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Abstract
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Background and Aims—For HIV-positive individuals who use illicit opioids, engagement in
methadone maintenance therapy (MMT) can contribute to improved HIV treatment outcomes.
However, to our knowledge, the role of methadone dosing in adherence to antiretroviral therapy
(ART) has not yet been investigated. We sought to examine the relationship between methadone
dose and ART adherence among a cohort of persons who use illicit opioids.
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Participants—297 ART-exposed individuals on MMT were recruited between December 2005
and May 2013 and followed for a median of 42.1 months.

Design and Setting—We used data from the ACCESS study, an ongoing prospective
observational cohort of HIV-positive persons who use illicit drugs in Vancouver, Canada,
confidentially linked to comprehensive HIV treatment data in a setting of universal no-cost
medical care including medications. We evaluated the longitudinal relationship between
methadone dose and the likelihood of ≥ 95% adherence to ART among ART-exposed participants
during periods of engagement in MMT.

Measurements—We measured methadone dose at ≥ 100 vs < 100 mg/day and the likelihood of
≥ 95% adherence to ART.
Findings—In adjusted generalized estimating equation (GEE) analyses, MMT dose ≥ 100
mg/day was independently associated with optimal adherence to ART (adjusted odds ratio [AOR]

Send correspondence to: M-J Milloy, PhD, Research Scientist, Urban Health Research Initiative, British Columbia Centre for
Excellence in HIV/AIDS, St. Paul’s Hospital 608-1081 Burrard Street, Vancouver, B.C., V6Z 1Y6 CANADA, Tel: (604) 682-2344 X
68473 Fax: (604) 806-8464 uhri-mjsm@cfenet.ubc.ca.

This is the peer reviewed version of the following article: Lappalainen, L., Nolan, S., Dobrer, S., Puscas, C., Montaner, J., Ahamad, K., . . . Milloy, M.
(2015). Dose-response relationship between methadone dose and adherence to antiretroviral therapy among HIV-positive persons who use illicit opioids.
Addiction (Abingdon, England), 110(8), 1330-1339, which has been published in final form at doi: 10.1111/add.12970. This article may be used for noncommercial purposes in accordance with Wiley Terms and Conditions for Self-Archiving.

Lappalainen et al.

Page 2

Author Manuscript

= 1.38; 95% confidence interval [CI]: 1.08 – 1.77, p = 0.010). In a sub-analysis, we observed a
dose-response relationship between increasing MMT dose and ART adherence (AOR = 1.06 per
20 mg/day increase, 95% CI: 1.00 – 1.12, p = 0.041).
Conclusion—Among HIV-positive individuals in methadone maintenance therapy, those
receiving higher doses of methadone (≥ 100 mg/day) are more likely to achieve ≥ 95% adherence
to antiretroviral therapy than those receiving lower doses.
Keywords
HIV; adherence; illicit drug use; methadone; antiretroviral therapy
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The introduction of antiretroviral therapy (ART) has resulted in substantial reductions in
HIV/AIDS-associated morbidity and mortality among many seropositive groups worldwide
(1–4). The success of ART however, relies upon sustained adherence to the regimen.
Previous studies have shown that optimal ART adherence (≥ 95% adherence) is associated
with sustained HIV viral suppression (5, 6), increased CD4+ cell count (7), increased
survival (8) and decreased progression to AIDS (9).
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Unfortunately, the improvements in survival seen in HIV-infected populations overall have
been less pronounced among HIV-positive persons who use illicit drugs (10, 11). This
disparity is largely attributable to lower rates of ART initiation and optimal ART adherence
(12), and treatment initiation at more advanced disease stages (13). Ongoing alcohol and
illicit drug use is consistently associated with poorer adherence to ART (14–16), and
persons who use illicit drugs often experience worse virologic and immunologic outcomes
(17, 18). Nevertheless, persons who use illicit drugs who achieve optimal adherence to ART
can experience the same benefits from therapy as other HIV-infected groups (19).
Encouragingly, persons who use illicit drugs who are engaged in substance abuse treatment,
particularly opioid-addicted persons engaged on opioid agonist therapy, such as methadone
maintenance therapy (MMT), have improved access to ART (20, 21), achieved higher levels
of ART adherence (22, 23), and lower ART discontinuation rates (24). In one study among
ART-exposed persons who inject drugs, enrolment in MMT was associated with reduced
heroin use, improved adherence to ART, HIV-RNA viral suppression and CD4 cell count
rise (25).
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Higher methadone doses, specifically doses of at least 60mg/day, have been associated with
decreased illicit opioid use (26, 27), improved retention in treatment programs (26, 28), and
lower mortality rates (29) when compared to lower methadone doses. Although the optimal
dose of methadone needs to be individualized, minimum doses of 60 mg/day are
consistently recommended and most MMT programs advise providing average doses in the
range of 80–100 mg/day (26, 30, 31). Additionally, there is increasing evidence
demonstrating improved treatment outcomes with high-dose methadone (i.e., ≥ 100 mg/day)
(32–35). Despite these recommendations, D’Aunno et al. (2014) demonstrated that many
individuals on MMT remain under-dosed. Using 23 years of longitudinal data from MMT
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programs across the United States, they observed that while the proportion of patients
receiving ≥ 60 mg/day of methadone has increased, as of 2011, 23% of patients remained on
sub-therapeutic doses (< 60 mg/day), and only 59% of patients on methadone received doses
of at least 80 mg/day (30).
While there is a growing body of evidence evaluating the effect of high-dose methadone (≥
100 mg/day) on drug use outcomes, we are unaware of any study that has investigated the
effect of methadone dose within the context of HIV treatment. Therefore, this study sought
to test whether individuals on high-dose methadone (i.e., ≥ 100 mg/day) exhibited higher
levels of optimal ART adherence (i.e., ≥ 95%) in multivariable models adjusted for relevant
confounders using longitudinal data from a long-running observational cohort of HIVpositive illicit drug users.
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METHODS
Study Participants
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Data for this study was drawn from the AIDS Care Cohort to evaluate Exposure to Survival
Services (ACCESS), an ongoing prospective cohort of HIV-positive persons who use illicit
drugs in Vancouver, Canada which has previously been described in detail (25, 36). The
participants are recruited through snowball sampling and extensive street outreach,
beginning in 2005, in the city’s Downtown Eastside neighborhood, an area with an open
drug market, high levels of injection drug use, poverty, and HIV infection (37–39).
Individuals are eligible for enrolment in ACCESS if they are HIV-positive, aged ≥ 18 years,
have a history of illicit drug use other than cannabis in the previous month, and provide
written informed consent. At baseline and at every six-month follow-up interview,
participants answer a standardized interviewer-administered questionnaire and provide
blood samples for serologic analysis. The questionnaire elicits detailed demographic data, as
well as information pertaining to drug use patterns and related exposures. All participants
are remunerated $30 (CAD) for each study visit and, when appropriate, are referred to
additional healthcare services, including addiction treatment. Ethical approval is provided
annually by the University of British Columbia/Providence Health Care Research Ethics
Board.
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In this study, we included participants who were ART-exposed at recruitment and
individuals who initiated ART during the study period, and included all interview periods
from study entry or ART initiation forward, respectively. In addition, we restricted our
analytic sample to individuals with at least one CD4+ and plasma HIV-1 RNA viral load
(VL) measurement within ± 180 days of their baseline interview. To focus on the effect of
MMT dose on ART adherence, we only included 180-day periods during which individuals
reported any dispensation of methadone.
HIV/AIDS Drug Treatment Program
The information obtained from the semi-annual questionnaire is augmented with data on
HIV treatment and clinical outcomes from the British Columbia Centre for Excellence in
HIV/AIDS (BC-CfE) Drug Treatment Programme, as described previously (36). In brief, a
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province-wide centralized ART pharmacy provides complete information on all
antiretroviral medications dispensed to each participant during the study period.
Additionally, a complete clinical profile for each participant, including CD4+ cell counts
and plasma HIV-1 RNA levels (as measured by Amplicor Monitor Assay, Roche Molecular
Systems) is also provided from the BC-CfE’s treatment registry. All HIV/AIDS treatment
and care including all medications and HIV clinical monitoring is available free of cost to all
HIV-infected residents of British Columbia through the province’s universal no-cost
healthcare system.
ART adherence
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The outcome of interest was optimal adherence to ART based on pharmacy refill data.
Information on exposure to ART was obtained through a confidential linkage to treatment
records from the comprehensive provincial ART dispensary described previously (36). We
measured adherence to therapy in each six-month period as the number of days for which
ART was dispensed over the number of days since that individual had first been prescribed
ART, capped at 180 days. We have previously demonstrated the clinical validity of ART
pharmacy refill data and shown that it reliably predicts virologic suppression (5, 40–42) and
survival (8, 36). Optimal ART adherence was considered to be adherence at ≥ 95%,
therefore in our analysis we dichotomized adherence at ≥ 95% vs < 95%.
Methadone Program
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In British Columbia, standard pharmacotherapy for opioid dependence involves oral
solution methadone, a long-acting synthetic opioid agonist that is prescribed by physicians.
Methadone is provided free-of-charge through the provincial healthcare system and
prescribed primarily through doctor offices and clinics. In the majority of cases, pharmacists
supervise the ingestion of methadone in the community on a daily basis (43). Given that
sustained adherence to methadone has been shown to decrease risk of relapse to opioid use
and decrease overall mortality, a treatment philosophy emphasizing indefinite maintenance
of MMT has become widely accepted in Canadian settings (44). The primary explanatory
variable of interest for this study was current receipt of high-dose methadone (≥ 100 vs. <
100 mg/day), gathered through self-report. We dichotomized the dose at ≥ 100mg/day as
there is growing evidence demonstrating improved drug treatment outcomes associated with
doses ≥ 100mg/day (32–35). Previous research has shown that persons who use illicit drugs
who are on methadone are able to give valid self-reports of their methadone dosage
(weighted kappa = 0.97) (45).
Secondary Explanatory Variables

Author Manuscript

To best estimate the relationship between ART adherence and methadone dose, we also
considered secondary explanatory variables that we hypothesized might confound this
relationship. These included the following socio-demographic variables: age (per 10 years
older), gender (male vs. non-male), ethnicity (Caucasian vs. non-Caucasian), and level of
education (< high school diploma vs. ≥ high school diploma). Gender was dichotomized as
male vs. non-male for the purpose of the statistical analysis in order to include a small
proportion of our study population who identifies as transgender, including Indigenous
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individuals who self-reported being Two Spirited. Ethnicity was dichotomized as Caucasian
vs. non-Caucasian, as Caucasian participants are the most numerous ethnic group in the
cohort.
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Other variables included: employment (yes vs. no), homelessness (yes vs. no), incarceration
(yes vs. no), crack smoking (≥ daily vs. < daily), cocaine injection (≥ daily vs. < daily),
methamphetamine use (≥ daily vs. < daily), and heavy alcohol use (yes vs. no). As we
hypothesize that changing levels of heroin use are on the causal pathway between
methadone dose and optimal adherence, we did not include it as a possible confounding
variable. Employment referred to having salaried or temporary work in the licit labor market
at any time during the previous six months. Employment has been associated with better
ART adherence in previous studies (46). Homelessness referred to living on the street or
having no fixed address in the previous six months. Studies have shown poor housing status
is a risk factor for ART non-adherence (47). Heavy alcohol use was defined as ≥ 4
drinks/day on average in the previous six months.

Author Manuscript
Author Manuscript

We included a number of clinical characteristics of antiretroviral treatment or methadone
treatment that might confound the relationship between methadone dose and ART adherence
including: time since ART initiation (per year later), time since methadone initiation (per
year later), ART side effects hinder adherence (yes vs. no), Hepatitis C Virus (HCV)
serostatus (negative vs. positive), HIV physician experience (<6 patients vs. ≥ 6 patients)
and CD4+ cell count (per 100 cells/mm3). Time since ART initiation and time since
methadone initiation were treated as time-updated continuous variables which measured the
interval between the interview date and the participant’s earliest dispensation of ART and
methadone, as recorded by pharmacy dispensation records and self-report, respectively. The
ART side effects hinder adherence variable is a time-updated dichotomous variable which
reflects if an individual reported finding ART difficult to take due to side-effects in the 180
day period prior to the study interview. Inclusion of this variable is warranted as side-effects
with ART are a commonly cited reason for non-adherence (48). For CD4+ cell count (per
100 cells/mm3), we used the median of all available observations in the previous six months;
if none were available, we used the most recent observation. In line with previous analysis in
this setting, an HIV experienced physician was defined as one who had previously enrolled
six or more individuals into the HIV/AIDS treatment registry at the time the participant
initiated treatment (49). Inclusion of this variable is warranted given that physician
experience with HIV-infected patients is associated with improved survival (50). Since
participants were continuously enrolled in the treatment program during the study period, a
physician could become experienced over time, however, the experience level assigned was
based on the physician’s HIV-related experience at the time of the participant’s first
interview following ART initiation.
All variables except gender, ethnicity (Caucasian vs. non-Caucasian) and HIV physician
experience were time-updated. All behavioral variables referred to the six-month period
before the interview.
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First, we compared characteristics of participants who were on methadone ≥ 100 mg/day
and < 100 mg/day at baseline, using the Chi-square test for binary measures and Wilcoxon
rank sum test for continuous measures. We then estimated the bivariate relationships
between ≥ 95% adherence and all explanatory variables over the study period using
generalized estimating equations (GEE). This form of regression modeling was used to
account for the correlation among observations gathered from the same individual as well as
between individuals observed at the same time point to estimate the independent effect of
methadone dose on ART adherence. Interpretation of parameter estimates from GEE models
differ from standard logistic regression models, as GEE are used to make inferences about
population means between groups over time. Specifically, we compared mean levels of
optimal adherence between high-dose and low-dose methadone patients over time,
accounting for the correlation within individual-level observations.
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To account for possible confounding and calculate the best effect estimate, we constructed a
multivariate model using a priori-defined modeling strategy (51, 52). Several studies have
successfully used this technique to estimate the relationship between an outcome of interest
and a selected explanatory variable (52–54). First, we fit a full model, including the primary
explanatory variable and all secondary explanatory variables that were associated with ≥
95% adherence in bivariate analyses at p < 0.10. To determine the final set of variables, we
used a manual stepwise approach based on changes in the value of the coefficient for the
primary explanatory variable when individual secondary variables were removed from the
full model, as in previous analyses (55, 56).
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To test the robustness of our models, we also conducted three sensitivity analyses. First, to
further explore the effect of methadone dose on ART adherence, we conducted a subanalysis using a Cochran-Armitage test to investigate the likelihood of ≥ 95% adherence
with increasing methadone dose (per 50 mg/day increase). Using GEE we also conducted a
sub-analysis to examine the longitudinal relationship between the likelihood of optimal
adherence and methadone dose expressed per 20 mg/day increase.
Second, to further investigate the effect of the completeness of CD4 data on our results, we
removed all 180 day observation periods lacking ≥ 1 CD4 cell count observations and
repeated the bivariable and multivariable modeling.
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Third, to further investigate the possible interaction of methadone dose and the presence of
specific antiretroviral agents shown to effect the bioavailability of methadone (57), we
repeated our bivariable and multivariable modeling, including a time-updated explanatory
variable indicating whether an individual had been dispensed at least one dose of
delaviridine (DEL), efavirenz (DMP) or nevaripine (NEV) in the previous 180 days. To
avoid biased estimates in this sensitivity analysis, the analyses were restricted to periods in
which an individual had been dispensed ≥ 1 day of ART.

Addiction. Author manuscript; available in PMC 2016 August 01.

Lappalainen et al.

Page 7

Author Manuscript

RESULTS
Between December 2005 and May 2013, 297 ART-exposed individuals reported MMT use
and were included in our analyses. Among them 133 (44.8%) reported a methadone dose ≥
100 mg/day (median dose: 145 mg/day; interquartile range [IQR]: 115 – 180), and 142
(47.8%) reported a dose of < 100 mg/day (median dose: 60 mg/day; IQR: 40 – 80) at
baseline. The median methadone dose for all patients in the study at baseline was 90 mg/day
(IQR: 60 – 140). The median duration of follow-up was 42.1 months (IQR: 19.0 – 68.7),
contributing to 1056.3 person-years of follow-up.
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The proportion of participants achieving ≥ 95% adherence to ART at baseline stratified by
methadone dose (i.e., 1 – 49 mg/day; 50 – 99; 100 – 149; > 150) is depicted in Figure 1. A
Cochran-Armitage test indicates a significant trend between increasing dose and the
proportion of optimally adherent participants (p = 0.021.) The characteristics of the
participants at their baseline interview stratified by methadone dose (≥ 100 vs. < 100 mg/
day) are presented in Table 1.
Of the 1976 interview periods, 982 (49.7%) were characterized by less than 95% adherence
to ART. Table 2 presents bivariable associations of ≥ 95% ART adherence with the primary
and secondary explanatory variables over the study period. Compared to individuals on <
100mg/day of methadone, those on high-dose methadone had significantly increased rates of
optimal ART adherence (OR = 1.40; 95% CI: 1.09 – 1.80). In the final multivariable model,
methadone dose of ≥ 100 mg/day remained positively and independently associated with
optimal ART adherence (adjusted odds ratio [AOR] = 1.38; 95% CI: 1.08–1.77) after
adjustment for confounders including crack smoking and CD4+ cell count.
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As models including HCV serostatus failed to converge, we excluded it from multivariable
models. This failure was likely a result of the extremely small number of observation
periods characterized by negative HCV antibody status (14 [0.7%] of 1976 periods among 4
[1.3%] of 297 participants.) HCV serostatus was not significantly associated with either
ART adherence or MMT dose in bivariable analyses (p-values > 0.25, results not shown.)
The results of the three sensitivity analyses are reported below. To further explore the effect
of methadone dose on ART adherence, we conducted a sub-analysis to examine the
longitudinal relationship between the likelihood of ≥ 95% ART adherence and methadone
dose expressed as continuous variable. In a GEE model, increasing methadone dose (per
20mg/day increase) was significantly associated with optimal ART adherence (OR = 1.06,
95% CI: 1.00 – 1.22).
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In the second sensitivity analysis, we determined that almost all (1910, 96.7%) of the 1976
six-month observation periods in the study contained at least one CD4 cell count
observation. The median number of CD4 counts in each 180 day observation period was 3
(IQR: 2 – 4). When we removed the 66 observation periods lacking a CD4 count result and
repeated the modeling procedure, the crude and adjusted odds ratios for methadone dose
were largely unchanged and the set of terms in the final multivariable model was identical
(results not shown).
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The third sensitivity analysis was conducted to investigate the possible interaction of
methadone dose and the presence of specific antiretroviral agents shown to affect the
metabolization of methadone (delavirdine, efavirenz or nevaripine). In models fit to
observation periods with ≥ 1 day of ART dispensed in the last 180 days, the adjusted odds
ratio between methadone dose and ≥ 95% adherence in both the full and final models did not
substantially differ when compared to the original analysis (original analysis AOR = 1.38,
95% CI: 1.08 – 1.77; sensitivity analysis AOR = 1.36, 95% CI: 1.04 – 1.76). Additionally,
we fit a GEE model of optimal adherence with an interaction term for methadone dose (≥
100 mg/day vs. < 100 mg/day) and the presence of DEL, DMP or NEV, and the interaction
term was not statistically significant (p = 0.431).

DISCUSSION
Author Manuscript

This study demonstrates an independent and positive association between high-dose
methadone (≥ 100 mg/day) and a greater likelihood of optimal ART adherence (≥ 95%).
Additionally, a significant positive dose-response relationship was observed between
methadone dose (per 20 mg/day increase) and likelihood of optimal ART adherence.
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Several biological, clinical and structural lines of evidence support our observations. First,
high-dose methadone may sufficiently saturate opioid receptors and thus effectively block
the positively reinforcing euphoric effects of illicit opioids (e.g., heroin) (33), leading to
attenuated illicit opioid use. With decreased illicit opioid use, patients have increased overall
stability and are better able to adhere to their prescribed medications, including ART.
Secondly, previous literature has demonstrated that methadone doses equal to or above 100
mg/day are associated with improved long-term retention in methadone treatment programs
(58, 59). Engagement in a structured methadone maintenance program, particularly over
extended periods of time, allows for regular contact with health care professionals,
facilitating optimal engagement in medical care, including treatment for HIV/AIDS (25). A
five-year longitudinal study by Roux et al. (2009) showed that longer durations of retention
in opioid substitution therapy were associated with higher likelihood of long-term
virological success (60). Third, persons who use illicit opioids on MMT have lower rates of
criminal activity and incarceration than those who are not on methadone (61). Bellin et al.
(1999) demonstrated that individuals discharged from custody on high-dose methadone
(defined as ≥ 60 mg/day in their study) had lower criminal recidivism rates compared to
individuals discharged on low-dose methadone (62). This is notable as both incarceration
and release from custody pose substantial barriers to continued ART adherence (55).
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Given that improved health outcomes among people living with HIV are contingent on
optimal ART adherence, our findings have important public health implications. These
results are particularly relevant as persons who inject drugs account for more than 40% of
new HIV infections in some countries (63). Unfortunately, in many countries with
uncontrolled outbreaks of HIV and other blood-borne pathogens among people who use
drugs, there are systemic barriers to implementing the delivery of high-dose methadone to
improve ART adherence. For example, in Thailand, methadone is used primarily for
detoxification through methadone tapers, and there are few long-term maintenance programs
established (64, 65). This occurs despite evidence from systematic reviews and meta-
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analyses showing that methadone used for detoxification alone is associated with an
increased risk of HIV transmission (66). In Russia, federal laws prohibit the use opioid
substitution therapy in the treatment of opioid dependence, and ongoing illicit drug use
excludes individuals from being eligible for HIV treatment (67, 68). Additionally, in many
countries where opioid substitution therapy is available, individuals may be reluctant to uptitrate methadone to therapeutic doses for a variety of reasons, including fears of being
constrained to long-term treatment (69). The current study provides more evidence in
support of the immediate scaling-up of methadone programs to improve access and ensure
adequate doses are prescribed in order to curb HIV/AIDS-associated morbidity and
mortality among opioid-dependent individuals worldwide.
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As ART regimens continue to be simplified to once daily dosing, the co-administration of
both methadone and ART as daily witnessed doses at an individual’s pharmacy is a
promising intervention to improve adherence. ART directly observed treatment (DOT)
programs have been successfully implemented in community settings, including methadone
clinics, and have shown improved rates of viral suppression (70, 71). A systematic review of
interventions to improve ART adherence and virologic outcomes among HIV infected
persons who use drugs found that directly administered ART and medication assisted
therapy, including MMT, improved short-term adherence and virologic outcomes, however,
these outcomes were not sustained after intervention cessation (72).
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There are several limitations in our study. While previous research has demonstrated the
clinical validity of ART pharmacy refill data and has shown that it reliably predicts virologic
suppression (5, 40–42) and survival (8, 36), adherence rates were calculated based on the
number of days where ART was dispensed. This may not necessarily correspond to the
number of days that the medication was taken, and therefore may overestimate adherence
rates. Second, information regarding participation in MMT and methadone dose for this
study was based on self-report. However, our validated outcome of interest, ART adherence,
was acquired from an administrative database and we do not believe individuals
differentially reported methadone dose based on their recent ART adherence. Additionally,
Langendendam et al. (1999) has demonstrated that persons who use illicit opioids are able to
give valid self-reports of their methadone dosages (45). Third, our study focused on overall
ART adherence, however we did not look specifically at which ART regimens patients were
prescribed as a secondary explanatory variable. Several commonly prescribed antiretroviral
medications, particularly the non-nucleoside reverse transcriptase inhibitors (NNRTIs)
delavirdine, efavirenz and nevaripine, may accelerate the metabolism of methadone (13, 73).
The combination of these NNRTIs with methadone can result in lower serum concentrations
of methadone, and methadone dose increases between 20–50% are sometimes necessary to
maintain therapeutic effects (73). If methadone doses are not adequately adjusted when
patients are started on certain antiretrovirals, they may remain under-dosed and as result
may not benefit from the stabilizing benefits of methadone to the same degree as those
whose doses were increased. In order to account for this we did a sensitivity analysis to
account for patients prescribed delavirdine, efavirenz or nevaripine. The results were not
affected substantially and we did not find a significant interaction. Fourth, our ART data is
limited in that we do not have information on pill burden or the frequency of dosing. Both
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have previously been identified as being important factors in ART adherence (74). Fifth, the
number of reports of some secondary explanatory variables (e.g., heavy alcohol use) were
low, which might have hindered their consideration as confounding variables. Finally, while
the ACCESS cohort was recruited using extensive street outreach and snowball sampling, it
is not a random sample. Therefore, our results might not be generalizable of all HIV-positive
persons who use illicit opioids in this setting or in others.
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In conclusion, the present study demonstrated improved ART adherence among participants
who reported a methadone dose of ≥ 100mg/day. Additionally, a significant dose-response
relationship between increasing methadone dose and ART adherence was also observed.
These findings underscore the need to improve access to and delivery of effective
methadone doses for individuals who use illicit opioids in an effort to engage individuals in
structured programs that may facilitate and maximize ART adherence and ultimately
improve HIV outcomes.
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Figure 1.
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Proportion with 95% confidence intervals of individuals achieving at least 95% adherence to
antiretroviral therapy in the previous six months at baseline stratified by methadone dose (n
= 297). Cochran-Armitage test for trend: p-value = 0.021
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122 (41.1)

  Non-Caucasian

132 (44.4)

  ≥ High school
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249 (83.8)

  No

226 (76.1)

  No

175 (58.9)

  < Daily

32 (10.8)
263 (88.6)

  ≥ Daily

  < Daily

Cocaine injection €

122 (41.1)

  ≥ Daily

Crack Smoking €

70 (23.6)

  Yes

Homelessness €

48 (16.2)

  Yes

Employment € †

157 (52.9)

  < High school

Level of Education

175 (58.9)

  Caucasian

Ethnicity

6 (2.0)

116 (39.1)

  Transgender

175 (58.9)

  Female

(37.7 – 48.3)

42.8

Total
n (%)

  Male

Gender

  (IQR)

  Age in years

Age

Characteristic

120 (90.2)

13 (9.8)

69 (51.9)

64 (48.1)

106 (79.7)

27 (20.3)

112 (84.2)

21 (15.8)

58 (43.6)

70 (52.6)

57 (42.9)

76 (57.1)

3 (2.3)

58 (43.6)

72 (54.1)

(38.7 – 49.0)

43.6

≥ 100 mg
n (%)

125 (88.0)

16 (11.3)

96 (67.6)

46 (32.4)

104 (73.2)

37 (26.1)

121 (85.2)

21 (14.8)

61 (43.0)

79 (55.6)

52 (36.6)

90 (63.4)

3 (2.1)

48 (33.8)

91 (64.1)

(37.3 – 47.6)

42.7

< 100 mg
n (%)

Methadone dose

0.85 (0.39 – 1.83)

1.94 (1.19 – 3.16)

0.72 (0.41 – 1.26)

1.08 (0.56 – 2.08)

0.93 (0.58 – 1.51)

0.77 (0.47 – 1.25)

1.26 (0.25 – 6.45)

1.53 (0.93 – 2.50)

Odds Ratio
(95% CI)

0.672

0.008

0.245

0.818

0.775

0.291

0.778

0.091

0.167

p - value

Baseline characteristics of 297 antiretroviral therapy-exposed persons who use illicit drugs engaged in methadone maintenance therapy stratified by
methadone dose
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288 (97.0)

  < Daily

293 (98.7)

  No

  No

(2.4 – 8.8)

  (IQR)

  (IQR)

  No
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293 (98.7)

  Positive

Dispensed DEL, DMP or NEV € β

  (IQR)

  Per 100 cells/mm3
(1.85 – 4.30)

2.95

  ≥ 6 patients

CD4+ count €

45 (15.2)
235 (79.1)

  < 6 patients

HIV physician experience

4 (1.3)

  Negative

HCV serostatus

70 (23.6)
227 (76.4)

  Yes

ART SE Hinder Adherence € α

6.0
(1.9 – 11.1)

  Per year

Time since MMT Initiation

6.3

  Per year

Time since ART Initiation

38 (12.8)
259 (87.2)

  Yes

Incarceration €

4 (1.4)

  Yes

Heavy Alcohol Use € ‡

7 (2.4)

  ≥ Daily

Methamphetamine Use €

Author Manuscript

Characteristic

(2.10 – 4.40)

3.10

111 (83.5)

17 (12.8)

130 (97.7)

3 (2.3)

96 (72.2)

37 (27.8)

(3.7 – 12.9)

7.7

(2.2 – 8.3)

6.0

113 (85.0)

20 (15.0)

132 (99.3)

1 (0.8)

131 (98.5)

2 (1.5)

≥ 100 mg
n (%)

(1.45 – 4.05)

2.65

105 (73.9)

26 (18.3)

141 (99.3)

1 (0.7)

119 (83.8)

23 (16.2)

(1.1 – 9.5)

4.5

(3.0 – 8.9)

6.9

126 (88.7)

16 (11.3)

140 (98.6)

2 (1.4)

137 (96.5)

4 (2.8)

< 100 mg
n (%)

0.62 (0.32 – 1.21)

0.31 (0.03 – 2.99)

1.99 (1.11 – 3.58)

1.39 (0.69 – 2.82)

0.53 (0.05 – 5.92)

0.52 (0.09 – 2.90)

Odds Ratio
(95% CI)

0.027

0.156

0.283

0.028

<0.001

0.251

0.354

1.000£

0.685£

p - value

Author Manuscript

Methadone dose

Author Manuscript

Total
n (%)
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77 (25.9)

  ≥ 1 dose

42 (31.6)

91 (68.4)

β
Refers to being dispensed delaviridine, efavirenz or nevaripine

SE refers to side effects

α

Fisher’s exact test

Heavy alcohol use defined as ≥ 4 drinks/day on average

Defined as having a regular job, temporary job or self-employment

‡

†

£

220 (74.1)

  No

≥ 100 mg
n (%)

Refers to the six month period prior to the baseline interview

€

Author Manuscript

Characteristic

31 (21.8)

111 (78.2)

< 100 mg
n (%)
1.65 (0.96 – 2.84)

Odds Ratio
(95% CI)
0.067

p - value

Author Manuscript

Methadone dose

Author Manuscript

Total
n (%)

Lappalainen et al.
Page 18

Addiction. Author manuscript; available in PMC 2016 August 01.

Lappalainen et al.

Page 19

Table 2

Author Manuscript

Bivariate, multivariate and final multivariate GEE analysis of factors associated with ART adherence (≥ 95%)
Odds Ratio (95% Confidence Interval)
Characteristic

Author Manuscript
Author Manuscript

Bivariate

Multivariate

Final Confounding
Model

Methadone dose €
(≥100mg vs. <100mg)

1.40 (1.09 – 1.80)

1.35 (1.04 – 1.74)

1.38 (1.08 – 1.77)

Age
(per 10 years older)

1.47 (1.16 – 1.86)

1.21 (0.90 – 1.63)

Gender
(Male vs. non-male)

0.92 (0.65 – 1.31)

1.00 (0.68 – 1.49)

Ethnicity
(Caucasian vs. non-Caucasian)

0.95 (0.67 – 1.33)

0.77 (0.52 – 1.14)

Level of Education
(< high school vs. ≥ high school)

0.90 (0.64 – 1.28)

0.80 (0.55 – 1.18)

Employment € †
(Yes vs. no)

0.93 (0.72 – 1.20)

0.99 (0.76 – 1.30)

Homelessness €
(Yes vs. no)

0.79 (0.61 – 1.02)

0.89 (0.67 – 1.19)

Crack smoking €
(≥ Daily vs. < daily)

0.70 (0.57 – 0.86)

0.72 (0.58 – 0.91)

Cocaine injection €
(≥ Daily vs. < daily)

1.12 (0.75 – 1.67)

1.27 (0.83 – 1.94)

Methamphetamine Use €
(≥ Daily vs. < daily)

1.29 (0.61 – 2.75)

1.56 (0.67 – 3.65)

Heavy Alcohol Use €
(Yes vs. no)

0.72 (0.38 – 1.34)

0.59 (0.31 – 1.1)

Incarceration €
(Yes vs. no)

0.91 (0.67 – 1.25)

1.07 (0.75 – 1.50)

Time since ART Initiation
(per year older)

1.03 (0.99 – 1.06)

0.97 (0.93 – 1.01)

Time since MMT Initiation
(per year older)

1.04 (1.02 – 1.06)

1.03 (1.00 – 1.05)

ART SE Hinder Adherence € α
(Yes vs. no)

0.76 (0.60 – 0.97)

0.88 (0.68 – 1.13)

HCV Serostatus
(Negative vs. positive)

0.48 (0.09 – 2.50)

HIV physician experience
(< 6 patients vs. ≥ 6 patients)

0.84 (0.54 – 1.30)

0.96 (0.58 – 1.58)

CD4+ count €
(per 100 cells/ mm3)

1.18 (1.08 – 1.28)

1.17 (1.06 – 1.28)

0.74 (0.60 – 0.92)

1.16 (1.07 – 1.26)

€

Refers to the six month period prior to the interview

Author Manuscript

†

Defined as having a regular or temporary job

‡

Heavy alcohol use defined as ≥ 4 drinks/day on average

α

SE refers to side effects
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