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Development and validation of 
dependence and craving 
measures specific to athletes who 
use anabolic-androgenic steroids
Barnaby N. Zoob Carter *† and Ian D. Boardley†

School of Sport, Exercise and Rehabilitation Sciences, University of Birmingham, Birmingham, United 
Kingdom

Background: Anabolic-androgenic steroid (AAS) dependence affects 
approximately 30% of people who use AAS. Presently, measures to assess and 
diagnose AAS dependence are adapted from scales specific to other forms 
of drug misuse (e.g., alcohol), containing issues with internal consistency and 
breadth of construct capture. Additionally, there are no measures available to 
assess AAS craving, which represents a potentially important coeval factor to 
AAS dependence. Therefore, this study aimed to develop and provide evidence 
of validity for measures of AAS dependence and AAS craving.

Methods: Data were collected from male and female strength athletes who use 
AAS across two samples (nsample 1  =  206; nsample 2  =  224). Sample 1 completed the 
new measures alongside instruments assessing theoretically related constructs 
(Doping Moral Disengagement, Doping Self-Regulatory Efficacy Scale, craving 
items from the Wisconsin Smoking Withdrawal Scale, AAS adapted Diagnostic 
and Statistical Manual for Mental Disorder 4th Edition), whereas Sample 2 
completed the new instruments.

Results: Exploratory and Confirmatory Factor Analyses (CFA) with Sample 1 
data were used to finalize the item sets for both measures and determine the 
factorial structures of the AAS Dependence Scale (AASDS) and AAS Craving Scale 
(AASCS). The AASDS consists of 15-items across five first-order factors that 
are represented by one second-order factor. The AASCS consists of 16-items 
across four first-order factors that are represented by one second-order factor. 
Evidence supporting the concurrent, convergent and discriminant validity of 
scores obtained with both 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.

Conclusion: The AASDS and AASCS represent valid and reliable measures of 
AAS dependence and AAS craving for use in research with strength athletes who 
use AAS.
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1 Introduction

Anabolic-androgenic steroids (AAS), primarily used by 
weightlifters and bodybuilders, are also used by recreational gym 
goers (Kanayama et al., 2009b). Misuse1 of supraphysiological doses2 
of AAS has been linked with a myriad of undesired health effects 
(Goldman and Basaria, 2018) including a dependency syndrome, 
currently 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 since late 1980 (Brower et al., 1989). Subsequently, research 
into this area attempted to diagnose AAS dependence by using 
diagnostic criteria previously 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; American 
Psychiatric Association DSM-5, Task Force, 2013), and the 
International Classification of Diseases (ICD; World Health 
Organization, 1992). However, the DSM and ICD disagree on how 
AAS are viewed. While the ICD volume 10 (ICD-10) does not 
consider AAS as substances 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. For this reason, 
research on AAS dependence has primarily utilized the DSM criteria 
(Kanayama et al., 2009a; Ip et al., 2011; Scarth et al., 2022).

Despite the DSM criteria being primarily used to diagnose 
dependence toward intoxicating substances of misuse, research 
identified the presence and prevalence of AAS dependence3 among 
populations of male weightlifters using the DSM criteria (Brower 
et  al., 1991; Kanayama et  al., 2009a; Scarth et  al., 2022). Unlike 
commonly misused substances, AAS are not immediately intoxicating 
(Kanayama et al., 2009a). 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 (Kanayama et al., 2009b).4 
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 favor of maintaining 

1 Misuse is used here to refer to the use of a substance in a manner that is 

not medically recommended (World Health Organization, 1992).

2 There have been no reported cases of AAS dependence whilst using 

therapeutic doses of AAS (Brower, 2002).

3 The term ‘dependence’ is utilised throughout this study as this terminology 

is widely accepted within the AAS literature.

4 The majority of extant research on AAS dependence utilises the DSM-IV 

criteria (Kanayama et al., 2010; which does not include craving) rather than 

the DSM-V (which includes craving; American Psychiatric Association DSM-5, 

Task Force, 2013).

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; Griffiths et  al., 2018; 
Gunnarsson et al., 2022), or even different typologies of AAS users 
(i.e., ‘Expert’; see Christiansen et  al., 2017) rather than 
dependence alone.

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; 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 extremely 
limited evidence for the psychometric properties of the adapted 
version of the SDS (see Griffiths et  al., 2018), as the validity and 
reliability of scores obtained through its use are largely unknown.

The limitations of the DSM and SDS 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 (Brower, 2002; Kanayama et al., 2010; 
Hildebrandt et al., 2011). 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 al., 1990). There also 
remains a disagreement over the psychoactive nature of AAS. Midgley 
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 programs. Therefore, the reinforcing 
effects of these anabolic compounds can be attributed to their muscle-
building properties (Midgley et al., 1999), and the regimented routines 
of AAS administration facilitate compulsive training and dietary 
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protocols. Thus, the positively reinforcing effects of this model may 
relate more to exercise dependence and a desire to boost body capital 
(Kotzé and Antonopoulos, 2021; Gunnarsson et al., 2022), 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 behavior is maintained despite encountering any 
adverse effects. The second stage is characterized by individuals 
administering high dosages of AAS activating neurological mediated 
reward pathways preventing the individual from halting use of AAS 
(Brower, 2002). The latter stage is characterized by the experience of 
psychoactive effects (i.e., mood changes, increased aggressive 
behaviors), and associated with polysubstance use of compounds such 
as opioids, and can be a target for addiction treatments (Arvary and 
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 toward 
an underlying dependence on improving muscular strength, esthetics, 
and physical performance.

Kanayama et  al. (2010) indicated that AAS dependence may 
present via three distinct mechanisms: the anabolic effect, the 
androgenic effect, and the hedonic effect. 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 AAS induced 
hypogonadism (ASIH) and associated symptoms (see Tan and 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 (Wood, 2008).

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 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, 2002; Bahrke and Yesalis, 1994; 
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 it as a single factor (Gossop 
et al., 1995; Gillespie et al., 2007; Ray et al., 2008) 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 periods of abstinence 
(Kanayama et al., 2010). Another sub-dimension identified within 
models of AAS dependence is the belief that administering chronic 
supraphysiological doses of AAS improves the effectiveness of an AAS 
regime in enhancing muscular and strength gains (Brower, 2002). By 
utilizing Kanayama et  al.’s (2010) theory of AAS dependence and 
multiple sub-dimensions identified within the literature, a more 
accurate understanding of AAS dependence may be established.

A contributing factor in the development of drug dependency is 
the presence of drug craving (Drummond, 2001; American Psychiatric 
Association DSM-5, Task Force, 2013). Believed to manifest itself in a 
myriad of ways, craving presents as an intrusive and dominating 
sensation causing an individual substantial distress (Tiffany and Wray, 
2012). Craving is recognized as a conscious desire for substance use 
(Sayette et al., 2000), characterized by a want, urge or compulsion to 
engage in satiating behavior (Kozlowski and Wilkinson, 1987). With 
little consensus over the definition of craving, it remains poorly 
understood (Flannery et al., 2001). Craving is believed to present itself 
during periods of drug abstinence elicited when experiencing drug-
related cues (e.g., environmental cues and drug exposure; Drummond 
et al., 1995), incentive salience (Berridge and Robinson, 2016), and 
due to drug expectancy (see Drummond, 2001). Thereby increasing 
the propensity for drug seeking behavior in individuals with 
compromised self-efficacy (Marlatt and Gordon, 1985), only satiated 
by drug use.

Craving research has demonstrated its presence within substance 
use disorders, including alcohol, tobacco, opioid, cocaine, cannabis, 
and other psychoactive substances (Serre et al., 2018; Kakko et al., 
2019). As such, craving has been included within the ICD-10 
diagnostic criteria for substance dependence (World Health 
Organization, 1992), and more recently in DSM-V (American 
Psychiatric Association DSM-5, Task Force, 2013) for substance use 
disorder. However, despite consensus that drug craving has a role in 
drug dependency (Tiffany and Wray, 2012), there remains a dispute 
among researchers on the presence of a relationship between craving 
and relapse, indicative of a substance dependency syndrome (Wray 
et al., 2013). Furthermore, craving has been established as a state-like 
construct due to daily fluctuations in response to internal and external 
stimuli (Sayette et al., 2000; Serre et al., 2015), whereas dependence is 
considered a more stable construct (Geiser et al., 2017; Flannery et al., 
2019). Therefore, 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.
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Research on craving has predominantly focused on alcohol and 
smoking, subsequently seeing the development of many measures 
suited to these substances (Sayette et al., 2000), and their adaptation 
to suit research of other substances of misuse (Tiffany et al., 1993). 
With no widely accepted or drug specific standardized instruments 
available, the assessment of drug craving has been diverse (Tiffany and 
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 (Raabe et al., 2005) identifying the varied nature of drug 
craving, single-item scales remain the most commonly used within 
craving research (Tiffany and 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 (Tiffany, 1990; Tiffany et al., 2000).

Extant research looking at the mechanisms of AAS dependence 
has identified behaviors associated with craving through animal 
models. Conditioned place preference and drug seeking behaviors, 
synonymous with drug craving, have been identified through 
environmental cues associated with AAS (Wood, 2008). Furthermore, 
medications to alleviate the symptoms of craving (e.g., Naltrexone) 
have been seen to inhibit behaviors of self-administration of AAS 
among animal models (Wood, 2008), 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) due to the inability to communicate sensations 
and perceptions associated with drug use (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, a new measure should aim to represent the multi-
dimensional nature of the construct (Tiffany and Wray, 2012). 
Researchers have characterized craving as eliciting several experiences 
upon an individual, these include cue-elicited craving (Drummond 
et al., 1995), outcome expectancy (Marlatt and Gordon, 1985), and 
associated positive and negative mood states (Tiffany et  al., 2000; 
Shiffman and Waters, 2004). 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). 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 behaviors (Marlatt and Gordon, 1985). The effects of mood 
on craving have been identified within smoking research, whereby 
negative affect will increase craving and increase the risk of substance 
use in periods of abstinence (Shiffman and Waters, 2004). While for 
positive affect craving is facilitated by pleasurable and positively 
reinforcing effects increasing the risk for drug seeking behavior (Baker 
et al., 1986). By utilizing Niaura’s (2000) theory of drug craving and 
multiple sub-dimensions identified within the literature exploration 
of AAS craving may be conducted.

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 sub-dimensions within each construct to understand the 

components of AAS dependence and craving and the level of these 
sub-dimensions within each measure. Based on the theories of 
dependence and craving previously discussed, we hypothesized: 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 hypothesized: 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 research literature (i.e., 
Messick, 1995; Fabrigar et al., 1999; Clark and Watson, 2019).

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, multisample analysis 
was conducted. 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.

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 various aspects of AAS dependence and craving (Clark 
and Watson, 2019). In accordance with Clark and Watson (2019), 
items were selected to cover the major content of AAS dependence 
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(Brower, 2002; Kanayama et al., 2010) and craving (see Marlatt and 
Gordon, 1985; Drummond et al., 1995; Tiffany et al., 2000; Shiffman 
and Waters, 2004). Twenty-three items representing AAS dependence 
and 27 items for AAS craving were generated. Items were either 
adapted from those used in existing scales (i.e., DSM-IV, ICD-10, 
Wisconsin Smoking Withdrawal Scale, and The Alcohol Craving 
Questionnaire) to make them relevant to AAS (n = 12 for AAS 
dependence and n = 15 for AAS craving; World Health Organization, 
1992; Welsch et al., 1999; Raabe et al., 2005; Kanayama et al., 2009) or 
created based upon relevant theory5 (n = 11 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 and Watson, 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 and 
Colman, 2000).

Item pools were subjected to content validity assessment to 
establish whether they represented the phenomenon they intended to 
measure (Dunn et al., 1999; 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 226 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 dependence and content validity 
assessment for the dependence items, (ii) assessment of format and 
response items for the dependence items, (iii) definition of craving 
and content validity assessment for 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, 
while items scored at 1.0 or less were revised based upon expert 
panel comments. Out of the 23 items for the AAS dependence 

5 Kanayama et  al. (2010) theoretical three-mechanism model of AAS 

dependence was used in the creation of items for the AAS dependence item 

pool. Niaura’s (2000) theory of drug craving was used to create items for the 

AAS craving item pool.

6 38 academics and healthcare workers were contacted to be considered 

members of the expert panel; 22 replied positively and took part in the study.

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. Ten members of the original expert panel examined 
content validity of the revised items, 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. Sample size was in 
accordance with relevant guidelines (Bryant and Yarnold, 1995; 
Lounsbury et  al., 2006; Kline, 2015) who indicate that five 
participants per item and/or a sample larger than 200 participants 
provides sufficient power.

2.2 Participants

2.2.1 Sample 1
Participants (N = 206) originated from 31 countries (nUSA = 41.7%; 

nUK = 26.2%; nCanada = 10.7%, nOther = 21.4%; see Table  1), 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 
reported as being single (35.9%), in a relationship (34.5%), married 
(28.1%) 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 at AAS initiation 
(M = 25.4 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).

2.2.2 Sample 2
Participants (N = 224) originated from 17 countries (nUK = 78.1%; 

nUSA = 12.9%; nCanada = 1.3%. nOther = 7.7%; see Table 1). 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%), students 
(8.4%), on a pension (0.4%), dependent on others (1.0%), part-time 
employed (4.0%), full-time employed (67.4%), or self-employed 
(15.2%). Participants self-reported their age at 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).

2.3 Measures

2.3.1 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, while Sample 2 
confirmed the number and nature of the identified dimensions. 
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Convergent validity was established with Sample 1,7 by associating 
scores of the new measures with pre-existing measures identifying the 

7 Questionnaires differed in Sample 1 and Sample 2. Data collected from 

Sample 1 included measures of AAS dependence (DSM 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.

same constructs (Kline, 2005), in this case the measure for AAS 
dependence and AAS craving were compared to the AAS amended 
DSM 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 among the subscales of each 
respective measure. Effect sizes (i.e., small [0.10], medium [0.30] and 
large [0.50]) for correlation coefficients were determined in 
accordance with Cohen (1992). Internal consistency was assessed 
using Cronbach’s alpha utilizing 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 

TABLE 1 Descriptive statistics describing Sample 1 (N  =  206) and Sample 2 (N  =  224) demographics and history of AAS use.

Sample 1 Sample 2

Percentage Mean SD Percentage Mean SD

Nationality

  United Kingdom 41.7% 78.1%

  United States 26.2% 12.9%

  Canada 10.7% 1.3%

  Other 21.4% 7.7%

Gender

  Male 90.3% 96.4%

  Female 5.3% 3.6%

  Prefer not to say 4.4% 0.0%

Sexual orientation

  Heterosexual 85.0% -

  LGBTQ+ 15.0% -

Age 32.04 9.50 42.47 10.80

Marital Status

  Single 35.9% -

  In a relationship 34.5% -

  Married 28.1% -

  Divorced 1.5% -

Employment status

  Unemployed 1.5% 1.8%

  Temporary benefits 2.4% 1.8%

  Student 13.6% 8.4%

  Pension 1.0% 0.4%

  Dependent on other 1.0% 1.0%

  Part-time employed 8.7% 4.0%

  Full-time employed 65.5% 67.4%

  Self-employed 3.9% 15.2%

  Other 2.4%

Age of AAS Initiation 25.40 6.50 32.48 10.79

Number of Cycles Run 1.80 1.20 2.14 1.45

Years of AAS Use 5.70 6.70 15.56 11.02

AAS, Anabolic-Androgenic Steroids; SD, Standard Deviation; LGBTQ+, Lesbian, Gay, Bisexual, Transgender, Queer, Intersex, Asexual, and Others. Sexual Orientation and Marital Status data 
was only collated for Sample 1.
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0.7), acceptable (α ≥ 0.7 to 0.8), good (α ≥ 0.8 to 0.9), and excellent 
(α ≥ 0.9).

2.3.2 AAS dependence
The nine-item AAS adapted DSM 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 = 0.82).

2.3.3 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 = 0.92).

2.3.4 Moral disengagement
The doping moral disengagement scale (DMDS; Boardley et al., 

2018) was used to measure doping moral disengagement. Moral 
disengagement has been previously associated with AAS use and 
craving (Boardley et al., 2018; Ahmadi et al., 2019), therefore the 
DMDS was used within this study to establish evidence for the 
concurrent validity of scores obtained with the new measures of AAS 
dependence and craving. The DMDS includes 18-items examining 
various mechanisms through which people can justify and rationalize 
doping (e.g., “Compared to most lifestyles in the general public, 
doping is not 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 DMDS has 
demonstrated good levels of reliability (i.e., test–retest) and validity 
(i.e., factorial, convergent and discriminant validity), and excellent 
internal consistency (0.95 and 0.96; see Boardley et al., 2018). The 
scale within this study demonstrated good internal consistency 
(α = 0.88).

2.3.5 Self-regulatory efficacy
The doping self-regulatory efficacy scale (DSRES; Boardley et al., 

2018) was employed to assess doping self-regulatory efficacy. Self-
regulatory efficacy has previously been associated with use of AAS and 
drug craving behaviors (Shadel and Cervone, 2006; Boardley et al., 
2018), and was therefore used to establish evidence for the concurrent 
validity of scores obtained with the new AAS dependence and craving 
measures. The DSRES includes six items examining the strength of 
people’s belief 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 the six statements and indicate their level of 
confidence using a Likert scale anchored at 1 (no confidence) and 5 
(complete confidence). The DSRES been shown to have good levels of 
reliability (i.e., test–retest) and validity (i.e., factorial, convergent and 

discriminant validity), and excellent internal consistency (0.93 and 
0.94; see Boardley et  al., 2018). The scale within this study 
demonstrated good internal consistency (α = 0.88).

2.3.6 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 2 g 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 (Parkinson and Evans, 2006; Yu et  al., 2014), 
indicating current understanding of low (i.e., clinical doses <300 mg 
per week), medium, and high doses (i.e., > 1,000 mg 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; Parkinson and Evans, 2006; 
Westerman et al., 2016; Llewellyn et al., 2017).

2.3.7 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 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), well established 
within seminal scientific literature (Brower et al., 1991; Parkinson and 
Evans, 2006; Ip et al., 2011; Pope et al., 2014; Westerman et al., 2016). 
Items were self-reported dichotomously via ‘Yes’ and ‘No’ responses.

2.4 Procedure

2.4.1 Recruitment and data collection
Approval was granted by the authors’ 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 programs, 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 
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survey, which took approximately 10–15 min. Participants were 
required to be individuals who use AAS had administered AAS over 
the last 12-months prior to the study. Data collection occurred over 
two phases, data from phase one (i.e., Sample 1) was analyzed 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.

2.5 Statistical analysis

Data was analyzed using IBM SPSS version 29 to conduct 
Pearson’s correlations, Cronbach alpha scores, and exploratory factor 
analysis (EFA) to determine the best indicators of each of the 
hypothesized factors for AAS dependence and AAS craving in Sample 
1 (n = 206). Additionally, Mplus software version 8 (Muthén and 
Muthén, 2017) was used to conduct confirmatory factor analysis 
(CFA) to determine factorial validity in Sample 1. Mplus (Muthén and 
Muthén, 2017) was also used in Sample 2 (n = 224) to conduct CFA in 
order to confirm the factor structure on the proposed first-and higher-
order models for AAS dependence and AAS craving (n = 224).

3 Results

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 (2019) was used. Inter-
item correlations were examined (in Sample 1 data) within each of the 
respective constructs and all item with correlations greater than 0.15 
with all other items were retained for further analysis. EFA was then 
conducted within Sample 1 data for each of the nine hypothesized 
subscales (i.e., five dependence subscales [Effectiveness, Withdrawal, 
Physical, Psychological, Social] and four craving subscales 
[Expectation, Environment, Positive Mood, Negative Mood]) using 
principal axis extraction and direct oblimin rotation, with extraction 
based on eigenvalues ≥1.00. Subscales were analyzed individually to 
determine and retain the best indicators of each latent variable 
(Jӧreskog and 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 >0.50. All items except one had factor loadings of 
≥0.52. 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 0.43, alongside a lower 
correlation value (r < 0.40) with all other items loading on that factor; 
this item was therefore removed from further analysis. A total of 22 
items for AAS dependence (see Supplementary Table S1) and 27 items 
for AAS craving (see Supplementary Table S2) with minimal factor 
loadings of 0.50 remained for subsequent CFA.

3.2 Factorial validity

CFA was used to establish evidence for factorial validity due to 
its ability to rigorously test and confirm hypothesized factor 
structures (Fabrigar et  al., 1999). As previously discussed, 
we  defined AAS dependence and craving as multidimensional 
constructs. For dependence we  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 and 
Muthén, 2017) using Robust Maximum Likelihood (MLR) estimation 
on data from Sample 1. Kolmogorov–Smirnov and Shapiro–Wilk tests 
indicated significant deviation from normality (p < 0.001), thereby 
requiring robust estimation. This is the default setting with Mplus and 
MLR estimation, producing robust standard errors, model fit indices 
and chi-square values (Muthén and Muthén, 2017). Multiple 
complimentary fit indices were used to evaluate model fit (see Hu and 
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 ≥0.95, <0.06 and < 0.08, 
respectively, (Hu and 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 utilized 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 2). 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 standardized 
residuals were removed in a series of CFAs in which the hypothesized 
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 hypothesized 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 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, 1993). 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 hypothesized model of a five-
factor structure, it was important to ensure that alternative models 
could be ruled out (see Table 2). 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 2 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, and items, factor loadings and error variance can 
be seen in Supplementary Table S3. We named the final scale the 
Androgenic-Anabolic Steroid Dependence Scale (AASDS).
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Similar procedures were followed to develop the measure for 
AAS craving with Sample 1 data. 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 
standardized residuals were removed in a series of CFAs in which 
the hypothesized 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 2 (M4b), demonstrating good model fit. Each of 
the factors were hypothesized 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 

TABLE 2 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

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

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.

TABLE 3 Internal consistency and correlations between factors from final AAS dependence scale models (M1c and M1b 15-item five factor models), 
DMDS and DSRES from Sample 1 (N  =  206) and Sample 2 (N  =  224).

Variable α 1 2 3 4 5 6 7

 1. Effectiveness 0.80/0.82 - 0.42** 0.39** 0.42** 0.41**

 2. Withdrawal 0.92/0.91 0.43** - 0.47** 0.66** 0.59**

 3. Physical 0.94/0.95 0.31** 0.33* - 0.53** 0.49**

 4. Psychological 0.91/0.90 0.47** 0.56** 0.43* - 0.61**

 5. Social 0.87/0.90 0.47** 0.62** 0.32** 0.64** -

 6. Doping MD 0.88 0.23** 0.18* 0.19** 0.29** 0.38** -

 7. Doping SRE 0.88 −0.08 −0.12 −0.15* −0.23** −0.16* −0.04 -

Sample 2 data is displayed above the diagonal. *p < 0.05; **p < 0.01; ***p < 0.001. 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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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 2 contrasts the fits of the various 
models, demonstrating M4c as the superior model. This model was 
therefore accepted as the final model for AAS craving. Table  4 
identifies the factor correlations and internal consistency scores, and 
Supplementary Table S4 indicates the items, factor loadings and error 
variances. We  named the scale the Anabolic-Androgenic Steroid 
Craving Scale (AASCS).

To further examine the construct validity of scores generated 
using the AASDS and AASCS, we collected evidence relating to their 
convergent, concurrent and discriminant validity with Sample 1. To 
examine convergent validity, correlations between the AAS amended 
DSM criteria (Kanayama et  al., 2009b) with the AASDS and the 
AAS-WSWS (Welsch et al., 1999) with the AASCS were computed 
(see Table 5). Evidence for convergent validity would be established if 
the AASDS and AASCS were correlated at moderately high levels with 
the DSM criteria and AAS-WSWS, respectively. If the correlation is 
too high (r > 0.90) then the construct is redundant (Kline, 2005). There 
was a positive strong association between scores on the AASDS and 
the DSM criteria. Scores on the AASDS subscales of ‘Effectiveness’, 
‘Withdrawal’, ‘Physical Effects’, ‘Psychological Effects’, and ‘Social 
Effects’ demonstrated moderate to strong significant positive 
associations with the DSM criteria. The association between AASCS 
scores and those from the AAS-WSWS was positive and strong. 
Finally, scores on the AASCS subscales of ‘, ‘Environment’, ‘Negative 

Mood’, and ‘Positive Mood’ were strong and positive with those from 
the AAS-WSWS.

Concurrent validity was assessed by measuring the associations 
between AASDS and experience of undesired effects (see Table 5). 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, withdrawal, 
physical effects, psychological effects, and social effects. Further 
evidence of concurrent validity was explored with moral 
disengagement (MD) and self-regulatory efficacy (SRE), as harmful 
use of AAS should require MD, and being dependent on AAS should 
be linked with low SRE. Therefore, we would expect AAS dependence 
to be positively associated with MD and negatively associated with 
SRE. These expected relationships were supported in our data, as 
shown in Table 5. In addition, scores on the AASDS subscales also 
demonstrated equivalent associations with MD and SRE (see Table 3).

Concurrent validity for AASCS scores was assessed by 
determining the associations of AAS craving with DMDS, DSRE and 
the DSM criteria scores (see Table 5). Past research has indicated that 
craving is associated with SRE (Shadel and Cervone, 2006), MD 
(Ahmadi et al., 2019), and drug dependence syndromes (Donny et al., 
2008). Consistent with these previous findings, data analysis indicated 
significant positive associations between the AASCS subscales of 
expectation, environment, positive mood, and negative mood with 
MD (see Table  4). Further, SRE was significantly and negatively 

TABLE 5 Descriptive statistics, internal consistencies, and correlations between AASDS, number of self-reported undesired effects, AASCS, DSM criteria, 
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 0.29** -

3 AASCS 0.96 3.00 1.52 1.00–7.00 0.72** 0.23** -

4 DSM Criteria 0.82 1.86 0.58 1.00–4.00 0.72** 0.23** 0.63** -

5 AAS-WSCS 0.92 2.93 1.73 1.00–7.00 0.67** 0.25** 0.85** 0.57** -

6 Doping MD 0.88 4.51 0.99 2.28–7.00 0.33** 0.19** 0.47** 0.27** 0.34** -

7 Doping SRE 0.88 3.55 1.13 1.00–5.00 −0.18** −0.26** −0.29** −0.14* −0.30** −0.04 -

*p < 0.05; **p < 0.05; ***p < 0.001. 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.

TABLE 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 DSM criteria.

Variable α 1 2 3 4 5 6 7

 1. Expectation 0.90/0.93 - 0.62** 0.75** 0.67**

 2. Environment 0.92/0.95 0.67** - 0.57** 0.64**

 3. Positive Mood 0.92/0.94 0.73** 0.66** - 0.68**

 4. Negative Mood 0.98/0.98 0.61** 0.58** 0.70** -

 5. Doping MD 0.88 0.36** 0.46** 0.45** 0.34** -

 6. Doping SRE 0.88 −0.31** −0.27** −0.26** −0.16* −0.04 -

 7. DSM Criteria 0.82 0.55** 0.56** 0.48** 0.58** 0.27** −0.14* -

*p < 0.05; **p < 0.01; ***p < 0.001. 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, Doping SRE or DSM Criteria for Sample 2 as these scores were only collated with Sample 1 data.
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associated with expectation, environment, positive mood, and 
negative mood. The DSM criteria was significantly associated with 
expectation, environment, positive mood, and negative mood. AASCS 
scores demonstrated significant associations with both MD and SRE 
(see Table 5).

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 0.31 to 0.64 
(see Table 3) indicating distinct separation between all subscale pairs. 
AASCS indicated correlations ranging from 0.58 to 0.73 (see Table 3), 
indicating distinct separation between all factors within the construct. 
Evidence supporting the discriminant validity of the AASCS was 
weaker than it was for the AASDS. However, the correlations for both 
measures provided support for separation of the various 
sub-dimensions of the AASDS and AASCS. Internal consistency of 
the new measures and their sub-dimensions was consistently strong 
(see Table 5).

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 2.

The five-factor first-order AAS dependence model was the first to 
be evaluated (M1a). The results demonstrate a good model fit (Table 2, 
row 12). The second AAS dependence model analyzed was the 
hierarchical five-factor second-order model (M1b), presented with 
good model fit and achieved a similar fit to the first model (Table 2, 
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 Supplementary Table S3. For AAS craving the four-factor first-
order model was tested first (M2a). The model showed good model fit 
(Table 2, row 14). The second AAS craving model to be evaluated was 
the hierarchical four-factor second-order model (M2b). This model 
demonstrated good model fit (Table 2, 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 Supplementary Table S4. The final versions of 
the AASDS (Supplementary Table S5) and AASCS (Supplementary  
Table S6) can be found in the Supplementary materials.

4 Discussion

Research has highlighted the prevalence of AAS dependence 
among those who use AAS (Brower et al., 1991; Kanayama et al., 2009; 
Pope et al., 2014; Hauger et al., 2020; Scarth et al., 2022). It is also 
possible – but to date not examined – that craving plays a role in AAS 
dependence. However, existing measures of AAS dependence (see 

Kanayama et al., 2009; Griffiths et al., 2018) have significant limitations 
(Gossop et al., 1995; Gillespie et al., 2007; Ray et al., 2008; Kanayama 
et  al., 2009b), and there are no validated measures to assess AAS 
craving. Therefore, the overarching aim of this study was to develop 
and validate psychometrically robust scales to assess dependence and 
craving within populations who use AAS.

Previous research suggested several dimensions may underlie and 
contribute to AAS dependence (Brower, 1992; Bahrke and Yesalis, 
1994; Brower, 2002; Kanayama et al., 2010; Hildebrandt et al., 2011). 
Consequently, we  developed a multidimensional scale and 
hypothesized 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. These findings are 
important in furthering our understanding of AAS dependence as 
present measures capture only a single factor (Gossop et al., 1995; 
Gillespie et al., 2007; Ray et al., 2008), whereas the AASDS can capture 
and aid our understanding of the complex multidimensional nature 
of AAS dependence.

The development of the AASDS as a valid and reliable 
multidimensional scale will further our understanding of AAS 
dependence via assessment of novel research questions that could not 
be answered with existing measures. For example, previous research 
has identified those dependent on AAS administer higher doses of 
AAS per week, and higher numbers of anabolic compounds than 
non-dependent individuals (see Ip et al., 2011). Now, with the AASDS, 
researchers may answer in-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?’. In time, such 
research could enable harm reduction practices to tailor their 
approach to the specific needs of individuals with AAS dependence to 
deliver more effective harm reduction interventions (Bates et al., 2021).

Furthermore, the current literature indicates AAS are at times 
administered to self-medicate against withdrawal-like symptoms 
when off-cycle (Kanayama et al., 2020). 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 also suggests a link between AAS dependence, and a greater 
number of self-reported undesired effects associated with use of AAS 
(Ip et al., 2011). 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 to identify primary areas to 
be  targeted within therapeutic interventions and develop more 
effective harm reduction services for people who use AAS (Bates 
et al., 2019).

With no existing measure for AAS craving and evidence in the 
existing literature identifying the presence of craving-like behaviors in 
AAS research (Wood, 2008) we also sought to develop a measure of 
AAS craving. As existing literature indicates potential for drug craving 
to be  multifaceted (Raabe et  al., 2005; Tiffany and Wray, 2012), 
we aimed to develop a multidimensional scale and hypothesized the 
presence of four lower-order and one higher-order factor in the final 
instrument. Factor analysis with both samples provided support for 
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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.

With previous literature indicating the multi-faceted and state-like 
nature of craving (Shiffman et al., 1996; Sayette et al., 2000; Raabe 
et al., 2005), it is important to have an independent multidimensional 
scale to examine craving within AAS users. The four dimensions 
identified within this study (i.e., expectation, environment, positive 
and negative mood) indicate AAS craving may be experienced in a 
multitude of ways. Therefore, existing measures such as the DSM-V, 
containing a single item of craving, may not be sufficient to capture 
the different dimensions craving experienced within AAS users; in a 
reliable and valid manner (see Kline, 2000). Furthermore, as craving 
is considered a state-like construct (Flannery et  al., 2019), it is 
important to separate it from trait-like phenomena such as 
dependence. By doing so, the AASCS will allow future research to 
explore the temporal patterns in craving potentially experienced by 
those that administer AAS.

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.

An essential component of scale development is the provision of 
evidence for convergent validity (Messick, 1995). Such evidence 
provides support that the new measure can capture the construct it 
was designed to assess. In terms of the study, evidence for the 
convergent validity of AASDS scores was demonstrated through 
strong positive correlations with the AAS adapted DSM criteria 
(Kanayama et al., 2009b) and of AASCS scores through associations 
with the AAS adapted WSWS (Welsch et al., 1999). These associations 
are consistent with recommendations for establishing convergent 
validity (Kline, 2005; Byrne, 2012). This is important as it provides 
evidence that the AASDS and AASCS assess their respective 
psychological constructs of dependence and craving. In terms of the 
AASDS, this is particularly important given evidence for the 
convergent validity of the DSM-V is presently absent (Welch 
et al., 2013).

Another crucial element of establishing construct validity is 
providing evidence for concurrent validity (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 exhibiting 
strong positive correlations between AASDS scores and self-reported 
undesired effects from AAS use, whereas for AASCS scores 
we demonstrated a moderate positive correlation with doping MD 
and a moderate negative association with doping SRE (Boardley et al., 

2018). Support for the concurrent validity of AASDS and AASCS 
scores is important, as it indicates scores with both measures can 
predict 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 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 while using 
AAS (Ip et al., 2011), and reported a higher frequency of undesired 
physical effects compared to undesired psychological and social 
effects (Pope et  al., 2010; Ip et  al., 2011). 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 and 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 a key consideration when 
validating new scales (Messick, 1995). Moderate evidence of 
discriminant validity was established for the AASDS as subscale scores 
were moderately to strongly intercorrelated, indicating while they are 
all underpinned by a higher-order dependency construct, they are 
distinct from one another. For AASCS scores, there was evidence of 
discriminant validity through strong intercorrelations between 
subscales, evidencing each subscale was underpinned by a higher-
order craving construct while being distinct from each other. By 
providing evidence of discriminant validity, we have demonstrated the 
items within the respective subscales are related but distinct from one 
another (Clark and Watson, 2019).

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 and Watson, 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 and Watson, 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.

The development and validation of the AASDS and AASCS 
provides several advantages to researchers. Previous scales used to 
measure AAS dependence, such as the DSM-IV criteria, required 
administration by trained clinicians (Pope et  al., 2010). The 
development of the AASDS now means researchers can assess AAS 
dependence without the need for a trained clinician, therefore making 
its assessment easier and more accessible. Also, to date research on 
AAS dependence has largely assessed it as a binary construct (i.e., it is 
present or it is not; see Kanayama et al., 2009a). However, researchers 
have recently contradicted this and have argued that AAS dependence 
is a continuous construct (see Scarth et al., 2022). The development of 
the AASDS is therefore timely, as it represents the first validated 
measure of AAS dependence that assesses it as a continuous construct. 
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Finally, the latest edition of the DSM criteria includes an item on 
craving in its classification of substance use disorder. While there is 
support for craving as a criterion for diagnosis of substance 
dependence, currently there is no consensus on whether craving 
merely cooccurs with dependence or is actually a sub-component of 
it (Tiffany and Wray, 2012). Our development of separate measures of 
AAS dependence and AAS craving provides researchers with distinct 
measures of the two constructs that will facilitate research to help 
elucidate our understanding on this.

4.1 Limitations and future directions

This research developed and validated the scores of two 
multidimensional psychological instruments measuring AAS 
dependence and craving, providing convincing 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 types of 
AAS user. To elaborate, Christiansen et  al. (2017) developed a 
typology of AAS user that described four types of AAS user. One of 
the four types was termed the ‘You only live once’ (YOLO) type. The 
YOLO type is characterized by primarily obtaining information on 
AAS from steroid gurus and often being distrustful of medical 
professionals and/or researchers (Bonnecaze et al., 2020). As a result 
of this lack of trust, it can be difficult to recruit this particular group 
within research with people who use AAS. As such, this sub-population 
may have been underrepresented in our sample, and there may be a 
need for future research that specifically targets members of the YOLO 
type to ensure the validity of scores obtained with the AASDS and 
AASCS with this group. Additionally, symptoms of dependence and 
craving may have varied depending on the duration of AAS use and 
how recently AAS had been administered. Therefore, future studies 
may wish to assess symptoms of AAS dependence and craving in 
different populations of AAS users (i.e., long-term users compared to 
short-term users, and in different statuses of use such as on-cycle, 
off-cycle, blasting, and cruising).

Another limitation of our research was that the majority (>90%) 
of our participants were male. As a result, we were not able to assess 
whether the factor structure of the two scales was invariant between 
males and females or examine other elements of validity and reliability 
specifically with females. Sensitivity analyses, with female participants 
removed, revealed similar model fit and factor loadings to the analyses 
with female participants included (see Supplementary Tables S7–S9). 
It would be  interesting in future research to validate AASDS and 
AASCS scores female only samples of AAS users. To aid in this 
recruitment process it will be  imperative to identify key female 
gatekeepers within the online fora, as this sub-group of AAS users is 
hard to reach and as a result remains understudied (Henning and 
Andreasson, 2019). Furthermore, not all our participants were from 
native English-speaking nations. Sample 1 and Sample 2 consisted of 
88 and 90% native English-speaking participants respectively, which 
may have impacted the interpretation of items and negatively 
influenced the factor structure of the scales. Future studies would 
be  advised to conduct a validation of these measures with native 
English-speaking participants only. Despite the differences identified 
between sample populations (see Table 1), there may have been a 
small degree of overlap between the two samples due to the online 

nature of data collection. Ideally the two samples should be entirely 
independent, and due to the methods of data collection we cannot 
be certain this is the case. Future validation studies should seek to 
ensure entirely independent samples are recruited.

A further limitation is that we did not examine all aspects of 
validity. Validation of measures is an ongoing process (Clark and 
Watson, 2019), 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 assessed. In addition, the data for our 
study was collected from gym users. While it is likely a sizeable 
proportion of our participants played sport alongside their gym 
activities; we did not collect data from sport participants who do not 
attend gyms. Thus, it is important in future work to validate AASDS 
and AASCS scores with sport participants who do not frequent gyms. 
Our data were collected largely from westernized cultures, too. 
Further validation of the scales with non-westernized 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 brief time intervals between 
data collection periods for craving, given it is a state-like construct 
(Shiffman et al., 1996; Sayette et al., 2000). In contrast, longer time 
intervals could be used for dependence given it is a more enduring 
construct (see American Psychiatric Association DSM-5, Task Force, 
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).

5 Conclusion

Through a rigorous set of procedures, we developed psychometric 
scales to assess AAS dependence and AAS craving, providing 
convincing 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 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.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

https://doi.org/10.3389/fpsyg.2024.1347211
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org


Zoob Carter and Boardley 10.3389/fpsyg.2024.1347211

Frontiers in Psychology 14 frontiersin.org

Ethics statement

The studies involving humans were approved by University of 
Birmingham Ethics Committee (ERN_19-1955). The studies were 
conducted in accordance with the local legislation and institutional 
requirements. The participants provided their written informed 
consent to participate in this study.

Author contributions

BZ: Writing – original draft, Writing – review & editing. IB: 
Writing – original draft, Writing – review & editing.

Funding

The authors declare that no financial support was received for this 
research, authorship, and/or publication of this article.

Acknowledgments

The researchers would like to thank the Economic Social Research 
Council for their funding (ES/P000711/1) and studentship enabling 
this study. We  would also like to thank the strength athletes, 

gatekeepers, and the expert panel in giving up their time to support 
and partake in this study.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any 
product that may be  evaluated in this article, or claim that may 
be made by its manufacturer, is not guaranteed or endorsed by the  
publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fpsyg.2024.1347211/
full#supplementary-material

References
Ahmadi, S., Basharpoor, S., and Narimani, M. (2019). The role of sensitivity to reward and 

punishment and moral disengagement in the prediction of craving among people with 
substance dependency. Int. J. Psychol. 13, 40–62. doi: 10.24200/ijpb.2018.125014.1012

American Psychiatric Association DSM-5, Task Force (2013). Diagnostic and 
statistical manual of mental disorders: DSM-5. 5th Edn. Arlington, VA: American 
Psychiatric Association.

Amsterdam, J., Opperhuizen, A., and Hartgens, F. (2010). Adverse health effects of 
anabolic-androgenic steroids. Regulatory Toxicology and Pharmacology. 57, 117–23. doi: 
10.1016/j.yrtph.2010.02.001

Anton, R. F. (1999). What is craving? Models and implications for treatment. Alcohol 
Res. Health 23, 165–173

Arvary, D., and Pope, H. G. (2000). Anabolic–androgenic steroids as a gateway to 
opioid dependence. N. Engl. J. Med. 342:1532. doi: 10.1056/NEJM200005183422018

Bonnecaze, A. K., O’Connor, T., and Aloi, J. A. (2020). Characteristics and attitudes of men 
using anabolic androgenic steroids (AAS): A survey of 2385 men. American Journal of Men’s 
Health. 16. doi: 10.1177/1557988320966536

Bahrke, M. S., and Yesalis, C. E. (1994). Weight training: a potential confounding 
factor in examining the psychological and behavioral effects of anabolic-androgenic 
steroids. Sports Med. 18, 309–318. doi: 10.2165/00007256-199418050-00003

Baker, T. B., Morse, E., and Sherman, J. E. (1986). The motivation to use drugs: a 
psychobiological analysis of urges. Nebraska symposium on motivation. Neb. Symp. 
Motiv. 34, 257–323.

Bates, G., McVeigh, J., and Leavey, C. (2021). Looking beyond the provision of 
injecting equipment to people who use anabolic androgenic steroids: harm reduction 
and behavior change goals for UK policy. Contemp. Drug Probl. 48, 135–150. doi: 
10.1177/0091450921998701

Bates, G., Tod, D., Leavey, C., and McVeigh, J. (2019). An evidence-based 
socioecological framework to understand men’s use of anabolic androgenic steroids and 
inform interventions in this area. Drugs Educ. Prevent. Policy 26, 484–492. doi: 
10.1080/09687637.2018.1488947

Berridge, K. C., and Robinson, T. E. (2016). Liking, wanting, and the incentive-
sensitization theory of addiction. Am. Psychol. 71, 670–679. doi: 10.1037/amp0000059

Boardley, I. D., Smith, A. L., Mills, J., Grix, J., Wynne, C., and Wilkins, L. (2018). 
Development of moral disengagement and self-regulatory efficacy assessments relevant 
to doping in sport and exercise. Psychol. Sport Exerc. 36, 57–70. doi: 10.1016/j.
psychsport.2018.01.007

Brower, K. J. (1992). Anabolic steroids: addictive, psychiatric, and medical 
consequences. Am. J. Addict. 1, 100–114. doi: 10.3109/10550499209004011

Brower, K. (2002). Anabolic steroid abuse and dependence. Curr. Psychiatry Rep. 4, 
377–387. doi: 10.1007/s11920-002-0086-6

Brower, K. J., Blow, F. C., Beresford, T. P., and Fuelling, C. (1989). Anabolic-androgenic 
steroid dependence. J. Clin. Psychiatry 50, 31–33

Brower, K. J., Blow, F. C., Young, J. P., and Hill, E. M. (1991). Symptoms and correlates of 
anabolic-androgenic steroid dependence. Addiction 86, 759–768. doi: 10.1111/j.1360-0443.1991.
tb03101.x

Bryant, F. B., and Yarnold, P. R. (1995). “Principal-components analysis and exploratory and 
confirmatory factor analysis” in Reading and understanding multivariate statistics. eds. L. G. 
Grimm and P. R. Yarnold (Washington, DC: American Psychological Association), 99–136.

Byrne, B. M. (2012). Structural equation modeling with Mplus: Basic concepts, 
applications, and programming. New York: Routledge.

Christiansen, A. V., Vinther, A. S., and Liokaftos, D. (2017). Outline of a typology of 
men’s use of anabolic androgenic steroids in fitness and strength training environments*. 
Drugs 24, 295–305. doi: 10.1080/09687637.2016.1231173

Clark, L. A., and Watson, D. (2019). Constructing validity: new developments in 
creating objective measuring instruments. Psychol. Assess. 31, 1412–1427. doi: 10.1037/
pas0000626

Cohen, J. (1992). Statistical power analysis. Curr. Dir. Psychol. Sci. 1, 98–101. doi: 
10.1111/1467-8721.ep10768783

Cole, J. C., Smith, R., Halford, J. C. G., and Wagstaff, G. F. (2003). A preliminary 
investigation into the relationship between anabolic-androgenic steroid use and the 
symptoms of reverse anorexia in both current and ex-users. Psychopharmacology 166, 
424–429. doi: 10.1007/s00213-002-1352-3

Donny, E., Griffin, K., Shiffman, S., and Sayette, M. (2008). The relationship between 
cigarette use, nicotine dependence, and craving in laboratory volunteers. Nicotine Tob. 
Res. 10, 447–455. doi: 10.1080/14622200801901906

Drummond, D. C. (2001). Theories of drug craving, ancient and modern. Addiction 
96, 33–46. doi: 10.1046/j.1360-0443.2001.961333.x

Drummond, D. C., Tiffany, S. T., Glautier, S., and Remington, B. (1995). “Cue exposure 
in understanding and treating addictive behaviours” in Addictive behaviour: Cue 
exposure theory and practice. eds. D. C. Drummond, S. T. Tiffany, S. Glautier and B. 
Remington (Hoboken, NJ: John Wiley & Sons), 1–17.

https://doi.org/10.3389/fpsyg.2024.1347211
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpsyg.2024.1347211/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyg.2024.1347211/full#supplementary-material
https://doi.org/10.24200/ijpb.2018.125014.1012
https://doi.org/10.1016/j.yrtph.2010.02.001
https://doi.org/10.1056/NEJM200005183422018
https://doi.org/10.1177/1557988320966536
https://doi.org/10.2165/00007256-199418050-00003
https://doi.org/10.1177/0091450921998701
https://doi.org/10.1080/09687637.2018.1488947
https://doi.org/10.1037/amp0000059
https://doi.org/10.1016/j.psychsport.2018.01.007
https://doi.org/10.1016/j.psychsport.2018.01.007
https://doi.org/10.3109/10550499209004011
https://doi.org/10.1007/s11920-002-0086-6
https://doi.org/10.1111/j.1360-0443.1991.tb03101.x
https://doi.org/10.1111/j.1360-0443.1991.tb03101.x
https://doi.org/10.1080/09687637.2016.1231173
https://doi.org/10.1037/pas0000626
https://doi.org/10.1037/pas0000626
https://doi.org/10.1111/1467-8721.ep10768783
https://doi.org/10.1007/s00213-002-1352-3
https://doi.org/10.1080/14622200801901906
https://doi.org/10.1046/j.1360-0443.2001.961333.x


Zoob Carter and Boardley 10.3389/fpsyg.2024.1347211

Frontiers in Psychology 15 frontiersin.org

Dunn, J. G. H., Bouffard, M., and Rogers, W. T. (1999). Assessing item content-
relevance in sport psychology scale-construction research: issues and 
recommendations. Meas. Phys. Educ. Exerc. Sci. 3, 15–36. doi: 10.1207/
s15327841mpee0301_2

Dziuban, C. D., and Shirkey, E. C. (1974). When is a correlation matrix appropriate 
for factor analysis? Some decision rules. Psychol. Bulletin 81, 358–361. doi: 10.1037/
h0036316

Fabrigar, L. R., Wegener, D. T., MacCallum, R. C., and Strahan, E. J. (1999). Evaluating 
the use of exploratory factor analysis in psychological research. Psychol. Methods 4, 
272–299. doi: 10.1037//1082-989X.4.3.272

Flannery, J. S., Riedel, M. C., Poudel, R., Laird, A. R., Ross, T. J., Salmeron, B. J., et al. 
(2019). Habenular and striatal activity during performance feedback are differentially 
linked with state-like and trait-like aspects of tobacco use disorder. Sci. Adv. 5:2084. doi: 
10.1126/sciadv.aax2084

Flannery, B. A., Roberts, A. J., Cooney, N., Swift, R. M., Anton, R. F., and 
Rohsenow, D. J. (2001). The role of craving in alcohol use, dependence, and treatment. 
Alcohol. Clin. Exp. Res. 25, 299–308.

Geiser, C., Götz, T., Preckel, F., and Freund, P. A. (2017). States and traits. Eur. J. 
Psychol. Assess. 33, 219–223. doi: 10.1027/1015-5759/a000413

Gillespie, N. A., Neale, M. C., Prescott, C. A., Aggen, S. H., and Kendler, K. S. (2007). 
Factor and item-response analysis DSM-IV criteria for abuse of and dependence on 
cannabis, cocaine, hallucinogens, sedatives, stimulants and opioids. Addiction 102, 
920–930. doi: 10.1111/j.1360-0443.2007.01804.x

Goldman, A., and Basaria, S. (2018). Adverse health effects of androgen use. Molecular 
and Cellular Endocrinology. 464, 46–55. doi: 10.1016/j.mce.2017.06.009

Gossop, M., Darke, S., Griffiths, P., Hando, J., Powis, B., Hall, W., et al. (1995). The 
severity of dependence scale (SDS): psychometric properties of the SDS in English and 
Australian samples of heroin, cocaine and amphetamine users. Addiction 90, 607–614. 
doi: 10.1046/j.1360-0443.1995.9056072.x

Griffiths, S., Jacka, B., Degenhardt, L., Murray, S. B., and Larance, B. (2018). Physical 
appearance concerns are uniquely associated with the severity of steroid dependence 
and depression in anabolic–androgenic steroid users. Drug Alcohol Rev. 37, 664–670. 
doi: 10.1111/dar.12688

Gunnarsson, B., Entezarjou, A., Fernández-Aranda, F., Jiménez-Murcia, S., Kenttä, G., 
and Håkansson, A. (2022). Understanding exercise addiction, psychiatric characteristics 
and use of anabolic androgenic steroids among recreational athletes – An online survey 
study. Front Sports Act Living 4, 1–9. doi: 10.3389/fspor.2022.903777

Hair, J. F., Anderson, R. E., Tatham, R. L., and Black, W. C. (1998). Multivariate data 
analysis. 5th Edn. Upper Saddel River, NJ: Prentice Hall.

Hall, R. C. W., Hall, R. C. W., and Chapman, M. J. (2005). Psychiatric complications 
of anabolic steroid abuse. Psychosomatics 46, 285–290. doi: 10.1176/appi.psy.46.4.285

Hambleton, R. K. (1980). “Test score validity and standard-setting method” in 
Criterion-referenced measurement: State of the art. ed. R. A. Berk (Baltimore, MD: 
Johns Hopkins University Press), 80–123.

Hauger, L. E., Westlye, L. T., and Bjørnebekk, A. (2020). Anabolic androgenic steroid 
dependence is associated with executive dysfunction. Drug Alcohol Depend. 208:107874. 
doi: 10.1016/j.drugalcdep.2020.107874

Henning, A., and Andreasson, J. (2019). “Yay, another lady starting a log!”: Women’s 
fitness doping and the gendered space of an online doping forum. Commun. Sport 9, 
988–1007. doi: 10.1177/2167479519896326

Hildebrandt, T., Lai, J. K., Langenbucher, J. W., Schneider, M., Yehuda, R., and 
Pfaff, D. W. (2011). The diagnostic dilemma of pathological appearance and performance 
enhancing drug use. Drug Alcohol Depend. 114, 1–11. doi: 10.1016/j.
drugalcdep.2010.09.018

Hu, L., and Bentler, P. M. (1999). Cutoff criteria for fit indexes in covariance structure 
analysis: conventional criteria versus new alternatives. Struct. Equ. Model. 6, 1–55. doi: 
10.1080/10705519909540118

Ip, E. J., Barnett, M. J., Tenerowicz, M. J., and Perry, P. J. (2011). The anabolic 500 
survey: characteristics of male users versus nonusers of anabolic-androgenic steroids for 
strength training. Pharmacotherapy 31, 757–766. doi: 10.1592/phco.31.8.757

Jӧreskog, K. G., and Sӧrbom, D. (1993). LISREL8: User’s reference guide. Chapel Hill, 
NC: Scientific Software International.

Kaiser, H. F. (1974). An index of factorial simplicity. Psychometrika 39, 31–36. doi: 
10.1007/BF02291575

Kakko, J., Alho, H., Baldacchino, A., Molina, R., Nava, F. A., and Shaya, G. (2019). 
Craving in opioid use disorder: from neurobiology to clinical practice. Front. Psychiatry 
10:592. doi: 10.3389/fpsyt.2019.00592

Kanayama, G., Brower, K. J., Wood, R. I., Hudson, J. I., and Pope, H. G. (2009b). Issues 
for DSM-V: clarifying the diagnostic criteria for anabolic-androgenic steroid 
dependence. Am. J. Psychiatry 166, 642–645. doi: 10.1176/appi.ajp.2009.08111699

Kanayama, G., Brower, K. J., Wood, R. I., Hudson, J. I., and Pope, H. G. 
(2010). Treatment of anabolic-androgenic steroid dependence: emerging evidence 
and its implications. Drug Alcohol Depend 109, 6–13. doi: 10.1016/j.
drugalcdep.2010.01.011

Kanayama, G., Brower, K. J., Wood, R. I., Hudson, J. I., and Pope, H. G. Jr. (2009). 
Anabolic-androgenic steroid dependence: an emerging disorder. Addiction 104, 
1966–1978. doi: 10.1111/j.1360-0443.2009.02734.x

Kanayama, G., Hudson, J. I., and Pope, H. G. (2009a). Features of men with anabolic-
androgenic steroid dependence: a comparison with nondependent AAS users and with 
AAS nonusers. Drug Alcohol Depend. 102, 130–137. doi: 10.1016/j.drugalcdep. 
2009.02.008

Kanayama, G., Hudson, J., and Pope, H. G. (2020). Anabolic-androgenic steroid use 
and body image in men: a growing concern for clinicians. Psychother. Psychosom. 89, 
65–73. doi: 10.1159/000505978

Kean, H. (2003). Anabolic steroids and dependence. Contemp. Drug Probl. 30, 
541–562. doi: 10.1177/009145090303000302

Kline, P. (2000). Handbook of psychological testing. 2nd Edn. London: Routledge.

Kline, R. (2005). Principles and practice of structural equation modelling. 2nd Edn. 
New York: The Guilford Press.

Kline, P. (2015). A handbook of test construction (psychology revivals). London: 
Routledge.

Kozlowski, L. T., and Wilkinson, D. A. (1987). Use and misuse of the concept of 
craving by alcohol, tobacco, and drug researchers. Br. J. Addict. 82, 31–36. doi: 10.1111/
j.1360-0443.1987.tb01430.x

Kotzé, J., and Antonopoulos, G. A. (2021). Boosting bodily capital: Maintaining 
masculinity, aesthetic pleasure and instrumental utility through the consumption of 
steroids. Journal of Consumer Culture. 21, 680–700. doi: 10.1177/1469540519846196

Llewellyn, W., O'Connor, T., Touliatos, G., Koert, W., and Shelley, J. (2017). William 
Llewellyn’s anabolics. 11th Edn. Jupiter, FL: Molecular Nutrition.

Lounsbury, J. W., Gibson, L. W., and Saudargas, R. A. (2006). “Scale Development” in 
The psychology research handbook: A guide for graduate students and research 
assistants. eds. F. T. L. Leong and J. T. Austin. 2nd ed (Thousand Oaks, CA: SAGE 
Publications), 125–146.

Marlatt, G. A., and Gordon, J. R. (1985). Relapse prevention: Maintenance strategies 
for addictive behaviours. New York: Guilford Press.

Marsh, H. W. (1993). The multidimensional structure of physical fitness: invariance 
over gender and age. Res. Q. Exerc. Sport 64, 256–273. doi: 10.1080/ 
02701367.1993.10608810

Martin, G., Copeland, J., Gates, P., and Gilmour, S. (2006). The severity of dependence 
scale (SDS) in an adolescent population of cannabis users: reliability, validity and 
diagnostic cut-off. Drug Alcohol Depend. 83, 90–93. doi: 10.1016/j.drugalcdep. 
2005.10.014

Messick, S. (1995). Validity of psychological assessment: validation of inferences from 
persons’ responses and performances as scientific inquiry into score meaning. Am. 
Psychol. 50, 741–749. doi: 10.1037/0003-066X.50.9.741

Mezinkis, J. P., Honos-Webb, L., Kropp, F., and Somoza, E. (2001). The measurement 
of craving. J. Addict. Dis. 20, 67–85. doi: 10.1300/J069v20n03_07

Mhillaj, E., Morgese, M. G., Tucci, P., Bove, M., Schiavone, S., and Trabace, L. (2015). 
Effects of anabolic-androgens on brain reward function. Front. Neurosci. 9:295. doi: 
10.3389/fnins.2015.00295

Midgley, S. J., Heather, N., and Davies, J. B. (1999). Dependence-producing potential 
of anabolic-androgenic steroids. Addict. Res. Theory 7, 539–550. doi: 
10.3109/16066359909004404

Muthén, L. K., and Muthén, B. O. (2017). Mplus user's guide. 8th Edn. Los Angeles, 
CA: Muthén & Muthén.

Niaura, R. (2000). Cognitive social learning and related perspectives on drug craving. 
Addiction 95, 155–163. doi: 10.1046/j.1360-0443.95.8s2.4.x

Nunnally, J. C., and Bernstein, I. H. (1994). Psychometric theory. 3rd Edn. New York: 
McGraw-Hill.

Parkinson, A. B., and Evans, N. A. (2006). Anabolic androgenic steroids: a survey of 500 
users. Med. Sci. Sports Exerc. 38, 644–651. doi: 10.1249/01.mss.0000210194.56834.5d

Pope, H. G., Kanayama, G., Athey, A., Ryan, E., Hudson, J. I., and Baggish, A. (2014). The 
lifetime prevalence of anabolic-androgenic steroid use and dependence in Americans: current 
best estimates. Am. J. Addict. 23, 371–377. doi: 10.1111/j.1521-0391.2013.12118.x

Pope, H. G., Kean, J., Nash, A., Kanayama, G., Samuel, D. B., Bickel, W. K., et al. 
(2010). A diagnostic interview module for anabolic-androgenic steroid dependence. 
Exp. Clin. Psychopharmacol. 18, 203–213. doi: 10.1037/a0019370

Preston, C. C., and Colman, A. M. (2000). Optimal number of response categories in 
rating scales: reliability, validity, discriminating power, and respondent preferences. Acta 
Psychol. 104, 1–15. doi: 10.1016/S0001-6918(99)00050-5

Quaglio, G., Fornasiero, A., Mezzelani, P., Moreschini, S., Lugoboni, F., and Lechi, A. 
(2009). Anabolic steroids: dependence and complications of chronic use. Intern. Emerg. 
Med. 4, 289–296. doi: 10.1007/s11739-009-0260-5

Raabe, A., Grüsser, S. M., Wessa, M., Podschus, J., and Flor, H. (2005). The assessment 
of craving: psychometric properties, factor structure and a revised version of the alcohol 
craving questionnaire (ACQ). Addiction 100, 227–234. doi: 10.1111/j.1360- 
0443.2005.00960.x

https://doi.org/10.3389/fpsyg.2024.1347211
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1207/s15327841mpee0301_2
https://doi.org/10.1207/s15327841mpee0301_2
https://doi.org/10.1037/h0036316
https://doi.org/10.1037/h0036316
https://doi.org/10.1037//1082-989X.4.3.272
https://doi.org/10.1126/sciadv.aax2084
https://doi.org/10.1027/1015-5759/a000413
https://doi.org/10.1111/j.1360-0443.2007.01804.x
https://doi.org/10.1016/j.mce.2017.06.009
https://doi.org/10.1046/j.1360-0443.1995.9056072.x
https://doi.org/10.1111/dar.12688
https://doi.org/10.3389/fspor.2022.903777
https://doi.org/10.1176/appi.psy.46.4.285
https://doi.org/10.1016/j.drugalcdep.2020.107874
https://doi.org/10.1177/2167479519896326
https://doi.org/10.1016/j.drugalcdep.2010.09.018
https://doi.org/10.1016/j.drugalcdep.2010.09.018
https://doi.org/10.1080/10705519909540118
https://doi.org/10.1592/phco.31.8.757
https://doi.org/10.1007/BF02291575
https://doi.org/10.3389/fpsyt.2019.00592
https://doi.org/10.1176/appi.ajp.2009.08111699
https://doi.org/10.1016/j.drugalcdep.2010.01.011
https://doi.org/10.1016/j.drugalcdep.2010.01.011
https://doi.org/10.1111/j.1360-0443.2009.02734.x
https://doi.org/10.1016/j.drugalcdep.2009.02.008
https://doi.org/10.1016/j.drugalcdep.2009.02.008
https://doi.org/10.1159/000505978
https://doi.org/10.1177/009145090303000302
https://doi.org/10.1111/j.1360-0443.1987.tb01430.x
https://doi.org/10.1111/j.1360-0443.1987.tb01430.x
https://doi.org/10.1177/1469540519846196
https://doi.org/10.1080/02701367.1993.10608810
https://doi.org/10.1080/02701367.1993.10608810
https://doi.org/10.1016/j.drugalcdep.2005.10.014
https://doi.org/10.1016/j.drugalcdep.2005.10.014
https://doi.org/10.1037/0003-066X.50.9.741
https://doi.org/10.1300/J069v20n03_07
https://doi.org/10.3389/fnins.2015.00295
https://doi.org/10.3109/16066359909004404
https://doi.org/10.1046/j.1360-0443.95.8s2.4.x
https://doi.org/10.1249/01.mss.0000210194.56834.5d
https://doi.org/10.1111/j.1521-0391.2013.12118.x
https://doi.org/10.1037/a0019370
https://doi.org/10.1016/S0001-6918(99)00050-5
https://doi.org/10.1007/s11739-009-0260-5
https://doi.org/10.1111/j.1360-0443.2005.00960.x
https://doi.org/10.1111/j.1360-0443.2005.00960.x


Zoob Carter and Boardley 10.3389/fpsyg.2024.1347211

Frontiers in Psychology 16 frontiersin.org

Ray, L. A., Kahler, C. W., Young, D., Chelminski, I., and Zimmerman, M. (2008). The factor 
structure and severity of DSM-IV alcohol abuse and dependence symptoms in psychiatric 
outpatients. J. Stud. Alcohol Drugs 69, 496–499. doi: 10.15288/jsad.2008.69.496

Sayette, M. A., Shiffman, S., Tiffany, S. T., Niaura, R. S., Martin, C. S., and 
Schadel, W. G. (2000). The measurement of drug craving. Addiction 95, 189–210. doi: 
10.1046/j.1360-0443.95.8s2.8.x

Scarth, M., Havnes, I. A., Jørstad, M. L., McVeigh, J., van Hout, M. C., Westlye, L. T., 
et al. (2022). Severity of anabolic steroid dependence, executive function, and personality 
traits in substance use disorder patients in Norway. Drug Alcohol Depend. 231:109275. 
doi: 10.1016/j.drugalcdep.2022.109275

Serre, F., Fatseas, M., Denis, C., Swendsen, J., and Auriacombe, M. (2018). Predictors 
of craving and substance use among patients with alcohol, tobacco, cannabis or opiate 
addictions: commonalities and specificities across substances. Addict. Behav. 83, 
123–129. doi: 10.1016/j.addbeh.2018.01.041

Serre, F., Fatseas, M., Swendsen, J., and Auriacombe, M. (2015). Ecological 
momentary assessment in the investigation of craving and substance use in daily 
life: a systematic review. Drug Alcohol Depend. 148, 1–20. doi: 10.1016/j.
drugalcdep.2014.12.024

Shadel, W. G., and Cervone, D. (2006). Evaluating social-cognitive mechanisms that 
regulate self-efficacy in response to provocative smoking cues: an experimental 
investigation. Psychol. Addict. Behav. 20, 91–96. doi: 10.1037/0893-164X.20.1.91

Shiffman, S., Paty, J. A., Gnys, M., Kassel, J. A., and Hickcox, M. (1996). First lapses to 
smoking: within-subjects analysis of real-time reports. J. Consult. Clin. Psychol. 64, 
366–379. doi: 10.1037/0022-006X.64.2.366

Shiffman, S., and Waters, A. J. (2004). Negative affect and smoking lapses: a prospective 
analysis. J. Consult. Clin. Psychol. 72, 192–201. doi: 10.1037/0022-006X.72.2.192

Tan, R. S., and Scally, M. C. (2009). Anabolic steroid-induced hypogonadism – 
towards a unified hypothesis of anabolic steroid action. Med. Hypotheses 72, 723–728. 
doi: 10.1016/j.mehy.2008.12.042

Tiffany, S. T. (1990). A cognitive model of drug urges and drug-use behavior. Psychol. 
Rev. 97, 147–168. doi: 10.1037/0033-295X.97.2.147

Tiffany, S. T., Carter, B. L., and Singleton, E. G. (2000). Challenges in the manipulation, 
assessment and interpretation of craving relevant variables. Addiction 95, 177–187. doi: 
10.1080/09652140050111753

Tiffany, S. T., Singleton, E., Haertzen, C. A., and Henningfield, J. E. (1993). The 
development of a cocaine craving questionnaire. Drug Alcohol Depend. 34, 19–28. doi: 
10.1016/0376-8716(93)90042-O

Tiffany, S. T., and Wray, J. M. (2012). The clinical significance of drug craving. Ann. 
N. Y. Acad. Sci. 1248, 1–17. doi: 10.1111/j.1749-6632.2011.06298.x

Welch, S., Klassen, C., Borisova, O., and Clothier, H. (2013). The DSM-5 controversies: how 
should psychologists respond? Can. Psychol. 54, 166–175. doi: 10.1037/a0033841

Welsch, S. K., Smith, S. S., Wetter, D. W., Jorenby, D. E., Fiore, M. C., and Baker, T. B. 
(1999). Development and validation of the Wisconsin smoking withdrawal scale. Exp. 
Clin. Psychopharmacol. 7, 354–361. doi: 10.1037/1064-1297.7.4.354

Westerman, M. E., Charchenko, C. M., Ziegelmann, M. J., Bailey, G. C., Nippoldt, T. B., and 
Trost, L. (2016). Heavy testosterone use among bodybuilders: an uncommon 
cohort of illicit substance users. Mayo Clin. Proc. 91, 175–182. doi: 10.1016/j.mayocp.2015.10.027

Wood, R. I. (2008). Anabolic-androgenic steroid dependence? Insights from animals 
and humans. Front. Neuroendocrinol. 29, 490–506. doi: 10.1016/j.yfrne.2007.12.002

World Health Organization (1992). The lCD-10 classification of mental and 
behavioural disorders clinical descriptions and diagnostic guidelines. Switzerland: 
World Health Organization.

Wray, J. M., Gass, J. C., and Tiffany, S. T. (2013). A systematic review of the 
relationships between craving and smoking cessation. Nicotine Tob. Res. 15, 1167–1182. 
doi: 10.1093/ntr/nts268

Yesalis, C. E., Vicary, J. R., Buckley, W. E., Streit, A. L., Katz, D. L., and Wright, J. E. 
(1990). Indications of psychological dependence among anabolic-androgenic steroid 
abusers. NIDA Res. Monogr. 102, 196–214. doi: 10.1037/e473002004-001

Yu, J., Bonnerud, P., Eriksson, A., Stål, P. S., Tegner, Y., and Malm, C. (2014). Effects 
of long term supplementation of anabolic androgen steroids on human skeletal muscle. 
PLoS One 9:e105330. doi: 10.1371/journal.pone.0105330

https://doi.org/10.3389/fpsyg.2024.1347211
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.15288/jsad.2008.69.496
https://doi.org/10.1046/j.1360-0443.95.8s2.8.x
https://doi.org/10.1016/j.drugalcdep.2022.109275
https://doi.org/10.1016/j.addbeh.2018.01.041
https://doi.org/10.1016/j.drugalcdep.2014.12.024
https://doi.org/10.1016/j.drugalcdep.2014.12.024
https://doi.org/10.1037/0893-164X.20.1.91
https://doi.org/10.1037/0022-006X.64.2.366
https://doi.org/10.1037/0022-006X.72.2.192
https://doi.org/10.1016/j.mehy.2008.12.042
https://doi.org/10.1037/0033-295X.97.2.147
https://doi.org/10.1080/09652140050111753
https://doi.org/10.1016/0376-8716(93)90042-O
https://doi.org/10.1111/j.1749-6632.2011.06298.x
https://doi.org/10.1037/a0033841
https://doi.org/10.1037/1064-1297.7.4.354
https://doi.org/10.1016/j.mayocp.2015.10.027
https://doi.org/10.1016/j.yfrne.2007.12.002
https://doi.org/10.1093/ntr/nts268
https://doi.org/10.1037/e473002004-001
https://doi.org/10.1371/journal.pone.0105330

	Development and validation of dependence and craving measures specific to athletes who use anabolic-androgenic steroids
	1 Introduction
	2 Methods
	2.1 Item development
	2.2 Participants
	2.2.1 Sample 1
	2.2.2 Sample 2
	2.3 Measures
	2.3.1 Factorial, convergent, and discriminant validity, and internal consistency
	2.3.2 AAS dependence
	2.3.3 Craving
	2.3.4 Moral disengagement
	2.3.5 Self-regulatory efficacy
	2.3.6 Use of AAS
	2.3.7 Undesired effects of AAS use
	2.4 Procedure
	2.4.1 Recruitment and data collection
	2.5 Statistical analysis

	3 Results
	3.1 Preliminary analyses
	3.2 Factorial validity
	3.3 Confirmation of factor structure

	4 Discussion
	4.1 Limitations and future directions

	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

