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Abstract 

The development of anabolic-androgenic steroid (AAS) dependence within the AAS using 

community is of some concern, due to the plethora of adverse health consequences it 

coincides with. To date, little is known about the factors aiding in the development of this 

condition. Utilising the current theory of AAS dependence and Bandura’s (1991) theory of 

moral thought and action, this thesis aimed to investigate the psychosocial factors that 

facilitate the development of AAS dependence amongst recreational strength athletes. 

Study 1 quantitatively explored the longitudinal relationship between AAS 

dependence and the experience of undesired physical and psychological effects via MD; in a 

population of male (n = 118) AAS users across three time points over a 12-month period. 

Mediation analysis revealed significant direct effects between AAS dependence, undesired 

physical effects (β = 0.08, 95% CI = 0.05 to 0.15), undesired psychological effects (β = 0.10, 

95% CI = 0.07 to 0.13), and MD (β = 0.10, 95% CI = 0.07 - 0.13). However, no indirect 

effects were identified for the longitudinal relationship between AAS dependence on 

undesired physical and psychological effects via MD.  

Attributed to the poor performance of AAS measures in Study 1, and the dearth of 

multidimensional AAS specific measures in the extant literature. Study 2 sought to develop 

and provide evidence of validity for measures of AAS dependence and AAS craving with two 

samples of male and female strength athletes who use AAS (nsample 1 = 206; nsample 2 = 224). 

Exploratory and Confirmatory Factor Analyses (CFA) with Sample 1 data were used to 

finalise the item sets for both measures and determine the factorial structures of the 15-item 

AAS Dependence Scale (AASDS) and the 16-item AAS Craving Scale (AASCS). Evidence 

supporting the concurrent, convergent and discriminant validity of scores obtained with both 
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scales was provided through their associations with the theoretically related variables. CFA 

with the data from Sample 2 confirmed the factor structures for both scales.  

Study 3 aimed to observe the patterns in levels and trends of AAS craving, anticipated 

guilt, SRE, and affect across AAS administration; to determine if the observations were 

consistent with extant theory of craving. Through a naturalistic single case experimental 

investigation collating data across three independent 12-day periods from six participants, 

visual analysis identified patterns in level and trend for some, but not all, participants in 

particular phases of AAS use. However, no observed patterns in levels or trends were 

consistent across all participants. The absence of findings consistent with the current literature 

was attributed to the blast and cruise nature of AAS administration observed in each 

participant.  

The findings of this thesis demonstrated the concerning longitudinal health effects 

attributed to AAS dependence, the requirement for appropriate measures to further explore the 

underlying dimensions of AAS dependence and craving amongst those who use AAS; and a 

degree of temporal patterns in craving across AAS administration. The findings from this 

thesis indicate that despite three decades of research in this area, there is still a need for a 

deeper understanding of the psychosocial factors that facilitate both AAS dependence and 

craving. By improving our knowledge and understanding, novel findings may aid in the 

development of harm reduction practices and interventions specific to the needs of AAS 

dependent individuals.  

 

  



iii 
 

Acknowledgements 

Funding 

This work was funded by the Economic and Social Research Council [grant number 

ES/P000711/1]. 

Personal 

I would like to take this opportunity to identify the incredible individuals who have provided 

me with support and assistance in completing my thesis.  

First and foremost, I wish to thank Professor Ian Boardley. Never did I imagine to 

have such an incredibly supportive supervisor. Your unfathomable well of patience, 

inspiration and understanding has made this experience a joy to have undertaken. Over the 

course of this PhD there have been hardships and stress, but never have I found myself 

thinking I would not be able to complete my thesis. I can only put this down to your calming 

personality, indefatigable guidance, and friendship. Our supervisory meetings gave me the 

sanity I needed whilst wrestling with the highs and lows of undertaking this venture over the 

last four years. You have made my time at the University of Birmingham an absolute pleasure 

and your tutelage has further fuelled my desire to pursue a career in academia which I hope to 

continue to share with you, together with the University of Birmingham.  

 I would like to take this opportunity to thank my meshuga family in supporting me 

throughout my academic journey. From reassuring me that re-taking my A-levels was okay, 

comforting me with rejections from medical schools, to supporting me through each of the 

four degrees I have undertaken. I can only thank you. To my grandparents, even though you 

are no longer with me, I wish to thank you for the amazing opportunities you have (and still) 

provide me with. I hope that you would be proud.  



iv 
 

Thank you to my research group and PGR colleagues, Martin Chandler, Andy Heyes, 

Israel Podesta, Hannah Parker, Shuge Zhang, and Tony Knox. From the moment we first met 

all those years ago to now, you have never failed to provide good humour and support 

whenever we meet. Your insight to all things PhD and research have not only provided me 

with a sense of serenity, but also reiterated to me how much I love what we do; and that there 

is no such thing as too much coffee….. Martin and Israel. Partaking in a PhD can be a lonely 

process but I cannot thank you enough, every one of you, for holding your helping hands out 

to me even when I didn’t know I needed it.  

 Next, I cannot endlessly thank my incredible partner, Eleanore Hayes, enough. Your 

understanding, encouragement, and selflessness are truly forces to behold. Coming into my 

life during the PhD journey cannot have been easy, but you have effortlessly taken it into your 

stride. Your grace, drive, and perseverance have inspired me to push myself to exceed a 

potential I did not know I had. Thank you for the beautiful sense of tranquillity you continue 

to bestow upon me.  

Thank you to all the amazing individuals I met during the course of this experience. 

From gatekeepers to participants, every one of you has given me a greater insight to the world 

of anabolics. Without your time and contributions, this research would never have happened.   

 

“ הרצון בפני העומד דבר אין ” 

“There is no such thing as can’t” – Rachel Eleanor Zoob 

 

Barnaby 

 

 



v 
 

Contents 

Chapter 1: General Introduction ......................................................................................................... 3 

Summary and Aims of the Thesis .................................................................................................. 19 

Chapter 2:  The mediating role of moral disengagement in the longitudinal relationship between 

anabolic-androgenic steroid dependence and undesired health effects .......................................... 21 

Introduction ..................................................................................................................................... 21 

2.2 Methods ...................................................................................................................................... 26 

2.2.1 Participants ......................................................................................................................... 26 

2.2.2 Measures ............................................................................................................................. 26 

2.2.3 Procedures........................................................................................................................... 28 

2.2.4 Data Analysis ...................................................................................................................... 30 

2.3 Results ........................................................................................................................................ 31 

2.3.1 Descriptive statistics and correlations. ............................................................................. 31 

2.4 Discussion ................................................................................................................................... 37 

2.4.1 Limitations and Future Directions ....................................................................................... 41 

2.4.2 Applied Implications .............................................................................................................. 43 

2.5 Conclusion .................................................................................................................................. 45 

Chapter 3 - The Development and Validation of Dependence and Craving Measures Specific to 

Athletes Who Use Anabolic-Androgenic Steroids ............................................................................ 47 

3.1 Introduction ............................................................................................................................... 47 

3.2 Methods ...................................................................................................................................... 57 

3.2.1 Item Development .............................................................................................................. 57 

3.2.2 Participants ......................................................................................................................... 59 

3.2.5 Measures ............................................................................................................................. 60 

3.2.5.1 Factorial, convergent, and discriminant validity, and internal consistency .............. 60 

3.2.6 Procedure ............................................................................................................................ 64 

3.3 Results ........................................................................................................................................ 65 

3.3.1 Preliminary Analyses ......................................................................................................... 65 

3.3.2 Factorial Validity ................................................................................................................ 65 

3.3.3 Confirmation of Factor Structure..................................................................................... 78 

3.4 Discussion ................................................................................................................................... 78 

3.4.1 Limitations and future directions ..................................................................................... 84 

3.5 Conclusion .................................................................................................................................. 85 



vi 
 

Chapter 4 - Temporal Changes In AAS Craving, Anticipated Guilt, Self-Regulatory Efficacy 

and Mood in Anabolic-Androgenic Steroid Use: A Naturalistic Single Case Experimental 

Investigation ......................................................................................................................................... 87 

4.1 Introduction ............................................................................................................................... 87 

4.2 Methods ...................................................................................................................................... 87 

4.2.1 Measures ............................................................................................................................. 93 

4.2.2 Procedures........................................................................................................................... 94 

4.2.3 Data Analysis ...................................................................................................................... 96 

4.3.1` Participant 1 ...................................................................................................................... 97 

4.3.2 Participant 2...................................................................................................................... 100 

4.3.3 Participant 3...................................................................................................................... 102 

4.3.4 Participant 4...................................................................................................................... 104 

4.3.5 Participant 5...................................................................................................................... 106 

4.3.6 Participant 6...................................................................................................................... 108 

4.4 Discussion ................................................................................................................................. 119 

4.4.1 Limitations and Future Directions ................................................................................. 119 

4.5 Conclusion ................................................................................................................................ 127 

Chapter 5 – General Discussion ....................................................................................................... 129 

5.1 Thesis Summary ...................................................................................................................... 129 

5.2 Discussion and Findings ......................................................................................................... 131 

5.3 Limitations and Future Directions ........................................................................................ 142 

5.4 Applied Implications ............................................................................................................... 146 

5.5 Conclusion ................................................................................................................................ 148 

Chapter 6 – References ..................................................................................................................... 150 

Chapter 7 – Appendices .................................................................................................................... 192 

7.1 Appendix A .............................................................................................................................. 192 

7.2 Appendix B .............................................................................................................................. 194 

7.3 Appendix C .............................................................................................................................. 196 

 

  



vii 
 

List of Tables and Figures 

Tables 

Table 2.1 Descriptive statistics and correlations of doping MD, AAS dependence, and 

number of self-reported undesired effects associated with AAS from T1, T2, and T3…… p34 

Table 2.2 Direct and indirect effects for AAS dependence on both undesired physical and 

undesired psychological effects via doping MD…………………………………………... p35 

Table 3.1 Model fit indices for each CFA model run for AAS dependence and craving 

measures for the first and second samples……………………………………………...…. p67 

Table 3.2 Internal consistency and correlations between factors from final AAS dependence 

scale models (M1c and M1b 15-item five factor models), DMDS, DSRES and DSMV from 

Sample 1 and Sample 2………………………………………………………………….… p69 

Table 3.3 M1c Items, standardized factor loadings and error variances for the AAS 

dependence scale (AASDS) from Sample 1 (N = 206) and Sample 2…………………….. p69 

Table 3.4 Internal consistency and correlations between factors in the final craving model 

(Sample 1 M4c and Sample 2 M2b 4 factor models), Doping MD, Doping SRE and AAS 

dependence………………………………………………………………………………… p72 

Table 3.5 Items, standardized factor loadings and error variances for the AAS craving scale 

(AASCS) from Sample 1 and Sample 2…………………………………………………… p73 

Table 3.6 Descriptive statistics, internal consistencies, and correlations between AASDS, 

number of self-reported undesired effects, AASCS, DSMV, AAS-WSCS, DMDS, and DSRE 

from Sample 1……………………………………………………………………………... p77 

Table 4.1 Within-condition analysis for AAS craving during phase A (end of blast), B 

(middle of a cruise), and C (end of a cruise) identifying descriptive statistics, trend, level, and 

stability of responses……………………………………………………………………... p111 

Table 4.2 Within-condition analysis for anticipated guilt during phase A (end of blast), B 

(middle of a cruise), and C (end of a cruise) identifying descriptive statistics, trend, level, and 

stability of responses………………………………………………………………….….. p112 

Table 4.3 Within-condition analysis for SRE during phase A (end of blast), B (middle of a 

cruise), and C (end of a cruise) identifying descriptive statistics, trend, level, and stability of 

responses…………………………………………………………………………………. p113 

Table 4.4 Within-condition analysis for affect during phase A (end of blast), B (middle of a 

cruise), and C (end of a cruise) identifying descriptive statistics, trend, level, and stability of 

responses…………………………………………………………………………………. p114 

Table 4.5 Between-condition analysis for each participant’s response to single-item of AAS 

craving……………………………………………………………………………….…… p115 



viii 
 

Table 4.6 Between-condition analysis for each participant’s response to single-item of 

anticipated guilt…………………………………………………………………………... p116 

Table 4.7 Between-condition analysis for each participant’s response to single-item of 

SRE………………………………………………………………………………………. p117 

Table 4.8 Between-condition analysis for each participant’s response to single-item of 

affect…………………………………………………………………………………...…. p118 

Figures 

Figure 2.1 The effects of AAS dependence on the undesired physical effects of AAS, and the 

mediating role of doping MD…………………………………………………………….... p36 

Figure 2.2 The effects of AAS dependence on the undesired psychological effects of AAS, 

and the mediating role of doping MD……………………………………………………... p36 

Figure 4.1 Participant 6 daily notification data taken at the end of a blast (phase A), during 

the middle of a cruise (phase B), and at the end of a cruise period (phase C) for single items 

measuring craving, doping MD, doping SRE, and Affect………………...…………...….. p99 

Figure 4.2 Participant 6 daily notification data taken at the end of a blast (phase A), during 

the middle of a cruise (phase B), and at the end of a cruise period (phase C) for single items 

measuring craving, doping MD, doping SRE, and Affect………………………….....…. p101 

Figure 4.3 Participant 6 daily notification data taken at the end of a blast (phase A), during 

the middle of a cruise (phase B), and at the end of a cruise period (phase C) for single items 

measuring craving, doping MD, doping SRE, and Affect……………………………...… p103  

Figure 4.4 Participant 6 daily notification data taken at the end of a blast (phase A), during 

the middle of a cruise (phase B), and at the end of a cruise period (phase C) for single items 

measuring craving, doping MD, doping SRE, and Affect………………………………... p105 

Figure 4.5 Participant 6 daily notification data taken at the end of a blast (phase A), during 

the middle of a cruise (phase B), and at the end of a cruise period (phase C) for single items 

measuring craving, doping MD, doping SRE, and Affect……………………………...… p107 

Figure 4.6 Participant 6 daily notification data taken at the end of a blast (phase A), during 

the middle of a cruise (phase B), and at the end of a cruise period (phase C) for single items 

measuring craving, doping MD, doping SRE, and Affect……………………………..… p110



1 
 

Glossary of Abbreviated Terms 

AAS – Anabolic-Androgenic Steroids 

AASCS – Anabolic-Androgenic Steroid Craving Scale 

AASDS – Anabolic-Androgenic Dependence Scale 

AAS-WSWS – Anabolic-Androgenic Steroid Specific Wisconsin Smoking Withdrawal Scale 

AIC – Akaike Information Criterion 

ASIH – Anabolic Steroid Induced Hypogonadism 

CFA – Confirmatory Factor Analysis 

CFI – Comparative Fit Index 

DMDS – Doping Moral Disengagement Scale 

DSMV – Diagnostic and Statistical Manual of Mental Health Disorders 5th Edition 

DSRES – Doping Self-Regulatory Efficacy Scale 

IPEDs – Image and Performance Enhancing Drugs 

MD – Moral Disengagement  

ML – Maximum Likelihood Estimation  

RMSEA – Root Mean Square Error Approximation  

SDS – Severity of Dependence Scale 

SRE – Self-Regulatory Efficacy 

SRMR – Standardised Root Mean Residual 

X2 – Chi Square 

  



2 
 

Publications Emanating from Thesis 

Zoob Carter, B.N., & Boardley, I.D. (2023). The development and validation of dependence 

and craving measures specific to athletes who use anabolic-androgenic steroids. 

Psychology of Sport and Exercise, (In Review).  

Presentations Emanating from Thesis 

Zoob Carter, B.N. (2022, September 1). The development and validation of dependence and 

craving measures specific to athletes who use anabolic-androgenic steroids 

[Conference Presentation]. European College of Sport Science. Seville, Spain. 

Publications Emanating During Thesis 

Zoob Carter, B. N., Boardley, I. D., & van de Ven, K. (2021). The impact of the COVID-19 

pandemic on male strength athletes who use non-prescribed anabolic-androgenic 

steroids. Frontiers in Psychiatry, 12(1). https://doi.org/10.3389/fpsyt.2021.636706 

Wilkins, L., Dunn, A., Zoob Carter, B. N., & Boardley, I. D. (2022). Exploring the 

relationship between mindset and psychological factors linked to doping. Performance 

Enhancement & Health, 10(4), 100238. https://doi.org/10.1016/j.peh.2022.100238 

Presentations Emanating During Thesis 

Zoob Carter, B.N. (2021, September 30). The impact of the COVID-19 pandemic on male 

strength athletes who use non-prescribed anabolic-androgenic steroids [Conference 

Presentation]. European Society for Social Drugs Research. Online Conference.  



3 
 

Chapter 1: General Introduction 

Use of anabolic-androgenic steroids (AAS) is becoming increasingly commonplace 

within recreational gym going populations (Basaria, 2018; Jacka et al., 2017; McVeigh & 

Begley, 2017). Misuse1 of AAS including administration of supraphysiological doses can 

produce a myriad of undesired physical and psychological effects (Goldman & Basaria, 

2018), and the presence of AAS dependence (Brower et al., 1989; Kanayama, et al., 2009a, 

2009b 2009c, 2010b) is thought to affect around 30% of those using AAS (Pope et al., 

2014a). Individuals with AAS dependence exhibit more undesired effects associated with 

their use of AAS (Ip et al., 2012), including irreversible neurological effects than non-

dependent individuals (Bjørnebekk et al., 2021; Hauger et al., 2019). Despite research 

identifying characteristics of those displaying AAS dependence (Brower et al., 1991; Ip et al., 

2012; Kanayama et al., 2009a, 2010b), there remains a deficit of studies identifying the 

psychosocial factors which may facilitate the development of AAS dependence. Therefore, 

the overarching aim of this thesis was to further our understanding of factors that may 

facilitate the development of AAS dependence, and to develop an assessment of AAS 

dependence to provide a greater understanding of its dimensionality.  

Anabolic-androgenic steroids (AAS) are synthetic derivatives of the male sex 

hormone testosterone, which exert both anabolic (i.e., muscle building) and androgenic (i.e., 

masculinising) effects within the user (Pope et al., 2014b). AAS were initially developed for 

therapeutic use within medical settings (Bain, 2008), however, since the mid-20th century 

AAS use has migrated towards use within the professional athlete environment (Bhasin et al., 

2021). More recently, those who use AAS tend to be recreational gym users who engage in 

 
1 Misuse is used within this thesis to indicate the use of a substance in a way that was not initially intended for 

the compound/s in question (i.e., used in a non-clinical setting). 



4 
 

practices of strength training to enhance and develop their physiques (Ip et al., 2012; 

Kanayama et al., 2020). Global lifetime prevalence of AAS use has been estimated at 3.3%, 

with the highest prevalence seen within male gym frequenting populations (6.4%; Sagoe et 

al., 2014). When combined with a regimented diet and training regime, AAS enable those 

who use them to surpass natural limitations in muscle growth, strength, and aesthetics (Bhasin 

et al., 1996; Kanayama & Pope, 2018). These ergogenic effects are reportedly dose dependent 

(Yu et al., 2014), which may cause some individuals to administer larger doses over 

prolonged periods, increasing the risk of developing undesired effects associated with AAS 

(Bolding et al., 2002; Harmer, 2010; Pope et al., 2000). 

Misuse of these substances is not without consequence, long-term abuse of AAS in 

supraphysiological doses is associated with a plethora of undesired effects (Baggish et al., 

2017; Goldman & Basaria, 2018; Kaufman et al., 2019; Pope et al., 2000, 2014b) ranging 

from acute to chronic (Pope et al., 2014b). Although there is evidence to suggest the acute 

effects are reversible upon cessation of use, and/or via self-medication through using ancillary 

compounds (Kanayama et al., 2010; Pope, Kanayama, et al., 2014), chronic effects can be 

irreversible (van Amsterdam et al., 2010). The severity and frequency of such effects are 

thought to be idiosyncratic (Pope et al., 2014b). The undesired consequences of AAS use 

include cosmetic effects such as acne (Goldman & Basaria, 2018), cardiovascular events 

(Baggish et al., 2017), impaired hepatic and renal function (Maravelias et al., 2005; Robles-

Diaz et al., 2015), compromised neurological function (Bjørnebekk et al., 2017, 2021; Seitz et 

al., 2017; Westlye et al., 2017), sexual dysfunction (Corona et al., 2022), psychological events 

(Chegeni et al., 2021; Pagonis et al., 2006), and hormonal imbalance (de Souza & Hallak, 

2011).  
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Despite rationale for breaks in AAS use to provide time for recovery before re-

initiating administration (Chester, 2018; Llewellyn et al., 2017), some individuals shorten or 

avoid these drug free periods due to experiencing withdrawal-like symptoms (Kanayama et 

al., 2010). Administration of supraphysiological doses of AAS has been demonstrated to 

suppress the hypothalamic-pituitary gonadal axis leading to anabolic steroid induced 

hypogonadism (ASIH; see Tan & Scally, 2009). Experience of ASIH in off-cycle2 periods is 

known to elicit symptoms of depression and sexual dysfunction (Brower, 2002; Kanayama et 

al., 2015). It is believed that experience of these withdrawal-like symptoms may cause some 

individuals to prematurely reinitiate use of AAS to self-medicate for these effects (Kanayama 

et al., 2010b). In some cases, suppression of the HPG axis is irreversible (Boregowda et al., 

2011), leading to some individuals to permanently administer AAS without breaks3 

(Kanayama, et al., 2010b). Using AAS in such a manner dependencies indicative of an 

underlying syndrome of dependence (Brower, 2009; Hildebrandt et al., 2011; Kanayama et 

al., 2009b).  

Over the last four decades a growing body of literature has demonstrated the presence 

of AAS dependence (Brower et al., 1989, 1991; Kanayama.,2008, 2009a, 2009b; Pope et al., 

2012; Tennant et al., 1988), characterised as sustained use of AAS over prolonged periods of 

time, despite experiencing undesired effects including symptoms of withdrawal and 

psychological impairment (Kanayama et al., 2009a, 2009b, 2010). Based on current 

approaches, AAS dependence is thought to affect around 30% of individuals who administer 

 
2 AAS are typically administered in cycles (Kanayama et al., 2003), with the ‘on-cycle’ period spanning 8 to 16 

weeks followed up by drug-free periods (i.e., ‘off-cycle’) lasting months at a time (Kanayama et al., 2008), to 

allow for endogenous testosterone production to recover (Kanayama et al., 2009a). 
3 Continuous administration of AAS occurs in blast and cruise protocols (Chandler & McVeigh, 2014), whereby 

‘cruising’ is characterised by administering a low to moderate dose of AAS over time (Sagoe et al., 2015) 

interspersed by periods of ‘blasting’ where doses are increased to encourage increased muscle and strength gains 

(Underwood, 2016). 
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AAS (Pope et al., 2014).  Despite identification of some characteristics of AAS dependence 

and associated health risks, to date, there is no single agreed upon theory or model of AAS 

dependence. As such several multidimensional models have been proposed over the last 30 

years in an attempt to explain how AAS use manifests into a syndrome of dependence 

(Bahrke & Yesalis, 1994; Brower, 1992, 2002; Hildebrandt et al., 2011; Kanayama et al., 

2010). Despite models of AAS dependence identifying its multidimensional nature, studies 

are yet to identify how these factors of dependence interact with other constructs that may 

facilitate the development of AAS dependence.  

Brower (1992) proposes AAS exerts dependence via four mechanisms: 1) primary 

positive reinforcement through neurological reward pathways, 2) secondary positive 

reinforcement from increased growth of muscle, 3) primary negative reinforcement via 

avoidance of biologically mediated withdrawal symptoms, and 4) secondary negative 

reinforcement through avoidance of psychosocial withdrawal symptoms. Researchers have 

identified issues with this model, primarily attributed to difficulties in discriminating between 

each of these reinforcing factors in survey-based research as many of these factors present 

themselves simultaneously (Yesalis et al., 1990). Disagreement over the psychoactive nature 

of AAS has caused some researchers to believe that AAS dependence is caused by secondary 

reinforcing effects due to both personal and socially rewarding properties, rather than being 

attributed to psychoactive stimulation (Midgley et al., 1999). 

 Other models have proposed AAS dependence manifests itself through socio-cultural 

reinforcing effects, motivating individuals to engage in rigorous training behaviours to build 

highly muscled physiques (Bahrke & Yesalis, 1994). Within this model it is training that is 

the focus of AAS dependence rather than AAS use, causing associated improvements in mood 

and self-esteem, associated with AAS dependence. Therefore, reinforcing effects attributed to 
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AAS dependence are predominantly accredited to the combination of, the muscle building 

properties of AAS, regimented routines of administration, intense training, and strict dietary 

protocols (Midgley et al., 1999). As such, this model may be better suited to identify exercise 

dependence and a desire to increase body capital (Gunnarsson et al., 2022; Kotzé & 

Antonopoulos, 2021) rather than AAS dependence alone.  

 A later model by Brower (2002) indicates AAS dependence manifests itself through a 

two-stage process. The primary stage identifies administration of AAS, when combined with 

strict dietary protocols, develops positively reinforcing supraphysiological muscle mass. Due 

to this positive feedback, the behaviour is maintained despite incurring unwanted health 

effects. The second stage is characterised through administering increased doses which 

activate neurological reward mediated pathways, inhibiting the cessation of AAS 

administration (Brower, 2002). The author identifies that there is a lack of evidence for AAS 

dependence without associated resistance training or an increase in musculature (Brower, 

2002), therefore the reinforcing effects of AAS seen here are attributed more towards a 

dependence on enhancing muscular strength, aesthetics, and physical performance (Mhillaj et 

al., 2015) rather than a dependency towards AAS.  

 More recently, research has presented a model of AAS dependence comprising of 

three distinct mechanisms (Kanayama et al., 2010). First, the anabolic mechanism is 

moderated by the presence of muscle dysmorphia causing an AAS using individual to 

continuously administer AAS without breaks due to a ‘fear’ of losing muscle mass when 

absconding from AAS use. Second, the androgenic mechanism identifies administration of 

exogenous testosterone-based compounds causes the suppression of the hypothalamic-

pituitary-gonadal axis and the subsequent development of AAS induced hypogonadism and 

associated symptoms (ASIH; Tan & Scally, 2009). AAS are therefore administered to 
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alleviate these symptoms in pre-planned drug-free periods (Brower, 2002). Third, the hedonic 

mechanism identifies similarities of AAS dependence to dependence of other substances of 

abuse, further demonstrated by animal models (Koob, 2006; Wood, 2002; Wood et al., 2004). 

The reinforcing effects of AAS in the first two mechanisms are attributed to self-medicating 

underlying comorbidities (i.e., muscle dysmorphia and ASIH) rather than on the reinforcing 

behaviours of AAS themselves. Furthermore, the third mechanism is somewhat limited as 

animal models have contradicted previous findings (Negus et al., 2001; Wood et al., 2011), 

whilst the hedonic reinforcing effects of AAS are not comparable to substances like heroin or 

cocaine, but more comparable to less harmful substances like caffeine (Wood, 2008).  

 A final model proposed by Hildebrandt et al. (2011) indicates AAS dependence may 

be both a physical and psychological construct. The model portrays AAS dependence as a 

physical construct attributed to a positive feedback loop of combined exercise and AAS 

administration leading to pleasurable secondary reinforcing factors (i.e., gratification from 

others). However, administration of exogenous testosterone inhibits endogenous testosterone, 

causing ASIH, subjecting the individual to a physical dependence to AAS. Psychological 

dependence is demonstrated when the AAS using individual experiences positively 

reinforcing social benefits related to their use of AAS (i.e., improved appearances, 

gratification from others, or social dominance through aggression). Hildebrandt et al. (2011) 

identifies that physical dependence is present once the individual begins to use ancillary 

compounds to combat the undesired effects associated with AAS use (Hildebrandt et al., 

2011). However, research demonstrates many who use AAS and experience undesired effects 

administer ancillary compounds to mitigate them (Kanayama et al., 2010; Pope, Kanayama, et 

al., 2014), therefore use of ancillary compounds may not be indicative of AAS dependence. 
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  With these models demonstrating reinforcing behaviour and the development of AAS 

dependence through multiple dimensions, it suggests a need to examine the dimensionality of 

dependence. To date, scales used to assess AAS dependence capture AAS dependence as a 

single factor (Gillespie et al., 2007; Gossop et al., 1995; Grant et al., 2007; Lynskey & 

Agrawal, 2007; Ray et al., 2008; Teesson et al., 2002), and are therefore unable to represent 

the multidimensional nature of AAS dependence. Based on the current models of AAS 

dependence, one can identify possible sub-dimensions of AAS dependence. These included 

unbroken use sustained over time despite incurring undesired (physical, psychological, and 

social) effects, experience of withdrawal and self-medication with AAS in periods of 

abstinence (Brower, 2002: Kanayama et al., 2009, 2009b: Pope et al, 2010), and 

administration of larger doses to improve AAS effectiveness (Brower, 2002; Kutscher et al., 

2002; Yu et al., 2014). 

Up to now, studies have mainly characterised how AAS dependent users present when 

compared to non-dependent users and/or non-AAS using controls (Brower et al., 1991; 

Hauger et al., 2019, 2020; Ip et al., 2012; Kanayama et al., 2009a). Whereby those with AAS 

dependence self-report use of more AAS compounds, incurring more undesired effects, 

demonstrate an increased concern over undesired health consequences associated with AAS 

use, use higher doses and spend less time off-cycle than their non-dependent counterparts 

(Brower et al., 1991; Hauger et al., 2019, 2020; Ip et al., 2012; Kanayama et al., 2009a).  

In an early study, Brower and colleagues (1991) examined a small convenience 

sample of AAS using males to determine correlates of AAS dependence. The authors 

identified that increased dosage and body dissatisfaction predicted AAS dependence. 

However, the authors neglected to identify which model of AAS dependence they were 

utilising or how they operationalised AAS dependence. Building on the previous findings 
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Kanayama et al. (2009a) sought to identify associated risk factors of AAS dependence. 

Despite the authors defining AAS dependence as “continuous use despite adverse medial, 

psychiatric, social, and occupational effects” (Kanayama et al., 2009a), there was no 

mentioned of what model was operationalised. The study demonstrated increased durations of 

use, larger dosages, polysubstance use, higher prevalence of childhood conduct disorders, and 

increased body dissatisfaction in AAS dependent users compared to non-AAS dependent 

users, and a non-AAS using weightlifting control. Ip et al. (2012) demonstrated differences in 

clinical characteristics between dependent and non-dependent AAS users. Authors recruited a 

large sample of AAS using males. The study characterised dependence as continued use 

despite incurring undesired effects, and operationalised Kanayama et al. (2010) model of 

dependence. Those with AAS dependence reported use of more anabolic compounds, higher 

doses, shorter off-periods, longer duration of AAS use, and increased concern over AAS 

related health issues.  

Across three studies Hauger and colleagues (2019, 2020, 2021) identified correlates of 

AAS dependence at both a clinical and neurological level. Characteristics of AAS dependent 

users were in alignment with previous studies. These studies also demonstrated thinner 

neurological cortices, compromised executive function, and a positive relationship between 

violence and aggression with dependence amongst AAS dependent participants. These 

findings have been supported more recently by Scarth et al. (2022). Findings also identified 

more negative personality traits (i.e., antagonism, disinhibition, rigid perfectionism, and 

psychoticism) positively associated with AAS dependence.  The study characterised AAS 

dependence as continued use despite experiencing negative physical and psychological effects 

including symptoms of withdrawal and impaired psychosocial functioning, and utilised the 

model for dependence proposed by Kanayama et al. (2010).  
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 A factor often deemed as an antecedent of drug dependence is drug craving 

(Drummond, 2001). Manifesting in numerous ways, craving presents itself in an intrusive and 

dominating manner instilling considerable distress in an individual (Beck et al., 1993; Tiffany 

& Wray, 2012). Craving is considered to be a desire to administer a substance (Tiffany & 

Wray, 2012), characterised by a want, urge, or a compulsion to engage in drug seeking 

behaviour, only satiated by using the substance itself (Kozlowski & Wilkinson, 1987). 

 Research within other substances has demonstrated symptoms of drug craving present 

during drug-free periods, exacerbated by environmental cues associated with drug 

administration, drug exposure, and drug expectancy (Donny et al., 2008; Drummond et al., 

1990; Franken et al., 2002; Pickens et al., 2011), facilitating drug seeking behaviour 

(Drummond et al., 1990). Evidence in the extant literature indicates presence of craving 

within substance use disorders, such as alcohol, smoking, and opioid misuse (Kakko et al., 

2019; Serre et al., 2015a; Tiffany, 1990), leading to some researchers suggesting craving 

contributes towards substance dependence (Tiffany & Wray, 2012). Subsequently, craving 

has been included in both the International Classification of Disorders 10th edition and within 

the Diagnostic and Statistical Manual of Mental Disorders 5th edition diagnostic criteria for 

substance dependence (APA, 2013; WHO, 1992). However, there remains some dispute over 

the role of craving in drug relapse during periods of non-substance use (Anton, 2000; Perkins, 

2009; Wray et al., 2013).  

To better understand AAS dependence and targets for potential interventions it is 

important to explore the relationship between AAS dependence and craving.  To date, 

however, no published research has examined craving with respect to AAS dependence in 

humans. Outside of AAS use, research on substance dependence has considered dependence 

as a trait-like construct that is not expected to fluctuate greatly over short time periods (see 
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Flannery et al., 2019; Geiser et al., 2017). Comparatively, craving is viewed as a state-like 

construct that fluctuates easily in response to internal and external stimuli during periods of 

substance withdrawal (Geiser et al., 2017; Huhn et al., 2016; Serre et al., 2015; Tiffany & 

Wray, 2012). Currently, there is no universal agreement on how craving and dependence 

affect one another. Theories have postulated craving as the primary motivating factor to 

sustain substance use, and claimed it is responsible for relapse in times of abstinence (Baker 

et al., 1987; Ludwig, 1974; Ray & Roche, 2018).  

Despite believing craving has a direct role in substance abuse, some researchers 

believe craving is not responsible for compulsive substance use (Baker et al., 2004; Tiffany, 

1990).  Even though there is disagreement over the role of craving in drug dependence, it is 

still believed to be a key feature of substance abuse disorders (Drummond, 2001; Tiffany et 

al., 2008). As such, many theories in the extant literature operationalise drug craving as an 

antecedent for substance dependence (Baker et al., 2004; Tiffany, 1990), and have included 

craving as a criterion in diagnosing dependence (see APA, 2013). In terms of AAS 

dependence, it is possible that AAS craving motivates individuals to prematurely re-initiate 

their use of AAS in androgen free periods. It is therefore an important area to explore within 

AAS research for potential harm reduction intervention.  

Researchers have suggested the multidimensionality of drug craving through 

proposing a series of models (see Skinner & Aubin, 2010). Originally proposed by Wikler 

(1948) and later built upon by Drummond and colleagues (1990), craving has been thought to 

exert itself through conditioned response (i.e., environmental cues). In this case an individual 

will experience unpleasant sensations when exposed to drug related cues (e.g., being within 

an environment where drug use occurred, or seeing an object related to substance use), in 

turn, exerting a desire to engage in substance use to alleviate noxious stimuli (Drummond et 
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al., 1990; Wikler, 1948). It is believed that environmental cues increase the risk for drug 

relapse in periods of abstinence (Drummond, 2001). However, little evidence within the 

literature indicates a significant association with this model and drug relapse (Skinner & 

Aubin, 2010). 

Marlatt and Gordon (1985) proposed a model of drug craving, exerted through drug 

expectancy (Marlatt & Gordon, 1985). In this model, the role of craving in substance relapse 

is mediated by anticipated effects of administering the drug (i.e., a desire for the positive 

effects associated with the use of the drug). This model has been paired with aspects of the 

conditioned response model of Drummond et al. (1990), whereby past gratification associated 

with drug use in an environment can elicit drug craving (Marlatt & Gordon, 1985). Through 

the mechanisms proposed within this model, it is possible that AAS craving may present itself 

in a similar manner. Whereby positive drug expectancy associated with AAS use, and being 

within the gym environment may facilitate the experience of AAS craving and potentiate 

subsequent use of AAS in drug free periods.  

Building upon the previous models, Niaura et al. (1988) indicate that drug craving 

may arise from environmental cues, and experience of both positive and negative mood (i.e., 

affect) states. In this model, initial drug use provides positive reinforcement through a desired 

mood change (e.g., the improvement of mood through drug administration), and acts directly 

upon positive feedback mechanisms. This feedback is amplified when the individual is 

exposed to environmental cues associate with substance use, such as being seeing an abject 

associated with drug administration (Niaura, 2000; Niaura et al., 1988). This model has 

demonstrated an inverse association with self-regulatory efficacy, identifying possible action 

in drug relapse (Niaura, 2000). With the models previously discussed in mind, one would 

expect to see AAS craving display dimensionality including aspects of, drug expectancy, 
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environmental cues, and altering both positive and negative mood states (Drummond et al., 

1990; Marlatt & Gordon, 1985; Niaura, 2000; Niaura et al., 1988).  

With studies demonstrating the presence of drug craving in substance abuse research, 

it is possible that those who misuse AAS experience symptoms of craving during breaks in 

their AAS protocols, driving them to seek AAS administration. Existing research has 

provided evidence for craving-like behaviours and for the relevance of craving for AAS use 

through testing of animal models. To determine the rewarding properties of AAS, researchers 

across several studies infused rodents with testosterone (equivalent to 900mg to 3,000mg per 

week; see Wood, 2008). Rodent models displayed a conditioned place preference associated 

with AAS associated environmental cues, and voluntarily self-administer AAS (Alexander et 

al., 1994; Arnedo et al., 2002; de Beun et al., 1992; Schroeder & Packard, 2000; Wood et al., 

2004a), even to the point of death (Wood, 2006). Further evidence to suggest AAS display 

craving-like properties has been provided through a series of experiments where medications 

used to alleviate the symptoms of craving (e.g., Naltrexone) inhibited behaviours of self-

administration of AAS amongst animal models (Peters & Wood, 2005; Pickens et al., 2011; 

Wood et al., 2004). With the evidence these models provide it is likely that AAS may exert 

similar rewarding effects upon strength athletes who use AAS. These rewarding effects of 

AAS may increase craving for AAS in drug-free periods and facilitate AAS dependence.   

Evidence for craving within AAS users has been further demonstrated within human 

studies. Researchers have demonstrated craving-like behaviours in human studies, with some 

AAS users re-initiating their use of AAS in pre-planned ‘off-cycle’ periods to self-treat 

symptoms of withdrawal (Ip et al., 2012; Kanayama et al., 2010). Research has identified that 

during these ‘off-cycle’ periods, some individuals experience dysphoric effects associated 

with both ASIH and an impaired mood state (Brower, 1997; Kashkin & Kleber, 1989; Malone 
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& Dimeff, 1992). It is therefore important to identify key dimensions of AAS craving and 

develop an instrument to assess them, in order to explore AAS further, and to understand the 

interrelationships between dimensions of AAS craving and dependence, to better understand 

how to adequately manage individuals displaying these conditions.  

As well as furthering our understanding of AAS craving, it is also important to 

understand possible antecedents of this construct. A concept previously associated with 

substance use and craving is moral disengagement (MD; Ahmadi et al., 2019; Kleinjan et al., 

2009). Proposed by Bandura (1991) in his social cognitive theory of moral thought and action, 

MD presents as a collective term for eight psychosocial mechanisms that justify and 

rationalise engagement in transgressive actions by changing how we think about the 

behaviour, who is responsible for it, and its repercussions. Research has demonstrated that 

MD is able to facilitate engagement in harmful behaviours including AAS use (Boardley et 

al., 2015, 2017, 2018). MD achieves this by allowing individuals to supress or eradicate 

personal rebuke of anticipated negative emotions (i.e., guilt and shame) associated with 

harmful acts (e.g., use of IPEDs; see Bandura, 1991).  

Research over the last decade has linked MD with use of IPEDs in sport and exercise 

contexts. Qualitative research by Boardley and Grix (2014) identified six of the eight 

mechanisms of MD (e.g., moral disengagement, advantageous comparison, 

diffusion/displacement of responsibility, distortion of consequences, and euphemistic 

labelling) originally proposed (Bandura,1991), via interviews with nine IPED using 

bodybuilders from England. Building on these findings Boardley and colleagues (2014) 

interviewed a national sample of 64 IPED using male bodybuilders in England. Analysis 

identified the utilisation of the same six mechanisms previously identified (Boardley & Grix, 

2014). These findings were supported and further developed by Boardley et al. (2015) through 
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interviews with 12 IPED using athletes from the United States of America and England. 

Quantitative research has demonstrated support for these qualitative findings. Boardley et al. 

(2017) assessed the association of doping MD with doping behaviour amongst team- (n = 

195), individual- (n = 169) athletes, and in hardcore- (n = 125) and corporate- (n = 121) gym 

goers. Structural equation modelling identified a moderately positive predictive effect 

between doping MD and IPED use. With this evidence demonstrating association between 

MD and IPEDs, similar relationships would be expected to be demonstrated between MD and 

AAS use.   

Evidence in the few studies examining the association between MD and substance 

dependence has demonstrated the association between MD and nicotine dependence (Kleinjan 

et al., 2009). Using a smoking specific measure of MD, a study by Kleinjan et al. (2009) 

demonstrated the association between MD, nicotine dependence, and readiness to quit 

smoking. The study identified a positive association between MD and nicotine dependence, 

and demonstrated MD negatively predicted readiness to quit smoking through regression 

analysis (Kleinjan et al., 2009). To date, there is an absence of literature focusing on the 

association between AAS dependence and MD. However, with the evidence provided from 

the extant literature similar associations may be demonstrated, whereby elevated levels of 

AAS dependence are associated with increased scores of MD.  

Research on other forms of drug misuse has explored the association between MD and 

substance craving (Ahmadi et al., 2019). Ahmadi and colleagues (2019) assessed the 

association between substance craving and MD amongst a population of individuals from 

substance abuse clinics. This study demonstrated a positive association between MD on 

substance craving (Ahmadi et al., 2019), whereby elevated levels of MD positively predicted 

craving through regression analysis. Presently there is a dearth of research looking at the 
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associations between MD and AAS craving, however from the evidence provided one could 

postulate that elevated scores of MD may act as a predictor of AAS craving, thereby 

increasing the risk of engaging in AAS use during periods of abstinence.  

Another component of Bandura’s social cognitive theory of moral thought and action, 

which may play a part in facilitating AAS dependence, is self-regulatory efficacy (SRE; 

(Bandura, 1997; Bandura et al., 2001). SRE represents an individual’s self-belief in his or her 

ability to resist internal and external pressures to partake in harmful and detrimental 

behaviours (Bandura, 1997). In the AAS context, an individual possessing elevated levels of 

SRE will display a better capacity to withstand personal and social influences to engage in 

AAS use. SRE is known to display an antagonistic relationship with MD, whereby high levels 

of SRE are associated with subdued levels of MD, as there is a reduced need to rationalise and 

justify engaging in transgressive conduct when one possesses self-belief in the ability to resist 

engaging in the act (Bandura et al., 2001).  

There is evidence within the extant literature to suggest that the process of SRE is 

utilised within IPED using populations (Boardley et al., 2017). A study by Boardley and 

colleagues (2017) demonstrated SRE negatively predicted MD when looking at doping 

behaviours (e.g., use of AAS) within team and individual sport athletes. Based on these 

findings, in terms of AAS use and dependence, an individual who has high levels of SRE 

would present low MD and be able to resist engaging in harmful behaviour which in turn may 

decrease the likelihood of developing AAS dependence. This relationship has been 

demonstrated within research on alcohol and tobacco whereby individuals displaying high 

levels of SRE demonstrated more successful attempts to abstain from substances of abuse and 

avoid relapse (Chavarria et al., 2012; Niaura et al., 1988; Stuart et al., 1994). Presently, there 

is an absence of research identifying the associations between SRE and AAS dependence. It is 
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possible therefore, that SRE would display a negative relationship with AAS dependence, and 

be an important area to therapeutically target for those who wish to abstain from future AAS 

use.  

 Through his theory of moral thought and action, Bandura proposes anticipated guilt 

contributes towards processes self-regulation. Bandura (1991) identifies that anticipated guilt 

acts as a deterring effect in engaging in transgressive behaviour, via inflicting an unpleasant 

emotional sensation of tension and regret upon and individual who is considering/partaken in 

detrimental activities. Bandura states that tension and regret are less likely to be experienced 

by those displaying high MD (Bandura, 1991). Consistent with Bandura’s (1991) theory, 

IPED research has demonstrated an inverse effect of guilt on MD (Boardley et al., 2017, 

2018). With evidence suggesting the mediating effect of guilt on MD, and subsequent 

substance use, it seems logical to postulate guilt would display a similar mediating effect on 

MD and AAS dependence.  

 To date, both qualitative and quantitative literature has identified evidence for the use 

of constructs from Bandura’s (1991) theory of moral thought and action and IPED use (i.e., 

AAS; see Boardley et al., 2014, 2015, 2017, 2018; Boardley & Grix, 2014). Previous research 

has established cross-sectional evidence for the association of dependence and craving with 

MD, SRE, and guilt (Ahmadi et al., 2019; Chavarria et al., 2012; Kleinjan et al., 2009; Niaura 

et al., 1988; Stuart et al., 1994). However, there is an absence of evidence associating AAS 

dependence and craving with constructs of MD, SRE, or anticipated guilt within gym using 

populations. Therefore, further research in these areas would build upon the extant literature 

and develop our understanding of how dependence and craving manifest within AAS using 

populations. Offering potential opportunities for harm reduction interventions tailored to suit 

those who use AAS. 
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Summary and Aims of the Thesis 

 In summary, despite research exploring AAS dependence over the last three decades, 

there remains a dearth of studies identifying the psychosocial factors that may facilitate the 

development of AAS dependence. Furthermore, with an absence of longitudinal research in 

this area, research has not been able to explore temporal associations between AAS 

dependence and constructs aiding in its development. Present measures used to assess AAS 

dependence are not only unidimensional but are adapted from pre-existing scales to assess 

intoxicating substances of abuse. Severely limiting our understanding of the multidimensional 

nature of AAS dependence proposed by hypothetical models for AAS dependence. There also 

remains an absence of literature exploring craving within the context of AAS use, limiting our 

understanding of a potentially key driver in sustained AAS administration. Research has 

postulated craving displaying multidimensionality through multiple models, however with the 

preference for single item measures and no measure developed specifically for AAS craving, 

our understanding of how AAS craving manifests within those who use is somewhat limited.   

  Taking into consideration the evidence presented up to this point, the primary aim of 

this thesis was to further our understanding of the nature of AAS dependence, as well as its 

antcedents and outcomes. Based upon the reviewed literature, three empirical studies were 

designed to address some of the key limitations in knowledge identified to this point. 

Specifically, the aims for each of these studies were: 

a) To longitudinally examine whether MD and AAS dependence mediated the 

relationship between AAS use and AAS harms. These aims were addressed in Study 1 

(Chapter 2).  
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b) To further our understanding of the dimensionality of AAS dependence and AAS 

craving, by developing multidimensional measures of each construct. These aims were 

addressed in Study 2 (Chapter 3).  

c) To explore the longitudinal and real-time co-occurrence of AAS craving and 

associated psychosocial constructs (i.e., anticipated guilt, SRE, and affect) across 

different periods of the AAS use cycle within natural environments. These aims were 

addressed in Study 3 (Chapter 4).  
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Chapter 2:  The mediating role of moral disengagement in the longitudinal relationship 

between anabolic-androgenic steroid dependence and undesired health effects 

Introduction 

Anabolic-androgenic steroids (AAS), initially utilised by professional athletes such as 

bodybuilders and weightlifters (Kanayama et al., 2008), are increasingly being used by 

recreational strength athletes (Zahnow et al., 2017). Prolonged supraphysiological 

administration of AAS is associated with an array of undesired acute and chronic physical and 

psychological health effects (Goldman & Basaria, 2018), as well as the development of a 

dependency syndrome (Kanayama et al., 2009a, 2009b, 2010). Currently estimated to affect 

up to 30% of AAS users, AAS dependence is associated with prolonged use of AAS, thus 

increasing risk of experiencing adverse effects (Ip et al., 2012; Pope et al., 2014a). Research 

has identified use of image and performance enhancing drugs (IPEDs) may be facilitated by 

psychosocial mechanisms of moral disengagement (MD; Boardley et al., 2014, 2015a, 2017; 

Boardley & Grix, 2014). It is possible that over time those with AAS dependence display 

higher MD, thereby facilitating prolonged use of AAS and increasing the risk of incurring 

associated undesired effects. Therefore, the overarching aim of this research was to 

investigate whether the longitudinal relationship between AAS dependence and associated 

undesired physical and psychological health effects amongst strength athletes was mediated 

by MD.  

AAS are a family of synthetic compounds derived from the male hormone 

testosterone, that produce anabolic (i.e., muscle building) and androgenic (i.e., masculinising) 

effects for those that use them (Pope et al., 2014b). When combined with adequate training 

and diet, AAS aid an individual to surpass their natural potential of enhancing muscle mass, 

strength and physical aesthetics (Ip et al., 2011; Pope et al., 2012). Evidence suggests that 
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these ergogenic effects are dose dependent (Yu et al., 2014), therefore increasing the risk that 

some users of AAS misuse4 these compounds (see Christiansen et al., 2017 and Zahnow et al., 

2018). This is of some concern as it is believed that those who use higher doses of AAS may 

be at an increased risk of developing undesired effects (Bolding et al., 2002; Harmer, 2010). 

An important motive for developing our understanding of the psychosocial processes 

that facilitate AAS dependence, are the adverse health consequences associated with their use. 

Misuse of AAS is associated with a myriad of undesired affects (Goldman & Basaria, 2018; 

Kanayama et al., 2018), the frequency and severity of which are idiosyncratic. These adverse 

effects can be acute or chronic (Pope et al., 2014b), with acute effects often being reversible 

upon cessation of use (van Amsterdam et al., 2010). However, long-term use can increase the 

risk of chronic, and often irreversible health effects such as cardiac dysfunction, neurological 

abnormalities, and psychological effects including depression and mood disorders 

(Bjørnebekk et al., 2021; Hauger et al., 2019; Rasmussen et al., 2016; Sculthorpe et al., 2010; 

Seitz et al., 2017).  Most studies identifying physical and psychological harms are case-

reports and cross-sectional studies (Chegeni et al., 2021; D’Andrea et al., 2022; Doleeb et al., 

2019; Kaufman et al., 2015; Windfeld‐Mathiasen et al., 2022), therefore limiting our 

understanding the temporal associations between prolonged use and harms. Despite the 

presence of two studies investigating longitudinal effects of AAS administration (Bjørnebekk 

et al., 2021; Smit et al., 2021), only one demonstrated longitudinal effects (Bjørnebekk et al., 

2021). 

Administration of AAS often occurs in ‘cycles’ (Kanayama et al., 2003), whereby 

compounds are taken over periods of 8 to 16 weeks followed up with drug free intervals 

lasting months or even years (Kanayama et al., 2008). Drug free periods aim to re-establish 

 
4 Misuse is used to indicate the use of a substance in a way that was not initially intended for the compound/s in 

question (i.e., used in a non-clinical setting). 
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endogenous testosterone production (Kanayama et al., 2009a) as exposure to exogenous 

testosterone-based substances (i.e., AAS) suppresses the function of the hypothalamic-

pituitary gonadal axis, a syndrome known as anabolic steroid induced hypogonadism (ASIH; 

Kanayama et al., 2015a; Tan & Scally, 2009). Abstinence from AAS use can produce 

withdrawal-like symptoms (Kanayama et al., 2010), likened to those experienced when 

abstaining from psychoactive drugs (e.g., opioids; Brower, 2002, 2009) and in extreme cases, 

suicide attempts (Amaral et al., 2020; Papazisis et al., 2007). Research indicates that some 

individuals use AAS in a continuous manner to avoid symptoms of withdrawal (Christou et 

al., 2017) and to self-medicate for ASIH (Kanayama et al., 2015). Although continuous use of 

AAS may prevent withdrawal-like symptoms being experienced, it is likely to increase the 

risk of developing long-term irreversible harms (Baggish et al., 2017; Pope et al., 2014b) and 

AAS dependence (Kanayama et al., 2015a).  

 Over the last three decades, research has developed an ever-growing picture of AAS 

dependence and its correlates (Brower, 1989, 1992; Kanayama et al., 2009a, 2009b). 

Empirical evidence to date estimates AAS dependence to affect up to 30% of AAS users 

(Pope et al., 2014a), predominantly manifesting in those using supraphysiological doses 

(Brower, 2002). Those with dependence are noted to develop a greater number of AAS 

related health issues than those who are non-dependent (Ip et al., 2012), exaggerated for those 

with years of uninterrupted administration (Kanayama et al., 2020). Research in this area 

remains in its infancy, as such researchers still do not fully understand the exact mechanisms 

that contribute to the development of AAS dependence (Kanayama et al., 2009a).  

Despite not completely comprehending how AAS dependence manifests itself, 

researchers have identified several underlying characteristics of AAS dependence.  Brower et 

al. (1991) identified AAS dependent users displayed more undesired psychological effects, 
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including body dissatisfaction and aggression, than non-dependent users. Kanayama et al. 

(2009a) demonstrated individuals with AAS dependence displayed significantly more 

psychological events than non-dependent individuals, including increased body dissatisfaction 

and substance dependence disorders. Ip and colleagues (2012) reported AAS dependent 

individuals displaying an increased concern over health issues, more undesired psychological 

and physical effects associated with their AAS use than non-dependent users. More recently 

the literature has displayed evidence to suggest AAS dependence is associated with 

concerning aberrations in brain structure, compromised executive function, increased violent 

behaviour, and increased adverse personality traits in AAS dependent individuals (see Hauger 

et al., 2019, 2020, 2021; Scarth et al., 2022). However, to date, research in this area has been 

cross-sectional, limiting our understanding of the processes linking AAS dependence and 

associated harms over time. Therefore, longitudinal research exploring the temporal 

relationships (Anstey & Hofer, 2004) between AAS dependence and undesired affects 

associated with AAS use would make an important contribution to our understanding of AAS 

dependence.  

Given the apparent prevalence of AAS dependence amongst recreational strength 

athletes, it is important to examine psychosocial processes that may facilitate the effects of 

AAS dependence on detrimental health outcomes. Bandura’s (1991) social cognitive theory of 

moral thought and action describes processes that have been linked with harmful behaviours 

such as drug use. More specifically, it proposes that individuals can supress or eradicate 

anticipated personal rebuke and associated negative emotions (i.e., guilt and shame) that 

normally result from engagement in harmful acts (e.g., use of IPEDs) through moral 

disengagement (MD). MD is a collective term for eight psychosocial mechanisms that justify 

and rationalise detrimental behaviours by reducing changing how we think about the 
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behaviour, reduce accountability for it and its consequences, distort the consequences, and 

dehumanise or blame victims. As such, MD may demonstrate a mediating effect, enabling 

individuals with AAS dependence to rationalise and justify their behaviour of prolonged use 

of AAS despite incurring undesired physical and psychological effects.  

Empirical research has linked MD with use of IPEDs in sport and exercise contexts, 

including AAS use in gym populations. Utilisation of MD by athletes and bodybuilders who 

use IPEDs was identified across three qualitative studies (Boardley et al., 2014, 2015; 

Boardley & Grix, 2014). This research illustrated the use of six out of the eight MD 

mechanisms (i.e., moral justification, advantageous comparison, diffusion and distortion of 

responsibility, distortion of consequences and euphemistic labelling) to justify and rationalise 

use of IPEDs (Boardley et al., 2014, 2015; Boardley & Grix, 2014). Quantitative research 

assessing the association of doping MD and doping behaviour amongst athletes and gym 

populations including AAS using bodybuilders identified doping MD had a positive 

predictive effect on use of IPEDs. Although research has linked MD and IPED use, to date, 

researchers have not examined the relationships between AAS dependence, MD, and harmful 

health effects stemming from AAS use.  

 Support for a link between AAS dependence and MD is offered by the limited 

research that has explored the association between substance dependence and MD (Ahmadi et 

al., 2019; Kleinjan et al., 2009). One study assessed the effects MD to rationalise drug use 

amongst a sample that were exclusively dependent on opioids, identifying the positive 

predictive ability of MD to engage in drug seeking behaviour in periods of abstinence 

(Ahmadi et al., 2019). Another study, explored the association between MD and nicotine 

dependence, indicating a positive relationship between nicotine dependence and MD, and that 

MD negatively predicted readiness to quit smoking (Kleinjan et al., 2009). With the evidence 
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from these studies demonstrating the utilisation of MD amongst diagnosed with substance 

dependence, it is possible that MD plays a role in facilitating AAS dependence. In order to 

further our understanding of AAS dependence, it is important to explore whether MD 

facilitates links between AAS dependence and harmful effects of AAS use over time.  

Based upon the arguments made to this point, this study sought to understand whether 

AAS dependence predicted harmful psychological and physical effects of AAS use over time, 

and whether MD facilitated any effects over time. Based on the reviewed literature we 

hypothesised: a) AAS dependence would positively predict the number of undesired physical 

effects experienced by those using AAS (H1), b) AAS dependence would positively predict the 

number of undesired psychological effects experienced by those using AAS (H2), and c) MD 

would mediate – at least in part – the relationships between AAS dependence and the 

undesired physical and psychological effects of AAS use (H3). 

2.2 Methods 

2.2.1 Participants 

 Participants (n = 118) were strength athletes originating from 26 countries (nUSA = 52; 

nUK = 25; nother = 41). Strength athletes reported being between; 18 to 20 years of age (8.6%), 

21 to 25 years of age (27.2%), 26 to 30 years of age (37.3%). 31 to 35 years of age (16.1%), 

36 to 40 years of age (4.2%), and over 41 years of age (6.6%). Participants reporting being 

single (44.9%), heterosexual (94.1 %), and full-time employed (58.5%). On average, 

participant’s age of AAS initiation was 25.03 years (SD = 6.70), total number of cycles run 

was 4.48 (SD = 4.11), and number of cycles run in the last 12-months was 1.60 (SD = 0.74). 

2.2.2 Measures 

Self-reported undesired physical and psychological effects associated with AAS use 

were assessed at each time-point. Participants reported the presence of adverse physical and 
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psychological effects currently being experienced by responding to the question “Are you 

currently experiencing any of these effects associated with the use of anabolic steroids?”. 

Physical effects included effects well established in the current scientific literature (e.g., acne, 

fluid retention, injection site pain, cholesterol imbalance, elevated red blood cell count; see 

van Amsterdam et al., 2010). Psychological effects included items associated with AAS 

withdrawal (e.g., depressive thoughts, decreased libido, excessive body checking, increased 

anxiety, insomnia, and mood swings; Brower et al., 1991; Ip et al., 2011; Parkinson & Evans, 

2006; Westerman et al., 2016). Participants responded dichotomously via ‘Yes’ or ‘No’ 

responses for both physical and psychological events, which were summed to produce a total 

for both undesired physical and undesired psychological effects at each time point. 

MD was assessed using the Doping Moral Disengagement Scale (DMDS; see 

Boardley et al., 2018) and adapting it to suit the use of AAS (i.e., ‘doping’ was replaced with 

‘steroid’). This scale consisted of 18-items (e.g., compared to most lifestyles in the general 

public, steroid use isn’t that bad”), with three items for each of the six mechanisms linked 

with IPED use (see Boardley et al., 2014, 2015; Boardley & Grix, 2014). Participants were 

instructed to read statements describing thoughts, feelings and situations associated with the 

use of AAS and indicate their level of agreement with each statement using a 7-point Likert 

scale anchored at 1 (strongly disagree) and 7 (strongly agree). Mean scores for the 18 items 

were computed for this measure at each time point.  The scale demonstrated acceptable to 

good internal consistency at T1, T2, T3, and T4 (α = .72, .82, .84, .82, respectively).  

AAS dependence was initially assessed using the severity of dependence scale (SDS; 

see Gossop et al., 1995) adapted to suit the use of AAS (see Griffiths et al., 2018). This 

measure consists of five items (e.g., “in the last 4 months did the prospect of missing a dose 

of steroids make you anxious or worried?”), and participants were instructed to read a number 
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of statements and respond to the best of their ability to the questions. Items one to four were 

anchored at 0 (never/almost never) and 3 (always/nearly always), whereas item five (e.g., in 

the last 4 months how difficult did you find it to stop, or go without steroids?”) was anchored 

at 0 (not difficult) and 3 (impossible). The SDS identifies dependence via computing an 

individual’s total score. If it exceeds six the individual is considered dependent. Although 

previous research indicated an adequate internal consistency (α = .75; Griffiths et al., 2018), 

our data demonstrated an unacceptable internal consistency at T1 (α = .47), T2 (α = .67), T3 

(α = .37), and T4 (α = .59). 

Due to the poor internal consistency of the SDS at T1, we decided to include an 

alternative measure of AAS dependence from T2. We utilised the AAS specific Diagnostic 

Statistical Manual of Mental Disorders fourth edition (DSM-IV) criteria adapted to suit AAS 

by Kanayama and colleagues (2009c). This measure consists of nine items (e.g., “over the last 

4 months have you increased the doses of steroids you are using due to being dissatisfied with 

your previous results?”) identifying areas of dependence such as tolerance, withdrawal, 

increased dosage, unsuccessful attempts to cut down use, time associated with use, cessation 

of social activities to use, and continued use despite adverse effects. A Likert scale was 

utilised anchored at 1 (never) and 4 (very often). Scores were aggregated, higher scores 

demonstrated an increased risk for the presence of AAS dependence. This scale indicated 

acceptable levels of internal consistency at T2, T3, and T4 (α = .76, .71, and .78 respectively).  

2.2.3 Procedures 

Full ethical approval was obtained from the University of Birmingham Ethics 

Committee (ERN_19-1955). Data collection occurred across four time points over an 18-
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month period, T1 occurred in April – May 20205, followed by T2 in September – October 

2020, T3 in February – March 2021, and T4 in July – August 2021)6. Inclusion criteria 

required participants to be male, over the age of 18, and had taken AAS in the last 12 months 

prior to T1. Participants were excluded from analysis if they had failed to complete two or 

more time points, 119 participants did not meet this criterion, therefore analysis was 

conducted with 118 participants who had completed between two-to-four-time points.  

Participants were recruited through advertisements on bodybuilding and strength 

training forums, groups on social media platforms (i.e., Facebook, Twitter, and Reddit) where 

the use of AAS is regularly discussed, and through existing contacts and gatekeepers. 

Potential participants were provided with a brief description of the study and a hyperlink to 

access the online survey. Once accessed, participants were presented with an information 

sheet, General Data Protection Regulation information and a consent form. Informed consent 

was obtained from all participants at each time point. Confidentiality was assured to 

participants of their responses as no personal details (e.g., names, addresses, phone numbers, 

etc) were gathered from participants. Email addresses were required for further contact for 

data collection at T2, T3, and T4 to provide participants with Amazon vouchers. T1 took 

approximately between 10 to 15 minutes to complete, T2, T3, and T4 took approximately 10 

minutes to complete. Upon completion of T1 participants were alerted that they would be 

contacted via the email address they had provided at T1 for the completion of the second 

survey in four months’ time at T2 and subsequent surveys at T3 and T4. Upon completion of 

 
5 Data collection within this time period coincided with the national lockdown protocols experienced throughout 

many nations around the glove due to the COVID pandemic (Lau et al., 2020; Moris & Schizas, 2020).  
6 The latter three time points occurred during periods of time where the isolation restrictions were relaxed, 

including the removal of work from home policies that were implemented within the UK(Rathod et al., 2021). 
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the survey participants were entered into a prize draw to win a £25, £50 or £100 Amazon 

voucher.  

2.2.4 Data Analysis  

Preliminary data analysis revealed the presence of missing data between the respective 

time points. Between time point 1 (T1, n = 237), time point 2 (T2, n = 91), time point 3 (T3, n 

= 81), and time point 4 (T4, n = 87) missing data was reported at each subsequent time point 

at 59.07%, 65.82%, and 63.29% respectively. Due to the poor performance of the adapted 

SDS, we used the alternative measure of AAS dependence we introduced from T2 (i.e., the 

AAS adapted DSM-IV criteria; Kanayama et al., 2009c). Furthermore, we decided to omit 

data from T1 because of the poor performance of the AAS adapted SDS from any data 

analysis and the high attrition rate between T1 and T2, using only data from T2, T3, and T4. 

For simplicity and clarity, from this point forward we will refer to these three time points as 

T1, T2, and T3. With our longitudinal design and a reduced sample size, we adopted mediated 

regression models to test two mediational models. The first would look at the effect of AAS 

dependence on undesired physical effects via doping MD, whilst the second would look at the 

effect of AAS dependence on undesired psychological effects via doping MD. This would 

enable us to test the proposed direct and indirect effects, whilst mitigating the issue of our 

reduced sample size. To examine longitudinal effects, doping AAS dependence from T1, MD 

from T2, and number of undesired physical and psychological effects from T3 in our 

analyses.  

To address the issue of missing data, we subjected the data to Little’s Missing 

Completely at Random test (Little, 1988), demonstrating data was missing completely at 

random (X2 = 14.17, df = 12, p >.29). A multiple imputation model was therefore established 

to replace missing data; five data sets were generated with the maximum number of 
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parameters set at 100. The subsequent analyses were undertaken with the average value of the 

missing data sets. The PROCESS version 4.1 (Hayes, 2017) SPSS macro (model 4) was used 

to test for direct and indirect effects of AAS dependence on the number of self-reported 

undesired physical and psychological effects associated with use of AAS, via MD. Direct 

effects describe the effects of a predictor variable on an outcome variable occurring 

independently from the effects of the mediator. Indirect effects describe the effects of a 

predictor variable on an outcome variable via a mediator variable. The total effect represents 

the sum of the direct and indirect effects. We set bootstrapping to 10,000 samples to account 

for Type 1 errors (Hayes, 2009; Preacher & Hayes, 2004). Bias-corrected confidence intervals 

were calculated for each effect. A significant effect is evident when the confidence interval 

does not contain zero. The Completely Standardised Indirect Effect (CSIE) was utilised to 

determine small (0.01), medium (0.09), and large (0.25) effect sizes (Preacher & Kelley, 

2011). Statistical significance was set as p <.05. 

2.3 Results 

2.3.1 Descriptive statistics and correlations.  

Table 2.1 indicates descriptive statistics and correlations for the study variables. Most 

participants reported being on cycle7 at T1 (85.7%), T2 (86.4%), and at T3 (89.6%) whilst the 

remainder reported being off cycle. Participants demonstrated a moderate doping MD score at 

T1 (M = 4.3, SD = 0.7), T2 (M = 4.2, SD = 0.7), and T3 (M = 4.2, SD = 0.7). Participants 

demonstrated a moderate level of AAS dependence at T1 (M = 16.6, SD = 4.1), T2 (M = 15.3, 

SD = 3.4), and T3 (M = 15.3, SD = 4.1). T1 correlations indicated strong significant positive 

associations between AAS dependence and doping MD (r = .47, p < .01), moderate 

 
7 ‘Use of AAS’ refers to participants being either; on-cycle, blasting, cruising, or on testosterone replacement 

therapy.  
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significant positive association between AAS dependence and undesired physical effects (r = 

.27, p < .01) and moderate -to-strong positive associations with undesired psychological 

effects (r = .32, p < .01), weak-to-moderate positive associations were also identified between 

doping MD and undesired psychological effects (r = .18, p < .05), and between undesired 

physical and psychological effects (r = .25, p < .01). T2 indicated weak-to-moderate 

significant positive correlations between AAS dependence and undesired psychological 

effects (r = .24, p < .01), and between undesired physical effects and undesired psychological 

effects (r = .23, p < .01). T3 demonstrated moderate-to-strong significant positive associations 

between AAS dependence and undesired physical effects (r = .39, p < .01) and strong 

significant positive association between AAS dependence and undesired psychological effects 

(r = .45, p < .01), and a moderate-to-strong significant positive association between undesired 

physical and psychological effects (r = .37, p < .01).  

2.3.2 Mediation analysis.  

To examine the predictive effect, of AAS dependence on the number of undesired 

health effects a series of mediated regressions were conducted (see Table 2.2). In the first 

mediation model, AAS dependence from T1 was entered in as a predictor of undesired 

physical health effects at T3 via our mediator, doping MD from T2. These analyses showed 

that AAS dependence from T1 was a significant predictor of doping MD from T2 (β = 0.10, 

95% CI = 0.07 - 0.13), and a significant positive predictor for undesired physical health 

effects at T3 (β = 0.08, 95% CI = 0.05 to 0.15). However, there was no significant indirect 

effect for doping MD at T2 on undesired physical effects at T3 (β = -0.13, 95% CI = -0.52 to 

0.27, CSIE = -0.04, 95% CI = -0.15 to 0.10). These results can be seen in Table 2.2 and 

Figure 2.1.  
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The second mediation model, AAS dependence from T1 was entered in as a predictor 

for number of undesired psychological effects at T3 via our mediator, doping MD from T2. 

These analyses indicated that AAS dependence from T1 was a significant positive predictor 

for doping MD at T2 (β = 0.10, 95% CI = 0.07 to 0.13), and a significant positive predictor 

for undesired psychological effects experienced at T3 (β = 0.14, 95% CI = 0.07 to 0.20). 

However, there was no significant indirect effect for doping MD from T2 on undesired 

psychological effects experienced at T3 (β = -0.25, 95% CI = -0.57 to 0.08, CSIE = -0.08, 

95% CI = -0.22 to 0.02). These results can be seen in Table 2.2 and Figure 2.2.  



34 
 

Table 2.1. Descriptive statistics and correlations of doping MD, AAS dependence, and number of self-reported undesired effects associated 

with AAS from T1, T2, and T3 (n = 118). 
  Variable Mean SD Range Skewness Kurtosis 1 2 3 4 5 6 7 8 9 10 11 12 

1 
AAS Dependence 

T1 
16.55 4.10 9.00-27.00 1.57 4.47 -            

2 Doping MD T1 4.28 0.71 3.00-7.00 0.56 0.95 .47** -           

3 

Undesired 

Physical Effects 

T1 

1.95 1.57 0.00-8.00 .94 1.02 .27** .05 -          

4 

Undesired 

Psychological 

Effects T1 

1.14 1.21 0.00-5.00 1.11 0.78 .32** .18* .25** -         

5 
AAS Dependence 

T2 
15.28 3.42 9.00-22.00 1.12 3.80 .50** .32** .03 .10 -        

6 Doping MD T2 4.24 0.68 1.00-6.00 -0.49 3.95 .18* .46** -.11 .05 .11 -       

7 

Undesired 

Physical Effects 

T2 

1.17 1.08 0.00-5.00 0.94 0.80 .08 .07 .13 .17 .09 -.12 -      

8 

Undesired 

Psychological 

Effects T2 

0.95 1.14 0.00-6.00 1.41 2.49 .29** .10 .33** .28** .24** .15 -.23* -     

9 
AAS Dependence 

T3 
15.30 4.11 9.00-27.00 1.54 2.49 .74** .48** .19* .21* .55** .10 .10 .29** -    

10 Doping MD T3 4.19 0.68 3.00-7.00 0.08 0.26 .12 .55** -.11 .13 .02 .63** -.17 .09 .07 -   

11 

Undesired 

Physical Effects 

T3 

1.91 1.44 0.00-7.00 0.95 1.29 .19* .18* .25** .15 .24** -.06 .09 .20* 
-

.39** 

-

.03 
-  

12 

Undesired 

Psychological 

Effects T3 

1.22 1.27 0.00-5.00 0.69 -0.59 .36** .16 .23* .20* .28** -.06 .04 .25** .45** .03 .37** - 

Note: *p < .05, **p < .01. 
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Table 2.2. Direct and indirect effects for AAS dependence on both undesired physical and undesired psychological effects via doping MD. 

Pathways B 95% CI CSIE 95% CI 

Direct effect of AAS dependence on     

Doping MD 0.10** 0.07 - 0.13   

Undesired physical effects 0.08* 0.05 - 0.15   

Undesired psychological effects 0.14** 0.07 - 0.20   

Indirect effect of      

AAS dependence on undesired physical effects via doping MD  -0.13 -0.52 - 0.27 -0.04 -0.15 - 0.10 

AAS dependence on undesired psychological effects via doping MD  -0.25 -0.57 - 0.08 -0.08  -0.22 - 0.02 

Note: Unstandardised coefficients are shown. AAS = Anabolic-Androgenic Steroids, CSIE = Completely Standardised Indirect Effect, MD = Moral 

Disengagement.  

*p < 0.05; **p < 0.01 
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Figure 2.1. The effects of AAS dependence on the undesired physical effects of AAS, and the mediating role of doping MD.  

Note. Values are unstandardized regression coefficients. Filled lines indicate significant results * p <.05, ** p < .01. 

 

 

 

 

 

 

 

 

 

Figure 2.2. The effects of AAS dependence on the undesired psychological effects of AAS, and the mediating role of doping MD.  

Note. Values are unstandardized regression coefficients. Filled lines indicate significant results * p <.05, ** p < .01. 
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2.4 Discussion 

 The existence of AAS dependence amongst those who use AAS has become 

increasingly apparent over the last thirty years (Brower et al., 1991: Hauger et al., 2020: Ip et 

al., 2012: Kanayama et al., 2009: Pope et al., 2014: Scarth et al., 2022). However, despite 

identifying underlying physical and psychological comorbidities (Kanayama et al., 2010), 

little attempt has been made to understand the psychosocial mechanisms through which AAS 

dependence may influence the number of adverse effects experienced by people who use 

AAS. Furthermore, there is an absence of longitudinal research on AAS dependence and its 

relationship with undesired effects associated with AAS. This study sought to address these 

deficits in knowledge by examining whether AAS dependence predicted undesired physical 

and psychological effects via MD over time in a sample of strength athletes who use AAS. 

 The extant literature indicates that AAS dependence is associated with an increased 

experience of undesired physical effects (Brower et al., 1991; Hauger et al., 2019; Ip et al., 

2012; Kanayama et al., 2009a). It was therefore hypothesised that AAS dependence would 

positively predict the number of undesired physical consequences associated with use of 

AAS. The direct effects within this study indicated AAS dependence was able to positively 

predict the increased experience of undesired physical effects across a 12-month period, 

thereby supporting H1. Current literature investigating the harms associated with AAS 

dependence is cross-sectional (Brower et al., 1991; Hauger et al., 2019; Ip et al., 2012; 

Kanayama et al., 2009a). Therefore, the findings from this study not only confirm cross-

sectional reports to date, but provide stronger support for a causal effect by showing this 

predictive effect is apparent over time, providing an important novel contribution to the AAS 

literature. 
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 Our finding that AAS dependence is able to positively predict the increased 

experience of undesired physical effects across a longitudinal period, provides and novel and 

significant contribution to the extant understanding of AAS dependence. Over the last 30 

years research has indicated AAS dependent users administer elevated dosages and have 

shorter drug-free periods across AAS administration compared to non-dependent users 

(Brower et al., 1991; de Zeeuw et al., 2023; Ip et al., 2012). These behaviours are believed to 

increase the risk of experiencing harms (Baggish et al., 2017; McCullough et al., 2021), 

including acne, aberrations in the structure and function of the heart and liver, gynecomastia, 

dyslipidaemia, and hypertension, (Hartgens et al., 2004; Neri et al., 2011; Rothman et al., 

2011; Smit et al., 2021). To date researchers have attributed the experience of undesired 

effects with the larger dosages and duration of use exhibited by AAS dependent users (see Ip 

et al., 2012), however this research remains cross-sectional. By demonstrating AAS 

dependence has a direct causal effect on increased experience of undesired physical harms, 

this study gives us a greater insight of the symptoms associated with AAS dependence. 

   Presently, literature on AAS dependence indicates the association of dependence with 

an increased experience of undesired psychological effects attributed to the use of AAS (see 

Brower et al., 1991; Hauger et al., 2019, 2020; 2021; Ip et al., 2012; Kanayama et al., 2009a; 

Scarth et al., 2022). We therefore hypothesised that AAS dependence would positively predict 

the number of undesired psychological effects associated with use of AAS. The direct effects 

in model testing indicated AAS dependence had a positive longitudinal relationship with 

undesired psychological harms over a 12-month period, therefore fully supporting H2. By 

providing evidence of a longitudinal effect of AAS dependence on undesired psychological 

harms stemming from AAS use, this study made a significant novel contribution to the 
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literature, strengthening evidence of a causal effect of AAS dependence on negative 

psychological effects of AAS use. 

 Our finding that AAS dependence is able to positively predict the increased 

experience of undesired psychological effects across a 12-month period provides a significant 

contribution to the extant literature of AAS dependence. A growing body of research has 

categorised those with AAS dependence to use higher dosages and administer more anabolic 

compounds then non-dependent users (Brower et al., 1991; de Zeeuw et al., 2023; Hauger et 

al., 2020; Ip et al., 2012; Kanayama et al., 2009a; Scarth et al., 2022). Researchers have 

identified that administration of supraphysiological dosages of AAS over prolonged periods 

of time is associated with increased risks of experiencing undesired psychological effects 

including depression, irritability, mood swings, and hostility (Hauger et al., 2019, 2021; 

Pagonis et al., 2006). To date cross-sectional research has attributed the experience of 

undesired effects with the larger dosages and duration of use exhibited by AAS dependent 

users (see Ip et al., 2012). By demonstrating AAS dependence has a direct causal effect on 

increased experience of undesired psychological harms, this study gives us a greater insight of 

the undesired psychological health consequences associated with AAS dependence.  

Despite extant literature identifying a positive association between doping MD and 

use of AAS (see Boardley et al., 2014, 2015, 2017, 2018; Boarldey & Grix, 2014), there 

remains a dearth in research exploring the mediating effect of doping MD on AAS 

dependence and associated undesired effects of AAS use. We therefore hypothesised that MD 

would mediate (in part) relationships between AAS dependence and undesired physical and 

psychological effects. No significant indirect effect of doping MD was identified on AAS 

dependence and experience of adverse physical or psychological effects, the results in this 
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study do not support H3. Despite this, the study identified a significant direct effect between 

AAS dependence and doping MD.   

One possible explanation for the absence of evidence for MD as a mediator in the 

relationship between AAS dependence and undesired health effects was potentially attributed 

to the rewording of the doping MD items to suit AAS. This was achieved by replacing the 

word ‘doping’ with ‘steroids’. Alteration of the doping MD items may have changed the way 

participants responded to this measure, exhibited by lower internal consistency values and 

higher mean scores of the doping MD scale in this study than in previous literature (Boardley 

et al., 2017, 2018). Furthermore, attrition experienced in the study will have affected the 

study’s sample size, thereby reducing statistical power. This is evident with in the CSIE 

values in both models assessed in this study being close to significant (see Table 2.2 and 

Table 2.3).  

 By indicating a direct positive direct effect between AAS dependence and MD across 

a 6-month period, this study presents significant contributions to the understanding of 

Bandura’s (1991) theory of MD within the AAS literature. Bandura (1991) proposes 

engagement in transgressive acts are facilitated through mechanisms to rationalise and justify 

behaviour (i.e., drug use). Despite evidence for MD in substance use behaviours (Boardley et 

al., 2017; Heyes & Boardley, 2019; Quinn & Bussey, 2015; Sumnall et al., 2022), there are 

few studies identifying a casual effect between substance dependence and MD. Klienjan et al. 

(2009) identified a positive association between nicotine dependence and MD, and indicated 

MD negatively predicted readiness to quit smoking. From the results of Klienjan et al (2009) 

it is likely that MD is used by those with substance dependence disorders to rationalise and 

justify their behaviours in order to maintain their prolonged drug use. However, the cross-

sectional design of this study limits our understanding on the causal nature between 
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dependence and MD. Through the findings of our study identifying AAS dependence has a 

direct causal effect on MD, this study gives us a greater insight of the factors that may 

facilitate the syndrome of dependence in those who use AAS.  

2.4.1 Limitations and Future Directions  

 As with any study there were a number of limitations that should be considered. A 

high attrition rate was experienced across the transition between the first and section time 

points (62.1%), second a third time points (10.9%), and third and fourth time points (4.4%). 

Attrition played a part in omitting the first time point from analysis in this study. Despite this 

attrition rate being high, it was not to a level that would cause the results to be non-

meaningful (see Angrist et al., 1996). Although statistically significant results were identified 

within the study, the reduced power attributed to the attrition rate will have reduced the ability 

to detect statistically significant results. It is possible that attrition was due to a number of 

reasons including emails being redirected to junk/spam folders, participants forgetting their 

participation within the study, COVID-19 lockdown restrictions ending causing a reduced 

motivation to continue with the study, and COVID survey fatigue (see Zoob Carter et al., 

2021). Future longitudinal studies may benefit from providing participants with questions at 

the end of surveys enquiring if their email addresses have change, this will ensure that the 

most up-to-date email addresses are retained and may aid in the prevention in attrition.  

Generalisability could have also been affected as it is possible that we did not capture 

all typologies of AAS users (Christiansen et al., 2017; Zahnow et al., 2018). It is possible that 

we captured data from an array of typologies, including the YOLO type (Christiansen et al., 

2017), during the first time point of the study. With the relaxation of COVID lockdown, and 

subsequent reduced motivations to continue with the study, it is likely that these YOLO 

participants removed themselves from further participation in the time points used in analysis. 
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With YOLO users obtaining their knowledge of AAS from ‘steroid gurus’ (see Christiansen 

et al., 2017), it is possible that a distrust for researchers and medical professionals is passed 

on to them, causing them to limit interactions with researchers and medical professionals 

(Bonnacaze et al., 2020). Potentially causing a response bias as some AAS users may not 

fully disclosing their use and/or give the full picture of undesired effects they experience 

(Bonnecaze et al., 2020). Advertisement of academic studies via gatekeepers and moderators 

on forums may be a benefit to future research aiming to recruit AAS users. As approval from 

respected members of the AAS community may encourage engagement from harder to reach 

AAS users.  

Findings from this study identified limitations with the measures of AAS dependence. 

Analysis of internal consistency at T1 identified that the SDS was not internally consistent 

(i.e., unacceptable), leading to the addition the AAS adapted DSM-IV (see Kanayama et al., 

2009c) from T2. Our findings contradicted the existing literature, which indicated the SDS as 

an internally consistent measure for assessing AAS dependence (Griffiths et al., 2018). The 

DSM-IV was also met with limitation as it is unable to capture the multidimensional nature of 

AAS dependence exhibited in extant models (see Bahrke & Yesalis, 1994; Brower, 2002; 

Brower et al., 1991; Hildebrandt et al., 2011; Kanayama et al., 2010), as existing measures of 

AAS dependence unidimensional (Gillespie et al., 2007; Gossop et al., 1995; Ray et al., 

2008). Therefore, we recommend researchers develop a bespoke multidimensional scale 

specific to identify if specific aspects of AAS dependence are more strongly linked with 

undesired health effects.   

Another common limitation in this thesis was found with the internal consistency of 

the MD measure used. Currently, MD has been explored within the IPED using community 

with the doping MD scale (see Boardley et al., 2018). This scale was adapted within this 
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study to suit AAS, by rewording and replacing the term ‘doping’ with ‘steroid use’ (i.e., “The 

risks associated with steroid use are exaggerated”).  Despite demonstrating good internal 

consistency scores, the alpha values were smaller than reported in previous literature (see 

Boardley et al., 2017). Hardcore gym users made up less than half the sample within the study 

by Boardley et al (2017), with over half the participants belonging to individual and team 

sports. This was a very different sample to the ones identified within this thesis, which 

contained participants from hardcore gyms. It is possible that those who use AAS interpret the 

MD items differently from other athletes, whereby AAS users may dissociate their use of 

AAS from items concerning ‘doping’ behaviour. The alteration in item wording within this 

study may have caused participants to answer more defensively as items may have caused 

participants to reflect more on their own behaviour. Development of a bespoke AAS suited 

measure of MD would be key in amending this limitation. 

2.4.2 Applied Implications 

The novel findings identifying the relationship between AAS dependence and MD is 

important, as it furthers our understanding of the factors which may facilitate AAS 

dependence. The current literature on AAS dependence has postulated several models in order 

to explain how AAS using individuals manifest this syndrome (Bahrke & Yesalis, 1994; 

Brower, 2002; Brower et al., 1991; Hildebrandt et al., 2011; Kanayama et al., 2010) . 

However, none of these models have explored how psychosocial factors such as MD may 

attribute to the development of AAS dependence (de Zeeuw et al., 2023; Ip et al., 2012; 

Kanayama, Hudson, et al., 2009; Scarth et al., 2022a). Despite researchers identifying a 

number of characteristics of those with AAS dependence, there is little research exploring the 

mindset of those with AAS dependence and how they rationalise and justify their behaviours 

associated with their use of AAS. Therefore, the information from this study may offer a 
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greater insight to the thoughts and characteristics of those with AAS dependence. By 

identifying the role of MD in AAS dependence these findings may offer novel targets for 

harm reduction interventions; such as cognitive behavioural therapy (see Quaglio et al., 2009; 

Smit et al., 2019).  

To date research on undesired physical effects associated with AAS use have been 

reported as being reversable (Goldman & Basaria, 2018); consequently, the impact upon 

overall health may be understated by some sub-populations of AAS users (Pope et al., 2014b; 

Christiansen et al., 2017). It is therefore of high importance to present the current findings to 

both the AAS community, healthcare practitioners, and harm reduction services. Atkinson and 

colleagues (2021) have indicated the importance of providing credible research to healthcare 

practitioners and harm reduction workers, in order to establishing effective engagement 

strategies with AAS users. To date much of the harm reduction surrounding AAS use is 

focused on blood-borne viruses causing substantial frustration amongst the AAS using 

community as many other physical harms are more frequently experienced (see Underwood, 

2019), and to date there is no evidence indicating transmission of BBVs occurs via AAS use 

(see McVeigh, 2019). Havnes et al (2019) suggests that providing practitioners with improved 

knowledge about the adverse effects of AAS use may facilitate engagement and management 

of AAS users. By understanding the needs and experiences of AAS users, the findings 

collated from this study will aid in the provision of information and understanding to these 

harm reduction groups, aiding in the creation of bespoke management plans (see Bates et al., 

2021) for AAS dependent users. Furthermore, by circulating the findings from studies, such 

this, will aid in raising an understanding and awareness within the AAS community about the 

impact sustained use of AAS has on their physical health.  
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Presently there is some disagreement within the AAS community over the presence of 

undesired psychological effects (Kimergård, 2015; Monaghan, 2002); however, it is important 

to ensure findings from this study are not overlooked by the AAS community and healthcare 

providers. A recent review has suggested that AAS using individuals experiencing undesired 

psychological symptoms may benefit from interventions through behavioural health therapists 

(Bonnecaze et al., 2021). However, researchers like Van de Ven et al (2022) indicate that 

there is a dearth of evidence from research informing effective harm reduction provision. 

Therefore, findings from this study demonstrating a causal effect of AAS dependence on 

psychological harms may offer such evidence and knowledge to practitioners. Furthermore, 

by identifying the myriad of undesired psychological events experienced by those who use 

AAS (Goldman & Basaria, 2018), harm reduction services and healthcare professionals may 

be made aware that a ‘one size fits all’ approach to management of AAS users is not 

appropriate. Therefore, novel findings from this study may aid in providing harm reduction of 

healthcare services with the appropriate information to develop bespoke management and 

support to AAS dependent users. Furthermore, circulating the findings from this study within 

the AAS community may aid in raising an understanding and awareness about the impact 

sustained use of AAS has on their psychological health. 

2.5 Conclusion 

Through this longitudinal study we demonstrated AAS dependence has a significantly 

positive direct effect with experience of undesired physical and psychological effects 

associated with AAS use, and a significant positive direct effect with MD. This study makes a 

particular contribution to the literature as this is the first study to identify a longitudinal 

relationship between AAS dependence and MD, furthering our knowledge of how the AAS 

community utilise MD (Boardley et al., 2017). The study also contributes to the current 
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literature, as it is the first study to identify a longitudinal relationship between AAS 

dependence and undesired health effects associated with AAS use, supporting previous cross-

sectional associations (see Ip et al., 2012; Kanayama et al., 2009b). We look forward to 

studies expanding on these findings in future research.  
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Chapter 3 - The Development and Validation of Dependence and Craving Measures 

Specific to Athletes Who Use Anabolic-Androgenic Steroids 

3.1 Introduction 

Anabolic-androgenic steroids (AAS), primarily utilised by weightlifters and 

bodybuilders, are also used by recreational gym goers (Kanayama et al., 2009b: Zahnow et 

al., 2018). Misuse8 of supraphysiological doses9 of AAS has been linked with a myriad of 

undesired health effects (Pope et al., 2014: Ip et al., 2011: Parkinson et al., 2006: Westerman 

et al., 2016: Brower et al., 1991), including a dependency syndrome which is estimated to 

effect up to 30% of people who use AAS (Pope et al., 2014). Although development of 

substance dependency is thought to be facilitated by drug craving (Donny et al., 2008), 

craving remains poorly understood (Flannery et al., 2001) and AAS craving has not yet been 

explored. To explore AAS dependence and craving, valid and reliable assessment instruments 

are required. The overarching aim of the current research was to develop two such 

instruments and to validate their scores. 

AAS research has demonstrated evidence of a dependency syndrome through case 

reports since late 1980 (Brower et al., 1989; Tennant et al., 1988). Subsequently, research into 

this area attempted to diagnose AAS dependence with the utilisation of diagnostic criteria 

used to identify substance misuse and dependence. The two most accredited criteria for 

assessing the presence of dependence to substances of misuse are the Diagnostic and 

Statistical Manual of Mental Disorders criteria (DSM; APA, 2013), and the International 

Classification of Diseases (ICD; WHO, 1992). However, the DSM and ICD disagree on how 

AAS are viewed. Whilst the ICD volume 10 (ICD-10) does not consider AAS as substances 

 
8 Misuse is used here to refer to the use of a substance in a manner that is not medically recommended (WHO, 

1992).    
9 There have been no reported cases of AAS dependence whilst using therapeutic doses of AAS (Brower, 2002).  
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that can cause dependence or symptoms of withdrawal (Midgley et al., 1999), the DSM 

criteria classifies AAS in the ‘other’ category of substance use disorders, which includes 

substance dependence (APA, 2013). For this reason, research on AAS dependence has 

primarily utilised the DSM criteria (Kanayama et al., 2009a; Ip et al., 2012; Scarth et al., 

2022).  

Despite the DSM criteria being primarily used to diagnose dependence towards 

intoxicating substances of misuse, research identified the presence and prevalence of AAS 

dependence amongst populations of male weightlifters using the DSM criteria (Brower et al., 

1989, 1991; Copeland et al., 2000; Gridley & Hanrahan, 1994; Midgley et al., 1999; Perry et 

al., 2005). Unlike commonly misused substances, AAS are not immediately intoxicating 

(Grönbladh et al., 2016; Kanayama et al., 2009). Instead, AAS are consumed over prolonged 

periods of time to obtain a delayed reward of increased musculature and strength, rather than 

administered to obtain the sensation of an instantaneous “high” (Kanayama et al., 2009b). To 

account for this, researchers have provided recommendations to make the DSM criteria more 

specific to the use of AAS (Kanyama et al., 2009b). Amendments included items identifying 

unsuccessful attempts to stop AAS use due to anxiety over loss of muscle size in drug-free 

periods, avoidance of important activities in favour of maintaining supraphysiological muscle 

mass, and excessive time spent training, attending to diet, associating with other AAS users 

(see Kanayama et al., 2009b). However, these amendments may actually represent risk factors 

for AAS use, such as muscle dysmorphia, exercise addiction and eating disorders (Cole et al., 

2003; Copeland et al., 2000; Greenway and Price, 2018; Griffiths et al., 2018; Gunnarsson et 

al., 2022; Hurst et al., 2000), or even different typologies of AAS users (i.e., ‘Expert’; see 

Christiansen et al., 2017; Zahnow et al., 2018) rather than dependence alone. 
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Another method of assessing AAS dependence is the Severity of Dependence Scale 

(SDS; see Gossop et al., 1995). Initially developed to assess dependence on drugs of abuse 

(e.g., alcohol, heroin, cocaine and amphetamine), the SDS is a concise and internally 

consistent dependence measure for such substances (Gossop et al., 1995; Lawrinson et al., 

2007; Martin et al., 2006). More recently, two studies have reported using an adapted version 

of the SDS to measure AAS dependence (Cole et al., 2003; Griffiths et al., 2018). Despite 

this, there are concerns of the use of the adapted SDS to measure AAS dependence. First, like 

the DSM criteria, the SDS was originally established to identify dependence on intoxicating 

drugs of abuse (e.g., alcohol, heroin, cocaine and amphetamine; see Gossop et al., 1995). 

Second, there is very limited evidence for the psychometric properties of the adapted version 

of the SDS, as the validity and reliability of scores obtained through its use are largely 

unknown (Cole et al., 2003; Griffiths et al., 2018). 

The limitations of the SDS and DSM approaches are further highlighted when one 

considers current models of AAS dependence. Several models have been presented over the 

last three decades to try to explain AAS dependence (Bahrke & Yesalis, 1994; Brower, 1992; 

Brower, 2002; Hildebrandt et al., 2011; Kanayama et al., 2010). In an early model Brower 

(1992) indicates AAS may cause dependence via four possible mechanisms: 1) primary 

reinforcement through neurological reward pathways (e.g., opioid pathways), 2) secondary 

reinforcement from increased musculature (including increased self-esteem, outside 

admiration and winning competitions), 3) avoidance of biologically mediated withdrawal 

symptoms, or 4) avoidance of psychosocial withdrawal symptoms (e.g., depression due to 

decreased athletic performance). Limitations with this proposed model include difficulties in 

differentiating between each of the reinforcing factors within survey and case report research 

(Kean, 2003), as many of these factors often present themselves simultaneously (Yesalis et 
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al., 1990). There also remains a disagreement over the psychoactive nature of AAS. Midgely 

et al. (1999) indicated AAS dependence is likely to be caused by secondary reinforcing effects 

due to the personal and socially rewarding nature they exert, rather than via psychoactive 

stimulation. With the model demonstrating difficulties in practical use within research and the 

absence of agreement over the psychoactive and reinforcing nature of AAS, use of this model 

in the development of measures to assess and understand AAS dependence could be 

problematic.     

Bahrke and Yesalis (1994) presented a model of AAS dependence whereby 

development of dependence originates from socio-cultural contexts, subsequently motivating 

individuals, primarily males, to engage in an intense and frequent rigmarole of training 

sessions to build highly muscular physiques. Within this model, it is the training sessions that 

produce improvements in mood, self-esteem and are associated with controlled dietary 

programmes. Therefore, the reinforcing effects of these anabolic compounds can be attributed 

to their muscle-building properties (Midgely et al., 1999), and the regimented routines of 

AAS administration facilitate compulsive training and dietary protocols. Thus, the positively 

reinforcing effects of this model may relate more to exercise dependence and a desire to boost 

body capital (Gunnarsson et al., 2022; Koté & Antonopolous, 2021), rather than AAS 

dependence alone, potentially causing issues for measures of AAS dependence created from 

this model.  

In a later model, Brower (2002) proposed a two-stage process of AAS dependence. 

The first stage sees AAS being used in high doses to build supraphysiological muscle mass 

when combined with a strict diet and training regime, reinforced by the development of 

increased muscle mass this behaviour is maintained despite encountering any adverse effects. 

The second stage is characterised by individuals administering high dosages of AAS 
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activating neurological mediated reward pathways preventing the individual from halting use 

of AAS (Brower, 2002). The latter stage is characterised by the experience of psychoactive 

effects (i.e., mood changes, increased aggressive behaviours), and associated with 

polysubstance use of compounds such as opioids, and can be a target for addiction treatments 

(Arvary & Pope, 2000; Mhillaj et al., 2015). However, Brower (2002) stipulates there is a 

dearth of evidence of AAS dependence without associated weight training or ergogenic 

effects on musculature, therefore the positively reinforcing effects of AAS could be attributed 

more towards an underlying dependence on improving muscular strength, aesthetics, and 

physical performance (Mhillaj et al., 2015).  

Kanayama et al. (2010) indicated that AAS dependence may present via three distinct 

mechanisms: anabolic effect, androgenic effects, and hedonic effects. The anabolic 

mechanism is modulated by the presence of muscle dysmorphic disorder, whereby an 

individual will maintain the use of AAS due to a ‘fear’ of losing their musculature when 

abstaining from AAS administration. The androgenic mechanism points to the effects of 

hypothalamic pituitary gonadal axis suppression, facilitating the development of anabolic 

steroid induced hypogonadism (ASIH) and associated symptoms (see Tan & Scally, 2009). 

Therefore, AAS are administered to alleviate the symptoms of ASIH experienced during 

substance free periods (Brower, 2002). Lastly, the hedonic mechanism demonstrates AAS 

dependence sharing similarities with dependence to other substances of abuse (e.g., opioids), 

further demonstrated via animal models (Koob, 2006; Wood, 2002; Wood et al., 2004a). 

More traditional models based upon the allostatic framework of addiction 

(Hildebrandt et al., 2011) have been presented, whereby the development of AAS dependence 

is believed to be both a psychological and a physical construct. Hildebrandt et al. (2011) 

describes how an individual can improve their hedonic state by implementing protocols of 
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exercise and AAS use simultaneously, thereby improving their hedonic tone and bringing 

about positive reinforcement through social benefit. Combined with chronic AAS use, 

psychological dependence is established. Physical dependence is achieved once the individual 

administers ancillary compounds to negate undesired effects (Hildebrandt et al., 2011). 

However, evidence in the current literature suggests many individuals who use AAS combine 

their anabolic compounds with ancillary substances to counteract undesired effects 

(Kanayama et al., 2010: Pope et al., 2014), therefore this may not be indicative of AAS 

dependence.  

The presence of multiple pathways within models of AAS dependence (Brower, 1992: 

Bahrke & Yesalis, 1994: Brower, 2002: Kanayama et al., 2010: Hildebrandt et al., 2011), 

demonstrates that AAS dependence is not unidimensional but contains many underlying 

dimensions, as such it is important that measures are able to identify this by containing 

multiple factors. Presently, measures used to assess AAS dependence capture AAS 

dependence as a single factor (Gillespie et al., 2007; Gossop et al., 1995; Grant et al., 2007; 

Lynskey & Agrawal, 2007; Ray et al., 2008; Teesson et al., 2002) and therefore are limited in 

representing the likely multidimensional nature of AAS dependence. Research in this area 

could benefit from a multidimensional measure to discriminate between the underlying 

dimensions of AAS dependence allowing researchers to identify if specific dimensions are of 

a greater importance to AAS dependence than others.  

To accurately identify, diagnose and further understand AAS dependence, the 

multidimensional nature identified within existing theories needs to be addressed. Sub-

dimensions have been identified within the extant literature, with researchers categorizing 

AAS dependence as almost unbroken use sustained over time, despite incurring undesired 

(physical, psychological, and social) effects, and experience of withdrawal symptoms in 



53 
 

periods of abstinence (Brower, 2002: Kanayama et al., 2009, 2009b: Pope et al, 2010). 

Another sub-dimension identified within models of AAS dependence is the belief that 

administering chronic supraphysiological doses of AAS improves effectiveness of their 

regime in enhancing muscular and strength gains (Brower, 2002; Kutscher et al., 2002). For 

the purpose of this study, we will be adopting and adapting the multidimensional model of 

AAS dependence proposed by Kanayama et al. (2010) to produce a multidimensional measure 

of AAS dependence.   

A contributing factor in the development of drug dependency is the presence of drug 

craving (APA, 1994; Drummond, 2001). Believed to manifest itself in a myriad of ways (see 

Beck et al., 1993), craving presents as an intrusive and dominating sensation causing an 

individual substantial distress (Tiffany & Wray, 2012). Craving is recognised as a conscious 

desire for substance use (Sayette et al., 2000), characterised by a want, urge or compulsion to 

engage in satiating behaviour (Kozlowski and Wilkinson, 1987). With little consensus over 

the definition of craving, it remains poorly understood (Flannery et al., 2001; Franken, 2003). 

Craving is believed to present itself during periods of drug abstinence elicited when 

experiencing drug-related cues (e.g., environmental cues and drug exposure; see Drummond 

et al., 1990), and due to drug expectancy (Donny et al., 2008; Franken, 2003; Pickens et al., 

2011). This should thereby increase the propensity for drug seeking behaviour in individuals 

with compromised self-efficacy (Marlatt & Gordon, 1985), only satiated by drug use 

(Drummond et al., 1990).  

Craving research has demonstrated its presence within substance use disorders, 

including alcohol, tobacco, opioid, cocaine, cannabis and other psychoactive substances 

(Kakko et al., 2019; Serre et al., 2018; WHO, 1992). As such, craving has been included 

within the ICD-10 diagnostic criteria for substance dependence (WHO, 1992), and more 
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recently in DSM fifth edition (DSM-V; APA, 2013). However, despite consensus that drug 

craving has a role in drug dependency (Tiffany and Wray, 2012), there remains a dispute 

amongst researchers on the presence of a relationship between craving and relapse, indicative 

of a substance dependency syndrome (Anton, 2000; Hartman et al., 1998; Paliwal et al., 2008; 

Perkins, 2009; Weiss et al., 2003; Wray et al., 2013). To identify the presence of craving 

alongside dependence, it may be more beneficial to retain craving as an independent measure 

rather than consider it a symptom of dependence and incorporate it into measures of substance 

dependence.  

Research on craving has predominantly focused on alcohol and smoking, subsequently 

seeing the development of many measures suited to these substances (Anton et al., 1995: Cox 

et al., 2001: Tiffany & Wray, 2012), and their adaptation to suit research of other substances 

of misuse (Franken et al., 2002; Mol et al., 2003; Tiffany et al., 1993). With no widely 

accepted or drug specific standardised instruments available (Rosenberg, 2009), the 

assessment of drug craving has been diverse (Tiffany & Wray, 2012). This leaves researchers 

in a predicament where they must pick the most suited measure available, leading to 

inconsistencies when attempting to identify an appropriate measure (Sayette et al., 2000). 

Despite the development and validation of multi-item craving measures (May et al., 2014; 

Tiffany et al., 1993; Rabbe et al., 2005) identifying the varied nature of drug craving, single-

item scales remain the most commonly used within craving research (Tiffany & Wray, 2012). 

This somewhat limits our understanding of drug craving as unidimensional single-item 

measures are unable to reflect the different multifaceted theories of drug craving (Robinson, 

1993; Tiffany, 1990; Tiffany et al., 2000).   

Extant research looking at the mechanisms of AAS dependence has identified 

behaviours associated with craving through animal models. Conditioned place preference and 
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drug seeking behaviours, synonymous with drug craving, have been identified through 

environmental cues associated with AAS (Arnedo et al., 2002; Schroeder & Packard, 2000; 

Wood, 2008). Furthermore, medications to alleviate the symptoms of craving (e.g., 

Naltrexone) have been seen to inhibit behaviours of self-administration of AAS amongst 

animal models (Peters & Wood, 2005; Pickens et al., 2011; Wood et al., 2004b), supporting 

the notion AAS can induce a craving-like response. However, some researchers believe 

animal models are limited in explaining the nature of craving (Mezinkis et al., 2001; Pickens 

et al., 2011) due to the inability to communicate sensations and perceptions associated with 

drug use (Drummond et al., 2000; Drummond, 2001). Thus, with literature suggesting the 

presence of AAS craving it is important to further explore AAS craving to better understand 

whether it associates with AAS dependence.   

To accurately identify and diagnose AAS craving and any existing sub-dimensions, 

any new measure should aim to represent the multi-dimensional nature of the construct 

(Tiffany & Wray, 2012).  Researchers have characterised craving as eliciting several 

experiences upon an individual, these include cue-elicited craving (Drummond, 1995), 

outcome expectancy (Marlatt and Gordon, 1985), and associated positive and negative mood 

states (Baker et al., 1986, 2004; Cox et al., 2001; Shiffman & Waters, 2004; Tiffany et al., 

2000). Cue-elicited craving has been identified within alcohol research, whereby an individual 

associates their use of a substance (e.g., alcohol) with an environment (e.g., a bar), and elicits 

a desire or urge to administer the substance if immediate substance use does not take place 

(Anton, 1999; Drummond et al., 1995). Outcome expectancy is explained by the motivation 

and desire to administer a substance due to the positive outcome of its use increasing the 

likelihood of drug-seeking behaviours (Marlatt & Gordon, 1985). The effects of mood on 

craving have been identified within smoking research, whereby negative affect will increase 
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craving and increase the risk of substance use in periods of abstinence (Baker et al., 2004; 

Cox et al., 2001; Shiffman & Waters, 2004), whilst for positive affect craving is facilitated by 

pleasurable and positively reinforcing effects increasing the risk for drug seeking behaviour 

(Baker et al., 1986).  

Therefore, the overall aim of this study was twofold. First, we aimed to develop 

measures of AAS dependence and AAS craving and validate their scores. As part of this, we 

aimed to determine the number of dimensions within each construct. Based on the theories of 

dependence and craving previously discussed, we hypothesised: H1a) AAS dependence would 

have a five-factor structure covering major aspects of AAS dependence (e.g., Increase use of 

AAS due to dissatisfaction with the effectiveness of current AAS regime, AAS use to self-

medicate withdrawal-like symptoms, and continued use despite the experience of adverse 

physical, psychological and socio-occupational effects attributed to AAS use) and H2a) AAS 

craving would present with a 4-factor structure, reflecting the various dimensions of AAS-

associated craving (e.g., drug expectancy, environmental cues, and positive and negative 

mood states). Second, we aimed to determine the presence of a higher order factor for both 

scales, which would support the existence of general dimensions of AAS dependence and 

AAS craving. Based upon our previous arguments, we hypothesised: H1b) the AAS 

dependence measure would demonstrate a higher order factor, supporting the existence of an 

overarching concept of AAS dependence and H2b) the AAS craving measure would 

demonstrate a higher order factor, supporting the existence of an overarching concept of AAS 

craving. To summarize, this research sought to develop two psychometric instruments: an 

AAS dependence scale and an AAS craving scale. Throughout the study we followed the 

guidelines and procedures for instrument development and validation present within the 



57 
 

research literature (i.e., Clark & Watson, 1995, 2019; Fabrigar et al., 1999; Haynes et al., 

1995; Messick, 1995). 

3.2 Methods 

Throughout this study we considered five of the six aspects of construct validity 

proposed by Messick (1995); content, structural, substantive, generalizability, and external. 

Expert opinion was used for the content aspect via identifying the representativeness and 

quality of the items for each of the newly developed measures. The structural aspect identifies 

if the scoring structure is in alignment with the structure of the domains being assessed, this 

was achieved through factor analysis. The substantive aspect of construct validity was 

addressed within the study, by examining the association of the scores from our new measures 

and those from theoretically-associated variables. To identify the extent of score properties 

and interpretations generalizing to and across groups and settings, multi-sample analysis was 

carried out. The presence of convergent and discriminant validity was addressed though the 

external aspect, this was achieved through association with theoretically relevant instrument 

scores. The final component of construct validity, consequential, is identified through positive 

and negative consequences occurring from the use of the new measures. As such, this was 

beyond the scope of an instrument development and validation study, and more applicable to 

future applications of the measures created within the study.  

3.2.1 Item Development  

By reviewing existing measures assessing the constructs of interest and the current 

literature, we developed two pools of items designed to capture the different aspects of AAS 

dependence and craving (see Clark & Watson, 1995). Twenty-three items representing AAS 

dependence and 27 items for AAS craving were generated. Items were either adapted from 

those used in existing scales to make them relevant to AAS (n = 12 for AAS dependence and 
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n = 15 for AAS craving; Anton, 2000; Kanayama et al., 2009; Ooteman et al., 2006; Raabe et 

al., 2005; Welsch et al., 1999; WHO, 1992) or created based upon relevant theory (n = 9 for 

AAS dependence and n = 12 for AAS craving). Both the AAS dependence and craving items 

were provided with a response format of a 7-point Likert scale anchored by 1 (strongly 

disagree) and 7 (strongly agree), based upon extant guidelines in the literature (see Clark & 

Watson, 1995, 2019). This response format was used during expert panel analysis and all 

subsequent data collections. This format has been noted within the literature to present the 

best compromise between reliability, validity, discriminatory power, and respondent 

preference (Preston & Coleman, 2000). 

Item pools were subjected to content validity assessment to establish whether they 

represented the phenomenon they intended to measure (Dunn et al., 1999: Haynes et al., 1995: 

Kline, 2005). The most effective way to evaluate content validity is via expert opinion. 

Following the guidelines of Dunn et al. (1999), items were sent to 2210 academics and 

healthcare workers with cogent experience who had not been involved in item development. 

Each expert had a PhD in sport psychology, psychology, neuroscience, a medical degree, or 

were employed within the healthcare sector or as a harm reduction worker with experience of 

AAS. To establish evidence for the content validity of the items, we presented the item set to 

our expert panel in a survey consisting of four sections: i) definition of dependence11 and 

content validity assessment for the dependence items, ii) assessment of format and response 

items for the dependence items, iii) definition of craving12 and content validity assessment for 

 
10 38 academics and healthcare workers were contacted to be considered members of the expert panel; 22 replied 

positively and took part in the study. 
11 AAS dependence was defined as; A tendency towards a continuous pattern of anabolic steroid use without 

drug free intervals to either improve effectiveness or avoid withdrawal symptoms, despite experiencing 

problematic physical, psychological and/or social effects. 
12 AAS craving was defined as; A state-like conscious obsession, desire or compulsion to take anabolic steroids, 

influenced by an individual’s environment, drug expectancy, or mood. 
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the craving items, iv) assessment of format and response items for the craving items. Within 

Sections i and iii, the relevant definition was presented followed by the pertinent items. The 

experts were then asked to evaluate a) how representative each item was of the definition on a 

7-point Likert scale anchored at -3 (not at all representative) and 3 (very representative), and 

b) comment on each of the item’s relevance to the definition.  

Mean expert ratings were computed for each item, following guidelines in the 

literature surrounding item development (see Hambleton, 1980); any rating that deviated 

considerably from the other expert scores was removed. Deviant scores were defined as those 

that equated to or exceeded two response options lower than the next score (e.g., scored at -2 

when the next lowest item was 0). Items with a mean expert rating of 1.0 or more were 

retained, whilst items score at 1.0 or less were revised based upon expert panel comments. 

Out of the 23 items for the AAS dependence scale 11 underwent minor alterations and the 

remaining 12 remained unchanged. Out of the 27 items for the AAS craving scale, 11 saw 

minor amendments and the remaining 16 went unchanged. Content validity of the revised 

items was examined by 10 members of the original expert panel, alongside colleagues from 

our research group not involved in item creation. Feedback on amended item wording was 

positive, with only minor adjustments required. Following these stages of item development, 

the 23 dependence items and 27 craving items were taken forward to the main construct 

validity phase of the study. 

3.2.2 Participants 

2.2.3 Sample 1  

Participants (N = 206) originated from 31 countries (nUSA = 41.7%; nUK = 26.2%; 

nCanada = 10.7%, nOther = 21.4%), and the majority reported being male (90.3%) and 

heterosexual (85.0%). Participant average age was 32.04 years (SD = 9.5), marital status was 
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reported as being single (35.9%), in a relationship (34.5%), married (28.2%) or divorced 

(1.5%). Employment status indicated participants as unemployed (1.5%), on temporary 

benefits (2.4%), students (13.6%), on a pension (1.0%), dependent on others (1.0%), part-time 

employed (8.7%), full-time employed (65.5%), self-employed (3.9%), or other (2.4%). 

Participants self-reported their age of AAS initiation (M = 25.35 years, SD = 6.5), the total 

number of cycles they had run up to the data collection (M = 10.3, SD = 19.3), number of 

cycles they had run in the past 12-months (M = 1.8, SD = 1.2), and total number of years they 

have been using AAS (M = 5.7, SD = 6.7). 

3.2.4 Sample 2  

Participants (N = 224) originated from 17 countries (nUK = 78.1%; nUSA = 12.9%; 

nCanada = 1.3%. nOther = 7.7%). Participants were male (96.4%), average age was 42.47 years 

(SD = 10.76). Employment status was unemployed (1.8%), on temporary benefits (1.8%), on 

a pension (0.4%), part-time employed (4.0%), full-time employed (67.4%), or self-employed 

(15.2%). Participants self-reported their age of AAS initiation (M = 32.48 years, SD = 10.79), 

the number of cycles they had run in the last 12-months (M = 2.14, SD = 1.45), and the 

number of years they have been using AAS (M = 15.56, SD = 11.02). 

3.2.5 Measures 

3.2.5.1 Factorial, convergent, and discriminant validity, and internal consistency  

To establish evidence for construct validity, we sought evidence for factorial, 

convergent and discriminant validity via scores from the new measures. Alongside this, we 

tested for internal consistency. To establish evidence for factorial validity a two-stage 

approach proposed by Fabrigar et al. (1999) was implemented, whereby Sample 1 identified 

the dimensions represented in a measure, whilst Sample 2 confirmed the number and nature of 
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the identified dimensions. Convergent validity was established with Sample 113, by 

associating scores of the new measures with pre-existing measures identifying the same 

constructs (Kline, 2005), in this case the measure for AAS dependence and AAS craving were 

compared to the AAS amended DSM-V criteria (Kanayama et al., 2009b) and the AAS 

adapted Wisconsin Smoking Withdrawal Scale (AAS-WSWS; Welsch et al., 1999), 

respectively. Discriminant validity was established by comparing the intercorrelations 

amongst the subscales of each respective measure. Effect sizes (i.e., small [.10], medium [.30] 

and large [.50]) for correlation coefficients were determined in accordance with Cohen 

(1992). Internal consistency was assessed using Cronbach’s alpha utilising cut off values 

predetermined within the present literature (see Nunnally and Bernstein, 1994) of 

unacceptable (α < 0.5), poor (α ≥ 0.5 to 0.6), questionable (α ≥ 0.6 to 0.7), acceptable (α ≥ 0.7 

to 0.8), good (α ≥ 0.8 to 0.9), and excellent (α ≥ 0.9).   

3.2.5.2 AAS dependence  

The nine-item AAS adapted DSM-V criteria (Kanayama et al., 2009b) was used to 

measure AAS dependence. Participants read statements regarding their use and effects 

associated with their use of AAS (e.g., “over the last 12 months, have you increased the 

dose/s of steroid/s you are using due to being dissatisfied with your previous results?”) and 

indicated their level of agreement on a 7-point Likert scale, anchored at 1 (strongly disagree) 

to 7 (strongly agree). This scale demonstrated good internal consistency (α = .82). 

 
13 Data collected from Sample 1 included measures of AAS dependence (DSM-V criteria), Moral 

Disengagement (DMDS), Self-Regulatory Efficacy (DSRE), the AAS adapted Wisconsin Smoking Withdrawal 

Scale (AAS-WSWS), items assessing patterns of use of AAS, and self-reported items on the experience of 

undesired effects associated with the use of AAS. Whilst data collated from Sample 2 only included the new 

measures as it was intended to test for factorial validity alone.  
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3.2.5.3 Craving  

The four-items of craving from the Wisconsin smoking withdrawal scale (Welsch et 

al., 1999) were adapted to suit AAS craving in this study (AAS-WSWS). The craving items 

looked at the impact, frequency and thoughts about the use of AAS on the day to day lives of 

participants (e.g., “I have trouble getting steroids off my mind”).  Participants were instructed 

to respond to these items using a 7-point Likert scale anchored at 1 (strongly disagree) and 7 

(strongly agree). The scale demonstrated excellent internal consistency (α = .92). 

3.2.5.4 Moral disengagement  

The doping moral disengagement scale (DMDS; Boardley et al., 2018) was used to 

measure doping moral disengagement. This scale consisted of 18 items examining various 

mechanisms through which people can justify and rationalise doping (e.g., compared to most 

lifestyles in the general public, doping isn’t that bad”). Participants were instructed to indicate 

their level of agreement with each statement using a 7-point Likert scale anchored at 1 

(strongly disagree) and 7 (strongly agree). The scale demonstrated acceptable to good internal 

consistency within this study (α = 88). 

3.2.5.5 Self-regulatory efficacy 

The doping self-regulatory efficacy scale (Boardley et al., 2018) was utilised to assess 

doping self-regulatory efficacy. This measure comprised of six items examining the strength 

of peoples’ beliefs in their ability to resist internal and external pressures to dope (e.g., “How 

confident are you in your ability to ignore the temptation to dope when feeling down 

physically?”). Participants were instructed to read a number of statements and indicate their 

level of confidence using a Likert scale anchored by 1 (no confidence) and 5 (complete 

confidence). The scale demonstrated good internal consistency (α = .88). 
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3.2.5.6 Use of AAS  

Patterns of use for AAS were also assessed. Status of use was determined by items 

enquiring if participants were presently ‘on-cycle’, ‘off-cycle’, ‘blasting’, ‘cruising’, or on 

‘testosterone replacement therapy (TRT)’. Weekly dose of AAS were self-reported (i.e., 

“Please indicate what estimated combined dosage of anabolic steroid/s you are currently 

using”). Response options ranged from ‘Nothing (i.e., off-cycle)’ to ‘Over 2g per week’. 

Ranges of AAS doses were based upon literature on therapeutic doses (Quaglio et al., 2009), 

findings from a recent literature review (Pope et al., 2014), and primary research papers 

(Evans, 1997; Parkinson & Evans, 2006; Pagonis et al., 2006; Yu et al., 2014), indicating 

current understanding of low (i.e., clinical doses < 300mg per week), medium, and high doses 

(> 1,000mg per week) of AAS. Participants were presented with a list of different AAS 

compounds and other IPEDs and instructed to identify what they were currently using (e.g., 

ancillary drugs, peptide hormones, selective androgen receptor modulators (SARMS), etc). 

Items on AAS and IPED compounds were based on findings with the current literature 

(Brower, 2002: Hall et al., 2005: Llewellyn et al., 2017: Parkinson & Evans, 2006: 

Westerman et al., 2016).  

3.2.5.7 Undesired effects of AAS use 

Self-report items of detrimental effects associated with AAS use were collected. Items 

examined the presence of physical and psychological effects currently being experienced by 

strength athletes who use AAS (i.e., “Are you currently experiencing any of these effects 

associated with the use of anabolic steroids?”). Physical effects included items well 

established in the current scientific literature (e.g., acne, fluid retention, injection site pain, 

cholesterol imbalance, elevated red blood cell count; see van Amsterdam et al., 2010). 

Psychological effects included items associated with AAS withdrawal (e.g., depressive 
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thoughts, decreased libido, excessive body checking, increased anxiety, insomnia and mood 

swings), well established within seminal scientific literature (Brower et al., 1991: Ip et al., 

2011: Parkinson & Evans, 2006: Pope et al., 2014: Westerman et al., 2016). Items were self-

reported dichotomously via ‘Yes’ and ‘No’ responses. 

3.2.6 Procedure 

3.2.6.1 Recruitment and data collection  

Approval was granted by the first author’s institutional ethics committee (ERN_19-

1955) before the study commenced. Participants were recruited through advertisements on 

bodybuilding and strength training forums where the use of IPEDs such as AAS is regularly 

discussed, social media platforms (Facebook, Twitter, Reddit), needle and syringe 

programmes, and via existing contacts (i.e., gatekeepers). Potential participants were provided 

with a brief description of the study and a hyperlink to access the survey. Once accessed, 

participants were presented with an information sheet and consent form. Participants were 

informed that honesty in responding was essential to the study and that the anonymity of 

participants was assured as no personal details were gathered from participants. Participants 

were required to provide their informed consent before completing the survey, which took 

approximately 10 -15 minutes. Data were collected over two phases, data from phase one (i.e., 

Sample 1) was analysed before data collection began for the second phase (i.e., Sample 2). 

This allowed for item adjustment/creation between phases if required. Data for phase 2 was 

collated by the first author and a colleague from a different university with ethical approval 

from their institution (21/PHI/019).  Upon survey completion participants were entered into a 

prize draw to win a £25, £50 or £100 Amazon voucher. Email addresses were collated for the 

purpose of the prize draw, but these were stored separately from the study data to protect 

anonymity. 
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3.3 Results 

3.3.1 Preliminary Analyses 

No missing data were present in either of the datasets. To identify the most appropriate items 

to measure each construct, a two-stage process recommended by Clark and Watson (1995) 

was utilised. Inter-item correlations were examined within each of the respective constructs 

and all item with correlations greater than .15 with all other items were retained for further 

analysis. Exploratory factor analysis (EFA) was then conducted for each of the nine 

hypothesised subscales (i.e., five dependence subscales and four craving subscales) using 

principal axis extraction and direct oblimin rotation, with extraction based on eigenvalues ≥ 

1.00. Subscales were analysed individually to determine and retain the best indicators of each 

latent variable (Jӧreskog & Sӧrbom, 1993). Before conducting these analyses, the 

appropriateness of these subscales was determined by following criteria of Dziuban and 

Shirkey (1974) and Kaiser (1974); significant Bartlett’s test of sphericity and a Kaiser Meyer 

Olkin measure of sampling adequacy > .50. All items except one had factor loadings of ≥ .52. 

The one exception was an AAS dependence expectation item (i.e., “I have been fearful of 

regressing in my training if I halted my use of steroids”), with a factor loading of .43, 

alongside a low correlation value (r < .40) with all other items loading on that factor; this item 

was therefore removed from further analysis. A total of 22 items for AAS dependence and 27 

items for AAS craving with minimal factor loadings of .50 remained for subsequent 

confirmatory factor analysis (CFA).  

3.3.2 Factorial Validity 

CFA was utilised to establish evidence for factorial validity due to its ability to rigorously test 

and confirm hypothesised factor structures (Fabrigar et al., 1999). As previously discussed, 

we defined AAS dependence and craving as multidimensional constructs. For dependence we 
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expected five dimensions to be present; effectiveness, withdrawal symptoms, physical effects, 

psychological effects and social effects. In turn, for craving we expected four dimensions: 

environment, drug expectancy, negative mood, and positive mood.  

 CFA analysis was conducted using Mplus software (Muthén & Muthén, 2017) using 

Maximum Likelihood (ML) estimation. Kolmogorov-Smirnov and Shapiro-Wilk tests 

indicated significant deviation from normality (p < .001), thereby requiring robust estimation. 

This is the default setting with Mplus and ML estimation, producing robust standard errors, 

model fit indices and chi-square values (Muthén & Muthén, 2017). Multiple complimentary 

fit indices were used to evaluate model fit (see Hu & Bentler, 1999), specifically; chi-square 

(X2), Comparative Fit Index (CFI), Standardised Root Mean Residual (SRMR), and Root 

Mean Square of Error Approximation (RMSEA). Good model fit is achieved when the CFI, 

RMSEA and SRMR values are ≥.95, <.06 and <.08 respectively (Hu & Bentler, 1999). To 

compare nested models for best fit, Akaike Information Criterion (AIC) were used, with the 

lower value being preferred (Hair et al., 1998).  

In the first AAS dependence model all 22 items were utilised and loaded onto a single 

factor; four items for effectiveness, nine for withdrawal, three for physical effects, three for 

psychological effects and three for social effects (M1a; see Table 3.1). Results demonstrated 

an inadequate model fit (Row 1), supporting the multidimensional nature of the scale and 

indicating a requirement for re-specification. Seven items presenting weak factor loadings and 

large standardised residuals were removed in a series of CFAs in which the hypothesised 5-

factor model was specified. A final model with 15 items produced good model fit (M1b) with 

three items loading onto each of the five factors (Row 2). Each of the factors were 

hypothesised to represent a form of AAS dependence, therefore we thought it prudent to 

examine for presence of a higher order factor representing the five first-order factors. When 
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the fit of a second-order model approaches that of a first-order model, there is sufficient 

support for the presence of a second-order structure (Marsh, 1987). As this was the case here 

(see M1c, Row 3), we accepted the higher-order model, and named the second-order factor 

AAS dependence.  

 Although the data supported our hypothesised model of a five-factor structure, it was 

important to ensure that alternative models could be ruled out (see Table 3.1). We compared 

the model fit of the five-factor model with that of other possible structures. These were a 

unidimensional model with all 15 items loaded onto a single factor (M2, Row 4) and a three-

factor model with undesired physical, psychological, and social effects loaded onto the same 

“undesired effects” factor (M3, Row 5). Table 3.1 demonstrates the fit of model M1b was 

superior to that of both alternative models. Therefore, the five-factor model was accepted as 

the best model for AAS dependence. Factor correlations and internal consistency scores for 

this model can be seen in Table 3.2, and items, factor loadings and error variance can be seen 

in Table 3.3. We named the final scale the Androgenic-Anabolic Steroid Dependence Scale 

(AASDS). 

Table 3.1. Model fit indices for each CFA model run for AAS dependence and craving 

measures for the first (N = 206) and second (N =224) samples. 

Model df X² CFI SRMR RMSEA AIC 

   Sample 1    

Dependence 

Models 
      

1. M1a, 22-Items 199 590.59 0.89 0.06 0.09 15817.64 

2. M1b, 15-Items  80 151.10 0.97 0.05 0.06 10570.01 

3. M1c, Second 

Order 15-Items  
85 162.92 0.96 0.05 0.06 10571.01 
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Alternative 

Dependence 

Models 

      

4. M2, 15-Items 90 1247.43 0.54 0.12 0.25 11646.35 

5. M3, 15-Items 87 853.73 0.69 0.11 0.20 11258.65 

Craving Models       

7. M4a, 27-Items 318 909.49 0.90 0.06 0.09 17627.40 

8. M4b, 16-Items 98 227.44 0.96 0.04 0.08 9958.65 

9. M4c, Second 

Order 16-Items 
100 234.30 0.96 0.04 0.08 9961.51 

Alternative 

Craving Models 
      

10. M5, 16-Items 104 1393.37 0.65 0.09 0.24 11262.45 

11. M6, 16-Items 101 598.33 0.86 0.10 0.15 10473.41 

   Sample 2    

Dependence 

Models 
      

12. M1a, 15-Items 80 192.16 0.96 0.04 0.07 11287.10 

13. M1b, Second 

Order 15-Items 
85 195.01 0.96 0.04 0.07 11279.92 

Craving Models       

14. M2a, 16-Items 98 243.07 0.97 0.03 0.08 10080.60 

15. M2b, Second 

Order 16-Items 
100 251.07 0.97 0.04 0.08 10084.60 

Note: df = Degrees of Freedom, X2 = Chi-square, CFI = Comparative Fit Index, SRMR = 

Standardized Root Mean Square Residual, RMSEA = Root Mean Square of Error 

Approximation, AIC = Akaike Information Criterion. M1 = five-factor model; M2 = one-

factor model; M3 = alternate item five-factor model; M4 = three-factor model; M5 = three-

factor model; M6 = one-factor model; M7 = three-factor model. 
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Table 3.2. Internal consistency and correlations between factors from final AAS dependence 

scale models (M1c and M1b 15-item five factor models), DMDS, DSRES and DSMV from 

Sample 1 (N = 206) and Sample 2 (N = 224). Sample 2 data is displayed above the diagonal. 

Variable  α 1 2 3 4 5 6 

1. Effectiveness .80/.82 - .42** .39** .42** .41**  

2. Withdrawal .92/.91 .43** - .47** .66** .59**  

3. Physical .94/.95 .31** .33* - .53** .49**  

4. Psychological .91/.90 .47** .56** .43* - .61**  

5. Social .87/.90 .47** .62** .32** .64** -  

6. Doping MD .88 .23** .18* .19** .29** .38** - 

7. Doping SRE .88 -.08 -.12 -.15* -.23** -.16* -.04 

   

Table 3.3. M1c Items, standardized factor loadings and error variances for the AAS 

dependence scale (AASDS) from Sample 1 (N = 206) and Sample 2 (N = 224). 

Factor 

Factor 

Loadings 

Error 

Variances 

Item     

Effectiveness 
  

1. I increased my use of steroids due to being dissatisfied with 

the effectiveness of my regime.   
0.63/0.68 0.60/0.53 

2. I went beyond my pre-planned use of steroids to increase 

my gains.   
0.88/0.85 0.22/0.26 

3. I sometimes went beyond my pre-planned regime to 

increase gains. 
0.78/0.81 0.38/0.33 

Withdrawal   
 

 Note: * = p < .05; ** = p < .05; *** = p < .000 

Correlations are presented below the diagonal for Sample 1, and above the diagonal for 

Sample 2. Alpha scores are presented on the left-hand side for Sample 1 and on the right-

hand side for Sample 2. No alpha scores are presented for Doping MD and SRE for 

Sample 2 as these scores were only collated with Sample 1 data.  

 
 



70 
 

4. I used steroids to alleviate withdrawal-like symptoms 

experienced during an “off-cycle” period. 
0.81/0.80 0.34/0.34 

5. I had a strong compulsion to use steroids when “off-cycle” 

due to experiencing withdrawal-like symptoms. 
0.93/0.93 0.12/0.12 

6. I experienced withdrawal-like symptoms which made it 

difficult for me to stay “off-cycle”.  
0.94/0.92 0.11/0.13 

Unwanted Physical Effects     

7. I continued using steroids despite experiencing unwanted 

side effects (e.g., gynecomastia, heart complications, 

cholesterol imbalance, abscesses, tendon/joint damage, 

testicular atrophy). 

0.93/0.91 0.12/0.17 

8. I continued to use steroids despite trying to manage 

undesired side effects (e.g., gynecomastia, heart 

complications, cholesterol imbalance, abscesses from 

injections, tendon/joint damage, testicular atrophy). 

0.89/0.96 0.20/0.07 

9. I have continued with my steroid regime even though I 

experienced unwanted effects (e.g., gynecomastia, heart 

complications, cholesterol imbalance, abscesses from 

injections, tendon/joint damage, testicular atrophy).  

0.93/0.91 0.13/0.16 

Unwanted Psychological Effects     

10. I continued with my steroid regime despite seeking help 

for problematic psychological effects (e.g., depressive 

thoughts, a decreased libido, increased anxiety, insomnia, and 

mood swings).  

0.87/0.81 0.23/0.34 

11. I continued using steroids despite having experienced 

depressive thoughts, a decreased libido, increased anxiety, 

insomnia, or mood swings.  

0.88/0.93 0.21/0.13 

12. I experienced concern over unwanted psychological 

effects (e.g., depressive thoughts, decreased libido, increased 

anxiety, insomnia, mood swings), but continued to use 

steroids. 

0.89/0.87 0.20/0.23 

Unwanted Social Effects 
  



71 
 

13. I avoided social, occupational and/or recreational 

activities which may have interfered with my steroid regime.  
0.67/0.81 0.55/0.34 

14. I avoided social, occupational or recreational activities to 

prioritise my steroid regime, causing problems in my personal 

life (e.g., with close family, friends, partner/significant other, 

boss/manager).  

0.94/0.90 0.10/0.18 

15. I prioritised my steroid regime over social, occupational 

and/or recreational activities, even when the outcome was 

problematic.  

0.91/0.91 0.16/0.15 

 

Similar procedures were followed to develop the measure for AAS craving. Initially 

all 27 of the items were loaded onto a single factor (M4), this model demonstrated an 

inadequate fit (Row 7), supporting the multidimensional nature of the scale and indicating a 

requirement for re-specification. Subsequently, 11 items presenting weak factor loadings and 

large standardised residuals were removed in a series of CFAs in which the hypothesised 

four-factor structure was specified. The fit of the final 16-item model with four items for each 

of the four factors can be seen in Table 3.1 (M4b), demonstrating good model fit. Each of the 

factors were hypothesised to represent a form of AAS craving, therefore we assessed the data 

for the presence of a higher order factor representing the four first-order factors. The second 

order model represented fit similar to that of the first order model, thus the higher-order 

model was accepted, and we named the second order factor AAS craving.  

Alternative model structures were assessed to ensure that M4c was the best model for 

AAS craving. The first was with a unidimensional model with all items 16-items run on one 

factor (M5), indicating poor model fit. The second was a three-factor model with “positive 

mood” and “negative mood” combined into a single “mood” factor (M6), indicating poor fit. 

Table 3.1 contrasts the fits of the various models, demonstrating M4c as the superior model. 
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This model was therefore accepted as the final model for AAS craving. Table 3.4 identifies 

the factor correlations and internal consistency scores, and Table 3.5 indicates the items, 

factor loadings and error variances. We named the scale the Anabolic-Androgenic Steroid 

Craving Scale (AASCS). 

Table 3.4. Internal consistency and correlations between factors in the final craving model 

(Sample 1 M4c and Sample 2 M2b 4 factor models), Doping MD, Doping SRE and AAS 

dependence.   

Variable  α 1 2 3 4 5 6 

1. Expectation .90/.93 - .62** .75** .67**   

2. Environment .92/.95 .67** - .57** .64**   

3. Positive Mood .92/.94 .73** .66** - .68**   

4. Negative Mood .98/.98 .61** .58** .70** -   

5. Doping MD 0.88 .36** .46** .45** .34** -  

6. Doping SRE 0.88 -.31** -.27** -.26** -.16* -0.04 - 

7. AAS Dependence 0.82 .55** .56** .48** .58** .27** -.13* 

 

   

Table 3.5. Items, standardized factor loadings and error variances for the AAS craving scale 

(AASCS) from Sample 1 (N = 206) and Sample 2 (N = 224). 

Factor 
Factor  

Loadings 

Error 

Variances 

Item     

Expectation   

Note: * = p < .05; ** = p < .05; *** = p < .000 

Correlations are presented below the diagonal for Sample 1, and above the diagonal for 

Sample 2. Alpha scores are presented on the left-hand side for Sample 1 and on the right-hand 

side for Sample 2. No alpha scores are presented for Doping MD and SRE for Sample 2 as 

these scores were only collated with Sample 1 data.  
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1. I have trouble getting steroids off my mind because of what 

they can do for me. 
0.84/0.91 0.29/0.16 

2. I frequently think about my steroid routine because of how it 

makes me feel. 
0.82/0.89 0.31/0.20 

3. Much of my time is occupied by ideas, thoughts, impulses, and 

images relating to what I can achieve whilst using steroids.  
0.85/0.87 0.28/0.23 

4. It takes a lot of effort to disregard my thoughts and feelings 

about my use of steroids.  
0.80/0.87 0.35/0.24 

Environment     

5. Being around my gym friends makes me want to use steroids. 0.91/0.93 0.15/0.12 

6. Talking to other gym users about training makes me want to use 

steroids.  
0.90/0.93 0.18/0.13 

7. Being around my gym friends makes me desire steroids. 0.74/0.91 0.45/0.16 

8. Passing by a gym can make me want to use steroids. 0.94/0.89 0.10/0.19 

Positive Mood     

9. The thought of using steroids makes me feel more relaxed.  0.82/0.86 0.32/0.25 

10. I think about using steroids as they improve my mood. 0.82/0.89 0.32/0.20 

11. Knowing I will be using steroids improves my mood.  0.93/0.92 0.12/0.14 

12.  I feel more content when I anticipate the use of steroids. 0.90/0.93 0.19/0.12 

Negative Mood   

13. I have a desire to use steroids when I feel down. 0.95/0.90 0.08/0.17 

14. When I am in a low mood, I want to use steroids. 0.96/0.98 0.06/0.02 

15. The feeling of being down makes me desire steroids. 0.97/0.98 0.05/0.02 

16. I sometimes have urges to use steroids when I feel low. 0.95/0.98 0.09/0.02 

 

To further examine the construct validity of scores generated using the AASDS and 

AASCS, we collected evidence relating to their convergent, concurrent and discriminant 
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validity with Sample 1. To examine convergent validity, correlations between the AAS 

amended DSM-V criteria (AMA, 2013) with the AASDS and the AAS-WSWS (Welsch et al., 

1999) with the AASCS were computed (see Table 3.6). Evidence for convergent validity 

would be established if the AASDS and AASCS were correlated at moderately high levels 

with the DSM-V and AAS-WSWS respectively. If the correlation is too high (r > .90) then 

the construct is redundant (Kline, 2005). AASDS was positively associated with the DSM-V 

(r = .71, p < .001). AASDS subscales of ‘Effectiveness’ (r = .51, p <.001), ‘Withdrawal’ (r = 

.58, p <.001), ‘Physical Effects’ (r = .36, p <.001), ‘Psychological Effects’ (r = .64, p <.001), 

and ‘Social Effects’ (r = .64, p <.001) demonstrated moderate to strong significantly positive 

associations with the DSM-V.   AASCS was positively related to the AAS-WSWS (r = .85, p 

< .001). AASCS subscales of ‘Expectancy’ (r = .87, p <.001), ‘Environment’ (r = .74, p 

<.001), ‘Negative Mood’ (r = .64, p <.001), and ‘Positive Mood’ (r = .70, p <.001) 

demonstrated strong positively significant associations with the AAS-WSWS.  

Concurrent validity was assessed by measuring the associations between AASDS and 

experience of undesired effects (see Table 3.6). Past research has indicated that AAS 

dependence should correlate positively with experience of undesired effects associated with 

AAS use (Pope et al., 2010; Ip et al., 2011). Analysis demonstrated that there was a 

significant positive association between AASDS subscales and number of undesired effects 

experienced; effectiveness (r = .18, p ¸< .01), withdrawal (r = .12, p < .01), physical effects (r 

= .44, p < .01), psychological effects (r = .27, p < .01), and social effects (r = .21, p < .05). 

Further evidence of concurrent validity was explored with moral disengagement (MD) and 

self-regulatory efficacy (SRE), due to research identifying presence of high MD and low SRE 

within the AAS using community (Boardley et al., 2018). Therefore, we would expect a 

positive association with MD and negative associations with SRE with AAS dependence. 
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Table 3.6 demonstrates AASDS association with both MD (r = .33, p < .01) and SRE (r = -

.18, p < .01), AASDS subscales also demonstrated significant associations with MD and SRE 

(see Table 3.2). 

Concurrent validity for AASCS scores was assessed by determining the associations 

of AAS craving with DMDS, DSRE and the DSM-V scores (see Table 3.6). Past research has 

indicated that craving is associated with self-regulatory efficacy (Shadel & Cervone, 2006), 

moral disengagement (Ahmadi et al., 2019), and drug dependence syndromes (Donny et al., 

2008). Analysis indicated significant positive associations between AASCS subscales (see 

Table 3.4); expectation (r = .36, p < .01), environment (r = .46, p < .01), positive mood (r 

=.45, p < .01) and negative mood (r = .34, p < .01) with MD. SRE was significantly and 

negatively associated with expectation (r = -.31, p < .01), environment (r = -.27, p < .01), 

positive mood (r = -.26, p < .01), and negative mood (r = -.16, p < .05). DSM-V scores were 

significantly associated with expectation (r = .55, p < .01), environment (r = .56, p < .01), 

positive mood (r = .48, p < .01), and negative mood (r = 58, p < .01). AASCS scores 

demonstrated significant associations with both MD (r = .47, p < .001) and SRE (r = -.29, p < 

.001; see Table 3.6). 

Discriminant validity of the AASDS and AASCS scores was examined through 

intercorrelations among subscales scores for the AASDS and AASCS. Correlations for 

AASDS ranged from .31 to .64 (see Table 3.2) indicating distinct separation between all 

subscale pairs. AASCS indicated correlations ranging from .58 to .73 (see Table 3.4), 

indicating distinct separation between all factors within the construct. This analysis provided 

evidence for sufficient levels of discriminant validity within both the AASDS and AASCS. 

Reliability of the new measures was assessed with internal consistency (see Table 3.6), 

presenting with high scores for both AASDS (.91) and its subscales ranging from .80 to .94. 
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Internal consistency of AASCS (.96) and its subscales (.89 to .98) also indicated excellent 

levels of internal consistency.  
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Table 3.6. Descriptive statistics, internal consistencies, and correlations between AASDS, number of self-reported undesired effects, AASCS, 

DSMV, AAS-WSCS, DMDS, and DSRE from Sample 1 (N = 206).  

  Variable α Mean  SD Range 1 2 3 4 5 6 7 

1 AASDS 0.91 3.09 1.35 1.00-7.00 -       

2 Undesired Effects  1.68 2.06 1.00-9.00 .29** -      

3 AASCS 0.96 3.00 1.52 1.00-7.00 .72** .23** -     

4 DSMV 0.82 1.86 0.58 1.00-4.00 .72** .23** .63** -    

5 AAS-WSCS 0.92 2.93 1.73 1.00-7.00 .67** .25** .85** .57** -   

6 Doping MD 0.88 4.51 0.99 2.28-7.00 .33** .19** .47** .27** .34** -  

7 Doping SRE 0.88 3.55 1.13 1.00-5.00 -.18** -.26** -.29** -.14* -.30** -.04 - 

Note: * = p < .05; ** = p < .05; *** = p < .001 

No internal consistency was computed for Undesired effects as this was an aggregated value from a multiple-choice list of undesired effects 

experienced associated with AAS use, and not a measure.  
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3.3.3 Confirmation of Factor Structure 

Following on from the CFA analyses on the first sample, CFA was conducted on the two (i.e., 

first- and higher-order) final AAS dependence models with the data gathered from Sample 2: 

a) the 15-item, five-factor, first order model confirmed with data from the first sample; b) a 

hierarchical model with five first-order factors and one second-order factor. CFA was also 

conducted on the two (i.e., first- and higher-order) final AAS craving models presented with 

data from the first sample: a) the 16-item, four-factor, first order model confirmed with data 

from the first sample; b) a hierarchical model with four first-order factors and one second-

order factor. The results of these CFA are presented in Table 3.1.  

 The five-factor first-order AAS dependence model was the first to be tested (M1a). 

The results demonstrate a good model fit (Table 3.1, row 12). The second AAS dependence 

model analysed was the hierarchical five-factor second-order model (M1b), presented with 

good model fit and achieved a similar fit to the first model (Table 3.1, row 13), with a very 

similar AIC value. Based on this we accepted M1b. Factor loadings, error variances and the 

final 15-items are shown in Table 3.4. For AAS craving the four-factor first-order model was 

tested first (M2a). The model showed good model fit (Table 3.1, row 14). The second AAS 

craving model to be tested was the hierarchical four-factor second-order model (M2b). This 

model demonstrated good model fit (Table 3.1, row 15), with similar fit indices to the first 

model. Due to no major differences in the model fit we accepted M2b. Factor loadings, error 

variances and the final 15-items are shown in Table 3.5. The final versions of the AASDS and 

AASCS can be found in Appendix A and B respectively. 

3.4 Discussion 

Research has highlighted the prevalence of AAS dependence amongst those who use AAS 

(Brower et al., 1991: Hauger et al., 2020: Kanayama et al., 2009: Pope et al., 2014: Scarth et 
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al., 2022). It is also possible – but to date not examined – that craving plays a role in AAS 

dependence. However, to examine these constructs fully, it is important to measure them 

using valid instruments tailored specifically to the characteristics of AAS use. Existing 

measures of AAS dependence (see Kanayama et al., 2009: Griffiths et al., 2018) have 

significant limitations (Gossop et al., 1995; Kanayama et al., 2009b; Bahrke & Yesalis, 1994; 

Brower, 1992; Brower, 2002; Hildebrandt et al., 2011; Kanayama et al., 2010). There also 

remains no current measure to assess craving in people who use AAS. Therefore, the 

overarching aim of this study was to develop psychometrically robust scales to assess 

dependence and craving specifically with populations who use AAS.  

 Previous research suggested multiple dimensions may underlie and contribute to AAS 

dependence (Bahrke & Yesalis, 1994; Brower, 1992; Brower, 2002; Hildebrandt et al., 2011; 

Kanayama et al., 2010). Consequently, we developed a multidimensional scale and 

hypothesised that we would see evidence of five lower-order factors and one higher-order 

factor with scores obtained using the final instrument. Factor analysis of the data from both 

samples supported these hypotheses, providing evidence for the multifaceted nature of AAS 

dependence and supporting H1a and H1b. This is important in furthering our understanding of 

AAS dependence as present measures such as the DSM-V and SDS capture only a single 

factor (Gillespie et al., 2007; Gossop et al., 1995; Grant et al., 2007; Lynskey & Agrawal, 

2007; Ray et al., 2008; Teesson et al., 2002). In contrast, our measure of AAS dependence can 

capture and aid our understanding of the complex multidimensional nature of AAS 

dependence.  

 This development of a valid and reliable multidimensional scale to assess AAS 

dependence will further our understanding of this syndrome through the assessment of novel 

research questions that could not be answered with current assessment instruments. For 
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example, previous research has identified those dependent on AAS administer higher doses of 

AAS per week, and higher number of anabolic compounds than non-dependent individuals 

(see Ip et al., 2012). However, through use of the AASDS, it is now possible to further our 

understanding on this by answering depth questions such as, ‘which dimension of AAS 

dependence is linked most strongly with higher dosages of AAS?’, or ‘which dimension of 

AAS dependence is associated most strongly with use of more anabolic compounds?’.  

  Furthermore, evidence from the current literature indicates, in some cases, AAS being 

administered to self-medicate against withdrawal-like symptoms when off-cycle (Christou et 

al., 2017: Kanayama et al., 2015). Therefore, researchers could use the AASDS to address 

research questions such as ‘is the subdimension of withdrawal linked with a greater 

propensity to shorten off-cycle periods, or progress to a blast and cruise protocol?’. Evidence 

suggests a link between AAS dependence and a greater number of self-reported undesired 

effects associated with use of AAS (Ip et al., 2012). The AASDS now allows researchers to 

investigate possible links between the three subdimensions linked to undesired effects 

(physiological, psychological, and social) and an increased number and severity of undesired 

effects. Answering questions such as these could help practitioners by identifying primary 

areas to be targeted by therapeutic interventions and therefore the development of more 

effective support services. 

With no existing measure for AAS craving and evidence in the existing literature 

identifying the presence of craving-like behaviours in people who use AAS (Arnedo et al., 

2002; Peters & Wood, 2005; Schroeder & Packard, 2000; Wood et al., 2004; Wood, 2007) we 

also sought to develop a measure of AAS craving. As existing literature indicates potential for 

drug craving to be multifaceted (May et al., 2014; Raabe et al., 2005; Tiffany et al., 1993; 

Tiffany & Wray, 2012), we aimed to develop a multidimensional scale and hypothesised the 
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presence of four lower-order and one higher-order factor in the final instrument. Factor 

analysis with both samples provided support for these suppositions, therefore supporting 

hypotheses H2a and H2b. The development of a multidimensional measure of AAS craving is 

important as it will allow researchers to examine the potential role of the different dimensions 

of AAS craving in the development of AAS dependency specifically and use of AAS more 

generally.  

The AASCS will allow researchers to address a wide range of important research 

questions that until now could not be addressed. For instance, researchers could seek to 

determine which dimension/s of drug craving predict increases in AAS dependence over time, 

whether environmentally influenced craving is associated with the amount of time athletes 

spend in the gym environment, or whether manipulation of athletes’ mood moderates any 

relationship between mood-related craving and AAS use. Addressing research questions such 

as these will not only benefit our current understanding of how AAS craving may contribute 

to AAS dependence, but it will also enable practitioners to target specific subdimensions that 

have stronger associations with AAS dependence and can therefore be the target of 

therapeutic intervention by harm reduction practitioners.  

Convergent validity is a key component of scale development, constituting one of the 

six essential aspects of construct validity that should be addressed when developing and 

validating new scales (Messick, 1995). Presence of convergent validity requires scores 

obtained with the newly constructed measure to correspond with those from existing measures 

of the same construct (Byrne, 2012; Clark & Watson, 1995, 2019). Such evidence provides 

support for the new measure’s ability to capture the latent construct it was designed to assess. 

In terms of the study, we sought evidence for convergent validity of the AASDS through 

correlations with the AAS adapted DSM-V criteria (Kanayama et al., 2009b) and of the 
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AASCS through associations with the AAS adapted WSWS (Welch et al., 1995). Our 

analyses testing these relationships provided evidence for the convergent validity of scores 

obtained with both the AASDS and AASCS. Convergent validity of AASDS scores was 

evidenced by strong positive correlations with AAS adapted DSM-V scores, whereas for the 

AASCS this was provided by strong positive associations with AAS-WSWS scores. These 

associations are consistent with recommendations for convergent validity, whereby the 

magnitude of correlations should be at least moderate (Byrne, 2012; Kline, 2005). This is 

important as it provides evidence the AASDS and AASCS assess their respective 

psychological constructs of dependence and craving.  

Another important element of establishing construct validity is providing evidence of 

concurrent validity (Adams et al., 2014; Kline, 2005). Here, evidence should be provided 

showing the new scale can predict theoretically-related constructs when data on the two 

constructs are collected at the same time (Kline, 2005). Presently, we provided evidence for 

the concurrent validity of AASDS scores by correlating them with scores of self-reported 

undesired effects from AAS use, whereas for the AASCS we associated scores with those of 

doping MD and doping SRE (Boardley et al., 2018). Support for the concurrent validity of 

both new measures was provided through strong positive correlations between AASDS scores 

and self-reported undesired effects from AAS use and for AASCS scores through moderate 

positive associations with doping MD and moderate negative associations with doping SRE. 

Support for the concurrent validity of AASDS and AASCS scores is important, as it indicates 

scores with both measures are capable of predicting theoretically related constructs.   

Correlations examining concurrent validity showed differences across the subscales of 

the AASDS and AASCS. For the AASDS, the “use of AAS despite experiencing associated 

undesired physical effects” subscale had the strongest association with self-reported 
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experience of undesired effects, and “use of AAS despite experiencing associated undesired 

social effects” the weakest. This is consistent the extant literature on AAS dependence, 

whereby AAS dependent users reported experiencing more undesired physical effects whilst 

using AAS (Ip et al., 2012), and reported a higher frequency of undesired physical effects 

compared to undesired psychological and social effects (Pope et al., 2010; Ip et al., 2012). For 

the AASCS, the “environmental cues” and “AAS expectancy” subscales had the strongest 

associations with doping MD and doping SRE, and “negative mood” indicated the weakest 

association with these constructs. These findings are consistent with non-AAS research on 

craving, where SRE has shown a negative association with craving (Shadel & Cervone, 2006) 

and a positive association with MD (Ahmadi et al., 2019). The differential associations with 

theoretically related constructs for the AASDS and AASCS subscales are important as they 

provide evidence the subscales are capturing different elements of dependency and craving.   

Evidence for discriminant validity is also required when validating new scales. 

Messick (1995) indicates this can be provided by examining the strength of associations 

amongst subscale scores. Providing evidence of discriminant validity discounts the possibility 

that alternative constructs influence the scores of a new measure, and items within the 

measure are related but distinct to one another (Clark & Watson, 1995). With regards to this 

study, we determined the degree to which AASDS and AASCS subscales were associated 

with one another. For the AASDS, subscale scores were moderately to strongly associated 

with one another, indicating whilst they are all underpinned by a higher-order dependency 

construct, they are distinct from one another. More specifically, the “experience of undesired 

physical effects” subscale had weaker associations with the other four subscales, suggesting 

discriminant validity was highest for scores for this subscale. In contrast, scores for the 

“experience of undesired psychological effects” subscale had the strongest associations with 
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the other subscales, so evidence of discriminant validity was weakest for scores for this 

subscale. For AASCS scores, there was evidence for similar levels of discriminant validity. 

For the specific subscales, scores for the “environmental cues” subscale evidenced weaker 

associations than other subscales, providing the strongest evidence for discriminant validity. 

In contrast, the “positive mood” subscale showed the strongest associations with other 

subscales, and therefore evidenced lower levels of discriminant validity. 

Finally, new measures should also provide evidence supporting the internal 

consistency of scale and subscale scores as this provides evidence for the homogeneity of 

items (Clark & Watson, 1995, 2019). Assessment of the internal consistency values for both 

the AASDS and AASCS and their respective subscales exceeded the minimum criterion 

levels recommended when developing novel scales (i.e., 0.80; Clark & Watson, 1995, 2019) 

in both samples. This provides strong and consistent evidence for the internal consistency of 

scale scores for the AASDS and AASCS as well as their respective subscales.  

3.4.1 Limitations and future directions 

This project developed and validated the scores of two multidimensional 

psychological instruments measuring AAS dependence and craving, providing strong 

evidence for the psychometric properties of both scales. However, this research was not 

without limitations which should be acknowledged. First, it is possible that individuals 

recruited within the study may not reflect all typologies of individuals who use AAS, 

identified in previous research (Christiansen et al., 2017) potentially indicating a degree of 

sampling bias. Therefore, future studies should look to validate scores of the AASDS and 

AASCS with other populations of AAS users. Use of different methods of recruitment to the 

ones used within this study may facilitate this process, therefore we recommend the use of 

‘insiders’ to help recruit harder to reach AAS using populations.     
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A further limitation is that we did not examine all aspects of validity. Validation of 

measures is an ongoing process (Clark & Watson, 1995), and researchers are encouraged to 

examine other aspects of validity of AASDS and AASCS scores in future work. For instance, 

researchers could examine the predictive validity of scores through longitudinal research that 

examines possible links with theoretically related constructs over time. For instance, 

associations between AASDS and AASCS scores and emotional states (e.g., positive and 

negative affect) could be tested. Our data were collected largely from westernised cultures, 

too. Further validation of the scales with non-westernised cultures is therefore another 

important avenue for future work.   

Finally, it was beyond the scope of this article to measure test-retest reliability to 

establish the consistency of AASDS and AASCS scores across time, and as such future 

researchers should aim to address this. For those engaging in such work, we recommend short 

time intervals between data collection periods for craving, given it is a state-like construct 

(Drummond et al., 2000; Sayette et al., 2000; Shiffman et al., 1996). In contrast, longer time 

intervals could be used for dependence given it is a more enduring construct (see APA, 2013). 

It is important to keep this in mind, as lower stability scores from craving may reflect changes 

in levels of craving over time rather than inconsistencies in measurement (Sayette et al., 

2000).  

3.5 Conclusion 

Through a rigorous set of procedures, we developed psychometric scales to assess AAS 

dependence and AAS craving, providing strong evidence for the validity of scores obtained 

with both measures. Specifically, evidence for several aspects of construct validity (i.e., 

convergent, concurrent and discriminant validity) and internal consistency was provided for 

the AASDS and AASCS. During item development we also provided evidence for high levels 
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of content and face validity of items through feedback from relevant experts. The AASDS 

makes important contribution to the literature as it is the first AAS dependency measure 

specifically designed for those who use AAS rather than being adapted from existing 

measures. In turn, the development of the AASCS is important because it represents the first 

AAS craving measure. Further, the multidimensional nature of both measures provides 

exciting possibilities for future research. We look forward to seeing further evaluation and use 

of these measures in future research.  
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Chapter 4 - Temporal Changes in AAS Craving, Anticipated Guilt, Self-Regulatory 

Efficacy and Mood in Anabolic-Androgenic Steroid Use: A Naturalistic Single Case 

Experimental Investigation 

4.1 Introduction 

Anabolic-androgenic steroids (AAS) are a family of synthetic derivatives of testosterone, 

increasing in prevalence within recreational gym settings (Zahnow et al., 2018). Traditionally 

administered in cycles, some users move towards a continuous method of use (Christou et al., 

2017), increasing the risk of experiencing a plethora of undesired effects (Brower, 1989, 

1992; Ip et al., 2012; Kanayama et al., 2009a, 2009b, and the development of AAS 

dependence (Kanayama et al., 2009a, 2009b, 2010; Pope et al., 2014). A construct thought to 

facilitate substance dependence is drug craving (Donny et al., 2008). Experienced in periods 

of drug abstinence, craving elicits drug seeking behaviours satiated only through substance 

administration (Kozlowski & Wilkinson, 1987). Previous research has demonstrated that 

craving behaviours are mediated via psychosocial factors (see Sayette, 2004). Although links 

have been established between dependence and craving for other forms of drug use, to date, 

researchers have not examined AAS craving as a manifestation of dependence nor the 

temporal dynamics of it along with theoretically associated psychosocial variables. The 

overarching aim of this study was to address this gap in the literature.     

Administration of AAS traditionally occurs in ‘cycles’ (Kanayama et al., 2003), with 

anabolic compounds being used over 8-to-16-weeks whilst on-cycle, proceeded by drug free 

intervals (off-cycle) lasting months, sometimes years (Kanayama et al., 2008). Off-cycle 

periods aim to re-establish endogenous testosterone production (Kanayama et al., 2009a) , 

which is often supressed due to exogenous testosterone administration. Abstaining from AAS 

has been noted to produce withdrawal-like symptoms (Kanayama et al., 2010), likened to 
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those experienced when abstention from psychoactive drugs (e.g., opioids; Brower, 2002, 

2009). Research indicates an increasing trend of administering AAS in a continuous manner 

to avoid symptoms of androgen withdrawal (Bonnecaze et al., 2020; Christou et al., 2017; 

Cohen et al., 2007) through ‘blast’ and ‘cruise’ protocols (Sagoe et al., 2015). Sustained use 

of AAS is believed to increase the risk of developing long-term irreversible harms (Baggish et 

al., 2017; Pope et al., 2014) and increase the risk of developing AAS dependence (Kanayama 

et al., 2015).  

A growing body of literature over the last 30 years has demonstrated the presence of 

AAS dependence within the AAS using community (Brower, 1989, 1992; Hauger et al., 2019, 

2020, 2021; Ip et al., 2012; Kanayama et al., 2009a, 2009b, 2015; Scarth et al., 2022). Based 

on current approaches to assessment, AAS dependence is believed to affect around 30% of 

individuals who use AAS compounds (Pope et al., 2014), and is defined as sustained use of 

androgens over prolonged periods of time, despite experiencing undesired effects including 

symptoms of withdrawal and psychological impairment (Kanayama et al., 2009a, 2009b, 

2010).  

A construct thought to manifest from drug dependence is drug craving (Drummond, 

2001). Craving is characterised by a want, urge or compulsion to engage in satiating drug 

behaviour (Kozlowski and Wilkinson, 1987) in periods of drug abstinence (Donny et al., 

2008; Drummond et al., 1990; Franken, 2003; Pickens et al., 2011) . Craving is believed to 

manifest as intrusive and dominating sensations causing an individual substantial distress and 

disruption within day-to-day life (Tiffany & Wray, 2012). Existing research has indicated 

craving is present within various substance use disorders, including alcohol, tobacco, opioid, 

cocaine, cannabis, and other psychoactive substance dependence (Kakko et al., 2019; 

Shiffman et al., 1995; Serre et al., 2018 ). Moreover, drug craving has been demonstrated to 
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be higher within drug dependent individuals (Auriacombe et al., 2018). As such, it is 

reasonable to expect craving to manifest in individuals who experience AAS dependence. 

A recent systemic review investigated a series of studies indicating craving is able to 

predict smoking relapse in nicotine dependent individuals (Serre et al., 2015). With craving 

being a state-like construct it (Flannery et al., 2019), has been explored using temporal 

methods of data collection, such as ecological momentary assessment (EMA; see Shiffman et 

al., 2008). Utilising this method of data collection, the extant literature has indicated temporal 

self-reported responses of opioid and cocaine craving in dependent individuals is elevated 

when approaching periods of drug use (Preston et al., 2018).  Therefore, within the context of 

AAS use, individuals may present fluctuating levels of AAS craving across different phases 

of AAS administration, with highest scores being reported when approaching a new ‘on-

cycle’ period. Therefore, it is not only important to examine how AAS craving manifests, but 

to investigate if this manifestation is affected by recent use of or abstention from AAS. Recent 

cross-sectional research has demonstrated a strong association between AAS dependence and 

craving (see Zoob Carter & Boardley, In Review). However, thus far there has been no 

research examining the temporal relationships between AAS dependence and craving. From 

the extant literature it would be plausible that craving would present with an increasing 

trend14 and level15 throughout AAS-free periods.  

As well as furthering our understanding on AAS craving, it is also important to 

examine possible correlates of it. A concept previously associated with substance dependence 

and craving is self-regulatory efficacy (SRE; Bandura, 1999; Chavarria et al., 2012; Niaura et 

al., 1988; Stuart et al., 1994). SRE represents an individual’s belief in his or her ability to 

 
14 The term ‘trend’ within this study implicates the direction exhibited by the data from the study (see Gast, 

2005).  
15 The term 'level' within this study represents the magnitude of the data (see Gast, 2005).  
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resist internal and external pressures to partake in harmful and detrimental behaviours 

(Bandura et al., 2001). Research within opioid and nicotine dependent individuals has 

indicated a reciprocal association between craving and SRE  (Shadel & Cervone, 2006; Yuan 

et al., 2018), more specifically low levels of SRE have been associated with increased craving 

(Sayette, 2004). This relationship has been further demonstrated within models of drug 

craving whereby high levels of craving are associated with low SRE in periods of substance 

abstinence (Marlatt & Gordon, 1985). In the context of AAS use, it is probable that elevated 

levels of AAS craving are associated with impaired SRE. From the findings within the extant 

literature, one would expect SRE to display a lower trend and level during ‘off-cycle’ periods. 

Presently, there is an absence of literature exploring the interaction between AAS craving and 

SRE. 

Another variable potentially linked with harmful drug use is anticipated guilt. 

Anticipated guilt represents an unpleasant emotional state whereby an individual experiences 

tension and regret from the thought of partaking in harmful behaviours (Bandura, 1991). West 

and Shiffman (2016) considered the self-regulatory role of guilt with respect to nicotine 

dependence and craving, suggesting an individual with nicotine dependence will have an 

increased decreased desire to smoke, despite incurring symptoms of craving when 

experiencing impaired anticipated guilt. Recent research has provided empirical support for 

this by identifying an inverse predictive effect of anticipated guilt on IPED use including 

AAS (Boardley et al., 2017). However, there remains an absence of literature exploring how 

AAS craving interacts with anticipated guilt. From the extant literature, one would expect a 

lower trend and level of anticipated guilt across ‘off-cycle’ periods. 

Psychological constructs known to influence the experience of drug craving are 

alterations in positive and negative mood (i.e., affect) systems (Tiffany, 2010). Extant 
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literature indicates that negative affect (e.g., stress) can induce sensations of drug seeking 

behaviours to alleviate negative emotions (Tiffany, 1999). Whereas positive effect (e.g., 

excitement) is associated with positively reinforcing emotions associated with the positive 

sensations of administering a drug of abuse (Chiang et al., 2023; Tiffany, 1999). Recent 

studies in the literature have demonstrated positive affect has an inverse relationship with 

craving response whilst negative affect positively predicts craving responses amongst 

individuals with opioid, alcohol, nicotine and sedative abuse (Huhn et al., 2016; Lydon-Staley 

et al., 2017; Schlauch et al., 2013). It is possible that affect plays a similar role in AAS 

craving, whereby individuals experiencing elevated levels of negative affect self-reported 

increased AAS craving, during an ‘off-cycle’ period. Whereas, individuals self-reporting 

increased positive affect associated with their use of AAS will present with lower levels of 

AAS craving.  

 Overall, the overarching aim of this study was to investigate trends and levels of 

craving and associated psychosocial variables, and mood within and between different phases 

of AAS administration. Specifically, we investigated the direction (e.g., trend) and magnitude 

(e.g., level) of craving, SRE, anticipated guilt and affect at the end of an ‘on-cycle’/’blast’ 

period (Phase A), middle of an ‘off-cycle’/’cruise’ period (Phase B), and end of an ‘off-

cycle’/’cruise’ period (Phase C), and ii) whether trend and level of craving, SRE, anticipated 

guilt and affect differ between; phases A, B, and C.  Researchers within the craving literature 

have indicated the importance of investigating craving events and their antecedents during 

drug use and non-using phases (Paty et al., 1992). Therefore, with the information presented 

previously indicating experience of drug seeking and associated behaviours during drug-free 

periods and increasing when approaching drug use (Donnay et al., 2008; Kanayama et al., 



92 
 

2010; Preston et al., 2018), it was decided to focus phases of data collection at the end of an 

‘on-cycle’ phase, middle of an ‘off-cycle’, and the end of an ‘off-cycle’.   

Based on the reviewed literature, we hypothesised within-condition analysis would 

indicate: AAS craving would present with a low level with no change in trend in Phase A, a 

moderate level with an increasing trend at Phase B, and a high level with no change in trend 

at Phase C (H1). Anticipated guilt would display a high level with no change in trend at 

Phase A, a moderate level with a decreasing trend at Phase B, and a low level with no change 

in trend at Phase C (H2). SRE would present a high level with no change in trend at Phase A, 

a moderate level with a decreasing trend at Phase B, and a low level with no change in trend 

at Phase C (H3). Affect would display a high level with no change in trend at Phase A, a 

moderate level with a decreasing trend at Phase B, and a low level with no change in trend at 

Phase C (H4). It was further hypothesised that between-condition analysis would indicate 

level of craving would be higher in Phase B than in Phase A, and would be higher in Phase C 

than in Phase B (H5), levels of anticipated guilt, SRE, and affect would be lower in Phase B 

than in Phase A, and would be lower in Phase C than in Phase B (H6, H7, and H8 

respectively).  

4.2 Methods 

 Participants (n = 6) were strength athletes originating from five countries (nUSA = 2; 

nEngland = 2; nCyprus = 1; nGermany = 1). They reported a mean age of 33.2 years, were single 

(50.0%) or married (50.0%), largely heterosexual (83.3 %), and predominantly employed full-

time (66.7%). At the time of study participants self-reported their administration as cruising 

(66.7%) or blasting (33.3%), and administered dosages ranging from less than 300mg per 

week to 2,000mg per week during the study (see Appendix C).  
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4.2.1 Measures 

AAS-Craving. For daily completions, AAS Craving was assessed using a single item 

derived from the extant literature and re-worded to make it more applicable to AAS use 

(“Presently, I feel a strong desire to use steroids”; see American Psychiatric Association, 

2013). Participants were asked to respond using a 7-point Likert scale anchored at 1 (strongly 

disagree) to 7 (strongly agree). Means were computed across three daily responses, with 

higher scores indicated higher levels of craving. 

Doping SRE. Daily doping SRE was assessed with a single item measure adapted 

from Boardley and colleagues’ work (Boardley et al., 2018). As no current single item exists 

to identify doping SRE the item was worded to be more specific to AAS (“How confident are 

you in your ability to resist personal and external pressures to increase your dose of steroids”). 

Participants were asked to rate how confident they were using a 5-point Likert scale anchored 

at 1 (no confidence) to 5 (complete confidence). Means were taken from the three daily 

responses, with higher scores indicating the participant displayed elevated SRE. 

Anticipated Guilt. A single-item measure of anticipated guilt was developed based on 

the definition within the existing literature (see Marschall et al., 1994). This was adapted to 

become more specific to AAS use (“Presently, I feel remorse and/or regret about my use of 

steroids”) to assess daily anticipated guilt. Participants were asked to respond with their level 

of agreement using a 7-point Likert scale anchored at 1 (strongly disagree) to 7 (strongly 

agree). Means were computed across the three daily responses, with higher scores indicating 

higher levels of guilt. 

Affect. To assess daily affect, we asked participants to select one item that best 

captured their current mood from a selection of 16 items. Items included eight positive (e.g., 
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happy, affectionate, enthusiastic, calm) and eight negative (e.g., ashamed, sad, irritable, 

angry) mood states (see Russell, 1980; Huhn et al., 2016) . Items were ranked in alignment 

with previous literature and were scored accordingly (e.g., Happy = 1, Joyful = 2, Loving = 3, 

Sad = 14, Ashamed = 15, and Guilty = 16; see Huhn et al., 2016). Means were computed 

across the three daily responses with higher scores indicating more negative affect.  

4.2.2 Procedures 

Recruitment. Participants were recruited through advertisements on bodybuilding and 

strength training forums, groups on social media platforms (i.e., Facebook, Twitter, and 

Reddit) where the use of AAS is regularly discussed, through existing contacts and via 

gatekeepers. Potential participants were provided with a brief description of the study and a 

hyperlink to access a pre-screening survey. Once accessed, participants were presented with 

an information sheet, General Data Protection Regulation information and a consent form. 

Informed consent was obtained from all participants at the beginning of each 12-day phase, 

via an item worded ‘Do you consent in taking part in this study?’. Confidentiality was assured 

to participants of their responses as no personal details (e.g., names, addresses, phone 

numbers, etc) were gathered from participants. Email addresses were provided to enable 

follow-up contact to arrange data collection at later phases within the study, and to provide 

participants with Amazon vouchers for compensation.  

Pre-Screening Surveys. The purpose of the pre-screening survey was to establish 

each participant’s current AAS phase (i.e., on-/off-cycle, or blasting/cruising), how long they 

had been running this phase, the duration of the phase, and the timing and duration of 

subsequent phases. This was to establish a timeline to set up the three 12-day data collection 

phases for each participant. Pre-screening also assessed what times of day participants 

preferred to be notified for completion of daily surveys, with one time selected in the 
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morning, one in the afternoon, and another in the evening. This was to minimise disruption of 

each participant’s lifestyle and reduce attrition due to non-adherence with the survey protocol. 

Participants were provided information on the smartphone application being used for data 

collection, and assured that use of this application would not require information that would 

be tracible to them, to aid in maintaining their anonymity.  

Data collection. This study utilised an intensive longitudinal design (see Bolger et al., 

2003). Data collection occurred across three independent 12-day phases spanning a 5-month 

period (July 2022 – December 2022); each phase was timed to coincide with a specific period 

within each participant’s AAS protocol (i.e., the end of an on-cycle/blast period; the middle of 

an off-cycle/cruise period; the end of an off-cycle/cruise period). EMA was utilised as the 

method of data collection within this study, whereby data were collated within the 

participant’s own environment and within their day-to-day lifestyles, therefore increasing the 

ecological (see Shiffman et al., 2008). Data were collected using a bespoke smartphone 

application from SEMA3 (Koval et al., 2019) which sent notifications to participants to 

complete short (two to three minute long) surveys three times per day across each 12-day 

phase. The timing of the daily notifications and wording of the aforementioned items was to 

ensure data was collated from that moment in time in order to limit response bias (Shiffman et 

al., 2008).  

Inclusion criteria required participants to be over the age of 18, had taken AAS in the 

last 12-months, and be currently using AAS (i.e., on/off-cycle, or blasting/cruising). 

Participants were excluded from analysis if they failed to complete two or more 12-day 

phases. Six participants (P1 through P6) completed all three of the 12-day phases and were 

therefore utilised in data analysis. Upon completion of the survey participants who has a 

completion rate of more than 80% were entered into a prize draw to win a £50 Amazon 
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voucher. Full ethical approval was obtained from the University of Birmingham Ethics 

Committee (ERN_19-1955).  

4.2.3 Data Analysis 

 Data were analysed through graphical analysis (see Barker et al., 2011; Lane & Gast, 

2014), an appropriate technique for single-case research (Kennedy, 2005). We considered this 

a single-case naturalistic design as the differing phases (e.g., on/off cycle) of AAS use 

represent naturally occurring interventions with the potential to influence the study variables. 

Furthermore, data collection occurred within the natural environment of participants and the 

researcher acted as an observer (see Dahl, 2017; Eby, 2011; Smith, 1981).   

Analysis for the within-condition was established by analysing each individual 

condition within the study (e.g., end of an on-cycle phase; see Gast & Spriggs, 2014). 

Following the guidance of Lane and Gast (2013) level and trend were calculated to interpret 

within-condition analysis. Analysis also focused on the between-condition, whereby analysis 

focused across adjacent conditions (e.g., from being on-cycle to being off-cycle; see Gast & 

Spriggs, 2014). Following the steps provided by Lane and Gast (2013) change in trend and 

level (i.e., relative, absolute, mean, and median level change) were also calculated. Rationale 

for their inclusion was attributed to work by Lane and Gast (2013), who indicated the 

importance for reporting each of the respective level change scores together despite the 

preference for median level change scores in visual analysis (see Lane & Gast, 2013). 

Graphical analysis was used to compare changes in trend and level across the three 

different conditions (i.e., end of a blast [Phase A]; middle of a cruise [Phase B]; end of a 

cruise [Phase C]) within the study, with each participant acting as their own control (Gast & 

Hammond, 2012). During each phase there were 36 data collection points for each participant, 
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with a notification sent via the app for each collection point (e.g., three notifications per day 

over 12-days). Daily responses were aggregated to provide daily scores for each variable 

within each respective phase. Descriptive statistics, tables and graphical representation of the 

data and analyses were produced using IBM SPSS Statistics version 29. Descriptive statistics 

included means, standard deviations, and median values. To determine the degree of overlap 

between conditions the percentage of non-overlapping data (PND; see Scruggs et al., 1987)16 

was calculated. Researchers recommend the PND over other overlap metrics as it is less 

sensitive to outliers (Ledford et al., 2018). 

4.3 Results 

4.3.1` Participant 1 

Within-Condition Analysis. Evaluation of AAS craving indicated data presented a 

high level (M = 5.7, SD = 0.5) with a decreasing trend in Phase A, high level (M = 5.0, SD = 

0.0) with no change in trend in Phase B, and a high level (M = 5.6, SD = 0.7) with an 

increasing trend in Phase C (Table 4.1). Observations of anticipated guilt indicated data 

presented a low level (M = 3.1, SD = 1.2) with an increasing trend in Phase A, a low level (M 

= 1.8, SD = 0.4) with a decreasing trend in Phase B, and a low level (M = 3.4, SD = 1.3) with 

a decreasing trend in Phase C (Table 4.2). Data for SRE were observed as low level (M = 3.2, 

SD = 0.4) with no change in trend in Phase A, low level (M = 2.9, SD = 0.4) with no change 

in trend in Phase B, and low level (M = 3.4, SD = 1.3) with a decreasing trend in Phase C 

(Table 4.3). Observations of affect indicated a moderate level (M = 3.1, SD = 4.8) with an 

increasing trend in Phase A, a moderate level (M = 2.6, SD = 3.9) with an increasing trend in 

 
16 These calculations are utilised in SCED to measure effect size (see Tarlow & Penland, 2016) with larger PND 

scores indicating a larger effect size.  
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Phase B, and a moderate level (M = 3.4, SD = 1.3) with a decreasing trend in Phase C (Table 

4.4).  

Between-Condition Analysis. Level change scores for AAS craving indicated a lower 

level of craving in Phase B than in A, and a higher level of craving in Phase C than in Phase 

B. PND scores indicated there was 0.0% non-overlap of AAS craving observed between 

Phase A and B, and a 52.4% non-overlap between Phase B and C (Table 4.5).  Level change 

scores for anticipated guilt indicated a lower level of guilt in Phase B than in Phase A, and 

higher level of guilt in Phase C than in Phase B. PND indicated there was 11.1% non-overlap 

between Phases A and B, and a 0.0% non-overlap and a 97.2% overlap between Phase B and 

C (Table 4.6). SRE indicated a lower level of SRE in Phase B than in Phase A, and lower 

levels of SRE in Phase C than in Phase B. PND scores indicated a 11.1% non-overlap 

between Phase A and B. PND scores indicated a 0.0% non-overlap between Phase B and C 

(Table 4.7). Affect indicated a lower level of affect in Phase C than in Phase B, and a higher 

level of affect in Phase C than in Phase B. PND scores between indicated a 0.0% non-overlap 

between Phase A and B. PND scores indicated a 0.0% non-overlap between Phase B and C 

(Table 4.8 and Figure 4.1). 

 

 

 

  



99 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1. Participant 1 daily notification data taken at the end of a blast (Phase A), during the 

middle of a cruise (Phase B), and at the end of a cruise period (Phase C) for single items measuring 

craving, anticipated guilt, doping SRE, and Affect. Within-condition analysis, estimation of trend 

indicated by solid line and trend stability (± 25% of median value) indicated by dotted lines.  
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4.3.2 Participant 2  

Within-Condition Analysis. Evaluation of AAS craving within Phase A indicated a 

high level (M = 6.2, SD = 0.6) with an increasing trend, Phase B indicated a high level (M = 

6.0, SD = 0.8) with an increasing trend, and Phase C indicated a high level (M = 6.1, SD = 

0.5) with an increasing trend (Table 4.1). Observations of anticipated guilt indicated a low 

level (M = 1.4, SD = 0.6) with no change in trend in Phase A, a low level (M = 1.2, SD = 0.6) 

with a decreasing trend in Phase B, and a low level (M = 1.4, SD = 0.7) with no change in 

trend in Phase C (Table 4.2). Data for SRE were overserved with a high level (M = 5.4, SD = 

0.7) with a decreasing trend in Phase A, a high level (M = 5.1, SD = 0.7) with an increasing 

trend in Phase B, and a low level (M = 1.4, SD = 0.7) with no change in trend in Phase C 

(Table 4.3). Observations of affect indicated data had a high level (M = 7.1, SD = 0.8) with a 

decreasing trend in Phase A, a high level (M = 5.6, SD = 1.7) with an increasing trend in 

Phase B, and a high level (M = 5.0, SD = 2.6) with an in increasing trend in Phase C (Table 

4.4).  

Between-Condition Analysis. Level change scores for AAS craving indicated a lower 

level of craving in Phase B than in A, and lower levels of craving in Phase C than in Phase B. 

PND scores indicated there was a 0.0% non-overlap across Phase A to B, and 0.0% non-

overlap across Phase B and C (Table 4.5). Level change scores for anticipated guilt indicated 

a lower level of guilt in Phase B than in A, and a higher level of guilt in Phase C than in B. 

PND scores indicated that there was a 0.0% non-overlap across Phase A to B, and a 0.0% 

non-overlap across Phase B to C (Table 4.6). Level change scores for SRE indicated a lower 

level in Phase B than in A, and a higher level in Phase C than in B. PND indicated a 13.9% 

non-overlap across Phase A to B, and a 0.0% non-overlap across Phase B to C (Table 4.7). 

Level change scores for affect indicated a lower level in B than in A, and a higher level in C 
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than in B. PND and a 27.8% non-overlap across phase A to B, and a 2.8% non-overlap across 

Phase B to C (Table 4.8 and Figure 4.2).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.2. Participant 2 daily notification data taken at the end of a blast (Phase A), during the 

middle of a cruise (Phase B), and at the end of a cruise period (Phase C) for single items measuring 

craving, doping MD, doping SRE, and Affect. Within-condition analysis, estimation of trend indicated 

by solid line and trend stability (± 25% of median value) indicated by dotted lines. 
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4.3.3 Participant 3 

 Within-Condition Analysis. Evaluation of AAS craving indicated a high level (M = 

6. 0, SD = 0.0) with no change in trend in Phase A, a high level (M = 5.7, SD = 0.5) with a 

decreasing trend in Phase B, and a high level (M = 6.3, SD = 0.6) with no change in trend in 

Phase C (Table 4.1). Observations of anticipated guilt data identified a low level (M = 2.0, SD 

= 0.0) with no change in trend in Phase A, a low level (M = 1.9, SD = 0.5) with no change in 

trend in Phase B, and a low level (M = 1.8, SD = 0.4) with decreasing trend in Phase C (Table 

4.2). Data for SRE were observed to have a low level (M = 2.7, SD = 0.4) with no change in 

trend in Phase A, low level (M = 1.8, SD = 0.4) with no change in trend in Phase B, and a low 

level (M = 1.8, SD = 0.4) with a decreasing trend in Phase C (Table 4.3). Observations of 

affect identified data having a high level (M = 5.8, SD = 2.5) with a decreasing trend in Phase 

A, a moderate level (M = 0.3, SD = 4.8) with a decreasing trend in Phase B, and a moderate 

level (M = 2.75, SD = 4.8) with no change in trend in Phase C (Table 4.4).  

Between-Condition Analysis.  Level change scores for AAS craving demonstrated a higher 

level of craving in B than in A, and a higher level of craving in C than in B. PND indicated 

there was a 22.2% non-overlap across Phase A and B, and a 0.0% non-overlap across Phase B 

and C (Table 4.5). Level change scores for anticipated guilt demonstrated a lower level of 

guilt in Phase B than in A, a lower level of guilt in Phase C than in B. PND indicated a 13.9% 

non-overlap between Phase A and B, and a 0.0% non-overlap between Phase B and C (Table 

4.6). Level scores for SRE indicated a lower level of SRE in Phase B than in A, a lower level 

of SRE in Phase C than in B.  PND indicated a 16.7% non-overlap between Phase A and B, 

and a 0.0% non-overlap between Phase B and C (Table 4.7). Level scores for affect 

demonstrated a higher level of affect in Phase B than in A, and a lower level of affect in Phase 
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C than in B C. PND indicated a 16.7% non-overlap between Phase A and B, and a 5.6 non-

overlap between Phase B and C (Table 4.8 and Figure 4.3).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.3. Participant 3 daily notification data taken at the end of a blast (Phase A), during the 

middle of a cruise (Phase B), and at the end of a cruise period (Phase C) for single items measuring 

craving, doping MD, doping SRE, and Affect. Within-condition analysis, estimation of trend indicated 

by solid line and trend stability (± 25% of median value) indicated by dotted lines. 
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4.3.4 Participant 4 

Within-Condition Analysis. Evaluation of AAS craving indicated a low level (M = 

2.6, SD = 1.3) with a decreasing trend in Phase A, a low level (M = 1.7, SD = 0.9) with an 

increasing trend in Phase B, and a low level (M = 2.2, SD = 1.3) with an increasing trend in 

Phase C (Table 4.1). Observations of anticipated guilt identified a low level (M = 1.0, SD = 

0.0) with no change in trend in Phase A, a low level (M = 1.0, SD = 0.0) with no change in 

trend in Phase B, and a low level (M = 1.0, SD = 0.0) with no change in trend in Phase C 

(Table 4.2). Data for SRE were observed to have a moderate level (M = 4.6, SD = 0.5) with an 

increasing trend in Phase A, a moderate level (M = 4.1, SD = 0.5) with no change in trend in 

Phase B, and a low level (M = 1.0, SD = 0.0) with no change in trend in Phase C (Table 4.3). 

Observations of affect data indicated data had a high level (M = 5.5, SD = 3.6) with an 

increasing trend in Phase A, a high level (M = 5.6, SD = 4.3) with no change in trend in Phase 

B, and a high level (M = 6.1, SD = 3.7) with a decreasing trend in Phase C (Table 4.4).  

Between-Condition Analysis. Level change scores for AAS craving indicated a lower 

level of craving in Phase B than in A, a lower level of craving in Phase C than in B. PND 

there was a 0.0% non-overlap across Phase A to B, and a 0.0% non-overlap across Phase B to 

C (Table 4.5). Level change scores for anticipated guilt indicated a no level change across 

each Phase. PND indicated that there was a 0.0% non-overlap between all Phases (Table 4.6). 

Level change scores for SRE indicated a lower level in Phase B than in A, a lower level of 

SRE in Phase C than in B. PND indicated that there was a 5.6% non-overlap between Phase A 

and B, and a 0.0% non-overlap between Phase B and C (Table 4.7). Level change scores for 

affect indicated a lower level in Phase B than in A, and a higher level in Phase C than in B. 

PND indicated there was a 5.6% non-overlap between Phase A and B, and a 0.0% non-

overlap between Phase B and C (Table 4.8 and Figure 4.4).  
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Figure 4.4. Participant 4 daily notification data taken at the end of a blast (Phase A), during the 

middle of a cruise (Phase B), and at the end of a cruise period (Phase C) for single items measuring 

craving, doping MD, doping SRE, and Affect. Within-condition analysis, estimation of trend indicated 

by solid line and trend stability (± 25% of median value) indicated by dotted lines. 
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4.3.5 Participant 5 

Within-Condition Analysis. Evaluation of AAS craving identified a high level (M = 

6.0, SD = 0.0) with no change in trend in Phase A, a high level (M = 6.0, SD = 0.0) with no 

change in trend in Phase B, and a high level (M = 6.0, SD = 0.0) with no change in trend in 

Phase C (Table 4.1).  Observations of anticipated guilt identified a low level (M = 1.0, SD = 

0.0) with no change in trend in Phase A, a low level (M = 1.0, SD = 0.0) with no change in 

trend in Phase B, and a low level (M = 1.0, SD = 0.0) with no change in trend in Phase C 

(Table 4.2).  SRE data were observed to have a moderate level (M = 4.0, SD = 0.0) with no 

change in trend in Phase A, a moderate level (M = 4.4, SD = 0.5) with a decreasing trend in 

Phase B, and a low level (M = 1.0, SD = 0.0) with no change in trend in Phase C (Table 4.3). 

Observations of affect identified data having a high level (M = 3.7, SD = 2.6) with a 

decreasing trend in Phase A, a high level (M = 4.9, SD = 3.1) with no change in trend in Phase 

B, and a high level (M = 3.9, SD = 2.2) with a decreasing trend in Phase C (Table 4.4).  

Between-Condition Analysis. Level change scores for AAS craving indicated a 

positive change across Phase A and B, and no change was seen between Phase B and C. PND 

indicated that there was a 0.0% non-overlap between all three phases (Table 4.5). Level 

change scores for anticipated guilt indicated a higher level in Phase B than in A, and no 

change between Phase B and C. PND indicated a 0.0% non-overlap between each of the 

phases (Table 4.6). Level change scores for SRE indicated a higher level in Phase B than in 

A, and a lower level in Phase C than in B. PND indicated that there was a 0.0% non-overlap 

between Phase A and B, and a 0.0% non-overlap between Phase B and C (Table 4.7). Level 

change scores for affect indicated a lower level of affect in Phase B than in A, and a higher 

level in Phase C than in B. PND indicated that there was a 5.6% non-overlap between Phase 

A and B, and at 0.0% non-overlap between Phase B and C (Table 4.8 and Figure 4.5).  
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Figure 4.5. Participant 5 daily notification data taken at the end of a blast (Phase A), during the 

middle of a cruise (Phase B), and at the end of a cruise period (Phase C) for single items measuring 

craving, doping MD, doping SRE, and Affect. Within-condition analysis, estimation of trend indicated 

by solid line and trend stability (± 25% of median value) indicated by dotted lines. 
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4.3.6 Participant 6 

Within-Condition Analysis. Evaluation of AAS craving identified a low level (M = 

1.1, SD = 0.3) with no change in trend in Phase A, a low level with no change in trend in 

Phase B (M = 1.2, SD = 0.6), and a moderate level (M = 3.0, SD = 0.0) with no change in 

trend in Phase C (Table 4.1).  Observations of anticipated guilt identified a low level (M = 

1.9, SD = 0.2) with no change in trend in Phase A, a low level (M = 1.9, SD = 0.2) with no 

change in trend in Phase B, and a low level (M = 2.0, SD = 0.0) with no change in trend in 

Phase C (Table 4.2). SRE data were observed to have a moderate level (M = 4.9, SD = 0.3) 

with no change in trend in Phase A, a moderate level (M = 4.6, SD = 0.7) with no change in 

trend for Phase B, and a low level (M = 2.0, SD = 0.0) with no change in trend in Phase C 

(Table 4.3). Observations of affect indicated data had a high level (M = 7.7, SD = 1.8) with no 

change in trend in Phase A, a high level (M = 5.7, SD = 4.0) with an increasing trend in Phase 

B, and a high level (M = 5.8, SD = 4.1) with no change in trend in Phase C (Table 4.4).  

Between-Condition Analysis. Level change scores for AAS craving indicated a 

higher level of craving in Phase B than in A, and a higher level in Phase C than in B. PND 

indicated that there was a 2.8% non-overlap across Phase A and B, and a 0.0% non-overlap 

across Phase B to C (Table 4.5). Change scores for anticipant guilt indicated a lower level in 

Phase B than in A, and a higher level in Phase C than in B. PND indicated that there was a 

0.0% non-overlap between Phase A to B and from 0.0% non-overlap between Phase B to C 

(Table 4.6). Level change scores for SRE indicated a lower level in SRE in Phase B than in A, 

and higher level in Phase C than B. PND indicated that there was a 27.8% non-overlap across 

Phase A to B, and a 0.0% non-overlap across Phase B to C (Table 4.7). Level change scores 

for affect indicated a lower level in Phase B than in A, and a higher level in Phase C than in 
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B. PND indicated that there was an 8.3% non-overlap between Phase A and B, and a 0.0% 

non-overlap between Phase B to C (Table 4.8 and Figure 4.6). 
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Figure 4.6. Participant 6 daily notification data taken at the end of a blast (Phase A), during the 

middle of a cruise (Phase B), and at the end of a cruise period (Phase C) for single items measuring 

craving, doping MD, doping SRE, and Affect. Within-condition analysis, estimation of trend indicated 

by solid line and trend stability (± 25% of median value) indicated by dotted lines. 
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Note: Increase in level change is represented by +, decrease in level change is represented by -. 

 

Table 4.1. Within-condition analysis for AAS craving during Phase A (end of blast), B 

(middle of a cruise), and C (end of a cruise) identifying descriptive statistics, level and trend 

of responses. 

Participant Mean SD Median Range 
Trend 

Stability % 

Level 

Change 
Trend 

Phase A 

1 5.67 0.48 6.00 5-6 100.00 -1.00 Decreasing 

2 6.20 0.61 6.00 4-7 96.67 +3.00 Increasing 

3 6.00 0.00 6.00 6-6 100.00 0.00 No Change 

4 2.61 1.34 2.00 1-6 11.11 -2.00 Decreasing 

5 6.00 0.00 6.00 6-6 100.00 0.00 No Change 

6 1.11 0.32 1.00 1-2 88.89 0.00 No Change 

Phase B 

1 5.00 0.00 5.00 5-5 100.00 0.00 No Change 

2 6.03 0.77 6.00 4-7 83.33 +1.00 Increasing 

3 5.69 0.47 6.00 5-6 100.00 0.00 Decreasing 

4 1.69 0.95 1.00 1-5 5.56 -2.00 Increasing 

5 6.00 0.00 6.00 6-6 100.00 0.00 No Change 

6 1.17 0.56 1.00 1-4 88.89 0.00 No Change 

Phase C 

1 5.62 0.67 6.00 5-6 100.00 +2.00 Increasing 

2 6.09 0.51 6.00 5-7 88.57 0.00 Increasing 

3 6.29 0.59 6.00 5-7 100.00 0.00 No Change 

4 2.17 1.34 2.00 1-5 38.89 0.00 Increasing 

5 6.00 0.00 6.00 6-6 100.00 0.00 No Change 

6 3.00 0.00 3.00 3-3 100.00 0.00 No Change 
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Table 4.2. Within-condition analysis for guilt during Phase A (end of blast), B (middle of a 

cruise), and C (end of a cruise) identifying descriptive statistics, level and trend of responses. 

Participant Mean SD Median Range 

Trend 

Stability 

% 

Level 

Change 
Trend 

Phase A 

1 3.11 1.22 3.00 2-5 58.33 -1.00 Increasing 

2 1.37 0.61 1.00 1-2 19.44 -2.00 No Change 

3 2.00 0.00 2.00 2-2 100.00 0.00 No Change 

4 1.00 0.00 1.00 1-1 100.00 0.00 No Change 

5 1.00 0.00 1.00 1-1 100.00 0.00 No Change 

6 1.94 0.23 2.00 1-2 94.00 +1.00 No Change 

Phase B 

1 1.81 0.40 2.00 1-2 44.44 0.00 Decreasing 

2 1.22 0.63 1.00 1-3 52.78 0.00 Decreasing 

3 1.85 0.46 2.00 1-3 16.67 0.00 No Change 

4 1.00 0.00 1.00 1-1 100.00 0.00 No Change 

5 1.00 0.00 1.00 1-1 100.00 0.00 No Change 

6 1.94 0.23 2.00 1-2 94.00 +1.00 No Change 

Phase C 

1 3.42 1.25 4.00 1-5 30.56 -3.00 Decreasing 

2 1.37 0.65 1.00 1-3 0.00 +2.00 No Change 

3 1.78 0.42 2.00 1-2 38.89 -2.00 Decreasing 

4 1.00 0.00 1.00 1-1 100.00 -1.00 No Change 

5 1.00 0.00 1.00 1-1 100.00 0.00 No Change 

6 2.00 0.00 2.00 2-2 100.00 0.00 No Change 

Note:  Increase in level change is represented by +, decrease in level change is represented by -. 
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Note: Positive change is represented by +, negative change is represented by -. 

Table 4.3. Within-condition analysis for doping SRE during Phase A (end of blast), B 

(middle of a cruise), and C (end of a cruise) identifying descriptive statistics, level and 

trend of responses. 

Participant Mean SD Median Range 

Trend 

Stability 

% 

Level 

Change 
Trend 

Phase A 

1 3.22 0.42 3.00 3-4 77.78 +1.00 No Change 

2 5.37 0.67 5.00 5-7 90.00 0.00 Decreasing 

3 2.74 0.44 3.00 2-3 74.19 +1.00 No Change 

4 4.58 0.50 5.00 4-5 100.00 +1.00 Increasing  

5 4.00 0.00 4.00 4-4 100.00 0.00 No Change 

6 4.89 0.32 5.00 4-5 100.00 0.00 No Change 

Phase B 

1 2.86 0.36 3.00 2-3 90.48 0.00 No Change 

2 5.06 0.67 5.00 4-6 86.11 -1.00 Increasing 

3 1.77 0.43 2.00 1-2 77.78 0.00 No Change 

4 4.11 0.46 4.00 4-5 77.78 +1.00 No Change 

5 4.36 0.49 4.00 4-5 100.00 0.00 Decreasing 

6 4.61 0.69 5.00 3-5 88.89 -2.00 No Change 

Phase C 

1 3.42 1.25 4.00 1-5 30.56 +1.00 Decreasing 

2 1.37 0.65 1.00 1-3 0.00 -1.00 No Change 

3 1.78 0.42 2.00 1-2 38.89 0.00 Decreasing 

4 1.00 0.00 1.00 1-1 100.00 -2.00 No Change 

5 1.00 0.00 1.00 1-1 100.00 0.00 No Change 

6 2.00 0.00 2.00 2-2 100.00 0.00 No Change 
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Table 4.4. Within-condition analysis for Affect during Phase A (end of blast), B (middle 

of a cruise), and C (end of a cruise) identifying descriptive statistics, level and trend of 

responses. 

Participant Mean SD Median Range 

Trend 

Stability 

% 

Level 

Change 
Trend 

Phase A 

1 3.11 4.38 4.00 -5-8 22.22 +4.00 Increasing  

2 7.10 0.84 7.00 6-8 100.00 +1.00 Decreasing  

3 5.81 2.49 6.00 -3-8 63.89 +5.00 Decreasing  

4 5.52 3.60 7.00 -5-8 83.33 0.00 Increasing  

5 3.71 2.60 4.00 -4-8 22.22 -4.00 Decreasing  

6 7.67 1.83 8.00 -3-8 97.22 -1.00 No Change 

Phase B 

1 2.62 3.94 3.00 -6-8 11.11 0.00 Increasing 

2 5.58 1.71 6.00 2-7 63.69 -1.00 Increasing 

3 0.29 4.85 -3.00 -5-8 36.11 +10.00 Increasing 

4 5.56 4.25 7.00 -8-8 86.11 +8.00 No Change 

5 4.89 3.10 6.00 -6-8 52.82 0.00 No Change 

6 5.67 4.02 8.00 -7-8 75.00 +6.00 Increasing 

Phase C 

1 4.42 4.09 7.00 -5-8 38.89 +6.00 Decreasing  

2 5.02 2.59 6.00 -5-8 63.89 -3.00 Increasing  

3 2.75 4.81 5.00 -6-8 41.67 +1.00 No Change 

4 6.11 3.66 7.00 -6-8 91.67 -1.00 Decreasing  

5 3.97 2.23 3.00 1-8 41.67 -6.00 Decreasing  

6 5.81 4.07 8.00 -7-8 75.00 +7.00 No Change 

Note:  Increase in level change is represented by +, decrease in level change is represented by -. 
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Note: Percentage of non-overlapping data – PND. Improved change is represented by +, deteriorating change is represented by -.  

 

 

 

Table 4.5. Between-condition analysis for each participant’s response to single -item AAS craving.  

Participant 

Relative 

Level 

Change 

(A-B) 

Relative 

Level 

Change 

(B-C) 

Absolute 

Level 

Change 

(A-B) 

Absolute 

Level 

Change 

(B-C) 

Median 

Level 

Change 

(A-B) 

Median 

Level 

Change 

(B-C) 

Mean 

Level 

Change 

(A-B) 

Mean 

Level 

Change 

(B-C) 

PND 

(A-B) 

PND 

(B-C) 

1 -1.00 +1.00 -1.00 0.00 -1.00 +1.00 -1.00 +1.00 0.00 52.77 

2 0.00 +1.00 -1.00 +1.00 0.00 0.00 -1.00 +1.00 0.00 0.00 

3 +3.00 +1.00 0.00 +1.00 0.00 0.00 0.00 +1.00 22.22 0.00 

4 -4.00 0.00 -1.00 0.00 -1.00 -1.00 -1.00 0.00 0.00 0.00 

5 +5.00 0.00 +1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

6 +1.00 +2.00 0.00 +2.00 0.00 +2.00 0.00 +2.00 2.77 0.00 
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Note: Percentage of non-overlapping data – PND. Improved change is represented by +, deteriorating change is represented by -.  

 

 

 

 

 

Table 4.6. Between-condition analysis for each participant’s response to single-item anticipated guilt.  

Participant 

Relative 

Level 

Change 

(A-B) 

Relative 

Level 

Change 

(B-C) 

Absolute 

Level 

Change 

(A-B) 

Absolute 

Level 

Change 

(B-C) 

Median 

Level 

Change 

(A-B) 

Median 

Level 

Change 

(B-C) 

Mean 

Level 

Change 

(A-B) 

Mean 

Level 

Change 

(B-C) 

PND 

(A-B) 

PND 

(B-C) 

1 -2.00 +1.67 -3.00 +2.00 -1.00 +2.00 -1.30 +1.61 11.11 0.00 

2 -0.18 +0.05 -2.00 +1.00 0.00 0.00 -0.15 +0.15 0.00 0.00 

3 -0.17 -0.22 0.00 0.00 0.00 0.00 -0.15 -0.07 13.89 0.00 

4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

5 +1.00 0.00 0.00 0.00 +1.00 0.00 0.00 0.00 0.00 0.00 

6 -0.13 +0.08 0.00 +1.00 0.00 0.00 0.00 +0.06 0.00 0.00 
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Note: Percentage of non-overlapping data – PND. Improved change is represented by +, deteriorating change is represented by -.  

 

 

 

 

 

Table 4.7. Between-condition analysis for each participant's response to single-item of SRE.  

Participant 

Relative 

Level 

Change 

(A-B) 

Relative 

Level 

Change 

(B-C) 

Absolute 

Level 

Change 

(A-B) 

Absolute 

Level 

Change 

(B-C) 

Median 

Level 

Change 

(A-B) 

Median 

Level 

Change 

(B-C) 

Mean 

Level 

Change 

(A-B) 

Mean 

Level 

Change 

(B-C) 

PND 

(A-B) 

PND 

(B-C) 

1 0.00 -1.00 -1.00 -1.00 0.00 0.00 -0.37 -0.24 11.11 0.00 

2 0.00 0.00 -1.00 +1.00 0.00 0.00 -0.03 +0.33 13.89 0.00 

3 -1.00 0.00 -1.00 0.00 -1.00 0.00 -0.97 -0.78 16.67 0.00 

4 -1.00 0.00 -1.00 0.00 -1.00 0.00 -0.47 -0.42 5.56 0.00 

5 +1.00 0.00 0.00 0.00 +1.00 0.00 +0.36 -0.36 0.00 0.00 

6 0.00 0.00 0.00 +2.00 0.00 0.00 -0.28 +0.39 27.77 0.00 
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Note: Percentage of non-overlapping data – PND. Improved change is represented by +, deteriorating change is represented by -.  

 

 

Table 4.8. Between-condition analysis for each participant’s response to single-item of affect.  

Participant 

Relative 

Level 

Change 

(A-B) 

Relative 

Level 

Change 

(B-C) 

Absolute 

Level 

Change 

(A-B) 

Absolute 

Level 

Change 

(B-C) 

Median 

Level 

Change 

(A-B) 

Median 

Level 

Change (B-

C) 

Mean 

Level 

Change 

(A-B) 

Mean 

Level 

Change 

(B-C) 

PND 

(A-B) 

PND 

(B-C) 

1 -3.00 +7.00 -7.00 0.00 0.00 +2.00 -0.58 +0.57 0.00 0.00 

2 -1.00 +1.00 -2.00 +2.00 -1.00 0.00 -1.52 +0.04 27.78 2.78 

3 +1.50 0.00 +5.00 0.00 +3.00 +5.00 +2.85 +1.74 16.67 5.56 

4 0.00 -3.50 +1.00 -8.00 0.00 0.00 +0.72 -0.03 5.56 0.00 

5 +2.00 -6.00 +5.00 -1.00 +2.00 -3.00 +1.39 -1.64 5.56 0.00 

6 0.00 +2.00 -6.00 +6.00 0.00 0.00 -0.83 +0.03 8.33 0.00 
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4.4 Discussion 

A growing body of evidence has contributed to our knowledge and understanding of AAS 

dependence (Brower et al., 1991: Ip et al., 2012: Kanayama et al., 2009: Pope et al., 2014) and 

recently its association with craving (see Zoob Carter & Boardley, in review). To date there is 

a dearth of research identifying the temporal trends between manifestations of AAS 

dependence (i.e., craving), and the associated psychosocial constructs of anticipated guilt, 

SRE, and affect across different periods of AAS use. Therefore, the overarching aim of this 

study was to explore the trends and levels of craving, anticipated guilt, SRE and mood within-

and between- different phases of AAS administration. 

 One of the major contributions of this study was the observation of AAS craving 

across different patterns of AAS use. Despite models of AAS dependence indicating the 

presence of craving-like behaviours (see Wood, 2008), there remains limited research in this 

area; with just one study exploring the concept of craving within the AAS using community 

(see Zoob Carter & Boardley, In Review). With the inclusion of craving in the latest edition 

of the Diagnostic and Statistical Manual of Mental Disorders (APA, 2013) and researchers 

providing the provisions to adapt it for AAS users (see Kanayama et al., 2009c), it is 

important to further explore AAS craving to gain a greater insight into factors that may 

facilitate prolonged misuse of AAS.  

Data analyses showed patterns of craving partly consistent with H1 for three 

participants (P3, P5, and P6). Visual analysis of P6 observed consistency with H1 through 

observing a low level of AAS craving with no change in trend in Phase A. However, with 

Phase B and C indicating P6 having a low level of craving with no change in trend, the 

consistencies with H1 ended. Observations in P3 and P5 of high levels of AAS craving with 

no change in trend within Phase C were also consistent with H1. However, there were no 
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further consistencies with as P3 demonstrated a high level of craving with no change in trend 

in Phase A, and a high level of craving with a decreasing trend in phase B. P5 was observed 

to have a high level of craving with no change in trend in Phase A, and a high level of craving 

with no change in trend was observed in Phase B. The low level of AAS craving in phase A 

(P6) may be explained by findings from Shiffman et al (1995), whereby levels of craving 

have been found to be lowest whilst engaging in drug use. This may also provide further 

explanation for the observations in P6 that were not consistent with H1 (i.e., low levels of 

craving in Phase B and C). The absence of trend observed in P6 within phase A can be 

explained by research from Drummond (2000), who postulates that drug use satiates craving 

by alleviating the desire to seek and take a drug. As such, craving would be at its lowest point 

and have no room to decrease any further. Again, Drummond’s (2000) observation may 

provide an explanation for P6 demonstrating no change in trend in Phase B and C.  

High levels of craving like those identified in P3 and P5 may be explained through the 

craving model of outcome expectancy (Marlatt, 1985), whereby positive expectations of how 

a drug will take effect elicits drug seeking behaviour. It is therefore possible that the types of 

anabolic compounds being consumed are not meeting the expectancies of some participants in 

this study. This may be attributed to AAS procurement from illicit drug markets (Evans-

Brown et al., 2009) containing poor quality and/or the wrong type of active substances (Frude 

et al., 2020), different patterns of use (i.e., inclusion of other muscle building and ergogenic 

compounds in AAS protocols; see Kanayama et al., 2010b), and past drug use histories across 

participants (Skårberg et al., 2008). The observations of no change in trend in those 

experiencing high levels of craving (i.e., P3 and P5 in Phase C) may be explained with 

research from Schlauch et al (2013), who indicates craving for nicotine and alcohol is highest 

when approaching periods of substance use; therefore, indicating experience of craving 
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cannot increase anymore. The decreasing trend of craving observed in participants with high 

levels of craving (P3 in Phase B) may be explained by patterns of AAS use. Long-chain AAS 

have a slow method of action (de Souza & Hallak, 2011; Graham et al., 2008) lasting up to 4-

weeks within the body (Llwellyn et al., 2017). With dosages as high as 1,000mg per week 

combined with use of long-chain AAS as seen in P3, it is possible that the decreasing trend in 

craving during Phase B was due to the combined effect of the AAS use during that phase 

along with the remaining long-chain AAS still present from Phase A. 

Between-condition analysis showed two participants demonstrating consistency with 

some, but not all, patterns of H5. Analysis identified higher craving levels in Phase B than in 

Phase A, and higher levels of craving in Phase C than Phase in B for P2, P3 and P6; 

demonstrating consistency with H5. Differences in dosages may explain the high levels of 

craving in P3. Yu et al (2014) indicate the does dependent nature of AAS. It is possible that 

high levels of craving observed in P2, P3 and P6 are attributed to the lower dosages 

administered within Phase B and C establishing high levels of AAS expectancy for the next 

blast period. In contrast, no consistencies with H5 were in seen in P1, P4, or P5. Between-

condition analysis demonstrated P1 had a lower level of craving in Phase B than Phase A, and 

a higher level of craving in Phase C than Phase B. P4 were observed to have a lower level of 

craving in phase B than phase A, and a lower level in Phase C than Phase B. Whilst P5 was 

observed to display higher level of craving in Phase B than Phase A, with no change in level 

between Phase B and C. The low levels of craving observed in P1 and P4 may be attributed to 

the number and types of anabolic compounds being administered as they were observed to 

administer more anabolic agents, including fast acting oral compounds, than other 

participants. It is possible that the ergogenic effects from these different compounds used and 

the short time in which they were noticed may have met AAS expectancy of P1and P4, 
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causing a reduced experience of craving (see Marlatt, 1985; Zoob Carter & Boardley in 

Review). 

Within-condition observations demonstrated some but not all patterns of anticipated 

guilt responses proposed by H2. A low level of anticipated guilt with no change in trend was 

observed in four participants (P2, P4, P5, and P6) within Phase C. However, no consistency 

with H2 was observed in any other phase of the study. In phase A the same four participants 

demonstrated a low level of anticipated guilt with no change in trend. Phase B indicated P2 

presenting with a low level of anticipated guilt with a decreasing trend, whilst P4, P5, and P6 

were observed to have a low level of anticipated guilt with no change in trend. Furthermore, 

two participants demonstrated no consistency with any aspects of H2. P1 was observed with 

low guilt with an increasing trend in Phase A, low guilt with decreasing trend in Phase B, and 

low guilt with a decreasing trend in Phase C. P3 was observed to have low guilt with no 

change in trend in Phase A and in Phase B; whilst in Phase C, P3 was observed with low guilt 

and a decreasing trend. An explanation for the low levels of anticipated guilt within this study 

can be found within the current literature, whereby Bandura (1996) proposes that the effects 

of anticipated guilt may be diminished by the use of moral disengagement (MD). It is possible 

the each of the participants were utilising MD within Phase A, B, and C, causing a low level 

of guilt across all phases of the study and not demonstrating patterns in anticipated guilt 

consistent with H2 (i.e., changes in trend).  

Between-condition observations from this study showed one participant demonstrating 

some, but not all, consistencies with H6. Lower levels of anticipated guilt were observed in 

Phase B than Phase A, and lower levels of guilt were identified in Phase C than Phase B in 

P3. The remaining five participants indicate no consistency with H6. Observations from P1, 

P2, and P6 were observed to demonstrate lower levels of anticipated guilt in Phase B than in 
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Phase A, and higher levels in Phase C than in Phase B. P5 was observed to show higher levels 

of anticipated guilt in Phase B than in Phase A, with no change in level identified in Phase B 

or C. P4 demonstrated no change in craving level in any phase. Within the current literature, 

anticipated guilt is proposed to deter individuals from engaging in acts that oppose societal 

norms (see Bandura, 1991). It is common practice within the steroid using community to pre-

plan AAS use (Kanayama, et al., 2009; Llewellyn et al., 2017). Therefore, the higher levels of 

craving identified in Phase B within P5 and in Phase C within P1, P2, and P6 may be 

indicative of a desire to deviate from the pre-planned cruise phases. For example, the higher 

levels of guilt in Phase B for P5 may have been in response to a desire to increase the duration 

of Phase A, whereas the higher levels of guilt in Phase C may have been in response of a 

desire to prematurely initiate a blast phase in P1, P2, and P6; and thereby engaging self-

regulatory processes to continue with the current cruise protocols. Boardley et al (2017) 

indicated an inverse relationship between anticipated guilt and AAS use; therefore, 

continuous administration of AAS across the study period may have suppressed anticipated 

guilt causing no level change to occur between phases.  

Within-condition observations from this study demonstrated some but not all patterns 

of SRE responses in five participants were consistent with H3. P5 was observed to have a 

moderate level of SRE with a decreasing trend in Phase B, however results from Phase A 

(moderate level of SRE with no change in trend) and C (low level of SRE with no change in 

trend) were not consistent with H3. P2, P4, and P6 were observed to have a low level of SRE 

with no change in trend in Phase C; indicating their only consistency with patterns of H3. 

Observations of P2 indicated a high level of SRE with a decreasing trend in Phase A, and a 

high level of SRE with an increasing trend in Phase B. P4 was observed to have a moderate 

level of SRE with an increasing trend in Phase A, and a moderate level of SRE with no 
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change in trend in Phase B. P6 was observed to have a moderate level with no change in trend 

in Phase A and a moderate level of SRE with no change in Phase B. P1 was observed to have 

a low level of SRE with no change in trend in Phase A and Phase B, and have a low level with 

a decreasing trend in Phase C. P3 was observed to have a low level of SRE with no change in 

trend in Phase A and Phase B, and a low level of SRE with a decreasing trend in Phase C.  

Explanations for the predominantly medium and low within-condition levels of SRE 

observed are as follows. Sayette (2004) proposes effective SRE overrides sensations of 

craving to avoid drug seeking behaviours. Therefore, as AAS were continually being used, the 

effectiveness of SRE may have been compromised and caused a moderate level to be 

observed within P4, P5 and P6 in Phase A and Phase B. Bandura (1991) proposing self-

regulatory behaviour prevents the engagement in transgressive acts, therefore the low levels 

of SRE observed may be attributed to participants by complying with pre-planned AAS 

protocols. With AAS protocols being pre-planned (see Kanayama et al., 2009), high levels of 

SRE may be preventing P2 from administering larger doses of AAS. One explanation for 

decreasing trends of SRE may be attributed to an increasing trend of craving occurring during 

the same phase. A recent study has identified an inverse association between SRE and AAS 

craving (Zoob Carter & Boardley, In Review), therefore by experiencing high levels of AAS 

craving in Phase B SRE may be becoming impaired and present with a decreasing trend. 

Research has identified an inverse association between SRE and AAS use (see Boardley et al., 

2017), therefore, by using AAS continuously SRE may have been compromised. With SRE 

being impaired in this way, it is also possible that this construct could not decrease any 

further, providing an explanation for the absence of a change in trend observed within 

participants.  
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Between-condition analysis identified three participants who demonstrated some 

consistency with H7, however four participants demonstrating no consistency with H7. Levels 

of SRE were reported to be lower in Phase B than in A, and lower in Phase C than in B within 

P1, P3, and P4. However, not all participants showed consistency with H7. P2 and P6 

demonstrated lower levels of SRE in Phase B than in Phase A, and higher levels of SRE in C 

than in B. Whilst P5 indicated higher levels of SRE in Phase B than in Phase A, and lower 

levels of SRE in Phase C than in Phase B. One explanation for the predominantly low levels 

of SRE observed within these participants may be due to the continuous method of AAS 

administration. This has been identified in the current literature as Boardley et al (2017) 

indicated a negative link between SRE and AAS use. Therefore, with no time without AAS 

the effects of SRE may not be experienced (see Gwaltney et al., 2001) and therefore remain 

permanently impaired (i.e., in P1, P3, and P4).  

Within-condition observations demonstrated one participant showed some consistency 

with H4. P6 was observed to indicate a high level of affect with no change in trend within 

Phase A, a high level of affect with an increasing trend in Phase B, and a high level with no 

change in trend in Phase C. No observed general pattern was identified in the responses from 

the other five participants. P1 indicated a moderate level with an increasing trend in Phase A 

and B, and a high level with a decreasing trend in Phase C. P2 indicated a high level and 

decreasing trend in Phase A, and a high level with a decreasing trend in Phase B and C. P3 

was observed to have a high level with an increasing trend in Phase A, a moderate level with 

an increasing trend in Phase B, and a moderate level with no change in trend in Phase C. P4 

indicated a high level with an increasing trend in Phase A, a high level with no change in 

trend in Phase B, and a high level with a decreasing trend in Phase C. P5 indicated a moderate 

level with a decreasing trend in Phase A, a high level with an increasing trend in Phase B, and 
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a high level with no change in trend in Phase C.  Administration of AAS has been noted to 

elicit positive emotional effects onto users (i.e., increased self-confidence, heightened energy 

levels, improved mood; Bonnecaze et al., 2020; de Zeeuw et al., 2023; Yates, 2000). With 

affect demonstrated an increased variability, compared to the other variables of interest within 

each participant across each phase of the study, it is therefore possible that high levels and 

increasing trends experienced were attributed to AAS administration leading to the observed 

fluctuations in affect. Furthermore, by experiencing such positive effects on mood it is 

possible that participants with high levels of affect could not increase any further therefore 

demonstrating no change in trend. Moderate levels of affect, and decreasing trends in Phase A 

may be attributed to participants not getting the ergogenic effects they expected from their 

AAS administration, causing the experience of salient stimuli that may contribute to drug 

seeking behaviours (see Marlatt, 1985).  

Between-condition analysis identified no participants who demonstrated consistency 

with H8. Between-condition analysis for P1, P2, and P6 displayed lower levels of affect in 

Phase B than in A, and higher levels of affect in Phase C than in B. P3 demonstrated higher 

levels of affect in Phase B than in A, and higher levels of affect in Phase C than in B. P4 and 

P5 indicate higher levels of affect in Phase B than in A, and lower levels of affect in Phase C 

than in B. With the ergogenic effects of AAS being dependent on dosages use (see Yu et al., 

2014) lower dosages used in cruise phases may have caused some participants not to see the 

same results in musculature gains they would with high doses and thereby experience more 

incidences of negative affect; explaining the lower levels of affect in Phase B than in A found 

in P1, P2, and P6. The higher levels of affect observed in P1, P2, and P6 in Phase C may be 

attributed to positive expectation for the approaching blast phase and higher doses that 

accompany it.  
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4.4.1 Limitations and Future Directions  

One of the major limitations of this research was the absence of participants on a 

traditional ‘on-cycle/off-cycle’ protocol. Within this study all participants were on ‘blast’ and 

‘cruise’ protocols, therefore, no participants were in stages of AAS abstinence at any point. 

This may have reduced the magnitude of the expected differing patterns between the three 

phases (see Chavarria et al., 2012b; Sayette et al., 2004; Shadel & Cervone, 2006; West & 

Shiffman, 2016). Evidence of this limitation can be seen by the small effect sizes identified by 

the PND calculations. It is therefore recommended to future researchers who wish to conduct 

a similar study design to focus their data collection on ‘on-/off-cycle’ protocols, and exclude 

AAS users running ‘blast’ and ‘cruise’ administration. Furthermore, it is important to note 

that the language surrounding AAS protocols may be changing. It was apparent within this 

study that the phrase ‘on-cycle’ was also attributed to ‘blasting’ administration. 

Understanding the true nature of participants patterns of use is vitally important for 

researchers wishing to undertake similar studies. It is recommended that researchers explore 

patterns of use in their participants in a more detailed manner. This may be obtained by 

allowing participants to explain their AAS administration via text box responses, rather than 

getting participants to fill in a tick box. 

Further limitations include the small sample size of this study. This limited the 

researcher in the types of analysis available for analysis single-case design research (see 

Barker et al., 2011). A larger sample of 100 participants (e.g., 50 participants for on-cycle 

period and 50 in an off-cycle period) following a similar study protocol would allow for a 

statistical method of analysis such as multilevel modelling (see Maas & Hox, 2005).   

Analysis with methods such as multi-level modelling may aid in distinguishing differences 

within- and between-phases of AAS use (see Snijders & Bosker, 2012). As AAS users are a 
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notoriously hard to reach populace, we would recommend future studies embed researchers 

within multiple online forums and social media pages specific to AAS using communities to 

make amicable relationships with potential participants. This may facilitate recruitment of a 

larger sample of AAS users.  

4.5 Conclusion 

 Through this naturalistic single case experimental investigation, we observed patterns 

in temporal levels and trends of AAS craving, anticipated guilt, and affect across three phases 

of AAS administration. This study provided novel contributions to the extant literature as it is 

the first study to observe AAS craving longitudinally within a single case design, furthering 

our knowledge of how those within the AAS community may experiencing craving (see Zoob 

Carter & Boardley, In Review). This study provides further novel contributions to the current 

literature by demonstrating the use of EMA methods of data collection can be used within the 

AAS community. To date the EMA literature has focused mainly on alcohol, nicotine and 

opioids, as such this study has filled a gap in the extant literature. We look forward to studies 

building upon this method of data collection and utilising this research design in future 

endeavours. 
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Chapter 5 – General Discussion 

5.1 Thesis Summary 

Based on current conceptualisations, research has estimated that anabolic-androgenic 

steroid (AAS) dependence is experienced by up to 30% of those who use steroids (Pope et al., 

2014). Existing literature indicates dependence is associated with increased experience of 

undesired physical and psychological effects (Brower et al., 1991; Hauger et al., 2019, 2020, 

2021; Ip et al., 2012; Kanayama et al., 2009a; Scarth et al., 2022). To date, there is a dearth of 

research identifying the longitudinal relationship between AAS dependence and associated 

adverse effects. Presently, there is no universally agreed upon model of AAS dependence 

(Brower, 1992: Bahrke & Yesalis, 1994: Brower, 2002: Kanayama et al., 2010a: Hildebrandt 

et al., 2011), limiting our understanding of the construct. This is particularly problematic 

when most of the proposed models are multifactorial, which contrasts with measurement 

approaches to date that have adopted unidimensional approaches (Gillespie et al., 2007; 

Gossop et al., 1995; Grant et al., 2007; Kanayama et al., 2009c; Lynskey & Agrawal, 2007; 

Ray et al., 2008; Teesson et al., 2002). Also, researchers have not thus far examined craving 

with respect to AAS use, even though it represents a construct thought to aid in the 

development of dependence (Tiffany & Wray, 2012). A first step in examining craving in the 

context of AAS use would be to develop a measure that captures possible dimensions of AAS 

craving. Finally, due to the absence of literature examining AAS craving current knowledge 

and understanding of how this is experienced within AAS users maybe sparse. Therefore, 

observations of the temporal patterns in craving across periods of use may provide an insight 

as to how craving presents within individuals who use AAS. 

To address these limitations in current knowledge, the line of research described in 

this thesis aimed to: a) longitudinally examine whether MD mediated the relationship between 
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AAS dependence and undesired physical and psychological effects (Study 1), b) develop and 

validate multidimensional measures of AAS dependence and AAS craving (Study 2), and c) 

examine the temporal patterns in AAS craving, anticipated guilt, SRE, and affect different 

stages of AAS administration (Study 3).   

Chapter 1 provided an introduction to AAS, AAS dependence, and highlighted 

potential factors facilitating the development of AAS dependence, including AAS craving and 

moral disengagement. This introduction also provided a detailed background and theory 

regarding AAS dependence, and AAS craving, as well as other key variables from the 

subsequent empirical chapters. 

Chapter 2 presented a longitudinal study building upon previous research on AAS 

dependence, associated undesired effects (Bower et al., 1991; Ip et al., 2012; Kanayama et al., 

2009a, 2009b, 2010a) and doping moral disengagement (MD; Boardley et al., 2014, 2015, 

2017, 2018; Boardley & Grix, 2014). Using mediated regression analysis, the study explored 

whether MD mediated longitudinal relationships between AAS dependence and negative 

psychological and physical health consequences of AAS use. Despite not identifying an 

indirect effect, this study was the first to demonstrate significant positive longitudinal effects 

of AAS dependence on undesired health effects, and AAS dependence on MD.  

Chapter 3 developed and validated psychometric measures of AAS dependence and 

AAS craving. Current measures of AAS dependence are unidimensional, and therefore 

incapable of representing the multidimensional nature of AAS dependence depicted in current 

multi-component models of AAS dependence (Bahrke & Yesalis, 1994; Brower, 1992; 

Brower, 2002; Hildebrandt et al., 2011; Kanayama et al., 2010a). This study addressed this 

limitation in current assessment approaches, and by developing a multidimensional measure 
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of AAS craving, it also addressed this gap in measurement capability. Through a rigorous set 

of analyses this study developed and validated two novel and reliable measures, to assess 

AAS dependence and AAS craving.  

Chapter 4 sought to evaluate daily patterns in AAS craving, anticipated guilt, and SRE 

across different stages of AAS administration via ecological momentary assessment (EMA). 

To date research has explored temporal trends in craving within opioid, and dependent users 

(Huhn et al., 2016; Shiffman & Waters, 2004). However due to a dearth in research on AAS 

craving, there has been no attempt to identify temporal trends in craving or associated 

constructs across AAS administration. Using visual analysis (see Barker et al., 2011; Lane & 

Gast, 2014), some expected patterns were identified across different periods of AAS 

administration, however, this was not consistent across the whole sample. These results were 

potentially due to the ‘blast’ and ‘cruise’ nature of AAS administration across the six 

participants.   

5.2 Discussion and Findings  

This thesis provides significant novel contributions to the AAS dependence literature. 

To date, researchers have demonstrated a positive association of AAS dependence and 

increased experience of undesired physical and psychological effects linked to AAS (see 

Brower et al., 1991; Hauger et al., 2019, 2020, 2021; Kanayama et al., 2009a; Kanayama et 

al., 2010a; Scarth et al., 2022). Findings from Chapter 2 indicate the causal relationship 

between AAS dependence and increased experience of undesired physical and psychological 

effects associated with AAS use. Despite researchers postulating multidimensional models for 

dependence (Brower, 1992, 2002; Hildebrandt et al., 2011; Knayama et al., 2010), measures 

to asses this syndrome are adapted unidimensional measures suit AAS (see Griffiths et al., 

2018; Kanayama et al., 2009c). Chapter 3 produced a novel measure to assess multiple 



132 
 

dimensions of AAS dependence within the AAS community. To date, research in AAS 

dependence has identified demonstration of craving-like behaviours in animal models (see 

Arnedo et al., 2002; Schroeder & Packard, 2000; Wood, 2008), and included items for craving 

in diagnostic criteria for dependence (APA, 2013; de Zeeuw et al., 2023). Despite dependence 

and craving being considered distinct constructs (see Koob & Le Moal, 2008), no endeavours 

have sought to identify and explore craving within the AAS using community. Chapter 3 

produced a novel multi-dimensional measure to explore craving within the AAS community. 

With this dearth of research on AAS craving in the steroid community, Chapter 4 observed 

AAS craving and associated psychosocial constructs across different period of AAS 

administration, demonstrating some – not but not all – evidence of patterns in level and trend 

consistent with current theory of craving across AAS administration.  

Several models have been proposed to explain the manifestation of AAS dependence 

(Brower, 1992, 2002; Hildebrandt et al., 2011; Kanayama et al., 2010); the findings from this 

thesis support elements from each of these models. A common element within two of the 

proposed models of AAS dependence is use of AAS to self-medicate for symptoms of 

withdrawal (Brower, 1992; Kanayama et al., 2010a). Chapter 2 demonstrated evidence in 

support of this mechanism, as AAS dependence displayed a positive direct causal relationship 

with experience of undesired health consequences of AAS. The adverse health events 

identified within Chapter 2 contained withdrawal-like symptoms, attributed to AAS induced 

hypogonadism (ASIH; see Tan & Scally, 2009). Chapter 3 indicated support for the 

withdrawal mechanism of dependence (Brower, 2002; Kanayama et al., 2010) by identifying 

the sub-dimension of ‘withdrawal’. Three items within the ‘withdrawal’ sub-dimension (see 

Appendix A, items 4 – 6) were established to identify the use of AAS to self-medicate 

withdrawal-like symptoms; demonstrating significant positive association with experience of 
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undesired effects in Chapter 3. Throughout the thesis we saw a high prevalence of blast and 

cruise regimes, highlighted by the participants from Chapter 4 exclusively running this 

method of AAS administration. Increasing in prevalence (Bonnecaze et al., 2020; Cohen et 

al., 2007), Blast and cruise regimes are recognised by researchers as an approach used to 

mitigate and/or self-medicate AAS withdrawal symptoms, including undesired health effects 

and loss of musculature (Kanayama et al., 2010a; Underwood et al., 2021). From evidence 

within the current literature, it is possible that the blast and cruise protocols identified across 

this study may have been implemented to self-treat symptoms of withdrawal. Overall, 

evidence from this thesis supports use of AAS to self-medicate symptoms of withdrawal 

proposed by Brower (1992) and Kanayama et al (2010a). 

Kanayama and colleagues (2010a) postulate a further mechanism for AAS 

dependence, that development of dependence is attributed to the positively reinforcing effects 

of AAS administration. Evidence for the positive reinforcing effects of AAS dependence has 

been identified in rodent models through environmental cues via conditioned place preference 

(see Alexander et al., 1994; Arnedo et al., 2002; de Beun et al., 1992; Schroeder & Packard, 

2000; Wood et al., 2004a). Environmental cues were identified within Chapter 3, within the 

‘environment’ sub-dimension. The four items within this sub-dimension (see Appendix B, 

items 5 – 8) were established to identify how environmental cues may influence desire to use 

AAS. It is important to note that this sub-dimension was identified within the higher order 

dimension of AAS craving, not AAS dependence. As craving has been identified as a key 

antecedent of dependence (Drummond, 2001; Ray & Roche, 2018; Tiffany et al., 2008), 

current models, especially Kanayama’s (2010a), should incorporate the facilitating role of 

AAS craving. It is possible that in doing so, AAS craving be a subsidiary element to this 

mechanism in the model proposed by Kanayama et al (2010a).  
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A shared mechanism between two of the existing models of AAS dependence is 

continued use of AAS despite experiencing undesired effects (see Brower, 2002; Hildebrandt 

et al., 2011). The findings from Chapter 2 build upon the mechanism, of continued use of 

AAS despite incurring harms, by providing a novel understanding about the undesired effects 

associated with AAS dependence. This was achieved by demonstrating a direct causal 

relationship between AAS dependence and increased experience of harms, and differentiating 

harms into undesired physical and psychological effects. Chapter 3 provides further evidence 

in support of this mechanism by identifying three sub-dimensions of undesired effects within 

the higher order construct of AAS dependence. These sub-dimensions include ‘unwanted 

physical effects’, ‘unwanted psychological effects’, and ‘unwanted socio-occupational 

effects’, allowing for clear identification of the more prevalent adverse effects experienced by 

AAS users. Hildebrandt et al (2011) proposing a further consideration, that physical 

dependence occurs when ancillary substances are administered in an attempt to self-medicate 

for undesired physical effects associated with AAS use. Evidence for this hypothesis was 

identified within Chapter 3 via the sub-dimension of ‘unwanted physical effects’. An item 

within this sub-dimension explores continued use of AAS despite attempts to self-medicate 

for undesired physical harms (see Appendix A, item 8). Ancillary substances are widely used 

by the AAS community to self-medicate for undesired effects (Kanayama et al., 2010a, 

2010b: Pope et al., 2014), and was seen within each of the studies conducted within this 

thesis. Overall, the findings from this thesis demonstrate agreement with the mechanism put 

forward by both Brower (2002) and Hildebrandt et al (2011).  

The identification of the higher order factor of AAS dependence within Chapter 3 

makes an important contribution to the literature as the it is the first AAS dependency 

measure specifically designed for those who use AAS, rather than being adapted from 
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existing measures (see Kanayama et al., 2009c; Cole et al., 2003). The findings from Chapter 

3 may aid in the development of our current understanding of AAS dependence in a number 

of ways, including identification of which sub-dimensions of AAS dependence are most 

strongly linked with harmful use of AAS. With Chapter 2 demonstrating direct causal effects 

between AAS dependence and experience of physical and psychological harms, it would be of 

interest to further explore different aspects of behaviours attributed to AAS dependence. 

Increased dosages and prolonged administration of AAS has been identified as a characteristic 

for AAS dependence (see de Zeeuw et al., 2023; Ip et al., 2012; Scarth et al., 2022), and is 

associated with increased risk of experiencing harms (Bolding et al., 2002; Harmer, 2010). 

Prolonged use of high doses (of up to 2g per week) of AAS were seen in use of AAS in 

Chapter 4, with large doses being reported across blast and cruise protocols. Therefore, it 

would be of interest to explore how each sub-dimension of AAS dependence is associated 

with undesired effects across different stages of AAS use, including blast and cruise 

administration.   

Through identifying ‘AAS effectiveness’ as an important aspect in AAS dependence, 

findings from Chapter 3 present an opportunity to explore why some individuals progress 

from traditional cyclic use of AAS to continuous use. Sustained use of AAS was reported 

across all three studies in this thesis, but were made most apparent in Chapter 4 with 

participants exclusively running blast and cruise protocols. Researchers have proposed that 

this behaviour may be deemed necessary by AAS users to not only maintain their 

musculature, but to further develop increased muscle mass (Smit et al., 2020). With 

researchers hypothesising that prolonged use of AAS increases the risk of incurring medical 

harms (see Kanayama et al., 2009), and findings from Chapter 2 corroborating this; it is 

important to explore effectiveness as a means for the transition from cyclic use to permanent 
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use of AAS. Therefore, exploring how ‘AAS effectiveness’ is associated with different 

methods of AAS administration (i.e., on-off-cycle compared to blast/cruise), may give greater 

insight on why this transition takes place.  

By showing experience of ‘withdrawal’ is a key aspect of AAS dependence, findings 

from Chapter 3 allow for researchers to assess levels of withdrawal across AAS use, and 

determine if this is associated with self-medication of AAS. Exploring the effects of 

withdrawal in this way, gives this sub-dimension the propensity to be an indicator for self-

medication of harms experienced in drug-free periods (see Kanayama et al., 2020; Tan & 

Scally, 2009).  Chapter 2 has demonstrated the importance in further exploring this topic as a 

direct causal relationship was identified between AAS dependence and harms associated with 

symptoms of withdrawal. Koob and La Moal (2008) highlight experience of withdrawal is 

impacted by multiple stimuli including, effects of cessation of drug intake, internal/external 

pressure to obtain the drug (i.e., SRE; see Bandura, 2001), and a desire to administer the 

substance (i.e., craving). Furthermore, experience of withdrawal is currently believed to be a 

motivating factor for the progression from intermittent use (i.e., on-/off-cycle) to prolonged 

use (i.e., blast and cruise), and increasing the risk of incurring undesired health effects 

(Chandler & McVeigh, 2017). An example of this can be seen in Chapter 4 which observed 

patterns in craving and SRE across blast and cruise administration. In some participants, 

observations indicated patterns in levels and trends associated with drug seeking behaviour 

postulated in craving literature (see Drummond, 2001). Therefore, examining which of the 

four sub-dimensions of AAS craving are most associated with withdrawal and psychosocial 

factors like SRE across different stages of AAS administration may give a greater insight to 

how withdrawal aids establishing in drug seeking behaviour and AAS dependence in periods 

of abstinence. 
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Studies within this thesis provide a significant contribution to our understanding of the 

undesired effects associated with AAS dependence. Chapter 2 not only confirms previous 

research by identifying the association of undesired physical and psychological effects with 

AAS dependence (see Hauger et al., 2019), but demonstrates a direct causal effect between 

AAS dependence and experience of physical and psychological harms. Chapter 3 provides 

additional evidence by presenting three distinct sub-dimensions to identify undesired 

consequences of AAS use within ‘physical effects’, ‘psychological effects’, and ‘socio-

occupational’ effects. These findings support previous work (see de Zeeuw et al., 2023; Ip et 

al., 2012). However, measures used in current research are unable to distinguish between each 

category of undesired effects experienced by AAS users. To date, research as identified a link 

between AAS dependence and undesired socio-occupational events (see Hauger et al., 2021). 

However, there remains an absence of studies identifying how socio-occupational events 

contribute to the development of AAS dependence. Therefore, the identification and 

discrimination between each of the three sub-dimensions of undesired effects provides 

substantial findings and tools to further our knowledge on the unpleasant consequences of 

AAS use.  

By identifying a higher order factor of AAS craving within Chapter 3, this thesis 

presents a novel and important contribution to the extant craving literature as it is the first 

measure to assess AAS craving, providing an insight to how craving affects those who misuse 

AAS. Furthermore, through single case naturalistic observations in AAS users across three 

independent 12-day periods, Chapter 4 provides an innovative insight into how AAS craving 

is experienced across periods blast and cruise protocols.  To date, craving is identified as a 

poorly understood topic (Flannery et al., 2001), surmised by the absence of a universally 

accepted model of craving. With current models predominantly focused on psychoactive 
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substances (i.e., alcohol, cocaine, nicotine; Kakko et al., 2019; Serre et al., 2018), there is an 

absence of research on AAS craving. Therefore, the findings from this thesis offer a greater 

insight of how craving is experienced within the AAS community.   

Several models of craving have been proposed to explain the action of craving within 

drug users, evidence from this thesis demonstrates support with some mechanisms of these 

models in the experience of AAS craving. The conditioned response model (see Drummond, 

1990) identifies the importance of environmental cues in causing drug seeking behaviour. 

Findings from Chapter 3 provide evidence in support of this model conditioned response 

(Drummond, 1990) by identifying the sub-dimension of ‘environment’ in Chapter 3, as a key 

sub-dimeson of AAS craving (Appendix B, items 5 – 8). Observations in Chapter 4 identified 

temporal patterns in AAS craving within some of the participants. With notifications for this 

study being sent out at three different intervals during the day, it is likely that some 

participants answered the surveys within the gym environment or in contexts associated with 

muscle building activities (e.g., socialising with gym partners outside of the training 

environment); potentially contributing to the patterns in craving observed. Overall, findings 

from this thesis provide support for the effect of environment to elicit craving amongst those 

who use AAS users. To further knowledge of AAS craving and the effect of ‘environment’ on 

eliciting drug seeking behaviour, it may be of interest to explore links between negative 

and/or positive experiences within AAS associated environments to determine if these have a 

strong association with this sub-dimension of AAS craving.  

Evidence in support of the outcome expectancy model of drug craving (Marlatt, 1985) 

has been identified across the findings of this thesis. Marlatt (1985) proposes experience of 

strong expectations about the effect administering the substance drive drug seeking behaviour. 

Outcome expectancy demonstrates some cross-over with substance withdrawal in syndromes 
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of drug dependence, whereby during periods of abstinence salient stimuli may be 

experienced, driving drug seeking behaviours and establishing relapse behaviours (Koob & 

La Moal, 1997). By showing experience of ‘expectancy’ is a key aspect of AAS craving, 

Chapter 3 identifies offers support for Marlatt’s (1985) model. The sub-dimension of 

‘expectancy’ (see Appendix 2, items1 – 4) may offer a greater understanding of an 

individual’s experience during AAS withdrawal, whilst accounting for some of the undesired 

effects noted to be experienced by AAS dependent users (e.g., mood disturbance, insomnia, 

etc; see Chapter 2). Furthermore, it may offer some insight how individuals view the use of 

their AAS across different phases of AAS administration (e.g., on-/off-cycle or 

blasting/cruising; see Chapter 4). By identifying ‘expectancy' is an intrinsic element of AAS 

craving, researchers may identify how this relates to AAS dependence. More specifically, 

which of the five sub-dimensions of AAS dependence identified within Chapter 3 are most 

strongly associated with ‘expectancy’. This will offer a greater insight on the relationship 

between AAS dependence and craving.   

Experience of different mood (affect) states has been identified across this thesis in 

regard to AAS craving. Chapter 3 identified the presence of both positive and negative mood 

subdimensions within the higher order factor of AAS craving. Chapter 4 was able to observe 

some patterns in affect across AAS administration periods on a day-to-day basis, highlighting 

a real-world application of affect within those who use AAS.  The dual effect model of 

craving indicates changes in mood states (i.e., positive/negative affect) have the ability to 

elicit craving (Baker et al., 1987; Niaura et al., 1988). Negative affect has been demonstrated 

to have a positive association with drug seeking behaviour (Tiffany, 1999, 2010), whilst 

positive affect negatively predicts drug seeking behaviour (Huhn et al., 2016; Lydon-Staley et 

al., 2017; Schlauch et al., 2013). The dual effect model demonstrates some overlap with 
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substance withdrawal in drug dependence, whereby negative emotional states drive drug 

seeking behaviours (Koob & Volkow, 2016). Chapter 2 indicates support for the impact of 

negative affect influencing drug seeking behaviour, whereby AAS dependence indicated a 

direct causal effect on undesired psychological effects; associated with symptoms of AAS 

withdrawal. Therefore, evidence from this thesis offers support for the role of affect on AAS 

craving behaviour.   

These findings from Chapter 3 provide an important aspect for research in AAS 

misuse.  By providing evidence for two distinct higher order factors: one for AAS dependence 

and the other for AAS craving, the measures developed in Chapter 3 will aid in distinguishing 

between dependence and craving within the AAS community. Despite the extant literature 

providing distinct definitions for drug dependence17 and craving18.  Craving has been added to 

the diagnostic statistical manual of mental health disorders 5th edition (DSM-V; APA, 2013), 

and is present within the international classification of diseases (WHO, 1992) muddling the 

distinction between these two constructs in research. With the adaptations proposed for the 

DSM-V for use in AAS research (see Kanayama et al., 2009c), its use in recent studies (see de 

Zeuuw et al., 2023). It is important for AAS researchers to have a means to explore 

dependence and craving of AAS in a more succinct and bespoke manner in order to 

distinguish between the effects of dependence and craving and to explore interactions 

between each construct. Therefore, the measures from Chapter 3 offer a unique way of 

exploring dependence and craving within the AAS community. 

 
17 Dependence is defined as; 'a chronically relapsing disorder characterised by compulsions to find and use a 

drug, loss of control over intake, and the presence of a negative emotional state when drug use is inhibited‘ 

(Koob & La Moal, 2005). 
18 Craving is defined as; ‘a memory of rewarding aspects of drug use whilst in a negative mood state’ (see Koob 
& La Moal, 2008). 
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Findings from Chapter 2 and Chapter 3 provided novel findings to further our 

understanding of the association of AAS use with the psychosocial construct of moral 

disengagement (MD) from Bandura’s (1991) theory of moral thought and action. Evidence for 

the relationship between AAS dependence and MD was supported in Chapter 2, which 

showed significant direct causal effect between AAS dependence and MD. Further support of 

the link between AAS dependence and MD was shown in Chapter 3, which identified a 

positive association between each sub-dimension of AAS dependence with MD. Presently, 

research has explored the use of MD in those who administer AAS, and has demonstrated a 

positive association between MD and AAS use (Boardley et al., 2014, 2015, 2017, 2018; 

Boardley & Grix, 2014). The findings from this thesis go beyond the current research by 

demonstrating AAS dependence causes rationalisation and justification of AAS misuse 

through MD. These findings provide evidence for the relevance Bandura’s (1991) theory in 

the AAS using community, demonstrating how MD may aid in the development of AAS 

dependence.   

Other elements of Bandura’s (1991) theory were explored within this thesis. Chapter 3 

provided evidence for the negative association between AAS dependence and self-regulatory 

efficacy (SRE), whilst Chapter 4 observed temporal patterns of SRE and anticipated guilt, in 

some participants, across three different phases of AAS administration. Up to now researchers 

have explored the links between AAS use and SRE, whereby Boardley et al (2017) 

established a negative association between use of AAS and SRE. With this thesis indicating 

the presence of SRE within AAS dependence, it is possible that prolonged impairment of SRE 

may facilitate AAS dependence. It would be of interest to determine how each of the sub-

dimensions of AAS dependence and AAS craving are associated with SRE across AAS 

administration. The findings from this thesis provide evidence for the relevance SRE theory in 
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the AAS using community, demonstrating how SRE may aid in the development of AAS 

dependence and craving.   

5.3 Limitations and Future Directions 

A shared limitation across all studies within this thesis concerned generalisability, 

with the possibility that we did not recruit all typologies of AAS users (Christiansen et al., 

2017; Zahnow et al., 2018) across the three studies in this thesis. It is possible that we 

captured data from an array of typologies, including the YOLO type (Christiansen et al., 

2017) within the first time point of Study 1 due to the implementation of lockdown 

procedures during the COVID pandemic. With the absence of activities that would normally 

fill the time of these participant no longer available, more time may have been spent on online 

forums, and subsequently taking part within the study.  However, with the relaxation of 

COVID lockdown during subsequent time points of Study 1, and experienced throughout 

Study 2 and 3, it is likely that these YOLO participants did not engage with the other studies 

within this thesis. As YOLO users obtain their knowledge of AAS from ‘steroid gurus’ (see 

Christiansen et al., 2017), it is possible that a distrust for researchers and medical 

professionals is passed down, limit interactions academics (Bonnacaze et al., 2020). We 

suggest advertisement of academic studies via gatekeepers and moderators on forums may be 

benefit future research, as approval from respected members of the AAS community may 

encourage engagement from harder to reach AAS users. Furthermore, embedding researchers 

in gyms to recruit AAS users may be of some use. Evidence in qualitative literature has 

indicated those who use AAS are more trusting of researchers who demonstrate knowledge of 

training and AAS (Boardley & Grix, 2014; Monaghan, 2002; Underwood, 2017), and 

understand the culture of the ‘brotherhood of iron’ (see Smith & Stewart, 2012). Therefore, 

snowball sampling in this way may provide access to participants researchers would not 
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normally have access to. By conducting this method of data collection with large research 

groups and in collaboration with other research groups (nationally and internationally), larger 

and more generalisable samples of AAS users may be collated. 

Another common limitation in this thesis was found with the internal consistency of 

the MD measure used. Currently, MD has been explored within the IPED using community 

with the doping MD scale (see Boardley et al., 2018). This scale was adapted within Chapter 

2 to suit AAS, by rewording and replacing the term ‘doping’ with ‘steroid use’. Despite 

demonstrating good internal consistency scores, the alpha values were smaller than reported 

in previous literature (see Boardley et al., 2017). This was also found to be the case in Study 2 

(Chapter 3) when reverting item wording back to ‘doping’ (see Boardley et al., 2018). MD 

internal consistency was unacceptable in Chapter 4, and was therefore omitted from the study. 

The participants from this thesis were predominantly hardcore gym users; this is different 

from the study by Boardley and colleagues (2017), as their sample was mainly made up of 

individual and team sports athletes. It is possible that gym users respond to MD items 

differently from sporting athletes, whereby gym users dissociate their use of AAS from the 

term ‘doping’. Therefore, not viewing MD items as critiquing their personal beliefs of their 

own drug use. By changing the items in Chapter 2 to suit AAS, the apparent change in alpha 

levels may have been attributed to some AAS using individuals interpretating the items in 

terms of their own use, subsequently answering in a defensive manner attributed to existing 

beliefs surrounding stigmatisation by academics and medical professionals (van de Ven et al., 

2022a; Yu et al., 2015). Development of a bespoke AAS suited measure of MD would be key 

in amending this limitation. 

Study 1 was subject to attrition, experienced across the transition between the first and 

section time points (62.1%), second a third time points (10.9%), and third and fourth time 
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points (4.4%).19 Attrition played a part in omitting the first time point from analysis in this 

study. Despite this, attrition was not to a level that would cause the results to be non-

meaningful (see Angrist et al., 1996). Although statistically significant results were identified 

within the study, we believe that the reduced power attributed to the attrition rate will have 

reduced the ability to detect statistically significant results. We believe that attrition was due 

to a number of reasons including; follow up emails being redirected to junk/spam folders, 

COVID survey fatigue, participants forgetting their involvement in the study, reduced 

motivation to continue attributed to the fluctuations of lockdown protocols (see Zoob Carter 

et al., 2021). We therefore recommend to future longitudinal studies to include questions at 

the end of each survey enquiring about current email addresses for participant. This will 

ensure that the most up-to-date email addresses are retained and may aid in the prevention in 

attrition. 

Further limitations in Study 1 were identified within the measures of AAS dependence 

used. Analysis of internal consistency at T1 identified that the SDS was not internally 

consistent (i.e., unacceptable), leading to the addition the AAS adapted DSM-IV criteria (see 

Kanayama et al., 2009c) from T2. The DSM-IV was also met with limitation as it is unable to 

capture the multidimensional nature of AAS dependence exhibited in extant models (see 

Bahrke & Yesalis, 1994; Brower, 2002; Brower et al., 1991; Hildebrandt et al., 2011; 

Kanayama et al., 2010), as existing measures of AAS dependence unidimensional (Gillespie 

et al., 2007; Gossop, Darke, Griffiths, Hando, et al., 1995; Ray et al., 2008). Therefore, we 

recommend researchers utilise the multidimensional measure curated in Study 3 to identify if 

specific aspects of AAS dependence are more strongly linked with undesired health effects.   

 
19 Time points 2, 3 and 4 were retained, whilst time point 1 was omitted from analysis. The time points were 

renamed time point 1, 2, and 3 in the writing up of Study 1.  
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Study 2 was met with specific limitations, specifically by not examine all aspects of 

validity. Clark and Watson (2019) identify that validation of measures is an ongoing process. 

As such we recommend future work to examine other aspects of validity such as predictive 

validity. This would be achievable via examining scores from the new measures with 

theoretically related constructs over time. As data for this study was primarily collected from 

westernised cultures, further validation of the scales with non-westernised cultures would 

present an important avenue to explore in future work.  Furthermore, it was beyond the scope 

of this study to measure test-retest reliability to establish the consistency of AASDS and 

AASCS scores across time. Therefore, researchers should aim to address this in future 

endeavours.  

Limitations specific to Study 3 included its small sample size. This limited the 

researcher in the types of analysis available for analysis single-case design research (see 

Barker et al., 2011). A larger sample would allow for more statistical methods of analysis 

such as multi-level modelling may aid in distinguishing differences within phases of AAS 

administration, and between different phases of AAS use (see Snijders & Bosker, 2012).  As 

AAS users are a notoriously hard to reach populace, we would recommend future studies 

embed researchers within the AAS community and utilise snowball sampling to facilitate the 

data collection process (see Miller, 2003). Recruitment in this manner will provide 

researchers with a sample suitable for EMA based studies (see Shiffman, 2009). Finally, by 

utilising the help of other researchers and/or larger research groups embedded within other 

gyms and training environments, the study has a propensity to reach a larger sample size, 

more suited for longitudinal research (see Ployhart & Ward, 2011).  
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5.4 Applied Implications  

The novel findings identifying the relationships between AAS dependence and 

psychosocial mechanisms of MD and SRE in Chapter 2 and Chapter 3, and the patterns 

between AAS craving guilt and SRE in Chapter 4 furthering our understanding of the factors 

that may facilitate AAS dependence. The current literature on AAS dependence has 

postulated several models in order to explain how AAS using individuals manifest this 

syndrome (Bahrke & Yesalis, 1994; Brower, 2002; Brower et al., 1991; Hildebrandt et al., 

2011; Kanayama et al., 2010) . However, none of these models have explored how 

psychosocial factors such as MD, SRE or anticipated guilt may attribute to the development 

of AAS dependence (de Zeeuw et al., 2023; Ip et al., 2012; Kanayama et al., 2009; Scarth et 

al., 2022). Despite researchers identifying a number of characteristics of those with AAS 

dependence, there is little research exploring the mindset of those with AAS dependence and 

how they rationalise and justify their behaviours to mitigate self-rebuke associated with their 

use of AAS. Therefore, the information from this thesis may offer a greater insight to the 

thoughts and characteristics of those with AAS dependence. By identifying the role of MD, 

SRE and anticipated guilt in AAS dependence and AAS craving they may offer novel targets 

for harm reduction interventions; such as cognitive behavioural therapy (see Quaglio et al., 

2009; Smit et al., 2019).  

To date research on undesired physical effects associated with AAS use have been 

reported as being reversable (Goldman & Basaria, 2018); consequently, the impact upon 

overall health may be understated by some sub-populations of AAS users (Pope et al., 2014b; 

Christiansen et al., 2017). It is therefore of high importance to present the current findings 

from Chapter 2 and Chapter 3 to both the AAS community, healthcare practitioners, and harm 

reduction services. Atkinson and colleagues (2021) have indicated the importance of 
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providing credible research to healthcare practitioners and harm reduction workers, in order to 

establishing effective engagement strategies with AAS users. To date much of the harm 

reduction surrounding AAS use is focused on blood-borne viruses causing substantial 

frustration amongst the AAS using community as many other physical harms are more 

frequently experienced (see Underwood, 2019), and to date there is no evidence indicating 

transmission of BBVs occurs via AAS use (see McVeigh, 2019). Havnes et al (2019) suggests 

that providing practitioners with improved knowledge about the adverse effects of AAS use 

may facilitate engagement and management of AAS users. By understanding the needs and 

experiences of AAS users, the findings collated in this thesis will aid in the provision of 

information and understanding to these harm reduction groups, aiding in the creation of 

bespoke management plans (see Bates et al., 2021) for AAS dependent users. Furthermore, by 

circulating the findings from studies, such as the ones in this thesis, will aid in raising an 

understanding and awareness within the AAS community about the impact sustained use of 

AAS has on their physical health.  

Presently there is some disagreement within the AAS community over the presence of 

undesired psychological effects (Kimergård, 2015; Monaghan, 2002); however, it is important 

to ensure findings from Chapter 2 and Chapter 3 are not overlooked by the AAS community 

and healthcare providers. A recent review has suggested that AAS using individuals 

experiencing undesired psychological symptoms may benefit from interventions through 

behavioural health therapists (Bonnecaze et al., 2021). However, researchers like Van de Ven 

et al (2022) indicate that there is a dearth of evidence from research informing effective harm 

reduction provision. Therefore, findings from this thesis demonstrating a causal effect of AAS 

dependence on psychological harms, and the presence of psychological harms as a sub-

dimension for AAS dependence may offer such evidence and knowledge to practitioners. 
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Furthermore, by identifying the myriad of undesired psychological events experienced by 

those who use AAS (Goldman & Basaria, 2018), harm reduction services and healthcare 

professionals may be made aware AAS users are often met with multiple comorbidities. 

Therefore, novel findings from this thesis may aid in providing harm reduction of healthcare 

services with the appropriate information to develop bespoke management and support to 

AAS dependent users. Furthermore, circulating the findings from studies, such as Chapter 2 

and Chapter 3, may aid in raising an understanding and awareness within the AAS 

community about the impact sustained use of AAS has on their psychological health. 

By developing and validating the multidimensional measures of AAS dependence 

(Chapter 3), this measure may aid in harm reduction and healthcare workers further 

understand how dependence effects those who use AAS. By getting individuals who use AAS 

to complete this measure, services may identify the primary areas to be targeted by 

therapeutic interventions and therefore develop more effective support services. By 

identifying the presence of AAS craving in AAS users (Chapter 4) and with the development 

and validation of the multi-dimensional measure of AAS craving (Chapter 3), findings from 

this thesis will provide practitioners with a greater understanding of factors that may facilitate 

the development of AAS dependence. The AAS craving measure will enable practitioners to 

target specific subdimensions that have stronger associations with AAS dependence, and 

therefore be the target for therapeutic intervention by harm reduction practitioners.  

5.5 Conclusion 

The aim of this thesis was to investigate the psychosocial factors that facilitate AAS 

dependence, and in doing so identified several novel contributions to the current literature. 

Findings presented here not only support current understanding within the AAS literature but 

further current knowledge of AAS dependence and the psychosocial factors that facilitate its 
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development. This thesis has contributed to the current literature by demonstrating the casual 

relationship between AAS dependence and psychosocial mechanisms of MD, whilst 

demonstrating a causal relationship between AAS dependence and undesired effects of AAS. 

Secondly, this thesis has produced bespoke, validated, and reliable multidimensional 

measures to assess AAS dependence and AAS craving. These measures will aid in identifying 

which dimensions of dependence and craving are experienced by individuals who use AAS, 

whilst identifying areas within each construct that may provide therapeutic target for harm 

reduction interventions. Finally, this thesis has observed patterns in AAS craving that was 

consistent, in part, with existing theories of drug craving and associated psychosocial 

constructs. This was the first study of its kind within the AAS community and revealed 

interesting observations of blast and cruise protocols across AAS administration. The findings 

identified within this thesis provide exciting and novel avenues which we hope researchers 

will use in order to explore and expand our current understanding of AAS dependence and its 

correlates.  
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Chapter 7 – Appendices 

7.1 Appendix A 

The Anabolic-Androgenic Steroid Dependence Scale 
       

A number of statements describing experiences and scenarios you may have had whilst using anabolic steroids are presented below, please rate your level of 

agreement with the following items. 

Over the last 12-months,  
Strongly 

Disagree 
Disagree 

Slightly 

Disagree 
Neutral 

Slightly 

Agree 
Agree 

Strongly 

Agree 

1. I have increased my use of steroids due to dissatisfaction with the 

effectiveness of my regime.   
1 2 3 4 5 6 7 

2. I have gone beyond my pre-planned use of steroids to increase my gains.   1 2 3 4 5 6 7 

3. I have increased my use of steroids to increase gains. 1 2 3 4 5 6 7 

4. I have used steroids to alleviate effects induced by stopping my use 1 2 3 4 5 6 7 

5. I have used steroids to alleviate withdrawal symptoms experienced during an 

“off-cycle” period. 
1 2 3 4 5 6 7 

6. Experiencing withdrawal symptoms has made it difficult to stop using 

steroids during “off-cycle” periods.  
1 2 3 4 5 6 7 

7. I have continued using steroids despite experiencing unwanted side effects 

(e.g., gynecomastia, heart complications, cholesterol imbalance, abscesses, 

tendon/joint damage, testicular atrophy). 

1 2 3 4 5 6 7 
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8. I have continued to use steroids despite trying to manage undesired side 

effects (e.g., such as; gynecomastia, heart complications, cholesterol 

imbalance, abscesses from injections, tendon/joint damage, testicular 

atrophy). 

1 2 3 4 5 6 7 

9. I have continued with my steroid regime since experiencing unwanted 

effects (e.g., such as; gynecomastia, heart complications, cholesterol 

imbalance, abscesses from injections, tendon/joint damage, testicular 

atrophy).  

1 2 3 4 5 6 7 

10. I have continued with my steroid regime despite seeking help for 

problematic psychological effects (e.g., depressive thoughts, a decreased 

libido, increased anxiety, insomnia, and mood swings).  

1 2 3 4 5 6 7 

11. I have experienced depressive thoughts, a decreased libido, increased 

anxiety, insomnia and mood swings, and continued using steroids.  
1 2 3 4 5 6 7 

12. Experiencing unwanted side effects (e.g., depressive thoughts, decreased 

libido, increased anxiety, insomnia, mood swings) has concern me, but I 

continue to use steroids.  

1 2 3 4 5 6 7 

13. I have avoided social, occupational and/or recreational activities as they 

would have interfered with my steroid regime.  
1 2 3 4 5 6 7 

14. Avoiding social, occupational and/or recreational activities to prioritise my 

steroid regime has caused me problems within my personal life (i.e., with 

close family, friends, partner/significant other, boss/manager).  

1 2 3 4 5 6 7 
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15. I always prioritise my steroid regime over social, occupational and/or 

recreational activities, even if the outcome may be problematic.  
1 2 3 4 5 6 7 

 

 

7.2 Appendix B 

The Anabolic-Androgenic Steroid Craving Scale 
       

A number of statements describing thought and experiences you may have had whilst using anabolic steroids are presented below, please rate your level of 

agreement with the following items. 

Presently,  
Strongly 

Disagree 
Disagree 

Slightly 

Disagree 
Neutral 

Slightly 

Agree 
Agree 

Strongly 

Agree 

1. I have trouble getting steroids off my mind because of what they can do for 

me. 
1 2 3 4 5 6 7 

2. I frequently think about my steroid routine because of how it makes me feel. 1 2 3 4 5 6 7 

3. Much of my time is occupied by ideas, thoughts, impulses, and images 

relating to what I can achieve whilst using steroids.  
1 2 3 4 5 6 7 

4. It takes a lot of effort to disregard my thoughts and feelings about my use of 

steroids. 
1 2 3 4 5 6 7 

5. Being around my gym friends makes me want to use steroids. 1 2 3 4 5 6 7 

6. Being around my gym friends makes me desire steroids.  1 2 3 4 5 6 7 

7. Talking to other gym users about training makes me want to use steroids. 1 2 3 4 5 6 7 

8. Just passing by a gym makes me want to use steroids. 1 2 3 4 5 6 7 
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9. The thought of using steroids makes me feel more relaxed.  1 2 3 4 5 6 7 

10. Knowing I will be using steroids improves my mood. 1 2 3 4 5 6 7 

11. I feel content when anticipating using steroids.  1 2 3 4 5 6 7 

12. The thought of using steroids improves my mood. 1 2 3 4 5 6 7 

13. I have a desire to use steroids when I am feeling down. 1 2 3 4 5 6 7 

14. I desire to use steroids when I feel irritable. 1 2 3 4 5 6 7 

15. I have an urge to use steroids when I feel anxious. 1 2 3 4 5 6 7 

16. I have a compulsion to use steroids when feeling tense. 1 2 3 4 5 6 7 
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7.3 Appendix C 

Appendix 1. Participant self-reported patterns of AAS use, compounds used and dosages for each phase of the study. 
   

Participant  Phase 
Weekly 

Dose 
Anavar Halotestin Turinabol Masteron 

Fast 

Testosterones 

Slow 

Testosterones 

Testosterone 

Blends 

Deca-

Durabolin 
Equipoise Trenbolone 

P1 A 
1,000mg to 

2,000mg 
  Yes   Yes  Yes  Yes 

 B 
501mg to 

1,000mg 
     Yes  Yes  Yes 

 C 
501mg to 

1,000mg 
     Yes  Yes  Yes 

P2 A 
1,000mg to 

2,000mg 
Yes Yes    Yes  Yes Yes Yes 

 B 
501mg to 

1,000mg 
Yes  Yes  Yes Yes Yes   Yes 

 C 
501mg to 

1,000mg 
Yes  Yes  Yes Yes Yes   Yes 

P3 A 
501mg to 

1,000mg 
    Yes Yes Yes    

 B < 300mg      Yes     

 C < 300mg      Yes     



197 
 

P4 A 
1,000mg to 

2,000mg 
Yes  Yes Yes  Yes   Yes  

 B < 300mg Yes  Yes Yes Yes Yes   Yes  

 C < 300mg Yes  Yes Yes Yes Yes   Yes  

P5 A 
300mg to 

500mg  
     Yes     

 B < 300mg  Yes    Yes     

 C < 300mg  Yes    Yes     

P6 A 
501mg to 

1,000mg 
     Yes Yes Yes   

 B < 300mg      Yes  Yes  Yes 

  C < 300mg           Yes   Yes   Yes 
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