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Abstract

Introduction

In 2010, British Columbia (BC) implemented HIV Treatment as Prevention (TasP) as policy.

We examined trends in virologic suppression and determinants of significant viremia among

a prospective biobehavioural cohort of men who have sex with men (gbMSM) in Vancouver

from 2012–2017.

Methods

Respondent-driven sampling was used to recruit sexually active gbMSM (�16 years) who

completed biannual study visits with a computer-assisted self-interview and clinical CD4

and viral load (VL) testing. We linked participant data with the BC HIV Drug Treatment Pro-

gram to obtain antiretroviral dispensing and VL data. We conducted a trend analysis of VL

suppression using univariable generalized estimating equation (GEE) multi-level modelling

and multivariable GEE to identify factors associated with episodes of VL�200 copies/mL.

Results

Of 774 participants, 223 were living with HIV at baseline and 16 were diagnosed during fol-

low-up (n = 239). We observed a significant trend towards reduced levels of unsuppressed

VL (>200 copies/mL) from 22% (07/2012-12/2012) to 12% (07/2016-12/2016) (OR:0.87;

95%CI:0.83–0.91 for each 6-month period). Among those with at least one follow-up visit, (n

= 178, median follow-up = 3.2 years, median age = 46.9 years), younger age (aOR:0.97;
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95%CI:0.94–0.99, per year), ecstasy use (aOR:1.69; 95%CI:1.13–2.53), crystal metham-

phetamine use (aOR:1.71; 95%CI:1.18–2.48), seeking sex via websites (aOR:1.46; 95%

CI:1.01–2.12), and lower HIV treatment optimism (aOR:0.94; 95%CI:0.90–0.97) were asso-

ciated with episodes of elevated viremia.

Conclusions

During a period when TasP policy was actively promoted, we observed a significant trend

towards reduced levels of unsuppressed VL. Continued efforts should promote HIV treat-

ment optimism and engagement, especially among younger gbMSM and those who use

ecstasy and crystal methamphetamine.

Introduction

In Canada, and in the province of British Columbia (BC), gay, bisexual, and other men who

have sex with men (gbMSM) remain at disproportionately higher risk of contracting HIV. In

2017, 69.8% of all new HIV diagnoses in BC were among gbMSM [1]. HIV is highly endemic

among gbMSM in Vancouver with a recent population prevalence estimate of 20.4% in 2017–

2019 [2]. This study also found that 99.8% of gbMSM living with HIV in Vancouver were

aware of their status, 88.5% were receiving antiretroviral therapy (ART), and 97.4% were

virally suppressed (i.e., had a viral load under 200 copies/mL).

Transmission of HIV does not occur if viral levels remain below 200 copies/mL [3]. As

such, HIV control policies have focused on efforts to expand HIV testing and to support

engagement in HIV care and treatment in order to reduce viremia [4,5]. In BC, eligible resi-

dents living with HIV have been provided ART since 1992, with no co-payment or other costs

to patients. Beginning in 2010, the province implemented Treatment as Prevention (TasP) as

policy and expanded HIV testing, linkage, and engagement in care through a program known

as Seek and Treat to Optimise Prevention of HIV (STOP/HIV; stophivaids.ca) [6].

The course of HIV infection is dynamic and it is common for patients with virologic sup-

pression to experience viremic episodes [7,8]. Several factors including younger age [7,9–15]

and belonging to an ethnic minority group [9,10,14–16] have been associated with less viral

suppression in general, as well as lower treatment adherence and more episodes of elevated

viremia; HIV treatment optimism has been previously associated with increased treatment

adherence [17,18] which could lead to fewer episodes of unsuppressed VL. Other factors, such

as stimulant and other drug use [7,9,11,14–16], participating in higher risk sexual behaviour

[19–21], and mental health symptomology (including anxiety and depression) [14,16] have

shown mixed results. Further, individuals who experience multiple overlapping syndemic fac-

tors (e.g., depressive symptoms and polysubstance use and condomless anal sex with casual

partners) are more likely to experience episodes of elevated viremia compared to those who

experience fewer syndemic factors [22]. A better understanding of how frequently gbMSM liv-

ing with HIV experience episodes of unsuppressed viremia and factors associated with these

periods could help inform strategies to improve the cascade of care, reduce viremia, and

reduce onward transmission. Consequently, we examined trends in virologic suppression and

the determinants of significant episodes of viremia among participants living with HIV in a

longitudinal analysis of a prospective cohort of gbMSM in Metro Vancouver, Canada over a

five-year period.
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Methods

We analyzed data from participants enrolled in the Momentum Health Study, a prospective

biobehavioural cohort study of gbMSM in Metro Vancouver, British Columbia. Participants

were recruited from February 2012 to February 2015 through respondent-driven sampling

(RDS), a peer-recruitment strategy that uses purposefully chosen “seed” participants to target

hidden and hard-to-reach populations [23]. Study visits occurred every six months; data up to

February 2017 are included in this analysis. To be eligible, participants had to be 16 years of

age or older, report having had sex with a man in the past 6 months, gender identify as men,

live in Metro Vancouver, and be able to complete the study in English. Participants received

$50 CAD for each study visit and an additional $10 CAD for each person they successfully

recruited into the study. Full details of study methodology have been published elsewhere

[24,25]. All study procedures were approved by the research ethics boards of the University of

British Columbia, the University of Victoria, and Simon Fraser University. For the purpose of

informed consent, the university ethics boards consider that individuals 16 years of age and

older are capable of providing consent without parental approval.

Participants provided written informed consent before participating, including consent to

link study data with data from the BC HIV Drug Treatment Program. For participants living

with HIV in our cohort, this data linkage allowed us to access clinical patient data for VL and

HIV treatment and enabled us to monitor those who missed study visits or were lost to follow-

up, provided they remained within the province and engaged in care. All visits and study activ-

ities took place in the downtown study office, which was situated in the historically gay neigh-

bourhood of Vancouver. At each visit, participants completed a computer-assisted self-

interview (CASI) as well as a nurse-administered clinical survey. The CASI survey assessed

socio-demographic, psychosocial, and behavioural variables, including sex and drug use. Rele-

vant validated measures for the current analysis include the Hospital Anxiety and Depression

Scale (HADS) [26] to assess mental health symptomatology and the HIV Treatment Optimism

Skepticism Scale [27] for attitudes toward HIV treatment. During the nurse-administered clin-

ical survey, participants who self-reported as HIV-positive at baseline had their serostatus con-

firmed by a point-of-care HIV test (Insti Rapid HIV-1/HIV-2 test; Biolytical Laboratories,

Richmond, Canada) or through previous laboratory report obtained with their consent

through their primary care provider or through electronic medical records. Viral load (VL)

testing was performed each visit through St. Paul’s Hospital Laboratories if a recent result was

not recorded in their electronic medical record. VL was measured using the Roche Amplicor

Monitor assay (Roche Diagnostics, Laval, Canada) with lower limit of detection of the assay of

40 copies/ML. Participants who self-reported as HIV-negative at any study visit were adminis-

tered a rapid HIV test and a 4th generation enzyme immunoassay/antigen HIV test on a

venous blood sample. The study sample for the present analysis includes all participants in the

cohort who were diagnosed with HIV before or at enrolment and those who were diagnosed

during the follow-up period.

We conducted a trend analysis using univariable generalized estimating equation (GEE)

multi-level modelling (RDS chain: participant: visit), without RDS adjustments, with 6-month

calendar time periods as the independent variable to determine the trend of viral load suppres-

sion over the course of the study. Study data and data linkage through the BC HIV Drug Treat-

ment Program were used to classify participants into one of the following groups for each six-

month study period: 1) newly diagnosed with HIV (unsuppressed), 2) receiving ART with VL

<200 copies/mL (suppressed), 3) receiving ART with VL�200 copies/mL (unsuppressed), 4)

receiving care (i.e., has had a VL or CD4 test in the last 6 months) but not receiving ART

(unsuppressed), 5) previously diagnosed but not in care, as evidenced by no record of CD4 or
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VL result in a 6-month period (unsuppressed), 6) lost to follow-up (excluded), and 7) deceased

or known to have moved out of province (excluded). Any episode of elevated viremia during a

6-month period was considered as “unsuppressed”.

Among participants with at least one follow-up visit, univariable and multivariable GEE

multi-level modelling (RDS chain: participant: visit), without RDS adjustments, was used to

identify factors associated with any episode of VL�200 copies/mL during a 6-month period.

Demographic variables of interest included age, ethnicity, neighbourhood of residence, annual

income, and sexual identity. Additional variables tested over the last six months included:

drug use (including ecstasy, ketamine, gamma hydroxy-butyrate [GHB], crystal methamphet-

amine, and injection drug use not including steroid use); number of anal sex partners; any

condomless anal sex with known HIV-negative, HIV-positive, and unknown serostatus part-

ners; any transactional sex; any attendance at gay bars/clubs; any Internet website or mobile

app use to meet sexual partners; frequency of asking about sexual partners’ HIV statuses; and

frequency of telling one’s own HIV status to sexual partners. Scores on the HADS and the HIV

Treatment Optimism Skepticism Scale were also considered for the model. All variables with

p<0.20 in univariable analyses were considered for inclusion in the final multivariable model.

Model selection was conducted using a backward selection technique to eliminate the variable

with largest Type III p-value until QIC was minimized [28]. All analyses were conducted using

SAS Version 9.4 (SAS Corporation, Cary NC).

Results

We enrolled 774 participants, of which 134 (17.3%) were initial seeds. At their first study visit,

223 were living with HIV and an additional 16 participants were diagnosed with HIV during

the follow-up period (n = 239 total). In the first six-month period (July 2012-December 2012),

71% had VL suppression, 18% were on ART without VL suppression, 6% had been previously

diagnosed but were not in care, 3% had been previously diagnosed and were in care but were

not on ART, and 1% were newly diagnosed with HIV; 1% were known to have moved out of

province or had died. In the last six-month period (July 2016-December 2016), 79% had VL

suppression, 9% were on ART without VL suppression, 1% had been previously diagnosed but

were not in care, 2% had been previously diagnosed and were in care but were not on ART,

and 0% were newly diagnosed with HIV; 1% were lost to follow-up and 8% were known to

have moved out of province or had died (Fig 1). After excluding those who were lost to follow-

up or who had moved out of province or died, the proportion of participants with unsup-

pressed VL (�200 copies/mL) significantly decreased over the course of the study from 22% of

participants in the first six-month period (July 2012-December 2012) to 12% in the final period

(July 2016-December 2016) (OR: 0.87; 95% CI: 0.83–0.91 for each 6-month period; p<0.0001

for trend). On average, 15.2% of the sample had an unsuppressed VL in each six-month period

with an additional average of 2.2% without any CD4 or VL testing. Over the course of the

study, 3 individuals living with HIV were lost to follow-up from the study and an additional 6

died and 13 moved out of province.

Of the 239 participants living with HIV, 178 had at least one follow-up study visit and were

included in the analysis examining factors associated with having an unsuppressed VL. These

individuals contributed a total of 1284 study visits in a median of 3.2 years (95%CI: 2.9–4.1) of

follow-up. The median age at baseline was 46.9 years (95% CI: 39.1, 51.7), most identified as

gay (86.0%), were White (80.3%), lived in downtown Vancouver (64.6%), and had an annual

income less than $30,000 CAD (69.1%). Please see Table 1 for full statistics.

Factors associated with any instance of unsuppressed VL (�200 copies/mL) in a 6-month

calendar period, analysed with univariable and multivariable GEE, are presented in Table 2. In
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multivariable analysis, periods of elevated viremia were independently associated with younger

age (adjusted OR [aOR] = 0.97, 95% CI: 0.95–0.99, per year), using websites to find sexual part-

ners during the past 6 months (aOR = 1.46, 95% CI: 1.01–2.12), ecstasy (aOR = 1.69, 95% CI:

1.13–2.53) and crystal methamphetamine use during the past 6 months (aOR = 1.71, 95% CI:

1.18–2.48), and less HIV treatment optimism (aOR = 0.94, 95% CI: 0.90–0.97). Despite being

significantly associated with unsuppressed VL in univariable analyses, Indigenous ethnicity (vs

White), reported receipt of money, drugs, or goods in exchange for sex, depressive symptoms,

and condomless anal sex (CAS) with an HIV-negative partner were no longer associated with

VL after controlling for other variables in multivariable model.

Discussion

Among a community-based sample of gbMSM recruited through respondent-driven sam-

pling, our results demonstrate a significant trend towards reduced levels of unsuppressed VL

among gbMSM living with HIV in Vancouver during a period when TasP was actively pro-

moted as policy in BC. After excluding participants lost to follow-up and those who had

moved out of province or had died, we found that 91% of participants living with HIV in our

study were receiving ART and 72% were virologically suppressed in the first study period

(July-December 2012); this increased to 97% of participants receiving ART and 87% having a

suppressed VL during the last study period (July-December 2016). Our results are consistent

with a previous analysis of all MSM living with HIV in BC identified in the Drug Treatment

Program which found that by 2015, 89% were receiving ART and 80% were virologically sup-

pressed [29]. Further, these results suggest that efforts to promote Treatment as Prevention

have been largely successful and that among gbMSM in Vancouver, the new UNAIDS 2030

targets of 95% of people living with HIV diagnosed, 95% of those diagnosed on treatment, and

95% of those on treatment with viral suppression [30] have already been exceeded, as under

95-95-95, 85.7% of the population of people living with HIV would have a suppressed VL and

we observed a level of 87%.

However, even with strong support and resources to support the TasP policy, a small

minority of individuals experience episodes of elevated viremia over time and are potentially

able to transmit the virus to their sexual partners. Among participants with at least two study

visits, we found that episodes of unsuppressed viral load were associated with younger age (per

Fig 1. Cascade of care for gbMSM living with HIV in the Momentum Health Study 2012–2017.

https://doi.org/10.1371/journal.pone.0276596.g001
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year), using websites to meet sex partners, using ecstasy and crystal methamphetamine, and

reporting less HIV treatment optimism. Previous research has likewise found that younger age

is associated with failure to achieve viral suppression [7,9–12] and likelihood of experiencing

any episode of viral rebound after viral suppression [7,10], potentially due to difficulties with

retention in care [13]. In a large review of determinants of HIV incidence disparities among

younger and older gbMSM in the United States, younger gbMSM living with HIV were more

likely than older gbMSM to experience depression, poly-substance use, low income, and

Table 1. Descriptive statistics of sample of gbMSM living with HIV included in GEE modelling (n = 178).

Overall

(n = 178)

VL Suppressed

(n = 127)

VL Unsuppressed

(n = 51)

p-value

Median Q1, Q3 Median Q1, Q3 Median Q1, Q3

Age 46.9 39.1, 51.7 47.7 41.8, 52.8 42.6 30.9, 50.0 0.002

HADS Depression Scale 4 2, 7 4 2, 6 3.5 2, 8 0.86

HADS Anxiety Scale 7 4, 11 8 4, 11 6.5 4, 11 0.45

HIV Treatment Optimism Skepticism Scale 29 26, 32 29 26, 32 28 24, 32 0.55

P6M # of male sex partners 8 3, 20 8 2, 20 8 4, 32 0.18

P6M # of male anal sex partners 5 2, 20 5 1, 20 5 3, 22 0.12

n % n % n %

Sexual Identity

Gay 153 86.0 108 85.0 45 88.2 0.64

Bisexual/Other 25 14.0 19 15.0 6 11.8

Ethnicity

White 143 80.3 106 83.5 37 72.6 0.08

Asian/Latino/Other 20 11.2 14 11.0 6 11.8

Indigenous 15 8.4 7 5.5 8 15.7

Annual Income

<$30,000 123 69.1 89 70.1 34 66.7 0.57

$30,000-$59.999 40 22.5 29 22.8 11 21.6

�$60.000 15 8.4 9 7.1 6 11.8

Neighbourhood

Downtown 115 64.6 87 68.5 28 54.9 0.22

Elsewhere Vancouver 39 21.9 25 19.7 14 27.5

Outside Vancouver 24 13.5 15 11.8 9 17.7

Received any Money/Drugs/Goods for Sex (P6M) 37 20.8 22 17.3 15 29.4 0.10

Ecstasy Use (P6M) 46 25.8 26 20.5 20 39.2 0.01

Ketamine Use (P6M) 35 19.7 20 15.8 15 29.5 0.06

GHB Use (P6M) 63 35.4 40 31.5 23 45.1 0.12

Crystal Meth Use (P6M) 82 46.1 52 40.9 30 58.8 0.045

IDU Use not including Steroids (P6M) 23 12.9 15 11.8 8 14.7 0.47

Seeking Sex via Websites (P6M) 127 71.4 88 69.3 39 58.8 0.03

CAS with HIV-neg Partner (P6M) 54 30.5 34 27.0 20 39.2 0.15

Frequency of Asking Partner’s HIV status

<50% of the time 78 43.8 60 47.2 18 35.3 0.18

�50% of the time 100 56.2 67 52.8 33 64.7

Frequency of Telling Partners own Status

<50% of the time 35 19.7 27 21.3 8 15.7 0.34

�50% of the time 121 68.0 87 68.5 34 66.7

Only when Asked 22 12.4 13 10.3 9 17.7

https://doi.org/10.1371/journal.pone.0276596.t001
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Table 2. Factors associated with episodes of VL� 200 copies/mL over time.

Univariable GEE Multivariable GEE

OR 95% CI p-value AOR 95% CI p-value

Age (period based) 0.97 0.94 0.99 0.003� 0.97 0.95 0.999 0.044�

HIV Treatment Optimism Skepticism Scale 0.93 0.90 0.97 0.000� 0.94 0.90 0.97 0.001�

P6M # of anal sex partners 1.00 1.00 1.00 0.327

Sexual Identity

Gay 1.00

Bisexual/Other 0.94 0.41 2.15 0.882

Ethnicity

White 1.00 0.53 0.19 1.51 0.237

Asian/Latino/Other 0.55 0.28 1.06 0.072 0.32 0.10 1.00 0.050

Indigenous 2.72 1.13 6.56 0.026� 1.00

Annual Income

<$30,000 1.00

$30,000-$59.999 1.03 0.65 1.65 0.895

�$60.000 0.94 0.49 1.82 0.862

P6M Received Any Money/Drugs/Goods for Sex

No 1.00 Not selected

Yes 1.66 1.01 2.74 0.047�

P6M Ecstasy

No 1.00 1.00

Yes 1.88 1.28 2.75 0.001� 1.69 1.13 2.53 0.010�

P6M Ketamine

No 1.00

Yes 1.30 0.82 2.05 0.265

P6M GHB

No 1.00

Yes 1.23 0.83 1.82 0.307

P6M Crystal Meth

No 1.00 1.00

Yes 1.91 1.32 2.74 0.001� 1.71 1.18 2.48 0.005�

P6M Intravenous Drug Use (not including steroids)

No 1.00 Not selected

Yes 1.46 0.93 2.29 0.103

P6M Seeking Sex via Websites

No 1.00 1.00

Yes 1.63 1.14 2.34 0.008� 1.46 1.01 2.12 0.046�

P6M Condomless Anal Sex HIV-negative Partner

No 1.00 1.00

Yes 0.68 0.47 0.99 0.043� 0.71 0.49 1.03 0.074

Ask Status Frequency

< 50% of the time 1.00

� 50% of the time 1.14 0.81 1.59 0.456

Tell Status Frequency

< 50% of the time 1.00

� 50% of the time 1.38 0.91 2.10 0.132

Only when asked 1.27 0.80 2.01 0.319

HADS Depression

(Continued)

PLOS ONE Virologic suppression among gbMSM in Vancouver

PLOS ONE | https://doi.org/10.1371/journal.pone.0276596 October 21, 2022 7 / 12

https://doi.org/10.1371/journal.pone.0276596


decreased health care access, as well as to engage in high risk sexual behaviour [12], factors

which may contribute to reduced treatment adherence, elevated viremia, and onward trans-

mission. As such, younger gbMSM remain a key demographic and additional efforts should be

made to retain them in care to increase rates of viral suppression and decrease periods of ele-

vated viremia, ultimately leading to better individual clinical outcomes and reduced commu-

nity spread of HIV.

Even after controlling for effects of age in this analysis, recent (past six month) stimulant

use (i.e., ecstasy and/or crystal methamphetamine) was associated with episodes of elevated

viremia. Stimulant use has been previously associated with nonadherence to antiretroviral

treatment, unsuppressed viral load, and viral rebound [31,32]. This is concerning as crystal

methamphetamine and ecstasy are often used in sexualised contexts (e.g., party and play

(PnP), chemsex) [33] and crystal methamphetamine in particular has been associated with

greater likelihood of engaging in higher-risk sexual behaviours and STI diagnosis [34–36]. In a

recent analysis of crystal methamphetamine use among gbMSM living with HIV in the

Momentum cohort, 44.3% reported any crystal methamphetamine use at enrolment and this

was stable across time; most who used reported using at least monthly [37]. Further, crystal

methamphetamine use was associated with more recent anal sex partners, more condomless

sex with seroconcordant partners, trading sex for drugs, recent STI diagnosis, and greater use

of poppers, GHB, and ecstasy [37]. As individuals who use stimulants are more likely to experi-

ence episodes of elevated viremia and are more likely to participate in higher risk sexual behav-

iour, there is an increased likelihood that onward transmission may occur. As individuals

increasingly shift to biomedical HIV prevention strategies such as TasP and U = U, targeted

interventions promoting condom use among gbMSM living with HIV who use stimulants are

still needed.

Finally, participants who scored higher on the HIV Treatment Optimism Skepticism Scale

were less likely to have episodes of unsuppressed viral load. These findings are likely bidirec-

tional as those who feel more optimistic about their medications may be more likely to adhere

to their treatment program [17,18] which in turn is likely to improve overall health and well-

being, leading to greater optimism and continued adherence. Therefore, continuing to high-

light the benefits of treatment adherence for self, partners, and community may further help to

reduce episodes of elevated viremia among individuals, leading to fewer potential opportuni-

ties for transmission within the community.

The results of this study need to be considered within the context of several limitations.

First, while RDS aims to recruit a more representative sample of gbMSM from the larger popu-

lation and produce population parameter estimates, it is unknown how our sample reflects the

general gbMSM population in Metro Vancouver. However, this sampling approach addresses

Table 2. (Continued)

Univariable GEE Multivariable GEE

OR 95% CI p-value AOR 95% CI p-value

None 1.00 Not selected

Mild/Moderate/Severe 1.42 1.02 1.97 0.039�

HADS Anxiety

None 1.00

Mild/Moderate/Severe 1.02 0.67 1.55 0.941

Note: Variables "not selected" were tested for inclusion in the multivariable model but were not retained in the final model due to model fit considerations.

https://doi.org/10.1371/journal.pone.0276596.t002
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limitations of clinic-based recruitment or administrative data analysis as it includes men who

were not engaged in care and those who eventually seroconverted. Second, given the strong

provincial support for HIV testing, TasP, and retention in care for individuals living with HIV,

our results may not be generalizable to gbMSM or other populations in other locations with

fewer supports and resources. Third, our results may be susceptible to cohort effects. Specifi-

cally, as people age and the longer they live with HIV, they may become more adherent to

medication and those who are more adherent to ART and who have more stable living condi-

tions may be more likely to remain in the study over time. For our VL trend analysis, this con-

cern is mitigated by our ability to link our sample to the provincial Drug Treatment Program

which enabled us to access additional data on VL and HIV treatment and increased our ability

to follow our sample over time, thereby reducing the effects of loss-to-follow up typical of

observational cohorts; however, this may have affected our ability to detect factors associated

with episodes of elevated viremia in GEE modelling. Fourth, frequency of unsuppressed VL

was fairly low in this sample and as a result, this may have limited our statistical power to iden-

tify weaker associations. Additionally, our study itself may be considered as a type of interven-

tion as participants in our study were linked to care as part of their study participation. Fifth,

in our GEE models, the median age of our sample at first study visit was 46.9 years and there

were few participants under 30 years. While this reflects decreasing trends of new HIV diagno-

sis within the province, it limits our ability to explore age effects among our sample. Finally,

our data were collected before the beginning of the COVID-19 pandemic and as such may not

be reflective of any changes in episodes of viremia during this time.

Conclusions

Results of this study provide encouraging support that, at least in some contexts and with

strong community, environmental, and political support and resourcing, increasing treatment

adherence and reducing periods of unsuppressed viral load is feasible [1]. However, even with

strong support and resources, some gbMSM continue to experience episodes of elevated vire-

mia, particularly younger gbMSM and those who use stimulants, including ecstasy and crystal

methamphetamine. Given that higher rates of HIV treatment optimism were associated with

fewer episodes of viremia, continued efforts promoting engagement and highlighting the bene-

fits of treatment adherence among all gbMSM may further decrease episodes of elevated of

viremia among gbMSM living with HIV and ultimately transmission rates.
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