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Abstract

Performance-enhancing substance (PES) use is common among young men and prior research 

has documented cross-sectional associations between anabolic-androgenic steroid (AAS) use and 

sexual risk behaviors. However, this relationship remains understudied among a longitudinal 

cohort of young adult men, and research on prospective associations between legal PES (e.g., 

creatine) use and sexual risk behaviors is lacking. The current study addresses these oversights 

using data from the National Longitudinal Study of Adolescent to Adult Health (N=5,451). AAS 

use and legal PES use were assessed at Wave III (ages 18-26) and 10 indicators of sexual risk 

behavior were assessed at seven-year follow up (Wave IV; ages 24-32). Linear and logistic 

regression analyses were conducted adjusting for demographic and behavioral confounders. 

Participants who reported AAS use and legal PES use had significantly higher number of one-time 

sexual partners and higher odds of multiple sex partners around the same time in the past 12 

months. Participants who reported AAS use had higher odds of any STI in the past 12 months. 

These results extend prior research on the risk behaviors and adverse effects of PES use. Health 

care professionals should assess for PES use among young adult men and provide guidance on 

healthful sexual behaviors.
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Introduction

Performance-enhancing substances (PES) are commonly used among young men for the 

purpose of increasing muscle-mass, strength, and athletic performance. PES can include 

dietary supplements and substances that are sold legally “over the counter,” such as creatine 

monohydrate, and illegal substances, when not used for medical purposes, such as anabolic-

androgenic steroids (AAS; Ganson et al., 2019; Nagata et al., 2019). Given the continued 

emphasis on the muscular body ideal for young men, it is not surprising that between 

16-35% report use of legal PES and 3-5% report AAS use (Eisenberg et al., 2012; Nagata, 

Ganson, Griffiths, et al., 2020). Research focusing on PES use has detailed significant 

adverse health and social outcomes associated with use of both legal PES and AAS. 

Problematic alcohol use (Calzo et al., 2016; Ganson et al., 2020), severe medical events 

(e.g., hospital visits, disability), death (Or et al., 2019), and criminal offending (Ganson 

et al., 2021) have been shown to be associated with legal PES use, while mental health 

(e.g., mood disorders; Kanayama et al., 2008; Pope et al., 2014) and physiological health 

(Ahlgrim & Guglin, 2009; Bispo et al., 2009; Daly et al., 2003; Nikolopoulos et al., 2011) 

problems are associated with AAS use. Still, associations between PES use, particularly 

legal PES, and sexual risk behaviors are understudied.

To date, the few studies that have examined the associations between PES use and sexual 

risk behaviors have focused predominately on AAS users (Ip et al., 2016). This research 

emphasizes that AAS users may engage in sexual risk behaviors, including reporting a 

greater number of sexual partners and unprotected sex (Blashill et al., 2014; Goldman et 

al., 2019; Hope et al., 2013; Ip et al., 2019), which may explain the higher prevalence of 

sexually transmitted infections (STIs) among AAS users (Hope et al., 2013; Ip et al., 2016, 

2019; Pope et al., 2014). However, much of the research that has investigated AAS use and 

sexual risk behaviors is limited to cross-sectional study designs and small sample sizes that 

are not representative of the U.S. population. Additionally, gaps remain in the knowledge 

base on whether legal PES use is associated with sexual risk behaviors, despite legal PES 

use occurring at a much higher prevalence compared to AAS use.

PES use and sexual risk behaviors among men could be connected via multiple mechanisms. 

Within the context of the muscular body ideal, men may experience benefits from presenting 

as more muscular. For example, there is evidence that muscularity is more attractive to 

potential partners (Frederick & Haselton, 2007; Gray & Frederick, 2012; Varangis et al., 

2012). Relatedly, college-aged men frequently report wanting to be more muscular to 

be sexier (95%), more attractive (90%), and feel more masculine (74%; Frederick et al., 

2007). This aligns with a second mechanism in that muscularity and masculinity ideology 

are linked among men (Frederick et al., 2017; Luciano, 2007); indeed, endorsement of 

masculine cultural norms, including attitudes about socially constructed normative sexual 

behavior (e.g., high risk sexual behavior, sexual conquests; Courtenay, 2000), is associated 

with AAS use (Kanayama et al., 2006). Finally, research has shown that AAS use can alter 

neurological structure (Hauger et al., 2019; Westlye et al., 2017). This includes areas of 

executive functioning (Hauger et al., 2020) and emotion regulation (Hauger et al., 2019), 

which may result in risk behaviors, including sexual behaviors. Relatedly, research among 
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rodents, a commonly used subject for identifying the effects of AAS use, has shown that 

adolescent exposure to AAS can alter brain development in ways that may increase sexual 

engagement (Cunningham et al., 2013).

The present study aims to quantify potential prospective associations between PES use, 

including both legal PES and AAS, and 10 indicators of sexual risk behavior. We 

hypothesize that AAS use and PES use will be associated with subsequent sexual risk 

behaviors over time.

Methods

Prospective cohort data from the National Longitudinal Study of Adolescent to Adult 

Health (Add Health) were analyzed. The baseline sample was recruited using systematic 

sampling methods and implicit stratification to ensure that the high schools (n=80) and 

middle schools (n=52) selected were representative of US schools with respect to region of 

country, urbanicity, size, type, and ethnicity. Participants were enrolled in grades 7-12 (ages 

11-18) from public, private, and parochial schools in the United States during the 1994-1995 

academic year. Since then, four follow-up interviews have been conducted. Written informed 

consent was obtained from the parent of the participant if they were under age 18 (with child 

assent), or from the participant if 18 or older. This study included male participants who 

completed interviews and had full data for all variables of interest at Wave I (1994-1995; 

ages 11-18), Wave III (2001-2002; ages 18-26) and Wave IV (2008-2009; ages 24-32; 

N=5,451; Harris, 2013; Harris et al., 2019). The University of North Carolina Institutional 

Review Board approved all Add Health study procedures.

Measures

Dependent Variables: Sexual Risk Behaviors at Ages 24-32 Years (Wave IV)—
Total number of sexual partners was assessed using the question, “Considering all types of 

sexual activity, with how many male [or female] partners have you ever had sex?” Number 

of sexual partners was the sum of the total number of male and female partners (Nagata, 

Palar, et al., 2020; Tabler & Geist, 2016).

Number of sexual partners in the past 12 months was assessed using the question, 

“Considering all types of sexual activity, with how many male [or female] partners have 

you had sex in the past 12 months, even if only one time?”

Number of one-time sexual partners was assessed using the question, “Considering all types 

of sexual activity, with how many partners, male or female, have you had sex on one and 

only one occasion?” (Nagata, Palar, et al., 2020).

Multiple sex partners around the same time in the past 12 months was assessed using the 

question, “In the past 12 months, did you have sex with more than one partner at around the 

same time?” (0 = no; 1 = yes; Nagata, Palar, et al., 2020).

STIs in the past 12 months was assessed using the question, “In the past 12 months, have 

you been told by a doctor, nurse, or other health professional that you had the following 

sexually transmitted disease?” Positive responses to chlamydia, gonorrhea, trichomonas, 
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syphilis, herpes, human papillomavirus, human immunodeficiency virus (HIV), or other 

sexually transmitted diseases were coded as having any STI in the past 12 months. Due to 

the high prevalence in young adulthood (Kreisel, Spicknall, et al., 2021; Kreisel, Weston, et 

al., 2021), we also analyzed chlamydia, gonorrhea, and HIV individually.

Exchanging sex for money in the past 12 months was assessed using the question, “In the 

past 12 months, how many times have you paid someone to have sex with you or has 

someone paid you to have sex with them?” (0 = none; 1 = ≥ 1 time; Nagata, Palar, et al., 

2020; Zeglin, 2014).

Condom use in the past 12 months was assessed using the question, “In the past 12 months, 

did you or your partner(s) use any of these methods for birth control or disease prevention: 

condoms (rubbers)?” Positive responses were coded as condom use present (Fergus et al., 

2019; Nagata, Palar, et al., 2020) and were limited to sexually active participants.

Independent Variables: Performance-Enhancing Substance Use at Ages 18-26 
Years (Wave III)—Legal PES use was assessed using the question, “In the past year, 

have you used a legal performance-enhancing substance for athletes (such as creatine 

monohydrate or andro)?” (0 = no; 1 = yes).

AAS use in the past seven years (since Wave I) was assessed using the question, “Since June 

1995, have you taken any of the following drugs without a doctor’s permission: steroids or 

anabolic steroids?” (0 = no; 1 = yes).

Confounding Variables—Age, race/ethnicity, sexual orientation (Wave IV), household 

income (Wave I), body mass index (BMI; kg/m2, Wave III), alcohol use (≥ 2 days in 

the past month, yes/no, Wave III), and depression score (CED-S; Wave I) were based on 

self-report. Gaussian normal regression imputation models were used to impute income for 

1,638 participants with missing income data at Wave I. These confounders were included in 

line with prior research (Eisenberg et al., 2012; Goldman et al., 2019; Hope et al., 2013; Ip 

et al., 2016, 2019; Kanayama et al., 2008; Nagata, Ganson, Griffiths, et al., 2020; Pope et al., 

2014).

Statistical Analysis

Descriptive statistics were conducted to characterize the sample using means and standard 

deviations (SD) and percentages. Differences between PES users and non-users were 

determined using chi-square tests for categorical variables and independent samples t tests 

for continuous variables. Linear regressions were used to determine the associations between 

AAS use and legal PES use as the independent variables and the discrete count measures 

of sexual risk behaviors (total number of sexual partners, number of sexual partners in the 

past 12 months, number of one-time sexual partners). Logistic regressions were used to 

determine the associations between AAS use and legal PES use as the independent variables 

and the dichotomous measures of sexual risk behaviors (multiple sex partners around the 

same time in the past 12 months, STIs in the past 12 months, exchanging sex for money 

in the past 12 months, condom use in the past 12 months). All regression analyses were 

adjusted for the previously described confounders (age, race/ethnicity, sexual orientation, 
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household income, BMI, alcohol use, and depression score), as well as the corresponding 

sexual risk behavior at Wave I (ages 11-18). All analyses utilized Add Health’s nationally 

representative sample weights and were conducted in 2021 using Stata 16.1.

Results

Among the diverse sample of 5,451 men, the mean age was 21.9 (standard deviation 1.9) 

years and 68.3% identified as White, 14.7% Black, 12.3% Hispanic/Latino, 3.3% Asian/

Pacific Islander, 0.9% Other race/ethnicity, and 0.6% American Indian/Native American. 

A majority of men identified as Heterosexual (93.4%). More men reported legal PES use 

(15.9%) than AAS use (2.7%). Several significant differences in sexual risk behaviors 

between PES users and non-users were found. See Table 1 for full results.

Results from linear and logistic regression analyses revealed significant prospective 

associations between PES use at ages 18-26 years and sexual risk behaviors at ages 24-32 

years while adjusting for potential confounders (Table 2). Participants who reported AAS 

use had significantly higher number of one-time sexual partners (B 5.20, 95% confidence 

interval [CI] 1.73-8.66, p = 0.004) and higher odds of multiple sex partners around the same 

time in the past 12 months (adjusted odds ratio [AOR] 1.95, 95% CI 1.17-3.24, p = 0.010), 

any STI in the past 12 months (AOR 3.08, 95% CI 1.40-6.77, p = 0.006), and chlamydia 

diagnosis in the past 12 months (AOR 4.39, 95% CI 1.37-14.08, p = 0.013) while adjusting 

for potential confounders. Participants who reported legal PES use had significantly higher 

number of sexual partners in the past year (B 0.36, 95% CI 0.05-0.66, p = 0.024), higher 

number of one-time sexual partners (B 2.48, 95% CI 1.09-3.88, p = 0.001) and higher odds 

of multiple sex partners around the same time in the past 12 months (AOR 1.53, 95% CI 

1.23-1.91, p < 0.001) while adjusting for potential confounders.

Discussion

This study is among the first to identify prospective associations between PES use, 

including both AAS use and legal PES use, and sexual risk behaviors among a nationally 

representative sample of young adult men in the U.S. We find that use of AAS is associated 

with a greater number of one-time sexual partners, as well as nearly two-fold, three-fold, 

and four-fold higher odds of reporting multiple sex partners around the same time, any 

STI diagnosis in the past 12 months, and chlamydia diagnosis in the past 12 months, 

respectively. Similarly, we find that legal PES use is associated with a greater number of 

sexual partners in the past 12 months and one-time sexual partners, as well as higher odds 

of reporting multiple sex partners around the same time. These findings are salient as they 

are independent of several known confounding factors, including prior engagement in sexual 

risk behaviors. Taken together, these results confirm the study hypothesis.

The findings from this study align with prior research showing that AAS use is associated 

with several sexual risk behaviors, including a higher prevalence of STIs (Hope et al., 2013; 

Ip et al., 2016, 2019; Pope et al., 2014). However, there were discrepant findings compared 

to prior research showing a greater number of sexual partners and higher prevalence of 

unprotected sex among AAS users (Blashill et al., 2014; Goldman et al., 2019; Hope et al., 
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2013; Ip et al., 2019), which in part may be due to differences in measures and sample 

populations. Notwithstanding, it is likely that the associations between number of one-time 

sexual partners and multiple sexual partners around the same time explain the higher odds of 

STIs and chlamydia, as has been shown in prior research (Copen et al., 2019). Additionally, 

our results extend prior research by showing that legal PES use is associated with similar 

sexual risk behaviors, including number of sexual partners in the past year, number of 

one-time sexual partners, and multiple sexual partners around the same time. This is a novel 

finding that adds to a growing literature on the adverse effects of legal PES use (Calzo 

et al., 2016; Ganson et al., 2020; Nagata, Ganson, Gorrell, et al., 2020; Or et al., 2019), 

particularly among men, and indicates that further exploration of legal PES use is warranted.

The associations between both AAS use, legal PES use, and sexual risk behaviors 

likely have similar theoretical explanations grounded in the socially constructed norms of 

masculinity that emphasize toughness, dominance, and strength (Connell & Messerschmidt, 

2005; Courtenay, 2000; Levant, 1996; Mahalik et al., 2003). The intended purpose of PES is 

to increase muscularity, which is seen as the ideal male body (Murray et al., 2017), and is 

associated with notions of strength, dominance, and confidence among both men and women 

(Frederick et al., 2007; Frederick & Haselton, 2007). Research has shown that men who 

are more muscular report a greater number of short-term and/or one-time sexual partners 

(Frederick & Haselton, 2007) and men whose masculinity is threatened, as described by 

precarious manhood (Vandello et al., 2008), often over-emphasize their strength (Frederick 

et al., 2017) and may engage in risky behaviors (e.g., sexual; Vandello & Bosson, 2013), 

indicating the overlap between muscularity and masculinity (Frederick et al., 2017; Luciano, 

2007).

The associations between AAS use and sexual risk behaviors may also be explained by the 

neurological effects of AAS use, namely reduced capacity for executive functioning (Hauger 

et al., 2020) and emotion regulation (Hauger et al., 2019). In the context of sexual risk 

behaviors, number of one-time sexual partners and multiple sexual partners around the same 

time may be seen as mechanisms for emotion regulation and/or the effects of poor decision 

making and impulsivity. Additionally, there is evidence that legal PES can be contaminated 

with various substances, including steroids and stimulants (Abe et al., 2015; Cohen et al., 

2018; Van Wagoner et al., 2017), which may impact behavioral functioning. Thus, future 

research on the neurological effects of legal PES is needed.

There are several strengths to be noted of this study, including the large, diverse, and 

nationally representative sample and the prospective cohort study design. However, there 

are also limitations to be noted. First, the use of retrospective self-report may increase 

reporting bias. Additionally, the terminology of the dependent variables broadly focuses on 

“all types of sexual activity.” Future research that includes questions asking about specific 

sexual behaviors, as well as nuanced details related to sexual behaviors (e.g., consistency 

of condom use), would be useful in capturing greater precision about engagement in 

an array of sexual behaviors. Second, there is the potential for unmeasured confounders 

that may influence the relationship between key variables; however, we adjusted for the 

corresponding sexual risk behavior at Wave I in our analyses. Third, the overall sample of 

men was primarily White and heterosexual. Given the continued diversification of the U.S., 
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future research should aim to include participants that represent the changing demographics. 

Lastly, the legal PES use variable conflates several substances, which limits the ability to 

analyze the nuances of each substance as it relates to sexual risk behaviors.

Conclusion

The results from this study show that both AAS use and legal PES use are prospectively 

associated with several key indicators of sexual risk behavior among U.S. young adult men. 

Health care professionals should assess for sexual risk behaviors among young adult men 

who report PES use and provide appropriate guidance as necessary. This includes education 

on the adverse correlates of PES use and healthful techniques to increase musculature and 

athletic performance, as well as information on safe sexual activity practices. Additionally, 

health care professionals should consider the influence of socially constructed norms of 

masculinity and pressures to adhere to the muscular male body ideal, which may underpin 

both PES use and sexual risk behaviors, when treating men. Public health prevention and 

intervention efforts should consider the impact of PES use on sexual risk behaviors and 

provide education and awareness campaigns targeted toward young adult men where use 

may be common (e.g., gyms and sports teams). Policymakers should consider strengthening 

regulation and oversight of PES, particularly legal PES, as has been proposed by multiple 

state legislatures across the U.S. (see for example Dietary Supplements for Weight Loss 

and Over-the-Counter Diet Pills, 2021; An Act Protecting Children from Harmful Diet Pills 

and Muscle-Building Supplements, 2021). Lastly, given the international use of PES (Sagoe 

et al., 2014, 2015; Sandvik et al., 2018; Tahtamouni et al., 2008; Tavares et al., 2020) 

country-specific health promotion initiatives should consider the findings of this study to 

promote the health and well-being of men globally.
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Table 2

Associations between performance-enhancing substance (PES) use at Wave III (aged 18-26 years) and sexual 

risk behaviors at Wave IV (aged 24-32 years) among men from the National Longitudinal Study of Adolescent 

to Adults Health (N=5,451)

AAS Use Legal PES Use

Coef.
a
 (95% CI) P Coef.

a
 (95% CI) P

Total number of sexual partners −0.51 (−7.00-5.99) 0.876 0.99 (−1.46-3.43) 0.426

Number of sexual partners, past 12 months 0.68 (−0.34-1.60) 0.145 0.36 (0.05-0.66) 0.024

Number of one-time sexual partners 5.20 (1.73-8.66) 0.004 2.48 (1.09-3.88) 0.001

AAS Use Legal PES Use

AOR
a
 (95% CI) P AOR

a
 (95% CI) P

Multiple sex partners around the same time, past 12 months 1.95 (1.17-3.24) 0.010 1.53 (1.23-1.91) < 0.001

Any sexually transmitted infection, past 12 months
b 3.08 (1.40-6.77) 0.006 1.43 (0.88-2.34) 0.150

Chlamydia, past 12 months 4.39 (1.37-14.08) 0.013 1.17 (0.50-2.75) 0.718

Gonorrhea, past 12 months 4.11 (0.94-18.05) 0.061 2.16 (0.86-5.44) 0.102

HIV, past 12 months - 1.46 (0.20-10.79) 0.711

Exchanging sex for money, past 12 months 1.84 (0.77-4.40) 0.171 1.29 (0.64-2.61) 0.477

Condom use, past 12 months
c 0.84 (0.55-1.30) 0.441 0.91 (0.73-1.13) 0.384

Note: All effect sizes are calculated with weighted data to reflect the representative proportion in the target U.S. population.

Boldface indicates statistical significance P < 0.05.

a
Adjusted for age, race/ethnicity, sexual orientation (Wave IV), household income (Wave I), body mass index (Wave III), alcohol use (Wave III), 

depression (Wave I), and the corresponding sexual behavior at Wave 1.

b
Includes chlamydia, gonorrhea, syphilis, HIV, herpes, trichomonas, and human papillomavirus.

c
Among sexually active participants.
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