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Background: Having opioid dependence and HIV infection are

associated with poor HIV-related treatment outcomes.

Methods: HIV-infected, opioid-dependent subjects (N = 295)

recruited from 10 clinical sites initiated buprenorphine/naloxone

(BUP/NX) and were assessed at baseline and quarterly for 12 months.

Primary outcomes included receiving antiretroviral therapy (ART),

HIV-1 RNA suppression, and mean changes in CD4 lymphocyte

count. Analyses were stratified for the 119 subjects not on ART at

baseline. Generalized estimating equations were deployed to examine

time-dependent correlates for each outcome.

Results: At baseline, subjects on ART (N = 176) were more likely

than those not on ART (N = 119) to be older, heterosexual, have lower

alcohol addiction severity scores, and lower HIV-1 RNA levels; they

were less likely to be homeless and report sexual risk behaviors.

Subjects initiating BUP/NX (N = 295) were significantly more likely to

initiate or remain on ARTand improve CD4 counts over time compared

with baseline; however, these improvements were not significantly

improved by longer retention on BUP/NX. Retention on BUP/NX for

three or more quarters was, however, significantly associated with

increased likelihood of initiating ART (b = 1.34 [1.18, 1.53]) and

achieve viral suppression (b = 1.25 [1.10, 1.42]) for the 64 of 119

(54%) subjects not on ART at baseline compared with the 55 subjects

not retained on BUP/NX. In longitudinal analyses, being on ART

was positively associated with increasing time of observation from

baseline and higher mental health quality of life scores (b = 1.25 [1.06,

1.46]) and negatively associated with being homo- or bisexual (b = 0.55

[0.35, 0.97]), homeless (b = 0.58 [0.34, 0.98]), and increasing levels of

alcohol addiction severity (b = 0.17 [0.03, 0.88]). The strongest

correlate of achieving viral suppression was being on ART (b = 10.27

[5.79, 18.23]). Female gender (b = 1.91 [1.07, 3.41]), Hispanic

ethnicity (b = 2.82 [1.44, 5.49]), and increased general health quality of

life (b = 1.02 [1.00,1.04]) were also independently correlated with viral

suppression. Improvements in CD4 lymphocyte count were signifi-

cantly associated with being on ART and increased over time.

Conclusions: Initiating BUP/NX in HIV clinical care settings is

feasible and correlated with initiation of ART and improved CD4

lymphocyte counts. Longer retention on BPN/NX was not associated

with improved prescription of ART, viral suppression, or CD4

lymphocyte counts for the overall sample in which the majority was

already prescribed ART at baseline. Among those retained on

BUP/NX, HIV treatment outcomes did not worsen and were

sustained. Increasing time on BUP/NX, however, was especially

important for improving HIV treatment outcomes for those not on

ART at baseline, the group at highest risk for clinical deterioration.

Retaining subjects on BUP/NX is an important goal for sustaining

HIV treatment outcomes for those on ART and improving them for

those who are not. Comorbid substance use disorders (especially

alcohol), mental health problems, and quality–of-life indicators

independently contributed to HIV treatment outcomes among HIV-

infected persons with opioid dependence, suggesting the need for

multidisciplinary treatment strategies for this population.
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INTRODUCTION
HIV and opioid dependence remain as intertwined

epidemics in the United States, contributing to poor health
outcomes.1,2 There are an estimated 2.4 million opioid-
dependent Americans, of which approximately 900,000 are
dependent on heroin; many are infected with or at risk for HIV
infection.3–6 Injectable opioids (especially heroin) have figured
prominently in the HIV epidemic in the United States and
abroad, although opioids can also be taken orally, intranasally,
and smoked. Injection drug users and their partners and
children currently constitute 36% of the cumulative AIDS
cases in the United States.7 Transmission of HIV through
injection drug use remains significant, accounting for
approximately 10,000 of the 56,000 new HIV infections each
year and may be associated with increasing prevalence of
resistant HIV.8–10

HIV clinicians can effectively reduce HIV transmission
by counseling patients on the reduction of HIV risk-taking
behaviors,11 treating12,13 and facilitating adherence to HIV
therapies.14 The most effective treatment strategy for the
management of opioid dependence remains pharmacotherapies
such as prescription of methadone and buprenorphine.15,16

Methadone maintenance remains highly structured and is
limited to licensed treatment settings, limiting access to
treatment for providers and patients alike. Currently, metha-
done treatment is available to only 15% to 20% of opioid-
dependent patients in the United States.17

The introduction of the partial mu opioid agonist
buprenorphine in 2002 has expanded treatment options for
opioid dependence; empiric evidence supports its use as an
effective treatment.18–22 Buprenorphine is commonly pre-
scribed in a coformulated tablet with naloxone (buprenorphi-
ne/naloxone) and administered sublingually. The unique
pharmacology and regulatory status of buprenorphine/nalox-
one (BUP/NX) permits the medication’s prescription in
primary care practices by physicians who meet specific
criteria. The Drug Abuse Treatment Act of 2000 (DATA 2000)
allows for the provision of opioid agonist therapy beyond
structured methadone clinics, thereby potentially expanding
access to opioid dependence treatment from physicians
experienced in providing HIV care.23

The availability of potent combination antiretroviral
therapy (ART) is cost-effective and has resulted in impressive
reductions in HIV-1 RNA levels, increases in CD4
lymphocyte counts, and reductions in both morbidity and
mortality. Despite these gains in transforming HIV into
a chronic and treatable condition, individuals with substance
use disorders have benefited less from treatment than others.1

Reasons for decreased benefit from ART among drug users

are complex and include decreased ART prescription24 and,
once prescribed, decreased adherence to ART.25 Prescription
of ART is critical to derive benefit for HIV treatment
outcomes. Although BUP/NX maintenance has resulted in
impressive drug treatment outcomes, similar to those found in
methadone-treated patients, there are little data to examine its
longitudinal and naturalistic impact on HIV treatment
outcomes.26 Indeed, compared with those who received off-
site referral to substance abuse treatment from HIV clinical
care settings in a randomized controlled trial, those receiving
BUP/NX on-site were more likely to remain engaged in HIV
treatment, but other beneficial HIV treatment outcomes were
not demonstrated (eg, initiation of ART and improvements in
viral load and CD4).27 Therefore, the purpose of the current
study was to assess the effect of BUP/NX maintenance on
HIV treatment outcomes, including receipt of ART and
changes in CD4 counts and viral suppression in a naturalistic
observational study. Moreover, to determine those cofactors
that may contribute to these outcomes, other patient
characteristics were assessed for contribution to HIV
treatment outcomes.

METHODS

Setting
In September 2004, 10 geographically dispersed HIV

clinical sites developed different models for integrating HIV
primary care and BUP/NX treatment for opioid dependence as
part of the Special Projects of National Significance initiative
funded by the Health Resources and Services Administra-
tion.28 Although treatment models varied, all sites participated
in a national, multisite evaluation using uniform eligibility
criteria, cross-site assessments, and surveillance intervals.
Each site and the national evaluation center at The New York
Academy of Medicine obtained Institutional Review Board
approval for conducting this evaluation.

Participants
Study participants were identified through provider

referral, word of mouth, and community outreach.
Eligible participants were HIV-infected, at least 18 years
old, met Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition criteria for opioid dependence,
and spoke English or Spanish. Potential participants
were excluded if they had investigator-defined alcohol or
benzodiazepine abuse or other uncontrolled medical or
psychiatric conditions, aspartate aminotransferase or alanine
transaminasae levels greater than five times normal, or were
pregnant. All participants completed written informed consent
before enrollment.

Data Collection Methods
Study participants completed baseline assessments that

recorded demographic, social, substance use, and behavioral
characteristics. Research assistants abstracted clinical data
from patient medical records at baseline and at 3, 6, 9, and
12 months follow-up. Data were entered electronically at
participating sites and transferred to the national evaluation
center for collation and analysis.
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Measures
Primary HIV treatment outcomes (being on antiretro-

viral therapy, HIV-1 RNA levels, and CD4 counts) were the
dependent variables. Being on ARTwas defined by self-report
and confirmed through chart review; all subjects who self-
reported not being on ARTwere coded as such irrespective of
their chart review information. Inclusion in the analysis
required eligible subjects to receive a prescription for BUP/NX
with the intent to maintain subjects on BUP/NX in accordance
with Treatment Improvement Protocol 40 guidelines.29

Multiple independent variables were examined, including
prescription of BUP/NX; a single prescription within a quarter
was categorized as having received a prescription for that
quarter, even if a single dose or prescription was provided. At
several sites, laboratory testing, including HIV-1 RNA and
CD4 lymphocyte counts, was performed as part of routine HIV
care and not as part of a prespecified protocol; some sites had
prespecified laboratory collection quarterly. Standardized
instruments were administered at baseline and quarterly
thereafter for 1 year and included baseline demographic and
social circumstances and validated scales including the
Addiction Severity Index,30,31 the Medical Outcomes Study
Short Form Health Survey,32 and the Clinical Epidemiological
Scale for Depression.33 These variables were used as
covariates to address potential confounders such as retention
on BUP/NX, substance use, quality of life, and depression.

To determine the observational cohort, 295 subjects who
initiated a single dose of BUP/NX served as the sample for
analysis for being on ART; 266 (90.1%) and 261 (88.5%)
had baseline HIV-1 and CD4 data, respectively, and
were ultimately included in the viral load and CD4 models.
A number of time-dependent HIV treatment outcomes were
assessed quarterly over a 12-month time period after BUP/NX
induction. Primary outcomes included self-reported taking of
antiretroviral therapy, achieving viral suppression (HIV-1 RNA
levels less than 400 copies/mL), and changes in CD4
lymphocyte count analyzed at baseline and quarterly
thereafter. Retention in HIV care was defined as having
HIV-1 RNA, CD4 lymphocyte count, and a HIV clinical care
visit measured within a 6-month period and did not include
measurements from the first 30 days after study enrollment.
Being retained on BUP/NX was defined as receiving
a prescription at any time for three or four quarters.

Analyses
As a result of missing data, time-dependent outcomes

were measured using generalized estimating equations (GEE).
To assess the randomness of missing values, a retention
analysis was conducted for each dependent variable and
baseline characteristics, including demographic character-
istics, employment status, homelessness, and addiction
severity. Baseline fixed covariates included age, race/ethnicity,
gender, education, employment, sexual orientation, housing
status, substance use history, mental health history and prior
treatment, and quality of life. Time-dependent independent
variables included sexual and injection-related HIV risk-
taking variables, incarceration within the previous 30 days,
standardized addiction severity scores and current use,
physical and mental health quality-of-life scores, and

standardized depression scores. All models were built
systematically. The first step examined the independent effect
of each predictor by building bivariate GEE models in which
only a single variable was entered. If the predictor remained
significant in the full model, it was then entered into the
parsimonious model, which also included the effect of time (ie,
quarter). In accordance with GEE, cases were excluded from
an analysis if the baseline dependent variable (eg, being on
ART, HIV-1 RNA level, CD4) was missing. Independent
variables associated with the dependent variable at the
P , 0.10 level were included in final parsimonious model.
Significance in the full model was assessed at P , 0.05.

Groups were further stratified based on whether subjects
were on ARTat baseline to determine the differential influence
of BUP/NX on HIV treatment outcomes. Retention on
BUP/NX was defined as being prescribed BUP/NX for three
or four quarters, even if provided a single prescription during
the quarter.

RESULTS
Table 1 provides the baseline characteristics of the 295

subjects who initiated BUP/NX and were stratified by those
who were on and not on ART. These individuals were mostly
men (68%) in their mid-40s (mean, 45.2 years) and comprised
mostly of people of color (73%). Nineteen percent identified as
being homo- or bisexual and 25% were homeless at study
entry. Baseline addiction severity scores were high (greater
than two standard deviations above the general population)34

and Medical Outcomes Study Short Form Health Survey
scores were relatively low. Although 62% were being
prescribed psychiatric medications at baseline, only 55%
acknowledged having a psychiatric diagnosis. Forty percent of
subjects were not on ART at study entry. Those who were
taking and not taking ART at baseline differed on several
baseline characteristics (see Table 1). Compared with subjects
not on ART, those on ARTwere older (46.1 versus 43.9 years,
P = 0.022), and less likely to be homo- or bisexual (13.6%
versus 26.9% P = 0.004), homeless (18.8% versus 33.6%,
P = 0.004), and to have self-reported sexual risk in the past 30
days (17.6% versus 31.9%, P = 0.004). They also had lower
mean alcohol addiction severity (7.4 versus 10.3, P = 0.048).
Clinically, those on ARTwere significantly more likely to have
lower log10 HIV-1 RNA levels (3.10 versus 4.03 log10
copies/mL, P , 0.001) but their mean CD4 counts did not
differ significantly from subjects not on ART.

Figure 1 depicts the proportion of subjects on ART and
achieving virologic suppression at baseline and quarterly
thereafter. Compared with baseline, there were significantly
higher proportions of subjects on ART in subsequent quarters of
observation. Although missing values during any given quarter
were as high as 37% for being on ARTand 49% for HIV-1 RNA
levels, these data were missing at random and were not
associated with any known variables previously associated with
HIV poor treatment outcomes (eg, homelessness, addiction
severity, presence of mental illness, etc; data not shown).

The first outcome of interest was whether prescription
(initiation) of BUP/NX was associated with an increased
likelihood of being on ART. Most (60%) of the sample was
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already on ART at the time of initiating BUP/NX. Compared
with baseline, subjects were significantly more likely to be
prescribed ART during subsequent quarters of observation
(see Fig. 1). Table 2 depicts the correlates of being on ART
expressed over time in multiple regression analysis. Increasing
time during follow-up and having higher levels of mental
health quality of life were positively associated with being on
ART, whereas factors that reduced the likelihood of being on
ART included being homo- or bisexual, homelessness, and
high addiction severity for alcohol.

Table 3 depicts the correlates of achieving viral suppres-
sion among all study subjects. The strongest correlate of viral
suppression was receiving ART, which was significantly
associated increasing time after initiating BUP/NX (Fig. 1).
Viral suppression for the entire sample (see Fig. 1), however,
did not significantly increase over time or with increasing
retention on BUP/NX (see Table 3) but was independently
associated with female gender, Hispanic ethnicity, lower

addiction severity to drugs, and improved general health
quality–of-life indicators.

CD4 lymphocyte count changes (Fig. 2), the final
outcome for this analysis, significantly increased over
subsequent quarters of observation but was not associated
with retention on BUP/NX; this finding held true even when
stratifying by whether subjects were on ART at baseline. CD4
lymphocyte counts also significantly increased among women,
those who were prescribed psychiatric medications, and those
whose general health quality of life was improved. CD4
lymphocyte counts decreased significantly, however, among
those who had lower levels of mental health quality of life
(see Table 4).

Because being on ART was strongly correlated with
viral suppression and the proportion of subjects on ART at
baseline was high, a subanalysis was conducted to assess the
impact of BUP/NX treatment among the 119 subjects who
were not on ART at baseline; 109 of these subject had

TABLE 1. Baseline Characteristics of Subjects Prescribed Buprenorphine (N = 295)

Characteristic

All Subjects
(N = 295)

On ART
(N = 176) (59.7%)

Off ART
(N = 119) (40.3%)

P (on ART
versus off
HAART)No. (%) No. (%) No. (%)

Mean age in years (standard deviation) 45.2 (8.2) 46.1 (7.8) 43.9 (8.6) 0.022

Gender

Male 201 (68.1) 121 (68.8) 80 (67.2) NS

Female 94 (31.9) 55 (31.3) 39 (32.8)

Race/ethnicity

Black 148 (50.9) 90 (51.1) 58 (48.7) NS

Hispanic 65 (22.0) 39 (22.2) 26 (21.8)

White 68 (23.1) 37 (21.0) 31 (26.0)

Sexual orientation

Heterosexual 239 (81.0) 152 (86.4) 87 (73.1) 0.004

Homo- or bisexual 56 (19.0) 24 (13.6) 32 (26.9)

Homeless 73 (24.7) 33 (18.8) 40 (33.6) 0.004

Buprenorphine prescription during study 0.303

One quarter only 118 (40.0) 63 (35.8) 55 (46.2)

Two quarters only 29 (9.8) 17 (9.7) 12 (10.1)

Three quarters only 64 (21.7) 41 (23.3) 23 (19.3)

All four quarters 84 (28.5) 55 (31.3) 29 (24.4)

Self-reported shared needle use in past 30 days 27 (9.2) 12 (6.8) 15 (12.6) NS

Self-reported sexual risk in past 30 days 69 (23.4) 31 (17.6) 38 (31.9) 0.004

Used stimulants (cocaine or methamphetamine) within past 30 days 171 (58.0) 98 (55.7) 73 (61.3) NS

Self-reported diagnosis of mental illness 161 (54.6) 91 (51.7) 70 (58.8) NS

Self-reported prescription of psychiatric medications 182 (61.7) 103 (58.5) 79 (66.4) NS

Mean addiction severity—drugs (mean score, range 1.28–62.95) 32.1 (13.0) 31.7 (13.1) 32.5 (12.9) NS

Mean addiction severity—alcohol (mean score, range 0.0–66.95) 8.6 (12.0) 7.4 (10.5) 10.3 (13.7) 0.048

Bodily pain quality of life (SF-12) (mean score, range 0–100) 57.8 (33.9) 56.4 (35.3) 59.9 (31.6) NS

Physical role quality of life (SF-12) (mean score, range 0–100) 53.2 (28.1) 53.0 (29.7) 53.5 (25.8) NS

General health quality of life (SF-12) (mean score, range 0–100) 45.1 (29.5) 46.0 (29.5) 43.7 (29.7) NS

Mental health quality of life (SF-12) (mean score, range 0–100) 48.7 (25.5) 49.9 (26.5) 46.9 (23.8) NS

HIV symptom distress (mean score, range 1.0–4.75) 2.57 (0.8) 2.53 (0.8) 2.62 (0.8) NS

Mean HIV-1 RNA level, copies/mL (range 50–750,000) N = 227 36,428 22,737 56,517 0.006

Mean log10 HIV-1 RNA level, copies/mL HIV viral load (range 1.7–5.88) N = 266 3.47 (1.06) 3.10 (0.94) 4.03 (0.97) , 0.001

Mean CD4 lymphocyte count, cells/mL (range 2–1755) N = 261 354.9 375.8 325.2 NS

P = nonsignificant (NS) is P . 0.05.
ART, antiretroviral therapy.
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complete data for analysis (see Fig 3). This is a group of
subjects who would be likely to gain the most clinical benefit
from initiating and remaining on ART because doing so at
nearly all CD4 strata is associated with improved morbidity

and mortality.35–37 Among subjects not initially on BUP/NX,
subjects who were prescribed BUP/NX for three or four
quarters (N = 64 [58.7%]) were not only significantly more
likely to receive ART, but were also more likely to suppress
HIV-1 RNA levels to below the limits of detection compared
with those prescribed BUP/NX for shorter time periods. This
finding held true at each quarter of observation and throughout
the study.

Although not depicted in tables or figures, the
proportion subjects on ART at baseline that remained on it
by the fourth quarter decreased to 87.7%. The proportion of
this subgroup who achieved viral suppression by the end of
the fourth quarter, however, had increased from 67.0% to
76.9%, but this did not quite reach statistical significance
(P = 0.09). Prescription of BUP/NX for three or four quarters
among those on ART at baseline was not associated with
significant improvements in viral suppression (b = 1.13; 95%
confidence interval [CI], 0.95–1.35) or changes in CD4 counts
(b = 9.30; 95% CI, –10.2 to 28.7), but did confirm sustained
clinical benefit without evidence of clinical deterioration.

DISCUSSION
This is the largest multisite, observational study of HIV-

infected patients prescribed BUP/NX. Over time, the overall
sample of subjects who initiated BUP/NX, irrespective of

TABLE 2. Time-Dependent Correlates of Being on Antiretroviral Therapy Among All Subjects

All Subjects (N = 295)

Full Model Parsimonious Model

Exp b 95% Confidence Interval r Exp b 95% Confidence Interval r

Intercept 6.13 (1.25–29.9) 0.03 4.04 (2.03–8.05) ,0.01

Gay or bisexual 0.59 (0.33–1.04) 0.07 0.55 (0.31–0.97) 0.04

Homeless 0.60 (0.35–1.04) 0.07 0.58 (0.34–0.98) 0.04

Self-reported shared needle use in past 30 days 0.83 (0.44–1.55) NS

Self-reported sexual risk in past 30 days 0.72 (0.47–1.10) NS

Used stimulants (cocaine or methamphetamine) 0.92 (0.62–1.36) NS

Self-reported diagnosis of mental illness 0.87 (0.62–1.21) NS

Addiction severity—drugs 0.44 (0.11–1.86) NS

Addiction severity—alcohol 0.27 (0.06–1.01) 0.06 0.17 (0.03–0.88) 0.03

Bodily pain quality of life (SF-12) 0.98 (0.97–1.00) 0.02 0.99 (0.97–1.00) 0.06

Physical role quality of life (SF-12) 1.01 (0.99–1.03) NS

Mental health quality of life (SF-12) 1.18 (0.99–1.40) 0.07 1.25 (1.06–1.46) ,0.01

HIV symptom distress 0.98 (0.70–1.38) NS

Buprenorphine prescription during study

One quarter only 1.00

Two quarters only 0.98 (0.46–2.12) NS

Three quarters only 1.22 (0.68–2.20) NS

All four quarters 1.21 (0.68–2.13) NS

Time of observation

Baseline (N = 295) 1.00

Quarter 1 (N = 206) 1.54 (1.15–2.07) ,0.01

Quarter 2 (N = 189) 1.52 (1.13–2.04) ,0.01

Quarter 3 (N = 176) 1.41 (1.01–1.95) 0.04

Quarter 4 (N = 181) 1.49 (1.07–2.07) 0.02

P = nonsignificant (NS) is P . 0.05.

FIGURE 1. Proportion of all subjects on antiretroviral therapy
and with viral suppression (HIV-1 RNA,400) over time.

S26 | www.jaids.com q 2011 Lippincott Williams & Wilkins

Altice et al J Acquir Immune Defic Syndr � Volume 56, Supplement 1, March 1, 2011



whether they were on ARTor not at baseline, were more likely
to be prescribed ART and have increases in CD4 counts. For
this group, however, increasing retention on BUP/NX was not
associated with these outcomes. The finding that the majority
of the sample was already on ART at baseline likely explains
the lack of association of increased retention on BUP/NX with
improving HIV treatment outcomes because most were already
optimally engaged in care. To test whether retention on
BUP/NX is likely to result in improved HIV treatment
outcomes, the stratified analysis of those off of ARTat baseline
provides considerable insight. Among the group who was at
highest risk for an adverse clinical outcome—those not on
ART at baseline—longer retention on BUP/NX was signif-
icantly associated with higher rates of ART initiation and viral
suppression that approached parity with those already on ART
at baseline. Achievement of parity in viral suppression over
time in this group suggests the potential for a ceiling effect for this
outcome. Although not associated with improved HIV treatment
outcomes among those who were already on ART at baseline,
retention on BUP/NX appears to sustain already maximized

TABLE 3. Correlates of Achieving Viral Suppression (HIV-1 RNA Less Than 400 Copies/mL) Among the Full Buprenorphine Sample

All Subjects (N = 266)

Full Model Parsimonious Model

Exp b CI r Exp b CI r

Intercept 0.14 (0.02–0.95) 0.04 0.10 (0.03–0.38) ,0.01

Female gender 1.98 (1.08–3.63) 0.03 1.91 (1.07–3.41) 0.03

Race/ethnicity

Other race 2.16 (0.56–8.41) NS 2.31 (0.56,9.61) NS

Asian 3.56 (0.31–40.7) NS 3.37 (0.23–48.37) NS

Hispanic 2.71 (1.37–5.37) ,0.01 2.82 (1.44–5.49) ,0.01

White 1.49 (0.77–2.89) NS 1.49 (0.76–2.91) NS

Black (referent) 1.00 1.00

Gay/bisexual 0.76 (0.38–1.51) NS

Used stimulants (cocaine or methamphetamine) 0.83 (0.50–1.38) NS

Self-reported diagnosis of mental illness 0.91 (0.52–1.59) NS

Prescribed psychiatric medications 1.34 (0.77–2.34) NS

Addiction severity—drugs 0.13 (0.02–0.74) 0.02 0.10 (0.02–0.61) 0.01

Being on antiretroviral therapy 9.78 (5.49–17.43) ,0.001 10.27 (5.79–18.23) ,0.001

Bodily pain quality of life (SF-12) 0.99 (0.97–1.01) NS

General health quality of life (SF-12) 1.03 (1.00–1.05) 0.03 1.02 (1.00–1.04) 0.04

HIV symptom index 0.95 (0.66–1.36) NS

Buprenorphine prescription during study

One quarter only 1.00

Two quarters only 1.69 (0.63–4.55) NS

Three quarters only 1.11 (0.57–2.14) NS

All four quarters 1.32 (0.67–2.59) NS

Time of observation

Baseline (N = 266) 1.00

Quarter 1 1.07 (0.64–1.79) NS

Quarter 2 0.86 (0.50–1.48) NS

Quarter 3 0.98 (0.54–1.80) NS

Quarter 4 0.89 (0.48–1.65) NS

P = nonsignificant (NS) is P . 0.05.
CI, confidence interval.

FIGURE 2. Mean CD4 count at baseline and throughout 12
months of observation. Compared with baseline, P , 0.05 for
each subsequent quarter of follow-up observation.
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positive benefits and does not worsen HIV treatment outcomes
among those already experiencing this benefit.

Being on ART is strongly associated with increases in
CD4 count; an increase in CD4 count in clinical trials and
observational studies is strongly associated with decreased
morbidity and mortality.38,39 Although being prescribed
BUP/NX did not demonstrate an independent effect on viral
suppression over time for the entire sample, this likely reflects
the large number of subjects already receiving ART and
high levels of viral suppression at baseline and sustained
throughout the study. Nevertheless, prescription of BUP/NX,
irrespective of duration on treatment, was highly correlated
with receiving ART and improved CD4 counts that increased
over time. As such, just initiating BUP/NX treatment in an
HIV clinical care setting is associated with more individuals
receiving ART, although the greatest contribution to this
outcome is among those who were not on ART at baseline and
especially those whowere retained on BUP/NX. The increased
association of receiving ART may reflect the notion that
initiating treatment for their opioid dependence was sufficient
to get patients to take ART, clinicians to prescribe it because
they felt the patients were motivated and engaged, or both.
Moreover, ART use itself was the single most important
individual contributor to viral suppression. These findings

differ slightly from recent data from Roux et al from France
that found that retention on opioid agonist treatment was
associated with long-term virologic HIV suppression with
slightly better outcomes for those on methadone compared to
those on buprenorphine. This French study, however, had only
113 subjects of which only 53 were on buprenorphine (without
naloxone).40 Subjects in the French study were followed for 5
years, considerably longer than the 1 year of follow-up in our
study. Our data suggest that there is relatively high retention on
ART among those who were already on it but that the greatest
benefits are for those whowere not on ART. This is particularly
true for subjects who are retained on BUP/NX for longer (three
or four quarters) time periods.

In a US study of 93 HIV-infected opioid-dependent
patients randomized to BUP/NX treatment provided on-site at an
HIV clinic versus referral to offsite substance abuse treatment,
on-site BUP/NX-treated patients were more likely to remain
engaged in HIV care. Different from our study, however, their
subjects did not have an increased likelihood of being prescribed
ARTor increase their CD4 lymphocyte counts over time. Similar
to our study was the finding that there was no significant
improvement in their viral suppression rates.27 Unlike our study,
however, only 46 subjects received BUP/NX, over half were on
ART at baseline, and there was no assessment among those who

TABLE 4. Factors Associated With Changes in Absolute CD4 Lymphocyte Count Among All Subjects

All Subjects (N = 261)

Full Model Parsimonious Model

b 95% Confidence Interval r b 95% Confidence Interval r

Intercept 97.2 (–143.6, 338.1) NS 53.9 (–25.5, 133.3) NS

Female gender 67.3 (5.1, 129.5) 0.03 72.2 (6.6, 137.8) 0.03

Self-reported sexual risk in past 30 days 41.2 (–27.2, 109.7) NS

Self-reported Incarceration in past 30 days 48.8 (–21.3, 118.9) NS

Used stimulants (cocaine or methamphetamine) –19.5 (–65.9, 26.9) NS

Self-reported diagnosis of mental illness –11.4 (–60.5, 37.7) NS

Prescribed psychiatric medications 72.2 (27.6, 116.9) ,0.01 83.5 (36.6, 130.4) ,0.001

HIV service use in each quarter –7.5 (–59.6, 44.5) NS

Being on antiretroviral therapy 31.5 (–19.5, 82.5) NS

Buprenorphine status during study

One quarter only —

Two quarters only –33.8 (–137.6, 70.1) NS

Three quarters only 35.1 (–42.7, 113.0) NS

All four quarters 46.3 (–19.9, 112.4) NS

Addiction severity—drugs –30.0 (–211.5, 151.5) NS

Physical role quality of life (SF-12) –1.0 (–4.1, 2.0) NS

General health quality of life (SF-12) 5.1 (2.9, 7.3) ,0.01 5.1 (3.4, 6.9) ,0.001

Physical health quality of life (SF-12) –3.6 (–40.0, 32.9) NS

Mental health quality of life (SF-12) –26.3 (–53.3, 0.8) 0.06 –28.5 (–51.6, –5.4) 0.02

Time of observation –

Baseline (N = 261) 1.00

Quarter 1 47.5 (2.7, 77.7) 0.04

Quarter 2 56.9 (10.6, 103.2) 0.02

Quarter 3 51.4 (3.9, 98.8) 0.03

Quarter 4 49.6 (3.8, 102.9) 0.04

P = nonsignificant (NS) is P . 0.05.
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were not on ARTat baseline. In summary, our longitudinal cohort
assessment confirms several positive HIV treatment benefits from
being prescribed BUP/NX, especially if retained in treatment
among those not on ART at baseline.

Importantly, there were several covariates that positively
and negatively contributed to HIV treatment outcomes. Being
homeless was associated with a 40% reduced likelihood
of being on ART among all subjects. Multiple studies confirm
this association,41 including the influence of homelessness
on poor access to and delayed entry into HIV care,42,43 the
decreased likelihood of receiving ART primarily because of
physician concerns,43,44 and the decreased adherence to
ART once inititated.43 Other studies, however, suggest that
once prescribed ART, homeless persons are willing and able
to successfully adhere to ART.45,46 The lack of association of
homelessness with HIV-1 RNA and CD4 counts among
those prescribed ART in our study confirms this latter
finding, suggesting that homelessness itself should not
preclude ART prescription.

This study also confirms that active use of alcohol and
higher addiction severity contributes negatively to HIV
treatment outcomes among patients prescribed BUP/NX
treatment. First, alcohol use severity negatively impacted
receipt of ART. This finding is consistent with findings from
other studies that demonstrate the negative impact of alcohol
use on receipt of ART.47,48 Alcohol use severity did not,
however, negatively impact virologic or immunologic out-
comes, but this may be attributed to its strong independent
negative effect on receiving ARTand therefore the sample size
was insufficient to demonstrate a benefit for a group whose
alcohol use disorders were not being treated. Stimulant use,
primarily of cocaine, did not influence receipt of ART, viral
suppression, or changes in CD4 lymphocyte count. Although
cocaine use has been associated with poor antiretroviral
adherence49 and increased HIV disease progression in some
studies,50 it did not negatively impact surrogates of HIV
treatment successes in this observational study.

Active alcohol and drug use have both been negatively
correlated with HIV treatment outcomes.51 The current study

appears to be the first to demonstrate that increasing levels of
drug addiction severity, rather than just drug or alcohol use
itself, are associated with poor HIV treatment outcomes. In
this case, only alcohol use severity was associated with not
receiving ART, whereas drug use severity was independently
associated with poor viral suppression outcomes. There is
insufficient information from this study, however, to speculate
whether it was continuous alcohol drinking or binge drinking
that contributed most to these findings. Nonetheless, there is
much to suggest that even reductions in severity of alcohol or
drug use, especially among these opioid-dependent patients
with significant drug and alcohol comorbidity, is critical to
improve HIV treatment outcomes.47 Both behavioral and
pharmacologic treatment options for alcohol52 and drug
dependence53 should be considered for those with the highest
levels of addiction severity among HIV-infected persons.1

Improved mental health and general health quality of
life were associated with being on ART. It is unclear from
these data, however, whether it was receipt of ART that
resulted in improved quality–of-life or whether being in
a better mental and physical state was associated with access
to and receipt of ART. These data do, however, support other
studies that show an association of ART with improving
quality of life54,55 that have been demonstrated in prospective
observational studies.33,56 One potential explanation is that
ART use is associated with decreased depressive symptoms33

and reductions in cognitive impairment,57 and as a result,
subjects derived improved quality–of-life. Further insights
into these associations are explored further within this
supplement.58

It is not surprising that being on ARTwas the strongest
correlate for virologic suppression. Similarly, being on ART
was strongly correlated with increases in CD4 counts. It is
unclear, however, why being Hispanic was associated with
improved virologic outcomes. This observation was not
replicated, however, when only subjects on ART were
examined (data not shown). One explanation may be
specialized Spanish-speaking and adherence education serv-
ices were available at a few representative sites. The number of

FIGURE 3. Comparison of initiating
antiretroviral therapy and viral sup-
pression outcomes among subjects
not on antiretroviral therapy at
baseline: stratified analysis among
subjects retained on buprenor-
phine/naloxone for three or more
quarters. Compared to baseline,
P # 0.05 for all comparisons.
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sites was too large to make inferences between sites given the
existing sample size.

Improved general health quality of life was significantly
associated not only with being on ART, but also with viral
suppression. In contrast to previous studies, this study had the
availability of contemporary regimens, including simplified,
better-tolerated combinations and boosted protease inhibitors,
which appear to reduce the likelihood of resistance and allow
lower adherence levels to achieve robust virologic control.59–61

It is possible that contemporary ART regimens, which are
tolerated better and more amenable to perturbations in
adherence, resulted in improved quality-of-life measures and
overrode the effects of cocaine use and mental illness that have
been associated with poor adherence outcomes in other studies.

CD4 lymphocyte counts are the best predictor of HIV-
related morbidity and mortality.62,63 It is therefore imperative
to restore and retain immune function. Compared with
baseline, BUP/NX- treated subjects steadily and significantly
increased their CD4 counts over time (Fig. 2); therefore, efforts
that retain individuals in HIV care, such as initiating BPN/NX
when indicated, are likely to have the most optimal treatment
outcomes and reduce HIV progression.64 Studies of BUP/NX
treatment for longer durations, however, are needed because
HIV is a chronic condition requiring a lifetime of treatment.
Also contributing to improvements in CD4 count was the
receipt of psychiatric medications. Untreated mental illness
has been associated with decreased access to ART65–67 and
decreased ART adherence once prescribed.68,69 In this study,
over half of subjects met criteria for ‘‘triple diagnosis’’—
mental illness, substance use disorder, and HIV. Our study,
similar to findings from Mellins et al,69 confirms that those
individuals with triple diagnosis who receive treatment for all
three conditions (psychiatric medications, BUP/NX, and ART)
can achieve improved HIV treatment outcomes, particularly
ones that are associated with reductions in HIV progression.
Minimally, it now allows for a single HIV clinician to
effectively treat the triply diagnosed client without requiring
multiple referrals and provision of fragmented care.25,70

Although this study has important implications for HIV-
infected persons who are dependent on opioids, it does have
limitations. First, the study represents a naturalistic observation
of HIV-infected patients who are initiated on BUP/NX. As a
consequence of a naturalistic observational study rather than
a longitudinal cohort with systematically consistent measures,
there was considerable variation in the rigor with which CD4
counts, viral load measurements, and recording of retention on
BUP/NX and ARTwere obtained, resulting in missing values.
Although GEE is one of the most robust ways of overcoming
concerns about missing values, there remains some possibility
that those with missing values, despite the values being missing
at random, did not contribute equally to positive health
outcomes solely as a matter of retention. Retention in HIV care
is a well-known obstacle for this population. Second, there is no
reliable comparison group. Assumptions for the entire group are
based solely on the initiation of a single prescription (in some
cases a single dose) of BUP/NX. As such, we cannot assert that
initiating BUP/NX is better than other available treatment
modalities for opioid dependence for this population, such as
prescription of methadone or extended release naltrexone.

We do know, however, that those who were retained on
BUP/NX at least three or four quarters did have improved HIV
treatment outcomes compared with those who were not
retained. This finding may in part be the result of the lack of
specificity of our variable measuring retention on BUP/NX
(receiving a single dose during any quarter) and the naturalistic
setting of the study, which may contribute to missing data.
Third, the models of treatment delivery varied considerably
across sites71 and it is possible that the treatment delivery
strategy resulted in differing outcomes. This is the largest,
multisite evaluation of BUP/NX treatment on HIV treatment
outcomes and despite these limitations, it appears that BUP/NX
prescription for the entire sample was associated with several
improved HIV treatment outcomes, especially time-dependent
improvement in prescription of ARTand increased CD4 counts.
Retention on BUP/NX does have its greatest impact on those
not already receiving ART, but it also appears to sustain the
benefit already conferred by ARTamong those on it at baseline.

Buprenorphine/naloxone’s availability has the potential to
markedly increase access to opioid agonist treatment for HIV-
infected patients.23 Although considerable challenges in the
implementation of BUP/NX treatment in HIV clinical care
settings remain, this multisite study confirms several of the
positive HIV treatment outcomes associated with integration of
BUP/NX treatment into HIV specialty care settings.72 As a result,
if BUP/NX becomes routinely available in this setting, it has the
potential to improve access to ART and reduce morbidity and
mortality among HIV-infected opioid-dependent patients who
have traditionally been less likely to access and adhere to ART.
Further investigations remain, however, to assess the long-term
benefits of BUP/NX treatment and to improve its assimilation
into standard HIV medical care practices.
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APPENDIX 1: BHIVES COLLABORATIVE
The CORE Center (Chicago, IL), El Rio Santa Cruz Neighborhood

Health Center (Tucson, AZ), Johns Hopkins University (Baltimore, MD),
Miriam Hospital (Providence, RI), Montefiore Medical Center (Bronx,
NY), OASIS, (Oakland, CA), Oregon Health Sciences University (Portland,
OR), University of California San Francisco Positive Health Program
at San Francisco General Hospital (San Francisco, CA), University
of Miami Medical School (Miami, FL), Yale University School of
Medicine (New Haven, CT), and The New York Academy of Medicine
(New York, NY).
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