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DISCLAIMER

This book contains general information about medical conditions, drugs and
symptoms. The information is not advice, and should not be treated as such. The
contents of this book are not a substitute for independent professional advice and
are not intended to diagnose, treat, cure or prevent any disease, nor should they
be used for therapeutic purposes or as a substitute for a health professional’s advice.
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1
APPLY, INGEST, INJECT 
AND REGRET

Introduction to performance and
image enhancing substances

Introduction: Overview of the book

More than a billion people apply, ingest or inject performance and image enhancing
drugs and substances (PIEDS) daily to swell muscle mass, shed fat, sustain endurance,
resist fatigue, stimulate energy, improve mood, tolerate pain, deflate inflammation,
enhance relaxation, promote concentration, sharpen reactions, maintain alertness,
reduce fluid, control steadiness, augment body shape, induce euphoria and
strengthen confidence.1 PIEDS are used to make us look and feel better. The
dilemma is, however, that better-looking and -feeling bodies now can come with
regret later.

Our aim in this book is to present an easy-to-understand summary and review
of the implications associated with the use of PIEDS. We therefore view this book
as a ‘primer’—a concentrated guide to understanding PIEDS. It is not a ‘user’s
guide’. Rather, this primer focuses on educating and informing anyone interested
in PIEDS by identifying the risks associated with their use, from the likelihood of
wasting money on ineffective supplements, to the potential for serious harm.
However, the forthcoming content should not be seen as a medical guide, or a
definitive assessment of each PIEDS type. Many of the PIEDS reviewed here
remain under-researched, the full implications of their long-term use unknown.
As a result, a comprehensive evaluation cannot be undertaken, so readers should
approach the content aware that in many cases the best we can provide is an
introductory overview. We advise every reader to consult a medical professional
prior to using any PIEDS.

While elite and professional sports have become inexorably linked with
performance enhancing drugs, the full extent of their use across the sporting and
general community remains unknown. As this book notes, however, the use of
substances for image enhancing purposes has escalated to the extent that the
volume and scope of use overshadows that within sport’s elite ranks. The
unregulated use of PIEDS presently constitutes a serious health and social concern.



This book observes the rise of PIEDS alongside their more ready accessibility, a
combination that has enticed almost everyone physically active to test out one
form of PIEDS or another, from legal, health-bolstering supplements to illicit,
health-risky pharmaceuticals. PIEDS are no longer just the purview of elite athletes.

This book contains seven chapters. Chapter 1, here, continues with a summary
of the primer’s 10 key conclusions. These are: 1) The abuse of some PIEDS can
have serious, deleterious implications for the long-term health of users, both
during active use and well after use has discontinued. 2) The use of PIEDS
exclusively for image enhancing purposes now exceeds PIEDS use for sporting
performance or for medical interventions. 3) Most PIEDS usage is moderate, but
the pathological and supra-therapeutic use of substances, dosages and combinations
has become normalised in some communities. 4) PIEDS users obtain a significant
amount of their knowledge and advice about substances, effects, dosages and
distribution through unreliable online sources. 5) The authenticity, quality and
potential contamination of PIEDS products have become worrisome. 6) The
majority of pharmaceutical-grade PIEDS are acquired without medical guidance
or a prescription. 7) Driving forces behind PIEDS use include gender associations,
dysfunctional body images and a powerful desire to meet the cultural ideals of
health and image. 8) More effective programmes for changing attitudes, behaviours
or intentions relating to PIEDS deliver over longer periods, comprise numerous
teaching sessions, address a range of topics including drug- and alcohol-related
issues and alternatives to drug use and media/peer pressure resistance, and increase
participant involvement and ownership through peer-led teaching. 9) Emerging
evidence links PIEDS abuse with gateway behaviours, beginning with dietary and
nutritional supplements (DNS) and moving into performance enhancing drugs
(PEDS). 10) There remains a great deal of confusion about the effects, veracity,
risks and legality of different PIEDS.

The remainder of this chapter introduces the problems and issues associated
with PIEDS use. It outlines some foundational influences related to PIEDS use,
such as their relationship to a user’s life course and the possibility that certain
substances serve as gateways to others. Our review demonstrates the need for more
research examining the decision-making driving use, as well as the contextual,
experiential and behavioural pathways that shape these decisions. Not only must
we better understand what influences decisions to employ PIEDS, but we also
need to provide policy makers with solid data about how decisions may be
influenced in order to produce more responsible practices in the future. Sport and
health policy makers need avenues to help users mark out substance-use boundaries
that protect their personal health and well-being, without constraining them from
improving their physical performances and general health. We suggest that the
conclusions noted in this book are important because the decision to use PIEDS
can lead to health risks.

Chapter 2 examines the nature, types and use of dietary and nutritional
supplements (DNS) as PIEDS. DNS are not inherently unhealthy products in the
same way that alcohol, sugary drinks and fast foods may be considered unhealthy.
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However, concerns have been raised with respect to their efficacy, health risks and
the potential for accidental doping. While the efficacy of supplements remains
difficult to ascertain, meta-analyses of commonly sold supplements have generally
come to the conclusion that while some are demonstrably efficacious, a large
percentage of the market consists of products with little or no scientific backing.
This is significant because not only do supplement companies promote specifically
sports-associated supplements (such as creatine, energy bars, etc.), but they also
promote various sport- or health-related products (vitamins, daily health-boosting
products, etc.). Evidently some products do have benefits, but the current evidence
is not of sufficient quality from which informed decisions can be made. While
elite athletes and coaches might be highly knowledgeable about which products
to use and when, the general public is unlikely to have access to detailed scien -
tific data on product efficacy or applicability to their exercise and/or health
requirements.

With respect to the health risks of DNS use, while acute adverse effects are
uncommon there are some indications that the use of some supplements may
result in unwelcome health outcomes. Nevertheless, this is rare and usually
associated with substances now prohibited in sport, or with excessive dosages.
Perhaps more worrying is the skewed perception that all DNS products are safe
to take in any amount. Another concern with respect to DNS is that they may
contain prohibited, unlabelled substances. While not a concern for the majority
of people taking DNS, it may be relevant for elite-amateur or semi-professional
athletes.

Chapter 3 explores the scale and scope of PIEDS use. The scope, magnitude
and diversity of substance use in sport and recreation make its study complex. For
example, some substance use is common, benign and even advantageous to health.
Such usage includes the infrequent use of painkillers, the moderate consumption
of coffee and the liberal use of most vitamins and recovery supplements such as
protein powders. At the same time, both serious recreational athletes and elite
athletes use a range of additional substances, the health implications of which range
from the uncertain to the severely dangerous. Examples of the latter include the
use of significant quantities of analgesics, stimulants, anabolic agents or hormones,
sometimes combined in experimental cocktails and dosages. In some cases, 
athletes employ pharmaceutical products designed for use with animals, while in
other cases they test out the latest—probably ineffectual—designer nutritional
supplements.

In short, a huge variety of PIEDS are available for athletes to ingest or inject.
Adding to the uncertainty is the combination of widespread availability—often
through Internet-order mail—and limited (or no) regulation ensuring security
around the quality, efficacy and legality of the PIEDS. Since most athletes, both
recreational and elite, self-prescribe PIEDS, they tend to engage in potentially
dangerous practices such as the ingestion of high dosages, failure to cycle off or in
lower dosages, the use of experimental substances, the use of untried combinations
and the unknowing use of tainted, contaminated, mislabelled and inauthentic 
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substances, all the while receiving advice on use from a variety of different-quality
sources such as coaches, peers, supplement marketers or web forums.

Chapter 4 considers the impact of culture, values and ethnicity on PIEDS use.
The evidence indicates that PIEDS use has permeated throughout all cultures and
contexts. Alarmingly, it begins in school sport, although most of the available data
come from American high schools where inter-school sport is highly valued, and
where it contributes significantly to a school’s reputation and financial viability.
PIEDS use also seems prevalent in community gyms and fitness centres, with
Europe and the United States (US) featuring prominently. Substances of all kinds
appear liberally in US colleges and universities as well, where both licit and illicit
substance use is usually higher amongst athletes than non-athletes. Irrespective of
some minor differences, the studies show that people of all backgrounds who play
sport regularly hang around sport clubs, use gyms to build their bodies and do
actually use PIEDS more often than those who pursue other leisure activities.

Chapter 5 offers a review of PIEDS that can be employed for cognitive
enhancement. It concludes that cognitive enhancers may only provide modest
improvements to memory or decision-making. In fact, some evidence highlights
the potential for cognitive enhancers to reduce cognitive efficiency, and may
actually prove deleterious to athletes seeking to make rapid decisions. Given that
the empirical examination of cognitive boosters remains nascent, much work
needs to be undertaken to determine whether their use delivers any performance
enhancement and/or constitutes a health concern.

Chapter 6 provides a typology of PIEDS classes and effects, based on three main
strata, Dietary and Nutritional Supplements (DNS), Enhancement & Augmentation
(EA) and Performance Enhancing Drugs (PEDS). DNS have been further 
sub-categorised into four types of effects: 1) Power & Muscle; 2) Energy &
Endurance; 3) Fat & Metabolism; and 4) Immunity & Inflammation. EA comprises
a single category, labelled number ‘5’. PEDS encompasses 10 sub-categories, ‘6–15’:
6) Anabolic Agents; 7) Hormones; 8) Hormone Manipulators; 9) Beta-2 Agonists;
10) Masking Agents; 11a) Stimulants; 11b) Cognitive Enhancers; 12) Pain &
Pleasure Narcotics; 13) Adrenal Manipulators; 14) Psychoactives; and 15) Anti-
inflammatories. A summary matrix is provided for each sub-category of PIEDS
containing information about its nature, effects and risk profile.

Finally, Chapter 7 reviews the key points made in the book and summarises
the impact of PIEDS through a performance-based typology and a PIEDS effects
map. In the following section, the book’s critical arguments and findings are
compiled and explained.

Summary of key points

We define PIEDS as any material that an individual enters (through ingestion or
injection) into, or applies on the surface of his or her body, to enhance physical
or cognitive performance and/or appearance. Included are pharmaceutical drugs 
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and dietary or nutritional supplements. PIEDS also encompass any substance 
used for augmenting aesthetic bodily appearance. Included are substances that
athletes use for recreational, recovery or stress-management purposes, and which
may be perceived as indirectly performance enhancing. These substances may also
take the form of ‘nootropics’, or so-called ‘smart’ drugs, which are perceived to
deliver cognitive enhancements in the form of improved focus, concentration,
alertness and rapid decision-making.

We conclude that the misuse and abuse of some PIEDS presents an increasing
health problem.2 Although the evidence remains nascent, several alarming issues
and trends foreshadow a worsening in PIEDS-related physical and social harms.
We present 10 major findings.

The first finding confirms the medical consensus that the abuse of some PIEDS
can have serious, negative effects upon the long-term health of users, both during
active use and well after use has discontinued. In fact, the abuse of certain PIEDS–
especially those of pharmaceutical grade such as anabolic androgenic steroids (AAS)
and hormones—have been connected to a greater risk of death, as well as a
confronting array of cardiovascular, psychiatric, metabolic, endocrine, neurological,
infectious, hepatic, renal and musculoskeletal disorders.3 To make matters more
alarming, we note that a large majority of non-pharmaceutical PIEDS—what are
mainly dietary and nutritional supplements (DNS)—are poorly understood, with
little evidence available to substantiate their claims of inducing a measurable effect
on the body. Although the abuse of some DNS can incur undesirable health
effects, only a small group of DNS can be confidently said to have a trivial to
moderate positive impact. Most, however, are unlikely to do anything at all other
than lighten a wallet or purse.

The second finding highlights that the use of PIEDS exclusively for image
enhancing purposes has grown so much that it now exceeds PIEDS use for either
sporting performance or medical interventions. Image enhancing here refers to the
use of PIEDS for body shaping or other recreational, cosmetic or occupational
reasons.4 Despite media-fuelled perceptions that PIEDS use is a problem associated
with elite sport that has to do with cheating rather than health, the reality is that
the majority of users are non-athletes who are unknowingly placing their health
at serious risk.5 A recent study corroborated that PIEDS use can be motivated by
appearance, improved health and dysfunctional body image just as much, if not
more often, than superior sport performance.6 A UK survey concluded that over
70% of AAS users were motivated by bodybuilding alone.7 Similarly, an Australian
study identified several principle PIEDS user groups in addition to serious sports -
people, including occupational users from protective services and entertainment
industries, body image users and adolescents.8

Although less intuitive, it seems premature to conclude that the problem only
lies with younger men. In fact, the epidemic-like inflation of obesity—combined
with the ubiquitous display of idealised, youthful bodies in the mainstream media—
has created a new contingent of body conscious older adults who worry and stress
about their body images.9 However, unlike previous generations whose budgets
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were tight, these older, increasingly image-conscious groups have available to
them a vast suite of PIEDS, and a surfeit of disposable income to throw at their
body problems. Throughout this book we repeatedly observe the absence of
research investigating the use of substances by older people who are pursuing the
primary aim of enhancing appearance. It would be premature to assume that all
women want to look slim and all men muscular, or that gender is the most
important factor in a given individual’s ‘embodied motivations’.10 However, it also
is clear that relatively older women and men may have similar levels of body
dissatisfaction to younger people.11 For example, a recent study by Gough et al.12

showed that overweight men, including some in their 60s, reported high levels of
body dissatisfaction.

A third finding goes beyond the scope of singular use, and reflects a newly
firming level of use that involves untested and supra-therapeutic substances, dosages
and combinations. While studies show that most usage is moderate, researchers
have revealed that pathological use has become normalised in some PIEDS
communities.13 For example, one large study on AAS reported that bodybuilding
users consumed supra-physiologic (above the natural amount found in the body)
doses, and combined these casually with other substances. These recreational users
practised experimental poly-pharmacy and had a higher than usual likelihood of
meeting the criteria for substance dependence disorder.14 Other studies have further
revealed that AAS users combine multiple drugs in volumes that are 10–100-fold
the pharmacological dosage for testosterone deficiency. This practice is colloquially
known as ‘stacking’, with substances taken orally, injected or, more commonly,
both. Mixing two or more substances in the same syringe has also become suf -
ficiently common to attract its own nomenclature—‘blending’.15 Experimental
combinations, or ‘stacks’, amplify the risk of negative substance interactions where
one or more of the compounds counter-indicate another ingredient. In addition,
emerging research has pointed to a unique profile of users, health effects and
sourcing approaches associated with methods of appearance modification, especially
by injecting non-pharmaceutical substances. The consumers using these methods
do not identify as ‘drug users’ and tend to be poorly informed about the risks of
injection practices such as contamination and needle sharing. They also rely on the
Internet to obtain information and access to augmentation products.16

A fourth finding indicates that PIEDS users obtain a significant amount of their
knowledge and advice about substances, effects, dosages and distribution through
unreliable online sources. Sometimes referred to as ‘lifestyle drugs’, the range of
PIEDS available online cater for every imaginable sexual, muscular, cognitive and
natural capacity. This is a new and fast-growing trend of abuse that needs further
investigation. One study conducted with (non-medical) PIEDS (mainly AAS)
users reported that 62% had sought information from Internet sites and 55% 
from friends.17 As the researchers concluded, an over-reliance on web forums and
personal networks compromises the quality of advice offered to users about every -
thing from substance effects to primary care services. Other studies have highlighted
the prevalence of forums dedicated to discussing and sharing guidelines for PIEDS
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use, especially AAS.18 Thousands of sites can be readily located. Most take strong
pro-drug positions and undermine the legitimacy of medical advice and knowledge.
They also offer a raft of PIEDS for sale, along with recommendations on dosages
and effective combinations with other PIEDS.19

A fifth finding relates to the authenticity, quality and potential contamination
of PIEDS products. As AAS have become synonymous with low-effort, high-
muscle physiques, stimulants and hormones have radically increased in popularity
to reduce fat for a chiselled but diet-free body. Of course, these substances were
originally developed for therapeutic use but have been re-purposed for human
enhancements. Adding to well-known substances are an assortment of new and
specialised drugs (some popular ones are equine veterinary products), about which
little is known.20 Ready availability via the Internet has also encouraged users to
experiment with what were once prohibitively expensive and powerful substances,
such as human growth hormone (hGH). However, even though genuine hGH
remains too costly for all but the professional athlete or the obsessed, mail order
providers promise vastly cheaper synthetic versions that can contain a wide variety
of non-hGH concoctions. In one sample obtained from the ‘underground’ market,
53% of the injectable AAS and 21% of the oral tablets were counterfeit.21 Even
worse, the samples contained bacterial organisms likely to create skin abscesses at
the injection site.

The illicit manufacture of PIEDS raises concerns about quality and sterility,
bacterial contamination and whether the contents actually match the label.22

Another study taking an in-depth look at the authenticity of the cognitive enhancer,
Piracetam, concluded that the health risks were elevated given the significant
chance that the products sold online might be counterfeits.23 Furthermore, studies
on nutritional supplements have revealed the undeclared presence of substances
such as ephedrine and its analogues (pseudoephedrine), caffeine, 3,4-methylene-
dioxy-N-methylamphetamine (MDMA, or ‘ecstasy’) and other amphetamine-
related compounds.24 Our analysis highlights evidence (reported in the forthcoming
PIEDS summary matrices) that the contamination issue is a particular concern for
imported supplements.

Following on from the previous issue concerning quality, a sixth finding relates
to the volume of pharmaceutical-grade PIEDS reportedly acquired without medi -
cal guidance or a prescription.25 To make matters worse, studies have shown 
that most of the PIEDS used without a prescription were not manufactured 
by pharmaceutical companies under quality-controlled conditions.26 Considering
the vast range of pharmaceutical-grade PIEDS used for performance and image
purposes, the combination of quality uncertainty and dosage/administration irregu -
larities creates a dangerous collision.27 In addition to the prevalence of PIEDS
manufactured illegally in underground laboratories and potentially containing any
number of toxic or filler contaminants, the most serious image enhancers use
veterinary-grade pharmaceuticals.28

A seventh finding relates to the gender associations and dysfunctional body
image perceptions underpinning PIEDS abuse. We uncovered a growing amount
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of evidence exposing a desire to meet cultural ideals of health and image.29

According to body image experts, adolescents, and especially young men, have
become increasingly and obsessively preoccupied by the muscularity of their
appearance in a form of distorted perception known as ‘muscle dysmorphia’.30

Young men displaying muscle dysmorphia describe an intense dissatisfaction with
their body size and shape because they perceive themselves as being inadequately
muscled. Not only does muscle dysmorphia stimulate PIEDS abuse, it also
corresponds to higher levels of mood disorders, anxiety, obsessive compulsive
behaviours and other forms of social impairment.31

Numerous studies have revealed that most males expressing muscle dysmorphia
engage in bodybuilding practices and consume copious quantities of dietary and
nutritional supplements. Around half reported a lifetime use of AAS.32 Not only
has AAS use been associated with negative body image, but men whose use is
driven by appearance or image concerns have been revealed as a particularly
dysfunctional subgroup.33 As a result, male bodybuilders—whether recreational or
professional—are at a higher risk for body image pathologies. They also present
similar psychological characteristics to those suffering from eating disorders, which
in turn predicts AAS use in males.34 High levels of stimulant use in Brazil, for
example, have been attributed to ubiquitous self-administration and a ‘body
shaping’ culture.35

An eighth finding shows the absence of effective educational interventions
concerning PIEDS and their safe consumption. There appears to be an almost
unequivocal consensus that the use of PIEDS is growing outside elite and organised
sporting systems, and that the misuse of such substances in recreational and
community sport represents an urgent social and public health issue. Little is
known, however, about what constitutes best practice in this area given the
limited attention and study that has been undertaken both outside the US and in
the context of community and recreational sporting participation. Overall it appears
that programmes which are somewhat effective in changing attitudes, behaviours
or intentions relating to PIEDS have the following characteristics: a) delivery over
longer periods (2–10 weeks) and comprise a number of teaching sessions rather
than delivered on a ‘one shot’ basis; b) address a range of topics including drug-
and alcohol-related issues, alternatives to drug use (e.g. nutrition, training methods)
and media/peer pressure resistance; and c) increase participant involvement and
ownership in the programmes through peer-led teaching.36

The ninth finding notes the nascent but suggestive evidence linking PIEDS
abuse with gateway, or facilitating, behaviours. Research in the context of
adolescent and recreational sport suggests a relationship between a positive attitude
toward doping or PIEDS use and the intention to use these substances.37 Not
surprisingly, individuals who have admitted to using illegal PIEDS have been
found to have more positive attitudes to use than those who have not used them.38

In addition, adolescent athletes’ intention to use PIEDS is greater amongst those
who perceive usage as meeting the approval of significant others (subjective norms),
and are more convinced that the behaviour could be justified.39 There is also 
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evidence to suggest that PIEDS use intentions are influenced by the perceived
prevalence of their use by other athletes (descriptive norms).40 Furthermore, as we
noted earlier, research demonstrates that those athletes who take nutritional supple -
ments have more positive attitudes to doping and also hold a higher estimation of
the use of performance enhancing substances.41 One study found that dietary and
nutritional supplement users were almost twice as likely to report use as compared
to non-nutritional supplement users.42 As this book, and others, have proposed,
nutritional supplements may act as a ‘gateway’ to PIEDS use. However, it should
be noted that attitudinal research around PIEDS has been criticised for its tendency
to be descriptive and not always capable of establishing a causal relationship
between attitudes and behaviour.43 Additionally, it has been suggested that most
previous research relies on under-developed theory and needs to better explore the
complex social dynamics inherent with PIEDS use.44

Finally, the tenth finding in this analysis observes that while some supple ments
may work some of the time in some athletes,45 there remains a great deal of con -
fusion about the effects, veracity, risks and legality of different PIEDS. Towards
this final problem, this primer provides a detailed PIEDS typology consisting of
15 types or categories.

Any attempt to typologise PIEDS is problematic due to the complexity of
types, effects and compounds. For example, many different forms of PIEDS can
be employed to target similar physical outcomes, but each may comprise a
completely different composition, size of effect and risk profile. In order to account
for the different nature of PIEDS, this primer classifies substances across three main
strata, Dietary and Nutritional Supplements (DNS), Enhancement & Augmentation
(EA) and Performance Enhancing Drugs (PEDS). For a simplified, ‘snapshot’
version of PIEDS based on effect type, size and risk, see Table 1.1.

Understanding PIEDS

Athletes at all levels, from community to elite sport, decide to use performance
and image enhancing drugs and substances irrespective of the health, social and
economic consequences.46 Yet little empirical data exist explaining how decisions
to use come about. For example, how do athletes go from using legal and relatively
benign PIEDS like caffeine, codeine and curcumin to illegal or dangerous PIEDS
like steroids, ‘epo’ (erythropoietin) and synthol? In this section, we compile the
data in order to secure an improved, evidence-based understanding of PIEDS. It
provides a classification of PIEDS types, physical impact, rates of use, user profiles
and programme interventions.

PIEDS constitute any material an individual enters (through ingestion or
injection) into, or applies on the surface of his or her body, to enhance physical
performance or appearance. Included are pharmaceutical drugs (prescription, 
e.g. amphetamines; over-the-counter, e.g. alcohol, analgesics, caffeine; illicit, e.g.
cocaine) and dietary or nutritional supplements (e.g. amino acids). Also included 
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*  Indicative examples used; not an exhaustive list of all PIEDS reviewed

TABLE 1.1 PIEDS by effects

Performance
magnitude

Performance effect

LOW effect
LOW risk

HIGH effect
HIGH risk

Muscle
Size
Strength

Endurance
Muscular
Cardiovascular

Fat loss
Stimulant
Energy

Recovery
Pain
Inflammation
Relaxation

Body
appearance

Testoster one
boosters

(Most) Herbals Aphro disiacs
fat burners
(most)

(Most) Herbals Fat-reducing
applications

Protein
Amino acids

Creatine
mono hydrate

Glucose
electrolytes

Beta-alanine

HMB

Fat burners
(e.g. CLA,
Green tea, ACV)

Calorie blockers

Vitamins
Minerals
Glucose
protein
electrolytes

Joint health
(e.g.
Glucosamine)

Antioxidants
(e.g. Fish oil,
Curcumin, Vit.
D, Resveratrol)

Sodium
bicarbonate

Sun tan 
sprays

Beta-2
agonists

Exogenous
AAS (e.g.
Testosterone,
Stanozolol,
Nandrolone)

Endogenous
AAS (e.g.
Androstenediol)

SARMs

Beta-2
agonists

Energy drinks
Caffeine
Nitrates

Nicotine

Diuretics

Cough
mixtures
Antihistamines

Alcohol

Gluco-
corticosteroids

Site
enhancement 
(e.g. Silicone,
Botox)

Hormones
(e.g. hGH,
hCG,
Somatropin,
Insulin)

Hormone
antagonists &
modulators
(e.g. SERMs,
Aromatase/
Myostatin
Inhibitors)

Erythropoietin
ACTH

Beta-2 agonists

Ephedrine 
(and Pseudo-
ephedrine)

Amphetamines

Adrenaline

Cocaine

Beta-blockers

Morphine
Codeine
Vicodin
Cortisone

Cannabinoids

Skin
pigmentation
(e.g. melatonin)

Site
enhancement
(e.g.
Synthol
injections)



are substances athletes use for recreational, recovery or stress-management purposes,
and which may be perceived as indirectly performance enhancing. PIEDS further
encompass any substance used for augmenting aesthetic bodily appearance, but
exclude cosmetics and ‘cosmeceuticals’ applied to the skin. 

Despite the establishment of the World Anti-Doping Agency (WADA) in
1999, and the global spread of its 2003 Anti-Doping Code to ameliorate PIEDS
use in elite sport, the problem of abuse and misuse remains complex and prob -
lematic, chiefly because the majority of use occurs at the non-elite, community
level.47 In fact, when PIEDS use includes dietary and herbal supplement con -
sumption—including caffeine—the usage rates increase exponentially.48 On the
basis of a meta-analysis of available international studies, it has been estimated that
more than 90% of all people who play sport, irrespective of performance level,
have used some form of PIEDS to pursue a competitive benefit at some time in
their sporting lives.49

The scope, magnitude and diversity of PIEDS use in sport and recreation make
its study complex. A huge variety of PIEDS are available for athletes to apply,
ingest or inject.50 While a few substances such as alcohol, nicotine and caffeine
have long been available, athletes can now employ a cocktail of stimulants,
painkillers, anti-depressants, sedatives, muscle-building anabolic compounds,
‘blood-boosting’ hormones and illicit recreational drugs. Adding to these are
ostensibly more benign DNS, ranging from mineral capsules, vitamin tablets,
caffeinated energy drinks and carbohydrate bars to fatty acid compounds, protein
supplements and plant extracts.

Although the dangers of some PIEDS use in sport are well rehearsed,51 the
majority of published studies have focused on clinical populations or case studies.
These tend not to address the supra-therapeutic regimens and experimental
combinations employed by athletes at all levels of performance, from the elite to
the recreational.52 The harms that can result from these practices are potentially
severe and are often underestimated in the literature.53 Some evidence even
suggests that the most dangerous and prolific usage of PIEDS can be found in
groups primarily interested in recreational performance and image enhance-
ment, be it to build muscle, strip fat or iron-out cellulite.54 Nevertheless, the use
of PIEDS—and especially banned and illicit substances—has been linked to 
higher risks of depression, guilt and regret, lower self-esteem and negative body
image.55

As noted earlier, the use of PIEDS to improve performance and appearance is
related to an individual’s drive to succeed, as well as the connection they feel
between success and body perceptions. Data from Barkoukis et al., for example,
predicted that any athlete who attributes his or her success to external factors
would be more likely to use PIEDS in order to get ahead.56 Just as many competitive
athletes believe that success in elite sport cannot be achieved without PIEDS, so
too do many recreational athletes think that their bodies require PIEDS in order
to look better.57 In a circuitous fashion, many elite athletes from a range of sports
consider competitive success unlikely without PIEDS, while recreational trainers
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think that they can only look like competitive athletes by using PIEDS; they
assume that PIEDS will compensate for a lack of genetic advantage, or that even
the best athletes are using banned PIEDS.58 Similarly, athletes at all levels harbour
suspicions that dangerous PIEDS are significantly advantageous to not just sporting
success, but to all the accoutrements that come with success in life generally, such
as being physically attractive, peer admiration, perceptions of sexual prowess and
economic gain.59 Making the problem worse, ‘defensive doping’—the practice of
using banned or illicit PIEDS due to the belief that competitors are using them—
may extend beyond elite sport as recreational trainers try to keep up with peers.60

For example, adolescent non-competitive and recreational male users attempt to
gain muscle size in order to bolster their physical appearance and sense of self
worth within the context of their peers.61 As a result, banned PIEDS use in sport
and for improvements in physical appearance can become normalised.62

Elite athletes report that in order to reach the highest levels of performance it
is necessary to go beyond naturally evolved talent by strategically employing
PIEDS.63 For example, elite cyclists have acknowledged that some serious substance
use is needed to remain in the saddle.64 Even those emerging elite athletes who
claimed to avoid banned PIEDS reported that in order to achieve national or
international success, additional banned PIEDS use would be essential.65 For
example, Lentillon-Kaestner and Carstairs66 found that all of the young cyclists
surveyed took some substances to improve their performances, and believed that
it would not be possible to perform at that level without their use. Athletes from
the lower levels of sport have indicated that in order to transition to the next level,
some additional PIEDS use would be essential because at the professional and elite
ranks, anything goes.67

Life courses

Recent evidence points to the critical relationship between athletes’ PIEDS choices
and their personal contexts, such as their physical and athletic career life cycles.
Erickson et al.68 duplicated a 2010 Australian study69 on a smaller scale in the UK
and reported that key transitions and instabilities during an athlete’s life course
increase their willingness to use heavier, often banned or illegal, PIEDS. Similarly,
Hauw and McNamee’s70 data reinforced the pivotal relationships between athletes’
PIEDS decisions and their career stages and circumstances.

Although Hauw and Bilard71 predicted that athletes’ PIEDS decisions follow a
path connected to their sporting careers, athlete PIEDS decisions are likely to be
far more dynamic and complex. In addition, PIEDS use may vary depending upon
the level of performance, career stage and the nature of the sport’s physical
requirements. These variables imply that the content and timing of intervention
policy will be most effective if targeted when athletes are at their most vulnerable
to PIEDS abuse, or most open to change. This means that educational strategies
must be available to athletes well before they face consequential decisions in the
transition from community sport to more competitive levels. In addition, since
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PIEDS use concentrates around community use, the need for education prior to
the peer pressure and gender imaging of adolescence would seem critical.

Gateways to use

A few studies examining PIEDS use decisions have employed stepwise gateway
and life-course theories. The so-called ‘gateway’ hypothesis—although controversial
in mainstream substance use—holds that certain substances act as a gateway for the
use of other substances, typically from those of lower risk to those of higher risk.72

A growing body of research shows that as athletes advance along their life courses
from recreational to elite performance—and from low body concern to high body
concern—they also use more substances, newer substances and experimental
combinations.73

By employing a linear sequence, gateway theory proposes that the use of
lower-impact and lower-risk PIEDS might provide a facilitating pathway to 
the use of more impactful, higher-risk PIEDS.74 As a result, the use of dietary
supplements as a gateway to more powerful and possibly banned or illicit substances
should be considered.75 For example, numerous studies have established a relation -
ship between the use of supplements and a later escalation towards banned and
illicit PIEDS.76 At least one study concluded that the supplements gateway increases
the chances of later tobacco, alcohol or recreational drug use as well.77

Only a few studies have investigated whether gateway theory can provide a
decisive explanation for athlete choices to use PIEDS. Backhouse et al.78 determined
that supplement users held more permissive attitudes to banned doping in sports
than non-users. In addition, doping use was three and a half times more prevalent
in supplement users compared to non-users. In general, supplement use correlates
to more lenient attitudes towards sport doping in adolescents and athletes using
legal PIEDS represent an at-risk group for the transition towards banned and
illegal PIEDS.79 Another study reported a relationship between the use of protein,
creatine and anabolic steroids, where the use of each former substance provided a
statistical predictor of the next.80

The nascent work in sport using life-course and gateway theories reveals some
important pointers about PIEDS use. However, these theories remain linear and
narrow and may miss significant variables affecting decisions to use. For example,
Karazsia et al.’s81 findings highlighted the need to connect sociocultural influences
with gateway theory in order to explain decision making towards the use of riskier
PIEDS. Other studies have highlighted that favourable views about PIEDS benefits
can normalise their use.82 They have also displayed the ways in which peer pressure
in the form of social networks, external facilitators and inhibitors influences PIEDS
use throughout an athlete’s sporting life course.83 In addition, the performance
pathway for serious athletes may well differ from that of recreational athletes,
especially since the latter are less concerned with whether a PIEDS is banned or
not. The implication here is that, for the community user, fewer barriers preclude
the transition from one level of PIEDS use to the next.
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Although so-called gateway theories may deserve the critical scrutiny they have
recently received in relation to recreational and illicit drugs,84 our review of the
sport and recreational context suggests that substance ‘creep’ should be taken
seriously, especially when considered in light of emerging evidence connecting
favourable perceptions of PIEDS benefits with use in elite sport.85 In addition to
more permissive attitudes86 to banned or illegal PIEDS use by those using
supplements, Barkoukis et al. concluded that the use of nutritional supplements is
associated with biased reasoning in favour of doping.87 In fact, young elite athletes
who declare that supplementation is essential for sporting success are more likely
to accept doping.88

Transitions between substances

Another important study indicated that body dissatisfaction, weight change
behaviours and supplement use are related to more lenient attitudes towards sport
doping in adolescents.89 Even athletes from club-level sport who have rejected the
use of banned substances seem to recognise that in order to effectively transition
to the next level, some additional substance use remains essential.90 Similarly, as
we foreshadowed earlier, other research shows that while mid-level performing
athletes fall short of using banned substances on a regular basis, they understand
that in order to achieve national or international success, additional substance 
use is essential.91 Furthermore, athletes’ attitudes to banned substances are in part
shaped by the attitudes and practices of fellow sport participants. Positive views
about substance efficacy and appropriateness are likely to undermine effective
regulation by normalising their use.92

In a mindset that so easily accommodates shifts in what constitutes dangerous
PIEDS, many athletes experience substance use escalations over their competitive
careers. Pain, sacrifice and psychological trauma are normal constituents in the
athlete’s routine; risk and health problems are part of the game. The threat of
sanction, however severe, pales against a cost–benefit algorithm where failure is
just as unpalatable as victory is compelling.93 And that is before any economic
incentives add impetus. To compound matters, elite athletes use prohibited PIEDS
to bolster training and recovery more than to boost competition performances,
leaving only out-of-season testing to sidestep. Studies have also revealed that it is
possible for athletes to successfully use micro-dosing strategies in order to pass
tests.94 At the same time, community level athletes, and non-competitive trainers,
remain at high risk of substance creep given the ready availability of the next
substance, whether legal or not.

Conclusion

Athletes will experiment with almost any substance—banned or legal—if they
believe it will improve their performances.95 In one study it was revealed that
subsequent to caffeine being removed from the WADA banned list, 74% of 20,686
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Olympic athletes randomly tested for drug use had caffeine in their urine.96

Many athletes place their performances over their health, while others have
jettisoned any belief in immutable moral boundaries.97 Our findings suggest that
sport policy makers have a window of opportunity for guiding recreational and
up-and-coming athletes into safe and legal PIEDS use through well-timed,
evidence-based educational campaigns and regulatory pressures. Yet, we know
little about why, how, and when athletes decide to use different PIEDS, including
how information about such substances is sourced and evaluated, when athletes
are most vulnerable or open to change, or the decision making that emerges as a
consequence. While we pick up on some of these questions in later chapters, we
first turn our attention to the widest end of the gateway funnel, dietary and
nutritional supplements.
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2
POWER, PLEASURE, FAT 
AND FIT

Dietary and nutritional supplements 
as PIEDS

Introduction

Dietary and nutritional supplements (DNS) use has become a taken-for-granted
practice in modern society. DNS cover a wide variety of substances, and range
from concentrated mineral capsules, vitamin tablets and carbohydrate bars to fatty
acid compounds, protein drinks and plant extracts.1 There is little regulation over
DNS use, and, as a result, the claims that are made for their health- and fitness-
giving properties are frequently extravagant, and often short on evidence. Despite
the problematic status of many DNS, their use has exploded over recent times and
there are many people who testify to their capacity to aid healing, reduce pain,
increase energy levels, improve physical appearance, speed up recovery and, more
generally, increase longevity.

DNS occupy a pivotal place in the health product sector, and involve significant
levels of consumer spending. Over the past two decades especially, their use has
exploded. In the largest market, the US consumption of DNS more than doubled
between 1990 and 1997, when it increased from $US6.5 billion to just under
$US13 billion.2 By 2010 total DNS sales were valued at $US20 billion3 and are
estimated to climb above $US30 billion within a few years. Projections place the
global market at $US278 billion by 2024.4

Due to escalating interest in Western methods of weight loss and health amongst
Japan, China and India, DNS sales in the broader Asia region have become the
largest geographical growth centre, accounting for almost half of global revenue.
In addition, the proliferation of e-commerce portals, including AliBaba and Made-
In-China, is anticipated to drive demand to dizzying heights in the forthcoming
decade. Connected to this development, the Australian market is enjoying growth
of around 6% a year given its Asia Pacific export focus. In fact, according to recent
Roy Morgan research, the Chinese market has an insatiable appetite for Australian-



made DNS.5 Domestic interest also seems to be increasing, with between eight
and nine million (approximately 45% of the population) Australians purchasing
DNS every year totalling around $AUS1 billion. Approximately one-third of the
revenue comes from exports.6

When compared to the last available data from the Australian Bureau of Statistics
compiled in 2011–2012, the escalation in use appears dramatic, from around 
25% of the population just five years ago to nearly half today.7 Although the US,
European and Chinese markets dwarf Australian revenues, Australians are actually
the largest users of DNS on a per capita basis in the world.

Despite market variations, in general, the largest-selling DNS items are vitamins,
consumed predominantly by women between 35 and 64 years of age. Men under
25 are the least interested in vitamins, but are the most interested in sports
supplements. From a growth perspective, however, no DNS enjoys the current
popularity of protein bars.

What are dietary and nutritional supplements?

There has been a problem in defining the term ‘dietary and nutritional supplements’,
and part of the reason for this is the lack of agreement on just what range of sub -
stances the term is supposed to cover, and what words best capture the functions
they are supposed to perform. They have been labelled as nutritional supplements,
multi-nutritional preparations, nutritional ergogenic aids and sports supplements.8

According to one authority, DNS can be best described as a three-pronged class
of substances that covers: 1) multi-vitamins and multi-minerals; 2) amino acids of
various types; and 3) various herbs and exotic plants that go under the general
heading of botanicals.9 According to the US Food and Drug Administration, a
DNS is a product—excluding tobacco—that is intended to supplement the diet
and bears or contains one or more of the following dietary ingredients: a vitamin,
a mineral, a herb or other botanical, an amino acid, a dietary supplement for use
by humans to supplement the diet by increasing its total daily intake, or a
concentrate, a metabolite, constituent, extract or combination of these ingredients.10

Supplements abound for every stage in a consumer’s activity routine, typically
structured around at least five specific times: 1) pre-exercise (e.g. stimulants/energy
drinks, fat-burners, fatigue delayers, energy/fuel suppliers, muscle-builders); 2)
during exercise (energy/fuel suppliers, fatigue delayers); 3) post-exercise (e.g.
recovery boosters, muscle synthesisers, energy and electrolyte replacers); 4) meal
time (e.g. calorie-blockers, health supporters, anti-inflammatories); and 5) prior to
sleep (e.g. muscle-synthesisers, anti-oxidants, sleep aids, health supporters).11 In
addition, some supplements—especially those linked to image enhancement—
may be consumed or used either habitually (e.g. fat-burners, calorie-blockers) or
at irregular intervals (e.g. botulinum toxin—e.g. Botox, aphrodisiacs, tanning
substances).

DNS are often viewed as attractive options to banned or illegal PIEDS for a
growing number of athletes at all levels. There are a number of reasons for this.
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First, they are not illegal; second, they are easily sourced; third, they are relatively
benign; and fourth, they can still improve performance, if only at the margin in
some instances. So, at first glance, there seems to be little to worry about when it
comes to DNS use. Their very name implies a capacity to improve well-being 
in the most natural of ways, and they are seen to be a convenient way to top up
one’s food intake and to make sure that all the essential vitamins, minerals,
carbohydrates, proteins and trace elements are supplied to the body in the right
amounts. And, unlike most of the illicit drugs that are pushed onto the black
market, they do not appear to lead to serious illness, physical dependency or
addiction.

However, a number of concerns accompany the use of DNS. First, they are
not tested for safety and efficacy in the same ways as prescription and other
pharmaceutical drugs. Second, their distribution is poorly regulated. Third, users
are often poorly informed, and badly advised about the benefits they might expect
to secure from the supplements. As our review foreshadows, most supplements
have little to no performance impact to speak of, and are therefore little more than
hideously expensive placebos. In other words, many DNS are effectively a waste
of money, and there is little evidence to confirm that they improve performance
in any significant way. Fourth, a worrying volume of evidence suggests that im -
ported DNS may be subject to contamination, or contain ingredients not identified
by the label. For example, methylhexaneamine (also known as DMAA), an illegal
substance with dangerous side effects, has been found in supplements and has been
linked to a death in Australia. Finally, there is the possibility of serious health risks
associated with heavy dosages and experimental combinations, and these risks are
often poorly communicated to athletes.

Patterns of DNS use

The use of DNS to improve performance has increased rapidly over recent 
years. Anywhere between 44%12 and 100%13 of elite athletes use DNS, with the
usage rate depending on age, sport and level of competition. A study of sport
practices in Finland found that 66% of track and field athletes used at least one
supplement.14 Another Finnish study found an even higher level of use amongst
elite athletes. Heikkinen et al.,15 when looking at the 2002 Olympic Games athlete
cohort, found that 81% had used dietary supplements. In a follow-up analysis in
2009, the number of dietary supplement users had fallen to 73%. Multi-vitamin
preparations were the most frequently cited, with 54% using them in 2002 and
57% using them in 2009. The two other most popular products were protein
powders (47% and 38%) and vitamin C (28% and 24%), respectively. The heaviest
users were the 24+ years age group. It was also found that males used more dietary
supplements than females, and that endurance athletes had a much higher usage
rate than those who played a team sport of one sort or another. On the other
hand, athletes in speed and power events had higher usage rates than team sport
participants.
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In a Canadian study of elite athletes, just over 88% took at least one DNS on
a regular basis.16 The most frequently declared dietary supplements were sport
drinks at 22%, sports bars at 14%, multivitamin and minerals at 13%, protein
supplements at 9% and finally, vitamin C at 6%. In a study of the American
population between 2003 and 2006, 49% had used some form of DNS, with
female use (53%) slightly higher than male use (44%). Multi-vitamins and multi-
minerals were used most frequently (33%), followed by botanical supplements
(14%) and amino acids (4%). For adults, the use level was 54%, while for people
over 70 years of age the use level was an age-cohort high of 70%.17 Older studies
of German and New Zealand adult residents show a daily usage rate of 35–45%.18

In an Australian study of elite swimmers preparing for the 2000 Sydney Olympic
Games, 94% had taken some type of non-food supplements. The most popular
supplements were multi-vitamin or multi-mineral supplements, which were used
by every supplement user. Sports drinks—being heavily spiked with caffeine,
carbohydrates and herbal preparations—and creatine monohydrate—a high-energy
phosphate that turbo-charges the body’s muscular contraction systems—were the
next most popular supplements. Their usage levels were 87%, 61% and 31%,
respectively.19 A study of Sri Lankan athletes found an even higher dietary
supplement usage rate. Overall, just over 94% said they had recently used some
form of supplement.20

The most recent meta-analysis reported that elite athletes used DNS far more
than recreational athletes. In addition, usage was similar for men and women with
the exceptions that more women used iron, while more men used vitamin E,
creatine and protein.21

Motives for use

The factors that motivate DNS use amongst athletes are multi-fold. Most of the data
indicate that athletes take supplements in order to maintain sound levels of health,
sustain intensive training regimes, improve physical appearance—including the
addition of lean body mass at the same time as reducing body fat—and secure a
competitive edge in either or both sporting events and peer esteem. In a Finnish
study, athletes used supplements to support recovery from training and optimise
performance.22 In a Canadian study, 32% of respondents indicated they used DNS
to increase energy.23 The other main drivers of use in this study were the desire to
maintain health, at 27%, the need to better recover from exercise, at 19%, and the
aim of enhancing immunity, at 14%. In a Sri Lankan study, 79% of all informants
said they took DNS to enhance performance, while 20% consumed supplements to
improve their general health status. The most popular products were multi-vitamin
preparations (with a usage rate of 80%), calcium supplements (54%), vitamin E
(52%), energy foods (45%), creatine (40%) and electrolyte-replacement drinks (38%).
Slightly more exotic products like branch-chain amino acids and herbal-sourced
stimulant preparations had a use level of under 5%.24 The heaviest users were older
track and field athletes, while the lightest users were younger footballers.
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Influences on use

DNS are often viewed as an attractive option to banned substances, since they are
legal, easily sourced, have no serious negative side effects, and improve performance,
if only a little. While some players and athletes use their own research to work
out what might be a suitable compound to ingest, others look for guidance. The
intent to use certain supplements by adolescents—as well as their attitudes towards
them—is affected by pivotal social influencers surrounding them such as peers,
coaches and parents.25 Widespread use and communication about supplements can
be normalised as a result. In addition, athletes at all levels receive often conflicting
information about the risks associated with the use of various DNS from agenda-
driven and unreliable sources like the Internet, fellow competitors, magazines,
friends, amateur coaches, supplement labels, retail sales staff and, worst of all,
supple ment marketing.26 The best-informed individuals have only fragments of
scientific data to consult about the possible risks of DNS,27 a consequence of the
vast number on the market, often short product life cycles, constant new offerings
with ever greater claims, and the resource and time intensity needed to conduct
efficacious research.28

In a study of Australian swimmers, 53% reported that they valued the advice
of dieticians, doctors, pharmacists and sport scientists most highly. The opinions
of coaches were also sought out, but they were considerably lower on the DNS-
advice pecking order, with only 30% of informants rating coach views as essential
inputs. The least credible sources of advice were seen to be alternative nutritional
practitioners such as health food shop sales assistants, herbalists and naturopaths,
with less than 10% of informants ranking them in their top three sources of advice.
Testimonials from other players and athletes were also given a low ranking,
although their views were rated more highly than ‘alternative’ nutritional
practitioners.29 The results from a study of Sri Lankan athletes were similar, with
45% of informants rating sport doctors as the most important source of advice.
The next most highly rated sources were team coaches and friends, at 40% and
15%, respectively.30

Concerns about use

At first glance, there seems to be little to worry about when it comes to DNS use.
Their very name implies a capacity to simply and conveniently improve well-
being naturally. In other words, they are perceived as a benign way to top up one’s
food intake, and to make sure that all the essential vitamins, minerals, carbohydrates,
proteins and trace elements are supplied to the body in the right amounts. And,
it is typically assumed that, unlike most of the illicit drugs that are pushed onto
the black market, they do not lead to serious illness, physical dependency or
addiction.

Yet, there are a number of concerns that come with the use of freely available
DNS. Of uppermost concern is the fact that DNS are not tested for safety and 
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efficacy in the ways that prescription and other pharmaceutical drugs are. There
is no requirement that DNS be clinically tested and trialled before approval by
governments before being distributed for sale. At the moment there are few
controls, even in developed nations, apart from the common legislated consumer
protection requirement that there will be no misleading advertising or unsubstan -
tiated claims about a product’s efficacy. Other than a handful of stalwart
supplements, the majority have received little or no empirical attention.31

There are potential health risks associated with heavy dosages of DNS, and
these risks are often poorly communicated to users. In fact, some medical authorities
claim that a high level of DNS use in sport situations is not defensible on medical
grounds.32 In short, they cause mild to moderate levels of harm when overused.
Even the most commonly used supplements have predominantly been studied
under short-term clinical conditions. Long-terms effects—and side effects—remain
unclear.33 At the same time, the misuse of ostensibly benign supplements such as
protein powders can lead to health disturbances including stress on major organs.34

Far more alarming is the potential for low-risk and even health-supporting sup -
plements to become contaminated35 by toxic or high allergenic ingredients36 in
the absence of independent manufacturing quality controls and the virtually
unrestricted importation of unregulated products. Further studies have demonstrated
that labelling accuracy poses a severe problem,37 in some cases revealing a difference
of 15–20% between ingredient terminologies and their actual presence.38 A recent
review found a disturbing ‘adulteration’ of dietary supplements by the illegal
introduction of synthetic drugs.39

In addition, users are often poorly informed and ill-advised about the benefits
they might expect to secure from supplements. As we will explore later, the
weight of evidence suggests that most DNS have a marginal performance impact.
A good portion of DNS is effectively a waste of money, and there is little evidence
that confirms that they improve performance in any significant way.

Conclusion

Overall, there is a high degree of ambiguity and ambivalence around DNS use in
every level of sport. No one knows how prevalent DNS use is beyond the most
rudimentary estimates based on market sales, and similarly little is known about
which DNS are most popular, and why. No data on frequency and dosages are
available at all. Furthermore, it remains unclear what sporting practices involve
more or less supplement use than others, or the extent to which usage occurs
completely outside of sport performance objectives. There are few data to tell us
what users think they actually get from their DNS use. And, neither do any
empirical data inform us what either stops users from moving into the banned and
illegal substances on the one hand, or ‘incentivises’ them to step up to the ‘harder’
performance enhancing drugs (PEDS) on the other. Neither can we say whether
DNS use is linked to prescription drug use, nor under what conditions the two are
mutually supportable. Finally, we can only speculate on what ethical position users
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take on the consumption of DNS. There remains a dearth of research material in
and around DNS use that can inform sport authorities and policy makers on how
best to reduce the physical and social risks that accompany escalating use. In the
following chapter we expand our analysis leading to an evaluation of the scale and
scope of all PIEDS use.
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3
USE, ABUSE, PATTERNS 
AND PROFILES

Scale and scope of PIEDS use in sport

Introduction

Over the last 50 years there have been growing concerns about the increasing
amount of drug and substance use in sport and recreation at all levels. Today, 
drug use constitutes a multi-dimensional problem that begins with everyday
substances like alcohol and caffeine, moves into over-the-counter drugs that
contain stimulants or analgesics, goes into prescription drug use that involves even
heavier stimulant and analgesic effects, shifts into performance enhancement drugs,
and finishes up with potent recreational drugs. Some of these substances deliver
marked improve ments to athletic performances (and body composition), which
most sporting officials judge to be intolerable since it creates a tilted playing field
where already well-resourced players and athletes obtain an even greater advantage
through access to new products as they become available.1

Drug use is thus viewed as a corrupt practice that undermines the integrity of
sporting contests, and should be seen as analogous to the moral bankruptcy
displayed in match fixing.2 Within such a social context, it came as no surprise
that a global anti-doping regime arose in the form of the World Anti-Doping
Agency (WADA). This all happened in 1999, and it was anticipated that WADA’s
presence—and especially its punitive powers—would clean up the drug use
problem within a decade. However, nearly two decades later it remains unclear as
to whether the WADA-driven anti-drug stance has reduced either the incidence
or prevalence of drug use in sport. In fact, a good case can be made for the claim
that use has actually increased.3 Certainly, WADA’s presence has done nothing to
restrain the enthusiastic uptake of substances for image enhancing purposes.

When it comes to understanding the scale and scope of the PIEDS use problem
in sport and recreation, five questions immediately come to mind: first, what types
of drugs and related substances are being used? second, who takes them? third,
how frequently are they used? fourth, what is the intent behind their use? and,
finally, where does use take place?



In order to answer these questions, we dig deeply into a broad array of empirical
studies, government reports, sport industry surveys, drug testing results, drug
agency investigations, scholarly commentaries, the writings of journalists and the
revelations of users. But, getting a clear picture of the extent of PIEDS use around
sport and the community is not as simple as it seems. This is, in part, the result of
disagreement about just what constitutes PIEDS and ‘drugs’ in particular, and
which drugs can demonstrably improve performance or body composition.4 The
sport and public policy waters are further muddied by disputes over how illicit
drugs should be treated, the legitimacy of prescription drug use and exactly where
supplements fit.5 Despite these challenges, we located sufficient data to establish a
suggestive picture of the scale and scope of drug use in sport. Unfortunately, our
conclusions about PIEDS use in sport and the community suffer from an absence
of objective research evidence. Our discussion begins with the prevalence of use.

Prevalence of drug use in sport and the community

The use of PIEDS is endemic in elite sport, but they are also employed in non-
sporting contexts by individuals seeking to improve their appearance, mostly
through a combination of muscle gain and fat loss. The focus of the general news
media is on the professional athletes who are caught using hormonal drugs, most
commonly, AAS. However, the majority of individuals using PIEDS are recre -
ational athletes who use them to improve overall strength and personal appear -
ance.6 Conclusive evidence demonstrates that the use of substances such as AAS,
growth hormone, erythropoietin and stimulants poses significant health risks
including cardiovascular disease, diabetes, cancer, mental health issues, virilisation
in females and the suppression of naturally produced androgens in males.7

In one survey of 500 AAS users, nearly four out of five were non-athletes with
cosmetic objectives. AAS users in this sample were taking larger doses than ever
previously recorded; more than half of the respondents were using a weekly 
AAS dose in excess of 1000 mg, which is 10–20 times more than the average male
body manufactures naturally per week. The majority of these steroid users self-
administered AAS by intramuscular injection, and approximately one in 10 users
reported hazardous injection techniques. Poly-pharmacy was practised by more
than 95% of AAS users, with one in four users taking growth hormone and
insulin. Nearly 100% of AAS users reported subjective side effects.8 Serious body -
builders and other athletes used insulin, especially in concert with other hormones
like human growth hormone, with which synergistic effects were elicited. For
example, one web-based survey identified 41 non-diabetic insulin users, of whom
95% also used AAS and practised poly-pharmacy.9

Reported rates of PEDS use amongst elite athletes ranged between 5% and 31%,
depending upon the survey. The most commonly used PEDS were AAS, human
growth hormone, erythropoietin (and blood doping), amphetamines and stimu -
lants.10 A meta-analysis reported that the global lifetime prevalence rate of AAS 
was 3.3%. The prevalence rate for males, 6.4%, was significantly higher than the 
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rate for females, 1.6%.11 According to other recent studies, the prevalence of AAS
dependence among AAS users has been estimated to be approximately 30%, with
poly-substance use including growth hormone and insulin-like growth factor.12

Few studies examining the knowledge bases of PIEDS users return encouraging
results. In Iran, for example, one study concluded that most football coaches and
players had a poor or moderate understanding of prohibited drugs and their side
effects.13 Worse, they seemed to hold a range of factually incorrect assumptions
and colloquial myths about PIEDS.

Anecdotal accounts of use

A common view amongst officials, politicians and commentators holds that sport
throughout the world faces a PIEDS use epidemic. Many high-profile international
incidents have reinforced this claim, with the 2016 exposé of embedded drug 
use in Russia’s track and field programme being a recent case.14 Professional road
cycling has also received significant attention, featuring allegations of doping
connected to its most famous event, the Tour de France.15 It culminated in the
highly-publicised investigation of Lance Armstrong, who was found to have used
banned performance enhancing substances for much of his professional cycling
career. In addition, track and field athletes have yielded numerous high-profile
positive tests, the most explosive incident involving Marion Jones who, along 
with several other prominent athletes, became embroiled in the BALCO scandal.16

These incidents created enormous angst amongst sport’s stakeholders. But, as
Lentillon-Kaestner and Ohl have argued,17 the selective use of cases places some
uncertainty over the prevalence of drug use in sport, exactly what type of drugs
are being used and what performance or personal gains they are expected to
deliver.

Be that as it may, from an anecdotal viewpoint, and as reported in the media,
a drug scourge in sport has not only tilted the playing field in favour of those
players with close pharmaceutical connections, but has also destroyed sport’s
capacity to bolster the moral fibre of its participants. Media reports often trade on
‘moral panic’ by connecting drug use in sport with social chaos. In these instances,
colourfully exaggerated stories are dredged up from the past leading to calls for
restoring control through some top-down regulatory mechanism, typically
involving coercion, fines, suspensions and even jail sentences.

A classic case of moral panic arose out of a US Judiciary hearing into steroid
use in 1989, when Pat Connolly, a coach of the women’s track and field team,
claimed that 15 out of the 50-strong women’s team at the 1984 Los Angeles
Olympics had used steroids on a regular basis. Moreover, she noted that some of
them were medallists.18 Connolly elaborated that drug use escalated even further
for the 1988 Seoul Olympics, estimating that at least 40% of the women’s team
had likely used steroids at some time during their Games preparation.19

In Australia, in 2002, a serious case of moral panic similarly erupted when an
Australian rules footballer suggested that 80% of elite players had some experience 
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with recreational drugs.20 This created enormous consternation amongst the football
community,21 and the only consolation the media could offer officials and fans
were quotes from other players who said the figure was nearer 30%.22 While
mainstream media-driven narratives tend to have an element of truth in them,
they also revel in juicy scandals and as a result need to be tempered by a broader
base of evidence through first, athlete drug-testing data, and second, studies that
have secured information about athletes’ attitudes and behaviours regarding drug
use. As with all research, we should lend most weight to results guided by sound
protocols and trusted methodologies.

Results of drug-testing regimes

We begin our survey of the scale and scope of banned drug use around the world
by reviewing the data compiled by the International Olympic Committee (IOC)
and WADA over recent years. These figures reveal that throughout the 1990s less
than 2% of all drug test results were positive, exhibiting inappropriate levels of
banned substances. The most commonly used drugs were AAS—or what we
frequently refer to as ‘steroids’—which accounted for 1131 positive tests in 1996,
856 tests in 1998, 946 in 2000, 1191 in 2004, 3259 in 2008 and 3400 in 2012.
The 2012 figure accounted for 55% of all positive tests. The next most fre quently
used drugs were beta-agonists, more commonly known as the active ingredients
in various forms of anti-asthma and respiratory management medications. They
accounted for 350 positive tests in 2008. Stimulants also seem to be substances of
choice, accounting for 281 positive tests in 1996, 412 in 1998, 453 in 2000, 382
in 2004 and 472 in 2008. At the same time, peptide hormones (which include
erythropoietin [EPO]), delivered fewer positive tests, with four in 1996, 12 in
1998, 12 in 2000, 78 in 2004 and 106 in 2008. Although cannabis and its
derivatives are not, technically speaking, performance enhancing drugs, they remain
banned during competition. For both 2004 and 2012 there were more positive
tests for so called ‘cannabinoids’ (518 and 560, respectively) than there were for
stimulants (382 and 502).

At the 2000 Sydney Olympic Games just over 2800 tests were conducted,
including 310 tests for EPO. However, these tests yielded only 12 positive results
(five of which involved steroids), amounting to just 0.47% of all tests. Similarly,
the positive test figures for the 2002 Salt Lake City Winter Games were modest.
Only five of 1960 tests were positive, not even 0.3% of all tests. At Athens, in
2004, 26 athletes tested positive to banned substances, but when taken in the
context of nearly 3700 tests, they accounted for only 0.7%. Torino in 2006, and
Beijing in 2008, delivered even lower positive test rates. Nearly 4800 drug tests
were undertaken at Beijing, but only 0.42% delivered a positive result, which was
slightly lower than Sydney.23

The low positive test rates for the Olympics need to be tempered by the results
of studies undertaken in the broader sporting community. Independent studies of
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elite athletes by sport scientists in Norway24 and the UK25 each found a banned
drug usage rate of less than 2%. These are slightly higher than the IOC/
WADA drug test figures, but hardly suggest an epidemic of illegal drug use
running rampant through the global elite sporting community.

By most standards, the positive test rates during the 1990s and into the 2000s
seem pleasingly low. Equally, most sport commentators have conceded that the
officially measured rates underestimated the true level of banned drug use.26 There
are three reasons for this. First, most drug use occurs during periods of intense
training rather than in competition, but for many years most testing was done
excusively in periods of competition. Second, some drugs were not detectable and
therefore did not show positive in any tests. Third, athletes utilise masking agents
and methods—other legal drugs, compounds and techniques that camouflage the
presence of banned substances in their systems. As a result of these three challenges
to accurate testing, researchers employ surveys of athletes and players in the hopes
of securing a more plausible picture of drug use in sport.

Surveys of reported drug use

Numerous surveys have sought to establish realistic levels of drug use in sport, as
well as the ethical attitudes players and athletes hold towards use. The surveys have
focused on both the broad community and sport participants, utilising a range of
techniques such as questionnaires and in-depth interviews. Results indicate a
complex range of reported usage levels of banned substances, with varying usage
levels for different drug types and sport practices.

Community surveys

During the late 1980s and 1990s, a series of revealing studies examined anabolic
steroid usage. According to a study of high school male adolescents in the 
US, around 11% were current or previous anabolic steroid users.27 This figure 
was, however, treated with caution when other studies found that only 2.5% 
of adolescent males used steroids. Subsequent studies found a 5% usage rate
amongst young men aged 18, with a 3% rate for those participating in sporting
competitions.28 One broad-ranging study reported caffeine as the drug of 
choice, given the 27% of all informants declaring that they used it regularly.
Alcohol and painkillers came in at around 9%, while stimulants generated a usage
level of just 3%.29

Parkinson and Evans undertook another revealing community study of drug
use.30 Having noted that less than 3% of young American adults had taken steroids
at least once in their lives, the researchers invited 500 anabolic steroid users to
complete a web-based questionnaire. The results revealed that just under 80% had
used steroids for what they called ‘cosmetic reasons’, which meant they were
mainly concerned with looking good and feeling strong. Dosage levels also varied 
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enormously between respondents, with 40% not going beyond 1000 mg per
week, but 26% regularly exceeding 1500 mg on a weekly basis. Additionally, just
under 25% reported that they practiced poly-pharmacy, which meant in this case
that they complemented their steroid use with growth hormone and/or insulin.
While 60% of respondents said they were concerned about the possible negative
side effects—with acne, testicular shrinkage, insomnia, sexual dysfunction, injection
site pain, fluid retention and mood changes front and centre—only 37% had
discussed their steroid use with a physician. Finally, the respondents admitted to
securing their steroids mainly from illegal sources, with 50% obtaining their
supplies from ‘bootleg’ operators and illicit laboratories.

A Finnish study of nearly 11,000 male conscripts with an average age of 19
years also provided some illuminating results. Matilla et al.31 asked these young
men to comment on their substance use and health status. Some of the questions
invited participants to record their use of anabolic steroids, and if they did initially
use, to explain what provided them with the incentive to continue. It was found
that only 0.9% of respondents had used anabolic steroids over their lifetime, a
figure well below those from other studies. According to Matilla’s team, American
studies had shown a usage rate of 3–11% while European studies had shown
prevalence rates of 2–3%.

What caused such low levels of anabolic steroid usage amongst this cohort of
19-year-old Finnish conscripts was unclear. It was noted, however, that high use
levels had been previously associated with engagement in weight-training
programmes at fitness centres, frequent drunkenness, daily smoking and low levels
of educational attainment. Similarly, a Jordanian survey of gym users reported that
8.2% of the sample regularly used medication for performance or image purposes
without a prescription. Usage was equally divided by gender. Various forms of
testosterone, hormones and fat burners (stimulants and beta-2 agonists) were the
most popular substances.32

The claim that gyms and fitness centres can be the catalyst for an increase in
steroid use was supported by Striegel’s research. This 2006 study invited around
620 members of fitness centres in Germany to complete a survey about gym prac -
tices and substance use.33 Just under 14% of respondents had used steroids at some
point during their fitness centre activities. When asked to identify their motives
for using, more than 80% of respondents emphasised the importance of building
a better-looking and stronger body, while only 8% were interested in improving
their levels of fitness and sporting performances. In addition, around 30% of 
users employed additional substances to enhance the bodily impact. Clenbuterol
(designed to treat breathing disorders like asthma, but also effective in raising the
body’s metabolic rate and reducing body fat) and stimulants like ephedrine were
recorded as the most popular ‘add-ons’. When users were asked to identify the
source of their training ‘products’, just over half cited the ‘black market’. In
practice, this meant acquiring supplies from friends and informal contacts. Fewer
than 50% of users had also accessed pharmacies for some of their complementary
products as well.
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Player and athlete surveys

Player and athlete surveys provide a different perspective on drug and related
substance use. One of the earliest but most extensive studies of players and athletes
was undertaken in 1991, and delivered the startling finding that 64% of informants
believed that at least one of their fellow athletes used drugs on a regular basis.34

Similarly, Pearson and Hanson completed a survey of US Olympic athletes around
the same time, and found that many athletes had either used or knew of others
who used.35 Just under 44% of those who completed the survey believed that at
least one in 10 of their peers were taking some sort of performance enhancing
substance, while another 34% estimated that somewhere between 1% and 9% of
their colleagues were using. In subsequent studies of endurance athletes, 41% 
of informants thought that some of their team-mates were taking performance
enhancing drugs.36

In 1998, the Independent newspaper in the UK surveyed 300 elite players and
athletes, reporting that more than 50% considered sport to be contaminated with
drug use.37 Responses varied between sport categories, with the highest response
rate coming from weightlifters, where every one of them thought drug use
permeated their sport. When questioned about their own drug use, just over 40%
of the 300 elite players and athletes admitted to using caffeine in order to secure
a competitive edge, 15% admitted to using testosterone, 15% admitted to using
some form of stimulant while 8% admitted to using narcotic analgesics.

A study of 706 English professional footballers confirmed the problematic and
pervasive nature of drug use in sport.38 Of all respondents surveyed, 34% claimed
that other players were commonly using performance enhancing drugs (PEDS)
although only 6% indicated a personal knowledge of PEDS-taking players.
Interestingly, only 29% of informants suggested that other players were taking
recreational drugs, although when questioned about personally knowing someone
who took them, 45% responded positively.

In a 2006 study by Alaranta et al., 44% of power sport participants declared that
they personally knew of other athletes who used banned substances, while 37% of
endurance athletes harboured similar suspicions.39 The argument for thinking 
that positive drug test ratios consistently underestimate ‘real’ drug use levels was
further supported by a study done by Uvacsek et al. completed in 2009. In this
study, 82 Hungarian athletes were invited to talk about their drug use attitudes
and behaviours. The results revealed that around 15% of all respondents admitted
to using performance enhancing substances, about 32% admitted to using recre -
ational and/or illicit drugs.40 It was also found that users overestimated the drug
use of others when compared to non-users. For example, where those who doped
imagined that on average 35% of others doped, non-dopers provided an average
estimate of 17%. In the case of recreational drug use, users anticipated that 51%
of all others used, while for the non-users, the figure was a much lower 39%.

Another revealing study was undertaken by Dunn et al., who used a web-based
survey of 214 Australian exercising males who had not previously used anabolic 
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steroids, to obtain a better understanding of what so-called ‘rank and file’
participants do to improve their physical appearances and general levels of well-
being.41 It was initially found that 80% of all respondents used some form of
supplement or conditioning aid to assist them in their ‘body improvement’ projects.
Illicit substance use was also common, with 52% of respondents admitting to
administering amphetamines, cannabis, inhalants, cocaine, off-label narcotic
analgesics or sedatives in the previous six months. There were no reports of heroin
use. At the same time, when asked to comment on their views about anabolic
steroids, 16% said they were likely to use some form of synthetic testosterone in
the future as a way of getting stronger and more muscular.

There is now a significant amount of data showing that substance use amongst
elite athletes is more common than was initially anticipated. For example, in 2014
Mosten et al. found that 21% of 92 coaches believed that the use of PEDS was
common amongst most sports, with 31% believing that cycling was the most
problematic.42 Kissalita and Robinson, in a 2014 study of American sportspeople,
found that 8% of competitive cyclists used banned PEDS while 60% used PIEDS
that were not banned.43 In a similar vein, a 2011 study of Indian athletes by Neeraj
et al. found that 22% had used banned substances at some time during their
careers.44

In recent times two additional revelations have confirmed that the use of
banned substances can sometimes be orchestrated by a coterie of administrators,
coaches and sport scientists on an organised basis. In the 2013–2016 Essendon
Football Club case, the Australian Court of Arbitration for Sport found that 34
players had consented to injections of a banned peptide hormone,45 while the
entire Russian track and field team were banned from competing at the Rio de
Janeiro Games on the grounds that they had comprehensively failed to comply
with the WADA drug use controls, used PIEDS on a regular basis and sabotaged
drug-testing processes with scant regard for the principles of transparency and fair
play.46 In 2017, the entire winter Olympics team from the Russian Federation was
banned from competing under their country’s flag in the 2018 PyeongChang
Games.

It should come as no surprise to discover that sport participants, especially at
the highly competitive level, would not only contemplate use but also go the
whole distance. At the very least they would think about using performance
enhancing substances. On the other hand, it is often argued that sport participa-
tion can act as a shield against recreational drug use, since it ingrains the idea that
sport can only be played properly if its participants have a clear head and a well-
functioning body. With this logic, we would anticipate that people who play more
sport would use fewer recreational drugs. However, the data suggest that sport
participation does not necessarily discourage recreational drug use.

During the 2008–2009 period, two research teams—Peck et al.47 and Wichstrom
and Wichstrom48—found that adolescent participation in team sports, especially
those rewarding aggression, often led to an increase in alcohol and cannabis use
in early adulthood. Peck et al. reported that adolescents who both played sports
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and were already consuming moderate levels of alcohol were highly susceptible to
heavy drinking in early adulthood. Another—albeit earlier—study of university
athletes determined that 96% of informants drank alcohol regularly, with just over
20% smoking cannabis and 18% popping painkillers.49

When it comes to elite sport, the relationship between drugs and lifestyle
becomes even more perplexing. Peretti-Watel et al. surveyed 460 elite student
athletes in France, concluding that the overall prevalence of cigarette, alcohol and
cannabis use was less than half the rate of non-athlete students.50 However, girls
competing at an international level were more likely to smoke cigarettes and
cannabis, perhaps due to the belief that their consumption would alleviate
competitive stress and anxiety. Finally, the study revealed that adolescent athletes
involved in team sports were more prone to drink alcohol at least once a month.

While providing some revealing insights about drug use in sport, including the
probability that it is widespread and multifaceted, the survey results we have
summarised also raise some additional questions. For example, overall do players
and athletes actually use drugs more often than non-players and athletes? Surveys
of university athletes point to some answers.

Surveys of students

At first glance, it would seem reasonable to think that university students, especially
those who regularly play sport, would be cautious about drug use, whether
performance enhancing or recreational. Furthermore, as these students suffer from
time pressures, it would also be reasonable to think that they cannot afford to
undermine the capacities of their bodies and minds to work hard and long. In fact,
the opposite appears to be the case. For example, North American college students
describe alarmingly high rates of drug use. In one study, about 70% of college
students admitted to drinking alcohol at least once in the month before the survey,
while 40% reported intermittent binge drinking. In another study of US college
students, about 18% used illicit drugs during the 12 months prior to the survey.51

The trend persists through further studies of college athletes, who have higher
rates of substance use than college non-athletes, and generally engage in more
high-risk behaviours.52 Alcohol presents the case in point. For example, Ford’s
2007 study of US colleges concluded that college athletes used alcohol more freely
than non-athletes.53 Where 49% of male non-athletes engaged in binge-drinking,
the number increased to 54% for athletes. Similarly, 29% of female non-athletes
claimed to binge-drink while the figure for athletes climbed to 39%. On the other
hand, male athletes had lower cannabis and illicit drug use, of 26% and 12%,
respectively, compared to 31% and 16% for non-athletes. The general theme of
these findings was reinforced by results from Eitle et al. in their 2003 study of
American high schools, which found that playing high school sport was positively
associated with alcohol use.

Some evidence also reveals that different substance usage rates apply to differ -
ent sports. For example, in Ford’s study,54 while 75% of male college ice hockey
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players indulged in binge-drinking, the percentage decreased to around 41% for
track athletes and runners. Reported cannabis use also varied between sports, with
a usage rate of 39% for male ice hockey players but only 19% for basketballers.
Differences emerged for females as well, with 47% of soccer players binge drinking
compared with only 27% of runners. Based on the available evidence, drug usage
varies considerably depending on the substance type and sporting code. When it
comes to the use of anabolic steroids and synthetic testosterone, the usage rate
among university student athletes was normally less than 10%, but was also three
times higher when bodybuilders were involved.55 For example, the Tahtamouni
et al. 2008 study of Jordan University student athletes and bodybuilders found that
4% of athletes used banned AAS, while 26% of bodybuilders used AAS.56 The
results for US studies of university students are similar. Dodge et al.’s. 2014 study
of US college athletes found that while just under 1% had used AAS, a much
higher 8% had used prescription stimulants without approval.57 Karazsia et al., in
their 2013 study, found that 6% of US college athletes took illegal substances and
that 96% of this 6% reported earlier protein use, while 85% reported creatine use,
both of which are legal.58 These results predict that a gateway model was at work,
whereby the less powerful but permissible substances were stepping-stones to
more esoteric and dangerous PIEDS use.

Australian studies of young people in a sporting context also depict a relatively
high use of drugs and related substances. An alarming level of alcohol consumption
has been especially evident. In a 2004 study, Duff et al.59 discovered that 88% of
community sport club members regularly drank alcohol on club premises. Of that
88%, around 23% drank at their club on at least two occasions per week. Another
41% said they drank alcohol at the club on average once per week. When asked
to explain the cultural factors influencing the pattern of drinking at their club, just
over 80% of respondents agreed with the statement that ‘drinking is a good way
to relax after training or after playing a match’, 79% agreed that ‘drinking is an
important part of club camaraderie’, while 77% agreed with the statement that
‘drinking is an important part of celebrating’ after the game.

While teenage athletes had lower usage rates than university athletes, they were
nevertheless exposed to the seductive qualities of PEDS and banned substances. A
1999 study of an American high school football team by Stilger and Yesalis
provided a sharp insight into drug use in local community settings.60 The researchers
initially found that around 6% of team members had used anabolic steroids. When
asked to explain their use, 47% said they did it to improve their athletic per -
formance, 29% did it to improve their appearance and 14% said they did it to keep
up with the competition. When asked to respond to the statement, ‘I would use
anabolic-androgenic steroids if I knew opponents playing against me were using
it’, 54% of the players who had used confessed that they would do it again. Those
students who had previously used also said they had no difficulty securing their
steroids, with 30% getting them from athletes outside of school, 29% getting them
from team-mates and friends, 25% getting them from a local doctor and 19%
obtaining their supplies from their school coach.
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In 2011, Dunn and White found that 2.4% of Australian teenagers had used
AAS on a regular basis.61 The figures for US teenage high school students were
even higher. Rees et al. found that 8% of high school students used AAS regularly,
while 22% used protein supplements on a steady basis.62 Eisenber et al. found that
6% of high school boys and 5% of girls had used AAS at least once in the previous
12 months. Protein powder use was 35% and 23%, respectively.63 In 2010, Goulet
et al. found that 25% of junior Canadian athletes—a surprisingly high figure—had
used illegal substances to improve performance.64

In Iceland, a 2011 study by Thorlindsson and Halldorsson returned a teenage
student usage rate of just under 2%,65 while a 2014 study by Nolte et al. into South
African junior athletes found that 4% had used banned substances.66 Furthermore,
14% said they would consider using if they had little chance of being found out.
In Europe, Wanjek et al. found that 15% of German high school students had used
at least one substance on the WADA banned list during the previous 12 months.67

However, these substances were, for the most part, not performance enhancing.
The most frequently used substance was cannabis, while under 1% of the students
surveyed used AAS.

A recent US-based survey of college students showed that individuals who had
participated in at least one sport during high school had a greater chance of an on-
and-off opioid medical prescription for their lifetimes, compared with non-active
respondents.68 Usage of opioid painkillers climbs with the seriousness of the user.
For example, in the US, NCAA level college athletes use serious painkillers
regularly69 while NFL players use them all the time.70 In fact, opioid use amongst
NFL players has been described in epidemic terms.71 Image users may not be far
behind, with bodybuilders, powerlifters, weightlifters72 and gym junkies all regular
consumers.73 Studies suggest that AAS use may lead to an imbalance in the
neurotransmitter systems governing the biochemical reward process, creating a
greater sensitivity toward opioid narcotics and stimulants.74

Overall, there is an expectation that many athletes will use some type of per -
formance enhancing substance, and it has become a fact of life for most sport
participants. The results of a 2015 study by Morenta-Sanchez and Zebela encapsu -
lates the ways in which PIEDS have become ingrained in so many sporting leagues
and cultures.75 The study surveyed 273 coaches, trainers and technical staff,
including doctors, sport scientists and physiotherapists. Every participant cohort
had an experience involving the use of PIEDS. Around 35% knew of athletes who
were using banned substances, while 16% knew of athletes who had incited others
to use.

In-depth qualitative research using player and 
athlete interviews

Although now dated, Anshel undertook one of the more illuminating qualitative
drug investigations in sport studies in 1991. It provided a detailed analysis of: 
1) player attitudes to drug use; 2) the reported and perceived incidence of drug
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use in elite-level sport; and 3) the motives for using different types of drugs.76

Anshel conducted a series of in-depth interviews with 126 elite American athletes,
comprising 94 males and 32 females, over a 3-year period beginning in 1986. The
results showed that 64% of all informants were aware of some type of illegal drug
use in their sports. The figures were higher for male athletes (72%) than for female
athletes (40%). When questioned about performance enhancing drug use, 64% of
informants responded positively while a marginally smaller 63% indicated that
some of their colleagues and team-mates were taking a form of illicit recreational
drug. The most commonly used drugs were perceived to be anabolic steroids,
amphetamines, diuretics, painkillers and narcotic analgesics, cannabis, hallucinogens
and anti-depressants.

When informants were asked to explain what motivated them to take drugs,
they referred primarily to the need to be competitive, such as becoming stronger
and faster. The next frequently cited motivators included the desire to better cope
with stress, the desire for fun, satisfying curiosity about the effects of different
drugs, the importance of being able to better manage pain and the need to avoid
failure. Some significant gender differences were linked with these motivators. For
example, where 29% of male informants cited the need to increase energy and help
‘psyche-up’ as a prime motivator, the equivalent for females was only 1%. The
responses were reversed when it came to resolving personal problems as a motivator,
with just over 32% of females citing it compared with only 1% of males.

Conclusion

Despite the shortage of studies examining drug use in general amongst sporting
populations, a few insightful studies have focused on steroid use in the broader
community. For example, Petrocelli et al. undertook one such study in 2008,
which involved a series of semi-structured interviews with 37 steroid users who
frequented gyms in various US states.77 The researchers began their study by
noting the problems anabolic steroids can generate. A number of earlier studies
suggested that unsupervised steroid use, especially amongst teenagers, was associ -
ated with poor self-esteem, elevated rates of depression, a greater risk of attempting
suicide, little knowledge of positive health issues, concerns about body weight,
eating disorders, increased rates of violent behaviour and an unhealthy obsession
with being strong and building muscle.

The material reviewed in this chapter confirms that people who combined gym
work with steroid use were doing it to build a stronger and more muscled body.
It was also evident that nearly every one of the respondents felt the need to use
steroids because their aspirations for a heavily muscled body were unlikely to be
attained under a standard gym work routine. These ‘frustrations’ led the informants
to seek out substances that would enable them to ‘get huge’ and ‘get ripped’.
Similarly, most respondents declared that steroid use not only helped them build
muscle, but also made them feel more confident and, surprisingly, often calmer
and more rational, thus offsetting the claim that steroid use was unavoidably linked
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to ‘roid rage’. The steroid users had, for the most part, a strong inner feeling of
raw, primitive strength and enthusiasm.

Neither were the informants overly concerned about the risks steroid use posed
to their long-term health. When asked to comment on side effects such as hair
loss, infertility, aggression and liver damage, respondents tended to critique these
claims as unbelievable, and even intentionally manipulative on the part of the
medical community and government. Instead, the major concerns voiced were
first, the high financial costs of maintaining their training and supplementation
regimes, and second, the problems they encountered with doctors when aiming
to secure their supplies legally. For the older users, doctors had to be convinced
that the request for synthetic testosterone and human growth hormone was
important to restoring testosterone levels back to those associated with fit and
active young men. What remains now is the question of to what extent cultural
and contextual factors affect PIEDS use.
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4
CHANNELS, CHOICES, CAUSES
AND CODES

The impact of culture, values 
and ethnicity

Introduction

Drug use undeniably constitutes a problematic feature of sport and recreational
activity around the world.1 Of course, boosting performance with drugs can hardly
be considered a new issue given that a variety of stimulants have been used to
increase endurance since the late 19th century. However, the range of drugs now
available, and their capacity to produce demonstrable and significant improve ments,
reflect a new suite of problems.2 The various types and choices of muscle-building
compounds, stimulants, blood-boosters and beta-blockers now available would fill
an entire pharmacy. However, anabolic steroids, amphetamines and EPO reflect
just the tip of the ‘serious’ PIEDS iceberg. We have noted the evidence suggesting
that an array of licit and illicit drugs also receive liberal use for sporting and image
purposes, ranging from alcohol, nicotine and narcotic analgesics to cocaine, cannabis,
barbiturates and hallucinogenic cocktails.3 In fact, as we mentioned earlier, alarmed
sport officials concerned about the apparent increase in drug use imposed a raft of
sanctions and prohibitions culminating in the estab lishment of WADA in 1999, and
the publication of its inaugural Anti-Doping Code in 2004.

Numerous policy challenges, ideological issues and unanswered questions
accompany the observations we just highlighted. The first question concerns to
what extent PIEDS—and especially drug—use in sport occurs with more or less
prevalence than in the broader community. The second question is to what extent
this drug use varies between different sports. The third question is whether or not
there are any significant variations within different sports.

To the first question, many commentators intuitively answer that drug use in
sport will occur less frequently than in general society due to its emphasis on
getting the most out of the body, and fine-tuning it to achieve optimum per -
formance. Moreover, a strong groundswell of opinion proclaims that sport provides



a sanctuary against drug use because of the values it inculcates into its participants.
It does this by: 1) demanding conformity; 2) ensuring close supervision; 3)
producing bonding and cohesion; and 4) providing a structured forum for displays
of masculinity. According to Eitle et al., sport lessens the need for young men, in
particular, to create an identity on the back of anti-social and deviant behaviours.
As a result, it builds character and a more reflective personality, which in turn,
lead to lower levels of alcohol and drug use.4

Off-the-cuff answers to the second question acknowledge that different sports
and games require unique structures and organisation, and revere distinctive
histories and traditions. These differences produce practices and cultures where
different skills, physical capabilities and personalities are required to ensure high
levels of performance. For example, highly combative sports like football and
boxing demand severe levels of aggression, while more aesthetic and technical
sports like gymnastics and equestrianism encourage precision and control. Taking
a further step in the argument, aggressive and combative sports necessitate 
higher levels of drug use. Furthermore, sport’s commercial scale affects drug use
levels where performance pressure escalates in sports where player salaries are 
high, and extensive wagering takes place on the outcome of the game or event.
It would also be reasonable to expect quite different cultures to be built around
high-risk sports like ultimate fighting and motorcycle racing, on the one hand,
and low-risk sports like lawn bowls and darts on the other.

A reflexive response to the third question predicts significant differences among
sports. Players and athletes do not grow up in a social and cultural vacuum, but
rather import attitudinal and behavioural baggage that has been accumulated
through their personality development, family upbringing, adherence to ethnic
expectations, the re-telling and ceremonial re-enactment of cultural traditions,
schooling experiences, the influence of peers and the impact of religious edu ca -
tion and socialisation. Additional influences arise as gender expectations and class
distinctions play out. It would therefore be expected, for example, that athletes
raised in strict households underpinned by strong religious and/or moral convictions
would be less likely to use drugs than athletes bought up in libertarian households
where parents exercised ambivalence about strict moral codes and organised
religion.5

Another interesting question considers how competing values play out in
practice. Will, for instance, the values embedded in a player’s ethnic identity
override the customs and beliefs built into a particular sport club or sporting
community? Or alternatively, does a player’s core personality or sense of gender
identity establish the main behavioural cues when decisions need to be made 
about using or not using certain drugs in a sport setting? Despite the salience of
these questions, little research examines the ways in which ethnicity, cultural
traditions and religion influence drug use in sport or in the broader recreational
community. However, solid evidence indicates that in the wider community,
ethno-cultural factors mediate drug use in a number of important ways. For
example, in a 2001 study of American high school students undertaken by 
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Marsiglia et al., respondents who self-identified as African- and Mexican-American
had the lowest reported levels of drug use, while those respondents who self-
identified as white had the highest usage levels.6 Miller-Day and Barnett replicated
these results in 2004, reporting that nearly 51% of white respondents aged 12 years
and over had used alcohol in the past 12 months compared with 34% of African-
Americans. The 2003 study by Eitle et al. on college students also revealed higher
levels of alcohol consumption by white respondents than by African-American
respondents.7

A 2007 survey of illicit drug use by McCabe et al. highlighted differences
between various ethnic groups in a sample of US college students.8 Where the
level of usage for cannabis amongst women was highest for white respondents 
and Hispanics, it fell to 25% for African-Americans and 23% for Asians. While the
illicit (non-prescription) use of pain medication drugs was lower for all female
groups, significant differences appeared between ethnic groups. The highest level
was recorded by Hispanic respondents, who reported a 10% usage level, while the
lowest was amongst Asian respondents, who claimed a 3% usage level. Illicit
stimulant medication usage ranged from just over 7% for white and Hispanic
respondents to a low of 1% for African-Americans. Similar inter-ethnic differences
appeared for college men, although the overall levels of use exceeded female rates.
For example, while the usage level of cannabis was 46% for Hispanics and 43%
for white respondents, it fell to 34% for African-Americans and 28% for Asians.
For pain medication the highest usage level was 9% for white respondents, while
the lowest was 5% for Asians and African-Americans. Finally, the usage level of
stimulant medication varied from 9% for Hispanics to 4% for Asians.

An earlier study by Bachman et al. discovered the same kinds of differences
based around ethnicity.9 High school students who used alcohol at least once in
the previous 12 months reached a high for white males and females at around 88%,
with Mexican- and Native American males not far behind at just over 82%. The
lowest percentage usage occurred in the African-American female and Native
American female cohorts, at 64% and 61%, respectively. The variation in use was
equally pronounced for cannabis. Whereas 42% of Native American males, 40%
of white males and 38% of Mexican-American males had used cannabis in the last
12 months, the usage rates for Asian males, African-American males and Asian
males was 20%, 18% and 17%, respectively.

Some gaps can be seen in the ethno-cultural evidence base. For example, the
limited empirical data say little about sport-related correlations, and at this point
it remains unclear what differences occur in sport settings. One of the few studies
examining the interplay of sport affiliation and ethno-cultural identity was
undertaken by Eitle et al.,10 which noted a marginally greater level of drug use
amongst young adult white males, as well as a significantly greater level of alcohol
use. We can speculate on a number of possible explanations. First, perhaps playing
high school sport for this cohort is a kind of gateway to a hyper-masculine
subculture. Second, perhaps these results reinforce, as Bloom et al. noted as early
as 1997, a tradition of young white men following football, accompanied by a
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strong drinking culture.11 Finally, perhaps the data reflect higher levels of alcohol
consumption amongst white males in the wider society.

When it comes to proclaiming relationships between drug use—especially PEDS
and ethnicity, religiosity and cultural traditions—we should proceed carefully. The
results of studies in this area are illuminating, but they do not directly tackle the
question of exactly how ethno-cultural identity impacts upon drug use in a sporting
context, and to what extent the values and culture of sport clubs or associa tions
will supersede the values, customs and norms that different ethno-cultural groups
bring with them to their sporting practices. Many research gaps remain to be filled.
We need additional research to determine just how strongly sport club cultures
support, and even encourage drug use activities, and whether sports participation
actually increases drug and alcohol use.

Determinants of PIEDS use and intervention approaches

The problematic nature of the PIEDS issue raises questions about why some
athletes and players willingly jeopardise their sporting careers and well-being by
sidestepping anti-doping codes and/or ignoring health warnings, and use PIEDS
without proper supervision and with only a smattering of knowledge. Despite all
the talk around the moral and health dangers associated with uncontrolled drug
use in sport,12 and the hostile view that most observers hold about drug use in
sport,13 we still have only a meagre knowledge of the attitudes, values and motiv -
ations of sportspeople who employ various substances to boost performance, build
their physique, relieve stress and lighten moods. In the context of non-elite or
recreational sport, we know even less. Yet understanding athlete and sport
participant attitudes and behaviours around PIEDS should be the foundation upon
which to construct effective policy,14 interventions and educational programmes.

An extensive review of the literature on doping attitudes, influences and
interventions, focusing on both elite and non-elite athletes, reveals that despite a
growth in research, significant gaps in knowledge remain. Based on this review,
it was concluded that: 1) PIEDS use occurs within a complex system of socio-
demographic and psychosocial predictors; 2) critical incidents within and outside
of sport can increase vulnerability to dangerous PIEDS use; 3) reference groups,
such as peers and coaches, can play a key role in encouraging or discouraging
various forms of PIEDS practice; 4) the detection of illegal and banned PIEDS use
is generally perceived to be low; and 5) exposure to PIEDS education is inadequate,
as is the level of knowledge surrounding the effects of use.15

More generally, it is somewhat ironic that sport participation is not always an
antidote to recreational drug and substance use. In fact, the opposite is often the
case. Research has shown that young people who play competitive sport may
engage in more drug and alcohol use than those who play little organised sport.16

Some evidence even reveals that substance use correlates to engagement in other
high-risk consumption behaviours.17 For example, as we observed earlier, studies
of college students in the United States found that those involved in athletics
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engaged in more risky behaviours than non-athletes,18 with a particular preference
for binge-drinking.19 Moreover, the focus in sport on team-bonding on the one
hand, and intensive competition on the other, makes it fertile ground for the
growth of drug use and abuse.

The following discussion focuses on the use of PIEDS in sport, and where
possible, highlights research in the context of non-elite sport, including informa-
tion on the limited intervention and education programmes that currently exist. 
It provides an overview of what is currently known about the attitudes and
perceptions, contextual influences and personal characteristics of individuals in
relation to the use of PIEDS, and how governments and sporting associations 
have responded. Exposing the pressures and factors that influence attitudes and
behaviours can help to inform educational approaches that may modify athletes’
(recreational, developing or elite) propensities to take image and performance
enhancing substances, or at least minimise the harm for those determined to do so.
Such information is critical to the development of effective intervention and educa -
tion programmes, especially given that they are in scant supply at the recreational
and community levels.

Contextual influences on athlete attitudes and use 
of PIEDS

Athletes are often reticent to reveal their views on substance use in sport.20 As a
result, it is unclear how attitudes to PIEDS are initially formulated, what factors
have influenced those attitudes over athletes’ formative years, and the contextual
and cultural factors that may have shaped their attitudes during their playing
careers. A much-cited study21 identified six inputs that influence changes in the
attitude-behaviour of athletes towards PEDS. These were: 1) threat appraisal,
reflecting the deterrence factor or the cost of being caught; 2) incentive appraisal,
representing the benefits of drug use; 3) reference group opinions, highlighting
the importance of peer approval; 4) personal morality, illustrating an athlete’s
views on right and wrong; 5) the perceived legitimacy of the drug authority’s
position; and, 6) personality factors, which are individualised variables linked to
self-esteem and optimism.

Consistent with the theory of planned behaviour,22 this study made two central
assumptions. First, behaviour is basically rational and that athletes use information
in a systematic manner to inform their decisions about drug use. Second, athletes
consider the implications of their behaviour before they act. These twin assumptions
represent a kind of rational intentionality, but they may not always be satisfied in
practice, and consequently predictions about behaviour based on these factors
alone will most probably be compromised.

In contrast, the importance of coercion, punishments and the risk of getting
caught were the focus of another study23 that analysed behaviours involving 
PEDS. Using the concept of deterrence, which has its theoretical basis in criminal
decision making, this research specified four categories of salience. The first was
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legal sanctions, which can take the form of fines and suspensions. The second was
social sanctions, which includes disapproval, ostracism by friends and colleagues,
and potential material losses from sponsors who may elect to find someone else to
endorse their products. The third was self-imposed sanctions that are bound up in
the guilt, loss of face and plummeting self-worth arising from being publicly
identified as a cheat. The final category was health concern from the likely side
effects associated with the chronic use of a specific drug. These costs and sanctions
are then weighed against the benefits that might arise from the use of PEDS.

Players and athletes are subject to the values, belief and practices of their sport -
ing colleagues.24 Their attitudes about substance use consequently form within 
a defined context where situational factors and the behaviour of coaches, peers,
friends and team-mates represent powerful influences on their attitudes and
practices. Furthermore, data suggest that attitudes are contingent upon the ease of
access to the substance, its performance impact and the substance’s social
acceptance.25

In general, the use of banned performance enhancing substances is viewed as
cheating, although for different reasons between elite and non-elite athletes, with
non-elite players and athletes being more moralistic. The use of ‘hard’ non-
performance enhancing recreational or illicit substances is viewed as foolish, but
not morally reprehensible, by non-elite and elite players and athletes alike, while
the use of legal non-performance enhancing substances is acceptable to just about
everyone. While many non-elite athletes may eschew illegal substances, their
knowledge of these agents is limited as is their understanding of legal over-the-
counter medications and nutritional supplements. Regarding the latter, the legality
and availability of these substances through reputable sources can eliminate the
perception of risk.26

When reflecting on our own studies of players and athletes, and studies of 
drug use in sport undertaken by other researchers, it appears that attitudes and 
use are shaped by far more than an individual calculation of the weighted costs
and benefits of using and not being caught, using and being caught, not using and
being caught, and not using and not being caught. The influences on player and
athlete practices are both multifactorial and subjectively interpreted. They begin
with the impact of micro factors that include a mix of intra- and interpersonal
influences that shape personal identities and their subsequent expression. They
move onto a range of so-called external forces that include people with expertise,
authority and a charismatic presence on one hand, and the rewards and benefits
that come from achieving excellence on the other. Each receives attention in the
following sections.

Personality and identity

While at a societal level an individual’s personality and sense of identity influences
behaviour,27 the research evidence fails to conclusively highlight any specific traits
and dispositions that correspond to attitudes about drug use in sport. Contemporary 
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studies do not reveal any clear-cut association between a self-identified tempera -
ment, gender identity, life experience or moral code and a particular position 
on substance use in sport. Although these factors appear to be intuitively 
relevant, particularly gender, it remains unclear as to how they affect attitude
formation around drug use in sport. One recurring theme, however, is the self-
driven nature of elite athletes and their early awareness of a single-minded desire
to excel that had been evident from childhood. Recent studies28 have also shown
that young people with high emotional intelligence ratings—which means they
have a strong capacity for self-awareness, empathy and impulse control—are likely
to be low users of cannabis and alcohol, although results are not explicitly related
to sport.

In the context of adolescent sport, there is evidence to suggest that males are
more prone to PEDS use, as are those athletes with lower self-esteem or with a
lower ability to resist social pressure.29 Conversely, the following protective factors
against doping have been identified in the context of college or university athletes:
a strong moral stance; self-control; having an identity beyond sport; resilience to
social group pressure; and, secure attachments outside of sport.30

People of influence

Five categories of influential people shape the ways in which athletes—particularly
the young—make their way through the sporting world, and may directly or
indirectly provide the impetus for substance use. They are: 1) family; 2) peers; 3)
teachers; 4) coaches; and 5) heroes. Adult mentors influence players and athletes
during their sporting careers, and their attitudes to substance use are partly shaped
by these relationships. Parents, and particularly fathers, loom large, playing
instrumental roles in shaping their children’s sport-career paths, a view consistent
with previous work in sport development studies.31 However, parental influ ences
are not necessarily positive. Fathers can be excessively ambitious for their children,
pressuring them to become highly competitive. For elite athletes, the most
important influencers are coaches, usually the first elite-level coach.32 Coaches are
seen as not only inspirational and knowledgeable, but also to be obeyed without
question.

Early sporting experiences

In concert with influential people, critical early sporting experiences also 
shape attitudes towards substances, with the key issues including the places where
athletes grew up, the sports they participated in and the level of competition they
played in.33 The more frequently the early experiences of players and athletes
emphasised serious competition, the more likely those players and athletes would
hold permissive attitudes towards both licit and illicit performance enhancing
substances.
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Commercial pressures

Amongst the commercial pressures impacting upon attitudes to substance use, the
most prominent are professionalisation, sponsorship, rewards and fame. These
factors help explain the pressure to use performance enhancing substances for 
elite athletes, or for those aspiring to that status. Financial incentives tempt players
and athletes to use various substances, whether available over the counter, secured
by prescription or obtained through illegal trafficking. Some empirical studies34

on the impact of commercial incentives on player and athlete behaviour have
highlighted similar issues. The drive to secure a competitive edge is strongest
where the rewards—psychic, social or financial—are the highest.

Sporting culture

No one single sporting culture exists, even within a single sport or competition.
A sport’s culture—its prevailing values and beliefs—is built around several common
features, which nearly always include masculinity, risk taking and aggressiveness.
The prominence of these features will, in turn, influence a participant’s attitudes
towards substance use. Values and beliefs form in complex ways, unique to
individual sports and influenced by not only the above factors, but also by the
physical performance requirements of the sport. A sport’s demands can focus on
power and strength (e.g. weightlifting), endurance and stamina (e.g. triathlon) or
technical skill (e.g. sailing). It can sometimes also involve a distinctive combination
of all three (e.g. gymnastics). Other features that can shape a sport’s culture include
the level at which it is performed (i.e. elite or non-elite), whether the sport is team
or individually based, its level of medicalisation and scientisation, and the degree
to which it values social engagement over success and winning.

Given the different ways in which sport activities can be structured and
organised, the radical cultural differences hardly seem surprising. For example, elite
cycling involves strong medical and scientific support, including a heavy reliance
on physicians, support therapists, sport scientists, biomechanists and engineers.35

For professional cyclists, licit performance enhancing substances like caffeine,
analgesics and nutritional supplements present a way of life—essential for completing
long and gruelling road races, and an accepted part of the culture of professional
competition. Another example can be found in football codes where, at the non-
elite level in particular, the social club, being the distribution point for alcoholic
beverages, is a focal point for building camaraderie and ensuring social cohesion.
This emphasis on networking and investing in social capital is accompanied by 
a heavy drinking culture that includes a few weekly beers at one end of the
continuum, and regular binge-drinking at the other.

Attitudes to substance use in sport

Most serious athletes concede that drug use of one sort or another constitutes an
ongoing feature of their chosen sports.36 Substances have been used in sport over
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a long period of time, although in recent years the varieties of substances, and their
potency in improving performance, have increased significantly. In relation to
PIEDS, our own research indicates that non-elite athletes are far more rigid and
moralistic in their views than their professional and high performing counterparts.37

Non-elite athletes tend to agree with the WADA’s policy platform on performance
enhancing substances, maintaining that athletes should not be allowed to utilise
drugs that artificially bolster performances, harm their health or undermine the
‘spirit of sport’. While non-elite athletes seem comfortable with stronger penalties
for transgressors, we found that elite athletes take a more practical approach
towards performance enhancing substances, where banned equates to ‘wrong’ and
legal represents an ‘opportunity’. For example, strong painkillers and some narcotic
analgesics are acceptable, along with caffeine, because they are not banned, even
though dosages might be unhealthy and potentially dangerous.

For elite athletes, moral issues are not particularly relevant, which partly explains
why their attitudes appear to be disconnected from their personality or identity.
Elite athletes see themselves operating in a sporting culture supporting the use of
medical treatments and substances to sustain performance. Furthermore, coaches
and managers have a vested interest in getting injured athletes back on to the field
of play in the shortest possible time, and may employ a cocktail of painkilling and
anti-inflammatory drugs to speed up the process. Earlier studies have similarly
found that athletes receive their first substances from trusted sources close to
them.38

Any analysis of attitudes to substances in sport begs the questions as to how
these attitudes were formed in the first place, and what were the major factors that
shaped them. As noted earlier, player and athlete attitude formation about drugs
in sport is a complex amalgam of factors, incorporating sporting culture, its com -
mercial scale, the influence of others, critical incidents experienced through the
player and athlete life-cycle and the level at which players perform their sport.

Critical incidents and experiences, in particular, play a crucial role in forming
and strengthening attitudes, which in part explains the ways in which athletes’
attitudes differ between different PIEDS types. For elite athletes a return from
injury, selection to a representative team, overcoming a previous failure or meeting
a sponsor goal may be crucial in continuing in their chosen professions. While
non-elite athletes do not necessarily face such make-or-break scenarios, peer
pressure, a desire to be seen as a ‘winner’ and the increasingly competitive nature
of so-called recreational sport all produce their own moments where goals and
commitment to achievement come to the forefront, and actions as pronounced as
seeking help from drugs can materialise.

Such observations offer lessons for strategic interventions at pivotal moments
in athletes’ decision-making life cycles. In this context, we suggest a re-visit to a
model suggested by Petroczi and Aidman in a study published in 2008.39 It suggests
that deterrence strategies focusing on the use of prohibited substances are less
effective than those initiatives targeting contextual factors at the career stages of
athletes’ professional lives when they are most vulnerable to external influences. 
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This model highlights the influence of situational factors, facilitating an environment
where doping-related decisions are influenced by a complex intersection of trait,
systemic and situational factors related to goal setting and achievement.

This model also predicts that many of those factors that either motivate or
enable use can also operate as constraints. For example, a personality that shuns
risky behaviour, a moralistic club culture and the imposition of sanctions for
deviance may inhibit substance use.40

PIEDS interventions in community and non-elite sport

Reports exploring the use of PIEDS in various countries have indicated that the
use of these substances in the context of community or recreational sport is of
growing concern. The use and abuse of PIEDS is also widely acknowledged as an
area that has been overshadowed by the focus on elite and professional sport. A
report on doping prevention by the European Commission in 2014 cited that
two-thirds of its member states characterised the prevention of doping in
recreational sport as important or very important, and more broadly, that the
‘misuse of doping agents in recreational sport has become a societal problem and
a public health issue that must be addressed’.41

Within Australia—a leader in the area and a salient case study—calls for better
education and intervention in matters regarding ‘sport drugs’ have been made by
medical authorities and leaders within the sport community, citing the perceived
and documented rise of supplement use (both legal and illegal) as of immense
concern.42 Much of the policy work, including education and intervention, has
been undertaken by the Australian Sports Anti-Doping Authority (ASADA43) and
the Department of Health’s National Integrity of Sport Unit (NISU44), and is
embedded within broader government policies on healthy behaviours. This issue
has also been acknowledged at the state government level. For example, the
Victorian State Government has an ‘Anti-Doping Policy’ that speaks to the need
for a culture free of drugs while also emphasising the role of non-elite sport in
reflecting fairly obtained athletic achievement.45 A major initiative aimed at tackling
illicit drug use in sport and in the community was undertaken in 2009, when the
Australian Federal Government contributed funding (over $20 million) to prepare
the ‘Illicit Drugs in Sport—National Education and Prevention Action Plan’.

While ASADA and NISU remain the pre-eminent anti-doping bodies in
Australia, other groups play a key role. For example, Sports Medicine Australia
(SMA), an umbrella organisation for sport science and medicine, have had branches
in Victoria (via CleanEdge) and Western Australia (via BeDrugFree) providing
training and resources in community-based PIEDS education. However, in recent
years, these programmes appear to have fallen by the wayside, relegating the
responsibility to ASADA and the NISU.

There has been some attempt to introduce new approaches that sit alongside
these organisations to help broach education and intervention at community levels, 
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targeting children specifically. A 2013 report,46 by sport consultancy Bluestone
Edge, suggested that a diversified approach could implement and deliver a national
education programme in Australia to bridge a gap between ASADA, the NISU,
the community and various support agencies (including sporting organisations).
However, the proposal has not yet fully eventuated. One support agency is ‘Play
by the Rules’,47 a group founded in 2001 with the broad mandate to focus on the
sporting behaviours of children. Play by the Rules released three videos48 and an
e-book,49 via their website, covering the topic of supplements at the community
sport level, perhaps reflecting the increased awareness of this issue. The initiative
also corresponds to a recommendation from the Bluestone Edge report that Play
by the Rules should be ‘promoted throughout the network as an advocacy-based
central program that delivers resources, multi-media education, CSA/social media
campaigns and forums on anti-doping, illicit drugs and supplements to sub-elite
and grassroots sport’.50

The ASADA intervention programmes are aimed primarily at aspiring athletes,
and offer two levels of anti-doping education through an e-learning portal.51 In
addition, lesson plans and materials are available for use in secondary schools52

(Years 9–12) covering five topic areas, four of which relate directly to PIEDS:
Integrity and Anti-Doping in Sport, Anti-Doping in Sport, Illicit Drugs in Sport
and Ethics and Ethical Decision Making in Sport. These materials are comple -
mented by information offered by the NISU through their ‘Illicit Drugs in Sport
Program’, which aims to provide guidance to athletes, coaches and administrators
when faced with illicit drug issues in their sports. Online courses exist for athletes,
coaches, sport officers and presenters.53

More broadly, the landscape of international programmes aimed at PIEDS
intervention lacks a central repository to facilitate best practice, and lacks any
rigorous assessment of sustainable impact. A detailed study by the Institute for
Sport, Physical Activity and Leisure at Leeds Beckett University,54 prepared for
WADA, makes for informative, yet alarming, reading. It highlights the limited
number of studies that consider the effectiveness of intervention programmes.55 In
addition, the studies were concentrated within a narrow geographic and demo -
graphic segment. Of the 17 studies presenting programme results since the 1990s,
nine focused on high school settings within the US. The result is not sur prising
given that the longest-running programs are US based: ‘Athletes Training &
Learning to Avoid Steroids’ (ATLAS) and ‘Athletes Targeting Healthy Exercise 
& Nutrition Alternatives’ (ATHENA). (Both ATLAS and ATHENA were
developed by the Oregon Health & Science University.)

ATLAS is targeted toward males, while ATHENA focuses on females. Both offer
peer-led training through 8–10 sessions of 45 minutes. While these two programmes
remain the most researched interventions,56 a meta-analysis of the limited studies in
this field suggest they, like other programmes, presently offer only marginal reductions
in doping intentions, but no significant change to doping behaviour; correlates of
doping intentions and behaviours were unsurprisingly: 1) using legal supplements; 2)
perceived social norms; and 3) favourable attitudes towards doping.57
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In the UK, online guidance, similar to the training programmes offered by
ASADA/NISU, is provided by the UK Anti-Doping (UKAD) organisation, a
‘Non-Departmental Public Body’ accountable to the British parliament via the
Department for Culture, Media and Sport. Its education programmes58 are specific -
ally designed for the ‘beginner to elite’ level and include pathways for parents,
coaches, support personnel and education partners. The ‘100% ME’ programme
in this domain is one of the few such regimes outside of the US to have been
evaluated, although in this instance the study was tangential to the outcomes of
the programme as it focused on the role of tutors who administer anti-doping
information.59

Intervention studies

The Leeds Beckett report60 identified that, between 2007 and 2015, only eight
studies had investigated the effects of anti-doping education or intervention
programmes. These were spread geographically across the US (three studies), the
UK (two studies), with others in France, Germany and Iran.

The US studies focused on the ATHENA programme noted previously and
on an intervention programme termed SATURN (Student Athlete Testing Using
Random Notification) with results indicating a minimal impact. One ATHENA
study61 on over 1600 female athletes who participated in eight sessions of 45
minutes each that were integrated into team meetings by coaches, identified some
initial impact on potential steroid use, but this had dissipated within nine months.
A similar study on athletes (n=368) across nine schools using a longer follow-up
period (one to three years after high school graduation) indicated reduced marijuana
and alcohol use, although there was no difference between the intervention and
control group in the use of other substances, including ecstasy, LSD and diet pills
and diuretics.62 The SATURN study,63 which compared students in schools
containing a random drug and alcohol testing policy, with a control group of
schools, found that the potential deterrence of a structured testing programme had
minimal effect, with no differences between groups at multiple follow-up points
for illicit drug or alcohol usage. Of concern, however, was the suggestion that
students at the schools with the policy initiatives had higher negative attitudes
toward the purpose and benefits of testing.

The two UK studies were relatively specific. One study64 evaluated the ‘100%
me’ program, which aims to provide anti-doping information and education
through a network of tutors in the UK. As the study looked at the role of the
tutors and not the impact of their work, it is hard to form any clear judgement as
to its efficacy, despite the positive intentions of the programme. The other UK-
based study65 targeted male gym patrons using a leaflet intervention. It indicated
some effect on food knowledge through this process. The study also reinforced
the notion that the Internet and training partners are the key sources of information
with regard to enhancement products.
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Potentially showing some impact of interventions were more recent studies
conducted in Germany, France and Iran. The latter study66 also considered male,
recreational gym users, noting that approximately half of the respondents indicated
that their coaches and/or friends were steroid users, with the goal of enhancing
attractiveness far outweighing that of improving athletic performance. An
intervention programme, using a variety of methods including audio-visual CDs,
group discussion and leaflets, had an impact on intention to use steroids; however,
after intervention, actual use did not decline. The study67 in Germany focused on
young elite athletes, using a relatively novel quasi-experimental design whereby
participants worked through a series of ethical doping dilemmas and provided
written responses. The results of this study indicated that the decision-making
approach used was successful in breaking up stereotypical reasoning about doping,
although the value of this on usage is not yet fully established. The final study,68

based in France, showed a moderate impact on young students (aged 10–11) and
those who participated in sport more than 10 hours per week, following information
sessions on self-medication and activities related to building self-assertion.

The narrow evidence noted here is further hampered by limitations in methods
and design implementation. There appears to be a considerable reliance on self-
reporting and difficulty in identifying user bases for testing, particularly among
recreational participants. There also appears to be a priority on measuring change
in attitude and/or intentions, rather than on athlete behaviour. Overall, the studies
provide limited evidence of cause and effect, which restricts their use in establish -
ing government policy and protection protocols. It is easy to concur here with 
the Leeds Beckett study that there is a significant ‘absence of evidence’ about the
efficacy of intervention programmes.69

Conclusion

The evidence has mounted concerning the considerable health risks associated
with PIEDS, particularly by adolescents who are engaged in social or competitive
sport and who seek to ‘better’ their performance (or reflect their idols) in order
to attain some form of gratification or reward.70 Complicating factors include the
assumption that medical-style intervention programmes (where considerable
research exists—for example in tobacco consumption) are not necessarily easily
applicable, given the intricate human behaviours associated with sporting and
recreational participation that extend beyond the dysfunctional or pathological.
PIEDS usage, with regard to legal substances, may already be normalised within
certain groups where peer pressure or consumptive practices to enable winning
are the prime consideration. Nevertheless, a ‘systems-based’ approach may be
applicable that emphasises education and can cut across the myriad of compli cating
factors relevant to non-elite users of PIEDS. This would need to draw on high
levels of collaboration, a commitment to inter-disciplinary work across multiple
sites and contexts and concerted efforts to combine theory with practice to ensure
a translation of methods that can readily be implemented.71

60 Culture, values and ethnicity



Notes

1 Pound, R. W. (2008). Inside Dope: How Drugs are the Biggest Threat to Sports, Why you
Should Care, and What can be Done about Them. Ontario, CA: John Wiley; Simon, P.,
Striegel, H., Aust, F., Dietz, K. & Ulrich, R. (2006). Doping in fitness sports: estimated
number of unreported cases and individual probability of doping. Addiction, 101(11),
1640–1644.

2 Backhouse, S., McKenna, J. & Patterson, L. (2007). Prevention through education: 
A review of current international social science literature—A focus on the prevention
of bullying, tobacco, alcohol, and social drugs use in children, adolescents and young
adults. World Anti-Doping Agency/Carnegie Research Institute, Leeds University;
Backhouse, S., McKenna, J., Robinson, S., & Atkin, A. (2007). Attitudes, Behaviours,
Knowledge and Education—Drugs in Sport: Past, Present and Future. Montreal, QC: World
Anti-Doping Agency; Cooper, C. (2012). Run, Swim, Throw, Cheat: The Science Behind
Drugs in Sport. Oxford, UK: Oxford University Press; Hanstad, D. (2009). Sport, health,
and drugs: A critical re-examination of some key issues and problems. Perspectives in
Public Health, 129(4), 174–182.

3 Pampel, F. (2007). Drugs and Sport. New York: Infobase; Parisotto, R. (2006). Blood
Sports: The Inside Dope on Drugs in Sport. Melbourne: Hardie Grant.

4 Eitle, D., McNulty, J. & Eitle, T. (2003). The deterrence hypothesis re-examined:
Sports participation and substance abuse among young adults. Journal of Drug Issues,
33(1), 193–222.

5 Richard, A. J., Bell, D. C. & Carlson, J. W. (2000). Individual religiosity, moral
community, and drug user treatment. Journal for the Scientific Study of Religion, 39(2),
240–246.

6 Marsiglia, F., Kulis, S. & Hecht, M. (2001). Ethnic labels and ethnic identity as
predictors of drug use amongst middle school students in the southwest. Journal of
Research on Adolescents, 11(1), 21–48.

7 Eitle, D., McNulty, J. & Eitle, T. (2003). The deterrence hypothesis re-examined:
Sports participation and substance abuse among young adults. Journal of Drug Issues,
33(1), 193–222.

8 McCabe, S., Morales, M. Cranford, J., Delva, J., McPherson, M. & Boyd, C. (2007).
Race/ethnicity and gender differences in drug use and abuse among college students.
Journal of Ethnicity in Substance Abuse, 6(2), 75–95.

9 Bachman, J., Wallace, J., O’Malley, P., Johnstone, L., Kurth, C & Neighbors, K.
(1991). Racial/ethnic differences in smoking, drinking and illicit drug use among
American high school seniors. American Journal of Public Health, 81(3), 372–377.

10 Eitle, D., McNulty, J. & Eitle, T. (2003). The deterrence hypothesis re-examined:
Sports participation and substance abuse among young adults. Journal of Drug Issues,
33(1), 193–222.

11 Bloom, P., Hogan, J. & Blazing, J. (1997). Sports promotion and teen smoking and
drinking. American Journal of Health Behaviour, 21, 100–109.

12 Ingram, S. (2004). Buff enough? Current Science, 90(2), 4–5; Parisotto, R. (2006). Blood
Sports: The Inside Dope on Drugs in Sport. Melbourne: Hardie Grant.

13 Moston, S., Skinner, J. & Engelberg, T. (2012) Perceived incidence of drug use in
Australian sport: A survey of public opinion, Sport in Society, 15(1), 64–72.

14 British Medical Association (2002). Policy Instruments to prevent the use of drugs in
sport, in Drugs in Sport: The Pressure to Perform. London: British Medical Association.

15 Leeds Beckett Institute for Sport, Physical Activity and Leisure (2015). Social Psychology
of Doping in Sport: A Mixed-studies Narrative Synthesis. Montreal, QC: World Anti-
Doping Agency.

16 Ford, J. (2007). Substance use among college athletes: A comparison based on sport/team
affiliation, Journal of American College Health, 5(6), 367–373; Hildebrand, K., Johnson, D.
& Bogle, K. (2001). Comparisons of patterns of alcohol use between high school and
college athletes and non-athletes, College Studies Journal, 45(6), 358–365.

Culture, values and ethnicity 61



17 Laure, P. & Binsinger, C. (2005). Adolescent athletes and the demand and supply of
drugs to improve performance, Journal of Sports Science Medicine, 4, 272–277; Wiefferink,
C., Detmar, S., Coumans, B. Vogels, T. & Paulussen, T. (2008). Social psychological
determinants of the use of performance-enhancing drugs by gym users, Health Education
Research, 23(1), 70–80.

18 Selby, R., Weinstein, H. & Bird, T. (1990). The health of university athletes: attitudes,
behaviors and stressors. Journal of American College Health, 39(1), 11–18.

19 Wechsler, H., Davenport, A., Dowdell, G., Grossman, S. & Zanakos, S. (1997). Binge
drinking, tobacco and illegal drug use and involvement in athletics: a survey of students
at 140 American colleges. Journal of American College Health, 21(4), 195–200.

20 Petróczi, A. (2007). Attitudes and doping: A structural equation analysis of the
relationship between athletes’ attitudes, sport orientation and doping behaviour. Substance
Abuse Treatment, Prevention, and Policy, 2(34), 1–15; Petroczi, A. & Aidman, E. (2008).
Psychological drivers in doping: The life-cycle model of performance enhancement.
Substance Abuse Treatment, Prevention, and Policy, 3(7), 3–12.

21 Donovan, R. J., Egger, G., Kapernick, V. & Mendoza, J. (2002). A conceptual
framework for achieving performance enhancing drug compliance in sport, Sports
Medicine, 32(4), 269–284.

22 Ajzen, I. (1991). The theory of planned behaviour, Organizational Behavior and Human
Decision Processes, 50, 179–211; Ajzen, I. & Fishbein, M. (1980). Understanding Attitudes
and Predicting Social Behaviour. Englewood Cliffs, NJ: Prentice-Hall.

23 Strelan, P. & Boeckmann, R. (2003). A new model for understanding performance-
enhancing drug use by elite athletes. Journal of Applied Sport Psychology, 15, 176–183.

24 Petroczi, A. & Aidman, E. (2008). Psychological drivers in doping; The life-cycle
model of performance enhancement. Substance Abuse Treatment, Prevention, and Policy,
3(7), 3–12.

25 Smith, A., Stewart, B., Oliver-Bennetts, S., McDonald, S., Ingerson, L., Anderson, A.,
Dickson, G., Emery, P. & Graetz, F. (2010). Contextual influences and athlete attitudes
to drugs in sport. Sport Management Review, 13(3), 181–197.

26 Henning, A. (2014). (Self-)surveillance, anti-doping and health in non-elite running.
Surveillance & Society, 11, 494–507.

27 Burke, P. & Stets, J. (2009). Identity Theory, Oxford, UK: Oxford University Press;
Burstyn, V. (1999). The Rites of Men: Manhood, Politics, and the Culture of Sport. Toronto,
ON: University of Toronto Press; Mittal, B. (2006). I, me, and mine—how products
become consumer’s extended selves. Journal of Consumer Behaviour, 5, 550–562.

28 Claros, E. & Sharma, M. (2010). The relationship between emotional intelligence and
abuse of alcohol, marijuana and tobacco among college students, Journal of Alcohol and
Drug Education, 56(1), 8–37.

29 Lucidi, F., Grano, C., Leone, L., Lombardo, C. & Pesce, C. (2004). Determinants 
of the intention to use doping substances. International Journal of Sport Psychology, 35,
133–148; Lucidi, F., Zelli, A., Mallia, L., Grano, C., Russo, P. M. & Violani, C. (2008).
The social–cognitive mechanisms regulating adolescents’ use of doping substances.
Journal of Sports Sciences, 26(5), 447–456; Zelli, A., Mallia, L. & Lucidi, F. (2010). The
contribution of interpersonal appraisals to a social-cognitive analysis of adolescents’
doping use. Psychology of Sport and Exercise, 11, 204–311.

30 Erickson, K., McKenna, J. & Backhouse, S. H. (2015). A qualitative analysis of the
factors that protect athletes against doping in sport. Psychology of Sport and Exercise, 16,
149–155.

31 Lenskyi, H. (2003). Out on the Field: Gender, Sport and Sexualities. Toronto, ON:
Women’s Press; White, S., Duda, J. & Keller, M. (1998). The relationship between goal
orientation and perceived purposes of sport among youth sport participants, Journal of
Sport Behavior, 21(4), 474–484.

32 Strean, W. & Holt, N. (2001). Coaches’, athletes’ and parents’ perceptions of fun in
youth sports: Assumptions about learning and implications for practice. Avante, 63,
1–14.

62 Culture, values and ethnicity



33 Morris, L., Sallybanks, J., Willis, K. & Makkai, T. (2003). Sport, physical activity and
anti-social behaviour in youth. Trends and Issues in Crime and Criminal Justice, 249, 1–6.

34 Bairner, A. (2003). Globalization and sport: The nation strikes back. Phi Kappa Phi
Forum, 83(4), 34–37; Belk, R. (1996). Hyperreality and globalization: Culture in the age
of Ronald McDonald. Journal of International Consumer Marketing, 8(3), 23–37; Gems, G.
(1999). Sports, war, and ideological imperialism. Peace Review, 11(4), 573–578; van
Bottenburg, M. (2003). Thrown for a loss? (American) football and the European sport
space. The American Behavioral Scientist, 46(11), 1550–1562.

35 Brissonneau, C. (2006). Deviant careers: The case of cycling, In Ethics and Social Science
Research in Anti-Doping. WADA Conference, Larnaca, Cyprus, 13–14; Waddington, I.
& Smith, A. (2008). An Introduction to Drugs in Sport: Addicted to Winning. Oxford, UK:
Routledge.

36 Stewart, B. & Smith, A. (2010). Player and athlete attitudes to drugs in Australian sport:
implications for policy development. International Journal of Sport Policy, 2(1), 65–84.

37 Smith, A. & Stewart, B. (2008). Drug policy in sport: hidden assumptions and inherent
contradictions. Drug and Alcohol Review, 27, 123–129; Stewart, B. & Smith, A. (2010).
Player and athlete attitudes to drugs in Australian sport: implications for policy
development. International Journal of Sport Policy, 2(1), 65–84.

38 Laure, P. & Binsinger, C. (2005). Adolescent athletes and the demand and supply of
drugs to improve performance. Journal of Sports Science Medicine, 4, 272–277.

39 Petroczi, A. & Aidman, E. (2008). Psychological drivers in doping: The life-cycle
model of performance enhancement. Substance Abuse Treatment, Prevention, and Policy,
3(7), 3–12.

40 Stewart, B. & Smith, A. C. T. (2008). Drug use in sport: Implications for public policy.
Journal of Sport and Social Issues, 32(3), 278–298.

41 European Commission (2014). Study on Doping Prevention. A map of Legal, Regulatory
and Prevention Practice Provisions at p. 5.

42 www.theage.com.au/national/schools-urged-to-spell-out-risks-of-sports-drugs-
20130517-2js5b.html#ixzz2hjmI5LIv

43 See www.asada.gov.au/education/ for examples of online programs aimed at inter -
vention.

44 www.health.gov.au/internet/main/publishing.nsf/Content/role-of-the-national-integ
rity-of-sport-unit

45 Victorian Sports Anti-Doping Policy (2012 update at p. 2). Viewed at http://sport.
vic.gov.au/file/3226/download?token=yiLdZbbB

46 Bluestone Edge (2013) Access All Levels: Review & scope for a national education
program on illicit & performance enhancing drugs for sub-elite & community level
sport. Viewed at www.ausport.gov.au/__data/assets/pdf_file/0006/436749/Bluestone_
Edge_Access_All_Levels_Report_Oct13_FINAL.pdf

47 www.playbytherules.net.au/
48 www.playbytherules.net.au/resources/videos?pg=3
49 http://play-by-the-rules.s3.amazonaws.com/Resources/R068_Supps_Get_Informed.pdf
50 Access All Levels Report by Bluestone Edge, Recommendation 7 at p. 60.
51 https://elearning.asada.gov.au/
52 www.asada.gov.au/anti-doping-programmes/education/school-lesson-plans
53 www.health.gov.au/internet/main/publishing.nsf/Content/illicit-drugs-in-sport-IDIS-

online-education-programme
54 Leeds Beckett Institute for Sport, Physical Activity and Leisure (2015). Social Psychology

of Doping in Sport: A Mixed-Studies Narrative Synthesis prepared for the World Anti-Doping
Agency.

55 To date only 17 studies (Goldberg et al., 1990, 1991, 1996, 2000, 2003, 2007; Grossman
& Gieck, 1992; Tricker & Connelly, 1996; Trenhaile et al., 1998; Elliot et al., 2006,
2008; Ranby et al., 2009; Mottram et al., 2008; Laure et al., 2009; James et al., 2010;
Jalilian et al., 2011; Nilsson et al., 2004) have evaluated education programmes in
relation to behavioural intentions and actions.

Culture, values and ethnicity 63



56 See www.ohsu.edu/xd/education/schools/school-of-medicine/departments/clinical-
departments/medicine/divisions/hpsm/research/atlas-research-findings.cfm and www.
ohsu.edu/xd/education/schools/school-of-medicine/departments/clinical-departments/
medicine/divisions/hpsm/research/athena-research-findings.cfm

57 Ntoumanis, N., Ng, J. Y., Barkoukis, V. & Backhouse, S. H. (2014). Personal and
psychosocial predictors of doping use in physical activity settings: A meta-analysis. Sports
Medicine, 44(11), 1603–1624.

58 See http://ukad.org.uk
59 Mottram, D, Chester, N. & Gibson, J. (2008). Evaluation of a tutor network system for

a national education programme on drug-free sport. Sport in Society, 11(5), 560–569.
60 Leeds Beckett Institute for Sport, Physical Activity and Leisure (2015). Social Psychology

of Doping in Sport: A Mixed-Studies Narrative Synthesis prepared for the World Anti-Doping
Agency.

61 Ranby, K. W., Aiken, L. S., Mackinnon, D. P., Elliot, D. L., Moe, E. L., McGinnis,
W., & Goldberg, L. (2009). A mediation analysis of the ATHENA intervention for
female athletes: prevention of athletic-enhancing substance use and unhealthy weight
loss behaviors. Journal of Pediatric Psychology, 34(10).

62 Elliot, D. L., Goldberg, L., Moe, E. L., DeFrancesco, C. A., Durham, M. B., McGinnis,
W., & Lockwood, C. (2008). Long-term outcomes of the ATHENA (athletes targeting
healthy exercise & nutrition alternatives) program for female high school athletes.
Journal of Alcohol and Drug Education, 52(2).

63 Goldberg, L., Elliot, D. L., MacKinnon, D., Moe, E., Kuehl, K. S., Yoon, M., . . .
Williams, J. (2007). Outcomes of a prospective trial of student-athlete drug testing: The
Student Athlete Testing Using Random Notification (SATURN) study. Journal of
Adolescent Health, 41(5), 421–429.

64 Mottram, D, Chester, N & Gibson, J. (2008). Evaluation of a tutor network system for
a national education programme on drug-free sport. Sport in Society, 11(5), 560–569.

65 James, R., Naughton, D. P. & Petróczi, A. (2010). Promoting functional foods as
acceptable alternatives to doping: potential for information-based social marketing
approach. Journal of the International Society of Sports Nutrition, 7, 37–39.

66 Jalilian, F., Allahverdipour, H., Moeini, B. & Moghimbeigi, A. (2011). Effectiveness of
anabolic steroid preventative intervention among gym users: Applying theory of planned
behavior. Health Promotion Perspectives, 1(1), 32–40.

67 Elbe, A. M. & Brand, R. (2014). The effect of an ethical decision-making training on
young athletes’ attitudes toward doping. Ethics & Behavior, 26(1) 32–44.

68 Laure, P., Favre, A., Binsinger, C. & Mangin, G. (2009). Can self-assertion be targeted
in doping prevention actions among adolescent athletes? A randomized controlled trial.
Serbian Journal of Sports Sciences, 3, 105–110.

69 Leeds Beckett Institute for Sport, Physical Activity and Leisure (2015). Social Psychology
of Doping in Sport: A Mixed-Studies Narrative Synthesis prepared for the World Anti-Doping
Agency, at p. 178.

70 Dunn, M. & White, V. (2011). The epidemiology of anabolic–androgenic steroid use
among Australian secondary school students. The Journal of Science and Medicine in Sport,
14(1); see also www.abc.net.au/news/2013-07-14/prestigious-high-schools-warn-
students-about-drug-use/4818956 and www.theage.com.au/national/sports-drugs-
tempt-teens-20131004-2uzvx.html#ixzz2hHuaJiHC

71 For a longer discussion on future research priorities and processes in doping, see Leeds
Beckett Institute for Sport, Physical Activity and Leisure (2015). Social Psychology of
Doping in Sport: A Mixed-Studies Narrative Synthesis prepared for the World Anti-Doping
Agency.

64 Culture, values and ethnicity



5
THOUGHTS, FUNCTIONS,
BRAINS AND BOOSTERS

Cognitive enhancers as PIEDS

Introduction

This chapter provides an overview of cognitive enhancement PIEDS, an emerging
but nascent subject of interest that promises to grow and gather greater importance.
As will be discussed, the area is complex due to the plethora of terms used to
describe variants of cognitive enhancers, as well as a variety of overlapping
substances that are often labelled as ‘smart drugs’, including prescription (e.g.
methylphenidate, modafinil), non-prescription (e.g., caffeine, gingko biloba,
vitamin B6) and illicit (e.g. cocaine, ecstasy) PIEDS. While cognitive enhancement
generally refers to the use of drugs or other substances in order to improve
cognitive function—typically in relation to brain disorders or dysfunction—the
term is employed more specifically in reference to the use of substances by healthy
individuals as a form of ‘neuro-enhancement’.1 Cosmetic neurology is another
term used to communicate the artificial enhancement of an individual’s normal
cognitive function.2 The practice is hotly debated in the neuroscience community,
both in relation to its efficacy and, similar to performance enhancing drugs in
sport, its ethical implications.

The promise of so-called ‘smart drugs’ has captured the media’s imagination,
leading commentators to enthusiastically extol their virtues as almost magical mind
enhancers.3 A quick search of the Internet reveals a proliferation of providers
offering a variety of easily available ‘brain boosters’, along with claims that the
substances have been embraced by entrepreneurs, busy executives and college
students alike. However, of particular concern to the medical community is the
misuse of prescription drugs developed to treat neurodegenerative disorders, such
as Alzheimer’s and Parkinson’s disease, as well as for developmental conditions 
like attention deficit hyperactivity disorder (ADHD). The consumption of these
substances by healthy individuals to enhance alertness, creativity, concentration,
memory or problem-solving abilities now occurs within many segments of the



population, and is also of interest in the sport and recreation context. In fact,
WADA has acknowledged the potential for cognitive enhancing substances to
artificially augment athlete ability, and many of the prescription drugs commonly
used—or misused—as cognitive enhancers are classified as stimulants and therefore
subject to prohibition by WADA during competition.4

Common types and use of cognitive enhancers

Cognitive enhancers are popularly referred to as ‘nootropics’. The term, meaning
‘acting on the mind’, which derives from the Greek words noos (mind) and tropein
(towards), was coined in 1972 by Romanian neuroscientist Corneliu Giurgea,
after observing the memory-enhancing properties of piracetam in clinical trials.5

While the term tends to be used interchangeably with ‘cognitive enhancer’,
nootropics originally referred to substances with the following features: enhance -
ment of learning acquisition; resistance to impairing agents; facilitation of inter-
hemispheric transfer of information; enhanced resistance to brain ‘aggressions’;
increased tonic, cortico-subcortical ‘control’; and the absence of the usual
pharmacological effects of neuro-psychotropic drugs.6

The most commonly used prescription drugs for cognitive enhancement include:
modafinil, which is used in the treatment of narcolepsy; psychostimulants such as
methylphenidate or mixed amphetamine salts including dextroamphetamine, used
to treat ADHD; and drugs such as donepezil that are used to treat Alzheimer’s
disease.7 The actual usage rate of prescription medications or illicit drugs specifically
for the purpose of cognitive enhancement is subject to much debate.8 One
frequently mentioned study, conducted by the scientific journal Nature, found that
20% of their readers had used some form of cognitive enhancing drug.9 However,
the results have been widely questioned due to a self-selection sampling method.
An Australian study reported that 2.4% of adults surveyed indicated that they had
taken prescription medication to enhance concentration or alertness, with 8%
declaring that they knew of someone who had done so.10 While there are many
other studies exploring the use of drugs for cognitive enhancement, particularly
stimulants, these studies often do not pay any attention to non-medical usage. In
fact, while many substances may be used for cognitive enhancement, they may
also be consumed for recreational use, such as to provide a feeling of euphoria, to
stay awake when studying or even to curb appetite in an effort to lose weight.11

Methylphenidate, which is distributed under various trade names, including
Ritalin, is reported to be the smart drug of choice for students.12,13 Many of 
the studies exploring the non-medical use of prescription drugs for cognitive
enhancement have focused on assessing their prevalence in academic contexts. For
example, lifetime use of prescription stimulants for cognitive enhancement by high
school and university students in Germany was found to be 1.29%,14 while 7.6%
of Swiss university students reported using prescription drugs at least once for
cognitive enhancement.15 In New Zealand, lifetime use amongst university students
was found to be 6.6%,16 and in the United States, non-medical use (although not
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specifically for cognitive enhancement) of prescription stimulants by high school
seniors was reported to be 9.5%,17 with 16% amongst undergraduate students.18

A review of studies highlights a significant variability in the actual prevalence
of usage, with lifetime non-medical use of stimulants by students ranging from 1.7
to 55% (the latter in a sample of university students in fraternities).19 Other research
suggests that students are particularly attracted to cognitive enhancers in order to
improve learning, reduce nervousness, help with relaxation or sleep and to cope
with pressure.20 However, an alternative explanation for their appeal to students,
particularly stimulants, is that they may also impact upon a user’s emotional state,
which improves engagement with study and its consequent enjoyment.21

It remains unclear precisely how cognitive enhancers work, particularly in
healthy individuals. However, researchers are making headway into understanding
the mechanisms through which some of these enhancers may operate, especially in
relation to offsetting cognitive deficits. For example, a recent review proposed 19
different classifications based on the ways various smart drugs may impact on
cognition, such as drugs that interact with receptors, drugs that interact with
enzymes and drugs that interact with reuptake transporters.22 Methylphenidate is an
example of the latter. It is a stimulant related to amphetamine23 and acts as a
catecholamine reuptake inhibitor;24 methylphenidate essentially ‘increases the synaptic
concentrations of dopamine and noradrenaline by blocking their reuptake’.25

Dopamine has been shown to impact on working memory and also attention.26

In contrast, the precise manner in which modafinil operates is not fully under -
stood.27 However, while the mechanism of action is believed to differ from
methylphenidate,28 it may have similar effects on the reuptake of dopamine and
norephinephrine. In addition, the drug may have an effect on neurotransmitters
such as serotonin and glutamate.29

Nootropics, like racetams, are derivatives of the parent compound piracetam
and share a common pyrrolidone structure. Racetams, including piracetam, deliver
benefits to impaired patients through positive modulation of glutamate receptors
in neurons.30

While much of the debate on cognitive enhancement focuses on the use of
prescription medication, it should be noted that other non-pharmacological options
for augmenting brain power have also elicited interest, resulting in a predictable
surge of popularity. ‘Brain power’ enhancers, including physical exercise, sleep,
meditation, yoga, music, computer-based exercises and brain stimulation, can all
contribute to maintaining and enhancing optimal cognitive functioning.31

Furthermore, many of these alternatives are inexpensive, safe and devoid of adverse
effects, but they are not nearly as easy as just taking a magic pill.

Impact and ethics of cognitive enhancement

A number of studies have attempted to determine the effectiveness of certain
prescription drugs as cognitive enhancers on healthy individuals. In general,
research suggests that their effects are modest at best. A systematic review of studies
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exploring two of the most common drugs used for cognitive enhancement by
healthy individuals—methylphenidate and modafinil—found little evidence to
support their efficacy.32 In relation to methylphenidate, the researchers reported
that firm conclusions could not be drawn, due to a lack of consistent evidence
across studies. However, they recognised some evidence of a positive effect on
spatial working memory in healthy individuals. With modafinil, the researchers
noted some enhancement, particularly in relation to attention, but no effect was
found on memory, mood or motivation.

Some significant challenges when trying to draw conclusions from the limited
existing research should be kept in mind. First, there is no consensus as to which
battery of tests are best used to assess the effectiveness of cognitive enhancing drugs
on healthy individuals in order to enable comparison across studies. Furthermore,
very few studies have examined repeated doses or long-term implications of how
brain chemistry may be affected,33 or have tested a range of different dosages.34

Finally, cognitive enhancers can exhibit both linear and quadratic (U-shaped)
effects.35 This means that an effective dosage facilitating any given cognitive
behavi our may also have detrimental (or no) effects on other cognitive behaviours.

In addition to the lack of clarity surrounding the effectiveness of cognitive
enhancers, cautions have been issued against the use of prescription drugs,
particularly if done so without medical supervision or contrary to their recom -
mended purpose.36 Some cognitive enhancers carry the potential for serious side
effects or addiction, and little is known about the long-term effects of use. Methyl -
phenidate, for example, has been associated with a broad range of potential 
side effects including headaches, seizures, hypertension, cardiac arrest, anxiety,
depression and anaphylactic reactions.37

Another area of controversy associated with cognitive-enhancement PIEDS
concerns the ethical implications of their use. Similar to PEDS used to artificially
augment physical performance, drugs and substances to enhance cognitive
performance have attracted ethical questions around whether they constitute
cheating, with familiar worries that they compromise a ‘level playing field’. For
example, some commentary has suggested that the use of cognitive-enhancing
drugs reflects a society where high achievers are revered and failure is to be
avoided at all costs, irrespective of whether the user is a student, an athlete or a
day trader.38 The acceptance, or the normalisation, of cognitive enhancers has
implications for both personal and social identity, as well as the overarching social
costs, as these promote a ‘hypercompetitive’ society as opposed to a more
humanitarian one that accepts natural human limitations.39

Furthermore, as discussed previously, many athletes practise ‘defensive doping’
and take PEDS in the belief that their fellow competitors are already users. Similar
concerns suggest that increased use and acceptance of cognitive enhancers may
lead to coercion—either explicit or implicit—due to the perception that everyone
else is taking them.40,41 Research with German university students confirmed a
type of ‘contagion effect’ whereby students were more willing to use cognitive
enhancers if they perceived others in their social circles to be taking them.42
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Finally, there are also ethical concerns pertaining to the safety of cognitive
enhancers, particularly prescription drugs, given the lack of research into the
effects on healthy individuals and longer-term usage.43 However, despite the
significant ethical controversy that has been raised around cognitive enhancers,
prohibiting their use is likely to fail.44

While the efficacy of many of the current means of cognitive enhancement is
subject to debate and may only promise modest gains, the future is likely to bring
with it more effective products, and increased usage.45,46 As a result, helpful future
research into cognitive enhancement should consider the interaction effects when
combined with behavioural approaches to improve cognition, such as on working
memory tasks.47

Cognitive enhancement in sport

The WADA prohibition of stimulants for in-competition use attempts to capture
any substance that may also impact cognition as well as physical performance. 
As of 2018, this grouping, referred to as ‘S6’ in the prohibited list,48 refers to over
60 stimulants, with a catch-all for any ‘other substances with a similar chemical
structure or similar biological effect(s)’. Methylphenidate appears as a specified
substance on the WADA list, while modafinil49 is non-specified.50 The distinction
between specified and non-specified relates to the amount of discretion associated
with imposing a penalty for contravention. Specified substances include more
leeway, given an assumption that such substances may be relatively more likely to
inadvertently enter an athlete’s system.51

Recently, modafinil has been carefully monitored as a pharmaceutical, with the
European Medicines Agency indicating that while the drug is suitable for treating
narcolepsy, it is not recommended for sleep conditions such as obstructive sleep
apnoea, shift work sleep disorder and idiopathic hypersomnia,52 despite such usages
being supported in other parts of the world. Nonetheless, the UK Army has
reportedly tested a variety of stimulants, including modafinil, aimed at keeping
their personnel alert during times of battle, noting that the military is not under
the same prohibitions as athletes.53 The use of modafinil has also been linked in
medical studies to astronauts visiting the International Space Station as a means of
dealing with disrupted sleep, and in particular, the circadian dyssynchrony brought
about by the relatively rapid transitions between light and dark when in orbit.54

Adoption by institutions renowned for being at the cutting-edge of science is
likely to amplify the perception that modafinil has some benefit in increasing
memory and alertness, despite its equivocal outcomes as a cognitive enhancer in
studies using healthy subjects.55

Stimulants that can elicit some sort of cognitive effect on athletes go 
beyond modafinil and methylphenidate, and can be grouped in a myriad of 
ways. Docherty,56 in reviewing the pharmacology of stimulants prohibited by
WADA, categorised these by ‘mode of action’, placing just two substances—
meclofenoxate and phenylpiracetam—in the nootropic mode, with the majority

Cognitive enhancers as PIEDS 69



of stimulants, including methylphenidate, classified as monoaminomimetic agents.
Meclofenoxate, a specified stimulant on the WADA list, is typically used in the
treatment of Alzheimer’s disease and is said to also aid in recovery from fatigue.57

Phenylpiracetam, non-specified by WADA, appears largely confined to use in
Russia. This drug is an analogue of piracetam, supposedly developed to assist
cosmonauts battle fatigue associated with their visits to space stations in the 1980s.58

It is reported to have anti-amnesic and memory-enhancing effects.59

Broadly speaking, the application of nootropics and associated cognitive
enhance ment remains relatively unexplored for sporting advantages. One website60

providing information on a range of nootropics, including the ‘stacking’ of 
elements for maximum effect, offers an e-book entitled The Encyclopedia of
Nootropics. The book presents 27 types of nootropics, ranging from natural and
dietary supplements (e.g. ginkgo biloba, huperzine A and bacopa monnieri) through
to pharmacological stimulants (e.g. adrafinil and modafinil), with ‘racetams’ (e.g.
aniracetam, oxiracetam and pramiracetam) also considered. Racetams, through the
activation of glutamate receptors, are purported to aid in memory cognition.61

While only phenylpiracetam is specifically mentioned on the WADA list, other
forms of racetams, given their similar chemical structure, might be of concern to
professional athletes.

Challenges for athletes

The uncertainty over the benefits and applications of cognitive enhancers makes
it difficult for professional athletes to establish a clear demarcation as to what is
permissible and what is not.62 A saving grace for many athletes would be that
stimulants are primarily only banned in competition, and many have a relatively
brief half-life, making their evacuation prior to events simple to achieve.63,64

To legitimately use cognitive-enhancing substances while in competition
requires a Therapeutic Usage Exemption (TUE), a complex and somewhat
contentious area in the world of sport given the side effects of some drugs and the
need to balance genuine treatment with the potential for unfair enhancement.
WADA acknowledges that athletes may have illnesses or conditions that require
medications that are on the prohibited list to be used under strict guidelines.65 To
assist, an International Standard for Therapeutic Use Exemptions was created,
which details not only the conditions that must be satisfied for a TUE to be
granted, but also various application, recognition and confidentiality processes.66

Section 4 of the TUE standard is clear on the strict circumstances warranting
an exemption: 1) the prohibited substance must be required for the treatment of
an ‘acute or chronic condition’; 2) for the substance to largely return the athlete
to a ‘normal state of health’ and not ‘produce any additional enhancement of
performance’; and 3) that there be no reasonable therapeutic alternative. Further -
more, as outlined in Section 5 of the standard, TUE committees include at least
three physicians with experience in athlete care and who possess sufficient
knowledge of clinical, sports and exercise medicine.
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Usage

While the potential benefits of the substances outlined in this chapter may be
questionable in terms of pure sporting performance, their usage during training
periods might be advantageous given their ease of availability, and potential to
enhance not just physical elements such as recovery, but the many complex and
taxing mental tasks that athletes perform regularly. These may include many hours
of performance or game analysis, pre-performance anxiety, tactical preparation and
increased travel interrupting sleep patterns.

While studies on the use of cognitive enhancers in sport are not yet available,
some informative data can be assembled, including the numbers of athletes suffering
from conditions for which stimulants are a recommended form of treatment. For
example, Major League Baseball (MLB) in the US, which has endured allegations
of substance abuse by leading players in the past, is now more proactive in
regulating and monitoring players.67 As a result, the MLB produces an annual
report that summarises their drug-testing regimen. In 2016, this report68 detailed
8281 tests conducted during the reporting period, including 6634 urine samples
and 1647 blood samples. These tests yielded 15 adverse findings, three of which
were for stimulant use.

MLB is played across a season where athletes compete on a highly frequent
basis,69 making the ability to manage permissible substance use in and out of
competition extremely difficult. Interestingly, the report notes that 107 TUEs
were granted during the period, 105 of which were for attention deficit disorder.
That places the proportion of players in MLB seeking a therapeutic exemption for
attention deficit disorder at approximately 7.5%.70 Comparing that to the general
adult US population is challenging, as attention deficit disorder tracking mainly
focuses on children, despite the fact that it does also affect older groups.
Nevertheless, a 2006 report71 estimated the prevalence of adult ADHD in the
United States to be 4.4%, although substantial increases in childhood diagnosis in
recent years are likely to have raised that number.72 It should also be noted that
the prevalence of this condition is skewed strongly towards males.73 Further, as
exercise benefits many children and adults with ADHD,74 it is possible that sufferers
may be drawn to competitive sport as a way of dealing with the condition.75

While not technically considered a cognitive enhancer, the addition of the
relatively unknown drug meldonium (an anti-ischaemia medication with limited
distribution, primarily in Eastern Europe) to the WADA banned list on 1 January
2016, provides some insight into how athletes might behave with regards to
prescription medications. Meldonium is classed as an S4 metabolic modulator,76

making it non-permissible at all times. According to a tweet77 by WADA in mid-
April in 2016, testing had revealed 172 adverse analytical findings (positive tests)
in just 104 days of the substance moving onto the banned list. While the number
of athletes testing positive perhaps speaks more directly to the dissemination of
information on which substances have been added to the WADA list, it does raise
some questions as to how many professional athletes were in need of the medication 
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at the time it was legal. After all, it could be reasonably expected that far more
stopped usage (or sought an exemption) once the ban came into force.

A natural inclination for athletes to consider using drugs and substances not on
the WADA list is to be expected, given the range of competitive and commercial
factors that weigh heavily on their performance expectations. Legal drugs or
substances that can offer some performance benefit, even if their therapeutic need
is questionable, can be appealing to many in the search for a winning edge. Most
serious athletes are likely to be on vitamin and other (legal) substance regimens for
much of their lives in what has been described as akin to an ‘. . . arms-race quality
to performance enhancing strategies in sport’.78

Implications and issues

If we accept that sporting endeavours demand considerable preparation and not
just execution, how athletes train their bodies and minds must be critical in the
lead-up to high performance. Cognitive enhancers that facilitate greater learning and
memory capability should be invaluable in almost every sport given the complexities
of performance execution through technical analysis, enhanced coaching and
kinesiology. Elite athletes must make numerous micro-decisions under intense
pressure and, for the most part, are trained to revert to their ‘muscle-memory’.

The role of nootropics and cognitive enhancers in this process raises enormously
complex ethical issues that can be applied more broadly to society, as previously
highlighted. While pharmacological interventions to return individuals to a normal
base of operation, or limit cognitive decline, are socially and culturally accepted,
the provision for cognitive enrichment of otherwise healthy (and indeed in the
case of sport, typically physically elite) individuals remains decidedly ambiguous.

Uncertainty over the ethics of cognitive enhancement may be due partly to
sport’s long history as a physical endeavour. That is, sport has always largely
revolved around physical exertion: running, jumping, lifting, throwing, swimming,
kicking and so forth. While cerebral decision making has always featured, its
importance has recently been elevated given the increasing data and related
information provided to modern athletes. To take just one example, professional
tennis players, once adept at sizing up the strengths and weaknesses of opponents
and matching their physical exploits based on this assessment, now have access to
data on every conceivable permutation and combination in a match. While some
sports assist athletes in information management—photography of formations,
headsets in helmets and complex play-charts all feature in American Football, for
example—a tennis player is ‘on his or her own’ in a professional match, technically
forbidden from communicating with coaches or using technological aids.

The trickle-down effect on amateur and recreational athletes in the area of
cognitive enhancement is likely to be significant. Given their popular perception
as smart drugs, the use of terminology such as nootropics suggests that favourable
brain training is possible. Indeed, the general appearance of cognitive enhancers
in society in the context of improved study or child learning has the potential to
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become normalised. As a result, the ethical question of using cognitive enhancement
more broadly in society is often equated to doping in sport.79 Research has
indicated that adults are twice as likely to accept the use of cognitive enhancers
compared to performance enhancing drugs (i.e. doping) use by athletes,80 although
levels of acceptance in both cases still remain low.

With society adept at ‘popping a pill’ to solve ailments, cognitive enhancers in
a portable and easily ingestible form makes them far easier to justify for the
recreational sportsperson looking to overcome the fatigue of a workday before
playing in a local club competition. Consumption may be further rationalised
given the perceptions (if not the reality) of many nootropic and cognitive-
enhancement agents as being relatively benign in terms of side effects. This
situation may already have manifested, with a study of recreational triathletes in
Germany suggesting that as many as 15% of participants were engaged in cognitive
enhancement through substances such as modafinil and methylphenidate.
Interestingly, 13% of the same participants indicated usage of drugs like steroids,
EPO or growth hormones, lending credibility to the theory that significant cross-
over exists between body and brain-doping.81

The effects that substances such as modafinil and methylphenidate have on
athletes are not well understood, but some insights are beginning to appear in
other competitive contexts. In a widely reported study published in early 2017,82

European researchers found cognitive improvements in highly skilled chess players
who used nootropics as well as mega-doses of caffeine, suggesting that even high-
functioning thinkers can yield benefits from cognitive enhancement. Caffeine has
the advantage that it only appears on WADA’s monitoring programme, and has
not been explicitly prohibited since 2004.

The findings of the chess study are particularly interesting for understanding the
complexity of cognitive enhancement through the use of stimulants. While one
would presume that a stimulant, given its name, would speed up the thinking
process or increase the quality of thinking in a given time period, the results suggest
this only partially occurs. In fact, high-level chess players spent more time on each
decision, making calculations and assessments that were both more thorough and
more time consuming. In effect, better decisions were made, but were made more
slowly. The ‘increased reflection time’ reported by the study was calculated at approx -
imately two minutes more per match83 (chess players had 15 minutes per match for
their moves) for those using the stimulants. As some chess is played to a time limit,
some players in the study fell foul of standard time regu lations, but the overall
quality of play could be improved if the effect of time regulations were excluded.

The implications, if applied to sport more broadly, are fascinating if cognitive
enhancers prioritise reflection-based decision making rather than the speed of
decision making. Chess constitutes a focused cognitive pursuit and requires a suc -
cession of mentally challenging matches, the implication being that generalisability
to sport might be limited. At the very least, more research remains essential.
However, the time ‘trade-off’, in principle, poses an interesting conundrum if
applied more broadly, given that sport is often played under the intense pressure of
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the kind of rapid-fire decision making that can distinguish the amateur from the
professional. Such a distinction may be the difference between life and death for a
racing car driver. Or, it might compromise an NFL quarterback who takes more
sacks because of increased processing time, but provides him with a greater pro -
portion of successful passes when sacks are avoided, leading to an awkward counter-
balance between positive and negative effects. Each sport and each situation will
have its own nuances, making the impact of cognitive enhancement difficult to
categorise. It is also worth noting that the concept of a speed–accuracy trade-off has
been explored with differing results by other researchers, albeit outside of sport.84

The impact of caffeine adds further weight to the role it plays in performance
enhancement. Caffeine seemingly has the dual role of boosting physical performance
by limiting perceptions of fatigue,85 and mental performance through increased
processing time,86 giving it an unassailable claim to being the world’s most popular
performance enhancing drug.87

Conclusion

The focus of cognitive enhancement research on improved memory, learning and
task fulfilment has meant that the impact in more physical pursuits such as sport
has not yet been fully explored. WADA only bans stimulants during in-competition
activities, leaving fertile training periods where elite athletes can pursue cognitive
enhancement. At the very least, a caffeine regimen would be given consideration
by most athletes as it is not on the banned list of stimulants. Numerous ethical
issues remain, however, particularly in the use of prescription drugs for the cog -
nitive enhancement of healthy adults or through therapeutic use exemptions in
elite sport. While cognitive enhancers may at best offer modest improvements 
in memory or decision making, there remains a need for significant contextual
research to better understand the mechanisms of these improvements, mainly in
terms of speed and accuracy trade-offs, and the potential for increased reflection
time leading to deeper thinking. With athletes already likely to be relatively
attuned to the decision processes of their sports, the potential for cognitive
enhancers to interfere with behaviours or other cognitive processes in a negative
way cannot be discounted. For the recreational athlete, there appears to be limited
evidence to suggest that cognitive enhancement is a significant issue. However, its
relative acceptance in comparison to strength or endurance doping is an area of
concern, suggesting that policies will be needed to ensure that ‘brain-doping’ does
not become a social norm on playing fields across the world.
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6
PROTEIN, PROHORMONES,
STEROIDS AND STIMULANTS

Performance and image enhancing
drugs and substances typology 
of classes

Introduction

In this chapter, we provide a detailed PIEDS typology consisting of 15 classes. Any
attempt to typologise PIEDS must navigate the complexity of types, effects and
compounds. For example, many different forms of PIEDS can be employed to
target similar physical outcomes, but each may comprise a completely different
effect size and risk profile. As previously highlighted, in order to account for 
the significant differences between PIEDS, we have classified them across three
main strata, Dietary and Nutritional Supplements (DNS); Enhancement and
Augmentation (EA); and Performance Enhancing Drugs (PEDS).

DNS have been further sub-categorised into four types of effects: 1) Power &
Muscle; 2) Energy & Endurance; 3) Fat & Metabolism; and 4) Immunity 
& Inflammation. EA comprises a single category, labelled number ‘5’. PEDS
encompasses 10 sub-categories, from ‘6–15’: 6) Anabolic Agents; 7) Hormones;
8) Hormone Manipulators; 9) Beta-2 Agonists; 10) Masking Agents; 11) Stimulants
(and 11b Cognitive Enhancers); 12) Pain & Pleasure Narcotics; 13) Adrenal
Manipulators; 14) Psychoactives; and 15) Anti-inflammatories.

Our classification decisions also straddle a diverse range of legal, illicit, banned
and permitted compounds, some useless, some innocuous, some mildly helpful,
some advantageous, some potent and some dangerous. It is therefore problematic
to place a mild dietary and nutritional supplement in the same classification schema
as a powerful pharmaceutical. In addition, we favoured a classification system
consistent with conventional and well-accepted groupings. To that end, where
possible, we have maintained a classification schema for PEDS consistent with
WADA’s model. A summary matrix is provided next for each sub-category of
PIEDS, which highlights each category’s major descriptors.



Category Harm
profile

Legal status/
WADA status

Performance
effects

Performance
magnitude

User profile

A. DNS

Power &
muscle

None to
mild

Legal 

Permitted

Size
Strength
Recovery

None to small Bodybuilders
Athletes
Image users

Energy & 
endurance

Longer efforts
Less fatigue

Athletes
Students
Shift workers

Fat &
metabolism

Burns
calories
Fat loss

Image users
Weight-class
athletes

Immunity &
inflammation

Recovery
Health

Athletes
Heath users

B. EA

Enhancement/
augmentation

Moderate Legal (under
medical
supervision)

Permitted

None to
negative

N/A Image users
Bodybuilders

C. PEDS

Anabolic agents Moderate
to
significant

Size
Strength
Recovery
Fat loss

Medium to very
strong

Athletes
Bodybuilders
Fitness users
Image users

Hormones Size
Strength

Bodybuilders
Athletes

Hormone
manipulators

Size
Strength

Bodybuilders
Athletes

Beta-2 agonists Size
Aerobic
performance
Fat loss

Bodybuilders
Fitness
competitors

Masking agents Conceals
PEDS

Competitive
athletes

Stimulants Concentration
Less fatigue
Fat loss

Athletes
Weight loss users
Fitness
competitors
Recreational
users

Pain/pleasure
narcotics

Recovery
Relaxation
Injury return

Athletes
Pleasure seekers

Adrenal
manipulators

Steady hands
Concentration
Relaxation
Recovery

Controlled skill
sport players
Recreational
relaxation-
seekers

Psychoactives Stress release
Relaxation

Elite athletes
Pleasure seekers

Anti-
inflammatories

Pain relief
Injury return

Serious athletes

Summary matrix

Mostly illegal

Mostly banned
(subject to
therapeutic
use
exemptions)



DIETARY & NUTRITIONAL SUPPLEMENTS: Category 1

CATEGORY 1.
Power and muscle 
DNS

Protein supplements (and weight gainers)
Amino acids
Muscle builders
Testosterone boosters

Supplement Summary of effects

Protein supplements
and weight gainers:

Whey protein
Milk protein
Casein protein
Beef protein
Soy protein
Hemp protein
Rice protein
Pea protein

Protein supplements—usually in the form of flavoured
powder concentrates and isolates—are consumed orally
in order to add dietary protein, especially during ‘peri-
workout’ periods (before, during and/or after exercise).
The powders may be derived from a range of sources
including milk (most common in the forms of whey and
casein), rice, pea, hemp, beef and fish.

Supplemental protein works by enhancing muscle protein
synthesis, especially following intense muscular exercise,
thereby bolstering recovery and facilitating muscular
hypertrophy (growth).1 With longer, more frequent and
heavier volumes of training, protein supplementation
promotes muscle size and strength in both untrained and
trained individuals, which means that it has benefits for
almost everyone from the novice recreational exerciser to
the elite weightlifter. Some evidence suggests that protein
supplementation accelerates aerobic endurance as well as
anaerobic power.2 For these reasons, protein supplements
are the most common DNS amongst athletes and
appearance-oriented users interested in larger muscles.
Protein supplementation has also been shown to preserve
muscle mass in older adults, as well as during caloric
restriction.3 As a result, protein powders are increasing in
popularity with heath-conscious older exercisers and
middle-aged dieters.

Numerous studies have demonstrated that the effects of
protein supplementation are similar across all protein
classes.4 For example, whey and rice protein isolate after
exercise have been shown to improve body composition
and physical performance.5 In addition, protein
supplementation at other times, such as prior to sleep,
has been linked to superior muscular recovery and
hypertrophy.6 While using protein supplements
consistently delivers acute effects on muscular anabolism,
their effects remain debated. Clinical studies have
recorded effects ranging from the negligible and marginal,
to the mild and moderate.7 It is certainly clear that the
promises of ‘massive gains’ plastered on protein labels
and print and electronic promotions do not match the



Supplement Summary of effects

results of controlled trials. There is no evidence that
protein supplementation is more effective than food
protein sources.8

Protein supplements are generally regarded as safe and
convenient, if not always necessary.9 In fact, whey protein
has been associated with a lower risk of metabolic
disorders and cardiovascular diseases.10 Prospective
users with dysfunctional livers or kidneys should seek
advice from a medical practitioner prior to consuming
protein supplements.

Amino acids
Branched-chain
amino acids
Essential amino
acids
Histidine
Isoleucine
Leucine
Lysine
Methionine
Phenylalanine
Threonine
Tryptophan
Valine

Protein contains amino acids, of which 20 are considered
biologically significant and nine are essential to a
complete nutritional profile.11 If ingested individually,
various amino acids are associated with improved
physical health and athletic performance. As a result,
amino acids are placed amongst the top five most popular
sports supplements.12 For the athlete or appearance-
conscious individual, taking certain amino acids may
strengthen the metabolic transformations necessary to
induce muscle growth, endurance, recovery and fat 
loss.13 Amino acids can be found in any protein source.
Several of the most popular amino acids are reviewed in
forthcoming sections, as they each putatively deliver
different physical effects.

Under the Power and Muscle category, the most
prominent amino acid DNS comprises a combination of
three—branched-chain amino acids (BCAA)—that have
been associated with the processes of muscular growth
and recovery.14 BCAAs refer to three amino acids:
leucine, isoleucine and valine. BCAA supplementation
has been shown to elevate muscle protein synthesis and
enhance muscle growth over time.15 It also prevents
fatigue and supports recovery after intense exercise.16

However, the evidence suggests that additional
supplementation is unnecessary for people with an
adequate protein intake.17

Creatine
monohydrate

Creatine monohydrate is a molecule produced in the body
that releases energy to aid cellular function. Creatine
supplementation therefore aids the brain, bones, muscles
and liver. The benefits of creatine include improvements in
lean mass,18 power19 and muscle size.20 Creatine is safe,
although excessive dosages have been linked to digestive
discomfort.21

DIETARY & NUTRITIONAL SUPPLEMENTS: Category 1 continued
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Testosterone
boosters:

D-Aspartic acid
Horny goat weed
Maca
Tribulus terrestris

Longifolia Jack
Ecdysteroids
Fenugreek
Holy basil
Stinging nettle
Coleus forskohlii

Ginger
Saw palmetto
Vitamin D

Testosterone boosters purportedly increase testosterone
levels in the blood. Higher testosterone is associated with
muscle growth. As the corresponding list confirms, the
number of supplements claiming to boost testosterone is
too large to review individually. However, studies
investigating testosterone boosters suggest that they do
not work. Most testosterone boosters have no clinical
effect,22 while the handful that do so appear to deliver
marginal benefits unless the user suffers from a
deficiency in an essential area, such as vitamin D.23

Also problematic is that many supplement brands report
the effects from studies conducted on rodents rather
than human trials.24

Some of the more popular testosterone boosters include
vitamin D and curcumin. These are reviewed later as
‘antioxidants’, but can have a mild testosterone-boosting
effect. Others demonstrating a small effect include royal
jelly,25 fenugreek (small26 or no effect27) and Tongkat Ali
(promising effects, especially in older populations.28

However, it remains unclear whether the fleeting bumps
in testosterone caused by DNS boosters affect muscle
mass.29 It may have some therapeutic advantages for
erectile dysfunction.30 The available evidence suggests
that testosterone-boosting supplements do not
outperform ‘testosterone-friendly’31 foods such as
garlic.32

Summary Performance advantages Health disadvantages/risks

• Dietary protein above
the recommended daily
intake aids fat loss.33

• Protein increases lean
mass.34

• Protein increases
muscle protein
synthesis.35

• BCAAs attenuate fatigue
and encourage
recovery.36

• Creatine augments lean
mass and extends
endurance.37

• Most testosterone
boosters have no
clinical effect.38

• Low risk—Adverse
effects of long-term
over-consumption of
protein include
disorders of bone and
calcium homeostasis;
disorders of renal
function; increased
cancer risk; disorders of
liver function;
precipitated progression
of coronary artery
disease.39

• Long-term high
consumption of protein
is low risk.40

DIETARY & NUTRITIONAL SUPPLEMENTS: Category 1 continued



Performance
advantages

Health disadvantages/risks

Effects sought Muscle mass
Muscle preservation under caloric restriction
Strength
Power
Recovery
Fat loss

User profile Bodybuilders
Strength (and perhaps most) athletes
Fat loss exercisers
Older adults

DIETARY & NUTRITIONAL SUPPLEMENTS: Category 1 continued



CATEGORY 2. 
Energy and
endurance DNS

Performance and energy enhancers
Stimulants
Aphrodisiacs
Carbohydrates
Electrolytes

Supplement Summary of effects

Beta-alanine Beta-alanine is a modified version of the amino acid
alanine. It has been shown to enhance muscular
endurance.41 Supplementation can also improve
moderate- to high-intensity cardiovascular exercise
performance.

Caffeine Caffeine is produced from coffee beans, but it can also 
be artificially synthesised. It has the same structure and
effects irrespective of whether it is consumed via coffee,
energy drinks, tea or pills. Caffeine constitutes the most
used ergogenic aid in the world, and demonstrably
works.42 In short, caffeine allows more intense exercise 
for longer.43

Caffeine is a powerful stimulant, and it can be used to
improve physical strength and endurance. However,
habitual use leads to a tolerance and a diminished effect,
which can encourage higher dosages. Numerous studies
demonstrate that caffeine enhances physiological
responses to exercise, raises metabolic rate, increases
heart rate, mobilises fat and delays fatigue.44

The evidence suggests that caffeine is relatively safe—
even health-promoting—as even low doses can be
effective.45 However, it can have an acute effect on
children.46

Energy drinks The main active constituents of energy drinks include
varying amounts of caffeine, guarana extract, taurine and
ginseng, although some add extra amino acids, vitamins
and carbohydrates.47 Energy drinks claim to improve
performance by enhancing concentration and endurance
while attenuating the fatigue and discomfort
accompanying intense exercise or sleep deprivation. 
As a result, energy drinks enjoy tremendous popularity
amongst users seeking sustained alertness or for better
performance over repeated bouts of high effort. The
largest market growth has been in the 18–25-year-old
group, who commonly consume energy drinks as part of

DIETARY & NUTRITIONAL SUPPLEMENTS: Category 2
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their late night social activities as well as in the early
morning hours following heavy nights of socialising 
(and perhaps study).48

Despite the proliferation of exotic ingredients found in
energy drinks, the only verifiable effects come from
caffeine, where excessive amounts can lead to toxicity.49

In addition, most energy drinks contain high proportions
of sugar (similar to soft drinks) and constitute a
measurable contributor to obesity.50 Of greater risk is 
the social prevalence of combining energy drinks with
alcohol51 (or in a pre-mixed version), cigarettes52 and/or
recreational drugs like ecstasy or amphetamines.53

HMB HMB (short for β-hydroxy β-methylbutyrate) is a
metabolite of the essential amino acid leucine, and
purportedly helps prevent the breakdown of muscle
protein, thereby delaying fatigue, promoting recovery and
increasing power output. Although promising, early HMB
studies revealed modest improvements in power output
and muscular recovery in a few studies,54 while other
studies reported moderate55 to no effects.56 No serious
risks to use have been observed.

Sodium bicarbonate Sodium bicarbonate (household baking soda) 
increases serum levels of bicarbonate (produced by 
the kidneys) and ‘buffers’ acid production in the body.
This acidosis is associated with physical fatigue during
sustained exercise. As a result of diminishing acidosis,
sodium bicarbonate leads to mild performance
improvements, mostly due to a delay in the fatigue
brought about through the accumulation of exercise-
induced metabolic products in the body. Sodium
bicarbonate has been shown to provide modest
improvements to mid-distance sprints57 and distance
performances.58 Some evidence has suggested that it
leads to a boost in the muscular hypertrophy effects of
resistance training.59

Nitrates
(nitric oxide)

Nitrates and nitric oxide formulas claim to improve
vasodilation and therefore assist blood flow to muscles.
Cells release nitric oxide during exercise, releasing it into
blood vessels and stimulating them to open wider to allow
more blood to flow through.60 As a result, nitric oxide
substances are typically ingested prior to exercise with
some effect, especially on endurance.61

DIETARY & NUTRITIONAL SUPPLEMENTS: Category 2 continued
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Studies have shown that the use of nitric oxide 
enhances exercise tolerance,62 making moderate and
heavy bouts a little easier63 by improving muscular
efficiency.64 It also reduces blood pressure.65 Some
speculation has cautioned that nitric oxide could have
deleterious effects on the kidney, but the most
comprehensive and recent study concluded that is does
not induce any specific kidney function modifications.66

In terms of risk, it should be noted that many DNS
products marketed as nitrates are designed as 
‘pre-workout’ stimulants, and also contain high levels 
of caffeine. Many, in fact, contain a vast concoction of
ingredients in addition to nitric oxide and caffeine, 
such as beta alanine, amino acids, antioxidants and
carbohydrates.67

Aphrodisiacs DNS sold as aphrodisiacs claim to stimulate sexual
appetite or activity. For the most part, since the list of
compounds associated with sexual enhancement is so
long, studies remain largely unavailable. Nor can much be
said for the theoretical mechanisms underpinning each
substance’s effects.

Examples include horny goat weed, yohimbine and
Tribulus terrestris. These substances have been
empirically connected to mood changes, anxiety and
hallucinations, as well as addictive behaviours68 and
psychotic symptoms.69 However, establishing a clear
causality to dosages and use is confounded by
researchers’ suspicions that the contents of each
supplement varies considerably in concentration and may
not even contain any of the substance at all. The role of
the Internet appears to be extremely problematic for
substance consistency:70 for example, designer drugs
have been found in supposedly herbal preparations.71

The only available human studies have indicated that 
non-pharmaceutical aphrodisiacs do not work, or at best
exhibit a marginal effect—a (probably) harmless waste of
money. Mayo Clinic experts have warned that
aphrodisiacs containing insect or plant extracts can 
be toxic.72

Carbohydrates Carbohydrate supplements aim to replenish 
glycogen stores, build muscle and enhance the uptake 

DIETARY & NUTRITIONAL SUPPLEMENTS: Category 2 continued



Supplement Summary of effects

of protein and amino acids.73 Most comprise 
glucose, the preferred source of energy for muscles.
Scores of studies since the early 1990s have measured
the performance advantages of pre-loading, 
maintaining or replacing muscle glycogen with
carbohydrate supplements. More recently, numerous
meta-studies,74 systematically reviewing hundreds of
studies, have reported a confident performance benefit.75

A clear conclusion is that the use of a range of
carbohydrates (like glucose and fructose) is beneficial 
in prolonged exercise76 and muscular hypertrophy,77

although individual recommendations for athletes 
should be tailored according to each athlete’s 
individual tolerance.78 In addition, some studies have
suggested that the supplements do not outperform 
normal foods like bananas79 or fruit juice.80 Like with 
most DNS, over-consumption can introduce gastric
complaints81 but otherwise should be considered 
low risk.

Electrolytes Electrolyte replacements are supplements in the form of
powders, tablets and pre-mixed drink products 
designed to deliver the targeted replacement of the
electrolytes (such as sodium and potassium) lost 
through sweat. Typically, electrolyte supplements are
used following intense exercise involving high levels of
heat and perspiration. Under such conditions, electrolyte
supplements help to restore fluid balance.

According to a range of comprehensive studies,
electrolyte supplements extend exercise capacity in 
the heat.82 Since the loss of electrolytes is associated 
with dehydration, replacing essential fluids encourages
faster recovery.83 Most experts report little risk with
moderate use, but note that electrolyte supplements 
are best used with more extreme physical 
performances.84 However, electrolyte supplements are
generally considered unnecessary85 to maintain
appropriate hydration during prolonged exercise in the
heat.86 For example, the use of additional replacement
powders and pre-mixed drinks may not be necessary, 
as studies have shown that the combination of water 
and salt is sufficient to replenish the losses incurred
through intense exercise during hot-weather endurance
events.87

DIETARY & NUTRITIONAL SUPPLEMENTS: Category 2 continued



Summary

Effects sought Longer athletic performance

Better concentration despite fatigue

Longer periods of wakefulness

Faster recovery from exercise

User profile Athletes (serious and recreational): endurance and 
power

Students

Shift workers (especially security, military, medical)

Performance advantages88 Health disadvantages89

• Prolongs exercise
• Increases 

alertness
• Improves power
• Accelerates recovery

• Generally low risk with
moderate use

• Over-stimulation risks
with caffeine

• Gastrointestinal
complications with
overuse

DIETARY & NUTRITIONAL SUPPLEMENTS: Category 2 continued



CATEGORY 3.
Fat and metabolism
DNS

Calorie-blockers
Fat-burners

Supplement Summary of effects

Calorie-blockers Most DNS targeted at weight (fat) loss claim to: 1)
increase energy expenditure (usually stimulants like
caffeine); 2) modulate carbohydrate or fat metabolism; 
3) increase satiety; or 4) block fat or carbohydrate
absorption.90 Calorie-blocker supplements work by
preventing the intestinal uptake of either fatty acids or
carbohydrates. They act on the pancreas to either avert
the release of fat- and carbohydrate-digesting enzymes
(such as lipase and amylase), or bind to the enzyme after
release of the fat/carbohydrate itself, thereby stopping the
enzyme from working.91

Most of the DNS reviewed elicited no clinically meaningful
effects in studies. This explains why calorie blockers are
not particularly popular DNS, despite having been on the
market in various forms since the early 1980s. Indeed, 
a history of calorie-blocking DNS reveals that they arise as
fads only to rapidly fall out of circulation. For example,
starch-blocker tablets do not inhibit the digestion and
absorption of starch calories.92 However, green coffee
bean extract and white kidney bean extract may work to 
a limited extent for weight loss when employed in concert
with dietary restrictions and/or exercise. When used alone,
even the best weight loss DNS are largely ineffective.93

Green coffee beans Green coffee bean extract supplements are made from
the unroasted beans or raw seeds of coffee fruits. They
contain high levels of chlorogenic acids, which reduce the
absorption of fat and improve glucose metabolism and
therefore blood sugar management.94 Accounting for the
caffeine content, green coffee bean extract has been
linked to greater fat oxidation.95 One meta-analysis of six
recent studies reported that the effects of green coffee
bean extract on body composition were modest but
statistically significant, yet cautioned that each study
contained limitations that precluded the supplement’s
endorsement.96 At the same time, some studies have
declared the long-term use of green coffee bean extract
as effective because it accelerates glucose and fat
metabolism.97 Given the low risk nature of green coffee
bean, the supplement extract appears to be a promising,
if still unproven, DNS to mildly aid weight management.

DIETARY & NUTRITIONAL SUPPLEMENTS: Category 3
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Kidney bean extract (White) kidney bean extract acts as a carbohydrate blocker
that restricts the digestion of starches. By inhibiting starch
digestion, undigested food remains in the gut and
contributes fewer calories. However, because the starches
are improperly absorbed, they can lead to gastrointestinal
discomfort. Otherwise, kidney bean extracts are safe.98

Like the other reviewed DNS in this category, kidney bean
extract does work, albeit with a minor effect99 that might
not be worth the digestive trouble.100

Vinegar
(apple cider vinegar)

Vinegar can help reduce hyperglycaemia,
hyperinsulinaemia, hyperlipidaemia and obesity.101 It works
through several mechanisms, including the suppression of
blood sugar, increase in fat oxidation and by supporting
satiety.102 Similarly, apple cider vinegar enjoys
considerable anecdotal support as an insulin moderator,
but few studies yet support its veracity.103 One study
suggested that vinegar worked as an appetite suppressant
because it induced nausea.104 Not only low-risk, apple
cider vinegar is likely to be beneficial to general health.105

Fat burners So-called fat-burning compounds aim to increase the rate
of fat loss. Several actions are typically claimed, such as
an increase in metabolic rate, a higher fat oxidation (more
calories burned from fat compared to other sources) and
an improved rate of fatty acid release.106 According to the
marketing delivered by the most recent fat-burning DNS,
they can also work via ‘uncoupling’, where heat is raised
inside fat cells, leading to their oxidation (no evidence
supporting this effect could be located). The most
effective fat burners do not operate directly upon fat cells.
Rather, they create a hormonal effect (e.g. caffeine
stimulates adrenaline) leading to a higher metabolic rate
and therefore calorie expenditure.107 It should be noted
that these more effective fat burners are typically
pharmaceutical-grade PIEDS (and are reviewed later).

Several studies have recommended that fat-burners
should be avoided because they are notoriously
inconsistent in quality and may have differential effects 
on individuals. For example, fat-burners have been
associated with liver108 and adrenal damage,109 although
the risks of using ‘real’ pharmaceutical products (like
ephedrine) far exceed those connected to herbal DNS
compounds. The former are effective and risky, and the
latter are ineffective and uncertain.110

DIETARY & NUTRITIONAL SUPPLEMENTS: Category 3 continued
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Conjugated linoleic
acid (CLA)

It is believed that conjugated linoleic acid (CLA) enhances
fat oxidation.111 Very promising studies in animals,112

suggesting that CLA was associated with rapid reductions
in body fat, have led to a battery of human trials,113 yet
these studies have returned mixed effects on humans for
fat loss.114 At the same time, a few studies have shown
some modest endurance performance benefits.115 CLA
supplementation is presently growing in popularity for
weight loss, but the results are still discordant.116 Small
favourable effects have been recorded on appetite
control.117 Little is known about CLA’s risk profile, but the
early evidence so far points to negligible dangers.118

Green tea A substantive body of research supports the positive
effects of green tea on general health and weight manage -
ment. Most of the studies have focused on green tea’s
heavy concentration of epigallocatechin gallate (EGCG)—a
potent polyphenol with antioxidant and anti-inflammatory
properties—that also delivers a thermogenic and fat
burning effect.119 While highly positive from a health
perspective, the studies on body composition have proven
disappointing.120 One recent comprehensive study reported
that long-term green tea extract does not affect fat
absorption and therefore body fat.121 At present, the effects
of green tea extract on fat loss appear to be modest at
best.122 Excessive use in a concentrated supplement form
has been loosely linked with liver dysfunction.123

Summary of
Category 3
substances

Effects sought from
Category 3
substances

Fat loss

User profiles Athletes seeking lower weight categories
Bodybuilders, figure competitors, fitness models
Image conscious gym users
Adolescents seeking idealised bodies
Middle-aged individuals seeking fat reduction

Performance advantages Health disadvantages

• Marginal increases in fat
burning, metabolism and
caloric utilisation

• Modest improvements in
insulin and blood sugar
management

• Gastrointestinal
discomfort for some

• Overuse might stress
organs such as the liver
and adrenals
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CATEGORY 4.
Immunity and
inflammation DNS

Antioxidants

Immune boosters

Joint health

Vitamins and minerals

Overview Oxidative stress has been connected to aging and chronic
diseases.124 A plethora of DNS claim antioxidant status,
and their popularity has extended from those seeking
general health and longevity benefits, to athletes and
recreational trainers pursuing a recovery edge. Studies 
on antioxidant DNS have so far proven somewhat
disappointing, as well as contradictory, failing to show any
consistent improvements to health.125 For example, while
exercise-induced oxidative stress clearly improves insulin
resistance and other positive adaptive responses,
paradoxically, supplementation with antioxidants may
preclude these health-promoting effects.126 The experts
are presently wondering whether antioxidant
supplementation may undo some of the oxidative value of
exercise. As a result, the conservative recommendation
focuses instead on a diet rich in fruits and vegetables.127

A recent study tested the effects of DNS antioxidants on
sport performance. Beetroot juice worked, vitamin E,
spiralina and quercetin returned marginal but favourable
outcomes, and resveratrol (the active ingredient much
touted in red wine) proved inconclusive.128 Beneficial
effects included small reductions in muscle fatigue and
slightly better endurance. In another study, vitamin C
turned out to be deleterious when used chronically, while
blackcurrent juice showed mild promise in improving
distance running times.129 These studies have exposed a
conundrum: antioxidants may hamper exercise
adaptations, yet conversely they stimulate cell renewal
and better vascular function.130 Neither athletes nor the
image-conscious are likely to find antioxidants decisively
effective.

Supplement Summary of effects

Curcumin The antioxidant curcumin comes in the form of the yellow
pigment contained in the curry spice, turmeric (and ginger
in lesser amounts). It reportedly produces effects similar
to other polyphenols, including an anti-inflammatory
effect,131 which might protect against some kinds of
cancer,132 as well as digestive benefits.133 In terms of 
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physical performance, curcumin seems to deliver positive,
if small, results, with low risk. Numerous studies have
shown that it will modestly fight muscle damage134 and
muscle soreness135 from demanding exercise, especially
when it involves heavy eccentric (lowering against
resistance) contractions.136 There is good reason to think
that curcumin will work, but just not enough for visible
results to display in the gym mirror.

Fish oil Fish oil contains high levels of omega-3 fats (EPA and
DHA), which presently enjoy an almost unrivalled
popularity given the immense attention they have received
as health-promoting substances. Supplements containing
concentrated fish oil can help users maintain an optimum
balance of omega-3 fats, leading to lower levels of
systemic inflammation.137 Some evidence shows that fish
oils combat exercise-induced muscle damage138 and aid
in muscle recovery.139 Other studies indicate that fish oil
supplementation facilitates muscle protein synthesis.140

In theory, fish oil should deliver nothing but benefits, but
numerous studies have discovered that an alarmingly high
proportion of fish oil DNS spoil prior to sale, relegating the
source, quality, age and levels of refinement uncertain.141

Vitamin D Vitamin D is a fat-soluble nutrient that has also enjoyed
substantive positive publicity in recent times. Supple -
mental vitamin D has been linked to a suite of benefits
including lengthier concentration, better immunity and
reductions in the risks of cancer, heart disease and
diabetes.142 Athletes have become interested in vitamin D
because testosterone levels increase following supple -
mentation,143 as does muscular recovery.144 Meta-studies
indicate that the health benefits of vitamin D are probably
over-inflated, but most experts nevertheless encourage
supplementation for those potentially deficient.145

Resveratrol Resveratrol is a natural polyphenolic antioxidant that
should, in theory, decrease LDL-cholesterol and prevent
lipid oxidation.146 On the one hand, DNS containing
resveratrol have been linked to body fat reductions.147

On the other hand, its effects were disappointing in trials
of experienced athletes. For example, resveratrol should
reduce the inflammatory response and delayed onset of
muscle soreness after a marathon, but in fact did not help
at all.148 In another study, resveratrol supplementation
actually blunted some of the good effects of exercise.149
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Also, the compound helps improve glucose and insulin
management in diabetics, but not in non-diabetics.150

At best resveratrol might slightly reduce inflammation, 
but so far the results with active persons has been
unimpressive.151

Glucosamine Glucosamine DNS are claimed to improve joint function
and lessen the pain and discomfort associated with heavy
or long-term joint use. As a result, they have become a
stalwart DNS for almost anyone from the recreational or
serious athlete with complaining joints, to middle-aged
and older individuals suffering from joint ‘wear and tear’.
Glucosamine is a component of the synovial fluid, tendons
and ligaments in joints. Supplementation bolsters the
natural quantities of synovial fluid and consequently aids
joint function.152

Glucosamine has been recommended in the treatment of
joint pain for football players, but there is no evidence that
its use can prevent joint injury or chronic pain.153

However, it may slow cartilage degeneration.154

Supplementation has been recommended for individuals
with the cartilage degeneration that accompanies ‘old
knee injuries’,155 as well as for athletes with early
osteoarthritis of the knee.156 Although glucosamine will
neither substantively improve performance nor make
anyone look better, its low-risk positive effects will keep
an individual on the sporting field or in the gym longer.

Vitamins and
minerals

A review of all vitamins and minerals is impossible here,
but many easily accessible online resources exist for
potential users to consult.157 The most ‘potent’ and
popular individual vitamins and minerals have already
been reviewed (e.g. vitamins C, D). However, it is worth
noting that the majority of studies have reported no
significant athletic benefits from vitamin and mineral DNS
unless the user was deficient prior to consumption.158

For this reason, sports physicians often prescribe certain
vitamins and minerals to older athletes.159 It is possible
that combining certain minerals will provide a
compounded effect, thereby delivering a minor effect on
performance.160 Although there might be little to lose other
than the financial investment, the use of vitamin and
mineral DNS augments general health but appear to have
a negligible effect on performance or appearance.161

Their general health roles are summarised below.162
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Supplement Summary of effects

Vitamins
A (Beta-Carotene)          Antioxidant used for skin, eyes, 
                           teeth, bones
B Complex                     Immune booster
B1 (Thiamine)                 Nervous system, growth and 
                           metabolism
B2 (Riboflavin)                Formation of red blood cells and 
                           antibodies
B3 (Niacin)                      Skin and digestive system
B5 (Pantothenic Acid)    Releases energy from fats and 
                           carbohydrates
B6 (Pyridoxine)               Balances sodium and 
                           phosphorus
B12 (Cyanocobalamin)   Metabolism and nervous system
Biotin                              Utilisation of other vitamins
Choline                           Nerves, liver and gall bladder 
                           function
Folic Acid                       Brain function and normal cell 
                           division
Inositol                           Hair growth
PABA                     Skin, hair and blood formation
C (Ascorbic Acid)           Antioxidant for tissue repair
D                          Absorbs calcium and phosphorus
E                                     Antioxidant
K                                     For normal blood clotting
Bioflavinoids                  Capillaries and absorption of 
                           vitamin C
Coenzyme Q10              Immune system

Minerals                        
Calcium                          Bones, teeth, nervous system 
                           and muscle
Chromium                      Insulin support for metabolism
Copper                           Formation of blood cells
Iodine                             Helps regulate metabolism
Iron                                 Blood, immune system
Magnesium                    Utilisation of carbohydrates, fat 
                           and protein
Manganese                    Skeletal development and sex 
                           hormones
Molybdenum                  Iron transport from liver, cell 
                           function
Potassium                      Heart function, kidneys, nervous 
                           system
Selenium                        Promotes antibodies
Zinc                                Glands and immune system
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Summary

Effects sought Decrease inflammation for recovery

User profiles Athletes at all levels
Health users

Performance advantages Health disadvantages

• Extend endurance
• Resist fatigue
• Enhance recovery
• Assist general health

• May reduce some of the
benefits of exercise

• Possible risk of
contamination and
quality variability
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CATEGORY 5.
Enhancement &
augmentation

Site injections

Skin pigmentation substances

Overview The last decade has observed a radical increase in the
use of human enhancement (HE) products for aesthetic
purposes.163 Of particular concern is the way the injection
of HE products for muscle building, tanning and body
‘site’ enhancement has entered into mainstream fitness
culture.164 Although muscle fillers are not new, having
been used for medical cosmetic purposes, the illegal 
and unsupervised use of muscle fillers has been rising
alarmingly.165

Supplement Summary of effects

Silicone ‘Silicone’ remains a popular site enhancer, used by 
both women (typically for breast augmentation) and men
(placed underneath muscle to bolster size). It is a 
relatively safe, inert liquid polymer characterised by
thermal stability and durability. When administered by
qualified cosmetic surgeons, silicone implants are
considered quite safe. However, a considerable volume 
of use persists without medical oversight, often in
unsterile locations such as homes, hotel rooms and
pseudo-clinics, where untrained persons (so-called
‘pumpers’) inject users with a range of substances 
(e.g. loose silicone, cooking oil, tyre repair adhesive 
or industrial-strength silicone).166 When delivered 
inexpertly, silicone- or oil-based substances can 
migrate from their injection site, sometimes leading to
deformations or scarring.167 At the most extreme, 
studies of silicone gone wrong have reported organ
toxicity, as well as a range of associated and serious
medical conditions with alarming names (including acute
embolisation, chronic progressive granulomatous
pneumonitis, acute alveolar haemorrhage and multiple
small sub-acute brain white matter infarcts).168 The
subcutaneous injection of silicone in order to shape the
face, breasts, hips and buttocks has been reported
amongst women, transgendered and homosexual
communities.169

Botox The largest growth in site-enhancement injections
includes the popular use of ‘Botulinum toxin (BTXA)’,
commonly known as ‘Botox’.170 ‘Botox’ emerged from
success in medical applications to treat migraine
headaches and excessive sweating. The toxin works 
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Supplement Summary of effects

by inhibiting the release of acetylcholine (ACH),
temporarily reducing the tone—or hardness—of the
muscles that have been injected. It therefore performs
admirably as a transitory cosmetic remedy for facial
wrinkles. Botox therapy is a safe and non-invasive
substance that delivers an instant improvement in
appearance.171

Although a legitimate, legal and safe strategy for
immediate appearance benefits when used by a 
licensed practitioner, the dark side of ‘Botox’ use once
again concerns authenticity in both content and 
delivery. Versions of the substance—whether real or not—
are easily accessible on the unregulated Internet and
black market.172 Evidence suggests that ‘Botox’ is
regularly sourced without any guarantee as to its 
reliable content, and often administered by untrained
individuals under conditions of questionable sterility 
and safety.173 Numerous cases thread through the 
medical literature detailing serious infections caused 
by injections given by non-licensed practitioners.174

Other documented side effects due to the improper use 
of ‘Botox’ (including contamination and improper 
application) include flu-like symptoms, visual
disturbances, chronic fatigue, allergic reactions, pain,
bruising and swelling.175

Synthol Synthol is an injectable oil used by bodybuilders to 
make their muscles appear immediately bigger. The
practice involves injecting the oil directly into a muscle
belly to enlarge muscle volume, a practice known as
‘fluffing’.176 According to some research, bodybuilding
users are drawn to Synthol for two reasons. First, they
think that the practice does not involve the same risks as
AAS, and second, they are attracted to its instantaneous
results.177

Synthol is widely available on the Internet. In fact, there 
is no medical option available for purchasing the
substance, or for receiving administration by a trained
health professional, so anyone seeking to employ the
substance must locate the product and undertake the
procedure him- or herself. The use of intramuscular
injection of foreign substances for aesthetic purposes 
is well known.178 A wide variety of studies report a 
cluster of health risks and side effects, including skin 
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Supplement Summary of effects

problems, nerve damage and oil-filled cysts at the
injection site, as well as muscle damage and scar 
tissue development.179 The effects of Synthol injection 
are immediately visible through the enlargement of 
the injection site. However, numerous case studies 
report a high chance of muscle deformity.180 In some
cases, an irreversible ‘Swiss Cheese’ appearance of 
the muscle can occur due to the development of.
cysts that can leave the user with long-term muscle
fibrosis.181

Complications are usually localised to the site of 
injection, with medical reports specifying cases of
irreversible muscle damage,182 septic shock183 and 
other lethal complications,184 including death from
asphyxia.185

Melanotan Melanotan I and II initially became popular as a skin
cancer-free tanning method that also sidestepped the
cost and inconvenience of sunbeds or sunbathing. The
drug imitates the naturally occurring hormones that
stimulate melanin, leading to a darker skin tone.186

Melanotan can be self-administered by injection or 
inhaled as a nasal spray.187 Since its initial use, 
Melanotan has transformed into a so-called ‘Barbie’ drug
due to the other side effects it creates as well as a tan,
including weight loss and an elevated libido.188 Studies
have identified aesthetically driven females, body
‘dysmorphics’ and male bodybuilders as the principle 
user groups.189

Little research has been undertaken concerning the 
long-term health implications of tan injections. Case
reports describing growths, lesions and pigmentation
abnormalities have been published.190 In one study, 
an exotic dancer expressed positive experiences
connected to her synthetic tanning, such as 
feelings of enhanced self-confidence and greater 
attractiveness emanating from her newly darkened 
skin.191

According to research, a proliferation of cyber-forums
exists prescribing everything associated with Melanotan
use, including injection techniques, dosages, loading
protocols, maintenance regimes and even tips for before
and after photography.192
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Summary

Effects sought Enlarge muscle or shape body
Darken skin

User profiles Bodybuilders
Bodybuilders, figure competitors, fitness models
Image-conscious gym users

Performance advantages Health disadvantages

• None in general, but
possible weight loss
with Melanotan

• Skin problems
• Cysts and lesions
• Muscle damage and

deformity
• Septic shock
• Scar tissue
• Nerve damage
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CATEGORY 6.
Anabolic agents
PEDS

Anabolic androgenic steroids (AAS: exogenous/
endogenous)

Substance Summary of effects

Anabolic
androgenic steroids
(AAS)

Anabolic androgenic steroids (AAS) are versions of the
male sex hormone, testosterone.193 The term 
‘anabolic’ refers to muscle-building properties, whilst
‘androgenic’ refers to male sexual characteristics. In a
medical setting, AAS are used to treat conditions related
to muscle wastage, or which undermine the body’s
natural hormone production. Testosterone and its popular
metabolites, like dihydrotestosterone, instigate the
changes associated with male development from
adolescence to adulthood. Notably, these include
increased muscle mass, facial and body hair, oily skin,
acne and mood swings.

AAS come in the form of ‘exogenous’ steroids,
substances that cannot be produced by the body
naturally, or ‘endogenous’ steroids, which can be
produced by the body naturally. Testosterone has a
substantive ergogenic effect that improves an athlete’s
performance through both enhanced recovery and 
greater muscle mass and strength.194 It is also a
substance of choice for the image-driven user. More
recently a third category of anabolic agents, Selective
Androgen Receptor Modulators (SARMs), have gained 
in popularity. Unlike testosterone, which has both 
anabolic and androgenic (masculinising) results,195

SARMs maximise the former and minimise the latter,
which means that there are fewer unwanted side 
effects.

After entering the bloodstream, AAS help muscle cells 
to create and retain more protein through a process 
known as protein synthesis that, in turn, increases 
muscle size and strength. In addition, AAS can 
encourage muscle repair and growth by augmenting
levels of free androgens, human growth hormone and
insulin-like growth factor. Importantly, AAS also prevent
muscles from entering a catabolic (breakdown) state as a
result of extreme exercise, which allows users to train
more frequently and more intensely without fear of 
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Substance Summary of effects

Exogenous 
Anabolic androgenic
steroids (AAS)
Examples
• Bolasterone
• Boldenone
• Danazol
• Estosterone
• Hydroxytestos -

terone
• Methandriol
• Testosterone
• Nandrolone
• Oxabolone
• Stanozolol
• Stenbolone

Endogenous
Anabolic Androgenic
Steroids (AAS)
Examples
• Androstenediol
• Androstenedione
• Dihydrotestos -

terone
• Prasterone
• Testosterone

Other Anabolic
Agents:
Examples
• Clenbuterol
• Selective

Androgen
Receptor
Modulators
(SARMs)

inadequate recovery. Since anabolic agents enhance
protein synthesis enormously, they allow a large 
amount of muscle to be added in a short time. This 
means more size and strength, a reduction in recovery
time after heavy exercise, and the ability to train harder
and longer.

SARMs have increased in popularity because they 
act directly on the so-called anabolic receptors that
cause muscle growth. As a result, SARMs use leads to
significantly fewer undesirable androgenic side effects
that normally accompany a radical change to the
hormone balance of the body.196 For example, when
males flood their bodies with extra testosterone, the
natural response is an increase in the female hormone
estrogen in order to compensate and reach a 
balance. SARMs therefore reduce the chances of
stimulating female characteristics such as breast tissue
development. (For females, the introduction of
testosterone causes masculinising effects.) SARMs
obviously remain of great interest to anyone interested 
in muscle development and recovery, with anti-
doping detection tests presently under 
development.197

Because AAS produce undesirable and dangerous 
side effects, their study cannot be undertaken in 
controlled clinical trials. Nevertheless, sufficient studies 
of user populations have yielded plenty of evidence 
about their dangers. In men, AAS have been shown to
cause testicular atrophy, infertility and erectile
dysfunction.198 Once discontinued, users also commonly
experience a loss of libido and episodes of major
depression.199

It is unclear whether AAS are addictive, but the 
limited data on lifetime usage rates (US data) are
sufficiently alarming to indicate that either or both
physiological and psychological addiction occurs.200

Furthermore, an association has been 
documented between AAS use and affective and
psychotic syndromes, as well as psychological
dependence.201
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Summary

Effects sought Muscle and strength gain
Enhanced recovery
Possible fat loss

User profiles Strength-based athletes
Any athlete (including endurance) seeking faster recovery
Bodybuilders
Fitness and image-conscious users
Young men

Performance advantages202 Health disadvantages203

• Muscular size and
strength

• Fat loss
• Faster muscle 

recovery
• Some endurance

increase
Medical uses
• Anemia
• Asthma
• Bone pain from

osteoporosis
• Gonadal function

decrease
• Muscle loss
• Postmenopausal

symptoms
• Puberty delay (males)

• Acne
• Anger
• Blood pressure 

elevation
• Brain tissue damage
• Cardiovascular disease

risk
• Depression and mood

disturbances
• Kidney tumours
• Liver dysfunction
• Serum cholesterol

problems
• Sudden death204

• Tendon tearing
Females
• Abnormal menstrual

cycles
• Genital enlargement
• Facial hair
• Voice deepening
Males
• Breast enlargement
• Impotence
• Prostate 

enlargement
• Sperm count decrease
• Testicular atrophy
• Some of the worst side

effects can occur after
AAS use has
discontinued205

• Risks appear to 
be higher for
adolescents206
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CATEGORY 7. 
Hormones PEDS

Hormones and hormone-stimulating agents

Overview Hormones are produced naturally in the body, 
effecting changes in organs and tissues, especially 
during growth periods and the transition from
adolescence to adulthood. Although essential to
development, hormones continue to be manufactured
throughout adulthood. While their volume declines with
age, various hormones support metabolism, muscle
tissue growth/maintenance and the management
(reduction) of adipose tissue during life. Human growth
hormone (hGH), insulin and human chorionic
gonadotrophin (HCG) are all commonly used for 
image and performance enhancing purposes. Since
actual hormones can only be manufactured within a
body, synthetic hormones have been produced to 
mimic the effects of those naturally occurring.207 In
addition to hormones, users may take hormone-
stimulating agents. These work by either adding to the
natural level of a hormone in the body, or by stimulating
the production of naturally occurring hormones.208

It should be noted that pharmaceutical-grade hormones
are both extremely popular and expensive, which means
that the market is flooded with cheap and dangerous
counterfeits.

Substance Summary of effects

Erythropoietin (EPO) Erythropoietin, or EPO, is a glycoprotein hormone 
that regulates red blood cell production.209 When taken 
as a performance enhancing substance, EPO
substantially increases red blood cell numbers and, in so
doing, the oxygen-carrying capacity of blood.210

Naturally, the more oxygen in blood, the more that is
delivered to muscles during aerobic activity. Because
EPO boosts red blood cells, it has the potential to 
throw the ‘haematocrit’ (the ratio of blood cells to plasma)
out of balance. In practice, the greater the number of red
blood cells compared to plasma, the thicker blood
becomes. For athletes seeking an endurance benefit 
from superior oxygen transport to muscles, more 
viscous blood from too much EPO can make the heart
work harder in order to maintain circulation. EPO can
therefore present a serious danger of blood clots, 
leading to strokes.
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Summary

Human growth
hormone—
somatotropin (STH)

Human growth hormone is a naturally occurring peptide
hormone produced in the pituitary gland, and is
responsible for stimulating growth, cell reproduction and
regeneration.214 Somatrophin (rhGH) describes
pharmaceutical human growth hormone synthesised with
the use of recombinant DNA technology; it is biologically
equivalent to hGH of pituitary origin. For athletes, the
results can include increases in muscle growth and
strength, and greater production of red blood cells to
improve the blood’s ability to carry oxygen.215 Growth
hormone operates in a synergistic way with testosterone,
leading to increased muscle size and strength while
simultaneously diminishing fat. It may also reduce
sensitivity to insulin and raise blood sugar levels.216

Growth hormone is probably the most anabolic hormone
known.217 Claims of growth hormone’s benefits include
increases in muscle mass and strength, especially in
conjunction with AAS, and accelerated tissue healing and
recovery from injury or hard training.218 Studies in healthy
young adults have also demonstrated a performance
benefit with GH and IGF-1.219

Performance advantages211 Health disadvantages212

• Enhances fat oxidation
• Enhances endurance
• Improves cardiovascular

and submaximal
performance

• Increases muscle
mitochondria

• Increases muscle
myoglobin concentration

• Improves muscle
recovery

• Improves memory
*It is possible that the
performance enhancing
effects of EPO are
exaggerated.213

Medical uses
• Anaemia from kidney

failure
• HIV
• Some cancers

• Potential death
• Deep vein thrombosis
• Heart attack
• Myocardial infarction
• Pulmonary embolism
• Stroke
• Thrombosis

PERFORMANCE ENHANCING DRUGS AND SUBSTANCES: 
Category 7 continued



Substance Summary of effects

No studies have conclusively demonstrated that growth
hormone alone improves performance, although there is
some evidence connecting exercise with growth 
hormone levels.220 Although not definitively correlated to
actual performance, hGH has been shown to decrease
body fat.221 Indeed, the studies in which GH was shown
to have the greatest positive effect on athletic
performance were in anabolic steroid users.222

A systematic review of 27 studies comprising a total of
303 healthy adults, in whom the effects of GH on various
measures of athletic performance were analysed (such as
muscle strength and endurance), concluded that claims
that hGH enhances physical performance are not
supported by the scientific literature.223 In the largest
study of nearly 100 recreational athletes, neither muscle
strength nor muscle power were affected by eight weeks
of blinded GH administration.224

Summary

Gonadotrophins
Examples
• Luteinizing

Hormone (LH)
• Human chorionic

gonadotrophin
(hCG)

Human chorionic gonadotrophin (hCG) is a 
glycoprotein hormone produced in large amounts during
pregnancy. Male athletes can use pharmaceutical
preparations of hCG to stimulate testosterone
production.226 It also reduces or prevents the testicular
atrophy and natural testosterone shut-down that
accompanies lengthy and high-dosage courses of AAS.227

Excessive use of hCG may lead to gynaecomastia228

(male breast tissue enlargement) and may hinder the

Performance advantages Health disadvantages225

• Muscle growth
• Muscle repair
• Body fat reduction
• Strength increases
• Protein synthesis

increase

Medical uses
• Cosmetic anti-ageing
• Growth hormone

deficiencies
• Turner’s syndrome

• Unwanted tissue growth
(acromegaly)

• Arthritis
• Brain swelling
• Cardiomyopathy
• Congestive heart failure
• Coronary artery disease
• Cruetzfeldt–Jakob

disease
• Diabetes mellitus
• Hypoglycaemia
• Hypothyroidism
• Impotence
• Osteoporosis
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Substance Summary of effects

return to normal testicular function in males.229 Other 
side effects may include headaches, restlessness, 
fatigue and mood changes,230 and hypogonadism 
(when the body’s sex glands produce little or no 
sex hormones).231

Luteinizing hormone (LH) is produced in the anterior
pituitary gland. It regulates the testes in men and the
ovaries in women. Luteinising hormone controls sex
steroid production (testosterone in men and oestradiol 
in women), and is therefore used as a performance
enhancing substance for the same purposes as hCG. 
In some cases, hCG and LT can mask the presence 
of AAS.

Summary

Insulin

Insulin-like growth
factors (e.g. IGF-1)

Mechano growth
factors (MGFs)

Insulin is a powerful peptide hormone that 
promotes glucose utilisation and protein synthesis
through the regulation of sugar metabolism. When 
taken in conjunction with testosterone, it is widely
considered by athletes—and especially strength 
athletes and bodybuilders—to be the most anabolic
hormone available. Too much insulin at one time can 
lead to hypoglycaemic shock, coma and even death.
Insulin stimulates protein anabolism, glucose uptake 
and glycogen storage in muscle.232 In short, it 
increases muscle anabolism and improves the amount 
of glucose available to muscles during exercise. 
The hormone is both anabolic and anti-catabolic 
(stops muscle breakdown) to skeletal muscle tissue, 
which explains its popularity in elite sport and
bodybuilding.

Hypoglycaemia, which occurs when blood glucose 
levels fall dangerously low, can be a side effect of 
insulin use. In a study of bodybuilders using insulin, 

Performance advantages Health disadvantages

• Increases testosterone
• Prevents testicular

damage
• Masking agent for AAS

Medical uses
• Female infertility

• Similar effects as AAS

PERFORMANCE ENHANCING DRUGS AND SUBSTANCES: 
Category 7 continued



Substance Summary of effects

57% reported symptoms consistent with
hypoglycaemia.233 Users remain at a high risk for 
going into a state of severe hypoglycaemia during sleep,
during which, of course, carbohydrates cannot be
consumed to offset the impact. The result can be a 
coma or worse.234 Other studies have concluded that
insulin abuse can indeed cause unconsciousness, 
coma and death.235

Insulin-like growth factors, or IGFs, are also peptide
hormones secreted by the liver. Athletes and image 
users employ IGF-1 for its anabolic effect on muscle.
Mechano Growth Factors (MGFs) are related 
substances, derived from IGF-1. Like IGF-1, MGFs 
assist in tissue repair after damage, making them
favourable substances for muscular recovery following
heavy exercise. IGF-I promotes cell proliferation and
supports some of the metabolic pathways that play 
a role in carcinogenesis. IGF-I abuse can increase 
cancer risk.236

Summary

Corticotrophins

Example
• Adrenocortico -

tropic hormone
(ACTH)

Corticotrophins, or adrenocorticotropic hormone 
(ACTH), stimulate the adrenal gland to secrete
corticosterone, which in turn moderate the stress
hormone system, including cortisol. Corticotrophin 
also acts on other areas within the brain and can
suppress appetite, increase anxiety and improve 
memory and focus.237 These effects manipulate the
body’s response to stressful experiences. Athletes can
take advantage by stimulating their bodies to perform at
higher levels, especially during competition. ACTH has
been shown to diminish fatigue during submaximal
physical efforts.238

Performance advantages Health disadvantages

• Decreases body fat 
(with AAS)

• Muscle growth 
(with AAS)

• Reduces protein
breakdown

Medical uses
• Diabetes

• Risk of death
• Brain damage
• Coma
• Hypoglycaemia
• Nausea
• Shortness of breath
• Increases cancer risk
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Summary of
Category 7
substances

Effects sought from
Category 7
substances

Increase muscle size, strength and endurance
Reduce body fat
Increase body’s tolerance to stress

User profiles Serious strength, power and endurance athletes
Serious bodybuilders, powerlifters and fitness
athletes/models

Performance advantages Health disadvantages

• Heightens focus
• Increases adrenal

corticosteroid levels
• Aids injury recovery

Medical uses
• Spasm control in

children

• Psychological over-
stimulation

• Connective tissue
softening

• Stomach irritation and
ulcers

• Weakening of muscles
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CATEGORY 8.
Hormonal
manipulators PEDS

Hormone antagonists & modulators

Overview Hormone antagonists and modulators, or anti-estrogenic
substances, act by either decreasing the amount of the
female hormone oestrogen in the body or by blocking 
the oestrogen receptors. Testosterone’s effects on
muscle mass and strength are proportional to dose.239

Hormone manipulators increase testosterone indirectly—
that is, not by introducing more exogenous 
testosterone but by either stimulating its production 
or reducing other hormones that restrict its production,
like oestrogen.240

Aromatase inhibitors, Selective Oestrogen Receptor
Modulators (SERMs), oestrogen blockers and 
myostatin blockers are all used by athletes and image
enhancers seeking to 1) increase testosterone without
actually taking it directly, and 2) help correct the
‘paradoxical’ feminisation side effects of using AAS.
Hormone antagonists and modulators may increase 
the risks of cancer, but their long-term effects remain
unknown.241

Substance Summary of effects

Aromatase
inhibitors

Examples
• Aminoglutethi -

mide
• Anastrozole
• Exemestane
• Formestane
• Letrozole
• Testolactone

Oestrogen blockers significantly increase 
testosterone levels in men, leading to the same
advantages that accompany the use of exogenous
testosterone.242 Elite athletes almost exclusively use this
class of hormone manipulators as a means to bypass
tests for banned androgens that directly raise
testosterone.243 Individuals pursuing an image effect—
and who do not need to pass anti-doping tests—will
simply choose the more direct path of using AAS or
growth hormones.

No research has been undertaken investigating the risks
of aromatase inhibitor abuse. In clinical settings,
aromatase inhibitors have been linked to side effects
including asthenia (lethargy), headache, nausea,
peripheral oedema (swelling), fatigue, vomiting and
dyspepsia (digestion problems).244
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Selective oestrogen
receptor modulators
(SERMs)

Examples
• Raloxifene
• Tamoxifen
• Toremifene

Other anti-
estrogenic
substances

Examples
• Clomiphene
• Cyclofenil
• Fulvestrant

Tamoxifen citrate is a non-steroidal anti-oestrogenic drug,
or a SERM.245 It functions as an oestrogen in some
tissues while blocking its action in others.246 In male
bodybuilders and athletes, tamoxifen citrate and SERMs
in general are commonly used to counter the side effects
caused by elevated oestrogen levels accompanying the
use of certain AAS. SERMs can also increase blood
testosterone levels in men.247 Both male and female
athletes and image enhancers employ anti-oestrogens
like Tamoxifen and Clomiphene. Males use Tamoxifen in
concert with AAS to reduce the likelihood of breast tissue
growth. By reducing oestrogen, the drug also increases
the effects of testosterone.248 Female strength athletes
can use Tamoxifen to block oestrogen receptors,
increasing levels of both natural and artificial
testosterone.

Myostatin inhibitors
(Growth differen -
tiation factor 
8—GDF-8)

Example
• Follistatin

Myostatin (growth differentiation factor 8, GDF-8) is a
protein connected to a gene that has a strong influence
on an individual’s propensity for muscular
development.249 A key role of myostatin is to 
withhold muscle growth from continuing beyond 
natural needs.250 Therefore, blocking myostatin leads to
greater muscle mass and strength, although it can 
also have the side effect of making muscles more
vulnerable to injury.251 As a relatively new class of 
drugs, few human studies are available to reveal its
effects. However, studies do show that animals lacking
myostatin, and livestock given substances like 
Follistatin that block myostatin, have significantly 
larger muscles.252

Summary Performance advantages Health disadvantages

• Anabolic effects
• Strength increases
• Reduction of AAS side

effects

Medical uses
• Breast cancer
• Infertility (females)
• Muscular dystrophy

(myostatin inhibitors)

• Abdominal cramps
• Increases in cancer risk
• Libido swings
• Speech difficulties
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Effects sought Offset side effects of excess testosterone from 
AAS use
Increase strength and muscle mass

User profiles Bodybuilders and strength athletes
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CATEGORY 9. 
Beta-2 agonists
PEDS

Beta-2 agonists

Substance Effects

Examples
• Clenbuterol
• Formoterol
• Salbutamol
• Salbutarnol
• Salmeterol
• Terbutaline

Beta-2 agonists are prescribed to treat asthma because
they dilate the bronchial passages by relaxing the
muscles constraining the airway. However, they also 
have a stimulant effect. Furthermore, when injected, 
Beta-2 Agonists stimulate anabolic effects, generating
greater muscle mass while diminishing body fat at the
same time.253 Given their widespread availability, 
easy prescription, moderate cost and low chance of
contamination or inauthenticity, clenbuterol in particular
has become a substance of choice for image-conscious
users.

Clenbuterol hydrochloride is an anti-asthma medication,
but can be used to treat a range of conditions such as
asthma, hypertension, cardiovascular shock, arrhythmias,
migraine headaches and anaphylactic shock. However,
clenbuterol produces a substantial shift in lean body
mass, increasing muscle at the same time as diminishing
fat.254 As a result, the drug represents a popular 
‘holy grail’ substance for image-motivated users.

The possible side effects of clenbuterol hydrochloride 
use include shaky hands, insomnia, sweating, increased
blood pressure and nausea. Overdose may be
accompanied by rapid breathing, blood pressure
irregularities, irregular heartbeat, unconsciousness,
trembling, shaking, panic and extreme restlessness, 
plus severe nausea, vomiting or diarrhoea.255 At its 
most severe, clenbuterol hydrochloride has the 
potential for fatal overdose.256

Beta-2 agonists are more commonly inhaled as
bronchodilators in the treatment of asthma. While some
studies report that bronchodilators do not necessarily
deliver advantages in endurance performance for non-
asthmatics,257 it is nevertheless plausible that their
respiratory effects might bolster performance in other,
less well-understood, ways. After all, asthmatic athletes
outperform their non-asthmatic peers at the Summer and
Winter Olympics.258 For example, compared to inhaled
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beta-2 agonists, the oral administration of salbutarnol
enhances muscle strength and endurance.259 Risks of
overuse and abuse revolve around cardio-pulmonary
toxicity.260

Summary

Effects sought Increase in muscle mass while decreasing body fat
Improvement in bronchodilation

User profiles Bodybuilders and fitness athletes

Performance advantages Health disadvantages

• Increases in aerobic
performance

• Reduces body fat
• Increases in muscle

mass

Medical uses
• Asthma
• Chronic obstructive

pulmonary disease

• Anxiety
• Dizziness
• Headache
• Insomnia
• Cramps
• Nausea
• Palpitations
• Psychological over-

stimulation
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CATEGORY 10.
Masking agents
PEDS

Diuretics and masking agents

Overview Masking agents are substances that can be used to
conceal the presence of a prohibited (under the WADA
conventions governing elite sport) substance in urine or
other samples. As a result, they can fall into a range of
drug categories depending upon their intended medical
usages. For example, aromatase inhibitors and selective
oestrogen receptor modulators (SERMs) are sometimes
taken to mask the gynaecomastia caused by anabolic
steroid abuse.261 Diuretics provide another example, 
as they are used to dilute urine samples. They can also
help athletes remove weight prior to weight-controlled
events like wrestling, boxing, weightlifting, horse racing
and martial arts.262

Substance Summary of effects

Epitestosterone One common substance used as a masking agent is
epitestosterone. Epitestosterone (E) is an inactive form 
of testosterone that may serve as a storage substance, 
or as a precursor to testosterone that is converted to 
active testosterone.263 In males, a natural ratio exists
between the hormones testosterone and
epitestosterone.264 When an athlete takes exogenous
testosterone, his or her testosterone level increases but
the epitestosterone level does not, throwing out the usual
ratio. Drug tests measure for discrepancies in the ratio.
Athletes can re-balance the ratio by taking additional
epitestosterone.265 The technique appears to be used by
both male and female athletes.266 It does not improve
performance.

Diuretics

Examples
• Acetazolamide
• Chlorthalidone
• Etacrynic acid
• Metolazone
• Spironolactone
• Triamterene

Diuretics increase urine flow and sodium excretion, 
which have the effect of changing the body’s fluid
composition. As a result, athletes use diuretics to
eliminate water for rapid weight loss and to conceal the
presence of other banned substances.267 In addition,
fitness, bodybuilding and figure competitors regularly
employ diuretics during their pre-competition 
dehydration process in order to better reveal their
physiques on stage, or for photo shoots. Misuse can 
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Other substances

Examples
• Epitestosterone
• Probenecid
• Alpha-reductase

inhibitors
• Plasma

expanders

lead to dangerous levels of dehydration and abnormal
concentrations of electrolytes like potassium, chloride,
calcium, bicarbonate or magnesium.268

Summary

Effects sought Cover the use of other banned substances
Dilute urine
Accelerate weight (water) loss

User profiles Elite athletes
Bodybuilding and fitness competitors and models
Athletes seeking to reduce weight for a performance
category

Performance advantages Health disadvantages

• Hides banned
substances

• Dilutes banned
substances in samples

• Weight loss

Medical uses
• Heart failure
• High blood pressure

• Blood pressure
problems

• Cramps
• Dehydration
• Electrolyte imbalances
• Headaches
• Heart failure
• Kidney failure
• Muscle cramps
• Nausea
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CATEGORY 11A.
Stimulants PEDS

Stimulants

Overview Stimulants encompass numerous substances affecting 
an increase in concentration, alertness and physical
performance through greater central nervous system
activation. Anyone interested in gaining a physical or
mental advantage can use stimulants to improve
attention, escalate psychological readiness, fight 
fatigue and pain, suppress appetite and amplify
aggressiveness.269 The greatest danger of stimulant 
use comes from their hyper-stimulation of the nervous
system, which can cause a range of systemic problems
from mild heart palpitations and sweating to heart attack
and stroke.270

Examples of common stimulants span from ephedrine
(and its derivatives) and amphetamines, to adrenaline 
and cocaine, although only the former pair are regularly
employed for performance or image purposes. Athletes
use stimulants to augment their physical arousal, while
the image-conscious use them to lose fat.

Substance Summary of effects

Ephedrine 
(and pseudo-
ephedrine)

Ephedrine is a stimulant drug that enhances the release
of norepinephrine, resulting in a reaction similar to the
body’s natural release of adrenaline. Ephedrine can
produce side effects such as shaky hands, headaches,
tremors, sweating, rapid heartbeat, dizziness and anxiety.
Users focused on image effects find ephedrine appealing
because it dampens appetite and increases caloric
expenditure. In fact, ephedrine is often included in
prescription appetite suppressants.

The long-term abuse of ephedrine has been linked 
to myocardial damage and ventricular arrhythmia271

(abnormal rapid heart rhythms), as well as hypertension
accompanying the severe increases in heart rate, blood
pressure and cardiac output that come with use.272

Not only is ephedrine highly risky, it is reportedly used in
concert with other stimulants like caffeine, which elevates
the danger further.273 One concern according to one
major meta-study is that ephedrine is on the top 10 list of
most popular substances to use in concert with AAS.274
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Pseudo-ephedrine is a stimulant that can be purchased
over the counter to relieve symptoms of nasal and sinus
congestion. It has a similar composition to ephedrine and
other amphetamines, and therefore delivers comparable
ergogenic effects.275 Although the use of pseudo-
ephedrine is considered sufficiently safe for non-
prescription access, its effects are dose dependent and
there is plenty of evidence that performance and image
users exceed recommended dosages.

Amphetamines Amphetamine is a central nervous system
‘psychostimulant’ used in the treatment of attention
deficit hyperactivity disorder, narcolepsy and obesity.276

It is popular because it can enhance alertness and
aggression, but also offsets both physical and mental
fatigue. Common adverse effects include restlessness,
headache, insomnia, anxiety and the potential for
psychological instability.277

Athletes employ amphetamines due to their ability 
to increase exercise duration by masking fatigue.278

Image users favour amphetamines because they increase
plasma free fatty acid (FFA) concentrations,279 which
spares skeletal muscle glycogen, delays fatigue and
mobilises fat. Increased concentrations of plasma FFA
may have a skeletal muscle glycogen-sparing effect and
thereby delay the onset of fatigue.280

Amphetamines remain popular for recreational use, not
just because they can prolong a party but because they
replace fatigue with euphoria and augmented senses.281

There is no medical justification for the use of
amphetamines in sport.282

CATEGORY 11B.
Cognitive enhancers
PEDS

Cognitive enhancers

Substance Summary of effects

Methylphenidate Methylphenidate is a stimulant related to amphetamine283

and acts as a catecholamine reuptake inhibitor.284 It
increases concentrations of dopamine and noradrenaline
by blocking their reuptake.285 This drug is generally used
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in the treatment of attention deficit hyperactivity disorder
(ADHD). For cognitive enhancement in healthy individuals,
it is said to be the drug of choice for students.286

There is some evidence to suggest that methylphenidate
can increase working memory, memory consolidation 
and information processing in healthy individuals, but
research has produced mixed results.287 As a result, 
it is difficult to draw a firm conclusion on its effects.288

In general, stimulants consumed in large doses can cause
seizures, psychosis and cardiovascular events.289

Potential side effects of methylphenidate include
headaches, hypertension, anxiety, depression and
anaphylactic reactions.290 The use of this drug by healthy
individuals is also of concern due to the potential for
dependence and abuse.291

Modafinil Modafinil is a ‘wakefulness promoting agent’ used in the
treatment of sleepiness during the day associated with
narcolepsy, sleep apnoea and shift worker disorder.292

The precise manner in which modafinil works is not
completely known.293 However, it has been suggested
that it may have effects similar to methylphenidate on the
reuptake of dopamine and norephinephrine. In addition, 
it may have an augmenting effect on neurotransmitters
such as serotonin and glutamate.294

In sleep-deprived individuals, even a single dose of
modafinil has been shown to enhance executive function,
but for individuals who are not sleep deprived, the effect
of modafinil is somewhat ambiguous.295 It has also been
suggested that the effect of this drug is somewhat
dependent on the baseline IQ of individuals.

Potential adverse reactions include headaches, dizziness,
gastrointestinal complaints, tachycardia and palpitations,
nervousness and restlessness. For non-sleep-deprived
individuals, insomnia may also be a side effect.296

Racetams Racetams are derivatives of the parent compound
piracetam, and share a common pyrrolidone structure.
Variations include aniracetam and oxiracetam. Along with
piracetam, they have produced results that suggest
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nootropic benefits in impaired patients through positive
modulation of glutamate receptors in neurons.297

Piracetam, aniracetam and oxiracetam have been used 
in the treatment of impaired cognitive function, including
dementia.298,299 Aniracetam has been shown in studies 
to be relatively well tolerated by patients with mild to
moderate senile dementia,300 while oxiracetam has had
similar tolerance results with Alzheimer’s.301

Other examples
• Adrenaline
• Cocaine
• Ephedrine
• Mesocarb
• Methampheta -

mine (D-)
• Oxilofrine
• Sibutramine
• Strychnine
• Tsuamino hep -

tane

Effects sought Promotes concentration and alertness
Reduces fatigue and enhances energy
Fat loss

User profiles Competitive athletes (endurance and aggression-oriented
sports)
Adolescents seeking weight loss
Fitness competitors and models
Recreational party goers
Students

Performance advantages Health disadvantages

• Increases aggression
• Increases alertness and

attention
• Reduces fatigue
• Reduces pain
• Lowers weight

Medical uses
• Allergies
• Asthma
• Attention deficit

hyperactivity disorder
• Headache
• Nasal congestion

• Addiction/withdrawal
• Aggressiveness
• Anxiety
• Blood pressure

fluctuations
• Cardiac arrhythmia
• Convulsions
• Dehydration
• Heart attack
• Insomnia
• Stroke
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CATEGORY 12.
Pain and pleasure
narcotics PEDS

Narcotics/analgesics

Overview Narcotic analgesics act on the brain and spinal cord to
reduce or remove pain, and often come with ‘feel good’
side effects both mild and significant. The potential
benefits to athletes from narcotics include euphoria and
an increased pain threshold.302 Athletes can use
analgesics to reduce the pain from injury or just to endure
more uncomfortable training and its consequences.303

They allow users to function longer during discomfort and
get back to training or performance faster by supressing
pain from injury. However, narcotic analgesics only
conceal the pain brought about by overuse or injury, 
and do nothing to affect the underlying causes. As a
result, it is easy for users to unknowingly increase the
severity of their injuries because the normal pain
feedback has been masked. Codeine, morphine and
pethidine are common examples.

Typically cited adverse effects include a false sense of
security or even invulnerability, perceptions of physical
ability exceeding reality, an inability to recognise injury
and physical or psychological dependence.304

According to studies, younger athletes in high-contact
sports (e.g. wrestling and football) are at a higher risk of
the non-medical use of prescription opioids (NUPOs).305

NUPOs in young athletes constitute a serious concern
given that prescription opioid misuse has been revealed
as a strong risk factor for heroin use.306 The non-medical
use of narcotics and analgesics by adolescents in
competitive sport and recreational settings is growing
because these are feel-better, feel-good drugs.307

Substance Summary of effects

Morphine
Codeine
Vicodin

Morphine is a powerful analgesic that increases 
tolerance to pain, thereby improving physical
performance.308 A less powerful but more common
analgesic, codeine, is present in many commonly used
headache, pain relief, cough and cold preparations.309

Its use is ubiquitous at all levels of physical activity, 
from professional sport310 to amateur recreation.311
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Another common opioid painkiller is Vicodin, which has
been associated with non-medical use in sport and heavy
physical exercise.312

Cortisone
(corticosteroid)
injections

Corticosteroids are synthetic drugs that closely resemble
cortisol, a hormone that is naturally produced in the
adrenal glands. Corticosteroid medicines include
cortisone, prednisone and methylprednisolone, which are
used medically to treat certain rheumatologic diseases.
Corticosteroids are different from the male hormone-
related steroid compounds used for building muscle 
and strength, but nevertheless appear to be common in
serious sport in order to relieve pain and inflammation,
often in targeted areas through injections.313 Injections
are common treatments for knee osteoarthritis314 and
other joint problems such as ‘golfer’s’ and ‘tennis’
elbow.315 For example, one study revealed that in patients
with adhesive capsulitis (painful, stiff shoulder), a single
corticosteroid injection offered faster pain relief and
earlier improvement of shoulder function and motion
compared with oral non-steroidal anti-inflammatory 
drugs (NSAIDs).316

Administering local anaesthetics or corticosteroid
injections to professional athletes in order to get them
back on the field faster remains controversial. However,
the medical literature recommends corticosteroid
injections as a safe and effective therapeutic intervention
for treating muscle strains and ligament sprains in order
to enable athletes to return to competition earlier.317

The caveat on this endorsement is oversight and
administration by a qualified medical practitioner, 
who will not be swayed by pressure to return an athlete 
to competition through injection when it might undermine
his or her longer-term joint health. Some serious allergic
reactions to corticosteroids have been documented, 
but these seem to be rare.318 Repeated doses of
corticosteroids can weaken joints.319

Cough mixtures,
antihistamines

Many cough suppressants contain Dextromethorphan
(DMX), a safe substance when used at prescribed
dosages, but also a powerful and risky 
hallucinogenic when used for recreational purposes. 
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It may also be addictive320 and is easy to acquire,
especially online.321

A mixture of codeine cough syrup with alcohol and/or 
a soft drink known as ‘purple drank’ has gained media
attention in recent years as a drug associated with
professional athletes.322

In high dosages, cough syrups containing DMX can
induce euphoria, altered time perception, feelings of
floating, visual disturbance, tactile, visual and auditory
hallucination, disorientation and increased perceptual
awareness. However, these sometimes pleasant and
relaxing symptoms belie its darker effects, ranging 
from gastrointestinal discomfort to brain toxicity.323

Other examples
• Buprenorphine
• Diamorphine

(heroin)
• Methadone
• Morphine
• Pethidine
• Sleeping pills
• Vicodin

Alcohol Alcohol is a central nervous system depressant that acts
by reducing the speed of the brain and body. Its uses in
sport can include the reduction of anxiety and physical
tremors. Alcohol can also improve relaxation. However,
alcohol’s intoxicating effects are well known to diminish
judgement while increasing inappropriate feelings of
psychological well-being, self-confidence and aggression.

Acute alcohol consumption impairs muscle hypertrophy
and recovery.324

Example
• Ethanol

Performance advantages Health disadvantages

• Reduces pain
• Increases in pain

threshold
• Sensation of euphoria

and well-being

Medical uses
• Treatment of pain

• Addiction/withdrawal
• Balance and

coordination loss
• Cardiovascular distress
• Concentration problems
• Injury risk increase
• Nausea and vomiting

Performance advantages Health disadvantages

• Reduces anxiety
• Sedative

Medical uses
• Antiseptic

• Addiction/withdrawal
• Cirrhosis of the liver
• Judgement impairment
• Memory loss
• Poor muscular

coordination impairment
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Effects sought Pain and inflammation suppression
Faster return after injury
Feel-good high

User profiles Professional athletes
Recreational pleasure seekers
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CATEGORY 13.
Adrenal
manipulators PEDS

Beta-blockers

Overview Beta-blockers inhibit the effects of adrenaline
(epinephrine), a hormone produced by the adrenal glands
that stimulates the central nervous system. In blocking
adrenaline, beta-blockers decrease blood pressure, heart
rate, muscle tremors and anxiety.325 Since beta-blockers
relax the body and its musculature, they offer advantages
to athletes seeking to steady their hands or concentrate
on fine-motor activities. These effects may be
performance enhancing in sports where increased
steadiness is desirable, such as archery, shooting,
snooker, darts and golf.326 Conversely, however, beta-
blockers undermine the body’s capacity to perform
strenuous activities, as the heart cannot meet the needs
of muscles and other internal systems. As a result, they
have a deleterious effect on most physical performance—
including strength, power and endurance—because they
inhibit the body’s ability to respond to exercise load and
intensity.327 Beta-blockers appear to be of little use to
those individuals prioritising image, although they can be
employed by anyone for recreational purposes such as
relaxation.

Substance Summary of effects

Examples
• Acebutolol
• Betaxolol
• Celiprolol
• Esmolol
• Metipranolol
• Oxprenolol
• Propranolol
• Sotalol
• Timolol

Studies indicate that beta-blockers do deliver improved
performances in physical activities demanding steady,
slow and concentrated movements. For example, in one
seminal study the beta-blocker Metoprolol was tested
against a placebo on 33 marksmen, leading to a 13.4%
improvement in performance.328

Sports psychiatrists have reported some concern that
beta-blockers such as Propranolol can be used for
relaxation, outside any form of sporting performance.329

While the image-conscious have little to gain by using
beta-blockers to augment their physiques, there remains
the potential for the substances to be employed for
recreational reasons. Some research has demonstrated
that the administration of beta-blockers can in fact have
an adverse effect on mood, including the worsening of
depressive states.330 A comprehensive meta-study
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covering 55 studies investigating the cognitive side
effects of beta-blockers reported contradictory outcomes,
with the exception that the drugs seem to universally
increase sedation.331 It is possible that beta-blockers 
may increase a user’s predisposition to exertion-caused
hyperthermia, which means that it becomes easier to
dangerously overheat.332

Summary

Effects sought Steady hands and reduce tremors
Relaxation

User profiles Controlled-skill sport players
Recreational relaxation-seekers

Performance advantages Health disadvantages

• Muscle relaxant
• Reduces tremors

Medical uses
• Sedatives for anxiety
• Heart problems
• High blood pressure
• Migraine

• Severe blood pressure
reduction

• Severe heart rate
decrease

• Physical performance
decrease

• Insomnia
• Fatigue
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CATEGORY 14. 
Psychoactives
PEDS

Cannabinoids

Substance Summary of effects

Example
• Marijuana

Cannabinoids are a class of ‘psychoactive’ 
substances refined from the cannabis plant that affect
cognition, including feelings of relaxation. As a 
calmative, cannabinoids can be used to recover from
heavy exertion.333 However, as substances with
psychoactive properties, cannabinoids can lead to
psychological disturbances and are dangerously
addictive.334

Studies have demonstrated that the use of cannabinoids
can reduce anxiety, but they do not have ergogenic
potential in sports activities. For example, the
psychoactive stimulant tetrahydrocannabinol (THC) can
decrease cardiac and psychomotor output, leading to
lowered athletic performance.335 Only 15 published
studies have investigated the effects of THC in
association with exercise protocols. Of these studies,
none showed any improvement in aerobic
performance.336 On the other hand, the literature
concerning the recreational use of cannabinoids is
prodigious (but is not reviewed here). Other than their
possible use for relaxation and recreation, cannabinoids
have no attraction to individuals interested in looking
better.

Summary

Effects sought Relaxation and calming, ‘feeling good’
Possible use for high performance-induced stress

User profiles Elite athletes seeking stress reduction
Recreational pleasure-seekers
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Performance advantages Health disadvantages

• Muscle relaxant
• May assist recovery
• Medical uses
• Calmative

• Addiction/withdrawal
• Anxiety and panic
• Concentration problems
• Psychological

disturbances
• Motor skill difficulties



CATEGORY 15.
Anti-inflammatories
PEDS

Glucocorticosteroids

Substance Summary of effects

Examples
• Acetonide

Dexamethasone
• Fluticasone
• Hydrocortisone
• Prednisolone
• Triamcinolone

Glucocorticosteroids are anti-inflammatory steroid
hormones produced in the adrenal glands. In a medical
context, glucocorticosteroids are used to treat the pain
and inflammation accompanying asthma, hay fever,
tissue inflammation and rheumatoid arthritis.337

In addition to the anti-inflammatory and painkilling 
effects, athletes can use glucocorticosteroids to 
induce a feeling of well-being despite injury or illness.338

The use of glucocorticosteroids bolsters exercise
performance by reducing muscle fatigue during intense,
sustained exercise.339 Their anti-inflammatory and
analgesic effects might also inhibit sensations of 
muscle pain during effort, further elevating the fatigue
threshold.340 The side effects of acute and short-term
glucocorticosteroids use are less severe than those
reported with chronic treatment.341 In fact, sustained use
can cause impaired insulin sensitivity, hyperglycaemia,
lymphopenia, hyperarousal and altered energy store
metabolism.342 More generally, studies have suggested
that long-term use or abuse of glucocorticosteroids 
can incur a wide range of organ problems including
musculoskeletal, gastrointestinal, cardiovascular,
endocrine, neuropsychiatric, dermatologic, ocular 
and immunologic side effects.343

Corticosteroids act as potent anti-inflammatory drugs 
and have been used in various sport settings for the
treatment of both acute and chronic injuries. If clinically
justified with medical oversight, however, corticosteroid
treatment for sports injuries is considered relatively 
low risk.344

Summary
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Performance advantages Health disadvantages

• Reduce inflammation
• Reduce pain
• Induce feelings of 

well-being

• Fluid retention
• Hyperglycaemia
• Mood changes
• Risk of injury increases



Summary

Effects sought Reduction in pain and inflammation
Accelerate return from injury

User profiles Elite and serious athletes

Performance advantages Health disadvantages

Medical uses
• Arthritis
• Asthma
• Inflammation
• Allergies
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Conclusion

On the surface, physical performance involves several broad requirements including
skill, power, strength, endurance and recovery.345 Correspondingly, the major
ergogenic PIEDS classes deliver effects aligned to one or more of these elements.
For example, all physical activities requiring a skills base benefit from PIEDS that
curtail anxiety and tremors, improve concentration and attention and offset
distraction and mental fatigue. Activities dependent upon the performance of
explosive, anaerobic power benefit mostly from PIEDS stimulating muscle mass
and strength. Those activities favouring sustained aerobic endurance benefit 
from PIEDS that resist fatigue and promote cardiovascular effort, including 
blood oxygenation. Finally, physical activities demanding constant or repeated
per formances benefit from the tissue-regenerating effects of hormones, as well 
as the pain-controlling advantages of analgesics. In addition, individuals with
appearance-oriented physical objectives utilise PIEDS that match their collective
body image ideals. These predominantly revolve around increasing muscle mass
(and sometimes strength to impress), and decreasing fat. However, to optimise
appear ance, users commonly augment their regimes with PIEDS that accelerate
recovery, repair injury, combat pain, improve joint function, stimulate energy,
darken skin, decrease inflammation, extend effort, amplify metabolism, induce
relaxation and even hide PIEDS usage. And, if all of these PIEDS fail to work—
or if they are not enough to satisfy a user’s body image goals—a person can always
simulate real tissue with physical, sometimes surgical, augmentations.
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7
GIVENS, GAPS, CONFIDENCES
AND CAUTIONS

Conclusion

Introduction: A growth industry

PIEDS of all kinds occupy a crucially important, but awkward space, in con -
temporary society. They have become a pivotal component of good medical care,
they improve people’s quality of life, they give people intense—if sometimes only
ephemeral—pleasure, they augment athletic performance and they enable others
to extend their lifespans. PIEDS of all kinds are used across the human life-course,
with every age cohort securing comfort and relief from a bevy of substances.

When DNS and over-the-counter medicines are included, it is clear that most
people in developed nations use PIEDS regularly. While some substances are
misused, and produce significant social costs, they also provide people with respite
from chronic pain, allow them to manage a disability more effectively, make their
lives more manageable and in many cases make their lives more pleasurable. In
addition, recreational and elite athletes in every sport and leisure activity conduct
their daily lives in a wider world where PIEDS use is embedded in culture and
practice.

In short, there is widespread dependence on PIEDS to help people cope with
the pressures and tensions of their daily lives, making them feel psychologically
confident and physically better. PIEDS use is clearly not an aberrant behaviour
confined to a problematic subculture of deviants and misfits, but rather a common
practice amongst the mainstream population. However, PIEDS, especially for
males, provides a mechanism whereby users can play out their ideals of mascu linity
and manhood. In this context, PIEDS become part of the playing-out process,
since they not only feed the need to compete and win, but also feed the need to
engage in high-risk behaviour. In these instances, failure, defeat, injury and even
social stigma and shame, are not problems provided they are associated with heroic
outcomes. Equally, many females feel compelled to take PIEDS in order to comply
with socially constructed views of femininity. Although an immensely complex



area, our review of PIEDS in this book has revealed some critical themes, which
are summarised next.

Summary of key points

The supply of PIEDS has proliferated, offering something for every imaginable
physical objective, whether muscle building and fat burning, or to combat inflam -
mation and bolster joint health. A growing supply of so-called smart drugs for
cognitive enhancement will shortly join the list as their reputation grows and their
availability improves.

This book defines PIEDS as any material an individual enters into (through
ingestion or injection), or applies on the surface of his or her body, to enhance
physical performance or appearance as well as cognitive functioning. Included 
are pharmaceutical drugs (prescription, e.g. amphetamines; over-the-counter, e.g.
alcohol, analgesics, caffeine; illicit, e.g. cocaine) and dietary or nutritional supple -
ments (e.g. amino acids). Also included are substances athletes use for recreational,
recovery or stress-management purposes, and which may be perceived as indirectly
performance enhancing. PIEDS further encompass any substance used for aug -
menting aesthetic bodily appearance, but exclude cosmetics and ‘cosmeceuticals’
applied to the skin.

While the premises that sport’s capacity to 1) build character, 2) channel the
energies of its participants into constructive social activities and 3) guide its par -
ticipants into naturalistic and healthy lifestyles receive wide acceptance, the evidence
in support of these claims is hardly conclusive. For the most part, the studies
reviewed here indicate that people who play sport, regularly hang around sport
clubs and use gyms to build their bodies do actually use PIEDS and other substances
more often that those who do other things with their spare time. The seminal
longitudinal study by Peck et al., which followed US adolescents through to
adulthood, confirmed this proposition.1 That is to say, sport participation as an
adolescent does not of itself lead to increased PIEDS use, but when combined
with 1) sport as a central life focus, 2) a preference for broader drug use and 
3) aggres sive attitudes to their social worlds, there is a tight correspondence with 
high levels of PIEDS and related substance use, especially alcohol consumption.

Overall, there is sufficient evidence to confidently claim that PIEDS use—be
it prescription, over the counter or illicit—takes place in all sorts of sport and
physical recreation settings around the world. The work of the Australian Crime
Commission,2 the Australian Institute of Health and Welfare3 and researchers such
as Alaranta et al. 4 have illuminated its causes, consequences and diffusion. It occurs
in school sport, although most of the data discussed in this book applied to
American high schools where inter-school sport is highly valued, and where it
contributes significantly to a school’s reputation and financial viability. PIEDS use
also seems prevalent in community gyms and fitness centres, with Europe and the
US featuring prominently in the research findings. PIEDS appear liberally in
colleges and universities as well, where American studies show that both licit and
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illicit substance use is usually higher amongst athletes than non-athletes. Finally,
PIEDS use in all its guises is clearly a common practice in not only elite and pro -
fessional sport, but also in community sport, especially where strength, endurance
and good pain management constitute key success factors.

Most disappointingly, there is no evidence to suggest that unguided PIEDS use
in sport or for image purposes will diminish any time soon. In fact, when substance
use is expanded to cover dietary and nutritional supplement consumption—
including caffeine—then the usage rates increase exponentially.5 Within this
exceedingly broad definition of PIEDS use in sport, it would be reasonable to
think that more than 90% of all people have used some form of supplement, drug
or related substance to get a physical or mental advantage at some time in their
lives.

A major part of the PIEDS challenge is that thousands of products are available,
ranging from the most commonplace multivitamin to the most exotic herbal
extract, with the most potent pharmaceutical compound available through
conventional prescriptions but also through unregulated online sources. In addition,
some PIEDS enjoy considerable scientific validation, some are demonstrably
ineffectual, some are potentially deleterious to health, some are remarkably and
almost instantaneously effective and most show either a trivial effect or no effect
at all, or have not been studied sufficiently to merit a confident declaration one
way or another.6

To make matters more complicated for consumers, PIEDS manufacturers soak
the cluttered marketplace with aggressive advertising proclaiming radical results
alongside sponsored athletes, who not only advocate for the products, but attribute
their carved and curved bodies to seemingly ‘too good to be true’ promises. Yet,
the belligerent marketing seems to work.7 Amongst all of the slick, pharmaceutically
inspired labels, implausible body imagery, remarkable claims, safety assurances and
prices bulging even more than the display models, consumers tend to believe that
PIEDS work, and for the most part are unaware that little evidence underpins their
veracity or that few regulatory standards guarantee quality, potency and purity.

Consumers collectively spend billions on PIEDS to bolster energy,8 build
muscle, strength and endurance,9 attenuate fatigue,10 facilitate recovery,11 offset
deficiencies and avoid or repair illness and generally sustain greater health.12 In
fact, the use of PIEDS—especially in the form of supplements—is not only
considered routine, but also a sound and intelligent strategy for performance or
cosmetic enhancement.13

In this book, we identified 10 major issues emerging from the available research
on PIEDS. These points are summarised in Table 7.1.

Finally, we provide two further illustrations to assist in summarising PIEDS
types and usages. Table 7.2 presents a typology of PIEDS based on their
performance effects. In the table, substance performance has been divided into
four levels of probable affect, from performance-reduction at one extreme to
performance enhancement at the other. Substance access is divided into four
categories, comprising illicit, prescription, over-the-counter and supplements.
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TABLE 7.1 Summary of main points

No. Summary point

1 The abuse of some PIEDS can have serious, deleterious implications upon the long-term
health of users, both during active use and well after use has discontinued.

2 The use of PIEDS exclusively for image enhancing purposes now exceeds PIEDS use for either
sporting performance or medical interventions.

3 Most PIEDS usage is moderate, but the pathological and supra-therapeutic use of substances,
dosages and combinations has become normalised in some communities.

4 PIEDS users obtain a significant amount of their knowledge and advice about substances,
effects, dosages and distribution through unreliable online sources.

5 The authenticity, quality and potential contamination of PIEDS products have become worrisome.

6 The majority of pharmaceutical-grade PIEDS are acquired without medical guidance or a
prescription.

7 Driving forces behind PIEDS use are gender associations, dysfunctional body images and a
powerful desire to meet cultural ideals of health and image.

8 More effective programmes for changing attitudes, behaviours or intentions relating to PIEDS
deliver over longer periods, comprise numerous teaching sessions, address a range of topics
including drug- and alcohol-related issues and alternatives to drug use and media/peer pressure
resistance, and increase participant involvement and ownership through peer-led teaching.

9 Emerging evidence links PIEDS abuse with gateway behaviours, beginning with DNS and
moving into PEDS.

10 There remains a great deal of confusion about the effects, veracity, risks and legality of
different PIEDS.

TABLE 7.2 A performance-based typology of PIEDS
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Conclusion

Despite concerted attempts—through both regulation and education—to control
and direct PIEDS use, all of the evidence indicates that use has radically increased.
In fact, it points to the spread of PIEDS use from the esoteric world of elite
professional sport to the commonplace world of personal appearance.

There are a number of reasons for the upward trend. A core factor has to do
with the use of substances to not only enhance athletic performance, but also to
improve physical appearance. An additional factor has to do with the creative use
of prescription drugs and medicines to better manage pain, reduce tissue
inflammation, improve endurance, focus attention and alleviate stress and anxiety.
In addition, the contamination of dietary and nutritional substances with banned
substances contributes to an increase in inadvertent use.

These problems are compounded by the intensive online promotion of all sorts
of products that come with exaggerated claims about the efficacy and enhancement
capabilities of PIEDS. The situation becomes even more complicated when
decisions to use are based on part-truths, hearsay and the testimonials of players
and gym users with limited knowledge about the pharmacological properties of
their preferred substances.

Despite performance and health benefits accompanying the use of many legal
supplements and substances, the limited available evidence suggests that some
people use more and riskier PIEDS as they move through their life courses. A little
PIEDS use seems to lead to more, which in turn leads to more dangerous, and
sometimes illicit or banned, PIEDS. Yet, we know little about the pathways
facilitating this escalation in use, or the decision-making that underpins the choices
elite and recreational athletes make at each stage of their competitive life courses
and their corresponding image expectations.

Performance and image enhancing drugs and substances are currently out of
control, and if left unregulated and mismanaged are likely to damage the health
and well-being of millions of people of all ages. The time for action on this front
has arrived, and it begins with better information, education and regulation.
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