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Abstract
Objectives
A growing body of evidence supports the effectiveness of injectable diacetylmorphine (i.e., heroin) for individuals with treatment-refractory opioid use disorder. Despite this evidence, and the increasing toll of opioid-associated morbidity and mortality, it remains controversial in some settings. To investigate the possible contribution of heroin-assisted treatment (HAT) to HIV treatment-related outcomes, we sought to estimate the proportion and characteristics of HIV-positive people who inject opioids that might be eligible for HAT in Vancouver, Canada.

Methods
We used data from a prospective cohort of people living with HIV who use illicit drugs in Vancouver, Canada. Using generalized estimating equations (GEE), we assessed the longitudinal relationships between eligibility for HAT, using criteria from previous clinical trials and guidelines, with behavioural, social, and clinical characteristics.

Results
Between 2005 and 2014, 478 participants were included in these analyses, contributing 1927 person-years of observation. Of those, 94 (19.7%) met eligibility for HAT at least once during the study period. In a multivariable GEE model, after adjusting for clinical characteristics, being eligible for HAT was positively associated with homelessness, female gender, high-intensity illicit drug use, drug dealing and higher CD4 count.

Conclusions
In our study of HIV-positive people with a history of injection drug use, approximately 20% of participants were eligible for HAT at ≥ 1 follow-up period. Eligibility was linked to risk factors for sub-optimal HIV/AIDS treatment outcomes, such as homelessness and involvement in the local illicit drug trade, suggesting that scaling-up access to HAT might contribute to achieving optimal HIV treatment in this setting.
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Background
A growing body of evidence, including findings from randomised controlled trials (RCT) in Europe and North America, and systematic reviews by the Cochrane Collaboration and others, supports the effectiveness of injectable diacetylmorphine (i.e., prescribed heroin) for treatment-refractory opioid use disorder [1–3]. Despite this support, heroin-assisted treatment (HAT) remains controversial and unavailable in most settings [4]. However, given the growing amount of evidence and the increasing toll of opioid-associated morbidity and mortality, efforts to develop guidance on injectable opioid agonist treatments for opioid use disorder, including medications that do not face the same regulatory barriers as diacetylmorphine (e.g., hydromorphone), are under way in some settings [5].
Medical management of people living with HIV (PLHIV), with co-occurring substance use disorder (SUD), poses many challenges. There remains low coverage of medically-proven treatment for SUD in many settings [6, 7]; furthermore, HIV-positive people who use illicit drugs (PWID) have not fully benefitted from scale-up of HIV testing and antiretroviral treatment (ART), a strategy commonly referred to treatment-as-prevention (TasP), has resulted in reduced rates of HIV-associated morbidity, mortality and viral transmission [8]. As a result of sub-optimal HIV treatment outcomes and barriers to accessing harm reduction supplies, such as sterile syringes, HIV outbreaks among PWID are common and ongoing in many settings [9, 10].
Despite the demonstrated benefits of oral opioid agonist therapy (OAT, i.e. methadone, buprenorphine/naloxone) on reducing illicit opioid use and HIV risk behaviours and promoting optimal HIV treatment outcomes [11, 12], gaps in SUD treatment persist, especially for PWID living with HIV [6, 13]. The limitations of oral OAT are many and significant, specifically the attrition that has been shown to increase the mortality risk during the induction phase onto methadone treatment, during the first year and during the time immediately after leaving treatment.[ENTER REF SORDO] In this respect, several RCTs (e.g., NAOMI, SALOME) have demonstrated the potential benefits of HAT for people with treatment-refractory opioid use disorder, including decreased levels of used syringe sharing, reduced illicit drug use, criminal activity and increased engagement with healthcare [1–3, 14]. However, we are unaware of any study to explore the potential uptake of HAT in the HIV-positive population. Thus, we sought to estimate the prevalence and characteristics of HIV-positive individuals that might be eligible for HAT in Vancouver, Canada.

Methods
Data for these analyses were derived from a prospective cohort of people who use illicit drugs and live with HIV in Vancouver, Canada, the AIDS Care Cohort to evaluate Exposure to Survival Services (ACCESS), which has been described elsewhere [15–17]. In brief, ACCESS is a cohort of HIV-seropositive adults who have used at least one illicit drug (other than or in addition to cannabis) in the month prior to recruitment. Individuals are recruited from community settings via snowball sampling and outreach techniques. At baseline and each biannual follow-up interview, participants complete interviewer-administered questionnaires that assess socio-demographic, drug use and other related behaviours, characteristics, or exposures. This includes a nursing examination and phlebotomy for HIV clinical monitoring. In addition to the interview data, we also accessed linked (using a government-issued identifier, i.e., Personal Health Number—PHN) data from a comprehensive retrospective and prospective HIV clinical monitoring profile, including all plasma HIV-1 RNA viral loads, CD4 cell counts and records of all antiretroviral therapy (ART) dispensations, available from the Drug Treatment Program at the BC Centre for Excellence in HIV/AIDS (BC-CfE), as described previously [18]. The BC-CfE is responsible for dispensing ART, provided at no charge, to all people living with HIV in the province. The records include all clinical measures conducted through the study or by a participant’s physician or healthcare provider.
Participants are compensated at each study interview with a $30 CDN stipend. The University of British Columbia/Providence Healthcare Research Ethics Board approved the study and all participants provided written informed consent at baseline.
We included all participants who completed at least one study visit between December 1, 2005 and May 31, 2014 and who were older than 18 years old and reported ever injecting drugs at least once at the baseline interview. Our primary outcome of interest was being eligible for HAT as per the historical criteria from previous published RCTs [1–3], that defined HAT eligibility variably as: (a) currently residing in the study area (i.e., the city of Vancouver); (b) current regular injection of illicit opioids (i.e., ≥ one time in the previous 6 months); (c) at least two self-reported prior SUD treatment attempts, including one episode of OAT (i.e., methadone or buprenorphine/naloxone); (d) at least 5 years of illicit opioid use; and (e) poor health, or psychosocial functioning, defined as a self-reported mental health diagnosis. At each interview period of the present study, we determined if an individual was eligible for HAT during that period by evaluating each criterion using responses given to relevant interview questions, specifically: (a) current residence in the City of Vancouver; (b) ≥ weekly injection of an opioid (e.g., heroin, methadone, prescription opioids, etc.) in the last 6 months (yes vs. no); (c) number of times during the study period reporting being engaged in any SUD treatment and any OAT included if (1) positive response to at least two of the options, or at least two positive responses for “number of times in treatment” at baseline, including one MMT programme, or included if (2) participants reported at least two prior “attempts at treatment” over follow-up, defined as not being currently in treatment but treatment in the last 6 months (≥ 2 vs. < 2); (d) number of years since initiation of illicit opioid use (≥ 5 vs. < 5 years); and (e) reporting a mental health diagnosis (Have you been diagnosed with a mental health issue in the last 6 months? Yes vs. no), or baseline depression, as measured by the Center for Epidemiologic Studies Depression scale (CES-D) (score of ≥ 16 vs. score of < 16). Participants had to fulfill all the above criteria to be deemed eligible for HAT.
We also defined a number of explanatory variables, including: age (per year older); gender (male vs. non-male); Caucasian ethnicity/ancestry (yes vs. no); hepatitis C virus antibody status (positive vs. negative); number of years of using injection heroin at baseline; homelessness (yes vs. no); relationship status (legally married/common law/regular partner vs. other); highest level of education completed (≥ high school diploma vs. < high school diploma); formal employment (yes vs. no, i.e., regular job, temporary job, or self-employed); money spent on drugs per day (≥ $50 per day vs. < $50 per day); drug dealing (yes vs. no); ≥ daily non-injection cocaine use (yes vs. no); ≥ daily non-injection heroin use (yes vs. no); ≥ daily crack use (yes vs. no); ≥ daily methamphetamine use (yes vs. no); non-fatal overdose (yes vs. no); lent used syringe (yes vs. no); recent incarceration (yes vs. no); engagement in any form of unprotected sex (yes vs. no); exchange of sex for gifts, food, shelter, clothes, etc. (yes vs. no); being a victim of violence, defined as having been attacked or assaulted (yes vs. no) [19–21]. All time-updated variables refer to behaviours or exposures in the 6-month period prior to the study interview.
We also included the following data based on the confidential linkage (using PHN identifier) to the local HIV clinical monitoring registry and ART dispensary: HIV-1 RNA plasma viral load (VL), using the median of all observations in the previous 6 months or, if none, the most recent observation, dichotomised at > 50 versus ≤ 50 copies/mL; ART engagement, using the number of days of ART dispensed in the previous 6 months (dichotomized at ≥ 1 vs. 0 day); and CD4 cell count, using the median of all observations in the previous 6 months or, if none, the most recent observation (expressed per 100 cells/mL) [22].
As a first step, we described the study sample at baseline stratified by eligibility for HAT. We used Chi square test and Fisher’s exact test to compare categorical variables and Wilcoxon’s rank-sum test to compare continuous variables.
To evaluate the association between eligibility for HAT and each of the explanatory variables of interest, we built a statistical model, using generalised estimating equation (GEE), assuming a binomial distribution, a logit-link function and an exchangeable working correlation structure. We first build bivariable GEE to examine the association between being eligible for HAT and each of the explanatory variables. To fit the final multivariable model, we applied an a priori-defined backward model selection approach based on examination of quasilikelihood under the independence model criterion statistic (QIC). We first included all explanatory variables that were associated with the outcome at the level of p < 0.10 in bivariable analyses in a full model. From the QIC of the model, we excluded the variable with the largest p value and constructed a reduced model. We proceeded this iterative method and chose the multivariable model with the lowest QIC value [23]. All p values were two-sided. All statistical analyses were performed using the SAS software version 9.4 (SAS, Cary, NC, USA).

Results
Between December 2005 and May 2014, 852 individuals were recruited into the cohort, of whom 478 (56.1%) participants satisfied all criteria, including age and injection drug use, and were included in the analysis. They contributed 3495 observations, or a median of 7 interviews [inter-quartile range (IQR): 3–11] during follow-up. Of those, 94 (19.7%) were deemed to be eligible for HAT at least once through study period: 32 reported eligible for once, 19 twice, 11 thrice, and 32 more than thrice. Baseline characteristics are reported in Table 1. As shown, most participants included in this analysis were Caucasian (273, 57.1%), males (321, 67.2%), with median age of 43.1 (IQR 36.7–47.9) years.Table 1Baseline characteristics of participants who inject opioids and live with HIV in Vancouver, BC, stratified by the baseline HAT eligibility status


	Characteristic
	Total (%) (n = 478)
	HAT eligibility
	p value

	Yes (%)
45 (9.4)
	No (%)
433 (90.6)

	Age (median, inter-quartile range-IQR)b
	43.1 (36.7–47.9)
	36.7 (34.2–43.7)
	43.5 (37.9–48.1)
	< 0.001

	Gender
	 	 	 	 
	 Male
	321 (67.2)
	23 (51.1)
	298 (68.8)
	0.016

	 Non-male
	157 (32.8)
	22 (48.9)
	135 (31.2)
	 
	Ethnicity
	 	 	 	 
	 Caucasian
	273 (57.1)
	29 (64.4)
	244 (56.4)
	0.296

	 Non-Caucasian
	205 (42.9)
	16 (35.6)
	189 (43.6)
	 
	Homelessnessa
	 	 	 	 
	 Yes
	169 (35.4)
	22 (48.9)
	147 (33.9)
	0.026

	 No
	305 (63.8)
	21 (46.7)
	284 (65.6)
	 
	Relationship statusa
	 	 	 	 
	 Legally married/common law/regular partner
	126 (26.4)
	15 (33.3)
	111 (25.6)
	0.228

	 Other
	339 (70.9)
	28 (62.2)
	311 (71.8)
	 
	Highest level of education completed
	 	 	 	 
	 ≥ high school diploma
	229 (47.9)
	23 (51.1)
	206 (47.6)
	0.512

	 < high school diploma
	241 (50.4)
	20 (44.4)
	221 (51.0)
	 
	Employmenta,c
	 	 	 	 
	 Yes
	101 (21.1)
	4 (8.9)
	97 (22.4)
	0.035

	 No
	377 (78.9)
	41 (91.1)
	336 (77.6)
	 
	Money spent on drugs p/dayc
	 	 	 	 
	 ≥ $50 p/day
	315 (65.9)
	39 (86.7)
	276 (63.7)
	< 0.001

	 < $50 p/day
	158 (33.1)
	5 (11.1)
	153 (35.3)
	 
	Drug dealinga
	 	 	 	 
	 Yes
	148 (31.0)
	25 (55.6)
	123 (28.4)
	< 0.001

	 No
	330 (69.0)
	20 (44.4)
	310 (71.6)
	 
	Years of using heroin injection heroin at baseline (median, IQR)b
	 	 	 	 
	 Number of years
	14.8 (7.3–22.6)
	15.7 (8.7–20.4)
	14.4 (7.3–22.7)
	0.640

	Daily non-injection cocaine usea,c
	 	 	 	 
	 Yes
	2 (0.4)
	0 (0.0)
	2 (0.5)
	1.000

	 No
	476 (99.6)
	45 (100.0)
	431 (99.5)
	 
	Daily non-injection heroin usea,c
	 	 	 	 
	 Yes
	4 (0.8)
	1 (2.2)
	3 (0.7)
	0.328

	 No
	474 (99.2)
	44 (97.8)
	430 (99.3)
	 
	Daily crack usea
	 	 	 	 
	 Yes
	181 (37.9)
	25 (55.6)
	156 (36.0)
	0.010

	 No
	297 (62.1)
	20 (44.4)
	277 (64.0)
	 
	Daily crystal meth usea
	 	 	 	 
	 Yes
	19 (4.0)
	5 (11.1)
	14 (3.2)
	0.025

	 No
	459 (96.0)
	40 (88.9)
	419 (96.8)
	 
	Overdosea
	 	 	 	 
	 Yes
	32 (6.7)
	7 (15.6)
	25 (5.8)
	0.012

	 No
	446 (93.3)
	38 (84.4)
	408 (94.2)
	 
	Lent syringea,c
	 	 	 	 
	 Yes
	17 (3.6)
	3 (6.7)
	14 (3.2)
	0.210

	 No
	460 (96.2)
	42 (93.3)
	418 (96.5)
	 
	Recent incarcerationa
	 	 	 	 
	 Yes
	75 (15.7)
	12 (26.7)
	63 (14.5)
	0.034

	 No
	402 (84.1)
	33 (73.3)
	369 (85.2)
	 
	Engaged in any form of unprotected sexa,c
	 	 	 	 
	 Yes
	46 (9.6)
	5 (11.1)
	41 (9.5)
	0.790

	 No
	429 (89.7)
	40 (88.9)
	389 (89.8)
	 
	Exchanged sex for gifts, food, shelter, clothes, etc.a
	 	 	 	 
	 Yes
	72 (15.1)
	15 (33.3)
	57 (13.2)
	< 0.001

	 No
	403 (84.3)
	30 (66.7)
	373 (86.1)
	 
	Attacked, assaulted, or suffered violencea
	 	 	 	 
	 Yes
	98 (20.5)
	12 (26.7)
	86 (19.9)
	0.293

	 No
	377 (78.9)
	33 (73.3)
	344 (79.4)
	 
	HCVc
	 	 	 	 
	 Yes
	429 (89.7)
	40 (88.9)
	389 (89.8)
	0.797

	 No
	49 (10.3)
	5 (11.1)
	44 (10.2)
	 
	Plasma HIV-1 RNA viral load > 50 c/mL
	 	 	 	 
	 Yes
	313 (65.5)
	31 (68.9)
	282 (65.1)
	0.656

	 No
	162 (33.9)
	14 (31.1)
	148 (34.2)
	 
	On ART (≥ 1 day)a
	 	 	 	 
	 Yes
	283 (59.2)
	28 (62.2)
	255 (58.9)
	0.665

	 No
	195 (40.8)
	17 (37.8)
	178 (41.1)
	 
	CD4+ cell count per 100 cellsa,b
	 	 	 	 
	 Median, IQR
	3.2 (2.0–4.8)
	3.2 (1.6–5.0)
	3.2 (2.0–4.8)
	0.696


aAll behavioural variables refer to the 6 months prior to the follow-up questionnaire
bContinuous variable, p value is generated from Wilcoxon rank-sum test
cp value is generated from Fisher’s exact test because of small cell count




As shown in Table 2, the following variables were positively associated with being eligible for HAT: homelessness [adjusted odds ratio (AOR) 1.47; 95% confidence interval (CI) 1.07–2.01]; drug dealing in the last 6 months (AOR 1.76; 95% CI 1.33–2.31); ≥ daily non-injection heroin use (AOR 8.18; 95% CI 1.25–53.56); ≥ daily crack use (AOR1.35; 95% CI 1.01–1.82); and CD4 cell count (per 100 cells/mL increase, AOR 1.08; 95% CI 1.00–1.17). Male gender was negatively associated with the outcome (AOR 0.50; 95% CI 0.31–0.82).Table 2Bivariable and multivariable GEE analysis of factors associated with HAT eligibility among people who live with HIV


	Characteristic
	Bivariable
	Multivariable

	Odds ratio (95% CI)
	p value
	Odds ratio (95% CI)
	p value

	Age
	 	 	 	 
	 (Per 10 years older)
	0.97 (0.94–1.01)
	0.101
	 	 
	Gender
	 	 	 	 
	 (Male vs. female/non-male)
	0.49 (0.31–0.80)
	0.004
	0.50 (0.31–0.82)
	0.006

	Ethnicity
	 	 	 	 
	 (Caucasian vs. other)
	1.39 (0.84–2.28)
	0.198
	 	 
	Homelessnessa
	 	 	 	 
	 (Yes vs. no)
	1.61 (1.21–2.16)
	0.001
	1.47 (1.07–2.01)
	0.016

	Relationship statusa
	 	 	 	 
	 (Legally married/common law/regular partner vs. other)
	0.82 (0.60–1.12)
	0.213
	 	 
	Highest level of education completed
	 	 	 	 
	 (≥ high school diploma vs. < high school diploma)
	1.01 (0.62–1.65)
	0.957
	 	 
	Employmenta
	 	 	 	 
	 (Yes vs. no)
	0.73 (0.56–0.95)
	0.018
	 	 
	Money spent on drugs p/day
	 	 	 	 
	 (= $50 per day vs. < $50 per day)
	1.53 (1.15–2.02)
	0.003
	 	 
	Drug dealinga
	 	 	 	 
	 (Yes vs. no)
	1.93 (1.50–2.49)
	< 0.001
	1.76 (1.33–2.31)
	< 0.001

	Years of using injection heroin at baseline
	 	 	 	 
	 (Per year increase)
	1.00 (0.98–1.02)
	0.781
	 	 
	Daily non-injection cocaine usea
	 	 	 	 
	 (Yes vs. no)
	1.76 (0.54–5.68)
	0.347
	 	 
	Daily non-injection heroin usea
	 	 	 	 
	 (Yes vs. no)
	7.45 (1.50–37.05)
	0.014
	8.18 (1.25–53.56)
	0.028

	Daily crack usea
	 	 	 	 
	 (Yes vs. no)
	1.56 (1.17–2.09)
	0.003
	1.35 (1.01–1.82)
	0.045

	Daily meth usea
	 	 	 	 
	 (Yes vs. no)
	1.79 (0.97–3.30)
	0.061
	 	 
	Overdosea
	 	 	 	 
	 (Yes vs. no)
	1.29 (0.77–2.15)
	0.328
	 	 
	Lent syringea
	 	 	 	 
	 (Yes vs. no)
	0.93 (0.24–3.59)
	0.915
	 	 
	Recent incarcerationa
	 	 	 	 
	 (Yes vs. no)
	1.34 (0.83–2.18)
	0.233
	 	 
	Engaged in any form of unprotected sexa
	 	 	 	 
	 (Yes vs. no)
	1.07 (0.64–1.81)
	0.787
	 	 
	Exchanged sex for gifts, food, shelter, clothes, etc.a
	 	 	 	 
	 (Yes vs. no)
	1.30 (0.73–2.32)
	0.378
	 	 
	Attacked, assaulted, or suffered violencea
	 	 	 	 
	 (Yes vs. no)
	1.10 (0.76–1.58)
	0.613
	 	 
	HCVa
	 	 	 	 
	 (Yes vs. no)
	1.05 (0.53–2.05)
	0.898
	 	 
	Plasma HIV-1 RNA viral load > 50 c/mLa
	 	 	 	 
	 (Yes vs. no)
	0.98 (0.76–1.25)
	0.853
	 	 
	On ART (≥ 1 day)a
	 	 	 	 
	 (Yes vs. no)
	0.79 (0.56–1.10)
	0.162
	 	 
	CD4+ cell counta
	 	 	 	 
	 (Per 100 cells/mL increase)
	1.07 (0.99–1.15)
	0.096
	1.08 (1.00–1.17)
	0.042


aAll behavioural variables refer to the 6 months prior to the follow-up questionnaire





Discussion
In this study to estimate the prevalence and characteristics of PLHIV who inject drugs that might be eligible for HAT, we observed that approximately one-fifth of all participants were eligible at least once during study follow-up. Periods of HAT eligibility were associated with important factors that have been linked with sub-optimal HIV treatment outcomes in previous studies, including markers of severe SUD, such as high-intensity illicit drug use, homelessness and drug dealing [3, 4, 17]. These associations signal that expanding HAT to this population might influence the factors linked with sub-optimal HIV treatment and improve HIV treatment outcomes, thus contributing to TasP goals [15]. Moreover, they provide further support for the potential role of HAT in decreasing opioid-associated morbidity and mortality.
The links between HAT eligibility and various drug-related (e.g., high-intensity illicit drug use and survival dealing as markers of severe SUD), and socio-structural determinants of health (e.g., homelessness), indicate that HAT-eligible individuals face numerous barriers to optimal HIV treatment outcomes, even in a setting where HIV treatment and care is delivered at no cost [16, 24]. Admittedly, HAT eligibility can impact markers of severe SUD (and indirectly HIV treatment outcomes) but no direct associations with indicators of HIV status were observed. Nevertheless, because a noteworthy proportion of PLHIV met the HAT eligibility criteria in the current study, investment into HAT, and other intensive treatments of this targeted group, might also improve their general medical care outcomes as their commonly comorbid diseases (e.g., HCV) can require intense care and frequent follow-up [1]. Similar impact has been demonstrated through protective effect of methadone maintenance therapy on hepatitis C and HIV incidence among PWIDs in this setting [25, 26]. Another justification for expanding access to HAT among this population lies in the growing body of evidence that confirms that many people who do not respond to typical treatment of opioid use disorder (OUD) improve in HAT in areas such as treatment retention, reduced use of illicit drugs, and social functioning [3]. In response, some settings have started developing guidelines for injectable OAT as a treatment for OUD [27].
We have identified a cohort of PWID with indicators of severe SUD suggesting treatment-refractory opioid use disorders, who could benefit from combined treatment of SUD and concurrent chronic diseases, such as HIV. The association with homelessness, as another potential marker of severe SUD, could suggest that HAT eligible PWIDs cannot afford to stay in housing or access services to facilitate housing [28, 29]. Males in our HIV-positive sample were less likely to be deemed HAT eligible, which is a novel finding, given that men are disproportionately being represented in the opioid epidemic in terms of overdose deaths and in the SUD treatment [30]. In this respect, longitudinal research has identified an adherence gap whereby women living with HIV had lower ART adherence than men which suggest that targeted research into a potential role of HAT in facilitating HAT adherence among women is needed [31]. Studies have shown HIV risk reduction with oral opioid agonist treatment (OAT) [32, 33]. Aligned with the scientific literature, these findings suggest that treatment of SUD should be tailored to the needs of the individuals, including providing supervised injectable HAT to people with treatment-refractory OUD that does not respond to first and second-line oral OAT alternatives [4]. Oral OAT has been shown effective, but not for everyone [34]. For example, between 46 and 65% of patients who initiate methadone OAT discontinue treatment in the first year and relapse to opioid use—a period of high risk for fatal overdose [35]. Furthermore, adherence to therapeutic dose guidelines, which is independently associated with retention, remains problematic in many settings [36]. The benefits of providing concomitant HAT and ART to people with treatment-refractory opioid use disorder, and the potential synergetic effects on treatment outcomes of both diseases, have yet to be established.
This study is limited by several factors. Our sample was not recruited at random and cannot be assumed to represent the larger population of PWID in Vancouver. We did not confirm the diagnoses of mental health and opioid use disorder and did not retrieve provider-level data for treatment episodes. However, the results from previous HAT research did not suggest that a group of PLHIV might not benefit from HAT, because they were not excluded from those studies [2]. Potential risk factors for opioid overdose, such as current co-use of benzodiazepines, alcohol or non-injection heroin, should be explored in future as well. The omission of these factors may have inflated the potentially eligible group. Finally, it is possible that we underestimated the rates of risky behaviours and drug use, such as syringe sharing, due to the effects of social desirability.
To conclude, in our 10-year longitudinal study of PLHIV, approximately 20% of participants would have been eligible for HAT at least once during the study period. Being eligible for HAT was linked to a number of important risk factors for sub-optimal HIV treatment outcomes, and onward viral transmission, suggesting that more evidence is needed for scaling-up access to HAT and how it might contribute to treatment-as-prevention goals.

Authors’ contributions
JK and MJM conceived the study and hypothesis. HD analysed the data. TK, EW conceived the cohorts that provided the data for this analysis. NF, ES, RB, EW, TK, JM, MJM participated in the study design and drafting the manuscript. All authors read and approved the final manuscript.
Acknowledgements
The authors thank the study participants for their contribution to the research, as well as current and past researchers and staff. The study was supported by the US National Institutes of Health (R25DA037756, U01DA021525, U01DA038886). This research was undertaken, in part, thanks to funding from the Canada Research Chairs program through a Tier 1 Canada Research Chair in Inner City Medicine that supports Dr. Evan Wood. Dr. Milloy is supported by the United States National Institutes of Health (U01-DA021525), a New Investigator award from the Canadian Institutes of Health Research and a Scholar award from the Michael Smith Foundation for Health Research. His institution has received unstructured funds from National Green Biomed, Ltd., to support him. ELEVATE: Irish Research Council International Career Development Fellowship—co-funded by Marie Cure Actions (ELEVATEPD/2014/6); and European Commission (701698)—supported Dr. Jan Klimas. Dr. Eugenia Socías is supported by Michael Smith Foundation for Health Research and Canadian Institute for Health Research fellowship awards and a Canada Addiction Medicine Research Fellowship (US National Institute on Drug Abuse, R25-DA037756). Dr. Nadia Fairbairn is supported by a Scholar award from the Michael Smith Foundation for Health Research and the Research in Addiction Medicine Scholars Program from the United States National Institutes of Health (R25DA033211).

Competing interests
The authors declare that they have no competing interests.

Ethics approval and consent to participate
The University of British Columbia/Providence Healthcare Research Ethics Board approved the study and all participants provided written informed consent at baseline. Participants are compensated at each study interview with a $30 CDN stipend.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


[image: Creative Commons]Open AccessThis article is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://​creativecommons.​org/​licenses/​by/​4.​0/​), which permits unrestricted use, distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://​creativecommons.​org/​publicdomain/​zero/​1.​0/​) applies to the data made available in this article, unless otherwise stated.

References
1.
Nosyk B, Guh DP, Bansback NJ, Oviedo-Joekes E, Brissette S, Marsh DC, Meikleham E, Schechter MT, Anis AH. Cost-effectiveness of diacetylmorphine versus methadone for chronic opioid dependence refractory to treatment. Can Med Assoc J. 2012;184:E317–28.Crossref

2.
Oviedo-Joekes E, Marchand K, Lock K, MacDonald S, Guh D, Schechter MT. The SALOME study: recruitment experiences in a clinical trial offering injectable diacetylmorphine and hydromorphone for opioid dependency. Subst Abuse Treat Prev Policy. 2015;10:3.CrossrefPubMedPubMedCentral

3.
Ferri M, Davoli M, Perucci CA. Heroin maintenance for chronic heroin-dependent individuals. Cochrane Database Syst Rev. 2011;8:CD003410.

4.
Strang J, Groshkova T, Uchtenhagen A, van den Brink W, Haasen C, Schechter MT, Lintzeris N, Bell J, Pirona A, Oviedo-Joekes E, et al. Heroin on trial: systematic review and meta-analysis of randomised trials of diamorphine-prescribing as treatment for refractory heroin addiction. Br J Psychiatry. 2015;207:5–14.CrossrefPubMed

5.
Dunlap B, Cifu AS. Clinical management of opioid use disorder. JAMA. 2016;316:338–9.CrossrefPubMed

6.
Milloy M-J, Montaner J, Wood E. Barriers to HIV treatment among people who use injection drugs: implications for ‘treatment as prevention’. Curr Opin HIV AIDS. 2012;7:332–8.CrossrefPubMed

7.
Meyer JP, Althoff AL, Altice FL. Optimizing care for HIV-infected people who use drugs: evidence-based approaches to overcoming healthcare disparities. Clin Infect Dis. 2013;57(9):1309–17.CrossrefPubMedPubMedCentral

8.
Montaner JS, Hogg R, Wood E, Kerr T, Tyndall M, Levy AR, Harrigan PR. The case for expanding access to highly active antiretroviral therapy to curb the growth of the HIV epidemic. Lancet. 2006;368:531–6.CrossrefPubMed

9.
Mesquita F, Jacka D, Ricard D, Shaw G, Tieru H, Yifei H, Poundstone K, Salva M, Fujita M, Singh N. Accelerating harm reduction interventions to confront the HIV epidemic in the Western Pacific and Asia: the role of WHO (WPRO). Harm Reduct J. 2008;5:1.Crossref

10.
Ratliff EA, McCurdy SA, Mbwambo JK, Lambdin BH, Voets A, Pont S, Maruyama H, Kilonzo GP. An overview of HIV prevention interventions for people who inject drugs in Tanzania. Adv Prev Med. 2013;2013:183187.CrossrefPubMedPubMedCentral

11.
Mattick RP, Breen C, Kimber J, Davoli M. Buprenorphine maintenance versus placebo or methadone maintenance for opioid dependence. Cochrane Database Syst Rev. 2014;2:CD002207.

12.
Amato L, Davoli M, Perucci CA, Ferri M, Faggiano F, Mattick RP. An overview of systematic reviews of the effectiveness of opiate maintenance therapies: available evidence to inform clinical practice and research. J Subst Abuse Treat. 2005;28:321–9.CrossrefPubMed

13.
Altice FL, Kamarulzaman A, Soriano VV, Schechter M, Friedland GH. Treatment of medical, psychiatric, and substance-use comorbidities in people infected with HIV who use drugs. Lancet. 2010;376:367–87.CrossrefPubMedPubMedCentral

14.
Oviedo-Joekes E, Nosyk B, Brissette S, Chettiar J, Schneeberger P, Marsh DC, Krausz M, Anis A, Schechter MT. The North American Opiate Medication Initiative (NAOMI): profile of participants in North America’s first trial of heroin-assisted treatment. J Urban Health. 2008;85:812–25.CrossrefPubMedPubMedCentral

15.
Strathdee SA, Palepu A, Cornelisse PG, Yip B, O’Shaughnessy MV, Montaner JS, Schechter MT, Hogg RS. Barriers to use of free antiretroviral therapy in injection drug users. JAMA. 1998;280:547–9.CrossrefPubMed

16.
Wood E, Hogg RS, Bonner S, Kerr T, Li K, Palepu A, Guillemi S, Schechter MT, Montaner JS. Staging for antiretroviral therapy among HIV-infected drug users. JAMA. 2004;292:1175–7.CrossrefPubMed

17.
Kerr T, Small W, Johnston C, Li K, Montaner JS, Wood E. Characteristics of injection drug users who participate in drug dealing: implications for drug policy. J Psychoact Drugs. 2008;40:147–52.Crossref

18.
Hogg RS, Heath KV, Yip B, Craib KJ, O’Shaughnessy MV, Schechter MT, Montaner JS. Improved survival among HIV-infected individuals following initiation of antiretroviral therapy. JAMA. 1998;279:450–4.CrossrefPubMed

19.
Lucas GM. Substance abuse, adherence with antiretroviral therapy, and clinical outcomes among HIV-infected individuals. Life Sci. 2011;88:948–52.CrossrefPubMed

20.
Spire B, Lucas GM, Carrieri MP. Adherence to HIV treatment among IDUs and the role of opioid substitution treatment (OST). Int J Drug Policy. 2007;18:262–70.CrossrefPubMed

21.
Erickson A, Becker M, Shaw S, Kasper K, Keynan Y. Substance use and its impact on care outcomes among HIV-infected individuals in Manitoba. AIDS Care. 2015;27:1168–73.CrossrefPubMed

22.
Lee WK, Milloy MJ, Walsh J, Nguyen P, Wood E, Kerr T. Psychosocial factors in adherence to antiretroviral therapy among HIV-positive people who use drugs. Health Psychol. 2016;35:290–7.CrossrefPubMed

23.
Pan W. Akaike’s information criterion in generalized estimating equations. Biometrics. 2001;57:120–5.CrossrefPubMed

24.
Wood E, Hogg RS, Lima VD, Kerr T, Yip B, Marshall BD, Montaner JS. Highly active antiretroviral therapy and survival in HIV-infected injection drug users. JAMA. 2008;300:550–4.CrossrefPubMed

25.
Nolan S, Dias Lima V, Fairbairn N, Kerr T, Montaner J, Grebely J, Wood E. The impact of methadone maintenance therapy on hepatitis C incidence among illicit drug users. Addiction. 2014;109:2053–9.CrossrefPubMedPubMedCentral

26.
Ahamad K, Hayashi K, Nguyen P, Dobrer S, Kerr T, Schutz CG, Montaner JS, Wood E. Effect of low-threshold methadone maintenance therapy for people who inject drugs on HIV incidence in Vancouver, BC, Canada: an observational cohort study. Lancet HIV. 2015;2:e445–50.CrossrefPubMedPubMedCentral

27.
Woo A. B.C. mulls framework for expanded heroin-assisted treatment. In: The Globe and Mail. Vancouver; 2017.

28.
Cheng T, Wood E, Nguyen P, Kerr T, DeBeck K. Increases and decreases in drug use attributed to housing status among street-involved youth in a Canadian setting. Harm Reduct J. 2014;11:12.CrossrefPubMedPubMedCentral

29.
Zivanovic R, Milloy MJ, Hayashi K, Dong H, Sutherland C, Kerr T, Wood E. Impact of unstable housing on all-cause mortality among persons who inject drugs. BMC Public Health. 2015;15:106.CrossrefPubMedPubMedCentral

30.
Iversen J, Page K, Madden A, Maher L. HIV, HCV, and health-related harms among women who inject drugs: implications for prevention and treatment. J Acquir Immune Defic Syndr. 2015;69(Suppl 2):S176–81.CrossrefPubMedPubMedCentral

31.
Puskas CM, Kaida A, Miller CL, Zhang W, Yip B, Pick N, Montaner JS, Hogg RS. The adherence gap: a longitudinal examination of men’s and women’s antiretroviral therapy adherence in British Columbia, 2000–2014. AIDS. 2017;31:827–33.CrossrefPubMed

32.
Metsch LR, Feaster DJ, Gooden L, Matheson T, Mandler RN, Haynes L, Tross S, Kyle T, Gallup D, Kosinski AS, et al. Implementing rapid HIV testing with or without risk-reduction counseling in drug treatment centers: results of a randomized trial. Am J Public Health. 2012;102:1160–7.CrossrefPubMedPubMedCentral

33.
Woody GE, Bruce D, Korthuis PT, Chhatre S, Poole S, Hillhouse M, Jacobs P, Sorensen J, Saxon AJ, Metzger D, Ling W. HIV risk reduction with buprenorphine-naloxone or methadone: findings from a randomized trial. J Acquir Immune Defic Syndr. 2014;66:288–93.CrossrefPubMedPubMedCentral

34.
Caputo F, Addolorato G, Domenicali M, Mosti A, Viaggi M, Trevisani F, Gasbarrini G, Bernardi M, Stefanini GF, Treatment TSFA. Short-term methadone administration reduces alcohol consumption in non-alcoholic heroin addicts. Alcohol Alcohol. 2002;37:164–8.CrossrefPubMed

35.
Sordo L, Barrio G, Bravo MJ, Indave BI, Degenhardt L, Wiessing L, Ferri M, Pastor-Barriuso R. Mortality risk during and after opioid substitution treatment: systematic review and meta-analysis of cohort studies. BMJ. 2017;357:j1550.CrossrefPubMedPubMedCentral

36.
Nosyk B, Marsh DC, Sun H, Schechter MT, Anis AH. Trends in methadone maintenance treatment participation, retention, and compliance to dosing guidelines in British Columbia, Canada: 1996–2006. J Subst Abuse Treat. 2010;39:22–31.CrossrefPubMed




OEBPS/sidebar.gif





OEBPS/cc-by.png
() _®





OEBPS/contact.gif





