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Abstract

Background—Although Treatment-as-Prevention (TasP) efforts are a new cornerstone of efforts 

to respond to the HIV/AIDS pandemic, their effects among people who use drugs (PWUD) have 

not been fully evaluated. This study characterizes temporal trends in CD4 cell count at ART 

initiation and rates of virologic response among HIV-positive PWUD during a TasP initiative.

Methods—We used data on individuals initiating ART within a prospective cohort of PWUD 

linked to comprehensive clinical records. Using multivariable linear regression, we evaluated the 

relationship between CD4 count prior to ART initiation and year of initiation and time to HIV-1 

RNA viral load < 50 copies/mL following initiation using Cox proportional hazards modeling.

Results—Among 355 individuals, CD4 count at initiation rose from 130 to 330 cells/mL from 

2005 to 2013. In multivariable regression, initiation year was significantly associated with higher 

CD4 count (β = 29.5 cells per year, 95% CI: 21.0–37.9). Initiating ART at higher CD4 counts was 

significantly associated with optimal viral response (Adjusted Hazard Ratio = 1.13 per 100 

cells/mL increase, 95% CI: 1.05–1.22).

Discussion—Increases in CD4 cell count at initiation over time was associated with superior 

virologic response, consistent with the aims of the TasP initiative.
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BACKGROUND

For people living with HIV/AIDS, exposure to antiretroviral therapy (ART) is strongly 

associated with lower rates of HIV/AIDS-associated morbidity and mortality, and decreased 

likelihood of onward viral transmission (1, 2). However, previous work has shown that HIV-

positive people who use drugs (PWUD) exhibit a higher prevalence of sub-optimal HIV/

AIDS treatment outcomes, driven by poorer access and adherence to ART (3–5).

In recent years, the evidence-base in support of ART initiation earlier in the disease course, 

when CD4+ T-cell lymphocyte cell (CD4) counts are higher, has expanded (6–8). A recent 

systematic review including one randomized controlled trial and 13 observational studies 

reported that all found a decreased risk of death among individuals who began treatment 

with CD4 counts of at least 350 cells/ml over study periods ranging from six months to four 

years (9). Further, mathematical modelling has demonstrated how earlier treatment initiation 

can reduce community-level viral load and curb the incidence of new infections (10). Most 

recently, the Strategic Timing of Antiretroviral Treatment (START) trial was halted 

prematurely after preliminary results showed a considerably diminished risk of adverse 

AIDS events and serious non-AIDS events associated with immediate ART initiation upon 

diagnosis compared to delayed initiation at a CD4 cell count below 350 cells/ml (11, 12). In 

light of this evidence, the World Health Organization recently announced it would 

recommend that all individuals living with HIV should begin ART immediately after 

diagnosis, regardless of CD4 cell count (13).

Treatment-as-Prevention (TasP) initiatives aim to improve HIV/AIDS treatment and 

prevention outcomes through enhanced HIV testing, improved linkage to care, and initiation 

of ART upon diagnosis (14). By reducing plasma HIV-1 RNA viral load (VL) in people 

living with HIV to very low levels through the use of ART, the likelihood of onward viral 

transmission is sharply reduced. In one RCT, the risk of transmission was reduced by 96% in 

serodiscordant couples who reported three or more sex acts within three-month time frame 

measured over 1,500 person years (15). Despite accumulating evidence of significant 

reductions in mortality and morbidity associated with ART use among people living with 

HIV (16), studies have shown that PWUD are less likely to receive ART than non-drug users 

and typically start treatment later in the disease course (3, 4, 17). A study conducted among 

PWUD in a community setting in the United States observed that for each 100 cells/mL 

increase in CD4 cell count, there was a 15% decrease in probability of ART initiation (18). 

There is very limited data on the relationship between CD4 cell count at ART initiation and 

subsequent disease course among PWUD and none, to our knowledge, from settings with 

TasP-based efforts to scale-up access and adherence to ART. In addition, there are concerns 

that initiating ART prior to the appearance of symptomatic disease may lead to lower 

adherence and degraded initial virologic response (19). Using data from an ongoing 
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prospective cohort of community-recruited HIV-positive PWUD linked to comprehensive 

HIV clinical monitoring and ART dispensation records, we sought to characterize CD4 cell 

count at ART initiation over time and evaluate patterns of subsequent virologic response 

during a community-wide TasP-based initiative.

METHODS

To meet these objectives, we used data from the AIDS Care Cohort to evaluate Exposure to 

Survival Services (ACCESS), an ongoing prospective cohort of people living with HIV/

AIDS who use illicit drugs in Vancouver, Canada. The study aims to measure and analyse 

the behavioural, social, structural and environmental factors that facilitate or impede access 

and adherence to HIV treatment and thus effect disease progression and viral transmission 

among people who use drugs. It has been described in detail previously (20). Briefly, 

individuals were eligible for the study if they were HIV-positive, aged ≥ 18 years and had 

used illicit drugs other than cannabis at least once in the 30 days prior to the baseline 

interview. Participants were recruited from community settings by word-of-mouth, postering 

and snowball sampling focused on the Downtown Eastside (DTES) area of Vancouver, 

Canada. The site of an explosive outbreak of HIV infection among injection drug users and 

their sexual partners beginning in the mid-1990s (21), the area has high levels of illicit drug 

use and poverty as well as an active open drug market. The ACCESS study has been 

reviewed and approved by the University of British Columbia/Providence Healthcare 

Research Ethics Board. All participants provided written informed consent and were 

compensated $30 for each study visit.

Following recruitment, ACCESS participants complete an interviewer-administered 

questionnaire, which elicits information on lifetime and recent characteristics, behaviours, 

and exposures. Participants also complete an examination by a study nurse, which includes 

drawing a blood sample for HIV/AIDS clinical monitoring, including CD4 cell count 

observations. At six-month intervals, all participants complete follow-up interviews and 

nursing examinations. At baseline, all individuals provide their personal health number 

(PHN), a unique and persistent identifier used for medical billing and tracking purposes by 

the provincial universal health plan. This identifier is also used by study staff to conduct 

confidential linkages to other administrative databases. Using the PHN, study staff access all 

HIV/AIDS treatment records held by the British Columbia Centre for Excellence in HIV/

AIDS (BCCfE) Drug Treatment Program (DTP). The BCCfE provides all HIV/AIDS 

treatment and care, including medications and clinical monitoring tests, free of charge to all 

individuals living with HIV in BC through the government’s universal healthcare plan. 

Through the DTP, a complete retrospective and prospective clinical profile is available for all 

ACCESS participants. This profile includes all plasma HIV-1 RNA VL observations and 

CD4 cell counts conducted through the study or as part of regular medical care. This linkage 

also includes antiretroviral dispensation information, including data on agent, dose, date and 

location.

In this retrospective study, we included all ACCESS participants who were dispensed their 

first dose of ART between January 1, 2005 and June 30, 2013, regardless of their date of 
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study recruitment. We excluded all individuals with no CD4 measurements within 180 days 

prior to ART initiation.

To investigate changes in CD4 cell count at initiation over time, our primary outcome of 

interest was CD4 cell count at initiation, defined as the last recorded CD4 cell count 

measurement prior to ART initiation (i.e., baseline.) To investigate patterns of virologic 

response, our outcome of interest was time to virologic non-detectability, using the date of 

the first VL observation below 50 copies/mL plasma within the 365 days following ART 

initiation. The Roche Amplicor Monitor assay [Roche Molecular Systems, Pleasanton, 

California, USA] was used to determine VL from participant blood samples. The lower limit 

of detection was 50 copies/mL for the entire study period.

From the linked pharmacy records, we defined a number of explanatory variables, including: 

the year of the first dispensation of ART (per year later); age at the date of the first ART 

dispensation (per year older); plasma VL at the time of ART initiation, defined as the last 

observation prior to ART initiation (per log 10 increase); and whether the first ART regimen 

contained a protease inhibitor (PI, yes vs. no). Using the list defined by the United States 

Centres for Disease Control and Prevention (22) we also determined whether the individual 

had been diagnosed with an AIDS-defining illness prior to initiating ART (ever vs. never). 

Because we have previously shown it predicts virologic response to ART (23), we also 

included information on the experience of the physician who prescribed the first ART 

regimen. For each participant, at the time of ART initiation we calculated how many patients 

their prescribing physician had previously initiated on ART, dichotomizing at 6 patients (< 6 

patients vs. ≥ 6 patients). Previous work has shown that location is a determinant of 

treatment access and success (24). The postal code associated with the ART dispensation 

location for each participant was used to determine whether dispensation occurred within the 

DTES (yes vs. no). We defined postal codes with forward sortation areas of “V6A” or 

“V6B” as belonging in the DTES. We also defined explanatory variables using time-

invariant information gathered during the baseline cohort interview, including: gender (male 

vs. non-male); self-reported Caucasian ancestry (yes vs. no); and years since first illicit drug 

use at ART initiation (per year later.)

As a first step, we examined the median CD4 cell count for all individuals initiating ART 

during each year of the study period. Next, we examined the median values (for other 

continuous variables) and contingency tables (for categorical variables) stratified by study 

year. For each variable, we tested for temporal trends using the Cochran-Armitage test (for 

categorical) or least-squares regression on study year (for continuous variables).

To analyze temporal changes in CD4 cell count at ART initiation, we used linear regression 

to model the bivariable relationship between CD4 cell count and the year of initiation. We 

also considered other explanatory variables that have been shown to be associated with 

treatment engagement in our setting and others, specifically: age at ART initiation, gender, 

Caucasian ancestry, DTES dispensation, years since initiation of illicit drug use, and HIV 

MD experience. To obtain an estimate of the linear change in CD4 cell count at ART 

initiation adjusted for possible confounders, we built a multivariable model using an a priori 
model-building strategy. Described in detail previously (25), the protocol uses a backwards 
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selection procedure based on the relative change in the value of the coefficient of the 

primary explanatory variable (i.e., year of initiation). First, we built a multivariable model 

containing the primary explanatory variables and all secondary explanatory variables with p-

values < 0.4 in bivariable analyses. Noting the value of the regression coefficient for year of 

initiation in the full model, we fit a series of reduced models, each with one explanatory 

variable removed, noting the value of the regression coefficient for year of initiation in each. 

Next, we removed the secondary explanatory variable associated with the smallest relative 

change in the value of the regression coefficient for the primary explanatory variable from 

the set of secondary explanatory variables and fit a new full model. We continued this 

iterative process until the smallest relative change exceeded 1%. This procedure to estimate 

the relationship between a primary explanatory variable and an outcome of interest was first 

proposed by Greenland and colleagues (26), and has been used in previous analyses within 

ACCESS (25).

To analyze patterns of initial virologic response to treatment, we first created a categorical 

variable describing CD4 cell count at initiation (< 200 cells/mL vs. ≥ 200 cells/mL and < 

350 cells/mL vs. ≥ 350 cells/mL.) Next, using the Kaplan-Meier estimator, we visually 

inspected the risk of virologic susppression following treatment initiation, stratified by 

baseline CD4 cell count category. To analyze the relationship between baseline CD4 cell 

count and virologic response, we next built a series of Cox proportional hazards regression 

models. We included a number of explanatory variables that we hypothesized might 

confound the relationship between baseline CD4 cell count and virologic response, 

including: age at ART initiation; gender; Caucasian ancestry; baseline VL; presence of an 

AIDS-defining illness; years since first illicit drug use; DTES dispensation; HIV physician 

experience; presence of PI in first regimen. All models fit included a term for the baseline 

VL.

RESULTS

Between December 1, 2005 and June 1, 2013, the study recruited 816 HIV-positive PWUD, 

including 534 (66%) men, with a mean age of 43 (inter-quartile range [IQR]: 37 – 48) years. 

Of the 816 participants, 58 (7%) did not initiate ART prior to the end of the study period and 

398 initiated ART before January 1, 2005; these individuals were not eligible for this study. 

Of the remaining 360, 355 (99%) had ≥ 1 CD4 cell count recorded within 180 days of their 

first study interview and were included in these analyses. Compared to participants who 

were not included in this study, those included did not differ by self-reported ancestry or 

gender, however they were significantly younger at baseline (44 vs. 40 years, p < 0.001).

Among the 355 participants, 130 (37%) were non-male and the median age at ART initiation 

was 41 years. Two hundred people (56%) self-reported Caucasian ancestry. Approximately 

one-third of the participants received their first ART dispensation at a location in the DTES 

(106, 30%). Table 1 shows the median CD4 cell counts at ART initiation, along with 

demographic and drug-use characteristics of the eligible participants, stratified by year of 

ART initiation. The median cell count at CD4 initiation for the entire study period was 220 

cells/mL. Of note, between 2005 and 2013, median CD4 cell count increased from 130 

(IQR: 60 – 205) to 330 (IQR: 205 – 430) cells/mL (test for trend: p < 0.001).
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Figure 1 depicts the median CD4 cell count at ART initiation for each year of the study 

period. We observed a statistically significant upward trend in CD4 cell count at ART 

initiation from 130 cells/mL in 2005 to 330 cells/mL in 2013, peaking in 2011 with a cell 

count of 380 cells/mL.

Table 2 presents bivariable and multivariable linear regression analyses of cofounders 

associated with CD4 cell count at ART initiation. In crude analyses, increasing year of ART 

initiation was significantly and positively associated with higher CD4 cell count at baseline 

(β = 31.2, 95% CI: 23.0 – 39.3, p < 0.001). This association was maintained in a 

multivariable model also adjusted for gender and HIV physician experience. In the adjusted 

analysis, each later year of ART initiation was associated with a baseline CD4 cell count 

increase of 29.5 cells/mL (95% CI: 21.0 – 37.9).

Virologic response following ART initiation stratified by baseline CD4 cell count is 

presented in the Kaplan-Meier analysis in Figure 2. Initiating ART at CD4 > 350 cells/mL 

was associated with the swiftest time to a non-detectable VL compared to initiation at lower 

CD4 strata (i.e., < 200 cells/mL or ≥ 200 cells/mLand ≤ 350 cells/mL). Median time to non-

detectable VL among all participants was 341 days; among individuals in the highest CD4 

strata, median time was 185 days vs. 265 days among individuals in the middle strata. The 

difference in survival times was statistically significant in a log-rank test (p < 0.001). In the 

first 12 months following ART initiation, the probability of reaching a non-detectable VL 

was > 60% in the group with the highest CD4 levels compared to a probability < 30% in the 

CD4 < 200 cells/mL group.

The bivariable and multivariable Cox proportional hazards models of time to virologic 

response are shown in Table 3. The final multivariable model violated the proportional 

hazards assumption and we made efforts to address this, consistent with previously 

described methods (27, 28). After inspection of the Schoenfeld residuals, we fit a new 

multivariable model adding an interaction term between time and VL at ART initiation. In 

this final model, increased CD4 cell count at ART initiation was associated with shorter time 

to VL non-detectability (Adjusted Hazards Ratio (AHR) = 1.13, 95% CI: 1.05–1.22), 

adjusted for history of an AIDS-defining illness and VL at ART initiation.

DISCUSSION

To our knowledge, this is the first study to characterize trends in CD4 cell counts at ART 

initiation among HIV-positive PWUD during a community-wide TasP initiative. We 

observed a statistically significant upward trend in CD4 cell count at ART initiation, 

increasing 200 cells/mL between 2005 and 2013, from 130 cell/mL to 330 cell/mL. In 

addition, we observed improved virologic response to treatment among participants 

initiating ART at higher CD4 cell counts, particularly at CD4 counts > 350 cells/mL.

Previous studies have shown that PWUD face barriers to timely ART initiation (4, 5, 18), 

resulting in poorer virologic responses and health outcomes (29). Our study offers 

compelling evidence to suggest that earlier ART uptake among PWUD can be achieved in 

the setting of a community-wide TasP initiative. In contrast with our findings, work 
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conducted in the United States suggests that while ART initiation is occurring earlier among 

non-drug using populations (30), this observation does not hold true for PWUD. A study 

from the AIDS Linked to the IntraVenous Experience (ALIVE) study of injection drug users 

in Baltimore, United States, showed no significant increase in rates of ART initiation from 

1996 to 2008, with high-intensity injection drug use remaining a key barrier to treatment 

uptake (31). It should be acknowledged that in our setting of British Columbia there are no 

financial barriers to ART uptake as HIV treatment is provided at no cost, reducing socio-

economic barriers to ART initiation that may be present within other international settings, 

including the United States.

Previous work has shown that PWUD experience a poorer virologic response to ART 

compared to non-drug using populations (29, 32). This is well explored within the literature 

and has been attributed to comorbid health conditions, disadvantaged social circumstances, 

mental illness, addiction and ongoing drug use (4, 33). HIV cohort studies in Switzerland 

and the United States have shown that non-PWUD and former drug users have higher rates 

of treatment uptake and improved responses to ART compared to people who actively use 

drugs (34, 35). Taken together, these studies suggest that illicit drug users face challenges of 

delayed treatment and thus reduced virological response. Compared to these findings, our 

study findings suggest that earlier initiation of ART among HIV-positive PWUD is 

associated with improved virologic response to treatment. These findings highlight the 

benefit of supporting early access to treatment to improve clinical outcomes among 

marginalized drug-using communities and curb onward HIV transmission. This study 

presents a promising outlook for ongoing efforts to engage vulnerable drug-using 

populations within the cascade of HIV care to reach ambitious UNAIDS 90-90-90 targets.

Our study is the first, to our knowledge, to describe temporal trends in ART initiation among 

PWUD during a community-wide TasP-based initiative. Our findings suggest a trend toward 

treatment initiation earlier in the disease course within this cohort, associated with improved 

virologic outcomes, consistent with the goals of TasP initiatives. However, we caution that 

additional study is required to understand the possible contribution of different factors to the 

observed increase, such as improvements in the convenience, tolerability and potency of 

antiretroviral regimens over time, or the components of the local community-wide TasP 

campaign, such as changes to clinical HIV/AIDS treatment guidelines and addiction 

services. Although we did include time since illicit drug use as a covariate in this analysis, 

we were unable to include some time-updated behavioural data, such as drug-using 

practices, presence of psychologic co-morbidities and incarceration that have been shown to 

influence ART initiation and subsequent virologic response (31, 36, 37).

Our study also has other limitations in addition to those mentioned above. First, as our local 

setting offers HIV/AIDS treatment and care free-of-charge, including all antiretroviral 

medications, we were unable to consider the possible role played by financial ability on 

treatment outcomes, an important consideration in studies of HIV treatment outcomes 

among members of marginalized and vulnerable communities (38). In addition, while we 

made efforts to recruit participants from community settings and include individuals at all 

stages of clinical care, we cannot claim that it is fully representative of HIV-positive PWUD 

in our setting or others.
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In conclusion, in this retrospective study involving HIV-positive PWUD initiating ART 

during a community-wide TasP-based initiative, we observed increasing CD4 cell counts at 

ART initiation over time. In a multivariable linear regression model, each later year of ART 

initiation was associated with an increase in 30 CD4 cells/mL. In a multivariable Cox 

proportional hazards model, higher CD4 cell count at initiation was associated with 

improved virologic response to treatment. Our results support earlier initiation of ART as a 

part of efforts to improve HIV/AIDS treatment and care within marginalized, drug-using 

communities, especially in light of the recently-announced 90-90-90 goals aimed at 

eliminating the HIV/AIDS pandemic as a significant public health concern
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Figure 1. 
Median CD4 cell count at ART initiation by calendar year, 2005 to 2013 among 355 HIV-

positive illicit drug users
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Figure 2. 
Time to HIV-1 RNA viral load (VL) below 50 copies/mL in the year following antiretroviral 

therapy initiation (ART), stratified by CD4 cell count at ART initiation (n=355) (< 200 

cells/mL vs. ≥ 200 cell/mL & < 350 cell/mL vs. ≥ 350 cell/mL)
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