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Objectives

HIV treatment-as-prevention campaigns emphasize early diagnosis and immediate access to care
and antiretroviral therapy for HIV-positive individuals in order to increase levels of plasma HIV
RNA viral load (VL) suppression. However, the possible role of harm reduction-based programmes
in this objective has not yet been well evaluated. The objective of the study was to examine the
relationship between being a client of the Dr. Peter Centre (DPC; an HIV/AIDS-focused adult
integrated health programme) and VL suppression among highly active antiretroviral therapy
(HAART)-exposed HIV-positive people who use illicit drugs (PWUD) in Vancouver, Canada.
Methods

Data were derived from the AIDS Care Cohort to Evaluate Exposure to Survival Services (ACCESS)
study, a study of a community-recruited cohort of HIV-positive PWUD. A marginal structural
model using inverse probability of treatment weights was used to estimate the longitudinal
relationship between being a DPC client and exhibiting a VL < 50 HIV-1 RNA copies/mL plasma.
Results

Between 2005 and 2014, 746 HAART-exposed participants were included in the study, of whom
269 (36.1%) reported being a DPC client at some time during the study period. A marginal
structural model estimated a 1.54 greater odds of achieving VL suppression (95% confidence
interval 1.20–1.99) among DPC clients.
Conclusions

Our findings demonstrate that participating in an innovative HIV/AIDS-focused adult integrated
health programme that provides a broad range of clinical, harm reduction, and support services
may contribute to optimizing the benefits of HAART in terms of morbidity, mortality and viral
transmission among PWUD, and as a result help to fulfill the goals of the treatment-as-prevention
strategy.
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recent advances in our understanding of HIV/AIDS transmission dynamics have revealed the beneficial impact of
HIV treatment on the prevention of onward viral transmission. Specifically, experimental and observational
studies have highlighted the important role of HAART in
lowering community-level plasma HIV-1 RNA viral load
(VL), which in turn reduces the incidence of new HIV
infections [3,4]. The treatment-as-prevention (TasP) strategy [5] has been endorsed by a number of major

Introduction
The advent of highly active antiretroviral therapy
(HAART) has been associated with dramatic declines in
HIV-related morbidity and mortality [1,2]. Moreover,
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international organizations, including the Joint United
Nations Programme on HIV/AIDS and the World Health
Organization [6], and has been widely adopted in various
jurisdictions around the world [7,8]. Despite these
advances, rates of access and adherence to HAART
among people who use illicit drugs (PWUD) remain low
compared with other risk groups [9,10], and structural
barriers to optimal antiretroviral use among this population, such as the criminalization of illicit drug use, continue to limit efforts to scale up TasP-based programming
[11] to reach the 90-90-90 target to end the HIV/AIDS
pandemic by 2020 [12].
Integrated harm reduction-based models of care have
been implemented in numerous settings with the aim of
improving HIV prevention and treatment outcomes for
people living with HIV/AIDS (PLWHA), including HIVpositive PWUD [13,14]. In Vancouver, Canada, the Dr.
Peter Centre (DPC) is a low-threshold HIV/AIDS-focused
adult integrated health programme that provides support to PLWHA who experience multiple barriers to
achieving optimal health outcomes, including poverty,
homelessness, mental health and addiction issues [15].
Established in 1997, the DPC is a nonprofit organization that provides three core programmes to clients,
including a day health programme, a 24-h specialized
nursing care residence, and an enhanced supported
housing programme. The DPC offers a wide array of
therapeutic and harm reduction services, such as addictions counselling, provision of food and nutrition services, art and music therapy, and a supervised injection
facility [16].
There is a large body of evidence supporting the provision of HAART to increase levels of VL nondetectability
to prevent morbidity and mortality, and secondarily to
decrease the risk of HIV transmission. However, there are
several competing hypotheses regarding the possible
impact of a harm reduction-based integrated health programme on VL suppression. Specifically, access to these
types of programme have been shown to be associated
with improved health and HIV treatment outcomes
[14,17]; however, a hypothesis can also be made for the
impact of improved HIV treatment outcomes on further
engagement with integrated HIV/AIDS programmes.
Although conventional methods used in observational
studies [e.g. generalized linear mixed effects modelling
(GLMM)] can largely adjust for baseline and time-dependent confounding in longitudinal cohort studies, these
methods may be biased in the case that some variables
may be acting as confounders of the main effect and
may be predicted by previous treatment/outcome [18].
Alternatively, marginal structural modelling is an innovative analytic approach that aims to estimate the causal
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relationship between two variables using observational
data. This type of statistical model is designed to address
time-varying confounding effects and selection bias associated with nonrandom exposure, allowing for causal
interpretations as to the true extent to which accessing
an HIV/AIDS integrated health programme may influence
VL suppression [19]. Marginal structural models have
previously been used in the HIV/AIDS context to understand the effects of various exposures, such as the use of
antidepressants and pillbox organizers, on VL suppression
[20,21]. Following the methodological approaches of
these studies, the objective of the present study was to
estimate the effect of being a DPC client on VL suppression among HIV-positive PWUD in Vancouver, Canada
using a marginal structural model applied to observational data with comprehensive information on VL determinants.

Methods
Study design
Data for these analyses were derived from the AIDS
Care Cohort to Evaluate Exposure to Survival Services
(ACCESS) study, a community-recruited open prospective cohort study of HIV-positive people who use illicit
drugs. The study has been described in detail previously [22]. In brief, beginning in 1996, participants
have been recruited through extensive street-based outreach and word of mouth from Vancouver’s Downtown
Eastside, a postindustrial area with a large open drug
market and high levels of illicit drug use, poverty, and
HIV infection. Individuals are eligible to participate in
ACCESS if they are ≥ 18 years old, reside in the
greater Vancouver region, are HIV-positive upon entry,
used illicit drugs other than or in addition to cannabis
in the month prior to enrolment, and provide written
informed consent.
At baseline and semi-annually, participants complete a
comprehensive interviewer-administered questionnaire
that elicits information on sociodemographic characteristics, drug use patterns, involvement in drug treatment,
and other relevant exposures and outcomes. Additionally,
participants provide blood samples to monitor disease
progression. Participants are compensated for each study
visit. In June 2013, the remuneration amount increased
from $20 CDN to $30 CDN. Interview data are augmented
by comprehensive information on HIV care and treatment
from the local centralized HIV/AIDS registry. Specifically,
through a confidential linkage, we obtained a complete
clinical profiles of participants’ CD4 T-cell counts, VL
observations, and exposure to specific antiretroviral
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agents. In British Columbia, all provision of HAART is
centralized through a province-wide HAART dispensation
programme, where HAART and related care are provided
at no cost through the province’s universal health care
system. The ACCESS study has been approved by the
University of British Columbia/Providence Health Care
Research Ethics Board.

Study sample
The study sample included all participants who had
received at least 1 day of HAART prior to the end of the
study period. Individuals who were HAART-na€ıve at
baseline but who initiated treatment during follow-up
were included from the next follow-up interview forward.
Also, to be included in these analyses, participants had to
have at least one observation of CD4 cell count and VL
within  180 days of the day they entered the study.

Variable selection
The primary outcome of interest was nondetectable VL in
the previous 6 months, defined as having achieved a VL
of < 50 HIV-1 RNA copies/mL plasma (yes vs. no). In the
event that more than one VL observation was collected
within a 6-month follow-up period, we used the median
of all the observations. Being a client of the DPC, defined
by participant self-report during each 6-month study
visit, was the key independent variable considered.
We also considered a selection of other time-invariant
and time-varying confounders hypothesized to be associated with the main independent and outcome variables, including: age (per year increase); gender (male
vs. female); indigenous ancestry (yes vs. no); hepatitis C
virus (HCV) antibody positivity (yes vs. no); homelessness, defined as living on the street or having no fixed
address (yes vs. no); mental health diagnosis ever (yes
vs. no); at least daily heroin injection (yes vs. no); at
least daily cocaine injection (yes vs. no); at least daily
crack noninjection (yes vs. no); enrolment in methadone
maintenance therapy (yes vs. no); HAART adherence,
defined as the quotient of the number of days that
HAART was dispensed divided by the total number of
days since an individual had initiated HAART, capped at
180 days (≥ 95% vs. < 95%); and CD4 cell count (per 1
cell/mL increase). As with VL, we used the median of
all CD4 cell count observations if more than one was
collected in any 6-month period, or the most recent in
the event that none were collected. All time-varying
variables were time-updated and refer to the 6-month
period prior to the follow-up interview unless otherwise
indicated.
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Statistical analyses
To estimate the effect of being a DPC client on VL suppression, we used marginal structural models with inverse
probability of treatment weights (IPTWs). This statistical
approach can handle time-dependent variables that are
simultaneously confounders of the effect of interest and
are also predicted by previous treatment (i.e. being a DPC
client), and can also adjust for selection bias. This
approach has been successfully applied in the field of
HIV/AIDS and models the relationship between the
explanatory and outcome variables by correcting for the
nonrandom assignment of the treatment [18,20,21,23].
Prior to calculating the weights, missing time-varying
confounder information was imputed using the most
recent observation carried forward. This method has been
successfully used in previously published HIV-related
analyses [20,24]. Given that there was only a small proportion of missing time-varying confounder information
(< 2% of observations with missing data), we do not
believe this will have had significant impacts on the
study results. Additionally, time-lagged confounder variables were used to ensure that confounders occurred
before being a DPC client. We then computed the stabilized IPTWs using pooled logistic regression. We chose to
use stable weights given that unstable weights can potentially lead to estimators with large variance [19,25]. Factors considered for calculating the weights included the
confounding variables listed above. To calculate stabilized IPTWs, we first calculated the denominator, which
was the probability that the participant received the
observed treatment (i.e. being a DPC client), given their
past DPC exposure history and prognostic factor history
(i.e. confounding variables listed above). Then, we calculated the numerator, which was the probability that the
participant received the observed treatment conditional
on their past DPC exposure history and baseline covariates. Finally, unconditional logistic regression was used
to estimate the effect of being a DPC client on VL suppression after adjusting for the stabilized weights calculated.
As a comparison, we constructed adjusted and unadjusted unweighted estimates of the effect of being a DPC
client on VL suppression using GLMM and a confounding
model approach [26] using a backwards-selection procedure based on observing the relative change in the value
for the coefficient for the primary explanatory variable of
interest (being a DPC client). Specifically, we started with
a full multivariable GLMM model including all secondary
variables that were statistically significantly associated
with VL suppression (P < 0.05) in bivariable analyses,
which included gender, HCV serostatus, homelessness,
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mental health diagnosis, daily heroin injection, daily
crack noninjection, enrolment in methadone maintenance
therapy, and CD4 cell count. Then, in a stepwise manner,
we removed the secondary explanatory variable corresponding to the smallest relative change in the effect of
being a DPC client on VL suppression from further consideration. We continued this iterative process until the
minimum change of the value of the coefficient for calendar year from the full model exceeded 5%. Remaining
variables were considered confounders in multivariable
analysis. We also conducted a mediation analysis using
the Baron and Kenny approach [27] and the Sobel test
statistic [28] to determine whether adherence to HAART
mediated the relationship between being a DPC client and
VL suppression. All statistical analyses were executed
using SAS software version 9.4 (SAS Institute Inc., Cary,
NC, USA).

Results
Characteristics of study cohort
Between December 2005 and May 2014, there were a
total of 847 participants in the ACCESS study. Of those,
756 (89.3%) received at least 1 day of HAART prior to
the end of the study period. Among those on HAART,
746 (98.7%) HIV-positive PWUD met the inclusion criteria for the analyses, including 246 (33.0%) women. The
individuals had a median age of 43.5 [interquartile range
(IQR) 36.9–48.6] years (Table 1). Over the study period,
the participants contributed 3337 total person-years of
follow-up. Individuals in the cohort were followed for a

median duration of 53.3 (IQR 29.2–84.0) months. In total,
269 (36.1%) reported being a DPC client at some point
during the study period; of these, 161 (21.6%) reported
being a DPC client at baseline. The median number of
study visits was nine visits (IQR 6–12 visits) among participants who reported being a DPC client during the
study period and eight visits (IQR 4–12 visits) among participants who did not report being a DPC client. At baseline, VL suppression was observed in 289 (38.7%)
participants and, in total, 627 (84.0%) participants
achieved at least one period of VL suppression at some
time during the study period.

Effect of being a DPC client on VL suppression
Presented in Table 2 are the results of the unweighted
and weighted estimates of the effect of being a DPC client
on VL suppression. The marginal structural model using
IPTWs to adjust for the time-updated weights yielded an
adjusted odds ratio (AOR) of 1.54 [95% confidence interval (CI) 1.20–1.99]. Stabilized weights had a mean of
0.995 (standard deviation = 0.14), indicating correct
specification. Using GLMM methods, the unadjusted odds
of VL suppression among DPC clients were 2.06 times
higher (95% CI 1.58–2.69) compared with non-DPC clients. Adjusting for HAART adherence, gender, HCV
serostatus, homelessness, mental health diagnosis, daily
crack noninjection, enrolment in methadone maintenance
therapy, and CD4 cell count, a GLMM model yielded an
AOR of 1.51 (95% CI 1.13–2.02). To assess a mediation
effect, a second multivariable model, where HAART
adherence was excluded, was constructed. In this model,

Table 1 Baseline characteristics of 746 HIV-positive people who use illicit drugs in Vancouver, Canada, stratified by being a Dr. Peter Centre
(DPC) client
A DPC client
Characteristic
Age (years) [median (IQR)]
Male gender
Indigenous ancestry
HCV-positive serostatus
Homelessness*
Diagnosed mental illness
At least daily heroin injection*
At least daily cocaine injection*
At least daily crack noninjection*
Enrolment in MMT*
≥ 95% HAART adherence*
CD4 count (cells/mL) [median (IQR)]*
Achieved VL suppression*

Total (%) (n = 746)
43.5
500
302
653
222
372
109
61
258
303
322
320
289

(36.9–48.6)
(67.0)
(40.5)
(87.5)
(29.8)
(49.9)
(14.6)
(8.2)
(34.6)
(40.6)
(43.2)
(200–465)
(38.7)

Yes (%) (n = 161)
45.6
134
54
135
37
102
8
7
36
51
89
310
83

(40.4–50.3)
(83.2)
(33.5)
(83.9)
(23.0)
(63.4)
(5.0)
(4.3)
(22.4)
(31.7)
(55.3)
(175–455)
(51.6)

No (%) (n = 585)
42.8
366
248
518
185
270
101
54
222
252
233
320
206

(36.2–48.2)
(62.6)
(42.4)
(88.5)
(31.6)
(46.2)
(17.3)
(9.2)
(37.9)
(43.1)
(39.8)
(200–467)
(35.2)

P-value
< 0.001
< 0.001
0.043
0.098
0.038
< 0.001
< 0.001
0.044
< 0.001
0.007
< 0.001
0.579
< 0.001

Data are n (%), unless otherwise stated.
DPC, Dr. Peter Centre; IQR, interquartile range; HCV, hepatitis C virus; MMT, methadone maintenance therapy; HAART, highly active antiretroviral therapy; VL, viral load.
*Refers to the 6-month period prior to the interview.
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Table 2 Regression analyses on the effect of being a Dr. Peter Centre client on plasma viral load suppression among HIV-positive people who use illicit drugs (n = 746)

Model specification
Unweighted estimates
Unadjusted, generalized linear mixed
effect model
Adjusted, generalized linear mixed
effect model [excluding adherence
(mediator) variable]*
Adjusted, generalized linear mixed
effect model [including adherence
(mediator) variable]*
Weighted estimates
Marginal structural model with IPTWs

Measure of effect
[OR (95% CI)]

Mean of
IPTWs

2.06 (1.58–2.69)

–

1.63 (1.22–2.18)

–

1.51 (1.13–2.02)

–

1.54 (1.20–1.99)

0.995

OR, odds ratio; CI, confidence interval; IPTW, inverse probability of
treatment weights.
*Adjusting for gender, hepatitis C virus (HCV) serostatus, homelessness,
mental health diagnosis, daily crack noninjection, and enrolment in
methadone maintenance therapy.

the effect of being a DPC client on VL suppression
increased (AOR 1.63; 95% CI 1.22–2.18), suggesting that
a partial mediation effect was observed. A second test of
mediation confirmed the role of HAART adherence as a
mediating variable in the relationship between being a
DPC client and VL suppression (Sobel test statistic = 2.77;
P = 0.006).

Discussion
Using a marginal structural model to adjust for timevarying confounding and selection bias, in the present
study it was observed that being a DPC client was associated with a dramatically increased likelihood of VL suppression among HAART-exposed PWUD. These results
suggest a potentially important contribution of a harm
reduction model-based HIV/AIDS integrated health programme to producing optimal virologic responses in a
setting where there are no financial barriers to HIV treatment and care. This association may be attributable, in
large part, to the comprehensive set of programmes
offered by the DPC, resulting in the provision of appropriate housing, treatment, and care for this vulnerable
population. Specifically, the DPC incorporates a wide
range of harm reduction strategies and services to meet
the needs of clients, including the distribution of drug
use paraphernalia as well as a supervised injection facility [14,29]. Other services offered through the DPC, such
as nursing care, art therapy, nutrition services, and counselling, may also be contributing to the observed association [16]. While we hypothesize that the continuum of
care provided by the DPC alleviates the health and social
inequities experienced by this vulnerable population,
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thereby improving HIV treatment outcomes, future indepth qualitative research should seek to explore this area
further.
Our findings have several public health implications.
Importantly, these findings highlight the potential for
harm reduction-based HIV/AIDS integrated health programmes to complement existing TasP efforts by serving
vulnerable individuals with complex comorbidities. The
increased availability of integrated services that facilitate
the uptake of, and adherence to, HAART, including various harm reduction strategies and directly observed and
assisted therapy, has previously been shown to improve
virological outcomes among vulnerable individuals living
with HIV [30–33]. The present study adds to this existing
literature by being the first to utilize causal inference
techniques for observational data to mimic randomized
experiments in an effort to gain a better understanding
of the effect of an HIV/AIDS integrated health programme on VL suppression. With the expansion of
HAART and further scale-up of TasP-based efforts, our
findings support calls for harm reduction programmes
and services to be incorporated into treatment strategies
in order to provide HIV-positive PWUD with the necessary care to ensure VL suppression and limit disease progression and premature death, as well as HIV
transmission in this population [10].
Our study has several noteworthy limitations. First, it is
difficult to truly assess causality given the observational
nature of cohort studies and nonrandom assignment of
participants to the exposure of interest, particularly when
standard approaches for adjusting for confounders are
usually biased as a consequence of time-dependent
factors. However, we attempted to address this by
constructing a marginal structural model to adjust for
time-dependent confounding to estimate the causal effect
of being a DPC client on VL suppression [25]. Similarly,
there may be remaining unmeasured confounding (e.g.
undiagnosed mental illness or other chronic comorbidities) given that we were only able to control for known
confounders. Another limitation of our study relates to
the generalizability of the study findings. As we included
HIV-positive PWUD who were engaged in some level of
care (e.g. on HAART), the study sample may not be representative of all HIV-positive PWUD and therefore the
findings may not be widely generalizable. In addition,
our main explanatory measure, being a DPC client, does
not account for the frequency and type of service(s) used;
thus, it is unclear whether there is a dose-dependent relationship between the main explanatory and outcome
variables. Lastly, the study included some data derived
from self-report and thus may be subject to reporting
biases. However, it is noteworthy that the outcome of
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interest, VL suppression, and other clinical measures were
obtained from comprehensive administrative records.
In summary, we analysed the effect of being a DPC
client on VL suppression using data derived from a longstanding prospective cohort study of HIV-positive PWUD.
Our results demonstrate that DPC clients had a significantly increased odds of VL suppression compared with
their non-DPC client counterparts. These findings highlight the importance of, and need for, harm reductionbased strategies to be integrated into the scale-up of
TasP-based efforts to improve HIV care and treatment
outcomes among HIV-positive PWUD.
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