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Abstract

Background—HIV infection among persons who inject drugs (PWID) is a major international 

public health concern. Thus, the need to identify novel protective factors is of utmost importance. 

We therefore evaluated the impact of methadone maintenance therapy on HIV incidence among 

PWID in Vancouver, Canada.

Methods—Data were derived from a prospective cohort of PWID in Vancouver, Canada where 

methadone is widely available through family physician’s offices and dispensed by community 

pharmacies. We examined the role of methadone maintenance treatment on time to HIV incidence 

while adjusting for potential confounders.

Findings—Overall, 1639 HIV-negative individuals were recruited between May 1996 and May 

2013 among whom there were 138 cases of HIV seroconversion during a median of 75·5 

(interquartile range: 33·4 – 115·3) months of follow up. In multivariate Cox regression analyses, 

methadone maintenance therapy (adjusted relative hazard: 0·64 [95% confidence interval: 0·41 – 

0·98]) remained independently associated with a reduced hazard of HIV infection after adjusting 

for socio-demographic characteristics and drug use patterns.

Interpretation—In this setting, where a low threshold program has made methadone widely 

available through primary care physicians, the use of methadone was independently associated 

with a reduced rate of HIV infection. These data reinforce the benefits of low threshold methadone 

on public health goals such as reducing the spread of HIV.
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INTRODUCTION

HIV infection amongst people who inject drugs (PWID) is a major international public 

health concern. Injecting drugs is now responsible for greater than 30% of new HIV 

infections outside of sub-Saharan Africa, and it is estimated that three million PWID 

worldwide are HIV positive.1,2 In response to the pandemic, in 2011 the United Nations set 

a goal to reduce transmission of HIV amongst PWID by 50% by 2015.3 However, in June 

2014, the United Nations Office on Drugs and Crime reported that HIV epidemics amongst 

PWID still remained a critical issue.4 The situation is particularly dire in SouthWest Asia 

and Eastern Europe where HIV incidence, primarily as a result of sharing of injection 

equipment among heroin injectors, remains among the highest in the world.4

In this context, there is a large body of evidence to support using methadone as a treatment 

for opioid use disorder and for improving outcomes related to HIV.5 Despite this evidence, 

barriers to methadone availability continue in many parts of the world, particularly in 

settings hardest hit by HIV transmission related to heroin use. In Russia, for example, where 

in some cities HIV prevalence among PWID is greater than 50%,6–8 a federal law prohibits 

the use of methadone for the treatment of opioid use disorder.9,10 Even in the United States, 

there is limited availability of methadone primarily due to programmatic restrictions that 

limit methadone availability to specialized clinics rather than through lower threshold 

strategies involving primary care physicians.11,12

In Canada, methadone prescribing and dispensation was largely deregulated in 1996.13 At 

that time, in British Columbia, there were 2,827 individuals enrolled in the methadone 

program and by the end of 2009, participant enrollment had increased to 11,033.14 

Methadone is now widely available for the treatment of opioid use disorder and can be 

prescribed by primary care physicians and is dispensed daily for witnessed ingestion through 

community pharmacies rather than dedicated methadone programs.13,15 Once a period of 

stability is obtained, take-home dosing is available to patients. While methadone has been 

shown to reduce HIV risk in several settings,16–18 its benefits when provided through low 

threshold models has not been well studied. Therefore, the present study was undertaken to 

examine the effect of methadone maintenance therapy on HIV incidence in a Canadian 

setting with low threshold availability of methadone.

METHODS

Date sources

Our study was performed using data from the Vancouver Injection Drug Users Study 

(VIDUS), a longstanding prospective cohort of PWID in Vancouver, Canada, starting in 

1996.19 Briefly, individuals were eligible to enroll in VIDUS if they had injected illicit 

drugs at least once in the previous month and resided in the Greater Vancouver region at 

enrollment. Participants responded to an interviewer-administered questionnaire and 
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provided blood samples at enrollment and semi-annual follow-up visits. The cohort receives 

annual approval from the University of British Columbia/Providence Health Care Research 

Ethics Board.

For the purpose of our study, we defined “low threshold” methadone as methadone 

prescribed through primary care physicians’ offices and dispensed at community pharmacies 

rather than prescribed and dispensed at specialty clinics. We did not include various 

different program restrictions like take-home dosing, required counseling, or frequency of 

urine drug screening though details of the local guidelines are available.20

Statistical analysis

The present study was restricted to those PWID who were HIV negative at study recruitment 

and completed at least one follow-up interview between May 1996 and May 2013. Our 

primary outcome of interest was time to HIV seroconversion, defined as the time interval 

between recruitment into the cohort and estimated date of HIV seroconversion/infection. 

Date of HIV infection was estimated as the midpoint between the last HIV negative test and 

the first HIV positive test.21–23 HIV tests, initially reactive on enzyme-linked 

immunosorbent assay, were confirmed by Western Blot. Our primary explanatory variable 

of interest was use of methadone maintenance therapy (MMT) in the previous six months. 

Here, the methadone use variable was treated as a time-updated covariate based on data 

collected at each semi-annual follow up visit allowing for individuals to contribute follow up 

when both on or off of methadone. Individuals were defined as using methadone at each 

follow up if they had been prescribed and taken methadone at any time in each semi-annual 

period. We also considered secondary explanatory variables that might potentially confound 

the relationship between the primary explanatory variable and the outcome. These included 

gender (male vs. female); age (in years); ethnicity (Caucasian vs. other); incarceration 

defined as being in detention, prison or jail for overnight or longer (yes vs. no); sex work 

involvement defined as exchanging sex for money, food, drugs, shelter or other commodities 

(yes vs. no); at least daily injection heroin use (yes vs. no); at least daily injection cocaine 

use (yes vs. no); syringe borrowing (yes vs. no); required help injecting (yes vs. no); at least 

daily crack cocaine smoking (yes vs. no); and unprotected vaginal/anal sex (yes vs. no). 

Unless specified, all behavioural variables refer to activities taking place within the previous 

six months.

Initially, we calculated the incidence density rate of HIV infection using person-time 

methods. Then, baseline demographics and behaviours between baseline MMT users and 

non-MMT users were compared using Pearson’s chi-squared test for categorical variables 

and the Wilcoxon rank-sum test for continuous variables. Subsequently, we stratified by 

methadone use in the previous six months at baseline and estimated the cumulative 

incidence probabilities of time to HIV infection using Kaplan-Meier methods. The 

cumulative incidence curves were compared via the log-rank test.

Next, we used bivariate and multivariate extended Cox regression analyses to assess the 

independent association between methadone use and time to HIV seroconversion. Here, 

potential confounders were first examined in the bivariate Cox regression analyses. To 

construct a multivariate model, we employed a conservative variable selection approach.24 
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Specifically, we first fit a full model with all potential confounders that were associated with 

time to HIV infection at p<0·05 in the bivariate analyses. Then, we used a stepwise approach 

to fit a series of reduced models, dropping secondary explanatory variables (i.e. non-

methadone use) with less relative influence on the relationship between methadone use and 

time to HIV seroconversion. The final model was selected when the minimum relative 

change exceeded 5%. The remaining secondary variables were considered confounders of 

the association between methadone use and time to HIV seroconversion in the final 

multivariate analysis.24 To control for severity of opioid use disorder, we a priori elected to 

include daily heroin use in the multivariate analysis, though it was not necessary to force its 

inclusion in the final model as it met the above criteria. All statistical analyses were 

performed using the SAS software version 9·3 (SAS, Cary, NC, USA). All p-values are two 

sided.

Role of the funding source

The sponsor of the study had no role in the study design, data collection, data analysis, data 

interpretation, or writing of the report. The corresponding author had full access to all the 

data in the study and had final responsibility for the decision to submit for publication.

RESULTS

Of the 1,879 individuals who were HIV negative at baseline, 1,639 (87%) had returned for 

at least one follow up visit to assess for HIV infection and were therefore eligible for the 

present study. In comparison to those HIV negative individuals who did not return for 

follow up, those included in the study sample were more likely to be older (median age: 36 

years vs. 32 years, p<0·001) and less likely to engage in unprotected sex (37% vs. 45%, 

p=0·025) at baseline. There were no differences in methadone use at baseline.

Of the 1,639 eligible participants, 1,093 (67%) were male and the median age at baseline 

was 36 (interquartile range [IQR]: 28 – 42) years. During the study period, participants were 

followed up for a median of 75·5 (IQR: 33·4 – 115·3) months. Of the 1,639 participants, 138 

cases of HIV seroconversion were reported during follow-up, resulting in an incidence 

density rate of 1·21 (95% confidence interval [CI]: 1·02 – 1·44) cases per 100 person-years. 

Stratified by methadone use and socio-demographic variables, the incidence density rates of 

HIV infection were as follows: 0·39 (95% CI: 0·19 – 0·78) cases per 100 person-years 

among participants on methadone at baseline, compared to 1·39 (95% CI: 1·16 – 1·67) cases 

per 100 person-years among those not on methadone at baseline; 0·98 (95% CI: 0·77 – 1·24) 

cases per 100 person-years among male participants, compared to 1·64 (95% CI: 1·27 – 

2·11) cases per 100 person-years among female participants; and 0·98 (95% CI: 0·77 – 1·25) 

cases per 100 person-years among Caucasian participants, compared to 1·56 (95% CI: 1·22 – 

2·00) cases per 100 person-years among non-Caucasian participants.

Among the study sample at baseline, 330 (20%) participants had been on MMT in the 

previous six months. Of the 330 participants, the median methadone dose reported at the 

baseline interview date was 80 (IQR: 55 – 100) mg. As shown in Table 1, at baseline, those 

participants taking methadone were more likely to be older (median age: 41 years vs. 35 

years, p<0·0001); of Caucasian ethnicity (82% vs. 57%, p<0·0001); and smoke crack 
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cocaine at least daily (31% vs. 22%, p=0·0007). Furthermore, at baseline, participants on 

MMT were less likely to be involved in sex work (18% vs. 24%, p=0·015); inject heroin at 

least daily (32% vs. 47%, p<0·0001); inject cocaine at least daily (16% vs. 34%, p<0·0001); 

borrow a used syringe (22% vs. 31%, p=0·003); require help injecting (29% vs. 38%, 

p=0·006); and engage in unprotected sex (27% vs. 40%, p<0·0001).

Participants who had been on MMT at baseline were followed up for a median of 74·4 (IQR: 

46·5 – 83·7) months while those who were not on MMT at baseline had been followed up 

for a median of 76·2 (IQR: 30·2 – 128·3) months. As shown in Figure 1, after four years of 

follow up, the Kaplan-Meier cumulative HIV incidence of participants who used methadone 

at baseline was 2·3%, compared to the cumulative incidence of 8·9% among those not on 

methadone at baseline (log-rank p<0·0001). Among those ever on methadone during the 

study period, the median year of recruitment was 1999 (IQR: 1996 – 2006) whereas it was 

1997 (IQR: 1996 – 2003) for those who never used methadone.

The bivariate and multivariate Cox regression results are shown in Table 2. In the bivariate 

analyses, participation in MMT was negatively associated with time to HIV infection 

(relative hazard [RH]: 0·50 [95% CI: 0·33 – 0·76]). In the multivariate analysis, adjusting for 

male gender, Caucasian ethnicity, daily cocaine injection and daily heroin injection, MMT 

remained independently associated with a lower hazard of HIV infection (adjusted relative 

hazard [ARH]: 0·64 [95% CI: 0·41 – 0·98]).

When we examined if the cumulative number of semi-annual periods reporting methadone 

was associated with HIV incidence, and adjusted for the same confounders shown in Table 

2, we found that longer duration of methadone exposure was marginally associated with 

reduced HIV infection (ARH: 0·92 [95% CI: 0·84 – 1·01] per additional semi-annual period 

reporting methadone, p=0·089).

DISCUSSION

In this setting, where methadone is available through primary care physicians and dispensed 

by community pharmacies, the use of methadone was independently associated with a 

reduced rate of HIV infection after adjusting for potential confounders including 

demographic and drug using characteristics.

The use of methadone has been associated with a range of benefits. These include decreased 

involvement in criminal activity,25 improved HIV treatment outcomes,5 retention in 

treatment 26 and increased quality of life.27 Despite this evidence, there has been 

longstanding debate around the safety and efficacy of methadone provision through low 

threshold settings where primary care physicians make methadone available. In France, the 

Methadone Induction in Primary Care for Opioid Dependence study randomized opioid use 

disorder participants to methadone induction at a primary care clinic or at a specialty 

clinic.28 They found that individuals induced onto methadone at primary care clinics were 

more likely to accept treatment, have greater satisfaction with no difference in treatment 

retention. The German ‘COBRA’ study compared individuals enrolled in large specialized 

centres to those enrolled in primary care settings and found significantly higher reduction in 
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criminal behaviour and health risk behavior among those in primary care.29 Similarly, many 

other studies have reinforced that decreasing barriers to methadone by providing access 

through primary care physicians is safe, equally effective and increases access to an 

essential medical therapy.30–32 These findings are of particular importance in settings where 

HIV related to drug use remains high.

This study is limited by its observational design and reliance on self-reporting for several 

measures. Of note, our primary endpoint was based on objective laboratory evidence of HIV 

seroconversion. In addition, self-reported data has been previously used to control for 

potential confounding in observational studies involving PWID and was found to be valid.33 

Ideally, our study would have not relied on methadone use by self-report. Unfortunately, 

urine methadone or other measures were not available in the present study and we note that 

self reported data are generally felt to be valid in this context.34 Since this is a non-

randomized study, we must accept the possibility of residual confounding rather than a 

causal association between methadone maintenance and reduced HIV infection. While we 

sought to address this bias through multivariate adjustment of key demographic and 

behavioral predictors of HIV infection, there may be other unmeasured confounders. 

Unfortunately, past studies have demonstrated that our study was unable to undertake a 

thorough measurement of needle exchange use.35 To address this, we adjusted for syringe 

borrowing, which is known to be prevented through needle and syringe programs.36 We also 

note that our study was not recruited from within a methadone clinic where the rate of active 

intravenous drug use would be expected to be lower. Specifically, since the eligibility for the 

study was that participants had to be injecting drugs in the month prior to enrolment, and 

since recruitment was undertaken on the street, the rate of injecting and likely HIV incidence 

was higher than what might be anticipated in a clinic setting. A randomized controlled trial 

would be a better way to assess the impact of methadone maintenance on HIV. However, 

such trial in this instance would be unethical due to the known benefits of methadone.

In summary, in this setting, where methadone is available through primary care physicians 

and dispensed by community pharmacies, the use of methadone was independently 

associated with a reduced rate of HIV infection. While these data are limited by their 

observational nature, the findings reinforce the benefits of low threshold methadone on 

public health goals like reducing the spread of HIV.
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Figure 1. 
Cumulative HIV incidence, stratified by participation in methadone maintenance therapy 

(MMT) in the last 6 months at baseline, in Vancouver, Canada, 1996–2013.
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Table 1

Baseline characteristics of VIDUS participants, stratified by participation in methadone maintenance therapy 

(MMT) in the previous six months, in Vancouver, Canada, 1996–2013.

Characteristic
No MMT
n = 1309

MMT
n = 330

Odds Ratio (95% CI) p-value

Gender

 Female 429 (32·8) 117 (35·5)

 Male 880 (67·2) 213 (64·5) 0·89 (0·69 – 1·14) 0·356

Age†

 Median (IQR) 35 (26 – 41) 41 (36 – 45) 1·98 (1·73 – 2·27) <0·0001

Caucasian ethnicity

 Yes 750 (57·3) 271 (82·1)

 No 559 (42·7) 59 (17·9) 3·42 (2·53 – 4·63) <0·0001

Incarceration*

 Yes 183 (14·0) 38 (11·5)

 No 1126 (86·0) 292 (88·5) 0·80 (0·55 – 1·16) 0·241

Sex work involvement*

 Yes 312 (23·8) 58 (17·6)

 No 997 (76·2) 272 (82·4) 0·68 (0·50 – 0·93) 0·015

Heroin injection*

 <Daily 693 (52·9) 226 (68·5)

 ≥Daily 616 (47·1) 104 (31·5) 0·52 (0·40 – 0·67) <0·0001

Cocaine injection*

 <Daily 863 (65·9) 276 (83·6)

 ≥Daily 446 (34·1) 54 (16·4) 0·38 (0·28 – 0·52) <0·0001

Syringe borrowing*

 Yes 399 (30·5) 73 (22·1)

 No 910 (69·5) 257 (77·9) 0·65 (0·49 – 0·86) 0·003

Require help injecting*

 Yes 491 (37·5) 97 (29·4)

 No 818 (62·5) 233 (70·6) 0·69 (0·53 – 0·90) 0·006

Crack smoking*

 <Daily 1021 (78·0) 228 (69·1)

 ≥Daily 288 (22·0) 102 (30·9) 1·59 (1·21 – 2·07) 0·0007

Unprotected sex*

 Yes 526 (40·2) 88 (26·7)

 No 783 (59·8) 242 (73·3) 0·54 (0·41 – 0·71) <0·0001

Note: VIDUS = Vancouver Injection Drug Users Study; CI = confidence interval; IQR = interquartile range.

*
Indicates behavior during the six-month period prior to the baseline interview.

†
Odds ratio based on 10-year increase.
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