (non-prescription) 0 0·0
Other (prescription medicine) 0 0·0
Total users of energy supplements* 2676 100·0 202 7·5 1463 54·7

Weight-loss supplements
Amino acids/protein products 386 47·5 3 0·8 13 3·4
Multivitamin/herb compound 99 12·2 0 0·0 18 18·2
Carbohydrates and sugars 223 27·4 0 0·0 0 0·0
Stimulants 78 9·6 0 0·0 76 97·4
Creatine monohydrate 0 0·0
Other (non-prescription) 7 0·9 0 0·0 0 0·0
Other (prescription medicine) 47 5·8 0 0·0 0 0·0
Total users of weight-loss supplements* 813 100·0 3 0·4 105 12·9

*Total number of Australian Defence Force personnel in these categories do not equal to the sum of column responses because participants may have used
more than one type of bodybuilding/energy/weight-loss supplement.
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Fig. 1 Subgroups of supplements ( , bodybuilding supplements; , energy supplements; , weight-loss supplements) used by
current and ex-serving Australian Defence Force personnel (n 14 032) who deployed to the Middle East between 2001 and 2009
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age-related pattern of use, particularly for bodybuilding and
energy supplements, with around a third of the youngest
participants (aged 18–29 years) using such supplements,
compared with less than 15% of the oldest (≥40 years of
age) study participants (all P < 0·001; Table 2).

Army personnel were more likely to use of body-
building and energy supplements (about 25% for both
types of supplements) compared with Navy and Air Force
personnel (12·2–24·0%), while use of weight-loss
supplements was somewhat more common in Navy
personnel (9·2%) compared with Army and Air Force
(8·2 and 5·0%, respectively). Use of supplements (any
type) was generally highest among personnel in lower
ranks, those deployed in active regular service and in
combat positions (Table 2).

There was some evidence of an association between
supplement use and other lifestyle factors. Current smokers
were more likely to use energy and weight-loss supple-
ments than never smokers, although differences between
these groups were small (Table 2). Participants with a high
intake of caffeine-containing drinks (≥6 cups/d) were more
likely to use energy and weight-loss supplements compared
with persons who did not consume caffeine-containing
drinks, while bodybuilding supplements were less fre-
quently used by participants with moderate (3–5 cups/d)
intake levels of caffeine-containing drinks compared with
respondents who did not consume such drinks (Table 2).

Health status
In terms of recent symptoms reported by study partici-
pants, there were consistent patterns within each of the
three categories of supplements (Table 3). Participants
who used bodybuilding supplements reported less
frequently than non-users that they suffered from a range
of health problems including headaches, sleeping diffi-
culties, flatulence, diarrhoea and indigestion, whereas
such problems were more common among users of
energy supplements and weight-loss supplements com-
pared with non-users (Table 3). Multivariable modelling
showed that these patterns were independent of the
general demographic and job characteristics associated
with supplement use, as identified in Table 2.

Major depressive syndrome was more common in users
v. non-users of energy supplements (4·2 v. 3·4%) and
weight-loss supplements (6·3 v. 3·4%), but did not differ
between users and non-users of bodybuilding supple-
ments after adjustment for confounders (Table 3). Also, in
terms of summary measures of physical and mental health
(using the SF-12 assessment tool), physical health scores
were lower on average for users of weight-loss supple-
ments compared with non-users, but physical health was
better in users compared with non-users of bodybuilding
supplements (Table 3). Mental health summary scores
were lower in users of energy and weight-loss supple-
ments compared with non-users. The frequency of sup-
plement use among users was lower for bodybuilding

supplements and higher for energy supplements if the
participant reported recent health symptoms; there was no
such pattern for weight-loss supplements (detailed results
not shown).

Discussion

Our findings show that bodybuilding, energy and weight-
loss supplements are commonly used by Australian mili-
tary personnel who have served in the Middle East: about
one in three persons reported using at least one of these
types of supplements, with one in five persons using a
supplement at least once weekly. This level of supplement
use appears to be higher than that in the general Australian
population. National survey data showed that 19% of
Australian males aged 19–30 years, and 25% of women in
the same age group, use dietary supplements(1), although
specific national data on the types of supplements asses-
sed in our study are not available for direct comparisons.
We did not ask participants to report their reasons for
dietary supplement use, but data from British Army
soldiers suggest that general improvement of physical
performance, and preparation prior to and recovery after
training or physical activity may be the main motivating
factors for choosing to use dietary supplements among
military personnel(18). US data indicate that energy drinks
tend to be used by Army personnel to boost energy and
enhance mental alertness(28).

Compared with other military populations, supplement
use was not as common in our study of Australian military
personnel as in similar groups in other countries. A large
survey of more than 16000 US military personnel in 2005
indicated that 25% used bodybuilding supplements (com-
pared with 17% in our study) and 21% used weight-loss
supplements (compared with only 7% in our study), while
use of energy supplements could not be compared directly
between the two studies(29). Very similar to our observa-
tions, use of bodybuilding supplements was more common
in US Army than Navy and Air Force personnel, and more
common in younger than older persons, in men, and in non-
smokers compared with smokers(29). Results from the US
Millennium Cohort Study also indicated a higher overall use
of supplements in US compared with Australian military
personnel, with 47% of US military personnel reporting use
of at least one type of bodybuilding, energy or weight-loss
supplement (compared with 32% in our study). In parti-
cular, the use of energy supplements (38%) and weight-loss
supplements (19%) was much higher in US compared with
Australian military personnel(30). The level of dietary sup-
plement use in our study participants appears more similar
to the level of use reported by British than US military
personnel. In a survey of UK-based soldiers in training, 38%
reported current use of supplements, most commonly pro-
tein supplements and energy drinks(18), which is compar-
able to the level of use reported in our study.
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Table 2 Associations between general demographic, service and lifestyle factors and use of dietary supplements by current and ex-serving Australian Defence Force personnel (n 14032) who
deployed to the Middle East between 2001 and 2009

Bodybuilding supplement use Energy supplement use Weight-loss supplement use

Total* % User† AOR‡ 95% CI P Total* % User† AOR§ 95% CI P Total* % User† AOR║ 95% CI P

Overall 13 308 17·5 – – 13305 24·5 – – 13290 7·6 – –

Sex
Male 11667 19·0 3·67 3·03, 4·45 <0·001 11665 25·0 1·23 1·09, 1·39 0·001 11646 7·0 0·51 0·43, 0·59 <0·001
Female 1641 6·3 Ref. 1640 20·7 Ref. 1644 12·0 Ref. –

Age group (years)
18–29 3002 34·6 7·65 6·67, 8·76 <0·001 2995 36·4 2·63 2·37, 2·92 <0·001 2997 9·6 1·41 1·20, 1·67 <0·001
30–39 5385 17·2 3·29 2·91, 3·72 <0·001 5385 25·6 1·86 1·70, 2·04 <0·001 5377 7·8 1·18 1·03, 1·36 0·02
≥40 4921 5·8 Ref. – 4925 14·7 Ref. 4916 5·8 Ref. –

Service
Army 6214 22·3 1·27 1·14, 1·42 <0·001 6212 27·3 1·12 1·03, 1·23 0·01 6211 8·2 1·51 1·29, 1·75 <0·001
Navy 2987 13·8 0·80 0·68, 0·93 0·004 2985 24·0 0·98 0·87, 1·10 0·69 2981 9·2 1·57 1·30, 1·88 <0·001
Air Force 4107 12·2 Ref. 4108 19·7 Ref. 4098 5·0 Ref. –

Rank
Commissioned officer 3985 11·1 Ref. – 3981 16·7 Ref. – 3972 4·8 Ref. –

Non-commissioned officer 7881 17·1 1·34 1·21, 1·48 <0·001 7886 24·8 1·40 1·28, 1·52 <0·001 7879 8·4 1·65 1·44, 1·89 <0·001
Lower ranks 1442 29·1 1·39 1·19, 1·63 <0·001 1438 35·5 1·59 1·38, 1·83 <0·001 1439 8·9 1·34 1·06, 1·68 0·01

Service status
Active regular 9583 18·5 1·39 1·10, 1·76 0·006 9581 24·6 0·85 0·72, 1·02 0·08 9574 8·0 1·31 0·97, 1·76 0·08
Active reserve 1613 14·5 1·32 1·01, 1·76 0·04 1612 22·3 0·94 0·77, 1·15 0·54 1605 7·1 1·21 0·87, 1·69 0·26
Inactive reserve 1318 18·0 1·31 1·01, 1·71 0·05 1321 23·6 0·82 0·66, 1·00 0·05 1319 6·5 1·06 0·75, 1·50 0·76
Ex-serving 794 14·2 Ref. – 791 27·7 Ref. – 792 6·9 Ref. –

Main role on deployment
Combat 3739 25·7 1·84 1·62, 2·10 <0·001 3736 31·5 1·31 1·18, 1·46 <0·001 3731 9·6 1·53 1·29, 1·82 <0·001
Combat support 2384 14·5 1·22 1·06, 1·40 0·007 2381 19·6 0·85 0·75, 0·95 0·005 2383 6·2 1·04 0·86, 1·25 0·69
Medical/welfare 495 12·4 1·73 1·33, 2·25 <0·001 495 16·6 0·89 0·72, 1·12 0·32 494 7·3 1·22 0·89, 1·67 0·22
Air crew 709 9·0 0·89 0·71, 1·13 0·34 709 18·7 0·98 0·83, 1·17 0·85 708 3·7 0·87 0·63, 1·20 0·39
Maritime operations 304 10·1 1·17 0·80, 1·73 0·42 304 20·3 0·93 0·70, 1·24 0·61 304 8·3 1·20 0·79, 1·81 0·39
Logistics 2412 13·5 Ref. – 2419 23·5 Ref. – 2415 6·2 Ref. –

Administration 228 8·2 0·92 0·62, 1·36 0·66 227 17·3 0·78 0·59, 1·04 0·09 228 8·3 1·11 0·76, 1·62 0·6
Other roles 1296 11·4 1·44 1·20, 1·72 <0·001 1297 17·9 1·00 0·87, 1·16 0·96 1294 5·8 1·16 0·92, 1·47 0·21

Smoking history
Current 3535 17·4 0·81 0·73, 0·90 <0·001 3534 28·6 1·17 1·07, 1·27 <0·001 3536 8·5 1·14 0·97, 1·34 0·1
Ex-smoker 2345 15·0 1·12 0·98, 1·27 0·09 2345 20·8 0·97 0·87, 1·08 0·54 2341 7·3 1·11 0·96, 1·28 0·16
Never smoked 7154 18·5 Ref. – 7152 23·6 Ref. 7141 7·2 Ref. –

Intake of caffeine-containing drinks
None 1529 23·0 Ref. 1528 20·7 Ref. 1526 7·9 Ref. –

1–2/d 6374 20·1 0·99 0·86, 1·13 0·85 6372 26·5 1·62 1·42, 1·86 <0·001 6361 7·5 1·05 0·87, 1·27 0·61
3–5/d 4557 12·7 0·77 0·67, 0·90 0·001 4557 22·6 1·63 1·41, 1·88 <0·001 4558 7·1 1·11 0·91, 1·37 0·3
≥6/d 813 13·8 0·90 0·71, 1·13 0·34 814 26·2 1·83 1·50, 2·22 <0·001 812 10·1 1·49 1·13, 1·95 0·004

AOR, adjusted odds ratio; ref., reference category.
*Unweighted totals; totals may not add up due to missing responses.
†Percentages weighted for non-response; percentages may not sum to 100 due to rounding.
‡Adjusted binary logistic regression models include all demographic, service and lifestyle variables listed in the table.
§Adjusted binary logistic regression models include the variable of interest adjusted for the confounding effects of gender, age group, service, rank, smoking history at survey completion and main role on deployment.
║Adjusted binary logistic regression models include the variable of interest adjusted for the confounding effects of gender, age group, service, rank, caffeine use at survey completion and main role on deployment.
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Table 3 Associations between physical and mental health and use of dietary supplements by current and ex-serving Australian Defence Force personnel (n 14032) who deployed to the Middle
East between 2001 and 2009

Bodybuilding supplement use Energy supplement use Weight-loss supplement use

Users
(n 2169)

Non-users
(n 11029) AOR* 95% CI P

Users
(n 3068)

Non-users
(n 10128) AOR* 95% CI P

Users
(n 980)

Non-users
(n 12201) AOR* 95% CI P

Recent health symptoms (%)
Headaches 40·5 49·6 0·80 0·73, 0·87 <0·001 51·8 46·7 1·32 1·23, 1·43 <0·001 53·2 47·5 1·18 1·05, 1·33 0·006
Sleeping difficulties 53·7 56·0 1·10 1·00, 1·20 0·05 61·0 53·9 1·46 1·35, 1·58 <0·001 67·2 54·7 1·73 1·53, 1·96 <0·001
Constipation 7·7 10·5 1·02 0·86, 1·21 0·83 10·5 9·8 1·30 1·14, 1·47 <0·001 13·1 9·7 1·37 1·14, 1·63 <0·001
Flatulence or burping 23·9 30·7 0·87 0·79, 0·97 0·01 31·5 28·8 1·35 1·24, 1·47 <0·001 33·3 29·1 1·26 1·11, 1·43 <0·001
Stomach cramps 12·6 14·0 1·01 0·88, 1·16 0·88 15·9 13·1 1·37 1·23, 1·53 <0·001 18·4 13·4 1·37 1·17, 1·61 <0·001
Diarrhoea 17·9 20·8 0·88 0·78, 0·99 0·04 23·0 19·4 1·31 1·20, 1·44 <0·001 25·6 19·9 1·39 1·22, 1·59 <0·001
Indigestion 13·3 18·6 0·85 0·74, 0·97 0·01 19·0 17·3 1·34 1·21, 1·48 <0·001 21·2 17·4 1·30 1·12, 1·51 <0·001
Nausea 6·0 7·6 0·91 0·75, 1·10 0·34 8·9 6·8 1·48 1·28, 1·71 <0·001 9·5 7·1 1·17 0·95, 1·44 0·14
Vomiting 3·2 3·6 0·92 0·71, 1·19 0·29 4·2 3·2 1·39 1·14, 1·70 0·001 4·8 3·4 1·23 0·92, 1·64 0·17
Total number of health
symptoms, mean†

1·8 2·1 0·95 0·90, 1·01 0·0824 2·2 1·9 1·20 1·16, 1·25 <0·001 2·4 2·0 1·19 1·12, 1·27 <0·001

SD 1·8 1·9 2·0 1·9 2·1 1·9
Health status
Physical health, mean‡ 53·1 51·2 1·1 0·8, 1·5 <0·001 51·6 51·5 −0·3 −0·7, −0·01 0·05 49·9 51·7 −1·6 −2·2, −1·1 <0·001

SD 7·4 8·4 8·4 8·2 9·2 8·2
Mental health, mean§ 49·7 49·3 −0·01 −0·5, 0·5 0·96 48·1 49·7 −1·7 −2·1, −1·3 <0·001 46·9 49·5 −2·2 −2·9, −1·6 <0·001

SD 10·0 10·2 10·7 10·0 10·9 10·1
Major depressive

syndrome (%)
2·4 3·9 0·79 0·57, 1·10 0·16 4·2 3·4 1·33 1·06, 1·66 0·01 6·3 3·4 1·91 1·45, 2·53 <0·001

AOR, adjusted odds ratio.
*Binary logistic regression models comparing users v. non-users, adjusting for sex, age group, service, rank, service status, main role during most recent deployment, current smoking status (bodybuilding and energy
supplements only) and consumption of caffeine-containing drinks (bodybuilding and weight-loss supplements only).
†Unweighted means and SD.
‡Unweighted means and SD of Short Form-12 Health Survey Physical Component Score.
§Unweighted means and SD of Short Form-12 Health Survey Mental Component Score.
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Our data indicated quite clear patterns of personal
characteristics that were associated with use of supple-
ments. Bodybuilding supplements tended to be used more
often by individuals in active service, with better health
behaviours and of better self-reported health (with a lower
level of supplement use if the person reported health
symptoms). In contrast, use of energy and weight-loss
supplements was not associated with service status (active
or inactive), and these supplements were more commonly
used by participants with poorer health behaviours and
with poorer physical and mental health. However,
differences in mental and physical health between groups
were generally very small and the clinical significance of
these differences is uncertain.

This patterning of demographic characteristics with
supplement type is very similar to that observed in other
studies. For example, in the US Millennium Cohort Study,
users of bodybuilding supplements were generally
younger, more physically active and healthier, while users
of energy and weight-loss supplements tended to be less
physically active and to have poorer health indicators(30).
Similarly in British Army soldiers in training, overall use of
dietary supplements was associated with higher levels of
physical activity, although supplement use was higher in
smokers compared with non-smokers(18); we could not
directly compare data for subgroups of supplements.

Associations with recent health symptoms and summary
measures of health status also showed fairly consistent
patterning, in that users of bodybuilding supplements had
better physical and mental health, in contrast to users of
energy and weight-loss supplements. This pattern of asso-
ciations is very similar to that reported for US Army staff(30),
including that of a large survey of US Armed Forces which
found that multivitamin/minerals and protein/amino acid
supplements were associated with better general health,
eating habits and fitness levels(31). Recent US data also
indicated that the use of a combination of dietary supple-
ment products is most commonly associated with side-
effects(32,33). However, because details of health symptoms
in our study participants were not specifically reported in
the context of dietary supplement use, we cannot draw any
conclusions about side-effects from our data.

We found that the prevalence of major depressive
syndrome was twice as high in users of weight-loss sup-
plements than among non-users of weight-loss supple-
ments. Due to the cross-sectional nature of our data
collection we are unable to ascertain which factors are
causes and which factors are consequences in these
associations, but this observation raises the possibility that
the increasing prevalence of overweight and obesity
among military populations(7,8) may have impacts on
mental as well as physical health in this group. Measures
of overweight or obesity were unfortunately not available
for our study participants.

We were particularly interested in the use of supple-
ments that contain caffeine. Military personnel may have

higher levels of caffeine intake than the general popula-
tion because caffeine alleviates the adverse cognitive
consequences of sleep deprivation (e.g. due to long work
shifts) and it enhances physical performance(13). However,
there is also concern about possible side-effects of high
caffeine intake(34,35), such as disturbed sleep patterns(14) as
a result of use of caffeinated products during overnight
periods of sustained wakefulness.

In our study, sleeping difficulties were higher in users of
energy supplements (55% of which contained caffeine)
and weight-loss supplements (13% of which contained
caffeine) compared with non-users of such supplements.
However, because of the cross-sectional nature of our
data, and because we were unable to quantify caffeine
intake, it is not possible to draw any firm conclusions
about the role of caffeine-containing supplements in these
health symptoms. Nevertheless, our data show that use of
caffeine-containing supplements was common (11·7% of
all participants used these), which adds to the caffeine
intake obtained from caffeine-containing drinks (40% of
respondents consumed three or more caffeine drinks
daily), raising the possibility of very high caffeine intake
levels in some persons. Observations from US military
personnel have also indicated that use of caffeine-
containing energy drinks is very common, particularly
among young males, and that sleeping difficulties may be
associated with this(28). Our data did not facilitate calcu-
lation of total caffeine intake for the study participants.
However, it is known that the caffeine content of sup-
plements is highly variable and poorly listed in product
information(34), and thus difficult to quantify. A more
detailed study on levels of caffeine intake in the Australian
military, or monitoring of levels of intake at an individual
level, and its impact on the health of serving personnel
may therefore be warranted.

Our study is the first to report supplement use in
Australian military personnel, and a major strength of the
study is its large number of participants and comprehen-
sive assessment of physical and mental health, as well as
demographic and lifestyle factors. Other strengths include
the fact that the response rate compared favourably with
other, similar studies (as discussed in detail in the MEAO
Survey report(25)) and the results were weighted for non-
response to control for potential response bias. Further-
more, standard, validated instruments were used, which
allows comparison with other military and civilian studies.

However, the study has some limitations that need to be
considered when interpreting the results. The data on
dietary supplement use were self-reported by the study
participants and such self-reporting may be influenced by
reporting biases(36). It is a cross-sectional study and thus
we were unable to ascertain whether health symptoms
were a cause or a consequence of supplement use. Health
status indicators were based on self-reported data, which
may be affected by recall bias. However, these health data
were collected as part of a larger health survey and not
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specifically in the context of a study of dietary supple-
ments, thus it is very unlikely that misreporting (if any)
caused a systematic bias in our present analyses. Full
details on the frequency dose of supplements taken, and
use of dietary supplements other than those in the cate-
gories reported here, were not ascertained in the MEAO
Survey questionnaire. Thus, unfortunately, we cannot
directly compare absolute amounts of supplement use (of
any type) with other populations.

There is a variety of reasons why patterns of dietary
supplement use may be different among military (and
general) populations of different nations, for example due
to different availability of supplements, diverse product
ranges, different marketing practices, different regulatory
laws, differences in dietary and related health habits, etc.
One of the problems with comparisons between different
studies is the differences in the definition of ‘supplement
user’. For example, we have chosen to focus our analyses
on supplement users at any frequency of use, similar to
others(18,30), while some different studies have focused on
persons who use a dietary supplement at least once
weekly(6,32). The questionnaire items relating to dietary
supplement use in the larger health questionnaire of the
MEAO Survey, from which our data were extracted, were
designed to focus on the intended use of supplements
(bodybuilding, energy or weight loss). However, in our
analyses we have also incorporated a more ingredient-
focused categorisation (amino acids, multivitamins, etc.),
to the best of our ability given the available data and
resources. While direct comparisons of dietary supplement
use in different nations will always have limitations due to
the inherent differences in dietary supplement products
available around the world, it would be very useful if an
agreement could be reached over a standardised method
of categorising these products, as well as the frequency
of use that would characterise someone as a regular
supplement user.

We were able to find product information for almost all
supplements reported by the study participants, but a very
small number of misclassifications may have occurred.
We observed that products that may be quite similar in
composition are sometimes marketed for divergent pur-
poses of use (e.g. protein supplements are marketed as
bodybuilding supplements as well as weight-loss supple-
ments), and conversely there are products that fall into the
same category (e.g. weight loss) but have very little
overlap in terms of ingredients(37). This makes it difficult to
study health effects of specific supplement ingredients in
detail, but at the same time this emphasises the need to
monitor for possible side-effects of dietary supple-
ments at an individual level, including among military
personnel(38). General provision of information about
dietary supplements(39) would be prudent for military
personnel. Military personnel are known to be healthier
on average than members of the general population
(the healthy soldier effect(40)), but our findings indicate

that regardless of their better health, use of dietary
supplements is very common among Australian military
personnel. Our data may help those in charge of review-
ing the health status of ADF personnel to identify priorities
for further, more detailed investigations of supplement
use by military personnel, and to review the potential risks
associated with use of certain dietary supplements in
this large population group. The recent banning of all
DMAA (dimethylamylamine) containing supplements
by the Australian Therapeutic Goods Administration
illustrates the need for regulation to prevent avoidable
risks to the health of military personnel and the population
at large.

Conclusion

In conclusion, our study shows that bodybuilding and
energy supplements are commonly used by ADF person-
nel who have served in the Middle East. Our data indicate
that patterns of use are associated with employment and
lifestyle factors, as well as health symptoms. Although we
were unable to ascertain absolute amounts of intake of
dietary supplements and ingredients, our findings may
help identify subgroups of Australian military personnel
who may be at risk of possible side-effects.
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