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Dietary Supplementation Practices
of Singaporean Athletes

Gary Slater, Benedict Tan, and Kong Chuan Teh

The supplementation practicesof eliteathl etesin Singaporewere studied using
an anonymous questionnaire. Information was sought on not only the type of
supplementsused but al so dosage, rational efor use, and other factorsthat might
influence supplement use including selected demographic parameters and
sources of information relating to supplements. Data was collected from 160
athletes across a spectrum of 30 sports. Use of supplements was widespread,
with 77% of respondentsacknowledging use of at least 1 product. Respondents
ingested atotal of 59 different supplements, with each athlete using on average
3.6 + 0.3 different products. Sportsdrinks, caffeine, vitamin C, multivitamin/-
mineral supplements, and essence of chicken were someof themost commonly
ingested products, confirming that whilevitamin/mineral supplementsarepopu-
lar, sports supplements and traditional/herbal preparations were also well ac-
cepted. Respondentspreferred to sourceinformation pertaining to supplements
from “significant others’ and other readily accessible sources. A small number
of respondents acknowledged the use of International Olympic Committee
(10C) banned or restricted substances, highlighting the need for athletes to
consult sports medicine professionals with specialist knowledge of dietary
supplementsin advance of initiating any supplementation regime.
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Overview

By nature athletesarecompetitive. |t should not be surprising thereforethat they are
particularly vulnerable to sports supplement marketing and report higher use of
supplements than the general population, possibly in search of adirect ergogenic
effect (3, 13, 26, 41). In an extensive review of 51 studies on the prevalence of
supplement use, Sobal and Marquart (41) identified ahigher rate of supplement use
in athletes (mean, 46%; range, 6-100%) compared to the general population (35—
40%), with the highest prevalence among €elite athl etes (59%).

Most of the information about supplementation practices of athletesis pro-
vided, in brief, from surveys of dietary intake in high school and college athletic
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populations. Fromthislimited data, supplement practicesappear to vary with sport-
ing aspirations (42), thetype (30, 32, 38, 41, 42) and level of sport (30, 41), training
volume (39), gender (20, 30, 32, 38, 39, 41), age (31), perception of supplements
(42), and supplement knowledge (3, 30, 41), plus recommendations or patterns of
supplement use among significant others (24, 38, 44). However, investigations
specifically addressing the supplementation practices of national level athletesare
limited, and it is unknown if similar patterns of supplement use occur in elite ath-
letes. Furthermore, most investigations fail to provide details on some of the most
valuableinformation relating to the supplementation practices of athletes: thetype
of supplements, amountstaken, and rationalefor their use, together withissues
such as sources of information relating to sports supplements and nutrition knowl-
edge (7).

The supplementation practices of Asian athletesremain relatively unknown.
Kim and Keen (24) reported that 35.8% of adolescents attending athletic high
schoolsin Korea had ingested vitamin/mineral supplementswithin the last year, a
prevalenceratesimilar toreportsfromtheUnited States (30, 42). Whilethisinvesti-
gation surveyed a large number of subjects (N = 1355), assessment was limited
solely to vitamin/mineral supplements, just one of thewide array of products used
by athletes. Recent investigationsindicate that non-vitamin, non-mineral prepara-
tions are now some of the most popular supplements among athletes (36, 44).
Furthermore, in Singaporewhere* east meetswest,” traditional herbal preparations
arealso likely to remain popular.

The objectives of the present investigation were to (a) determine the preva-
lence and type of supplement use, including banned/restricted products together
withtraditional and herbal preparations, among elite athl eteswithin the Republic of
Singapore; (b) determine the frequency, dosage, and reasons for use of supple-
ments; (c) identify knowledge and sources of supplement information; and (d)
establishif factorssuch asage, gender, ethnicity, training load, and sporting aspira-
tionsinfluence supplement use.

Methods
Subjects

All athletes categorized under the Sports Excellence Scheme of the Singapore
Sports Council were targeted for this trial. Questionnaires, including reply-paid
envelopes, weredistributed viamail to 554 athleteson August 14, 2000. Responses
were requested no later than August 31, 2000, allowing athletes approximately 2
weeks to peruse, complete, and return the survey. The study was approved by the
Singapore Sports Council Human Ethics Committee. Signed informed consent
documentswerenot considered appropriatefor thisanonymousinvestigation. Con-
sequently, athletes were advised in aletter of introduction, inclusive of specifica
tions of volunteer rights, that completion and return of the questionnaire would be
considered asinformed consent.

Questionnaire

Ananonymousquestionnairewas devel oped based on questionnairesusedin previ-
ous surveys of athletic populations assessing dietary supplement use (24, 26, 37,
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42). A draft of thequestionnairewasgivenrandomly to 10 athleteswho attended the
Sports Medicine and Research Centre for treatment. Feedback was specifically
sought on the length, language, and content of the questionnaire. After modifying
the questionnaire in accordance with recommendations, afinal draft was critiqued
by all researchers. This 6-page document sought information on demographics
(age, gender, ethnicity), sport (including training type and volume, performance
level), and motivation/sporting aspirations through closed-ended questions. Addi-
tional closed-ended questions subjectively assessed knowledge of sports supple-
ments, risk behavior associated with supplement use, and sources of dietary supple-
ment advice. An open-ended question asked volunteers to specify how much they
spent on supplements each month. Specific supplement use was assessed via 60
closed-ended questions (one for each supplement) relating to readily available di-
etary supplements, including herbal or botanical preparations. Respondents were
required to specify frequency of use, dosage, and rationale for use of any product
consumed within the previous 12 months. While additional space was made avail-
ablefor information relating to “ other” products—that is, those not included in the
list of 60 products—closed-ended questionswere used for individual supplements,
aspreviousresearch hasindicated that athl etesmay not be ableto recall the name of
supplements consumed (44).

To enhance compliance in the detailed completion and return of question-
naires, all athleteswere advised that they would be promptly provided with results
of the investigation. A review of the most common supplements used (including
information relating to their claims), scientific support or lack there of, legality,
safety and, if appropriate, application and dosage, was mailed out to athleteswithin
one month of receiving completed questionnaires.

Statistical Analysis

Descriptivedatawerecal culated asfrequencies. A ssoci ationsbetween overal | supple-
ment use and age, sex, race, sport, training load, sporting aspirations, supplement
knowledge, risk profile, and sources of dietary advice were assessed by chi-square
(x? analyses using SPSS software (v. 10.0, SPSSInc., Chicago, IL, USA). Differ-
encesin selected demographic and trai ning vari abl esbetween usersand nonusers of
specific supplements were assessed by one-way ANOVA. Significance was ac-
cepted at p<.05. All dataare presented asthe mean + standard deviation.

Results
Subjects

A total of 160 completed questionnaireswere received from athl etes across a spec-
trum of 30 sports, equating to aresponserate of 29%—that is, 160 responsesfroma
total of 554 questionnaires. Incomplete questionnaires were discarded. Selected
demographic data of volunteers are presented in Table 1. Because therewererela-
tively few representative responses from some sports, data from individuals in-
volvedinsimilar sportswere combined where samplesizewaslessthan 10 or when
samplesizedid not equal athlete numbersrequired toformateamwithinaspecified
sport. Respondentshad been competing at anational level for 4.0 = 2.7 years(range,
0.5-16 years). On average, athletesundertook 12.9 + 6.3 hours(range, 2—33 hours)
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of training per week. Respondents reported the use of sports specific (86.9%),
resi stance (79.4%), and aerobic conditioning (70.0%) training.

Supplement Use

Three quarters (77%) of respondents, including 73% of malesand 81% of females,
reported using one or more dietary supplements during the previous 12 months.

Table 1 Characteristics of Subjects Returning Supplementation
Questionnaires

% total
Variable Subjects (n) respondents
Sex
Mae 85 53.1
Female 75 46.9
Age
<15 20 125
15-20 66 41.3
20-25 50 31.3
25-30 15 9.4
30-35 3 19
>35 6 3.8
Race
Chinese 119 74.4
Malay 22 13.8
Indian 8 5.0
Other 11 6.9
Sport
Swimming/waterpolo 44 275
Combat* 27 16.9
Skill? 14 8.8
Hockey 13 8.1
Rugby 11 6.9
Sailing 10 6.3
Racket sports® 9 5.6
Volleyball 7 4.4
Netball 5 31
Sepak takraw 5 31
Other* 15 9.4

'Silat, tackwondo, wushu, fencing. 2Archery, bowling (lawn and ten pin), shooting, snooker,
equestrian. *Badminton, tennis, table tennis, squash. “Cycling, triathlon, track and filed,
rowing, body building, water skiing, unspecified sports (n = 2).
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Respondentsingested atotal of 59 different supplements, with each athleteusing on
average 3.6+ 3.8different products(range, 0-19) during the previous12 months. Of
athletes reporting supplement use, the majority (89%) were using more than one
product (i.e., “polypharmacy”), 40% were using 5 or more supplements, and 9%
ingested 10 or moreproductsinthepreviousyear. The 10 most popul ar supplements
identified among Singaporean athletesarelisted in Table 2. The primary reason for
use, frequency of use, and dosage of these products is also provided in Table 2.
Specific questionnaires were not included in assessment of dosageif units of mea-
surement were not specified.

No relationship was identified between overall supplement usein the previ-
ous 12 monthsand gender (p =.30). However, differenceswere observed intheuse
of some of the most popular supplements. Males were more likely to use creatine
(males, 25%; females, 7%; p <.01) and protein/weight gain powders (males, 20%;
females, 4%,; p < .01), while females reported greater use of ginseng (males, 8%;
females, 25%; p < .01) and birds nest (males, 7%; females, 21%; p=.01).

No differencesin supplement use were observed according to race (p = .07),
sport (p=.08), age (p = .33), yearsof participationin sport at the national level (p=
.42), weekly training load (p = .75), or training undertaken. Furthermore, no rela-
tionship wasidentified between supplement use and responsesto questionsrelating
to motivation for successin sport. On their list of prioritiesin life, 89% of respon-
dentsrated their sport as high or very high; the same percentage agreed or strongly
agreed that their goal was to be the best athlete. Ninety-four percent of athletes
agreed or strongly agreed that they work hard to be successful in their sport, while
95% were motivated each timethey competed.

Supplement Knowledge and Beliefs

Sixty percent of respondents self-reported no or limited knowledge of supplements,
while a further 30% claimed to have average knowledge. Only 10% of athletes
surveyed reported agood (n=14) or excellent (n=2) knowledge of supplements. No
relationship existed between supplement use and knowledge (p = .09). However,
when those reporting nil, limited, and average knowledge were grouped and com-
pared to those self-reporting good and excellent knowledge, an association was
identified (p = .02). Specifically, respondents specifying good or excellent knowl-
edgeweremorelikely (p=.02) to use supplementsthan those reporting nil, limited,
or average supplement knowledge.

Of the 16 subjects proclaiming a good or excellent knowledge of supple-
ments, all reported use of supplementswithinthe previous 12 months, while 74% of
respondentswithnil, limited, or averageknowl edgereported supplement use. Eleven
of the 16 responsesreceived from volunteerswith good or excellent nutrition know!-
edgereported use of supplementsthat arewithout scientific support for their admin-
istration among an athletic population. These products included amino acids,
cordiceps, essence of chicken, birds nest, evening primrose oil, fat metabolizers,
cod liver oil, chromium, and ATP supplements.

The vast majority of athletes (90%) believed there were no risks (health or
otherwise) associated with any supplements ingested, yet only a little over half
(57%) of respondents attempted to locate information relating to potential side
effects of products they were taking. Twelve athletes acknowledged ingestion of
productsthey perceived to be associated with some degree of health/other risk.
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Sources of Supplement Information

Primary sourcesof supplementinformation arespecifiedinFigure 1. Noassociation
(p=.16) wasidentified in supplement use between those who obtained advicefrom
reputable versus less reputable sources. Classification of “reputable” and “less
reputable”’ sourceswastotally at the discretion of researchers. Reputabl e sources of
supplement information included doctor/pharmacist/nurse and nutritionist/dieti-
tian, while less reputable sources were specified as self, other athletes/friends,
family members, coach/trainer, TV/magazines/newspapers, internet, and salesas-
sistants.

Reason for Not Taking Supplements

The main reasons for athletes not taking supplements are illustrated in Figure 2.
Respondents were encouraged to select as many responses aswas relevant to their
decision to not use supplements.

Expenditure

The amount of money invested in supplements by respondents ranged from S$0—
1500 (US$0-870) per month. Of those athl etes using supplements, 16% spent S$25
(US$14.50) or less, 38% invested S$26-50 (US$15.10-29), 28% spent S$51-100
(US$29.60-58), and 18% reported spending > S$100 per month on supplements.
No datawas collected on annual income of respondents.

Diettians/nutritionists
5%

Sales assistants
G%

Doctorsipharmacistsinurses
7%

Cither sthletessfriends
31%

Family members
14%

Coachitrainer

TWinagazinesnevwspapers
19%

18%

Figurel— Primary sour cesof supplement infor mation among Singapor ean athletes.
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Supplements have no effect
4%

Persanal or religious beliefs
B%

| am healtty enoudgh
17%

Mo knowwledge of supplements
36%

The: cost iz too high
17%

| eat & balanced diet
20%

Figure2— Main reasonsfor not taking supplementsamong athletesin Singapore.

Doping

Only a quarter (24%) of respondents using supplements checked with relevant
authoritiesto ensure products consumed were considered legal by the I nternational
Olympic Committee (I0C). Oneathl etereported the use of dihydroepiandrosterone
(DHEA), another four indicated use of Ma Huang or Chinese Ephedra, and an
additional 4 individual s reporting using thermogenic stimul ators within the last 12
months. Caffeinewas consumed by over onethird (37%) of all respondents.

Discussion

This investigation indicates that elite athletes within Singapore are using supple-
ments at levels similar to those identified in other nations. Similar large investiga-
tions (n = 50) on elite athletes confirm this group of individuals have ahigh preva-
lence of supplement use, ranging from 52%t0 99% (4, 5, 10, 15, 16, 34). In contrast
to previous reports on non-elite athletes, supplementation was widespread across
the subject pool and not restricted to specific demographic parameters or sports.
While we observed no difference in absol ute supplement use across gender,
males were more likely to report use of creatine and protein/weight gain powders,
products primarily consumed to enhance athletic performance and build muscle,
respectively. A greater rateof creatineuseamong mal eshasbeen observed previously
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(20, 39). Femaeswere morelikely to consume ginseng and birds nest, both prima-
rily used to improve general health. Such differencesin motivation for supplement
useaccording to gender have been observed previously (26, 42) and may needto be
considered when undertaking athl ete education.

Whilean associ ation wasidentified between supplement use and knowl edge,
resultscontrast withthose of several investigationsidentifying adecreasein supple-
ment use with increasing nutrition knowledge (2, 19, 30, 41). That is, we observed
that athletes with greater self-reported supplement knowledge were morelikely to
report supplement use. This is most likely explained by the fact that the current
investigation sought individuals' own perception of their supplement knowledge,
while other investigations have directly assessed nutrition knowledge with the aid
of tools such as questionnaires. Indeed, data indicating the use of supplements
without scientific support among the majority of Singaporean athletes self-report-
ing good or excellent supplement knowledge questions the validity of such self-
evaluation instruments.

Common reasons offered to justify supplement use include performance en-
hancement, prevention of illness, compensation for less than adequate diets or
lifestyles, providing extraenergy, and meeting unusual nutrient demands induced
by heavy training (31, 41). However, motivation for supplement useislikely spe-
cifictotheindividual supplement (23, 24). Commercia sportssupplements, includ-
ing sports/electrolytedrinks, creatine, sportsbars, and protei n/weight gain powders,
were consumed primarily to enhance athletic performance, while vitamin/mineral
supplements and traditional/herbal preparations were used to improve health or
preventillness.

Although reputabl e scientific datasupportsthe ergogenic potential of supple-
ments, including caffeine, creatine, and sodium bicarbonate, most purported nutri-
tional ergogenic aids have not been shown to enhance performance (7, 11, 45).
Furthermore, even productsscientifically proven to enhance performancewill only
offer ergogeni c potential to aspecificgroup of athletesand only thenif administered
appropriately. For example, while respondents primarily ingested caffeine to im-
prove athletic performance, average daily caffeine intake, even if consumed in a
bolus, would unlikely result in any measurable performance enhancement. Benefi-
cial effects of caffeineingestion begin to be detectable at intakes of 3 mg/kg body
mass or approximately 180 mg for a60-kg athlete (43).

Todate, thereisno conclusivescientificevidencesupporting theuseof supple-
mentary sourcesof vitamins, minerals, and antioxidantsaboveknown requirements
toenhancehealthand/or performance(14). Any ergogenic potential islikely limited
to circumstances in which nutrient intake from food is compromised. Without an
assessment of dietary intake, it isnot possible to comment on the value of vitamin
and/or mineral supplementation among the study population. Similarly, it is not
possible to evaluate the benefit of protein supplementation among volunteers, al-
though experts believe the increased protein requirements associated with regular
exercise can easily be obtained from dietary sources (28). Surprisingly, those ath-
leteswith the most nutritionally sound eating strategies are often the most likely to
supplement their diet (10, 34).

Creatineremainsoneof themost popul ar supplementsamong athletes. While
mean daily dosage of creatine among respondents of the current investigation com-
plies with current recommendations (18), data indicate that some athletes were
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ingesting creatine at dosages three times above those advised by experts. While
short-term use of creatine at recommended doses has not been shown to cause
significant adverse effects, the health consequences of chronic creatineadministra-
tion at doses in excess of recommendations remains unstudied but likely increases
therisk of adverseside effects (21).

Whilethe provision of carbohydrate during high-intensity intermittent activ-
ity and prolonged aerobic exerciseviatheuse of supplementslike sports/electrolyte
drinks and sports barsis supported by sports nutrition experts (8), research on the
ergogenic potential and/or health benefitsof traditional/herbal preparationsisoften
insufficient to make decisions about their safety and efficacy (33). Clearly addi-
tional well-controlled scientific investigations are warranted to allow informed
decisions to be made regarding the ergogenic and other effects of these and other
supplements. It isbeyond the scope and direction of thisinvestigationto critiquein
detail individual dietary supplements. The reader is directed to recent reviews that
provideextensiveassessment of theergogenic potential of sportssupplements(1, 7,
11, 25, 45) and herbal preparations (6).

Most athletesdid not verify thelegality of supplementsthey were consuming
with arecognized authority and thus|left themselvesat risk of committing adoping
offence. This was confirmed when 1 athlete acknowledged the use of DHEA, a
testosterone precursor and 10C-banned substance. Furthermore, 4 athletes indi-
cated use of Ma Huang or Chinese Ephedra, an 10C banned during competition
substance. An additional 4 athletes reported use of thermogenic stimulators, prod-
uctsthat often contai n caffeine/guaranaand pseudoephedrine, |OC-restricted and -
banned substances, respectively. Thisisnot theonly investigationtoidentify theuse
of 10C-restricted/-banned supplements. Sallis and Jones (36) assessed the supple-
mentation practices of 263 male college footballers. No less than 87% of respon-
dentsreported previously trying sometypeof dietary supplement to enhance perfor-
mance, including high dose caffeine (19% respondents), androstenedione (13%
respondents), and DHEA (8% respondents).

Thereisasmall but very real risk of an athl ete committing adoping offenceas
aresult of ingesting adietary supplement or traditional/herbal preparation. At least
2 athletes, including 1 Singaporean, have returned positive doping samplesfollow-
ing theuse of botanical food supplements, and many more may bebreaching doping
policy viathe use of laced herbal preparations (35, 40). According to current gov-
ernment policy (9), theonusof quality control and ensuring productsdo not contain
banned/restricted substances rests with the importer/manufacturer. Unfortunately,
evidence suggests supplement manufacturers have a poor track record for quality
control (17, 22). Asgovernment policy on the regulation of dietary supplementsis
unlikely to change in the short term, education campaigns remain the key strategy
for prevention of inadvertent doping among athl etes.

The prohormones androstenedione and DHEA are banned as ingredientsin
over-the-counter preparations within Singapore (9). However, international travel
for training and/or competition commitments, mail order sales, and Internet sales
ensure Singaporean athletes can still be exposed to such products and thus unwit-
tingly committing a doping offence. Consequently, education campaigns should
provide athleteswith aglobal perspectivein regardsto dietary supplements.

Athletesrely onreadily accessible sourcesfor information rel ating to suppl e-
ments including mass media, coaches, peers, and parents (26, 38, 39). Typically,
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coaches, peers, and parents have no formal nutrition education, and thus the accu-
racy of information presentedto athl etescannot beguaranteed (12, 20). Thus, health
professionals who obtain information from peer-reviewed scientific publications
arelikely in the best position to provide unbiased information to athletes and their
coacheswho are considering dietary supplement. Thisisin agreement with recom-
mendations of the U.S. Food and Drug Administration (27) and American College
of Sports Medicine (29), which encourage individuals to use supplements with
caution and examine a product for safety, efficacy, potency, and legality with a
health care professional prior to administering any dietary supplement. However, if
informed professionalsareto truly influence supplementation practices of athletes,
easily accessible distribution mediums such astel evision, magazines, newspapers,
and the Internet must be used to hel p disseminate accurateinformation so an athl ete
isableto makeinformed decisions. Furthermore, education on dietary supplements
should be extended to include significant others—the peopl e athl etes perceiveto be
valuable sources of nutrition information, including other athletes, friends, family,
and coaching staff.

Thecurrentinvestigationisnot without limitation. With just 29% of question-
naires returned, a potential bias in responses cannot be excluded. However, as
similar rates of supplement use have been identified in other investigations, we
believe results of the current investigation do represent the supplementation prac-
tices of athletes in Singapore. The poor response rate may reflect (a) short turn-
around time for responses to be received (i.e., 2 weeks); (b) detailed format of the
guestionnaire—although pilot work indicated it took just 14 min to complete the
guestionnaire; (¢) command of written English among some athletes; or (d) the
methodology chosen. Five other manuscripts assessing the supplementation prac-
ticesof athletes appear in theliterature with aresponse rate of lessthan 50% (5, 20,
31, 39,46). All but onestudy (5) used asimilar methodol ogy tothecurrentinvestiga-
tion (i.e., questionnaire delivery and return viamail); thus the lower response rate
likely reflectsthe methodol ogy used. Whiledirect/personal administration of ques-
tionnairesresultsin response rateswithin the range of 90% (26, 34, 44), potentially
sensitiveinformation was sought from athletesin the current investigation. Thus, it
wasimperativethat athletesfelt confident in their anonymity asrespondents.

If this investigation was to be repeated, alternate methods of questionnaire
distribution could be investigated. Furthermore, a direct assessment of nutrition
knowledge should be sought. Nonetheless, the magjority of existing data on the
supplementation practices of athletes come from investigations based on 50 or
fewer responses. Thus, while response rate to our questionnaire was less than de-
sired, the absolute number of responses received was excellent when compared to
other investigationsrestricted to an elite athletic popul ation.

In summary, our resultsindicate that supplementation is widespread among
elite athletes within the Republic of Singapore and not restricted to specific demo-
graphics or sports. Furthermore, if athletes are not vigilant in sourcing reputable
information pertaining to dietary supplements, they may be all ocating unnecessary
resourcesto unproven productsand al so exposing themsel vestoasmall but real risk
of committing a doping offence. Consequently, athletes should be encouraged to
consult sports medicine professional swith specialist knowledge of dietary supple-
mentsinregardstoissuessuch assafety, efficacy, potency, and legality of aproduct
prior to initiating any supplementation regime.
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