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ABSTRACT 

HIV treatment attitudes and HIV PrEP are associated with sexual behavior that elevates 

the risk for bacterial STIs (B-STIs) among gay, bisexual and other men who have sex with men 

(GBM). Using a longitudinal multi-site study (Engage Cohort Study, 2017-2024), we modelled 

direct and indirect within- and between-person effects of HIV treatment attitudes and PrEP use 

on condomless anal sex (CAS) and incident B-STIs among 1863 HIV-negative GBM. We 

modelled up to four years of follow-up visits using multi-level mediation analysis, with CAS as a 

mediating variable between HIV treatment attitudes and PrEP use on incident B-STIs. We found 

direct within-person effects of HIV treatment attitudes and PrEP use on incident B-STIs, such 

that participants were more likely to report incident B-STIs at time points if they reported using 

PrEP and being more optimistic about HIV treatments; there were no indirect within-person 

effects through CAS. In contrast, we found both direct and indirect between-person effects. 

Specifically, participants who reported more PrEP use or who were more optimistic about HIV 

treatments over the course of the study were more likely to report incident B-STIs. Further, these 

effects were partially mediated by CAS. Given that we found within-person PrEP use is 

associated with increased CAS and STIs, and the general increase in adoption of PrEP over time, 

there is a need to expand biomedical intervention programs for B-STIs prophylaxis by 

integrating them with social and informational interventions about B-STIs risks, especially for 

GBM who use HIV PrEP. 

 

Keywords: Pre-Exposure Prophylaxis, Sexual Behavior, Bacterial Sexually Transmitted 

Infections, GBM, Men Who Have Sex with Men  

Word Count: 245/250 

 

 

Key Messages: 

1. We see an increase in the prevalence of PrEP use, and no changes in condom use and 

STIs over time. 

2. PrEP use was associated with increased CAS and STI diagnoses between participants, 

and within participants over time. 

3. Although participants who were more optimistic about HIV treatments were more likely 

to engage in CAS in general, within-person optimism was associated with decreased 

CAS. 

4. More than two-thirds (72.9%) of the effects of PrEP and treatment attitudes on STIs 

among GBM are due to the between-person differences in who does or does not use PrEP 

and differences in HIV treatment attitudes. 

5. These findings highlight the importance of examining both between-person and within-

person processes when developing sexual health interventions. 
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Disentangling Between- and Within-Person Effects of HIV PrEP and Treatment Attitudes 

on Condom Use and Bacterial STIs among Sexual Minority Men 

New HIV diagnoses in Western countries (e.g., Canada, United States, Australia) have 

decreased over time, with gay, bisexual, and other men who have sex with men (GBM) 

accounting for an increasingly smaller proportion of new diagnoses [1–3]. These decreases can 

be attributed, in part, to biomedical advancements in the field of HIV. For example, people living 

with HIV (PLWH) receiving antiretroviral therapy (ART) can achieve a suppressed HIV viral 

load, meaning that they cannot pass HIV onto their sexual partners [4,5]. Additionally, HIV-

negative individuals can use HIV pre-exposure prophylaxis (PrEP) to reduce their risk of 

sexually acquiring HIV by up to 99% [6,7].  

Concurrent with these biomedical advances are changes in both attitudes and behaviors 

related to HIV prevention. PrEP use among GBM has increased dramatically over the past 10 

years, with an estimated 500% increase in uptake from 2014 to 2017 in the United States alone 

[8–11]; and in 2023, 45% of GBM in the United States reported PrEP use in the 12 months 

before an interview with the National HIV Behavioral Surveillance [12,13]. In Canada, PrEP use 

increased 45% from 2019 to 2022 among the general population [14]. Along with this increase in 

uptake, significant changes have been recorded among GBM in their attitudes toward the 

transmissibility and severity of HIV infection [15–18], as GBM have become more confident 

that both PrEP and ART can reduce the transmission of HIV [19].  

Confidence in the effectiveness of PrEP and ART is empirically supported, but changes 

in HIV treatment attitudes may also lead to changes in sexual behaviors that elevate risk for other 

sexually transmitted infections (STIs). Over a similar period of time as the increase in PrEP use, 

there have also been dramatic increases in the new diagnoses of bacterial STIs, including 

syphilis, gonorrhea, and chlamydia [20,21]. Although some of these increases can be attributed 

to increased STI testing rates, particularly as STI testing is recommended for PrEP use [22], 

there is evidence of broader changes in sexual behavior over time [23,24]. For example, PrEP 

use is generally associated with decreased condom use among GBM [25–28].  

However, research on PrEP and sexual behavior is inconsistent, as other work has shown 

that PrEP use either does not change condom use behaviors or is associated with an increase in 

reported condom use [29,30]. Increases in condomless anal sex (CAS) among GBM, thus, may 

not be exclusively attributable to PrEP. In the United States, there has also been a decrease in 

condom use among HIV-negative individuals who are not on PrEP [23]. Changes in HIV-related 

attitudes may play a role as well. For example, optimism about the effectiveness of HIV 

treatments has also been associated with decreased condom use [31]. 

 

Disentangling Between-and-Within Person Effects 

An important distinction when examining the potential effects of PrEP and changing 

attitudes towards HIV treatment is between-person versus within-person effects. Between-person 

effects refer to how differences in an outcome variable can be attributed to stable differences 

between individuals. Within-person effects, on the other hand, refer to changes in an outcome 
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that can be attributed to changes within an individual over multiple observations (i.e., over time). 

Take, for example, typing expertise, typing speed, and spelling errors. Between individuals, 

expert typists typically type faster and make fewer errors; however, within individuals, typing 

faster is associated with making a greater number of errors overall [32]. Through this simplified 

example, we illustrate the importance of disentangling the variance in outcomes that are due to 

between-person differences and due to within-person processes.  

In the context of PrEP use, there may be important between-person and within-person 

effects on condom use behavior. People who decide to go on PrEP or are recommended PrEP by 

their clinicians’ evidence-based screeners [33] may be qualitatively different from those who do 

not use PrEP, given the clinical guidelines promoting PrEP-use for those most at risk for HIV. 

However, people who do use PrEP and people with more HIV treatment optimism may also start 

to engage in more CAS over time. To our knowledge, there have been no studies that have 

examined both between- and within-person effects of PrEP use and treatment optimism on 

sexual behavior and STIs. 

 

The Present Study 

We examine between- and within-person effects of PrEP use and treatment optimism on 

condom use and bacterial STIs in a large, community-based sample of GBM in Canada’s three 

largest urban centers (Montreal, Toronto, and Vancouver). We hypothesized that (i) PrEP use 

and treatment optimism would predict bacterial STI diagnoses and that (ii) these effects would be 

mediated through decreased condom use. That is, PrEP use and treatment optimism would be 

associated with decreased condom use overall, and that this would account for differences in STI 

outcomes among GBM who use and do not use PrEP. Finally, we extend previous literature by 

decomposing these direct and indirect effects into their between- and-within-person components 

to examine how (iii) people who use PrEP differ in condom use behavior and STI outcomes on 

average, and (iv) how changes in PrEP use affect changes in condom use behavior and STI 

diagnoses within individuals over time.  

 

Methods 

Participants 

The Engage Cohort Study is a mixed-method prospective biobehavioral longitudinal 

study of GBM sexual health and wellbeing in Montreal, Toronto, and Vancouver. This study has 

been previously described [34–36]. In brief, GBM (cisgender or trans) were recruited into the 

study if they were at least 16 years old and reported having had sex with another man in the past 

6 months. Recruitment was conducted using respondent-driven sampling (RDS), a modified 

form of chain referral sampling designed to approximate probabilistic samples by adjusting for 

selection bias [37]. Seed participants and subsequent participants received six vouchers to recruit 

GBM from their social or sexual networks. Participants received CAD$50 for participation and a 

secondary incentive of $15 for each eligible GBM they recruited. All participants provided 

written informed consent and were compensated for study visits. Participants were recruited into 
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the baseline survey from February 2017 to June 2018 in Montreal, May 2017 to August 2019 in 

Toronto, and February 2017 to August 2019 in Vancouver; periods varied based on differences 

in recruitment rates across cities. Engage began as a cross-sectional study, received funding for a 

1-year follow-up timepoint, and was then funded as the Engage cohort study, adding 4 additional 

6-month follow-up timepoints, for a total of 4-year follow-up visits since the baseline visit (see 

Table 1 for sample sizes across each time point).  

 

Study Procedures 

Participants completed a computer-assisted self-interview (CASI) either at each visit 

(pre-COVID, prior to March 2020) or online prior to each visit (post-COVID, after September 

2020 when data collection was resumed), along with testing for HIV and other sexually 

transmitted and bloodborne infections with an on-site nurse at their study visit.  

 

Variables 

Demographic Variables 

Participants were asked demographic questions about themselves, including their age, 

ethnoracial group (white, person of color), educational achievement (≤ high school, 

college/university, graduate degree), annual personal income, sexual identity (gay, other), HIV 

status, and relationship status. 

 

PrEP Use and HIV Treatment Attitudes  

PrEP use was assessed by asking participants if they were currently on HIV PrEP or if 

their last use of PrEP was within the past 6 months. HIV treatment attitudes were assessed using 

Van de Ven’s [38] 12-item HIV Optimism-Skepticism scale assessing the extent to which 

participants believed in the effectiveness of current medication in treating or preventing the 

transmission of HIV (e.g., “a person with an undetectable viral load cannot pass on the virus”) on 

a 4-point scale (1 = Strongly Disagree, 2 = Disagree, 3 = Agree, 4 = Strongly Agree), where 

higher scores indicate greater optimism towards the effectiveness of HIV treatments.  

 

Condom Use and STIs 

Condom use was assessed by asking participants if they had engaged in any CAS in the 

past 6 months (yes, no). We performed laboratory testing for STIs at study visits in addition to 

asking participants to self-report bacterial STI diagnoses in the past 6 months. A laboratory 

diagnosis of recent syphilis infection was based on a positive anti-treponemal antibody test and a 

rapid plasmin reagin (RPR) titre ≥1:16. Participants also provided urine, pharyngeal swab, and 

rectal swabs to screen for Chlamydia trachomatis and Neisseria gonorrhoeae using nucleic acid 

amplification testing (NAAT) or culture, based on standard provincial laboratory testing 

procedures which evolved over time. Any positive result on a urine, pharyngeal, or rectal 

specimen or self-report of an STI was coded as a detected infection (see Table S1 in 

Supplementary Materials for individual breakdowns). 
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Ethics and Informed Consent 

The Engage Cohort Study received approval from the following Research Ethics Boards: 

Toronto Metropolitan University (REB #2016-113), the University of Toronto (protocol 

#00033527), St. Michael’s Hospital (REB #17-043), the University of Windsor (REB #33443), 

the University of British Columbia (H16-01226), Providence Health Care (H16-01226), the 

University of Victoria (H16-01226), Simon Fraser University (H16-01226) and the McGill 

University Health Centre (15-632-MUHC).  

All procedures were in accordance with the ethical standards of the responsible 

committee on human experimentation (institutional and national). All participants provided 

written informed consent. Parental consent was not requested for participants between 16–18 

years of age (n = 3) because individuals in this age range are legally empowered to consent to 

medical procedures, such as STI testing, and seeking consent could compromise the safety and 

privacy of adolescent GBM [39,40]. 

The study staff ensured STI test results were available to study participants within two 

weeks after collection and provided counselling on STI risk reduction strategies. Staff also 

provided participants who newly tested positive for HIV or other STBBIs with linkage to local 

care and treatment providers. The Vancouver site provided treatment on site for gonorrhea, 

chlamydia and syphilis.  

 

Analytic Strategy 

Because we were interested in the effects of PrEP and HIV treatment attitudes on sexual 

behavior and health outcomes, we limited our analysis to HIV-negative GBM who reported more 

than one male anal sex partner in the past six months at baseline; We selected only GBM with 

multiple partners as those with only one male anal sex partner in the past six months at baseline 

may have a monogamous relationship, and our goal was to examine GBM with a more than non-

negligible risk for STIs. Descriptive analyses were conducted in R V.4.4.1 [41]. To reduce bias 

due to attrition, we estimated models predicting loss-to-follow-up at each visit and used the 

resulting inverse probability weights to adjust descriptive prevalence estimates. Specifically, 

weighted descriptive statistics were used to estimate the prevalence of PrEP use, CAS, and STI 

diagnoses across time points, adjusted for loss to follow-up, examining statistically significant 

monotonic trends using the Mann-Kendall Trend Test. Finally, we modeled the direct and 

indirect effects of PrEP use, HIV treatment attitudes, and CAS on STI diagnoses with a 

multilevel mediation model using Mplus V8.1.1.1 [42], and partialed out the variance due to 

between- and within-participant effects. We did not adjust the mediation model for RDS-II 

weights, as RDS-based weights are intended to support population inference under specific 

assumptions (e.g., equilibrium and random recruitment) that are most clearly satisfied at baseline 

and may not hold across repeated follow-up visits  [43,44]. Model estimates for the multilevel 

mediation were adjusted for baseline demographic covariates. Finally, we used the regression 
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coefficients from the model to calculate the proportion of variance accounted for by between- 

and within-person effects, respectively.  

 

Results 

Descriptive Statistics 

There were 1863 HIV-negative GBM who reported more than one male anal sex partner 

at baseline in Montreal (n = 906), Toronto (n = 387) and Vancouver (n = 570). Table 1 provides 

a summary of participant characteristics at baseline and at follow-up timepoints. In general, our 

sample consisted primarily of cisgender white gay men who had at least some postsecondary 

education. Most of our sample was single and had an income of less than CAD$40,000. 

 

Table 1. Summary of baseline demographic variables for participants present at each timepoint. 

For age, the values are means (standard deviations). For other variables, the values are 

proportions. 

 

Year since baseline 

(n) 

0 

(1863) 

1 

(1152) 

2 

(1026) 

2.5 

(874) 

3 

(800) 

3.5 

(847) 

4 

(836) 

Start date 2017-02 2018-03 2019-06 2020-01 2020-11 2021-06 2022-01 

End date 2019-08 2021-05 2022-05 2022-09 2023-03 2023-09 2024-03 

City        

Montreal 0.486 0.543 0.579 0.572 0.560 0.577 0.580 

Toronto 0.208 0.195 0.191 0.184 0.188 0.172 0.179 

Vancouver 0.306 0.262 0.230 0.244 0.252 0.250 0.240 

 

Age M (SD) 34.9 

(12.1) 

35.3 

(12.3) 

35.5 

(12.3) 

35.6 

(11.9) 

35.5 

(11.8) 

35.3 

(11.8) 

35.5 

(1.02) 

 

Gender identity        

Man 0.933 0.938 0.946 0.947 0.946 0.952 0.945 

Trans man 0.015 0.014 0.014 0.010 0.015 0.011 0.011 

Genderqueer/gender 

non-conforming 

0.030 0.031 0.025 0.025 0.024 0.021 0.026 

Two-spirit 0.012 0.008 0.005 0.009 0.005 0.005 0.007 

Other 0.010 0.009 0.010 0.008 0.010 0.012 0.011 

Sexual orientation        

Gay 0.804 0.834 0.825 0.831 0.849 0.843 0.844 

Other sexual 

orientation 
0.196 0.166 0.175 0.169 0.151 0.157 0.156 
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Year since baseline 

(n) 

0 

(1863) 

1 

(1152) 

2 

(1026) 

2.5 

(874) 

3 

(800) 

3.5 

(847) 

4 

(836) 

Start date 2017-02 2018-03 2019-06 2020-01 2020-11 2021-06 2022-01 

End date 2019-08 2021-05 2022-05 2022-09 2023-03 2023-09 2024-03 

Ethnicity        

White 0.688 0.685 0.696 0.693 0.698 0.686 0.696 

Person of Color 0.312 0.315 0.304 0.307 0.302 0.314 0.304 

 

Education        

High school or lower 0.160 0.141 0.132 0.114 0.106 0.113 0.096 

College/University 0.629 0.625 0.631 0.631 0.638 0.640 0.661 

Graduate degree 0.211 0.234 0.237 0.255 0.256 0.247 0.243 

        

Income        

Low (<40K) 0.614 0.609 0.598 0.586 0.573 0.582 0.573 

High (≥40K) 0.386 0.391 0.402 0.414 0.428 0.418 0.427 

        

Marital status        

Married/common-

law 

0.213 0.239 0.252 0.261 0.254 0.252 0.259 

Separated/divorced/

widowed 

0.183 0.166 0.159 0.148 0.134 0.144 0.132 

Single 0.604 0.596 0.589 0.591 0.612 0.604 0.610 

Note. Total number of observations (Participant-Visits): n = 7398. Unless otherwise specified, 

numbers represent the proportion of participants. 

 

 

Trends over time 

 In Figure 1, we visualize changes in the prevalence of PrEP use, CAS, and STI diagnoses 

over time, adjusted for loss-to-follow up. The prevalence of CAS (Mann-Kendall Trend Test τ 

=0.429, p-value = 0.230) and STI diagnoses (τ =-0.429, p = 0.230) did not show statistically 

significant monotonic trends. Though statistically non-significant, we observed a slight dip in 

STI diagnoses during the 2- to 3-year follow ups, followed by a slight increase towards the final 

visit. In contrast to CAS and STI diagnoses, we did observe a statistically significant increase in 

PrEP use over time (τ =0.905, p = 0.007). 
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Figure 1. Prevalence of CAS, PrEP use and STI over time, adjusted for attrition. 

 

Note. The prevalences in Figure 1 are unadjusted with the exception of loss-to-follow-up 

weights. 

 

Multilevel Mediation Model 

The direct and indirect between- and within participant effects of PrEP use, HIV 

treatment attitudes, CAS, and STI outcomes are summarized in Table 2 and associations are 

visualized in Figure 2. 

 

Table 2. Multi-level model main effects of PrEP use and treatment attitudes on STIs. 

 
  95% CI   

Associations β LL UL z p 

Between-Participant Effects      

Total effects      

PrEP → STI 0.270 0.214 0.326 9.461 <0.001 

HIV Treatment Attitudes → STI 0.340 0.090 0.590 2.666 0.008 

      

Direct Effects      

PrEP → CAS 0.459 0.365 0.553 9.553 <0.001 

PrEP → STI 0.174 0.110 0.239 5.335 <0.001 

HIV Treatment Attitudes → CAS 1.185 0.784 1.585 5.800 <0.001 

HIV Treatment Attitudes → STI  0.093 -0.171 0.356 0.689 0.491 

CAS → STI  0.209 0.134 0.284 5.433 <0.001 

      

Indirect Effects      

PrEP → CAS → STI 0.096 0.057 0.135 4.840 <0.001 
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HIV Treatment Attitudes → CAS → STI 0.248 0.122 0.373 3.871 <0.001 

      

Within-Participant Effects      

Total effects      

PrEP → STI  0.314 0.231 0.397 7.414 <0.001 

HIV Treatment Attitudes → STI  -0.465 -0.658 -0.273 -4.740 <0.001 

      

Direct Effects      

PrEP → CAS 0.427 0.317 0.538 7.573 <0.001 

PrEP → STI 0.294 0.194 0.393 5.778 <0.001 

HIV Treatment Attitudes → CAS -0.256 -0.468 0.045 -2.382 0.017 

HIV Treatment Attitudes → STI  -0.453 -0.649 0.257 -4.524 <0.001 

CAS → STI  0.048 -0.047 0.143 0.991 0.322 

      

Indirect Effects      

PrEP → CAS → STI  0.021 -0.019 0.061 1.006 0.315 

HIV Treatment Attitudes → CAS → STI  -0.012 -0.037 0.013 -0.964 0.335 
Note. Arrows refer to effects of one variable on another. For example, PrEP → STI refers to the effect of PrEP 

use on STI. PrEP = Pre-Exposure Prophylaxis; CAS = Condomless Anal Sex.  

 

Figure 2. Visual model of the multilevel mediation analysis. 
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Note. PrEP = Pre-Exposure Prophylaxis; CAS = Condomless Anal Sex. Significant direct effects 

denoted with asterisks (*) and solid arrows. Dotted arrows represent non-significant direct 

effects. Total effects are denoted with square brackets [] around the estimate and represents the 

association before removing the effects of the mediator. Covariates are omitted in the figure for 

visual simplification. 

 

Between-Participant Effects 

At the between-level, we found statistically significant total effects of PrEP, β = 0.270 

95% CI[0.214, 0.326], z = 9.461, p < .001, and HIV treatment attitudes, β = 0.340 [0.090, 0.590], 

z = 2.666, p = .008 on STIs, such that participants who, on average, were on PrEP at a higher 

proportion of study visits or were more optimistic about the effectiveness of HIV treatments, on 

average, were more likely to have an STI diagnosis during, or within the past 6 months of, the 

study visit. Similarly, there were direct effects of PrEP use, β = 0.459 [0.365, 0.553], z = 9.553, p 

< .001, and HIV treatment attitudes, β = 1.185 [0.784. 1.858], z  = 5.800, p < .001, on CAS, such 

that people who used PrEP and who were more optimistic about the effectiveness of HIV 

treatments, on average, were more likely to report having engaged in CAS in the past 6 months 

prior to the visit. Examining the indirect effects, we saw that CAS partially mediated the effects 

of PrEP use, β = 0.096 [0.057, 0.135], z = 4.840, p < .001, and HIV treatment attitudes, β = 0.248 

[0.122, 0.373], z = 3.871, p < .001, on STI outcomes. After accounting for the indirect effects, 

the direct effects of HIV treatment attitudes on STI outcomes became statistically non-

significant, β = 0.093[-0.171, 0.356], z = 0.689, p = 0.491, suggesting that CAS fully mediated 

the effects of HIV treatment attitudes on STI outcomes. The direct effects of PrEP on STIs, 

however, remained statistically significant, albeit decreased in strength, β = 0.174 [0.110, 0.239], 

z= 5.335, p < .001, suggesting that CAS only partially accounted for the effects of PrEP on STI 

outcomes across PrEP and non-PrEP users. 

 

Within-Participant Effects 

Compared to the between-participant effects, we found a positive total effect of PrEP use 

on STI outcomes, β = 0.314 [0.231, 0.397], z = 7.414, p < .001 such that participants were more 

likely to have an STI diagnosis in visits where they reported using PrEP. In contrast, we saw a 

negative total effect of HIV treatment attitudes, β = -0.465 [-0.658, -0.237], z = -4.740, p < .001, 

such that participants were less likely to have an STI diagnosis in the visits they reported being 

more optimistic about the effectiveness of HIV treatments. Although PrEP use, β = 0.427 [0.317, 

0.538], z = 7.473, p < .001, and HIV treatment attitudes, β = -0.256 [-0.468, -0.045], z = -2.382, 

p < .017, were positively and negatively associated with CAS, respectively, within-person 

variation in CAS was not associated with changes in STI outcomes, β = 0.048 [-0.047, 0.143], z 

= 0.991, p = .322, and there were no statistically significant indirect effects (see Table 2). Thus, 

while individual PrEP use may have led to an increase in CAS, and increased treatment optimism 

to a decrease in CAS, other sexual behaviors besides CAS may have accounted for variation in 

STI outcomes. 
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Comparison of Between- and Within-Participant Effects 

 Finally, we examined how much of the variance in CAS (Figure 3) and STIs (Figure 4) 

was accounted for by our model. We see that between-participant effects accounted for 70.4% of 

the variance in reported CAS. Decomposing these effects further, we see that between-

participant differences in PrEP use and HIV treatment attitudes accounted for 23.7% and 6.2% of 

the variance in CAS. In contrast, 29.6% of the variance in CAS is accounted for by within-

participant processes. Compared to between-participant effects, we see that within-person 

variation in PrEP use and HIV treatment attitudes accounted for only 4.2% and 0.1% of the 

variance in CAS.  

 

Figure 3. River plot decomposing the direct effects of PrEP and HIV Treatment Attitudes on 

condom use behaviors.  

 

 

 As we can see in Figure 4, between-participant effects accounted for 40.6% of the 

variance in STIs, whereas within-participant effects account for 59.4%. However, the between-

participant effects of PrEP and CAS accounted for more variance in STI outcomes at 8.5% and 

10.8%, compared to their within-participant effects at 4.2% and 0.1%, respectively. HIV 

treatment attitudes only accounted for 0.1% of the between-participant variance and 0.7% of the 

within-participant variance in STI outcomes. Finally, we examined the difference in magnitude 

of the between- and within-participant indirect effects. The between-participant effects were 

stronger for both PrEP, Δβ = 0.075 [0.014, 0.137], z = 2.390, p = .017, and HIV treatment 

attitudes, Δβ = 0.260 [0.135, 0.385], z = 4.077, p < .001 (see Table S2 in Supplementary 

Materials for comparison of all between- and within-participant effects). PrEP and treatment 

attitudes’ direct and indirect effects together explained 18.1% of the of total variance of STI, and 

72.9% of this amount was due to between-participant effects. 
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Figure 4. River plot decomposing the direct effects of PrEP and HIV Treatment Attitudes on STI 

diagnoses.  

 

 

Demographic Covariates 

Higher income GBM were more likely to use PrEP, β = 0.560, 95% CI[0.352, 0.768], z =  

5.284, p<0.001), though the income differences in STIs are not statistically significant, β = -

0.106 [0.225 to 0.014], z =  -1.729 p=0.084). We also found that Vancouver GBM were more 

likely to use PrEP compared to GBM from Toronto (β=0.363, 95% CI: 0.097 to 0.629, z = 

2.677 , p<0.001) and Montreal (β=0.893, 95% CI: 0.669 to 1.117, z = 7.816, p<0.001), and that 

Toronto GBM were more likely to use PrEP compared to Montreal GBM (β=0.530, 95% CI: 

0.275 to 0.785,  z = 4.073, p<0.001). Model results for all covariates are provided in Table S3 of 

the Supplementary Materials. 

 

Discussion 

We examined how variation in PrEP use and HIV treatment attitudes were associated 

with CAS and STI diagnoses over 4 years of follow-up in a large, multi-city, community 

recruited sample of GBM in Canada’s three largest urban centers. Among GBM who had more 

than one anal sex partner at baseline, we found an increase in PrEP use, but no increase in the 

overall prevalence of CAS or STI diagnoses over the course of our study. Of note, when visits 



PREP, ATTITUDES, AND STIS  

 

This version of the article has been accepted for publication after peer review and is subject to Springer-Nature’s 

terms of use and may not reflect the post-acceptance improvements. The version of record can be found at:  

https://doi.org/10.1007/s10461-026-05301-4 

15 

corresponded with the first year of the COVID-19 pandemic in Vancouver, Toronto, and 

Montreal, GBM in these cities tended to limit their interactions with new sexual partners [45,46]. 

Our multilevel mediation analysis advances the current literature on the effects of PrEP 

use and HIV treatment attitudes on sexual health and behavior among GBM by disentangling 

between- and within-participant effects. We found that PrEP use was consistently associated 

with greater CAS and STI prevalence, both between participants and within participants over 

time. In contrast, although participants who were, on average, more optimistic about the 

effectiveness of HIV treatments were more likely to engage in CAS and have a positive STI 

diagnosis, within-person changes suggest that individual increases in treatment optimism were 

actually associated with decreased CAS and decreased STI diagnoses. Further, CAS only 

partially mediated the effects of PrEP use on STI diagnoses between participants and did not 

mediate within-person associations. However, CAS fully mediated the association between HIV 

treatment attitudes and STI diagnoses between participants, but not within participants over time. 

Finally, when we examined the relative contribution of between- and within-participant effects, 

we found that the between-person effects of PrEP use and CAS accounted for most of the 

variance of the predictors in our model. 

 

Implications for STI Interventions 

These results provide important implications for both STI intervention and public health 

communication strategies. Past research has found that being on PrEP and initiating PrEP use 

were both associated with CAS and STI diagnoses, respectively [24,26]. First, our research 

expands on these findings by examining variation in PrEP use both across different participants 

(between-participants) and within the same participants over time (within-participants). Our 

between-person effects demonstrate that people on PrEP, on average, are more likely to engage 

in CAS and to receive an STI diagnosis. However, our within-participant effects also highlight 

that decisions to engage in CAS are strongly related to fluctuations in individual variation in 

PrEP use over time. That is, when participants discontinued PrEP, they were also less likely to 

report engaging in CAS. Second, the continued statistically significant direct effects of PrEP use 

on STI diagnoses, after accounting for the effect of CAS, suggest that PrEP use may lead to a 

range of other sexual behaviors that increase the risk of STI transmission (e.g., greater number of 

sexual partners, more frequent partner change, or engagement in sexualized substance use; 

[47,48]).  

These findings underline the importance of developing and implementing new STI 

prevention strategies in an era of increasing PrEP use among GBM. Doxycycline-based PrEP 

and PEP (Doxy-PrEP/PEP) regimens for bacterial STIs are particularly promising strategies, as 

research suggests they are safe and effective for preventing STIs [49,50]. Although uptake of 

Doxy-PrEP/PEP may be hindered by people’s overall lack of concerns about bacterial STIs 

relative to HIV and concerns about antimicrobial resistance [51], PrEP and Doxy-PrEP/PEP are 

increasingly positioned as complementary components of a combined HIV and STI prevention 

strategy, rather than as standalone interventions [52]. Given that our PrEP-using participants are 
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less likely to engage in CAS when they were not using PrEP, many GBM may still be more 

concerned about HIV transmission compared to bacterial STI transmission [53,54]. This is 

consistent with guidelines suggesting that biomedical interventions for bacterial STI prophylaxis 

may also need to be integrated with social and informational interventions about STI risks [55].  

Although we found that people who were more optimistic about HIV treatments were 

more likely to engage in CAS and have a subsequent STI diagnosis, within-person increases in 

these attitudes over time showed the opposite effect. That is, within individuals, becoming more 

optimistic over time about the effectiveness of HIV treatments was associated with a decrease in 

CAS and STI diagnoses. It is possible that within-person increases in optimism may reflect 

greater knowledge, engagement with sexual health information, or increased contact with care 

services over time [56]. Such increases in treatment optimism may therefore be accompanied by 

more intentional sexual decision-making, including greater selectivity around condom use or 

temporary reductions in CAS with certain partners. It is also possible that greater knowledge 

about HIV treatments may be associated with more uptake of other STI prevention strategies in 

addition to PrEP, such as the use of doxycycline-based STI prevention and frequent STI testing. 

Existing informational interventions that promote knowledge about the effectiveness of HIV 

treatments (e.g., U=U) should therefore be coupled with information about STI reduction 

strategies, including Doxy-PrEP/PEP [57,58]. 

Finally, the greater between-, versus within-person effects suggests that there are 

important differences across participants that account for these effects. For example, there are 

disparities in PrEP access among GBM who experience housing instability or are newcomers to 

a given country [59,60]. In addition, differences in services available to GBM, both across cities 

and access within cities can drive these disparities. For example, we found that participants in 

Vancouver were more likely to be on PrEP, likely reflecting the universal funding and formal 

PrEP program available in British Columbia [8,61], which may have reduced health disparities 

such as those found among GBM who are newcomers to Canada or GBM with housing 

instability in Vancouver, in contrast to the partially public funding for PrEP available in Ontario 

and Quebec,.  

 

Limitations and Future Directions 

 Our mediation analyses rely on assumptions regarding temporal ordering among PrEP 

use, CAS, and STI diagnoses, which were assessed over the same six-month reporting window at 

each visit. As a result, these processes may have overlapped temporally, and we cannot 

definitively establish with precision that changes in PrEP use preceded changes in CAS, or that 

CAS preceded STI acquisition within a given visit interval. This temporal overlap may have 

attenuated observed indirect effects, particularly at the within-person level, and may partially 

explain the absence of statistically significant within-person mediation through CAS. 

Additionally, the association between PrEP use and STI diagnoses may partly reflect 

surveillance bias, as clinical guidelines recommend STI screening every three months for PrEP 

users. Although all participants received on-site testing at each study visit, STIs occurring 
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between visits were captured through self-report, which may disproportionately reflect diagnoses 

among PrEP users receiving routine interim testing. 

The current study aimed to recruit a representative sample of urban GBM but has less 

generalizability for GBM in rural areas or smaller cities. Additionally, self-reports of PrEP use 

and CAS can be subject to social desirability biases and measuring past 6-month prevalence may 

obscure greater within-person variation in these behaviors. Although our use of a community-

recruited sample and a 4-year follow-up are strengths, this study needed to re-consent 

participants into the second year of the study in Toronto and Montreal, which affected overall 

study retention. This limitation was mitigated by weighting for covariates associated with loss-

to-follow-up. As our measure of treatment attitudes does not explicitly measure optimism related 

to PrEP use, future studies should examine the between- and within-person effects of these 

attitudes as well as optimism related to novel STI prevention regimens. In addition, our 

definition of syphilis positivity was an approximation that may underdiagnose cases of early 

syphilis. Other factors should also be considered as mechanisms in the relationship between HIV 

PrEP use and subsequent STI diagnoses. Future factors to consider may include the context of 

CAS, such as CAS during Party-and-Play or chemsex, and the number of anal sex partners.  

 

Conclusions 

Our findings from this large, multicity, longitudinal study highlight the importance of 

examining both between-person and within-person effects of PrEP and HIV treatment attitudes 

on CAS and STI diagnoses. We found that GBM using PrEP, and those who were more 

optimistic about the effectiveness of HIV treatments in general, were more likely to engage in 

CAS and have a positive STI diagnosis. However, we also found within-person variation in PrEP 

use and CAS, suggesting that a person’s decision to engage in CAS may be based at least 

partially upon their PrEP behavior, rather than a general preference to engage in CAS among 

PrEP initiators. Similarly, although people who were more optimistic about HIV treatments were 

more likely to engage in CAS, within-person increases in optimism were associated with a 

decrease in CAS and STI diagnoses, which suggests that greater knowledge about HIV 

treatments may lead to greater adoption of other STI prevention strategies in addition to PrEP. 

Given that we found within-person PrEP use was associated with increased CAS and positive 

STI diagnoses, and given the general increase in adoption of PrEP over time, there is a need to 

develop, test, and implement new STI prevention interventions, especially for people who use 

and people who are eligible to use PrEP to prevent HIV transmission.
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