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Abstract

Using baseline data of the Engage Cohort Study, a Canadian study of sexually active gay, bisexual and other men who
have sex with men (GBM), we evaluated the association between sexual behavior and risk perception among HIV-
negative participants and whether HIV treatment optimism moderated this relationship. Participants were recruited by
respondent-driven-sampling (RDS). We defined high-risk sexual behavior in the past six months as any condomless anal
sex with a casual partner (i.e. not the participant’s main partner) with either unknown HIV-status where neither used pre-
exposure prophylaxis or with a partner living with HIV having detectable/unknown viral load. We assessed HIV treatment
optimism-skepticism using a 12-item scale. RDS-II-weighted adjusted logistic regression models examined associations
with risk perception measured by the question “How would you assess your current risk of getting HIV?” (response
options were on a 6-point Likert-scale ranging from “very unlikely” to “very likely”, dichotomized into “No Perceived
Risk” (very unlikely/unlikely) and “Perceived Risk” (somewhat likely/likely/very likely/I think I already have HIV). Of
1961 participants, engagement in high-risk sexual behavior was reported by 155 (17.0%), 62 (12.4%), 128 (17.2%) of
participants in Montréal, Toronto, and Vancouver, respectively. High-risk sexual behavior increased the odds of perceived
HIV risk (pooled adjusted odds ratio=2.9, 95%CI=2.2-3.8). HIV treatment optimism-skepticism scores moderated the
relationship: for GBM engaging in high-risk sexual behavior, higher HIV treatment optimism-skepticism scores increased
perceived HIV risk. Promoting awareness around advances related to HIV prevention and treatment is important for
appropriate risk assessment and for increased engagement in prevention interventions.
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Resumen

Evaluamos la asociacion entre el comportamiento sexual y la percepcion de riesgo entre los participantes VIH negativos
y si el optimismo sobre el tratamiento del VIH moder6 esta asociacion. Definimos comportamiento sexual de alto riesgo
en los ultimos seis meses como cualquier sexo anal sin condon con una pareja casual con un estado de VIH descono-
cido donde ninguno utilizé profilaxis previa a la exposicion o con una pareja que vive con el VIH y que tiene una carga
viral detectable/desconocida. Se evalud el optimismo sobre el tratamiento del VIH mediante una escala de 12 items. Los
modelos de regresion logistica ajustados examinaron las asociaciones con la percepcion del riesgo ("Riesgo no percibido"
vs. “Riesgo percibido”). De 1961 participantes, 155 (17,0%), 62 (12,4%), 128 (17,2%) de los participantes en Montreal,
Toronto y Vancouver, informaron comportamiento sexual de alto riesgo. El comportamiento sexual de alto riesgo se
mostrd asociado con riesgo percibido. El optimismo sobre el tratamiento modero la asociacion. Promover la conciencia
sobre los avances relacionados con la prevencion y el tratamiento del VIH es importante para una evaluacion adecuada
de los riesgos y una mayor participacion en las intervenciones de prevencion.
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Introduction

In Canada, the HIV epidemic continues to disproportion-
ately affect gay, bisexual, and other men who have sex with
men (GBM). In 2020, it was estimated that 62,000 peo-
ple were living with HIV, of whom 50% were GBM [1].
National estimates of yearly HIV incidence for 2020 (1,520,
range 870-2,260) showed a slight decrease compared with
2018 (1,760, range 1,360-2,190). This decrease may have
been influenced by the COVID-19 pandemic, which had an
impact on social and sexual relations, as well as access to
health services and HIV testing [2]. Approximately 43% of
all new HIV infections in 2020 occurred among GBM [1].

Risk perception, or the extent to which individuals think
they are at risk of a negative outcome (like acquiring an
infection or developing a chronic illness), is central to
understanding what motivates people to engage in specific
behaviors [3, 4]. Both the Health Belief Model and the AIDS
risk reduction model [4, 5] theorize perceived risk as a nec-
essary construct on the path to behavior change. Risk per-
ception is a cognitive process that is influenced by a variety
of subjective factors including thoughts, emotions, cogni-
tive biases, and heuristics [6—11]. Optimism bias, defined as
the tendency to underestimate one’s chance of experiencing
a negative event (or overestimating one’s chance of expe-
riencing a positive event), is one of the most consistently
documented cognitive biases in psychology and behavioral
economics [12]. In the field of health research, multiple
studies have shown that individuals underestimate their risk
of a health threat in absolute terms, but this is particularly
true in relative terms; when comparing oneself with some-
one else’s risk [13, 14].

Research from the past three decades has suggested a
correlation between a reduced perceived threat of HIV
infection and increased engagement in condomless anal
sex and increased number of sex partners among GBM
[15, 16]. These trends temporally correlate with the posi-
tive impact of antiretroviral therapy on the HIV epidemic.
In one study, anonymous cross-sectional community sur-
veys were collected from almost two thousand men at
four LGBTQ + Pride events from 1997 to 2015, in Atlanta,
United States [15], and results showed that both condomless
anal sex and number of sex partners increased over time.
Concurrently, HIV risk perception decreased over time [15].
These observations suggest a correlation between increased
engagement in high-risk sexual behavior and decreased
HIV risk perception, which may be partially due to opti-
mism about the effectiveness of HIV treatment both in terms
of reducing the likelihood of acquiring HIV infection, as
well as reducing the severity of infection if acquired [17].

Individuals engaging in high-risk sexual behavior and
not perceiving elevated risk of HIV acquisition, may not
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feel the need to seek out prevention measures to lower their
risk or identify early infection - this could include accessing
HIV testing, taking HIV pre-exposure prophylaxis (PrEP),
using condoms, and/or seeking HIV post-exposure prophy-
laxis (PEP) after a high-risk encounter. For example, a 2015
review on the barriers and facilitators of HIV testing high-
lighted the link between low HIV risk perception and not
testing for HIV [18]. In a study that surveyed GBM under-
going anonymous HIV testing in Toronto, authors found
that the greatest barrier for PrEP uptake, among other bar-
riers along the trajectory of access and uptake of PrEP, was
low perception of HIV risk [19]. Similarly, a cross-sectional
analysis of the Engage Cohort Study that included partici-
pants from Montreal, Toronto, and Vancouver showed that
among 1,159 participants who met clinical recommenda-
tions for PrEP, not feeling at high enough risk was associ-
ated with not using PrEP [20], a finding also reported in a
study from the United States [21].

Taken together, these findings suggest that optimism
towards HIV treatment may influence the relation-
ship between an individual’s sexual behavior and their
HIV risk perception. This cross-sectional analysis of the
Engage Cohort Study explored the relationship between
sexual behavior and HIV risk perception. Additionally, we
assessed whether HIV treatment optimism moderated this
relationship.

Methods
Study Design and Setting

Engage is a mixed-methods prospective biobehavioral
cohort study conducted in Montréal, Toronto, and Vancou-
ver. The study examines and monitors GBM’s sexual health
and practices, antiretroviral-based prevention of HIV infec-
tion, and the occurrence of sexually transmitted and blood-
borne infections. Respondent-driven sampling (RDS), an
adapted form of chain referral, was used to recruit partici-
pants at baseline [22]; this method is recommended for stud-
ies where a sampling frame is unavailable or when sampling
a hard-to-reach population. All participants provided writ-
ten informed consent and were compensated for study vis-
its. Additional study design, recruitment, and sample details
are available elsewhere [20, 22, 23].

Study Procedures and Population

Participants completed a questionnaire using computer-
assisted self-interviewing, followed by nurse-assisted
testing for HIV and other sexually transmitted and blood-
borne infections. HIV infection was ascertained through
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fourth-generation HIV testing, and a confirmation test.
Eligible participants were 16 years of age or more, gender
identified as a man (including trans man), reported sexual
activity with a man in the 6 months preceding enrolment,
resided in Montréal, Toronto, or Vancouver, and were able
to read English or French. Given that the primary objective
of the current study was to explore HIV acquisition risk per-
ception, HIV test results from the baseline visit were used
to identify participants who were living with HIV and these
participants were excluded from the analysis. This analysis
thus included baseline data on HIV negative participants
from all three cities. Participants were recruited from Feb-
ruary 2017 to June 2018 in Montréal, May 2017 to August
2019 in Toronto, and February 2017 to August 2019 in Van-
couver; periods varied based on differences in recruitment
rates across cities.

Outcome Variable: HIV Risk Perception

Participants were asked to assess their perceived risk for
acquiring HIV by answering the question “How would you
assess your current risk of getting HIV?”. Response options
were on 6-point Likert-scale (Very unlikely, Unlikely, Some-
what likely, Likely, Very likely), in addition to the response
options “I think I already have HIV” and ‘“Prefer not to
answer”. We dichotomized responses into “No Perceived
Risk” (options: Very unlikely and Unlikely) and “Perceived
Risk” (options: Somewhat likely, Likely, Very likely, and I
think I already have HIV). Participants who selected “prefer
not to answer” were considered to have missing values.

Main Explanatory Variable: Engaging in High-risk
Sexual Behavior

Participants were asked to report event-level information
occurring in the past 6 months on up to five sex partners.
For each of these five partners, participants could indicate
whether they were a main partner (Yes/No), defined as “a
person you are in a relationship with and feel most commit-
ted to, even if you are in a polyamorous/open/non-monog-
amous relationship”. If the participant responded “No”,
then the sex partner was defined as a casual partner. Thus, a
casual partner was defined as a sex partner that was not the
participant’s main partner. For each reported casual partner,
a high-risk event was defined as engaging in anal sex with-
out a condom with either (1) a partner with an unknown HIV
status, where neither participant nor partner reported using
PrEP, or (2) a partner living with HIV who was reported to
have a detectable/unknown HIV viral load. As such, anal sex
without a condom with a casual partner who was HIV nega-
tive (based on participants’ self-reported information) was
not defined as a high-risk event. A dichotomous variable for

engaging in high-risk sexual behavior was created with the
categories: no high-risk event in the past 6 months and at
least one high-risk event in the past 6 months.

Moderator: HIV Treatment Optimism-skepticism
Scale

The HIV treatment optimism-skepticism scale [24] was
originally developed, assessed, and validated in three sepa-
rate samples of gay men from Australia. It is a single-fac-
tor 12-item scale addressing concerns about HIV infection
(e.g. “HIV is less of a threat because the epidemic is on
the decline”), the implications of an undetectable viral load
(e.g. “A person with undetectable viral load cannot pass on
the virus”), and HIV treatment (e.g. “HIV/AIDS is a less
serious threat than it used to be because of new treatments™).
Response options were on a 4-point Likert-scale (strongly
disagree to strongly agree). Scores range from 12 to 48 with
lower scores indicating greater skepticism and higher scores
indicating greater optimism. The scale showed high inter-
nal consistency in the current analytical sample, Cronbach’s
alpha=0.80.

Other Explanatory Variables

Prior studies [25-27] guided our selection of other explana-
tory variables hypothesized to act as possible confounders
in the association between sexual behavior and HIV risk
perception. The sociodemographic variables included: age,
sexual orientation (gay versus other: bisexual, straight,
queer, questioning, asexual, pansexual, or two-spirit), eth-
nocultural group (French or English Canadian versus other),
highest attained education level (high school or less versus
more than high school), and annual income (less than 30,000
Canadian dollars [CAD] versus 30,000CAD or more). Sex-
ual behavior-related variables were: engagement in given or
received transactional sex in the past 6 months (for money,
drugs or other goods or services, yes/no) and engagement in
chemsex (defined as the use of crystal methamphetamine,
gamma-hydroxybutyrate (GHB), 3,4-methylenedioxymeth-
amphetamine (MDMA), ketamine or amyl nitrite [poppers])
in the two hours before sex or during sex with at least one
of the five reported partners (yes/no). Finally, other vari-
ables included currently having a main partner (yes/no), and
timing of last HIV test before participating in the Engage
Cohort Study (never tested/don’t remember, more than 1
year ago, or in the past year).

Statistical Analysis

We weighted all analyses using RDS-II weights, which are
inversely proportional to each participant’s self-reported
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network size, thereby accounting for any potential recruit-
ment bias introduced by individuals with large social net-
works who were more likely to be recruited [28, 29]. To
characterize the study population in each city, we provide
absolute numbers and RDS-weighted descriptive statistics
for each variable along with their 95% confidence intervals
(95% CIs).

RDS-weighted logistic regression models were used with
engaging in high-risk sexual behavior as the main explana-
tory variable and risk perception as the outcome variable
(1 =perceived risk, 0 =no perceived risk). The role of treat-
ment optimism-skepticism as a moderator was assessed
with RDS-weighted logistic regression models where an
interaction term between HIV treatment optimism-skepti-
cism scores and engagement in high-risk sexual behavior
was included. Lastly, we included all other explanatory
variables, see previous section, in a final adjusted model.
All regressions were first separately performed for each city,
and, as all significant effects were qualitatively similar (i.e.
the nature of associations was the same), a pooled regres-
sion was performed. The pooled model brings together data
from all three cities to provide estimates with greater preci-
sion resulting from the larger sample. The three city-spe-
cific models and the pooled model are shown in the Results
section. We assessed multicollinearity in the final pooled
adjusted model by computing the variance inflation factor
(VIF) which gives the amount of the variance of a regres-
sion coefficient that is inflated due to multicollinearity (VIF
of 1 means absence of multicollinearity, whereas values that
exceed 5 suggest a problematic amount of collinearity). VIF
results indicated that the final pooled adjusted model was not
affected by multicollinearity (highest value was 1.38 for the
treatment optimism-skepticism score, see Supplementary
Material for additional results). The Supplementary Mate-
rial also includes results from a sensitivity analysis with a
pooled regression model that included city as an additional
explanatory variable; results were almost identical (point
estimates and confidence intervals). All analyses were per-
formed using R statistical software (version 4.2.0, R Foun-
dation for Statistical Computing), packages RDS and rms.

Results

Study Population

Engage enrolled a total of 2,449 participants in the baseline
sample (1,179 in Montréal, 517 in Toronto, and 753 in Van-
couver) of which 441 (18%) were living with HIV, leaving

2,008 HIV-negative or unknown serostatus participants for
the present analysis. Among these, 47 did not answer the
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question on perceived risk of HIV, resulting in a final ana-
lytic sample of 1,961 individuals.

The mean age of these participants was 35.4, 32.0, and
32.4 years in Montréal, Toronto, and Vancouver, respec-
tively (Table 1). The majority identified as gay (74.8%,
72.1% and 81.7% in Montréal, Toronto, and Vancouver).
In Montréal, approximately half of the sample identified
ethnically as Canadian (French or English, 52.4%) whereas
this percentage was lower in the other two cities (Toronto:
31.2%, Vancouver: 39.8%). In each city, more than two-
thirds of participants (68.4%, 80.4% 82.9% in Montréal,
Toronto, and Vancouver) reported completing high school
or vocational school or higher. Annual income was less than
$30,000 CAD for most of the study population in each city.
In the 6 months preceding the study visit, a small proportion
reported engaging in transactional sex (6.8%, 5.3%, and
3.5% in Montréal, Toronto, and Vancouver) and approxi-
mately 20% reported engaging in chemsex. In each city, the
majority (~68%) reported having been tested for HIV in the
year prior to study participation. Overall, the mean score of
the treatment optimism-skepticism scale was 25.9, 27.1, and
27.7 in Montréal, Toronto, and Vancouver.

Engagement in high-risk sexual behavior (i.e. report-
ing of one or more high-risk events) in the past six months
was reported by 155 (17.0%), 62 (12.4%), 128 (17.2%) of
participants in Montréal, Toronto, and Vancouver (Table 1).
When stratified by sexual behavior (Table 2): 61.3%, 66.1%,
53.9% of participants in Montréal, Toronto, and Vancouver
did not perceive themselves at risk for HIV, despite report-
ing engagement in high-risk sexual behavior.

In all cities, engagement in high-risk sexual behavior was
significantly associated with perceived HIV risk: odds ratio
(OR): 3.4, 95%CI 2.3-4.9 in Montréal (OR 3.8, 95%CI 2.0-
7.1 in Toronto, and OR 2.8, 95%CI 1.8-4.5 in Vancouver)
(Supplementary Material Table 1). In the pooled model, the
odds of perceived HIV risk was 3.2 times higher among
those who reported engaging in high-risk sexual behavior
(pooled OR: 3.2, 95%CI 2.5-4.2) and this association was
maintained after adjusting for covariates (pooled adjusted
OR [aOR] 2.9, 95%CI 2.2-3.8, Table 3). In contrast, HIV
treatment optimism-skepticism scale score alone was not
associated with perceived HIV risk in any city or the pooled
model (Supplementary Material Table 1).

The interaction term between engagement in high-risk
sexual behavior and HIV treatment optimism-skepticism
scale scores was significant in the pooled model (pooled
aOR: 2.2, 95%CI: 1.2-3.9, Table 3). Figure 1 is a graphi-
cal representation of how HIV treatment optimism-skep-
ticism score moderates the relationship between reported
engagement in high-risk sexual behavior and perceived
HIV risk. Among those who did not report engaging in
high-risk sexual behavior, a higher score on the treatment
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Table 1 Sociodemographic characteristics of self-reported HIV-negative and HIV-unknown participants, Engage Cohort Study, 2017-2019

Montreal (N=938) Toronto (N=411) Vancouver (N=612)
n RDS-weighted n RDS-weighted n RDS-weighted
(95%CI) * (95%CI) * (95%CI) *

Age

Mean 938 35.4(33.9-37.0)° 411 32.0 (29.4-34.6)°> 612 b32.4 (30.8-33.9)

<30 365 43.2 (37.8-48.8) 196 58.1 (48.9-66.9) 280 53.8 (46.0-61.4)

30+ 573 56.8 (51.2-62.2) 215 41.9 (33.1-51.1) 332 46.2 (38.6-54.0)
Sexual orientation

Gay 759 74.8 (68.9-79.9) 311 72.1 (63.1-79.6) 519 81.7 (74.4-87.3)

Other © 179 25.2(20.1-31.1) 100 27.9 (20.4-36.9) 93 18.3 (12.7-25.6)
Ethnocultural group

French Canadian/English Canadian 559 52.4 (46.7-58.1) 158 31.2 (23.2-40.5) 269 39.8(32.3-47.7)

Other ¢ 379 47.6 (41.9-53.3) 253 68.8 (59.5-76.8) 343 60.2 (52.3-67.7)
Highest attained education level

High school or vocational school or less 238 31.6 (26.0-37.9) 45 19.6 (12.3-30.0) 105 17.1 (12.4-23.0)

More than high/vocational school 700 68.4 (62.1-74.0) 366 80.4 (70.0-87.7) 507 82.9 (77.0-87.6)
Income

<$30,000 CAD 511 64.1 (58.6-69.1) 190 59.5(50.2-68.2) 250 54.7 (47.0-62.1)

$30,000 CAD or more 427 35.9(30.9-41.4) 221 40.5 (31.8-49.8) 362 45.3 (37.9-53.0)
Engaged in transactional sex in past 6 months °

No 876 93.2 (88.4-96.1) 385 94.7 (91.0-96.9) 583 96.5 (93.9-98.0)

Yes 62 6.8 (3.9-11.6) 26 5.3 (3.1-9.0) 29 3.5(2.0-6.1)
Engaged in chemsex in past 6 months

No 703 79.4 (74.3-83.8) 306 83.4 (77.6-88.0) 417 79.4 (74.2-83.8)

Yes 235 20.6 (16.2-25.7) 105 16.6 (12.0-22.4) 195 20.6 (16.2-25.8)
Currently has a main partner

No 519 55.0 (49.3-60.6) 211 46.9 (37.9-56.2) 322 51.9 (44.1-59.6)

Yes 419 45.0 (39.4-50.7) 200 53.1 (43.8-62.1) 290 48.1 (40.4-55.9)
Last HIV test

Never/Don’t know 56 9.6 (6.1-14.9) 17 7.3 (3.9-13.0) 30 11.5 (6.8-18.9)

More than lyear ago 216 21.3 (17.3-25.8) 70 25.5(16.7-36.9) 84 18.7 (13.3-25.6)

Last year 666 69.1 (63.5-74.2) 324 67.2 (56.5-76.4) 498 69.8 (61.7-76.8)
Treatment optimism-skepticism scale score

Mean 938 25.9(25.3-26.5)° 411 27.1(26.3-27.9)® 612 b27.7 (27.2-28.3)
Engaged in high-risk sexual behavior in past 6
months &

No high-risk event 783 83.0 (77.7-87.3) 349 87.6 (82.7-91.2) 484 82.8 (77.3-87.1)

At least one high-risk event 155 17.0 (12.7-22.3) 62 12.4 (8.8-17.3) 128 17.2 (12.9-22.7)

HIV: human immunodeficiency virus; CAD: Canadian dollars; RDS: respondent driven sampling
# Estimates correspond to RDS-weighted percentages except where indicated

> RDS-weighted means

¢ Bisexual, straight, queer, questioning, asexual, pansexual, or two-spirit

d Aboriginal or Indigenous, French, British, other Eastern & Western European, East Asian, South Asian, South East Asian, West Asian, Arab
or North African, Latin American, African, Black, Caribbean, Pacific, or Mixed race/ethnicity

¢ Defined as given or received sex for money, drugs or other goods or services

[Defined as the use of crystal methamphetamine, gamma-hydroxybutyrate (GHB), 3,4-methylenedioxymethamphetamine (MDMA), ketamine
or amyl nitrite (poppers) in the two hours before or during sex with at least one of the five reported partners

¢ Defined based on event-level information on up to 5 recent casual sex partners. For each reported partner, a high-risk event was defined as
engaging in anal sex without a condom with either (1) a partner with an unknown HIV status, where neither participant nor partner reported

using PrEP, or (2) a partner living with HIV and having detectable/unknown HIV viral load. A dichotomous variable for engaging in high-risk
sexual behavior was created with the categories: no high-risk event in the past 6 months and at least one high-risk event in the past 6 months
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Table 2 Number and RDS-weighted percentage of participants by sexual behavior and HIV risk perception, Engage Cohort Study, 2017-2019

Montreal (N=938)

Toronto (N=411) Vancouver (N=612)

No perceived  Perceived

No perceived  Perceived No perceived  Perceived

risk risk risk risk risk
All participants, n (RDS-weighted %) 767 (81.8%) 171 (18.2%) 337 (82.0%) 74 (18.0%) 469 (76.6%) 143
(23.4%)
Engaged in high-risk sexual behavior in past 6 months*
No high-risk event, n (RDS-weighted %) 672 (85.8%) 111 (14.2%) 296 (84.8%) 53 (15.2%) 400 (82.6%) 84
(17.4%)
At least one high-risk event, n (RDS-weighted %) 95 (61.3%) 60 (38.7%) 41 (66.1%) 21 (33.9%) 69 (53.9%) 59
(46.1%)

HIV: human immunodeficiency virus; RDS: respondent driven sampling

? Defined based on event-level information on up to 5 recent casual sex partners. For each reported partner, a high-risk event was defined as
engaging in anal sex without a condom with either (1) a partner with an unknown HIV status, where neither participant nor partner reported
using PrEP, or (2) a partner living with HIV and having detectable/unknown HIV viral load. A dichotomous variable for engaging in high-risk
sexual behavior was created with the categories: no high-risk event in the past 6 months and at least one high-risk event in the past 6 months

optimism-skepticism scale was associated with slightly
lower perceived HIV risk. Among those reporting engage-
ment in high-risk sexual behavior, a higher score on the
treatment optimism-skepticism scale was associated with
higher perceived HIV risk.

The magnitude of the associations described above were
not altered when adjusting for other explanatory variables. In
the pooled adjusted model, French or English Canadian eth-
nicity (versus others) was associated with lower odds of per-
ceived HIV risk (pooled aOR: 0.5, 95%CI 0.4—-0.6) whereas
lower annual income (<$30,000 CAD vs. >$30,000 CAD)
was associated with higher odds of perceived HIV risk
(pooled aOR: 1.4, 95%CI 1.1-1.8). Currently having a main
partner was associated with lower odds of perceived HIV
risk (pooled aOR: 0.7, 95%CI 0.5-0.8). Engaging in trans-
actional sex (pooled aOR: 1.8, 95%CI 1.1-2.8), in chemsex
(pooled aOR: 2.0, 95%CI 1.5-2.6), and having tested for
HIV in the prior year (pooled aOR: 1.6, 95%CI 1.2-2.1)
were associated with higher odds of perceived HIV risk.

Discussion

Using detailed event-level information on sexual behavior
in the past six months, we found that, depending on the city,
12-17% of HIV-negative or HIV-unknown GBM engaged
in one or more high-risk sexual events with casual partners.
Our definition of high-risk event included anal sex without
a condom with either a partner with an unknown HIV status,
where neither participant nor partner reported using PrEP, or
a partner living with HIV and having detectable/unknown
HIV viral load, and as such it excluded sexual acts with a
main partner or with partners reported to be HIV-negative
by the participant. This definition aimed to be in line with
HIV prevention and treatment advancements, in particular
PrEP and treatment-as-prevention, and their potential influ-
ence on individuals’ behavior. Among those engaging in

@ Springer

high-risk sexual behavior, 54—66% of participants depend-
ing on the city did not perceive themselves at risk of HIV.
These results are important given that an individual’s
understanding of how their sexual practices influence their
exposure to HIV acquisition may increase the likelihood of
engaging in preventive behaviors. Two recent global sys-
tematic reviews with meta-analyses of willingness to use
[30] and acceptability of [31] PrEP showed that a main fac-
tor leading to either is perceiving oneself at risk for HIV
acquisition.

Theoretical models of health behavior hypothesize a feed-
back loop where sexual behavior informs current and future
risk perception that can, in turn, influence sexual behavior
[32]. The expectation is that engagement in high-risk behav-
ior would lead to high perceived risk, whereas avoidance
of high-risk sexual behavior would correlate with low per-
ceived risk. Observational studies among GBM have shown
that engagement in high-risk sexual behavior, regardless of
how it is measured, is significantly associated with high per-
ceived risk of HIV acquisition [25, 33, 34]. Consistent with
the literature, our results showed that engagement in high-
risk behavior increased the odds of perceived HIV risk. This
suggests that some participants appropriately accounted for
their sexual behavior when assessing their perceived vulner-
ability to HIV. Indeed, this same understanding of what con-
stitutes risk and of one’s sexual behavior and engagement in
preventive options was shown to guide GBM’s sense that
they should be allowed to donate blood [35].

However, consistent with other work [25-27, 34, 36,
37], we found that approximately 60% of the GBM engag-
ing in high-risk sexual behavior, here defined in accordance
with current evidence of zero risk of HIV transmission in
the context of treatment-as-prevention [38] and also PrEP
[39], perceived their HIV risk as unlikely. There is litera-
ture suggesting the existence of discordance between an
individual’s sexual behavior and perception of risk [40—42].
Furthermore, a randomized controlled trial of 171 GBM



AIDS and Behavior (2024) 28:2683-2694 2689

Table 3 City-specific and pooled adjusted odds ratios (95% confidence interval) for the association of variables with perceived HIV risk, Engage
Cohort Study, 2017-2019

Montréal Toronto Vancouver Pooled
(N=938) (N=411) (N=612) (N=1961)
aOR (95%CI) aOR (95%CI) aOR (95%CI) aOR (95%CI)

Main independent variable
Engaged in high-risk sexual behavior in past 6 months ?
No high-risk event Ref. Ref. Ref. Ref.

At least one high-risk event 2.6(1.7-39) 2.3(1.2-4.8) 3.5(2.1-6.0) 2.9 (2.2-3.8)

Moderator
Treatment optimism-skepticism score

0.5 SD increase 0.8 (0.5-1.2) 0.9(0.5-1.8) 0.6 (0.3-1.0) 0.7 (0.6-1.0)
Interaction between sexual behavior and treatment optimism-skepticism score

Interaction term 1.9(0.844) 03(0.1-1.4) 6.1(2.2-17.0) 2.2 (1.2-3.9)
Other independent variables
Age

<30y (vs.30+y) 0.7 (0.5-1.1) 0.8(0.5-1.5) 1.0(0.6-1.6) 0.8 (0.7-1.1)
Sexual orientation °

Gay (vs. Other) 1.0 (0.7-1.5) 1.6(0.8-3.0) 0.6 (0.4-1.1) 1.0(0.7-1.3)
Ethnocultural group

French Canadian/English Canadian (vs. Other ©) 0.6 (0.4-0.9) 04(0.2-0.7) 0.3(0.2-0.5) 0.5 (0.4-0.6)
Highest attained education level

High/vocational school or less (vs. more) 0.9 (0.6-14) 0.8(04-1.7) 1.3(0.7-24) 1.0(0.8-1.4)
Income

<$30,000 CAD (vs. $30,000 CAD) 1.9 (1.2-2.8) 23(1.2-43) 0.8(0.5-1.2) 14(1.1-1.8)
Engaged in transactional sex in past 6 months ¢

Yes (vs. No) 2.1(1.1-3.8) 2.7(1.0-7.6) 1.5(0.54.2) 1.8(1.1-2.8)
Engaged in chemsex in past 6 months ©

Yes (vs. No) 1.6 (1.1-2.4) 2.0(1.0-3.8) 23(1.4-3.8) 2.0(1.5-2.6)
Currently has a main partner

Yes (vs. No) 0.7 (0.5-1.0)  0.6(0.3-1.0) 0.7 (0.4-1.1) 0.7 (0.5-0.8)
Last HIV test

Last year (vs. Other f) 1.7(1.1-2.6) 13(0.7-24) 1.6(0.9-2.8) 1.6 (1.2-2.1)

SD: standard deviation; OR: odds ratio; CAD: Canadian dollar
Bold indicates statistically significant results (p <0.05)

? Defined based on event-level information on up to 5 recent casual sex partners. For each reported partner, a high-risk event was defined as
engaging in anal sex without a condom with either (1) a partner with an unknown HIV status, where neither participant nor partner reported
using PrEP, or (2) a partner living with HIV and having detectable/unknown HIV viral load. A dichotomous variable for engaging in high-risk
sexual behavior was created with the categories: no high-risk event in the past 6 months and at least one high-risk event in the past 6 months

b Bisexual, straight, queer, questioning, asexual, pansexual, or two-spirit

¢ Aboriginal or Indigenous, French, British, other Eastern & Western European, East Asian, South Asian, South East Asian, West Asian, Arab
or North African, Latin American, African, Black, Caribbean, Pacific, or Mixed race/ethnicity

4 Defined as given or received sex for money, drugs or other goods or services

¢ Defined as the use of crystal methamphetamine, gamma-hydroxybutyrate (GHB), 3,4-methylenedioxymethamphetamine (MDMA), ketamine
or amyl nitrite (poppers)

f More than one year ago, never, | don’t know

tested if providing participants with an objective assess-
ment of one’s sexual behavior as a risk score could modify
one’s perception of HIV risk or sexual behavior but found
that the intervention was unable to alter HIV risk percep-
tion or perceived PrEP need [21]. One explanation for this
lack of effect might be that risk perception is a multidimen-
sional concept [43] such that the provision of an objective

assessment of sexual behavior as a risk score is not enough
to change one’s perception.

In the present study, we explored the role of optimistic
attitudes towards HIV treatment on the association between
sexual behavior and risk perception. We measured treatment
optimism using a previously validated scale, finding that our
sample’s mean score was much higher than reported in the
original study (current sample: mean of 25.9 whereas in
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Fig. 1 Graphical representation of the joint effect of sexual behavior and HIV treatment optimism-skepticism scores on the predicted probability

of perceived HIV risk

the original application of the scale in Australia in 1999 the
mean score was 19.6 [24]). This finding may reflect a broader
understanding of scientific advancements of HIV treatment
over time. For example, one item in the scale, “People with
undetectable viral load do not need to worry so much about
infecting others with HIV” has now been demonstrated sci-
entifically [38, 44]. Our results also showed that engage-
ment in high-risk sexual behavior increased the odds of
perceived HIV risk, and that HIV treatment optimism mod-
erated this association. We found that among those who did
not engage in high-risk sexual behavior, perceived HIV risk
was lower among those with higher treatment optimism-
skepticism scores, and that perceived HIV risk was greater
among those who engaged in high-risk sexual behavior and
had higher HIV treatment optimism-skepticism scores. One
interpretation for this finding is that participants with higher
treatment optimism-skepticism scores better aligned their
risk perception to their sexual behavior, possibly because
those who score higher, in addition to being more optimis-
tic, may also be more knowledgeable about HIV prevention

@ Springer

and treatment. In a longitudinal study among 1,323 GBM,
conducted between 1999 and 2018, authors found that while
risk perception fluctuated over time, the link between con-
domless receptive anal intercourse with a partner living with
HIV and high perceived HIV risk was no longer observed
[45]. Also, in a qualitative study that explored how biomedi-
cal advancements of HIV prevention and treatment relate to
GBM’s mental health, it was noted how the use of technolo-
gies such as PrEP and treatment as prevention can promote
agency [46]. Promoting awareness around advances related
to HIV prevention and treatment is important for appropri-
ate risk assessment and for appropriate engagement in pre-
vention interventions.

Our results also showed that engaging in transactional
sex almost doubled the odds of perceived HIV risk. Echoing
the hypothesis mentioned above, this finding may indicate
that participants accurately acknowledge that this sexual
behavior may expose them to increased risk of HIV infec-
tion. Similarly, our results showed that having tested for
HIV in the prior year was associated with an increased odds
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of perceived HIV risk which may be interpreted to reflect
an individual’s perception of their behavior as risky and of
the consequent need for frequent testing, as reported in a
study from Vancouver [47]. In relation to HIV testing, stud-
ies from other settings suggest mixed results. In the United
States, one study found that GBM who had tested for HIV
more than one year ago versus within the past year had
lower perceived HIV risk [48]. Another multiple-country
study found that as years since the respondent’s last HIV
test increased, perceived HIV risk decreased among partici-
pants in the United Kingdom, increased among participants
in Thailand, and was not associated with risk perception
among participants from other four countries [49]. Lastly,
our results also indicated that French or English Canadian
ethnicity (versus others) and higher income (versus <30 K
CAD) were associated with decreased odds of perceived
HIV risk. A study of 800 GBM from the United States
reported similar findings where GBM identifying as white
(versus not) and higher educational level (bachelor’s degree
or higher, a proxy of higher income) had lower odds of per-
ceived HIV risk [50]. More work is needed to understand
these associations.

This study has a few strengths and limitations. Strengths
were the use of RDS to reach a representative sample of
GBM and the highly detailed event-level sexual behavior
information obtained through computer-assisted self-inter-
viewing [51], which allowed us to define specific high-risk
events while accounting for the use PrEP and/or antiret-
roviral therapy. That said, by restricting event-level infor-
mation to the five most recent sex partners other potential
risk events may have been undetected, including with the
participant’s main partner, which has been suggested to be
an important source of HIV transmission [52]. Moreover,
recognizing a trade-off between aggregate versus individ-
ual-level information, our definition of high-risk sexual
behavior did not consider number of partners but rather
event-level information owing to our preference for event-
level information on use of antiretrovirals for prevention
or treatment. Also, by using participants’ attributions of
their sexual partners, information regarding those partners’
actual sexual behaviors and practices may have been under-
reported or unknown. Another strength of our study was the
lack of missing data on the HIV treatment optimism-skep-
ticism scale and as well as most other variables, with only
30 individuals being excluded from the analytic sample
due to lack of information regarding the study’s outcome.
A limitation of the study is that, like most research on per-
ceived HIV risk [53, 54], we measured risk perception using
a single question. However, single-question measures may
not capture risk perception entirely, given that perceived
HIV risk is a complex, multi-dimensional concept [43, 55].
Future studies could use scales, such as the Perceived Risk

of HIV Scale [56], covering multiple dimensions of risk per-
ception, including cognitive likelihood (i.e., chance), intui-
tive assessment (i.e., worry), and salience of risk. We used
a 12-item validated scale to measure treatment optimism-
skepticism that was developed in 1999; although we believe
this scale still measures the construct, two of the 12 items
address concepts of treatment as prevention that have been
demonstrated scientifically [38, 44, 57]. For future studies,
it may be important to assess the scale’s equivalence over
time, or the extent to which it captures the same content of
the concept being measured in different time periods. Lastly,
though we employed strategies to mitigate information bias
including computer-assisted self-interviewing, our ques-
tionnaire addressed sensitive topics ranging from sexual
behavior to substance use such that social desirability bias
may have influenced responses.

Conclusions

Our findings suggest that ~ 15% of GBM engaged in high-
risk sexual behavior, here carefully defined to exclude
sexual acts without risk because of treatment-as-prevention
[38] and PrEP [39], and that, despite their behavior, ~60%
of these men did not perceive themselves at risk for HIV.
Although HIV treatment optimism-skepticism was not asso-
ciated with perceived HIV risk, it moderated the associa-
tion between sexual behavior and perceived risk such that
participants with higher treatment optimism-skepticism
scores better aligned their risk perception to their sexual risk
behavior. It may be that those who are more optimistic are
also more knowledgeable and thus better able to assess per-
sonal risk and ultimately access appropriate prevention and
treatment. Promoting awareness around advances related to
HIV prevention and treatment is important for appropriate
risk assessment and for increased engagement in prevention
strategies.
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