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Abstract

Background—We sought to identify factors associated with condom-use during anal intercourse 

among self-identified HIV-negative gay, bisexual, and other men who have sex with men (GBM) 

in Vancouver, Canada following “treatment as prevention” (TasP) scale-up in 2010.

Methods—Sexually-active GBM were recruited using respondent-driven sampling (RDS) from 

2012–2014. We analyzed participants’ most recent sexual encounter with up to their last five 

sexual partners within the past six months. In addition to individual- and event-level explanatory 

factors, we assessed potential associations with TasP awareness, TasP-related prevention practice 

(viral load sorting), and TasP-related attitudes (HIV treatment optimism). Accounting for 

clustering at the RDS chain- and participant-level, factors associated with event-level condom-use 

versus non-use were determined using a multivariable generalised linear mixed model built using 

backward selection and AIC minimization.

Results—Of 513 participants, 436 GBM (85%) reported a total of 1196 anal sex events with 

56% condom-use. The proportion of condom-protected sexual events decreased monthly over the 

study period (OR=0.95 per month, 95%CI:0.92–0.98). TasP practices and attitudes were 

significantly associated with lower odds of condom-use at the univariate level, but were no longer 

significant at multivariate level. In the multivariable model, event-level partner methamphetamine 

use (aOR=0.18, 95%CI:0.06–0.58), frequency of recent anal intercourse with that partner 

(aOR=0.97 per act, 95%CI:0.95–0.98) and time since first sex with that partner (aOR=0.97 per 6 
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months, 95%CI:0.95–0.99) were associated with lower odds of condom-use while event-level 

participant alcohol use (aOR=1.41, 95%CI:1.01–1.98) and no planned future sex with that partner 

(aOR=1.56, 95%CI:1.08–2.27) were associated with greater odds of condom-use. Event-level 

receptive-only (aOR=2.10, 95%CI:1.38–3.20) or insertive-only (aOR=2.53, 95%CI:1.64–3.90) 

sexual positions were associated with greater odds of condom-use compared with reporting both 

positions.

Conclusions—TasP-related factors were not the most salient predictors of GBM’s condom-use. 

Health promotion must consider associations between condomless anal sex and substance use and 

relational factors.

SHORT SUMMARY

HIV-negative gay men’s condom-use during anal intercourse decreased monthly over the study 

period, and Treatment as Prevention related factors were not the most salient predictors.
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INTRODUCTION

In Canada, gay, bisexual, and other men who have sex with men (GBM) accounted for over 

half of new HIV infections in 2014.[1] In 2010, the province of British Columbia (BC) 

adopted “treatment as prevention” (TasP) as the key strategy to reduce HIV morbidity and 

transmission through increased HIV testing and expansion of combination antiretroviral 

therapy (cART) to all persons living with HIV.[2] Approximately 18% of HIV-positive GBM 

are unaware of their infection,[1] and in BC, 86% of HIV-diagnosed GBM are on cART, of 

whom 84% have suppressed viral loads.[3] Although TasP has contributed to earlier HIV-

diagnosis and a broader distribution of cART health benefits, there is concern that it may 

lead to risk compensation[4]. This is the idea that medical innovations intended to decrease 

adverse event probability could unintentionally lead to increased risky behaviours,[5] which 

could undermine the benefits combination HIV prevention approaches. It is essential to 

evaluate possible concomitant impacts of TasP scale-up on an existing prevention strategy 

such as condom-use.

During anal sex, correct and consistent condom-use is a highly cost-effective method to 

prevent HIV transmission and other sexually transmitted infections (STI).[6] Also, since 

TasP places the responsibility for ongoing treatment adherence upon HIV-positive 

individuals, condoms are a primary prevention strategy for HIV-negative GBM. Given BC’s 

expansion of TasP in 2010 to extend the reach of testing, cART, and reduce community viral 

load,[2] there are fundamental gaps in our current understanding of HIV-negative GBM’s 

condom-use.

Growing optimism regarding medical advancements in HIV treatment, a potential product of 

TasP promotion, may have implications for condom-use. Past research with HIV-negative 

GBM in Vancouver found that direct TasP awareness was not associated with risky sex, 

however this did not assess TasP-related attitudes or behaviours.[7] The limited studies on 
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HAART optimism (a proxy of TasP-related attitudes),[8] and sexual risk among HIV-

negative GBM offer contrary findings.[9] As a TasP-informed behavioural measure, viral 

load sorting is a prevention practice where HIV-negative individuals choose to only have 

condomless anal sex with partners who are HIV-positive with undetectable viral loads.[10] 

Research is needed that evaluates broadly possible TasP-associated factors and their impact 

on condom-use.

Most research investigating substance use and HIV/STI infection is based on situational or 

global-instead of event-level analyses.[11] Event-level analyses examine variables within the 

context of a specific sex event, yielding improved causal evidence.[11] Similar to previous 

research on GBM’s condom-use and HIV risk, we apply a syndemics theory framework, 

examining how psychosocial (individual-level), relational (partner-level) and situational 

(event-level) factors interact to increase HIV risk.[12] Using event-level data from HIV-

negative GBM, our objectives were to 1) determine the prevalence of condom-use during 

anal intercourse, 2) evaluate any change over time in condom-use, and 3) identify 

individual-, partner-, and event-level factors associated with condom-use, with a particular 

focus on TasP-related factors.

MATERIALS AND METHODS

Study Protocol & Participants

Data are drawn from GBM in Metro Vancouver, the largest metropolitan area of BC. 

Participants were recruited between February 2012 and February 2014 using respondent-

driven sampling (RDS).[13] As per RDS methodology, initial “seed” participants were 

recruited in-person through partner community agencies or online through advertisements 

on GBM sociosexual networking websites/apps.[14] Participants were remunerated $50 for 

their visit, and $10 for each of up to six additional recruits successfully enrolled in the study. 

Eligibility criteria included: being ≥16 years of age, gender identifying as a man, reporting 

sex with another man in the past six months, currently living in Metro Vancouver, and being 

able to complete the questionnaire in English. Written informed consent was secured at the 

study office in downtown Vancouver. Data were collected during a 90-minute study visit, 

which included a computer-assisted self-interview (CASI) regarding demographics, sexual 

behaviour, substance use, and psychosocial attributes, and a subsequent nurse-administered 

clinical questionnaire and biological specimen collection for HIV, syphilis and Hepatitis C 

testing. This analysis was limited to participants who self-identified as HIV-negative, that is 

they did not report being diagnosed previously with HIV. The following institutional 

Research Ethics approved the study protocol: University of British Columbia (H11-00691), 

Simon Fraser University (2011s0691), and the University of Victoria (11-459). Additional 

detail on the study protocol are published elsewhere.[15]

Outcome Variable

The primary outcome of this analysis was condom-protected anal intercourse versus any 

condomless anal intercourse as measured at each individual sexual episodes/encounters (i.e., 

event-level data). During the CASI, participants completed a “partner matrix” of a repeating 

set of questions about their last sexual encounter (event-level factors, see below) with each 
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of up to their five most recent sexual partners within the past six months. Participants were 

only asked to report on one sexual event, the most recent one, with each of their recent 

sexual partners (to a maximum of five partners). Sexual encounters that did not include anal 

intercourse were excluded. Condom-use was coded as such so long as condoms were 

reported for all sexual positions in that event (receptive, insertive, or both). Otherwise, the 

outcome was coded as non-use.

Explanatory Variables

All data for explanatory variables were collected during the CASI. Individual-level factors 

were collected for demographics, psychosocial factors, and prevention practices and 

attitudes. Event-level factors were collected regarding the partner and the last sexual event 

with that partner. Each grouping of factors is described in greater detail below.

A number of TasP-related variables were considered. Participants were asked whether they 

had “heard of the term treatment as prevention” to assess awareness. Participants were asked 

whether they intentionally had “anal sex without condoms with HIV-positive guys who have 

low viral loads or are on HIV treatment” in the past six months to assess TasP-related 

prevention practice. Participants were asked whether they agreed or disagreed with the 

following statement to assess TasP-related attitude: “Knowing a sex partner’s viral load is 

just as important as knowing their HIV status”. Finally, participants completed a 12-item 

HAART optimism scale (study alpha = 0.79, scale range 12–48) with greater scores 

indicating great optimism.[8]

Demographic information was collected for age group, sexual orientation, race/ethnicity, 

annual income, and relationship status (single, not married/common-law, married/common-

law). Participants also indicated the timing of their most recent HIV test. A series of 

potential HIV prevention or risk reduction practices (i.e., consistent condoms, strategic 

positioning, anal abstinence, serosorting, withdrawal, and asking HIV status before sex) 

were posited to participants who indicated whether they used these in the past six months or 

not.

A number of other psychosocial scales were included: 11-item Sexual Sensation Seeking 

Scale (revised) (range 11–44; study alpha = 0.78) with greater scores indicating more sexual 

sensation seeking,[16] 7-item personal subscale and a 6-item communal subscale for sexual 

altruism (zero-based average, range 0–4; study alpha = 0.73) with greater scores indicating 

more altruism,[17] 12-item Escape Motivation scale (range 12–48; study alpha = 0.89) with 

greater scores indicating more escape motivations,[18] and two 7-item subscales for anxious 

and depressive symptoms using the Hospital Anxiety and Depression Scale (range 0–21; 

study alphas = 0.84, 0.79, respectively) with greater scores indicating more anxiety and 

depression symptomology, respectively.[19] An example item from the Escape Motivation 

scale is, “When I am drunk or high, I will do anything with anyone.”, which participants rate 

on a 4-point Likert scale from Strongly Disagree (1) to Strongly Agree (4).

Event-level factors were collected for each partner and sexual event. Participants indicated 

the number of months since they first had sex with that partner (per 6-month period) and the 

number of times they had anal sex with this partner in the past 6 months (per act). 
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Participants indicated the month and year of the last sexual event they had with each partner, 

which was used to conduct a change over time analysis (see below). For each sexual event, 

participants indicated their anal sex positions (receptive, insertive, or both), their level of 

certainty regarding their partner’s HIV status before sex, whether they would have sex with 

this partner again in the future, and whether they had received any goods, money, drugs or 

services in return for sex. Participants also reported on their own and their partners’ 

substance use for the two hours prior to and during the sexual encounter for a variety of 

substances (e.g., alcohol, marijuana, poppers, erectile dysfunction drugs (EDD), crystal 

methamphetamine, gamma-hydroxybutyrate (GHB), and ecstasy/MDMA).

Analyses

Data analysis began by limiting the analysis to participants and events that reported anal 

intercourse. Given multiple sexual events were reported by the same participant, known as 

“one with many”[20], we used a generalized linear mixed model with a random effect for 

participant to address clustering at that level.[21] We also included another random effect for 

RDS chain to address potential clustering given recruitment occurred within socio-sexual 

networks. As the outcome level was binary (condom-use versus non-use), we used a mixed 

effects logistic model. Univariate associations were prepared for all individual-level and 

event-level explanatory factors. A multivariable model was built using manual backward 

selection and Type III p-value and AIC minimization to select the optimal factors to retain in 

the final model.[22] Change over time in the proportion of anal sex events where condom-

use was reported versus not (outcome) was assessed using a continuous variable for month 

(explanatory factor) in the same regression method described above. To allow for consistent 

power across months (as recruitment was slower at the beginning and end of the study 

period), events reported during or before February 2012 were collapsed together as were 

events reported during or after December 2013; all over events were grouped into the month 

in which they were reported to have occurred. All analyses were conducted using SAS® 

version 9.3 (SAS, North Carolina, United States).

RESULTS

A total of 524 self-identified HIV-negative GBM were recruited into the study. Of these, 513 

completed the partner matrix with a total of 1,866 sexual encounters reported (mean=3.64/

participant). Most participants reported at least one anal intercourse event (n=436/513, 

85.0%), of whom 36.7% reported consistent condom-use across all of their anal intercourse 

events. Across the 1866 sexual encounters reported in the event-level data, most encounters 

included anal intercourse (n=1196/1886, 64.1%).

Of the 1196 anal sex events (ASE) used for these analyses, 55.5% reported condom-use. 

Figure 1 shows the proportion of events with reported condom-use across each month of the 

study period. The likelihood of condom-use decreased monthly over the study period 

(OR=0.95, 95% CI: 0.92–0.98). For example, 64.3% of ASEs reported condom-use in the 

first time period while only 44.0% of ASEs reported condom-use in the final time period. By 

sexual position, of the 1196 ASEs, 493 included only insertive anal sex roles (n=280/493, 

56.8% with consistent condom-use), 453 included only receptive anal sex roles (n=286/453, 
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57.1% with consistent condom-use), and 250 included both anal sex roles. Of these 250 

events, 234 reported either consistent condom-use or consistent non-use for both sexual 

positions (n=98, 39.2% reported consistent condom-use across both roles; n=136, 54.4% 

reported condomless anal sex in both roles). As such, only 16 of 250 dual sexual position 

events (6.4%), or 1.3% of all ASEs, reported differential condom-use across sexual 

positions.

Notably, consistent condom-use during the 1196 ASEs varied by awareness of partner’s HIV 

status: 67.0% with unknown status partners (n=209/312 events), 56.2% for partners thought 

to be HIV-negative (n=181/322), 53.7% with partners thought to be certainly HIV-negative 

(n=255/475), 22.7% with partners thought to be certainly HIV-positive (n=17/75), and 

16.7% with partners thought to be HIV-positive (n=2/12).

Table 1 presents the descriptive statistics, univariate associations, and multivariate 

associations for condom-use for individual-level factors in our analysis. There was no 

significant difference in condom-use reported between participants who had heard of TasP 

compared with those who hadn’t (p=0.44). However, two other TasP-related factors were 

significantly associated with lower odds of condom-use at the univariate level: having 

reported use of viral load sorting as a prevention practice in the past six months (OR=0.18, 

95% CI: 0.10–0.31) and reporting greater Treatment Optimism on the scale (OR=0.90, 95% 

CI: 0.87–0.93). Table 2 presents the descriptive statistics, univariate associations, and 

multivariate associations for condom-use for event-level and partner-level factors.

The multivariable generalized linear mixed effect logistic regression model for event-level 

condom-use versus non-use is shown in the far right columns of Table 1 and Table 2. 

Significantly greater odds of condom-use was associated with reporting consistent condom-

use as a recent preventive practice (aOR=4.04, 95% CI:2.74–5.95), greater Communal 

Sexual Altruism scale scores (aOR=1.64, 95% CI:1.22–2.21), reporting only a receptive 

(aOR=2.10, 95% CI:1.38–3.20) or insertive anal sex role (aOR=2.53, 95% CI:1.64–3.90) 

versus both, reporting no future plan to have sex with that partner (aOR=1.56, 95% CI:1.08–

2.27), and reporting their own use of alcohol before or during sex (aOR=1.41, 95% CI:1.01–

1.98). Significantly lower odds of condom-use was associated with reporting an annual 

income of greater than $30,000 CAD (aOR=0.65, 95% CI:0.46–0.93), reporting sero-sorting 

as a recent preventive practice (aOR=0.50, 95% CI:0.35–0.73), reporting greater Escape 

Motivation scale scores (aOR=0.96, 95% CI:0.93–0.99), having first had sex with that 

partner longer ago (aOR=0.97 per 6-month period, 95% CI:0.95–0.99), having had more 

recent anal sex with that partner (aOR=0.97 per act, 95% CI:0.95–0.98), and reporting 

crystal methamphetamine use by their partner (aOR=0.18, 95% CI: 0.06–0.58).

DISCUSSION

Our study was conducted in Vancouver, where major efforts regarding TasP promotion and 

rollout have been underway since 2010.[2] We analyzed 1886 recent anal intercourse events 

reported by 513 self-reported HIV-negative GBM and determined a 55.5% overall 

prevalence of event-level condom-use during anal intercourse. However, condom-use 

decreased significantly over the study period, which provides some indication of an 
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ecological or cultural shift away from condom-use for some GBM.[23] We examined 

associations between condom-use and various TasP-related factors. In our study, TasP 

awareness was not associated with event-level condom-use, which may indicate the 

limitations of this measure as an explanatory factor of risk compensation.[4–5] Although not 

significant in our multivariable model, we found significantly lower odds of condom-use 

reported by GBM who reported viral load sorting and greater HAART optimism (TasP-

related prevention practice and attitudes) at the univariable level. Our findings add to a 

growing number of studies suggesting that greater uptake and confidence in HIV treatment 

coincide with sexual risk compensation among GBM.[9] These findings reflect an accurate 

perception of GBM that treatment reduces the risk of HIV transmission.

Compared with more commonly used period prevalence measures, our use of event-level 

data provide better evidence for temporal causality and more salient predictors of condom-

use. Particularly with regards to substance use, event-level crystal methamphetamine use 

was linked to condomless sex in our study, as in a recent event-level systematic review.[11] 

This review also identified binge drinking (≥5 alcoholic drinks per occasion) with 

condomless sex, while our study recognized alcohol use as a protective factor. Our study 

instrument was not able to distinguish between any and binge use of alcohol. As such, our 

protective finding likely reflects the varied levels of and reasons for alcohol use in social-

sexual settings,[12] and indicates that health promotion and research need to distinguish 

between binge and non-binge drinking.

Partner familiarity or relational closeness, which was captured in our analysis by longer time 

since first sex, greater sexual experience, and future intentions to have sex with that partner, 

continues to drive a certain proportion of condom non-use.[24] Prior research demonstrates 

that condom-use is habitual across partner types and sexual positions,[21] and that most HIV 

infections occurred within the context of main partnerships given reduced condom-use, 

increased sexual versatility, and more frequent sex.[25] Indeed, we found that individuals 

reporting both anal sex positions were significantly less likely to report condom-use than 

those men reporting engaging in only one position.

Longitudinal research has demonstrated that GBM are challenged to maintain any 

prevention practice over time, which degrades their effectiveness.[26] Interventions and 

health promotion programs that improve condom-use must focus on appropriate and 

consistent use.[27] Fortunately, we found that men who reported intentional consistent 

condom-use as a prevention strategy had four times greater odds of condom-use at the event-

level. Condoms provide prevention for many STIs, but the TasP- and HAART-related 

attitudes and seroadaptive practices of men with lower odds of condom-use in our study 

reflect intentional consideration to reduce their possibility of acquiring HIV, potentially 

without (equal) concern for other STIs. In lieu of condom-use, HIV pre-exposure 

prophylaxis (PrEP) offers the only other effective primary prevention intervention to limit 

onward sexual transmission of acute HIV infection within sexual networks with low/no 

condom-use.[28] However, none of our participants reported PrEP use, which was not 

approved for use in Canada nor was there a publicly funded access program during the study 

period.[29] Sero-sorting as a risk reduction strategy was also associated with condom non-

use, emphasizing the importance of interventions that support disclosure between sexual 
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partners, and appropriate adherence to HIV testing guidelines. Efforts to improve modifiable 

attitudes such as sexual altruism may provide such an opportunity to improve safer sex 

practices.

Our study had a number of limitations. Participants were only asked to report on their most 

recent sex with a partner (one event per partner), which was intended to reduce recall bias by 

limiting the time between survey data and sexual event, but may have introduced order bias. 

Despite the significance of partner-level factors in our findings, we were unable to 

distinguish between different romantic or emotional partner types, such as those with a main 

partner(s) versus casual extra-relational partners. It is important to note that these analyses 

focused exclusively on events where anal intercourse was reported, and the patterns 

observed may differ if non-anal intercourse events were included. Finally, given the 

multilevel nature of the data, future research could explore statistical interactions between 

individual-level traits and event-level factors.

In conclusion, our work demonstrates that condom-use may be decreasing among Vancouver 

GBM, but that TasP-related attitudes and practices were not the most salient predictors of 

event-level condom-use. As such, health promotion must promote frank dialogue regarding 

HIV status, relational factors, and substance use. Crystal methamphetamine may require 

more specific programming to reduce problematic substance use, given its repeated 

significance in research.[11] Future prospective longitudinal research must evaluate within-

person change over time in condom-use, substance use, sexual behaviour and attitudes, and 

the relationships between these factors. Research must also determine whether these 

population-level changes have impacted other STI transmission rates.
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Figure 1. 
Proportion of condom-protected anal sex events reported over time (by month)
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