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a  b  s  t  r  a  c  t

There  is  a  paucity  of  well-controlled  anti-doping  interventions.  We  developed  and  evaluated  the  efficacy
of a  doping  prevention  program  for adolescents  – the  Hercules  program.  The  program  is  different  from
most  anti-doping  interventions  in  the  combination  of  theoretical  lessons  with  practical  strength  training
and  inclusion  of three  groups  of  participants.  A  total  of 202  high  school  students  (females  =  98)  aged
15–21  years  (mean  =  16.9)  were  randomised  to  the  three  groups:  control  (n  = 50),  theory  only  (n  =  88),
and  theory  with  workout  (n =  64).  Participants  completed  baseline  and  posttest  questionnaires  including
demographic,  doping  use,  and psychophysical  items/measures.  Data  were  analysed  using  chi-square  tests
and mixed  between-within  analysis  of  variance.  From  baseline  to  posttest,  the theory  with  workout  group
ercules program
revention
trength training

gained  a  higher  knowledge  of anabolic–androgenic  steroids  (AAS)  and  their  harmful  effects  as  well  as
a  higher  increase  in strength  training  self-efficacy.  The  Hercules  program  seems  valuable  in providing
adolescents  knowledge  on  AAS  and  their  harmful  effects  as  well  as positive  strength  training  skills.  The
program  elucidates  the  benefits  of  combining  anti-doping  education  with  practical  strength  training  in
doping  prevention.

© 2016  Elsevier  Ltd. All  rights  reserved.
. Introduction

Although users of doping substances experience some posi-
ive effects (Evans, 2004), doping use has been linked to negative
onsequences such as increased aggression and criminality, pre-
ature death and suicide, increased transfusion of blood-borne

iruses, cardiovascular pathology, liver disease, dependence and
olypharmacy, hirsutism and menstrual disorders in females,
s well as gynecomastia and sperm motility in males (Darke,
orok, & Duflou, 2014; Gårevik, Rane, Björkhem-Bergman, &
kström, 2014; Hope et al., 2015; Klötz, Garle, Granath, &
hiblin, 2006; Pope et al., 2013; Robles-Diaz et al., 2015;
Please cite this article in press as: Sagoe, D., et al. Doping prevention th
Hercules program. Performance Enhancement & Health (2016), http://d

agoe et al., 2015a). Doping use has also been found to neg-
tively impact societal perception of a user’s personality or
ocial image (Sagoe, Huang, Molde, Andreassen, & Pallesen,
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E-mail address: dominic.sagoe@uib.no (D. Sagoe).

1 These authors contributed equally to this work.

ttp://dx.doi.org/10.1016/j.peh.2016.01.001
211-2669/© 2016 Elsevier Ltd. All rights reserved.
2015). Indeed, doping users have been found to experience stig-
matisation from health providers (Yu, Hildebrandt, & Lanzieri,
2015).

All major international sports bodies have banned the use
of doping substances by professional athletes, and these sub-
stances such as anabolic-androgenic steroids(s) (AAS) are illegal
or controlled in most countries (World Anti-Doping Agency,
2015). Non-medical use of AAS is considered an issue of pub-
lic health concern with an overall global lifetime prevalence of
3.3% and a lifetime prevalence of 2.3% for high school students
(Sagoe, Molde, Andreassen, Torsheim, & Pallesen, 2014). It is
estimated that about 30% of AAS users initiate use before age
20 (Pope et al., 2014). Accordingly, concern has been expressed
regarding the use of AAS among adolescents and high school
students as, apart from the debilitating effects delineated above,
adolescent AAS users may  experience stunted growth together
rough anti-doping education and practical strength training: The
x.doi.org/10.1016/j.peh.2016.01.001

with possible irreversible cognitive, emotional, and neurological
impairment (Cunningham, Lumia, & McGinnis, 2013; Hildebrandt,
Langenbucher, Flores, Harty, & Berlin, 2014; Kicman & Gower,
2003).

dx.doi.org/10.1016/j.peh.2016.01.001
dx.doi.org/10.1016/j.peh.2016.01.001
http://www.sciencedirect.com/science/journal/00000000
http://www.elsevier.com/locate/peh
mailto:dominic.sagoe@uib.no
dx.doi.org/10.1016/j.peh.2016.01.001
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The efficacy of some anti-doping interventions, particularly tar-
eting adolescents and high school students, has been evaluated
Elliot et al., 2004, 2008; Goldberg, Bosworth, Bents, & Trevisan,
990; Goldberg, Bents, Bosworth, Trevisan, & Elliot, 1991; Goldberg
t al., 1996a, 1996b, 2007; Nilsson, Allebeck, Marklund, Baigi, &
ridlund, 2004; Ntoumanis, Ng, Barkoukis, & Backhouse, 2014).
ne of the most comprehensive anti-doping interventions is the
thletes Training and Learning to Avoid Steroids (ATLAS) program

Goldberg et al., 1996b). The program comprised seven classroom
essions as well as seven strength training sessions. The classroom
egment of the program consisted of discussions and information
bout nutrition, exercise alternatives to AAS, information about the
ffects of AAS, and role-playing sessions on how to resist pressure to
se AAS. It was found that the intervention group increased their
elief in their own athletic abilities, had more knowledge about
AS and muscle resistance training, better nutrition, did more exer-
ise and had a lowered intention to use AAS compared to a control
roup.

The preventive benefits of the ATLAS program have been con-
rmed (Goldberg et al., 2000) although most of these benefits were
ot corroborated in another investigation (Fritz et al., 2005). In
ddition, many interventions focusing on negative health risks or
ear appeals have been criticised for exaggerating the dangers asso-
iated with doping use and not reflecting the experiences of most
oping users who  appear healthy (Petróczi, Dodge, Backhouse, &
desanwo, 2014). A more balanced and level-headed information
trategy has therefore been recommended (Backhouse et al., 2014;
erning, Adams, & Stamford, 2004; Hoffman & Ratamess, 2006;
etróczi et al., 2014) as studies of campaigns aimed at preventing
ubstance use in general appear to show that many of these fail to
chieve their goal (Foxcroft, Ireland, Lister-Sharp, Lowe, & Breen,
003).

There is a dearth of published well-controlled studies investigat-
ng anti-doping interventions (Backhouse et al., 2014). Accordingly,
he European Union’s Experts in Doping Prevention in Recreational
ports recently recommended national preventive interventions on
oping targeting adolescents and young adults (Backhouse et al.,
014). Consistent with this recommendation, we examined the
ffects of a primary prevention program, the Hercules program,
n recreational doping use in high school students. The program
s named after Hercules, the Greek hero noted for his extraor-
inary natural strength and endurance. Like the ATLAS program,
he Hercules program is based on social learning theory which
uggests that norms related to drug use are learned through obser-
ation of models in an individual’s environment (Bandura, 1977).
dditionally, the program is founded on the health belief model
hich indicates that decisions concerning drug use are based on

he perceived susceptibility to and severity of the effects of the drug
Janz & Becker, 1984). The program is also anchored in the theory of
lanned behaviour (Ajzen, 1985) which proposes that behavioural

ntention (e.g. concerning AAS use) is determined by attitudes, sub-
ective norms and perceived control related to abstinence from AAS
se.

The ATLAS program includes and compares two groups: con-
rol and theory with workout. This design advances a partitioning
roblem, raising difficulties in the identification of the unique
ffect of the theoretical education component in the interven-
ion. In building on the ATLAS program, the Hercules program
ombines practical strength training and theoretical anti-doping
ectures. However, to our knowledge, the present Hercules program
s the first anti-doping intervention to include and compare three
roups of participants: control, theory only, and theory with work-
Please cite this article in press as: Sagoe, D., et al. Doping prevention th
Hercules program. Performance Enhancement & Health (2016), http://d

ut. Based on the literature reviewed above, we hypothesised that
ompared to the control, and theory only groups, the theory with
orkout group will from baseline to posttest have significantly:

a) higher knowledge of AAS and their negative effects, (b) lower
 PRESS
ent & Health xxx (2016) xxx–xxx

prevalence of intent and actual use of AAS, (c) healthier nutrition
behaviour, (d) higher strength training self-efficacy, (e) better skills
to resist pressure to use drugs, (f) higher muscle appearance satis-
faction, and (g) higher negative attitude towards the use of doping
substances.

2. Method

2.1. Participants

From three schools located in Vestfold County, Norway, 12
classes and 324 high school students were invited to participate
in the study. At baseline, 257 students from 11 classes enrolled in
the study (response rate = 79.3%) with 202 of these participating in
the posttest (dropout rate = 21.4%).

Participants were randomly assigned to one of three groups:
control, theory only, and theory with strength training. The con-
trol group comprised 50 students (females = 29). Their ages ranged
from 15 to 20 years (mean = 16.6, SD = .79) at baseline. The theory
only participants were 88 students (females = 36) aged between
16 and 21 years (mean = 16.9, SD = .69). The theory with workout
group consisted of 64 students (females = 33). At baseline, their ages
ranged between 16 and 18 years (mean = 16.9, SD = .39).

The overall lifetime and current prevalence of AAS use was 1.5%
(95% CI = 0.18 − 3.18) at baseline (males = 1.0%, females = 2.0%). Cur-
rent prevalence was  0.0% at posttest. Moreover, 20.8% (baseline)
and 20.3% (posttest) of participants reported personally knowing
at least one former or current AAS user.

The theory with workout group consisted of a higher pro-
portion of organised sports participants followed by the theory
only group, and the control group [baseline: �2 (2) = 11.2, p < .01,
Cramer’s V = .236; posttest: �2 (2) = 9.2, p < .05, Cramer’s V = .214]
(see Table 1). Other baseline and posttest characteristics of the sam-
ple are presented in Table 1 and were not different across groups.

2.2. Measures

All participants completed an electronic questionnaire at base-
line and after the intervention. The questionnaire consisted of the
following elements.

2.2.1. Demography
This comprised questions about age, gender, living situation,

number of siblings, and sports participation.

2.2.2. Physical strength
Self-rated physical strength was assessed with the question:

“How would you describe your physical strength?” Response
options were “far below average”, “slightly below average”, “aver-
age”, “slightly above average”, and “far above average” – ‘compared
with my  peers’.

2.2.3. AAS use
Use of AAS was  assessed with the question: “Have you ever

used anabolic–androgenic steroids?” Response options were ‘yes
and currently’, ‘yes, but no more’, and ‘no’. Participants also indi-
cated whether they personally knew a current or former AAS user
(yes/no).

2.2.4. AAS knowledge
Due to the lack of established well-functioning scales assessing

knowledge of AAS and their negative effects, we developed a mul-
rough anti-doping education and practical strength training: The
x.doi.org/10.1016/j.peh.2016.01.001

tiple choice knowledge test in collaboration with Prof. Harrison G.
Pope Jr., a leading expert in the field. The test comprises 21 items,
each with four response alternatives whereof one of these repre-
sents a correct answer. An example item is: “What are anabolic

dx.doi.org/10.1016/j.peh.2016.01.001
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Table  1
Characteristics of the study sample at baseline and posttest.

Variable Control (n = 50) Theory only (n = 88) Theory and workout (n = 64) Overall (N = 202)

Baseline Posttest Baseline Posttest Baseline Posttest Baseline Posttest
n  n n n n n n (%) n (%)

Living situation
Both parents 32 32 62 60 45 45 139 (68.8) 137 (67.8)
Single parent 17 17 25 26 16 17 58 (28.7) 60 (29.7)
Alone  0 0 1 2 1 1 2 (1.0) 3 (1.5)
Friends/household/dormitory 1 1 0 0 2 1 3 (1.5) 2 (1.0)

Anabolic steroids
Currently 1 0 2 0 0 0 3 (1.5) 0
No  49 50 86 88 64 64 199 (98.5) 202 (100)

Know  anabolic steroid user
No 41 39 66 69 53 53 160 (79.2) 161 (79.7)
Yes  9 11 22 19 11 11 42 (20.8) 41 (20.3)

Alcohol
No  21 18 44 43 24 24 89 (44.1) 85 (42.1)
Yes  29 32 44 45 40 40 113 (55.9) 117 (57.9)

Cigarette
No  34 34 69 75 57 59 160 (79.2) 168 (83.2)
Yes  4 2 3 4 1 0 8 (4.0) 6 (3.0)
Occasionally 12 14 16 9 6 5 34 (16.8) 28 (13.9)

Snus
No  40 38 71 75 53 55 164 (81.2) 168 (83.2)
Yes  10 12 17 13 11 9 38 (18.8) 34 (16.8)

Sports/sports club† ,§

No 27 28 44 49 17 21 88 (43.6) 98 (48.5)
Yes  23 22 44 39 47 43 114 (56.4) 104 (51.5)

Physical strength
Far below average 2 2 1 2 1 1 4 (2.0) 5 (2.5)
Slightly below average 4 6 13 17 10 6 27 (13.4) 29 (14.4)
Average 28 21 36 32 24 24 88 (43.6) 77 (38.1)
Slightly above average 14 17 30 30 24 28 68 (33.7) 75 (37.1)
Far  above average 2 4 8 7 5 5 15 (7.4) 16 (7.9)
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† Baseline comparison: %(control < theory only < theory and workout) p < .01.
§ Posttest comparison: %(control < theory only < theory and workout) p < .05.

teroids?” Response options are “chemical derivatives of creatine”,
chemical derivatives of hemoglobin”, “chemical derivatives of
estosterone”, and “chemical derivatives of muscle enzymes” with
he third option representing the correct answer. A correct answer
s scored ‘1’ and a wrong answer scored ‘0’. An index score was
omputed by summing scores on all items. Total scores range from

 to 21 with high scores indicating higher knowledge.

.2.5. AAS use intent
AAS use contemplation was assessed using the Intent to use AAS

cale (IAS; MacKinnon et al., 2001). The IAS consists of 5 items.
n example item is “I would be willing to use steroids to know
ow it feels”. Each item is rated on a 5-point Likert Scale ranging

rom strongly disagree (1) to strongly agree (5). Total scores range
etween 1 and 25 with high scores denoting higher intent to use
AS. Cronbach’s alphas were .95 and .96 at baseline and posttest
espectively.

.2.6. Alcohol and tobacco use
Participants indicated whether they drink alcohol (yes/no),

moke cigarettes (yes/no/occasionally), use snus or smokeless
obacco (yes/no).

.2.7. Nutrition behaviour
Participants’ nutrition behaviour was assessed using the Nutri-

ion Behaviors Scale (NBS; MacKinnon et al., 2001). The NBS has a
Please cite this article in press as: Sagoe, D., et al. Doping prevention th
Hercules program. Performance Enhancement & Health (2016), http://d

otal of 7 items, each with a response format ranging from strongly
isagree (1) to strongly agree (5). An example item is “I am aware
f the calorie content of the food I eat”. Total scores range from 7
o 35 with high scores indicating adherence to healthier nutrition
ehaviour. Cronbach’s alpha was .85 at baseline and .88 at posttest.
2.2.8. Strength training self-efficacy
Efficiency at strength training was assessed with the Strength

Training Self-Efficacy Scale (STSES; MacKinnon et al., 2001): The
STSES has a total of 6 items. An example item is “I know how to
train with weights to get more power”. Each item is scored along a
5-point Likert scale ranging from strongly disagree (1) to strongly
agree (5) with high scores signifying more efficiency at strength
training. The STSES yielded a Cronbach’s alpha of .85 at baseline
and .87 at posttest.

2.2.9. Attitude towards drug offers
Participants’ ability to resist pressure from different sources to

use AAS and other drugs was  assessed using the Ability to Say No to
Drugs Scale (MacKinnon et al., 2001). This scale contains four items
reflecting the ability to resist. Each item is scored on a Likert scale
ranging from strongly disagree (1) to strongly agree (5) with high
scores denoting higher ability to resist the temptation to use drugs.
An example of an item is “I would be comfortable turning down a
fried who  offered me  anabolic steroids”. The total score ranges from
4 to 20. The scale yielded good psychometric properties (Cronbach’s
alphas: baseline = .90, posttest = .92).

2.2.10. Muscle appearance satisfaction
A short version of the Muscle Appearance Satisfaction Scale

(Ryan & Morrison, 2010) was used in the assessment of participants’
satisfaction with the appearance of their muscles and symptoms of
muscle dysmorphia. This scale contains 6 items. An example item
rough anti-doping education and practical strength training: The
x.doi.org/10.1016/j.peh.2016.01.001

is “I often find it difficult to resist checking the size of my  muscles”.
Each item is answered along a five point Likert scale [strongly dis-
agree (1) to strongly agree (5)], resulting in a total composite score
ranging from 6 to 30. High scores indicate higher satisfaction with

dx.doi.org/10.1016/j.peh.2016.01.001
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Table  2
Description of the Hercules program.

Program aspect Content

Theoretical session 1 Basic principles of exercise and strength
training

Theoretical session 2 Biomechanics of strength training
Theoretical session 3 Nutrition and dietary supplementation
Theoretical session 4 Sports ethics, anti-doping, anabolic steroids

and their adverse health effects, dealing with
peer-pressure

Strength training sessions Once per week
Squat, deadlift, bench press, standing shoulder
press, lat pulldown, seated row, standing
barbell twist
Week 1–3 3 × 12 repetition

maximum
Week 4 1 × 12 repetition

maximum
Week 5–8 3 × 8 repetition

maximum
Week 9 1 × 8 repetition

maximum
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Week 10–12 4 × 4–6 repetition
maximum

ne’s muscle appearance. Cronbach’s alphas were .83 at baseline
nd .86 at posttest.

.2.11. Attitude towards doping
The Performance Enhancement Attitude Scale (PEAS; Petróczi

 Aidman, 2009) was used in assessing participants’ attitudes
owards doping and the use of other ergogenic aids. The PEAS com-
rises 17 items. An example item is: “Doping is necessary to be
ompetitive”. Each item is rated on a 6-point Likert scale anchored
rom strongly disagree (1) to strongly agree (6) with high scores sig-
ifying a more positive attitude towards ergogenic enhancement
r doping. The PEAS total scores range from 17 to 102. At baseline,
he PEAS yielded a Cronbach’s alpha of .89, and .91 at posttest.

.3. Procedure and description of the program

Three classes were randomly allocated to a control condition,
hile four classes were randomised to receive a theoreti-

al/classroom education. Finally, four classes were randomised to
eceive, in addition to the theoretical/classroom education super-
ised strength training exercises.

The theoretical or classroom education consisted of four 90-min
essions. For the first session, participants were introduced to the
asic fundamental principles of exercise and strength training. The
econd session dealt with the biomechanical principles of strength
raining. For the third session, participants were provided instruc-
ion on adequate and appropriate nutrition behaviour and dietary
upplementation. The final theoretical session covered the ethics
f sports, anti-doping, AAS and their debilitating psychophysical
ffects, and peer-pressure resistance.

The practical aspect comprised twelve sessions or weeks of
uidance and supervised strength training exercises. Participants
ere acquainted with the following exercises: squat, deadlift,

ench press, standing shoulder press, lat pulldown, seated row,
nd standing barbell twist. The program was implemented by staff
f Anti-Doping Norway in collaboration with relevant academic
taff of the schools. Table 2 presents a description of aspects of the
rogram.
Please cite this article in press as: Sagoe, D., et al. Doping prevention th
Hercules program. Performance Enhancement & Health (2016), http://d

.4. Statistical analysis

The analysis was conducted using a modified intention-to-treat
mITT) approach. Accordingly, although we strictly adhered to
 PRESS
ent & Health xxx (2016) xxx–xxx

randomisation, dropouts were excluded from the final analysis.
Our preference for mITT was  to overcome criticisms regarding data
imputation associated with the intention-to-treat (ITT) approach
(Altman, 2009; Baron, Boutron, Giraudeau, & Ravaud, 2005).
Descriptive statistics were used to ascertain characteristics of the
sample. Chi-square analysis was  used to compare differences in
sample characteristics at baseline and posttest. The effects of the
intervention were analysed using mixed between-within analysis
of variance (ANOVA). There was one repeated measurement factor
with two  levels: time (baseline versus posttest), and one between
groups factor, condition with three factors (control, theory only,
and theory with workout). Three separate Tukey’s post hoc anal-
yses (control versus theory with workout; control versus theory
only; theory only versus theory with workout) were conducted to
examine the differences between means of significant group–time
interactions. Setting alpha to .05, power to .80, Cohen’s d to 0.20
and the correlation between the two repeated measurements
to 0.70, a minimum of 50 participants were required in each
condition in order to detect significant interaction effects.

3. Results

3.1. Main group effect

Results of the mixed between-within ANOVA revealed three sig-
nificant main group effects: nutrition behaviours [F (2, 199) = 3.68,
p < .028], strength training self-efficacy [F (2, 199) = 4.11, p < 0019],
and muscle appearance satisfaction [F (2, 199) = 5.59, p < .005].
Specifically, the control group had an overall higher score on nutri-
tion behaviours compared to the theory only group. Additionally,
the theory with workout group recorded a higher overall score on
strength training self-efficacy and muscle appearance satisfaction
compared to the theory only group. See Table 3.

3.2. Main time effect

A significant effect of time was  detected for AAS knowledge
[F (1, 199) = 10.93, p < .002]. This reflected an overall increase in
knowledge over time from baseline to posttest. See Table 3.

3.3. Interaction effect (Group × Time)

There were also significant interaction effects of group and time
on AAS knowledge [F (2, 199) = 3.33, p < .039] and strength training
self-efficacy [F (2, 199) = 9.89, p < .001].

Consistent with our prediction, the theory with workout group
gained deeper knowledge of AAS and their harmful effects from
baseline to posttest compared to the control group (p < .05). Fur-
thermore, as predicted, the theory with workout group had a higher
increase in strength training self-efficacy from baseline to posttest
compared to the control group, and the theory only group (p < .001).
See Table 3.

4. Discussion

We  developed and evaluated the efficacy of the Hercules pro-
gram, an adolescent-targeted doping prevention intervention that
combines theoretical lessons with practical strength training and
uniquely includes and compares three groups: control, theory only,
and theory with strength training. Consistent with our predic-
tion, it was  evident in the present study that in comparison with
rough anti-doping education and practical strength training: The
x.doi.org/10.1016/j.peh.2016.01.001

the control group, the theory with workout group acquired better
knowledge of AAS and their negative consequences from baseline
to posttest consistent with evidence from a previous intervention
(Fritz et al., 2005).

dx.doi.org/10.1016/j.peh.2016.01.001
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Table 3
The effects of groups/conditions on study variables.

Variable Control Theory only Theory and workout Main effect
Group

Main effect
Time

Interaction
Group × Time

Range Baseline Posttest Baseline Posttest Baseline Posttest F† F§ F†

Mean
SD

Mean
SD

Mean
SD

Mean
SD

Mean
SD

Mean
SD

Anabolic steroid knowledge 0–21 7.76 7.68 7.91 8.73 7.81 9.09 1.93 10.93** 3.33*,b

2.47 2.60 2.56 2.51 2.36 2.61
Anabolic steroid use intent 1–25 6.14 5.52 6.07 6.81 5.77 5.61 2.37 0 2.84

2.93  1.33 3.35 3.81 2.00 1.67
Nutrition behaviours 7–35 20.14 20.58 17.41 18.23 19.00 18.36 3.68*,a .29 1.47

5.66  6.48 6.11 5.32 5.96 6.08
Strength training self-efficacy 6–30 22.72 22.22 20.82 20.38 21.08 23.53 4.11*,c 2.58 9.89*** ,b ,c

4.38 5.12 5.45 5.97 3.97 3.20
Ability to turn down drug offers 4–20 17.16 18.02 18.14 17.86 18.56 18.36 1.16 .16 .16

4.26  3.57 3.62 4.03 3.51 3.71
Muscle appearance satisfaction 1–30 13.60 13.40 12.24 12.83 15.16 15.23 5.59**,c .27 .65

4.59  4.62 5.54 5.83 4.97 5.35
Performance enhancement attitude 17–102 34.00 32.10 32.01 33.02 36.70 34.22 .255 1.30 1.43

10.70  11.04 12.06 13.99 14.78 14.15

* p < .05.
** p < .01.

*** p < .001.
† Degrees of freedom = 2, 199.
§ Degrees of freedom = 1, 199.
a Significant difference between control and theory only.
b Significant difference between control and theory with workout.
c Significant difference between theory only and theory with workout.

dx.doi.org/10.1016/j.peh.2016.01.001
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Knowledge of AAS and their side effects has been identified as
 protective factor in adolescents’ initiation of AAS use (Ntoumanis
t al., 2014). First, the paucity of knowledge on AAS and their
armful effects may  render adolescents more prone to initiating
se due to false information about AAS from individuals in their
ocial network such as peers and trainers or coaches (Petróczi et al.,
014). Second, inferring from the health belief model (Rosenstock,
966, 1974), adolescents are more likely to avoid initiating AAS
se if they perceive the potential negative consequences of use
ore negatively compared to the potential benefits (Goldberg

t al., 2003; Ntoumanis et al., 2014). It is inferable from the above
hat the knowledge of AAS and their negative or injurious effects
cquired through the Hercules program may  be of value in doping
revention. On the other hand, from a harm reduction or sec-
ndary prevention perspective, it is foreseeable that the knowledge
cquired by current users may  help them minimise AAS-associated
isks or harms.

Moreover, the strength training culture or regimen provided
s a complement to the theoretical instruction proved beneficial
s the participating group exhibited, consistent with our predic-
ion, a significantly higher increase in strength training self-efficacy
rom baseline to posttest compared to non-participating groups.
oncern has been expressed regarding adolescents’ acquisition of
AS-related knowledge per se. It has been indicated that such
nowledge may  lead to increased curiosity and temptation to
xperiment with AAS (Goldberg et al., 1991; Yesalis & Bahrke,
000). Some individuals may  reject the acquired knowledge and
xperiment with AAS in approval of the construction of AAS use as

 strength training subculture or norm (Monaghan, 2002; Sagoe,
ndreassen, & Pallesen, 2014). Thus, Monaghan (2002) indicates

hat health promotion interventions are more likely to be efficient
hen linked to the values influencing targets’ personalities and way

f life. It has also been underscored that appropriate training, when
resented as an alternative to AAS use, is an effective means of
reventing adolescents’ and high school students’ initiation of AAS
se (Elliot & Goldberg, 1996). Accordingly, the increased strength
raining self-efficacy imparted in the Hercules program may  prove
seful in the prevention of doping.

It is recommended that preventive interventions deepen ado-
escents’ ability to identify and reject false or deficient information

eant to convince them to start AAS use Petróczi et al. (2014).
ence, as part of the appropriate nutritional practice, anti-doping
nd substance use education, participants were imparted refusal
r temptation coping skills although no statistically significant dif-
erences were observed between groups from baseline to posttest.
lthough the theory with workout group gained a higher knowl-
dge of AAS and their negative effects, their responses on questions
egarding future intent to use AAS were not significant compared
o the control group. This may  be attributed to the fact that intent to
nitiate AAS use was low in the sample perhaps due to their young
ge (Pope et al., 2014).

The combination of theoretical lessons and practical strength
raining is a notable strength of the Hercules program. In addi-
ion, as far as we are aware, the Hercules program is the pioneering
nclusion and comparison of three groups (control, theory only, and
heory with practical strength training) in an anti-doping inter-
ention. The use of several well-validated instruments is another
trength of the present study. Some limitations of the current study
ught to be noted. First, the theory with workout group’s com-
osition of a comparatively higher proportion of organised sports
articipants at baseline is a possible explanation for their gains in
AS knowledge and strength training self-efficacy. Also, data was
Please cite this article in press as: Sagoe, D., et al. Doping prevention th
Hercules program. Performance Enhancement & Health (2016), http://d

ollected using self-reports which may  have limited validity. For
nstance, it is plausible that the prevalence of AAS use estimated in
he present study may  be exaggerated by false positive responses.
t must be noted however that the assessment of AAS use in the
 PRESS
ent & Health xxx (2016) xxx–xxx

present study, in our view, meets best practice guidelines as ques-
tions were complemented and nuanced with the AAS knowledge
test as a means of reducing false positive responses.

Additionally, among the theory only group and generally, there
was a reduction in the prevalence of perceived use of AAS by oth-
ers. This reduction may  be attributed to the false consensus effect
in terms of the false attribution of AAS use to others at baseline.
With the knowledge acquired through the theoretical education,
some participants overcame the projection bias and corrected such
false attribution at posttest. Finally, further investigation showed
that the theory with workout dropouts comprised of a significantly
higher proportion of organised sports participants and smokers
compared to the control, and theory only dropouts. It is plausible
that their retention could have affected our findings. Future studies
with larger samples and other age as well as occupational groups
are recommended.

5. Conclusions

The paucity of empirical well-controlled anti-doping interven-
tions demands the development and testing of new interventions
(Backhouse et al., 2014). The present evaluation of the Hercules pro-
gram reveals its value in educating adolescents about AAS and their
enervating effects as well as providing them adequate strength
training skills. Overall, the program provides insights into the ben-
efits of combining anti-doping education with practical strength
training in the prevention of doping among youth. The program
represents a primary anti-doping intervention that can be imple-
mented on a large scale in high schools.
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