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Abstract

Objectives: Owing to advances in antiretroviral therapy (ART), we re-examined minimum ART
adherence levels necessary to achieve sustained HIV-1 viral load (VL) suppression among people
living with HIV who use drugs (PLHIV-PWUD).

Design and methods: We used data from ACCESS, a community-recruited prospective cohort
of PLHIV-PWUD in Vancouver, Canada. We calculated adherence using the proportion of days
of ART dispensed in the year before each VL measurement. We used generalized linear mixed-
effects models to identify adherence- and ART regimen-related correlates of VL suppression
(<200 copies/mL). We employed probit regression models and generated dose-response curves to
estimate the minimum adherence level needed to produce VL suppression in 90% of measures,
stratified by regimen and calendar-year.

Results: Among 837 ART-exposed PLHIV-PWUD recruited between 1996 to 2017, the overall
estimated adherence level necessary to achieve 90% VL suppression was 93% (95% CI: 90-96).
This differed by regimen: 69% (95% CI: 45-92) for integrase inhibitor (INSTI)-, 96% (95%

Cl: 92-100) for boosted protease inhibitor (bPI)-, and 98% (95% CI: 91-100) for nonnucleoside
reverse transcriptase inhibitor-based regimens. In multivariable analysis, INSTI-based regimens
were positively associated with VL suppression (vs. bPIs), while un-boosted Pls and other
regimens were negatively associated. We observed a decreasing temporal trend of estimated
adherence necessary for 90% VL suppression, dropping to 64% (95% CI: 50-77) during 2016—
2017.
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Conclusion: While high levels of ART adherence were necessary to achieve consistent VL
suppression, the minimum necessary adherence levels decreased over time. Overall, INSTI-based
regimens performed the best, suggesting that they should be preferentially prescribed to PLHIV-

PWUD.
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drugs

INTRODUCTION

Thanks to advancements in antiretroviral therapy (ART), HIV infection has become a
chronic and manageable condition with life expectancy among people living with HIV
(PLHIV) approaching that of HIV-negative individuals [1,2]. By maintaining a suppressed
plasma HIV-1 RNA viral load (VL), not only is disease progression halted [3] but the risk
of HIV transmission is effectively null [4,5]. In order to benefit from the individual- and
community-level benefits resulting from ART, current regimens require PLHIV to take ART
on a daily basis over the course of their lifetime [3]. Importantly, suboptimal adherence,
over the long-term, leads to higher VLs [6,7] and negative outcomes such as higher risks of
disease progression [8], drug resistance [9], and HIV transmission [10].

Maintaining optimal levels of adherence to ART remains a major challenge across settings
and populations. Many barriers to achieving clinically acceptable adherence levels have been
identified, including limited access to and retention in care, treatment toxicity, treatment
fatigue, comorbid conditions, and stigma [11-14]. Given these barriers and the advent

of newer ART regimens, it is important to characterize what level of adherence may

be necessary for optimal individual- and community-level outcomes. This is particularly
important among subgroups of PLHIV, including PLHIV who use drugs (PLHIV-PWUD)
who are known to be disproportionately affected by barriers to ART adherence [15]:
unstable housing (e.g., homelessness, residential eviction), incarceration, food insecurity,
and prohibited income generation activities are critical structural barriers to optimal HIV
outcomes and likely operate through their impacts on adherence [16-19]. Furthermore,
PLHIV-PWUD can be exposed to drug-drug interactions—between unregulated substances,
ART, as well as opioid agonist therapy medications in some cases—which can affect the
ART adherence level needed for VL suppression among this subpopulation [20].

While previous studies have shown that a near perfect level of ART adherence (i.e., 295%)
was needed in order to achieve and maintain durable VL suppression [21,22], these studies
were conducted during periods when older ART regimens, such as un-boosted protease
inhibitors (PIs), were prevalent. More recent analyses have demonstrated that with newer
formulations of ART—which have improved potency, pharmacokinetics and safety profiles
[23,24]—Ilower levels of adherence may be sufficient [25-28] to maintain suppression.
However, the available evidence for PLHIV-PWUD, particularly with newer ART regimens,
is limited [29,30]. We are unaware of any study among people who use unregulated drugs
that estimates the minimum ART adherence required for HIV VL suppression using data
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from the last decade. Thus, this study aimed to calculate the adherence level necessary

to achieve VL suppression, across different ART regimens and time periods, among PLHIV-
PWUD in Vancouver, Canada, a setting with universal no-cost healthcare including all HIV
medications and centralized ART dispensation records.

Study design and population

Data for this study was drawn from the AIDS Care Cohort to evaluate Exposure to Survival
Services (ACCESS), an ongoing open prospective cohort of adults living with HIV who
use unregulated drugs (other than or in addition to cannabis) in Vancouver, Canada, that
recruited its first participants in 1996. Eligibility and study procedures have been described
in detail previously [31]. In brief, participants are recruited through community-based
methods such as street outreach with a focus in the Downtown Eastside neighbourhood,

an area with a long-standing open drug market alongside high levels of marginalization,
criminalization, and HIV infection.

After providing written informed consent, at recruitment and every six months thereafter,
participants complete an interviewer-administered questionnaire and provide blood and urine
samples for further analysis. The questionnaire collects information on socio-demographics,
substance use patterns, access to health and social services, and other relevant social/
structural exposures. A $40 honorarium is provided to participants after completing each
study visit. In addition, at baseline, participants provide their personal health number, a
unique and persistent identifier for all residents of British Columbia (BC). This identifier

is used to perform confidential data linkages with the British Columbia Centre for
Excellence in HIV/AIDS (BC-CfE) Drug Treatment Programme (DTP), which dispenses
HIV medications at no cost to all PLHIV in the province of BC. These linkages allow for a
complete longitudinal clinical and laboratory profile for each ACCESS participant, including
all CD4 cell counts and HIV VL tests, as well as data on all ART dispensations, including
dates, quantity, and regimen dispensed. Of note, this linkage includes the results of all CD4
cell count and HIV VL tests conducted by the research study or during clinical care. The
University of British Columbia/Providence Healthcare Research Ethics Board approved the
ACCESS study.

For the present analysis, we included participants recruited between June 12, 1996, and
December 31, 2017, who had =1 day(s) of ART dispensation at least 360 days prior to the
end of the study period.

Outcome of interest

The primary outcome of interest was VL suppression, defined as a VL measure less than
200 copies/mL. We included all VL measures taken >360 days after the earliest date of ART
dispensation. For each VL measure included in the analysis, there were at least 360 days of
corresponding ART dispensation data preceding each measure. This was the case even when
the same participant had multiple VL measures with overlapping adherence timeframes (i.e.,
if a person had more than one VL test within a 360-day adherence measurement period).
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Antiretroviral adherence levels

As done in a previous study [25], adherence to ART was calculated as the proportion of days
covered (PDC). The PDC is a pharmacy claims-based measure of the proportion of days for
which medication is available for a person during a specific measurement period [32]. By
dividing the number of days of ART coverage during the measurement period by the total
length of the measurement period, ART PDC is obtained. Specifically, for each HIV VL
test, we calculated the days of ART PDC in the previous 360 days and grouped it into five
categories: <50%; 50 to <80%; 80 to <85%; 85 to <90%; 90 to <95%; =95%.

Treatment regimens

For each HIV VL measure and using all ART dispensed within the period beginning 360
days prior to the HIV VL measure and ending at the date of the HIV VL measure, we
categorized the ART regimen into one of five categories: (1) integrase inhibitor (INSTI)-
based; (2) nonnucleoside reverse transcriptase inhibitor (NNRTI)-based; (3) boosted
protease inhibitor (bPI)-based; (4) un-boosted Pl-based; and (5) all “other” types (i.e., all
regimens not categorized as an INSTI-, NNRTI- or Pl-based, e.g., INSTI-two-NRTI-PI.) In
the event of >1 regimen in that 360-day period, we used the regimen dispensed for >180
days (>50% of the time).

Other measures

We considered various factors that we hypothesized may be associated with VL suppression
among PLHIV-PWUD, including sociodemographic characteristics (age, sex, self-reported
ancestry), calendar-year of observation (grouped into the following eras: 1996-1999,
introduction of combination ART; 2000-2005, steady state of ART use; 2006—2009,

second expansion of ART distribution; 2010-2015, aggressive scale-up of ART among key
populations as part of local seek, test, treat and retain efforts; and 2016-2017, scale-up of
INSTI-based regimens as first-line in HIV treatment guidelines) [33], physician experience,
time on ART, and history of injection drug use. Physician experience referred to the number
of patients living with HIV that the participant’s prescribing physician had previously
enrolled in the province-wide HIV treatment programme as reflected in the DTP data. Time
on ART was calculated as the time in years between the earliest date of ART dispensation
in the DTP and the date of VL measure. Age, sex, self-reported ancestry, and history of
injection drug use were determined via responses to the study questionnaire.

Statistical analysis

First, we examined characteristics of the study sample at baseline, stratified by VL
suppression. Next, we examined the association between each explanatory variable and

VL suppression, using generalized linear mixed-effects models (GLMM) with a logit-

link function. We included random intercepts to account for the clustering of repeated
observations from the same participants over time. Both bivariable and multivariable
GLMM analyses were performed. Multivariable models included ART regimens, adherence
categories, and all other explanatory variables. A complete case analysis was done. Finally,
we used probit regression models to estimate the predicted probabilities that were plotted in
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the dose-response curves to evaluate the minimum ART adherence level (ART PDC) needed
to produce VL suppression in 90% of measures (i.e., 90% VL suppression benchmark).

To further investigate the effects of developments in HIV care over time, including
increasing availability of more potent ART regimens, we also used probit regression models
and dose-response curves to estimate the minimum ART PDC needed to achieve the 90%
VL suppression benchmark, stratified by ART regimen and by calendar-time period. In
addition, in sub-analyses we explored whether the required levels of ART adherence to
reach this benchmark differed by patterns of recent substance use (last six months) based on
self-reported data (injection drug use, non-injection drug use only, opioid use, and stimulant
use). All statistical analyses were done using SAS software version 9.4 (SAS, Cary, NC),
and all p-values are two-sided.

RESULTS

Among the 1,008 PLHIV-PWUD recruited into ACCESS between June 12, 1996, and
December 31, 2017, 837 (83.1%) participants had at least =1 day(s) of ART dispensation at
least 360 days prior to the end of the study period and were included in the present analysis.
These participants contributed a total of 38,815 VL measures (median: 41 per participant,
quartile 1 to quartile 3 [Q1-Q3]: 24-63). Baseline characteristics of participants, stratified
by VL suppression, using the closest VL measure to the participant’s baseline date, are
presented in Table 1. The median age at baseline was 39 years old (Q1-Q3: 32.8-45.1),

558 (66.7%) participants were male, 454 (54.2%) self-identified as White, and 377 (45%) as
Black, Indigenous, or other people of colour. The majority had a history of injection drug
use (779, 93.1%). Over the study period, bPIs were the most frequent ART regimen (21,213,
54.7% of all VL measures), followed by NNRTIs (9,224, 23.8%).

Table 2 presents the results of the unadjusted and adjusted analyses of factors associated
with VL suppression. As shown, in unadjusted analyses, compared to bPls, participants
who received INSTI-based regimens had increased odds of achieving VL suppression (Odds
Ratio [OR] = 1.95, 95% Confidence Interval [CI]: 1.68-2.26). Conversely, participants

on NNRTIs (OR = 0.44, 95% ClI: 0.40-0.49), un-boosted PlIs (OR = 0.14, 95% CI: 0.12—
0.16) and other regimens (OR = 0.51, 95% CI: 0.46-0.56) were less likely to achieve VL
suppression. In adjusted analyses, INSTI-based regimens (adjusted OR [aOR] = 1.26, 95%
Cl: 1.07-1.48) remained associated with higher odds of VL suppression, while un-boosted
Pls and other ART regimens remained associated with lower odds (aOR = 0.69, 95% CI:
0.58-0.82 and aOR = 0.73, 95% CI: 0.64-0.83, respectively). As also shown in Table 2,
compared to ART adherence levels =95%, all ART adherence categories under 95% were
negatively associated with VL suppression in a dose-response fashion in both unadjusted and
adjusted analyses, ranging from aOR = 0.54 (95% CI: 0.47-0.62) for adherence levels 90 to
<95% to aOR = 0.09 (95% ClI: 0.08-0.10) for adherence levels <50%.

Figure 1 displays dose-response curves that estimate the minimum adherence level needed
to achieve VL suppression in 90% of the VL measures, overall, and stratified by ART
regimen. As shown, the ART PDC necessary to achieve the 90% VL suppression benchmark
was 93% overall (95% CI: 90-96) and varied by ART regimen: 69% (95% CI: 45-92) for
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INSTI-, 96% (95% CI: 92-100) for bPI-, and 98% (95% CI: 91-100) for NNRTI-based
regimens. Un-boosted Pls and “other” ART regimens did not reach the 90% VL suppression
benchmark even with 100% adherence levels.

Compared to the period 1996-1999, more recent time periods were positively associated
with VL suppression, ranging from aOR = 7.65 (95% ClI: 6.02-9.72) for 2000-2005 to

aOR = 15.02 (95% CI: 10.55-21.38) for 2016-2017 (Table 2). A decreasing temporal trend
of ART PDC necessary to achieve consistent VL suppression was also observed in the
probit models (Figure 2). Specifically, while in the earliest two periods (1996-1999 and
2000-2005) not even perfect levels of adherence were sufficient to achieve the 90% VL
suppression benchmark, subsequent periods achieved this goal when participants maintained
adherence levels of at least 92% (95% CI: 85-99) between 2006-2009, 76% (95% ClI:
69-83) between 2010-2015, and 64% (95% Cl: 50-77) between 2016-2017.

Our sub-analyses revealed that the minimum adherence needed to reach the 90% VL
suppression benchmark was overall similar across substance use pattern sub-groups: 91%
(95% ClI: 85-96) for people using injection drugs, 90% (95% CI: 83-96) for people only
using non-injection drugs, 90% (95% CI: 82-96) for people using opioids, and 87% (95%
Cl: 81-92) for those using stimulants (Figure 3). Similar to the main analysis, INSTI-based
regimens required low ART PDC to achieve the 90% benchmark across all sub-groups
(ranging from 65% to 69%), except for people only using non-injection drugs for whom
required levels were 92% (Supplemental Figures S1-S4).

DISCUSSION

In the present analysis, we observed that, among more than 800 PLHIV-PWUD in
Vancouver, Canada, followed from 1996 to 2017, a high level of ART adherence (93%
ART PDC overall; 95% CI: 90-96) was necessary to attain VL suppression in 90% of

VL measures. The level of adherence necessary to reach this threshold, though, varied

by regimen type. INSTI-based regimens needed only 69% (95% CI: 45-92) ART PDC.

On the other hand, bPI- and NNRTI-based regimens needed almost perfect levels of
adherence (=95%). Of note, when focusing on the last available period, the estimated level
of adherence needed to achieve the 90% VL suppression benchmark significantly decreased
from 93 to 64%.

Our analysis found that ART adherence levels lower than 95% were negatively associated
with VL suppression and that high adherence levels (>90%) were needed to achieve the 90%
VL suppression benchmark. This finding is in line with previous studies conducted among
PLHIV-PWUD [29,30] and is also consistent with earlier studies conducted among the
general population of PLHIV at the beginning of the introduction of ART, when regimens
were less potent and more toxic [21,22]. However, more recent studies conducted among
PLHIV showed that adherence levels less than 95% could still be associated with VL
suppression [25-28] and that ART adherence levels of around 80% could be sufficient to
achieve the 90% VL suppression goal [25]. The differences observed between these and our
study could be in part a result of the fact that PLHIV-PWUD make up a unique population
that experiences various barriers to ART adherence [12,34,35]. Indeed, previous research has

AIDS. Author manuscript; available in PMC 2023 July 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

STOVER et al.

Page 7

documented the negative impacts of substance use and related disorders on ART adherence,
particularly when left untreated [15]. Specifically, socio-structural determinants of health
such as homelessness, incarceration, food insecurity, and socioeconomic marginalization are
known to substantially impact ART adherence, particularly among marginalized populations
[16-19]. Moreover, drug-drug interactions between unregulated substances and ART
medications, many of which are metabolized by the same pathways, may also affect the
ART adherence level needed for VL suppression among PLHIV-PWUD [20,36].

Another reason that could explain this relatively high overall level of adherence needed to
achieve consistent VL suppression observed in the present analysis is the specific assessed
period. While we obtained data from 1996 to 2017, the study by Byrd et al. [25] was based
on data taken from 2014 to 2016, when newer and more effective regimens were in use.
Notably, both GLMM analyses and probit regression models demonstrated that, in our study,
more recent calendar-years were associated with a higher likelihood of VL suppression and
a lower ART PDC needed to achieve consistent VL suppression, with the last calendar-time
period only requiring 64% adherence (95% CI: 50-77) to achieve the 90% VL suppression
benchmark. These findings could be partially attributable to the increased use of more potent
ART drugs such as INSTIs due to changes in ART guidelines [37].

While Byrd et al. [25] found no statistical difference between INSTI- and Pl-based
regimens, our study demonstrated that INSTI-based regimens were associated with higher
odds of VL suppression. Moreover, consistent with earlier work among PLHIV (not
exclusive to PWUD) in recent years [25,26], we also found that adherence levels necessary
to attain consistent VL suppression varied by ART regimen type. Specifically, the necessary
adherence level to achieve the 90% VL suppression benchmark in participants receiving
INSTI-based regimens was the lowest, at 69% (95% CI: 45-92), compared to other
regimens, which was consistent across the different patterns of substance use evaluated,
with the exception of non-injection drug use. While the high level of ART PDC required to
achieve consistent VL suppression observed among people only using non-injection drugs
on INSTI-based regimens is surprising, the small sample size in the latter precludes any
noteworthy conclusion. These findings are likely a result of INSTIs’ higher potency and
genetic barrier and improved pharmacokinetic profiles, which, in turn, may make them more
forgiving to missed doses [23,24,38,39]. Furthermore, compared to Pls and NNRTIs, INSTIs
are known to have less serious adverse effects and minor drug-drug interactions not only
with unregulated substances but also with opioid agonist therapy medications that could
decrease ART levels [40,41].

Given the continued and persistent deficits in HIV-related treatment outcomes among
PLHIV-PWUD compared to other key populations [42,43], our findings underscore the
importance of prioritizing the prescription of newer ART such as INSTI-based regimens
among PLHIV-PWUD who face multiple barriers to achieving perfect adherence. Of

note, local clinical guidelines still include NNRTIs and bPIs along with INSTIs as first-

line therapies based on their cost-effectiveness profiles [44]. Acknowledging the multiple
adherence barriers that this population faces, having INSTIs as a preferred first-line
treatment may be necessary for PLHIV-PWUD who wish to realize the full benefits of

ART. Importantly, while our study found that lower adherence levels may effectively achieve
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VL suppression among PLHIV-PWUD treated with INSTI-based regimens, sub-optimal
adherence may result in low-level ongoing viral replication leading to immune activation
and associated increased morbidity and mortality [8]. As such, HIV care providers should
continue stressing the importance of working toward the maximum ART adherence possible
through comprehensive counselling support and pairing with effective pharmacotherapies
where possible. Considering that some patients cannot be perfectly adherent to their
medications due to contextual barriers, these results may be helpful when considering

those barriers, particularly those affecting PWUD, and the optimal ART regimens for these
individuals.

Results from this study should be interpreted considering several limitations. First, we
employed a non-random sampling strategy to recruit participants into our cohort and,

thus, our findings may not necessarily represent the larger population of PLHIV-PWUD

in Vancouver or other jurisdictions. Second, the province of BC offers free HIV care and
ART for PLHIV, so cost was not a barrier to adherence for participants in this study,

which may be different from other systems without no-cost HIV care. Third, we did not
account for ART resistance in the models. The presence of resistance can interfere with

VL suppression regardless of ART adherence levels. That said, ART regimens should be
chosen taking into consideration resistance patterns. We did account for HIV-physician
experience which, in an earlier study, was associated with swifter VL suppression following
ART initiation (independent of adherence), probably through better regimen choice and
pre-initiation viral genotyping [45]. Fourth, due to limitations on pharmacy refill data, our
analysis did not distinguish patterns of adherence (e.g., prolonged versus intermittent periods
of non-adherence). Though beyond the scope of the present study, future studies could
explore whether such patterns have differential impacts on VL suppression. Finally, the PDC
method is a proxy for adherence. The PDC calculates how much time a person has access
to medication, not actual pill-taking behaviour (including taking medication according

to the prescriber’s instructions or on the prescribed schedule), potentially overestimating
adherence. However, using pharmacy dispensation data to calculate adherence has an
advantage over other methods (e.g., self-report and pill counts) potentially impacted by
social-desirability and recall bias [46]. Further, measures of adherence based on pharmacy
dispensation records have been shown to predict VL suppression and survival [47].

In summary, this study found an overall high level of adherence necessary to achieve VL
suppression in 90% of the measurements among PLHIV-PWUD in Vancouver, Canada, over
a 21-year period. However, encouragingly, when restricting our analysis to observations
from the 2016-2017 period, we found that the needed adherence level to achieve the 90%
VL suppression benchmark substantially decreased. Among the different ART regimens,
INSTIs required a lower level of adherence to maintain consistent VL suppression. These
results support current recommendations for including INSTI-based regimens as a first-line
treatment in HIV therapeutic guidelines [44], especially among PLHIV-PWUD, and the
need for ongoing development and implementation of strategies to improve ART adherence
among this subpopulation.
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Figure 1. Estimation of the minimum adherence level needed to produce HIV VL suppression in
90% of tests overall (A) and by ART regimen type (B), among 837 PHLIV-PWUD in Vancouver,

Canada, 1996-2017.

*PDC, proportion of days covered; INSTI, integrase inhibitor; NNRTI, nonnucleoside
reverse transcriptase inhibitor; PI, protease inhibitor. The horizontal lines represent the 90%
benchmark for viral suppression and the dotted vertical lines represent the PDC level at
which 90% of HIV VL measures were suppressed (HIV-1 RNA <200 copies/mL).
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Figure 2. Estimation of the minimum adherence level needed to produce HIV VL suppression in
90% of tests by calendar-year of observation, among 837 PHLIV-PWUD in Vancouver, Canada,

1996-2017.

*PDC, proportion of days covered. The horizontal lines represent the 90% benchmark for
viral suppression and the dotted vertical lines represent the PDC level at which 90% of HIV

VL measures were suppressed (HIV RNA <200 copies/mL)
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*PDC, proportion of days covered. The horizontal lines represent the 90% benchmark for
viral suppression and the dotted vertical lines represent the PDC level at which 90% of HIV
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Table 1.

Baseline characteristics of 837 PLHIV-PWUD, stratified by VL suppression (<200 copies/mL), Vancouver,
Canada (1996-2017).

Characteristic Total, No. (%) (n = 837) VL suppression, No. (%)

Yes (n = 408) No (n = 429)

Individual-level

Age in years, Median (Q1-Q3) 39 (32.8-45.1) 425(355-47.9) 36.6 (31.1-42.3)
Male 558 (66.7) 276 (49.5) 282 (50.5)
White 454 (54.2) 221 (48.7) 233 (51.3)
History of injection drug use 779 (93.1) 382 (49) 397 (51)

ART-related characteristics

ART category
PI (boosted) 307 (36.7) 194 (63.2) 113 (36.8)
P1 (un-boosted) 113 (13.5) 22 (19.5) 91 (80.5)
NNRTI 274 (32.7) 165 (60.2) 109 (39.8)
INSTI 21 (2.5) 17 (81) 4(19)
Other 122 (14.6) 10 (8.2) 112 (91.8)
ART adherence
295% 304 (36.3) 238 (78.3) 66 (21.7)
90 to <95% 36 (4.3) 25 (69.4) 11 (30.6)
85 to <90% 49 (5.9) 30 (61.2) 19 (38.8)
80 to <85% 32 (3.8) 18 (56.2) 14 (43.8)
50 to <80% 138 (16.5) 55 (39.9) 83(60.1)
<50% 278 (33.2) 42 (15.1) 236 (84.9)
Calendar-year of observation
1996-1999 193 (23.1) 13 (6.7) 180 (93.3)
2000-2005 204 (24.4) 93 (45.6) 111 (54.4)
2006-2009 194 (23.2) 129 (66.5) 65 (33.5)
2010-2015 228 (27.2) 158 (69.3) 70 (30.7)
2016-2017 18 (2.2) 15 (83.3) 3(16.7)
Physician experience, Median (Q1-Q3) 71 (26-180) 89 (40-231.5) 71 (19-135)

PLHIV, people living with HIV; PWUD, people who use drugs; VL, viral load; Q1-Q3, quartile 1-quartile 3; ART, antiretroviral therapy; PI,
protease inhibitors; NNRTI, nonnucleoside reverse transcriptase inhibitors; INSTI, integrase strand transfer inhibitor. Percentages (%) in the VL
suppression (Yes/No) columns were calculated as row percentages (e.g., 276/558 = 49.5%)
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Table 2.

Unadjusted and adjusted GLMM quantifying factors associated with VL suppression (<200 copies/mL) among
PLHIV-PWUD, Vancouver, Canada (1996-2017).

Odds Ratio

1duosnuen Joyiny 1duosnuey Joyiny
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Characteristic

Unadjusted
(95% ClI)

Adjusted
(95% ClI)

Individual-level factors

Age, per year older

Male
White

History of injection drug

1.22 (1.22-1.23) "
1.19 (0.92-1.55)
1.14 (0.89-1.45)
1.00 (0.83-1.21)

1.05 (1.04-1.07)
0.95 (0.76-1.20)
0.90 (0.73-1.11)
1.00 (0.81-1.25)

ART-related characteristics

ART category
P1 (boosted)
P1 (un-boosted)

NNRTI
INSTI
Other

ART adherence
>95%
90 to <95%

85 to <90%
80 to <85%
50 to <80%

<50%

Calendar-year of observation

Ref
0.14 (0.12-0.16) *
0.44 (0.40-0.49) ™
1.95 (1.68-2.26) ©

0.51 (0.46-0.56) *

Ref
0.52 (0.46-0.58) ™
0.51 (0.45-0.57) *
0.32 (0.28-0.36) *
0.20 (0.19-0.22) "

0.06 (0.06-0.07) ™

Ref
0.69 (0.58-0.82) ™
1.12 (1.00-1.25)
1.26 (1.07-1.48)

0.73 (0.64-0.83) *

Ref
0.54 (0.47-0.62) ™
0.50 (0.44-0.56) *
0.33 (0.29-0.38) *
0.23 (0.21-0.25) "

0.09 (0.08-0.10) *

1duosnuen Joyiny

1996-1999 Ref Ref
2000-2005 11.25 (9.13-13.87) 7.65 (6.02-9.72)
2006-2009 32.82(26.52-40.61) "  12.05(9.19-15.82)
2010-2015 79.86 (64.51-98.86) 15.67 (11.53-21.31)
2016-2017 115.30 (91.78-144.86)  15.02 (10.55-21.38) *
Time on ART, per 1-year increase 1.24 (1.23-1.25) * 1.04 (1.02-1.06) *
Physician experience, per 100-patient increase 1.41 (0.73-2.73) 0.92 (0.52-1.63)

PLHIV, people living with HIV; PWUD, people who use drugs; VL, viral load; CI, confidence interval; ART, antiretroviral therapy; PI, protease
inhibitors; NNRTI, non-nucleoside reverse transcriptase inhibitors; INSTI, integrase strand transfer inhibitor

*
p<0.05
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