
BEHAVIORAL AND PSYCHOSOCIAL RESEARCH

Baseline Substance Use Interferes with Maintenance
of HIV Medication Adherence Skills

Sannisha K. Dale, PhD, EdM,1,2 Lara Traeger, PhD,1,2 Conall O’Cleirigh, PhD,1,2

C. Andres Bedoya, PhD,1,2 Megan Pinkston, PhD,3,4 Julianne G. Wilner,5

Michael Stein, MD,3,6 and Steven A. Safren, PhD1,2,7

Abstract

Cognitive behavioral therapy for adherence and depression (CBT-AD) in HIV improves both adherence and de-
pression outcomes relative to enhanced treatment as usual (ETAU). However, in persons with injection drug use
(PWIDU) histories, adherence gains seen during treatment have not been maintained postintervention. Therefore, we
examined whether heroin or cocaine use at study entry moderated acquisition or maintenance of adherence gains after
CBT-AD. HIV-positive adults in treatment for opioid dependence (n = 89) were randomly assigned to CBT-AD or
ETAU and completed 3-, 6-, and 12-month assessments. Participants were majority male (61%), white (48%), and
heterosexual (79%). Hierarchical linear modeling was used to evaluate whether heroin or cocaine use at baseline
interacted with intervention assignment to predict change in adherence during active treatment and follow-up. CBT-
AD-related improvement in adherence during the active intervention period did not vary by baseline substance use.
However, cocaine use (but not heroin use) at baseline interacted with intervention assignment to predict a significant
decline in follow-up adherence (cocaine use · group condition coefficient = -0.77, t = -2.44, p = 0.02) such that by 12
months, adherence among CBT participants was significantly lower among those who used cocaine (45.0%) com-
pared to those who did not (72.3%; t = 2.50, p = 0.018). HIV-positive PWIDU who use heroin or cocaine at baseline
can benefit from the CBT-AD intervention to improve adherence to antiretroviral therapy; therefore, providers should
not withhold an active psychosocial treatment for HIV-positive PWIDU who are using. Cocaine use at baseline may
limit the degree to which gains are maintained postintervention, and therefore, booster sessions may be needed.

Introduction

Adherence to antiretroviral therapy (ART) med-
ications is necessary to maximize the chances of HIV

treatment success.1–4 Poor adherence may lead to viral rep-
lication, development of medication resistance, and subse-
quent disease progression.5 Although there is a growing set of
evidenced-based interventions to improve adherence to
ART,6,7 many of the existing trials found modest effects and
did not directly address comorbid psychiatric conditions as
part of the intervention. Among people living with HIV/
AIDS, psychiatric comorbidities such as clinical depression
and substance use are each highly prevalent conditions that
place this group at increased risk for poor adherence.8–10

HIV-positive individuals use substances, in general, and
cocaine and heroin, in particular, at significantly higher rates
than HIV-negative persons.11 For HIV-positive individuals,
heroin and cocaine use may be particularly predictive of
nonadherence to HIV medication.12 Furthermore, cocaine
and heroin use is widespread among persons in treatment
(e.g., methadone) for injection drug use (IDU13,14), and co-
caine may be a common drug of choice because it can break
through the effects of methadone.13,15 Similarly, previous
literature has indicated that among individuals with a history
of IDU receiving substance abuse treatment, those with HIV
were more likely to continue using heroin.16

There are two published trials of cognitive behavioral ther-
apy for adherence and depression (CBT-AD), an intervention
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to promote adherence to HIV medications and treat depression
among HIV-positive adults with a clinical diagnosis of de-
pression.10,17 The initial trial recruited HIV-positive patients in
HIV care at a community health center with a large population
of men who have sex with men. In that study, those who re-
ceived CBT-AD had superior adherence and depression out-
comes to those who received enhanced treatment as usual
(ETAU).17 This was a pilot study, with a relatively small
sample size (n = 43) and a crossover design; nonetheless, gains
were maintained over follow-up (at 3, 6, and 12 months post-
baseline), and those who received CBT had reductions in viral
load over time. The second trial was an efficacy study com-
paring CBT-AD to ETAU in persons with injection drug use
(PWIDU) and were receiving drug abuse treatment.18 Findings
indicated that in comparison to ETAU, those who received
CBT-AD had significant improvement in both adherence and
depression at the end of the intervention period.18 However,
while the gains for depression were maintained over the 12-
month follow-up period (3, 6, and 12 months postbaseline), the
gains for adherence were not.18 The current study represents a
secondary analysis of this sample data.

The purpose of the current study was to examine whether
cocaine and heroin use at baseline (study entry), among
PWIDU, moderated either the early adherence gains or the
maintenance of adherence gains following CBT-AD in
comparison to ETAU. Some providers may be hesitant to
start a psychosocial treatment addressing mental health and
health behaviors for HIV-positive PWIDU and findings from
this study may help providers in the decision-making process.

Methods

Details have been previously published on study partici-
pants, procedures, and intervention conditions18; therefore,
only brief summaries are provided below.

Study subjects and setting

Enrollment occurred between July 2005 and October 2008
and included (89 randomized) individuals between the ages
of 18 and 65 who were HIV seropositive, prescribed ART for
HIV, endorsed a history of IDU and were currently enrolled
in opioid treatment for at least 1 month, and met criteria for a
diagnosis of current mood disorder or subsyndromal de-
pressive mood disorder (defined as past history of major
depression, with a current level of residual symptoms that did
not meet diagnostic threshold). Treatment for opioid depen-
dence varied, with the majority of participants receiving
methadone (n = 63, 70%) and the remainder receiving bu-
prenorphine therapy, group or individual substance abuse
drug-free counseling, and/or actively participating in Nar-
cotics Anonymous.

Excluded were those with any active untreated, unstable,
major mental illness that would interfere with study partici-
pation (e.g., active mania or psychosis), inability or unwill-
ingness to provide informed consent, or current participation
in CBT for depression.

Participants were recruited at four methadone clinics in the
greater Boston area, HIV clinics at Massachusetts General
Hospital (MGH) and Rhode Island Hospital, and through
community outreach and recruitment flyers posted in other
HIV care or substance abuse settings. Visits were conducted
at a hospital-based research clinic and informed consent was

obtained from all participants. All study procedures were
approved by the Institutional Review Boards at MGH (Bos-
ton, MA) and Rhode Island Hospital (Providence, RI).

Study design and procedures

Study visits. After an initial evaluation spread across two
baseline visits (included a diagnostic evaluation of DSM-IV
diagnoses) to determine study eligibility and a 2-week period
where participants started using the Medication Event
Monitoring System (MEMS) caps, there were three major
follow-up assessment visits for both experimental and control
arms: T1—acute/post-treatment outcome *3 months after
baseline, T2—3-month follow-up occurring 6 months after
baseline, and T3—9-month follow-up occurring 12 months
after baseline. These assessments included an MEMS cap
evaluation for adherence (i.e., MEMS19) and evaluation for
depression (self-report and interview by an independent as-
sessor blinded to study condition), as well as HIV plasma
RNA and CD4+ lymphocyte counts either drawn for the study
or abstracted from participants’ medical records if collected
in the month before the assessment. Samples acquired during
the baseline assessment that had a viral load of over 1000
copies per milliliter were tested for genotypic resistance.

Randomization. Study coordinators randomly assigned
participants at their first visit after the baseline in blocks of
two, stratified by biological sex, depression severity (current
major depression or residual symptoms only), and adherence
(baseline MEMS adherence above or below 80%). Assign-
ment to treatment or control conditions was concealed from
study therapists and participants until the conclusion of the
Life-Steps (a single-session intervention on HIV medication
adherence) visit.

Safren et al.18 described the flow of participants in the
study from baseline assessment through randomization and
follow-up.18 In summary, 154 participants were assessed for
eligibility, 65 were excluded (did not meet criteria or de-
clined participation), 89 were randomized (CBT-AD n = 44;
ETAU n = 45), and 23 were lost by the 12-month follow-up
(CBT-AD n = 8; ETAU n = 15; CBT vs. ETAU not statisti-
cally different). Only two participants in the intervention arm
did not receive the intervention/modules as assigned.

Adherence and substance use measures

Adherence assessment. MEMS caps recorded each in-
stance of bottle opening, monitoring the antiretroviral medi-
cation considered the most difficult to remember to take by the
participant. If the medications were equally difficult to re-
member, participants used the cap for the pill that they took
most frequently. To account for doses that participants may
have taken without opening the pill cap (e.g., took out doses for
the entire day in the morning), we counted a dose as taken if
participants could recall specific instances when they took their
medications but did not use the cap.18,20,21 A dose was con-
sidered missed if it was not taken within a 2-h window of the
time designated by the participant’s medical provider. For the
acute outcome (baseline to post-treatment), adherence was
operationalized as the percentage of MEMS adherence using
the time since the last visit, as intervention visits were sched-
uled weekly or, at most, every 2 weeks. For the follow-up
longitudinal analyses, we used adherence in the past 2 weeks.
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Substance use. The Addictions Severity Index (ASI)-Lite
measures the severity of problems in seven areas of functioning
that are frequently affected in participants with substance use
disorders.22 This clinician-administered instrument required
participants to report their history and current (past 30 day) use of
heroin, cocaine, and other illicit substances. Dichotomous
baseline variables indicating whether participants had used her-
oin or cocaine over the past 30 days were used in these analyses.

Intervention conditions

Study interventionists included clinical psychologists, psy-
chology pre- and postdoctoral fellows, and one master’s level
psychologist, who all participated in weekly group supervision
(i.e., verbal and audio review of sessions). Participants in both
the treatment (CBT-AD) and comparison (ETAU) condition
received a single-session intervention on HIV medication ad-
herence (Life-Steps), which involves 11 informational,
problem-solving, and cognitive-behavioral steps.23 In each
step, participants and the clinician define the problem, generate
alternative solutions, make decisions about the solutions, and
develop a plan for implementing them. Participants also re-
ceived adherence tools such as a cue-dosing watch that could
sound two alarms per day and assistance with setting re-
minders for their schedule. Participants also had a letter mailed
to their medical and, as appropriate, mental health providers
documenting study participation, depression or other psychi-
atric disorders and recommending that these conditions should
continue to be assessed or treated.

Those assigned to the experimental condition also received
eight sessions of CBT-AD.18 Consisting of five modules, this
approach integrated adherence counseling with traditional
CBT techniques, including psychoeducation, motivational
interviewing, behavioral activation/activity scheduling,
cognitive restructuring, problem solving, and relaxation
training for the treatment of depression. Sessions were *50-
min long and occurred weekly, with the goal of completing
them within *3 months. A more detailed description of the
intervention can be found in our published manuals.18

Statistical analyses

Hierarchical linear models (HLM) with HLM 6.06 soft-
ware were used to evaluate the interaction of random as-
signment with substance use on both the acquisition and
maintenance of medication adherence (MEMS) gains in
separate models. The structure of the HLM is provided by the
following equations:

Level 1 model

Yti¼ b0iþ bti
�(Time)þ e

Level 2 model

b0i(intercept)¼ c00þl0

bti(slope)¼ c01

þ c11
�(Group Assignment [treatment or control])

þ c12
�(Substance Use)

þ c13
�(Group Assignment · Substance Use)þl1

The Level 1 model included the Time variable (weeks since
baseline), which provided the structure of the model. The
evidence of moderation is estimated from the significance of
the slope (c coefficient) associated with the interaction term
(c13). For the HLM evaluating maintenance of adherence,
baseline adherence was included as an additional covariate in
the Level 2 model to control for prerandomization levels. For
the HLM, all continuous measures in the Level 2 model were
centered about their group means and all dichotomous vari-
ables were coded 1/0. Model parameters were estimated using
full-maximum likelihood estimation with robust standard er-
rors. In all analyses that used HLM, unconstrained models
were run to confirm significant individual variation about the
slope and intercept before accounting for random assignment.

Results

Participant characteristics

Detailed information on demographic and clinical charac-
teristics for participants was previously presented in Safren
et al.18 In brief, participants’ mean age (standard deviation)
was 46.9 (7.2) and they were primarily male (61%), white
(48%), and heterosexual (79%) with a low education level
(26%—partial high school, 29%—high school graduation/
General Educational Development). Furthermore, 67% of
participants were on disability, 62% met DSM-IV criteria for
one additional diagnosis beyond depression, and 19% had a
CD4+ T-cell count <200. There were no differences on base-
line demographic or clinical variables between the two ran-
domized conditions, except for CD4 levels being higher
among the CBT-AD group compared to the ETAU group.18 At
baseline, 22.73% (n = 10) of the CBT-AD participants and
28.89% of the ETAU participants reported cocaine use, while
18.18% (n = 8) of the CBT-AD participants and 33.33%

FIG. 1. CBT-AD percentage HIV medication
adherence (past 2 weeks). CBT-AD, cognitive
behavioral therapy for adherence and depression.
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(n = 15) of the ETAU participants reported heroin use. In the
entire study sample, heroin use (25.8%) and cocaine use
(25.8%) were the most commonly used substances.

Moderation of CBT-AD-related adherence
improvement during active treatment

In HLM analyses testing whether cocaine or heroin use at
baseline interacted with intervention assignment (CBT-AD
vs. ETAU) in predicting medication adherence improvement
during active treatment, CBT-AD-related adherence im-
provement during active treatment did not vary by heroin
(coeff. = 1.08, SE = 0.84 t = 1.28, p = 0.20) or cocaine use
(coeff. = 0.44, SE = 0.88 t = 0.51, p = 0.62). Irrespective of
whether they used or did not use heroin or cocaine at baseline,
participants’ medication adherence improved during the
CBT-AD treatment in comparison to ETAU. In addition,
these results held while controlling for ongoing cocaine and
heroin use in post hoc analyses.

Moderation of CBT-AD-related adherence
improvement maintenance at follow-ups

For cocaine use at baseline, intervention assignment sig-
nificantly interacted with cocaine to predict decline in med-
ication adherence during follow-up (coeff. = -0.77, SE = 0.32
t = -2.44, p = 0.02). This significant result also remained
while controlling for ongoing cocaine and heroin use in post

hoc analyses. Accordingly, those who used cocaine at base-
line had greater adherence declines after the intervention
ended than those who did not use cocaine at baseline. Follow-
up t-test analyses indicated that at the12-month follow-up
visit, adherence of those assigned to the CBT-AD arm was
significantly lower among cocaine users (45.0%) relative to
nonusers (72.3%; t = 2.50, p = 0.018) (Fig. 1). However, for
the ETAU condition, adherence at the 12-month follow-up
did not significantly differ between cocaine users (66%) and
nonusers (59%; t = -0.49, p = 0.63) (Fig. 2).

For heroin use at baseline, however, intervention assignment
did not significantly interact with heroin in predicting adher-
ence decline (coeff. = -0.13, SE = 0.37, t = -0.36, p = 0.72)
even when controlling for ongoing heroin and cocaine use in
post hoc analyses. Table 1 presents the mean descriptive scores
for ART adherence across conditions by cocaine and heroin
use, at baseline and follow-up visits (Table 1).

Discussion

Our previous study found that a time-limited intervention
(CBT-AD vs. ETAU) showed efficacy in decreasing depressive
symptoms and improving HIV medication adherence in a
sample of HIV-positive adults with depression and an IDU
history18; however, improvements in HIV medication adherence
were not maintained. The present study explored whether or
not cocaine or heroin use at baseline moderated treatment-

FIG. 2. ETAU percentage HIV medication ad-
herence (past 2 weeks). ETAU, enhanced treat-
ment as usual.

Table 1. Unadjusted Mean Descriptive Scores for Adherence Across Conditions

by Cocaine and Heroin Use, at Baseline and Follow-Up Visits

Baseline (since
last visit weeks)

3 Months
(past 2 weeks)

6 Months
(past 2 weeks)

12 Months
(past 2 weeks)

CBT-AD adherence
Cocaine
Yes 56.79 (34.89) 76.43 (28.78) 56.75 (33.71) 45.00 (27.21)
No 66.58 (24.72) 79.88 (21.58) 68.86 (32.23) 72.29 (29.87)

Heroin
Yes 45.74 (26.47) 70.09 (32.00) 38.69 (35.31) 47.96 (34.12)
No 68.49 (25.95) 81.25 (20.55) 71.43 (29.48) 68.62 (29.82)

ETAU adherence
Cocaine
Yes 67.81 (26.89) 72.73 (24.03) 53.90 (32.63) 65.87 (32.25)
No 74.90 (26.20) 74.01 (25.96) 68.13 (29.64) 58.73 (36.88)

Heroin
Yes 60.89 (26.80) 70.54 (19.98) 51.19 (28.87) 54.64 (36.50)
No 78.97 (24.24) 75.00 (27.29) 70.00 (30.37) 64.92 (34.54)

CBT-AD, cognitive behavioral therapy for adherence and depression; ETAU, enhanced treatment as usual.
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related (CBT-AD vs. ETAU) adherence gains over the follow-
up period. While neither cocaine nor heroin use moderated
adherence improvement during active treatment, cocaine use at
study entry predicted a significantly steeper decline in adher-
ence during follow-up in those who received the CBT-AD
treatment. To our knowledge, this is the first study to show that
while participants are in active treatment, their drug use status
at baseline does not relate to improvement in ART adherence
for HIV treatment; however, during follow-up, participants
who reported illicit substance use at baseline, in this case co-
caine, had significantly worse decline in adherence even when
ongoing substance use was accounted for.

Clinically, the present study may help providers in decision-
making regarding whether or not to start a psychosocial
treatment addressing mental health and health behaviors for
HIV-positive PWIDU histories, as some may be reluctant to do
so if the patient is actively using. Our results suggest that
providers should not withhold an active psychosocial treatment
for HIV-positive PWIDU who are actively using, because there
is at least short-term benefit during treatment; addressing
adherence beyond the period of time-limited treatment, how-
ever, may demand novel approaches for maintaining gains.

During active treatment, participants received weekly prob-
lem solving and CBT focused on both adherence to medications
and treatment of their depressed mood. However, after treatment
ended,participantsdidnotattendadditional sessions to reviewthe
use of CBT skills or receive reinforcements such as social support
from their clinician,24 which may have helped even those with
active cocaine and heroin use. Ongoing cocaine use may worsen
adherence when no longer mitigated by ongoing psychosocial
treatment; in fact, there is evidence suggesting that cocaine use is
morepredictiveofHIVmedicationnonadherence thanheroin.9,25

Furthermore, the lives of HIV-positive individuals who use co-
caine may also be impacted by structural factors such as unstable
housing or other unanticipated (at the time of treatment discon-
tinuation) life stress26 that complicate medication adherence.27–30

There is also research suggesting that cocaine users have in-
creased difficulty with focus and concentration, which may
negatively impact medication adherence.31,32

Our findings also suggest that for individuals who report
using cocaine at the time that they start an adherence inter-
vention, ongoing adherence counseling after treatment dis-
continuation may be needed to maintain intervention-related
gains. Given that HIV is a chronic illness and medication ad-
herence is necessary for long-term effective disease manage-
ment,2,33 ongoing adherence counseling could be integrated
into standard of care in settings that HIV-positive cocaine users
frequent (e.g., substance abuse clinics). This is in line with
recent research suggesting the significant value of integrated
care, particularly within a primary care setting, for HIV risk
reduction and substance use treatment.34 Because CBT-AD
showed efficacy in significantly improving adherence during
active treatment among HIV-positive individuals with depres-
sion and a history of IDU irrespective of heroin or cocaine, this
suggests that the key to sustaining adherence gains after active
treatment may be booster sessions of CBT-AD. Adherence
counseling via CBT-AD18 can also be a useful augment to
standard treatment when HIV-positive patients experience
lapses in cocaine use. Future research should also identify
specific CBT-AD skills or support that may require reinforce-
ment during booster sessions, to maintain adherence gains. It is
unclear why cocaine use, but not heroin use, moderated the

adherence maintenance. It is possible that because many par-
ticipants were on methadone, effects of heroin were mitigated.

Findings should be interpreted in the context of several limi-
tations. We enrolled a convenience sample of participants in
Massachusetts and Rhode Island, geographical areas with many
medical and social service resources; therefore, our findings may
not be representative among all HIV-positive adults with de-
pression and history of IDU in the United States. For instance,
there is evidence suggesting that combined substance abuse, vi-
olence, and HIV/AIDS lead to a disproportionate level of disease
and treatment outcome among people of color in the United
States.30 Yet, close to half of our sample identified as white,
suggesting that further research is needed to confirm generaliz-
ability in diverse populations. In addition, at study entry, partic-
ipants were in active treatment for opioid dependence, and thus,
results cannot be generalized to those not currently in active
treatment for opioid dependence. However, concurrent substance
treatment was not a requirement for continued study participa-
tion, so it is possible that participants were not receiving sub-
stance use treatment across the study period. Heroin and cocaine
use was assessed via retrospective self-report measures, which
may have been impacted by social desirability bias such as un-
derreporting.35 Adherence may have been underestimated if the
MEMS cap was not used; therefore, at each assessment, partic-
ipants were asked if they recalled taking pills without the use of
the MEMS cap, and adherence scores were adjusted accordingly.

Despite these limitations, our finding that cocaine use at
baseline moderated follow-up adherence maintenance among
HIV-positive adults with depression and a history of IDU high-
lights the importance of taking illicit substance use into consid-
eration when developing interventions to promote adherence on
a long-term basis beyond active treatment. Furthermore, our
findings suggest that additional research is needed to establish
strategies for promoting maintenance of adherence skills fol-
lowing effective brief adherence interventions such as CBT-AD,
particularly among individuals who struggle with illicit sub-
stance use. Offering booster sessions of CBT-AD following
participants’ engagement in the full intervention may maintain
adherence gains overtime, and interventions that aim to integrate
CBT-AD strategies into standard care for HIV-positive illicit
drug users may establish feasibility and promote cost efficiency.
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