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A B S T R A C T   

Objective: While crystal methamphetamine use by gay, bisexual, and other men who have sex with men (GBM) is 
associated with increased risk for sexually transmitted infection (STI) transmission, less is understood about the 
causal pathways between crystal methamphetamine use and STIs. We examined whether the association between 
greater crystal methamphetamine risk and prevalent bacterial STI diagnosis among GBM was mediated by two 
types of attitudinal variables: attitudes toward condoms, and sexual escape motives, defined as the use of sub
stances to escape self-awareness during sex, and by sexual behaviors. 
Methods: We used computer-assisted self-interview questionnaires from 2449 sexually active GBM (18% living 
with HIV; median age = 33, interquartile range, 27–45) recruited via respondent-driven sampling in Vancouver, 
Toronto, and Montreal, Canada. Using the baseline data from the Engage cohort study, we fit a series of structural 
mediation models of the associations between greater crystal methamphetamine risk and bacterial STI (syphilis, 
gonorrhea, and chlamydia) diagnosis. We estimated indirect paths from greater crystal methamphetamine risk, 
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attitudes toward condoms, sexual escape motives, and sexual risk behaviors, adjusting for self-reported de
mographic variables. 
Results: In the mediated model, the direct association between greater crystal methamphetamine risk and bac
terial STI diagnosis was non-significant; however, five indirect paths were significant. Greater crystal metham
phetamine risk was associated with bacterial STIs via condom use attitudes and escape motives, which in turn 
were associated with number of male anal sex partners, condomless anal sex, and oral sex. 
Discussion: Public health and counselling interventions for GBM who use crystal methamphetamine and who are 
at higher risk for STIs should target evidence-based causal paths that consider sexual attitudes and sexual 
practices.   

1. Introduction 

Among Canadian gay, bisexual, and other sexual minority men 
(GBM) 8–20% report having used crystal methamphetamine in the past 
6–12 months (Card et al., 2018; Colyer et al., 2020). Similar rates have 
been reported in the United States (U.S.), the United Kingdom, and 
Australia (Bourne et al., 2014; Curtis et al., 2020; Lea et al., 2016; Rivera 
et al., 2021). Crystal methamphetamine use among GBM is frequently 
used with other substances to enhance sexual pleasure (e.g., Drysdale 
et al., 2020; Halkitis et al., 2014). A growing body of literature supports 
an association between crystal methamphetamine use and STIs among 
GBM (Colyer et al., 2018; Drückler et al., 2018; Frankis et al., 2018; 
Maxwell et al., 2019; Reback and Fletcher, 2018). A longitudinal study 
by Hoenigl et al. (2016) found that initiation of crystal methamphet
amine use by GBM in San Diego after their first study visit was the 
strongest predictor of behaviours that increase one’s risk for STIs at 
12-month follow-up (e.g., CAS; condomless anal sex). 

1.1. Background 

1.1.1. Sexually transmitted infections (STIs) among GBM 
GBM continue to be disproportionately affected by STIs. Research 

suggests increasing incidence of syphilis among GBM in high-income 
countries (Read et al., 2015), with GBM accounting for 71% of all re
ported syphilis cases among men in Canada in 2020 and 47.1% of re
ported cases in the U.S. in 2019 (Aho et al., 2022; Centers for Disease 
Control and Prevention, 2018). There have also been documented in
creases in gonorrhea diagnoses: cases among U.S. GBM have doubled 
between 2010 and 2015 and there has been a 242% increase in di
agnoses among Canadian men in the general population from 2009 to 
2018 (Public Health Agency of Canada, 2021; Stenger et al., 2017). 
Some of these increases may be related to increases in CAS due to HIV 
Pre-Exposure Prophylaxis (PrEP) medications, which are highly effec
tive in reducing the risk of contracting HIV when exposed to HIV via CAS 
(Colyer et al., 2022; Murchu et al., 2022), and to the increased frequency 
of STI testing among people who use PrEP, who undergo screening for 
bacterial STIs at quarterly medical appointments (Koester & Grant, 
2015). 

1.1.2. Crystal methamphetamine use involvement and STTs 
Most studies on HIV and STI risks have examined crystal metham

phetamine use or non-use as a binary variable, which may imply that 
any crystal methamphetamine use is problematic or harm-inducing. 
However, among people who use crystal methamphetamine, there 
may be differences in risks for STIs, and the association between greater 
risk of crystal methamphetamine use-related harms and HIV may in
crease in a dose-response relationship. One older study found lower HIV 
prevalence among people who occasionally use crystal methamphet
amine versus higher HIV prevalence among people who regularly use 
crystal methamphetamine, and even greater HIV prevalence among 
people who use in outpatient treatment (Shoptaw, 2006). This suggests 
that it may be more useful to examine how greater risk of crystal 
methamphetamine-related harms, defined by the frequency of use and 
use that leads to substance use disorder symptoms or harms (e.g., health 

or social problems, an inability to meet personal expectations; Hume
niuk et al., 2008), may be associated with bacterial STI incidence, as 
opposed to a binary predictor of presence/absence of crystal metham
phetamine use. 

1.1.3. The causal pathway between crystal methamphetamine and bacterial 
STI via behavioral variables 

Understanding the causal pathways between crystal methamphet
amine use and STIs among GBM can inform preventive interventions. To 
date, behavioral factors have received the most empirical support with a 
large body of cross-sectional research demonstrating an association 
between crystal methamphetamine and behaviors that increases the 
chances of passing STIs (Maxwell et al., 2019; Tomkins et al., 2019). The 
strength of these data is bolstered by smaller number of longitudinal 
studies demonstrating that both crystal methamphetamine use over time 
and initiation of crystal methamphetamine use are associated with, and 
in the latter case temporally precede, behaviours that increase the 
chances of transmitting STIs (Halkitis et al., 2009; Hoenigl et al., 2016). 
Again, most of these studies focus on presence/absence or simple fre
quency of crystal methamphetamine use as opposed to risk of crystal 
methamphetamine-related harms. Cross-sectional studies have found 
that, when compared to GBM not reporting recent crystal metham
phetamine use (e.g., past 6–12 months), GBM reporting use in the past 
6–12 months reported a greater number of recent sexual partners and 
more CAS (Colyer et al., 2018; Curtis et al., 2020; Frankis et al., 2018; 
Melendez-Torres et al., 2016). Similarly, longitudinal studies have 
examined initiation (yes/no) of crystal methamphetamine or frequency 
of use over time, again finding both to be associated with a greater 
number of sexual partners and CAS (Halkitis et al., 2009; Hoenigl et al., 
2016). Moreover, qualitative studies indicate that increasing crystal 
methamphetamine use may affect individuals’ condom use decision 
making processes: even participants who report intentions to use con
doms during anal sex prior to using crystal methamphetamine report 
engaging in CAS after using (Tomkins et al., 2019). Although oral sex is 
examined less frequently in the literature, it is consistently associated 
with bacterial STIs (Glynn et al., 2017; Robbins et al., 2019). However, 
evidence linking crystal methamphetamine use and oral sex among GBM 
is lacking. 

1.1.4. Attitudinal variables 
Research examining attitudinal variables related to safer sex among 

GBM has focused on how attitudes toward condoms are associated with 
CAS. Cross-sectional evidence suggests that individuals who perceive 
condoms as a barrier to their sexual experience report more CAS (e.g., 
Doyle et al., 2009; Golub and Gamarel, 2017). Thus, given the associa
tion between crystal methamphetamine use and sexual sensation 
seeking (e.g., Vu et al., 2017) in cross-sectional studies, GBM who use 
crystal methamphetamine may be more likely to perceive condoms as a 
barrier to sexual pleasure (i.e., negative attitudes toward condoms), 
compared with their non-using counterparts (Hammoud et al., 2020). 

‘Escape motives’ refer to one’s expectations that using substances 
during sex will lead to greater sexual enjoyment by allowing people who 
use to disengage from negative thoughts, emotions, and sexual pressures 
(e.g., performance standards, fears of passing/acquiring HIV; McKirnan 
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et al., 1996). Substance use-related sexual escape motives may partially 
account for the association between crystal methamphetamine use and 
STIs. Thus, individuals reporting greater escape motives may be more 
likely to forego condom-protected sex and engage in sex with a greater 
number of sexual partners after using crystal methamphetamine 
compared with individuals with lower escape motives, a hypothesis 
supported by cross-sectional studies (Alvy et al., 2011; Card et al., 2019; 
Colyer et al., 2018, 2020). 

1.1.5. Limitations of existing literature 
Much of the research on crystal methamphetamine and STIs has 

focused on behaviors without clear evidence of medical outcomes. 
Second, most existing research has focused on GBM living with HIV, 
which limits generalizability to all GBM (Maxwell et al., 2019). Third, 
the extant literature has primarily relied on purposive sampling methods 
with less representative samples (Curtis et al., 2020; Maxwell et al., 
2019; Tomkins et al., 2019); as a result, the generalizability of these 
previous findings remains undetermined (Hoenigl et al., 2016). Lastly, 
despite widely available measures of crystal methamphetamine 
use-related harms (e.g., The Alcohol, Smoking and Substance Involve
ment Screening Test; ASSIST; Humeniuk et al., 2008; World Health 
Organization, 2003), most literature on STIs has focused on crystal 
methamphetamine use as a binary variable. 

1.2. The Present Study 

This study aimed to address the gaps in the literature by using a more 
representative sample of GBM recruited for a large, multicity study. In a 
cross-sectional design, we hypothesized that greater risk of crystal 
methamphetamine-related harms as defined by a continuous score on 
the ASSIST, would be associated with increased probability of bacterial 
STI diagnosis via two cognitive variables: negative attitudes toward 
condoms and escape motives. Further, we hypothesized that ASSIST 
scores would be associated with a greater probability of bacterial STI 
diagnosis via three sexual risk behaviors in the past 6 months: CAS, 
number of sex partners, and oral sex. 

2. Methods 

2.1. Participants 

Details of the Engage Cohort Study (ECS) methodology have been 
published elsewhere (Cox et al., 2021; Hart et al., 2021a). The ECS 
combines data from computer-assisted self-interviewing (CASI) and the 
detection of HIV and other selected STBBIs (e.g., syphilis, gonorrhea, 
chlamydia, hepatitis C) using biological samples. In the baseline sample, 
a total of 2449 GBM in Montreal (n = 1179), Toronto (n = 517) and 
Vancouver (n = 753) were recruited from February 2017-August 2019. 
GBM were eligible to participate in the study if 1) ages ≥ 16 years, 2) 
self-identified as a man (cisgender or transgender), 3) able to complete a 
survey in English or French, 4) lived in the metropolitan area of a data 
collection city, and 5) had engaged in sexual activity with another man 
in the six months prior to their study visit. For this analysis, we used the 
baseline data of the ECS. 

2.2. Procedures 

Participants were recruited using respondent-driven sampling (RDS). 
RDS is a modified form of chain-referral sampling designed to approx
imate probabilistic samples by adjusting for selection bias (Heckathorn, 
2002). RDS starts with non-randomly selected initial participants (called 
“seed participants”) who recruit eligible members from their social 
networks; subsequent participants are also asked to recruit a maximum 
of six eligible potential participants from their social networks, until the 
target sample size is reached. After providing written informed consent, 
seed participants and subsequent participants completed the study 

questionnaire and biological sampling for STIs. Participants received 
$50 CAD compensation for participating and a secondary incentive of 
$15 for each eligible GBM they recruited. The study was approved by 
research ethics boards at Toronto Metropolitan University, the Univer
sity of Toronto, St. Michael’s Hospital, the University of Windsor, the 
University of British Columbia, Providence Health Care, the University 
of Victoria, Simon Fraser University, and the Research Institute of the 
McGill University Health Centre. 

2.3. Measures 

2.3.1. Socio-demographic variables 
Participants reported their socio-demographic characteristics 

including age, ethnoracial identity, annual personal income, relation
ship status, city, sexual identity, self-reported HIV status and PrEP use in 
the past 6 months. Following other research (Card et al., 2020), we used 
self-reported HIV status in the present analysis as perceived HIV status is 
a known correlate of a participant’s sexual behaviors. 

2.3.2. STI diagnosis 
Participants provided a venous blood sample permitting serological 

testing for HIV and syphilis; these tests were done according to pro
vincial laboratory algorithms, which are similar across the three cities, 
with some variation, described below. A recent syphilis infection was 
defined as a positive anti-treponemal antibody test and a rapid plasmin 
reagin (RPR) titre > 1:16. Participants also provided urine, pharyngeal 
swabs, and rectal swabs to screen for Chlamydia trachomatis and Neisseria 
gonorrhoeae using nucleic acid amplification testing (NAAT) or culture, 
based on provincial laboratory testing procedures. Any positive result on 
a urine, pharyngeal, or rectal specimen was coded as a detected infec
tion. Due to provincial differences, for throat and rectal samples, half of 
the participants in Toronto had a culture and half had a NAAT, whereas 
in Montreal and Vancouver, all specimens underwent NAAT testing. 
Gonorrhea and chlamydia rectal results were not available for 20% of 
Vancouver participants. Study staff provided all participants who newly 
tested positive for any STBBI with linkage to local care and treatment 
providers. For this analysis, we defined bacterial STI as any detected 
gonorrhea, chlamydia, or recent syphilis infection during participants’ 
baseline/enrolment study visit. 

2.3.3. Greater risk of crystal methamphetamine use-related harms 
The ASSIST (Humeniuk et al., 2008; World Health Organization, 

2003) was used to assess risk of crystal methamphetamine use-related 
harms. For participants who reported any crystal methamphetamine 
use in the past 3 months, we calculated a total Crystal Methamphet
amine Only score (ASSIST-CM) summing only items for people who use 
crystal methamphetamine. Example items include “In the past three 
months, how often have you used.,” “During the past three months, how 
often have you failed to do what was normally expected of you because 
of your use of…,” and “Has a friend or relative or anyone else ever 
expressed concern about your use of”). The total score ranged from 0 (no 
use) to 39 for use-related symptoms and other harms. For the present 
study, we examined the ASSIST as a continuous variable and standard
ized the score with a mean = 0 and standard deviation = 1 for ease of 
interpretation. In our sample, Cronbach’s alpha for the ASSIST-CM was 
0.84. 

2.3.4. Attitude variables: Condom use attitudes and escape motives 
Two separate measures were used to assess Condom Use Attitudes as 

a latent construct: 1-item from the Correct Condom Use Self-Efficacy 
Scale (“How easy or difficult would it be for you to keep an erection 
while using a condom?”) where scores ranged from 1 (very difficult) to 5 
(very easy) (Crosby et al., 2011), and the 7-item Effects on Sexual 
Experience Subscale of the Condom Barriers Scale (Doyle et al., 2009; St. 
Lawrence et al., 1999), (e.g., “I feel closer to my partner without a 
condom”) with higher scores indicating fewer barriers to condom use. 
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The latter is rated on a 5-point Likert-type scale and had good internal 
consistency in our sample (alpha = 0.88). 

For escape motives, we used an adapted version of the 12-item 
Escape Motives Scale (McKirnan et al., 2001; one item was removed 
from the original scale). Scores assessed the extent to which GBM believe 
that substance use reduces their cognitive recognition of sexual risk. 
Higher scores indicated greater escape motivation (alpha = 0.92). 

2.3.5. Recent sexual behaviors 
Participants reported their number of sexual partners, engagement in 

any CAS, and engagement in oral sex in the last six months with male 
partners. For the present analysis, number of male anal sex partners was 
standardized with a mean = 0 and standard of deviation = 1 for ease of 
interpretation. CAS was operationalized as any anal sex without a 
condom with at least one partner in the past six months. Oral sex was 
operationalized as giving or receiving any oral sex in the past six 
months. 

2.4. Statistical analyses 

Descriptive statistics were generated using frequencies and per
centages for categorical data and medians and interquartile ranges 
(IQRs) for continuous data. The primary analysis was conducted using 
structural equation modeling (SEM) analysis with weighted least 
squares means and a variance-adjusted estimator. We used the RDS-II 
estimator (Volz and Heckathorn, 2008) for all analyses to account for 
RDS weighting in our analysis. 

The SEM model examined the pathways between greater risk of 
crystal methamphetamine-related harms as defined by the ASSIST 
(Humeniuk et al., 2008) and any recent bacterial STI (syphilis, gonor
rhea, or chlamydia) detected at the study visit. We examined both direct 
and indirect pathways. Our indirect pathways examined ASSIST scores 
and STIs via two attitudinal variables, the latent construct of condom use 
attitudes and escape motives, and the behavioral variables, condomless 
anal sex, number of sex partners, and oral sex. We used the comparative 
fit index (CFI), the Tucker–Lewis Fit Index (TLI), and root mean square 
error approximation (RMSEA) to evaluate overall model fit (Kline, 2011; 
Weston and Gore, 2006). 

We reported standardized indirect path coefficients and 95% CIs. All 
regression models controlled for age, ethnoracial identity, annual per
sonal income, sexual identity, relationship status, recruitment city, self- 
reported HIV status and PrEP use in the past 6 months. Descriptive an
alyses were conducted using Stata/SE 16.1 and the structural models 
were estimated using MPLUS version 7.4 (Muthén and Muthén, 2015). 

3. Results 

Our sample was predominantly gay (82.4%), white (71.3%), single 
(71.2%), and had an annual income of < $40,000 CAD (63.8%; see  
Table 1). Additionally, 18% of our sample reported living with HIV. In 
the past three months, 9.9% (n = 243/2449) of participants reported 
crystal methamphetamine use (GBM living with HIV: 30.4% and HIV- 
negative/unknown GBM: 5.4%). About 18.1% of HIV-negative GBM 
were currently using PrEP. Among people who use crystal metham
phetamine (i.e., a score greater than 0 on ASSIST-CM), the median score 
was 17 (IQR, 7, 27). For use-related dependence and other harms, there 
were 25 (10.3%) participants at low risk defined by the ASSIST, 157 
(64.6%) at moderate risk, and 61 (25.1%) at high risk. Regarding sexual 
activity in the past 6 months, 95.9% reported engaging in oral sex, 70% 
reported CAS, and the median number of male anal sex partners was of 3 
(IQR, 1, 9). A minority (11.4%) of participants were diagnosed with a 
bacterial STI (gonorrhea, chlamydia, or recent syphilis) at the study 
visit. 

Table 2 shows standardised estimates (β), and 95% CI for the 
bivariate associations of ASSIST-CM scores, any recent bacterial STI 
diagnosis, escape motives, condom use attitudes, CAS, oral sex, and 

Table 1 
Socio-demographic characteristics of Engage Cohort Study participants by 
Bacterial Sexually Transmitted Infections, Baseline data (n = 2449), un
weighted/crude statistics.  

Characteristics Overall Any recent bacterial STI   

n (%)1 

2449 
Detected2 

279 (11.4%) 
Not detected2 

2170 (88.6%) 
p- 
value3 

Recruiting City      .46 
Montreal 1179 

(48.1)  
138 (11.7)  1041 (88.3)  

Toronto 517 
(21.1)  

51 (9.9)  466 (90.1)  

Vancouver 753 
(30.8)  

90 (11.9)  663 (88.1)  

Ethnoracial identity      .09 
white 1747 

(71.3)  
187 (10.7)  1560 (89.3)  

Person of Colour 702 
(28.7)  

92 (13.1)  610 (86.9)  

Annual Income, CAD      .26 
Less than 40 K 1562 

(63.8)  
185 (11.8)  1377 (88.2)  

40–79.9 K 686 
(28.0)  

78 (11.4)  608 (88.6)  

80 K or more 201 
(8.2)  

16 (8.0)  185 (92.0)  

Sexual identity      .04 
Gay 2017 

(82.4)  
244 (12.1)  1773 (87.9)  

Bisexual 164 
(6.7)  

16 (9.8)  148 (90.2)  

Other 268 
(10.9)  

19 (7.1)  249 (92.9)  

Relationship Status      .10 
Single 1743 

(71.2)  
202 (11.6)  1541 (88.4)  

Married / Common- 
law 

504 
(20.6)  

47 (9.3)  457 (90.7)  

Separated/ 
Divorced/ 
Widowed 

202 
(8.2)  

30 (14.8)  172 (85.2)  

Self-reported HIV 
status      

<.001 

HIV-negative/ 
unknown 

2009 
(82.0)  

202 (10.1)  1807 (89.9)  

HIV-positive 440 
(18.0)  

77 (17.5)  363 (82.5)  

PrEP use in, P6M4      <.001 
No 1646 

(81.9)  
139 (8.4)  1507 (91.6)  

Yes 363 
(18.1)  

63 (17.4)  300 (82.6)  

Condomless anal sex, 
P6M      

<.001 

No 736 
(30.0)  

33 (4.5)  703 (95.5)  

Yes 1713 
(70.0)  

246 (14.4)  1467 (85.6)  

Oral sex, P6M      .65 
No 100 

(4.1)  
10 (10.0)  90 (90.0)  

Yes 2349 
(95.9)  

269 (11.5)  2080 (88.5)  

Crystal 
Methamphetamine 
Use, P3M      

<.001 

No, Use 2206 
(90.6)  

212 (9.6)  1994 (90.4)  

Yes, Used 243 
(9.9)  

67 (27.6)  176 (72.4)   

Median (IQR) p- 
value5 

Age, in years 33 (27, 
45)  

32 (26, 41)  33 (27,45) .04 

ASSIST 
Methamphetamine 
only6 

17 (7.0, 
27.0)  

20 (8.0, 29.0)  15 (7.0, 25.0) .08 

(continued on next page) 
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number of sex partners after controlling for self-reported HIV status, 
demographic factors, recruitment city, and PrEP use. We found a posi
tive association between ASSIST-CM scores and current STI diagnosis (β 
= .11; 95% CI:.03,.19; p = .01). ASSIST-CM scores were also positively 
associated with escape motives (β = .19; 95% CI:.11,.26; p < .001) and 
negatively associated with favorable condom use attitudes (β = − .19; 
95% CI: − .29, − .08; p = .001). 

Fig. 1 depicts the SEM after controlling for self-reported HIV status, 
demographic factors, city, and PrEP use in the last 6 months. The model 
had an adequate fit to the data (CFI =.92; TLI =.85; RMSEA =.03, 90% 
CI:.02,.04). Standardised estimates (β), and 95% CI of the mediated 
model are presented in Table 3. In the mediated model, the direct paths 
between ASSIST-CM scores and escape motives and condom use atti
tudes were statistically significant, but the path to STI diagnosis was not 
(β = .04; 95% CI: − .04,.12; p = .37). 

3.1. Indirect paths via attitudinal variables and sexual behaviors 

We also observed five significant indirect paths from ASSIST-CM 
score to STIs. Three of these indirect paths included attitudinal vari
ables and CAS: 1) condom use attitudes → CAS → STIs (β = .02; 95% 
CI:.003,.04; p = .02); 2) escape motives → number of male anal sex 
partners → CAS → STIs (β = .001; 95% CI:.00,.001; p = .02), and 3) 
condom use attitudes → number of male anal sex partners → CAS → STIs 
(β = .01; 95% CI:.001,.01; p = .01). Two paths included attitudinal 
variables and oral sex: 4) escape motives → oral sex → STIs (β = .02; 
95% CI:.004,.03; p = .01); and 5) condom use attitudes → oral sex → 
STIs (β = .06; 95% CI:.01,.10; p = .001). 

4. Discussion 

In a large multicity sample of community-recruited GBM, we iden
tified pathways by which greater risk of crystal methamphetamine- 
related harms may be associated with bacterial STI diagnoses. Our 
model demonstrated that greater risk of crystal methamphetamine 
harms, as defined by ASSIST scores for people who use crystal meth
amphetamine, was indirectly associated with the presence of bacterial 
STIs. ASSIST-CM scores were associated with STI diagnoses via both 
attitudinal variables and sexual behaviors. Negative attitudes toward 
condoms and escape motives were associated with CAS and oral sex, and 
then with the presence of STIs. Although greater risk of crystal 

Table 1 (continued ) 

Characteristics Overall Any recent bacterial STI   

n (%)1 

2449 
Detected2 

279 (11.4%) 
Not detected2 

2170 (88.6%) 
p- 
value3 

Condoms Barriers 
Scale 

19 (14, 
25)  

17 (12, 23)  19 (15, 25) < 
.001 

Condom Self-Efficacy 
Scale 

3 (2, 4)  3 (1, 4)  3 (2, 4) < 
.001 

Escape Motive Scale 35 (29, 
40)  

38 (32, 43)  35 (29, 40) < 
.001 

Number of male anal 
sex partners, P6M 

3 (1, 9)  10 (4, 22)  3 (1, 7) < 
.001 

Note: 1Column percentages; 2Row percentages; 3Chi-Square or Fisher’s exact 
test; 4 Among HIV-negative GBM; 5Wilcoxon rank-sum (Mann–Whitney) test; 6 

Among those who reported meth use in the past three months; CAD = Canadian 
dollars; P6M = Past six months; P3M = Past three months; IQR: Inter-quartile 
range; Percentages and statistics are crude, not adjusted for RDS weights. 

Table 2 
Bivariate associations of study variables, Baseline data, Engage Cohort Study (n 
= 2449).  

Outcome Predictor Direct effect    

β 95% Confidence Intervals p-value 

STI ASSIST-Meth  .11 .03,.19  .01 
STI CAS  .34 .22,.46  < .001 
STI OS  .10 -.04,.23  .18 
CAS EM  .20 .11,.28  < .001 
CAS NSP  .79 .65,.92  < .001 
CAS CUA  -.28 -.38, − .17  < .001 
OS EM  .21 .09,.34  .001 
OS NSP  .31 -.02,.65  .07 
OS CUA  -.40 -.58, − .23  < .001 
NSP EM  .11 .05,.15  < .001 
NSP CUA  -.08 -.15, − .01  .02 
EM ASSIST-Meth  .19 .11,.26  < .001 
CUA ASSIST-Meth  -.19 -.29, − .08  .001 

Note. β represents standardized coefficients; ASSIST-Meth = ASSIST Metham
phetamine only score; EM = Escape Motive Scale; CUA = Condom Use Attitudes; 
CAS = Condomless Anal Sex; OS = Oral Sex; NSP = Number of Male Anal Sex 
Partners. All models were adjusted for age, ethno-racial identity, annual per
sonal income, sexual identity, relationship status, city, self-reported HIV status 
and prep use in the past 6 months. 

Fig. 1. Structural equation model examining 
the associations between Crystal Methamphet
amine use (ASSIST-CM scores) and bacterial 
Sexually Transmitted Infections (gonorrhea, 
Chlamydia, or recent syphilis) among Engage 
Cohort Study participants, baseline data, 
(n = 2449). Note. Solid lines represent signifi
cant paths, dashed lines represent nonsignifi
cant paths. All paths represent standardized 
estimates. EM = Escape Motive Scale; CUA 
= Condom Use Attitudes; CAS = Condomless 
Anal Sex; OS = Oral Sex; NSP = Number of 
Male Anal Sex Partners; CBS = Condom Barrier 
Scale (Effects of Sexual Experience Subscale). 
The model was adjusted for age, ethno-racial 
identity, annual personal income, sexual iden
tity, relationship status, city, self-reported HIV 
status and PrEP use in the past 6 months. 
* p < 0.05; * * p < 0.01; * ** p < 0.001; NS 

p > 0.05.   
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methamphetamine use-related harms was associated with STIs in 
bivariate associations, it was not directly associated with STIs in the full 
mediation model. Our mediation model suggests that greater risk of 
crystal methamphetamine use-related harms may be indirectly associ
ated with CAS via a greater number of male sex partners in the past 6 
months. 

Our findings are consistent with studies showing a relationship be
tween crystal methamphetamine use and sexual risk behaviors (e.g., 
Colyer et al., 2020; Glynn et al., 2017). The associations between greater 
risk of crystal methamphetamine-related harms and condom use atti
tudes and escape motives are consistent with primarily cross-sectional 
work regarding the associations between crystal methamphetamine 
use and disinhibitory attitudes toward HIV and sex (Hammoud et al., 
2020; Tomkins et al., 2019). The significant covariance between 
condom use attitudes and substance-related escape motives also sug
gests that these variables should not be examined in isolation for studies 
of GBM. The study extends previous HIV research (Armstrong et al., 
2018; Colyer et al., 2018; Curtis et al., 2020) by showing that greater risk 
for crystal methamphetamine use-related harms is associated not only 
with condomless anal sex but also number of partners and with oral sex. 

Our findings have important implications for health providers of 
people who use crystal methamphetamine. First, this study validates the 
notion that not all crystal methamphetamine use is equal, as higher 
ASSIST-CM scores were associated with STIs. Further, interventions are 
needed to promote sexual health and to reduce STI risks among GBM 
who engage in riskier forms of crystal methamphetamine use. The pre
sent study underscores the calls for improved linkages between sub
stance use providers and medical providers (Salway et al., 2019), 
including expansion of mental health and substance use care at HIV/STI 
clinics, expansion of online STI/HIV services, and integration of sexual 

and mental health services (Gaspar et al., 2021). Health and service 
providers working in sexual health and substance use should ask par
ticipants about HIV and bacterial STIs and crystal methamphetamine 
use-related harms. 

A combination of evidence-based approaches suggested for HIV 
prevention (Shoptaw and Reback, 2007) may also be beneficial for STI 
prevention. Our study suggests that STI prevention interventions should 
consider both attitudes associated with sex and sexual behaviors as 
potential targets of intervention. A first point of intervention for medical 
and mental health clinicians may be to ask GBM patients about crystal 
methamphetamine use, to assess risks for substance use-related harm, 
and for those at greater risk, to inquire about substance use associated 
with escaping stress. Behaviorally, clinicians should inquire about oral 
sex and CAS. The current study also underscores the ongoing role of 
condom use to prevent STIs and to encourage more frequent screening 
for STIs among GBM who frequently use crystal methamphetamine. The 
presence of bacterial STIs may also increase susceptibility to/transmis
sibility of HIV (Galvin and Cohen, 2004). Clinicians should therefore 
consider referring GBM who frequently use crystal methamphetamine 
for STI/HIV testing and antiretroviral medications. As per clinical 
guidelines, HIV-negative GBM are more likely to be eligible for PrEP if 
they use crystal methamphetamine (Centers for Disease Control and 
Prevention, 2021; Tan et al., 2017). 

Lower intensity interventions may include social media campaigns to 
promote harm and risk reduction (Reback et al., 2012). These in
terventions should consider providing information about the relation
ship between crystal methamphetamine use, sexual behavior, and 
related STIs. Given the popularity of social networking applications to 
meet other GBM, and that 70% of GBM tend to have favorable views of 
online or app-based HIV prevention programs (Holloway et al., 2014), 
mobile health interventions may have an important role to play in both 
HIV and STI prevention for crystal methamphetamine-using GBM 
(Reback, Fletcher, and Mata, 2021). 

More resource-intensive approaches may be needed for those who 
have the most risk, such as psychotherapies including behavioral acti
vation (Mimiaga et al., 2019), cognitive behavioral therapy (Shoptaw 
et al., 2008), and contingency management (Reback et al., 2010)). Given 
the present findings, counseling interventions for GBM who use crystal 
methamphetamine should also consider the role of negative condom use 
attitudes and substance-related escape motives in promotion of sexual 
risk behavior. Substance-related escape motives may be particularly 
amenable to counseling to help patients to manage stress beyond the use 
of substances. 

4.1. Strengths, Limitations and Future Directions 

Our application of RDS-II weights within a large, multicity dataset 
supports greater generalizability to urban GBM populations compared 
with previous studies (Heckathorn, 2002). In addition, the use of 
structural mediation modeling with microbiologically-confirmed STI 
diagnoses as the dependent variable responds to calls for the literature to 
move beyond simple regression models of STI risk behaviors (Miltz et al., 
2020). However, as sexually inactive GBM were unable to participate in 
the study, we may have overestimated the direct and indirect associa
tions between greater risk of crystal methamphetamine use-related 
harms and bacterial STIs. Additionally, some GBM who use crystal 
methamphetamine may not be at risk for STIs as they do not use crystal 
methamphetamine in sexual situations (Evers et al., 2020). 

Further, this analysis, which shows a specific association of risks for 
crystal methamphetamine use-related harms, could be expanded to 
examine substance use disorder symptoms associated with other sub
stances that are used by GBM during sexualized drug use (Wilkerson 
et al., 2018), known as “Party ‘n Play” or “chemsex.” Future work may 
wish to examine whether diagnostically confirmed crystal metham
phetamine use disorders are associated with bacterial STIs, and to 
explore mechanisms explaining this relationship. As PrEP uptake may 

Table 3 
Direct and Indirect (Mediated) Effects of Crystal Methamphetamine use on any 
recent Bacterial Sexually Transmitted Infections among Engage Cohort Study 
participants, Baseline data (n = 2449).  

Outcome Predictor Direct effect   

β 95% Confidence Interval p-value 

STI ASSIST-Meth  .04 -.04,.12  .37 
STI CAS  .13 .03,.22  .01 
STI OS  .35 .12,.58  .003 
CAS EM  .17 .08,.25  < .001 
CAS NSP  .42 .33,.51  < .001 
CAS CUA  -.55 -.71, − .39  < .001 
OS EM  .29 .17,.41  < .001 
OS NSP  -.02 -.13,.10  .80 
OS CUA  -.57 -.76, − .37  < .001 
NSP EM  .08 .07,.10  < .001 
NSP CUA  -.41 -.48, − .33  < .001 
EM ASSIST-Meth  .17 .10,.24  < .001 
CUA ASSIST-Meth  -.28 -.34, − .21  < .001 
Indirect Path     
ASSIST-Meth →EM→CAS→STI .004  .00,.01 .06 
ASSIST-Meth →CUA→CAS→STI .02  .003,.04 .02 
ASSIST-Meth 

→EM→NSP→CAS→STI 
.001  .00,.001 .02 

ASSIST-Meth 
→CUA→NSP→CAS→STI 

.01  .001,.01 .01 

ASSIST-Meth →EM→OS→STI .02  .004,.03 .01 
ASSIST-Meth →CUA→OS→STI .06  .01,.10 .01 
ASSIST-Meth →EM→NSP→OS→STI .00  -.001,.00 .79 
ASSIST-Meth 

→CUA→NSP→OS→STI 
-.001  -.01,.004 .79 

Total indirect .10  .06,.13 < .001 
Total .14  .06,.23 .001 

Note. β represents standardized coefficients; ASSIST-Meth = ASSIST Metham
phetamine only score; EM = Escape Motive Scale; CUA = Condom Use Attitudes; 
CAS = Condomless Anal Sex; OS = Oral Sex; NSP = Number of Male Anal Sex 
Partners. All models were adjusted for age, ethno-racial identity, annual per
sonal income, sexual identity, relationship status, city, self-reported HIV status 
and prep use in the past 6 months. 
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continue to increase among GBM, an examination of how PrEP use in
teracts with CM use in increasing STIs may also be useful. 

Although we have posited several pathways by which crystal meth
amphetamine use risk is associated with STIs, the cross-sectional nature 
of the present study precludes our ability to assert true causality or 
temporality of findings. However, our findings are consistent with other 
longitudinal studies of GBM showing that substance use predicts sexual 
risk behaviors (Parsons et al., 2013). Given the relationship between 
crystal methamphetamine use and bacterial STIs found in the present 
study and its known effects on mental health of GBM (e.g., Colyer et al., 
2020), future longitudinal research is needed to better understand pre
dictors of crystal methamphetamine use risks. Additional predictors of 
crystal methamphetamine use for future studies may include hetero
sexist discrimination, which has been associated with problematic 
drinking among GBM (Wray et al., 2016), and syndemic social and 
psychosocial conditions including depression, childhood sexual abuse, 
and experiences of violence (e.g., Tulloch et al., 2015). 

5. Conclusion 

The present paper demonstrated that greater crystal methamphet
amine use is associated with diagnosed bacterial STIs among GBM. 
Greater crystal methamphetamine use may also be associated with 
bacterial STIs via escape motives and negative attitudes toward con
doms, which in turn are associated with oral sex and CAS. These findings 
demonstrate the benefit of moving beyond studies of direct effects to 
understand potential mechanisms leading to STI risk. To reduce the 
growing incidence of bacterial STIs among GBM, targeted STI preven
tion interventions are needed that attend to the disproportionate need of 
GBM who experience risks due to crystal methamphetamine use. 
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