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Abstract
Background—Directly observed therapy (DOT) programs for HIV treatment have demonstrated
feasibility, acceptability, and improved viral suppression, but few have been rigorously tested. We
describe a randomized controlled trial testing the efficacy of an antiretroviral DOT program in
methadone maintenance clinics. Our objective was to determine if DOT is more efficacious than
self-administered antiretroviral therapy for reducing HIV viral load, improving adherence, and
reducing drug resistance among opioid dependent drug users receiving methadone treatment.

Methods—Participants were randomized to treatment as usual (TAU) or antiretroviral DOT for the
24-week intervention. TAU participants received standard adherence counseling, and DOT
participants received standard adherence counseling plus directly observed antiretroviral therapy,
which was delivered at the same time as they received daily methadone. Assessments occurred at
baseline, weekly for 8 weeks, and then monthly for 4 months. Our primary outcomes were between
group changes from baseline to the end of the intervention in: HIV viral load, antiretroviral adherence,
and number of viral mutations.

Results—Between June 2004 and August 2007, we screened 3,231 methadone maintained patients
and enrolled 77; 39 participants were randomized to DOT and 38 to TAU. 65 completed the 24-week
intervention.

Conclusions—Our trial will allow rigorous evaluation of the efficacy of directly observed
antiretroviral therapy delivered in methadone clinics for improving adherence and clinical outcomes.
This detailed description of trial methodology can serve as a template for the development of future
DOT programs and can guide protocols for studies among HIV-infected drug users receiving
methadone for opioid dependence.
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INTRODUCTION
Optimal antiretroviral adherence is necessary to minimize replication of drug resistant virus
and achieve the clinical benefits of HIV treatment. Current and former drug users have
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disproportionately worse HIV treatment outcomes compared to non-drug users, in part because
of poor medication adherence (1–3). Though numerous adherence-improving interventions
have been evaluated in randomized trials, very few have addressed HIV-infected drug users
(4).

Programs providing directly observed therapy (DOT) for tuberculosis have been shown to
improve medication adherence and clinical response, and to reduce the incidence of drug
resistant infection (5;6). Since these same goals apply to HIV treatment, extending the
tuberculosis DOT model to antiretroviral therapy for HIV is reasonable. However, treatment
for tuberculosis is time limited and dosing can be two or three times weekly for much of the
treatment duration, while antiretroviral therapy for HIV is long-term and requires treatment
with once or twice daily dosing. Because of the requirement for chronic daily treatment,
antiretroviral DOT programs have been implemented in community settings using outreach
workers (7;8), or in settings with infrastructures allowing frequent contact, such as prisons
(9) or methadone maintenance clinics (10;11).

Methadone maintenance clinics are a particularly promising setting for DOT programs because
federal regulations mandate patients to receive their daily methadone dose at the clinic, and
the majority of doses are directly observed by nurses. Prior observational studies of methadone-
clinic-based antiretroviral DOT programs suggest that they are feasible, acceptable, and
improve rates of viral suppression (10;12). However we know of no randomized clinical trials
evaluating antiretroviral DOT administered on-site in a methadone clinic.

We developed the Support for Treatment Adherence Research through Directly Observed
Therapy (STAR*DOT) trial, a randomized controlled trial, to test the efficacy of directly
observed antiretroviral therapy provided on-site at a methadone clinic during a 24-week study
period. Our objective was to determine if DOT is more efficacious than self-administered
antiretroviral therapy for reducing HIV viral load, improving antiretroviral adherence, and
reducing HIV drug resistance, among antiretroviral naïve or experienced opioid dependent
methadone-maintained drug users. In this paper, we provide a detailed methodological
description of the STAR*DOT trial, which may serve as a template for investigators designing
DOT trials. In addition, we discuss pertinent safety and confidentiality issues that can guide
protocols for studies among HIV-infected drug users receiving methadone for opioid
dependence. We also report baseline characteristics of the study population.

METHODS
Study design

The STAR*DOT trial was a randomized controlled trial in which methadone-maintained
participants were randomly assigned to one of two groups: treatment as usual (TAU) or directly
observed therapy (DOT) for treatment of HIV. Participants in the TAU (control) group received
standard adherence support (described below), including HIV adherence counselor, and self-
administered their antiretroviral medications. Participants in the DOT (intervention) group
received standard adherence support plus directly observed antiretroviral therapy, which was
delivered at the methadone window five or six days per week depending on the participants’
methadone pick-up schedule. The study design was flexible to accommodate changes in
methadone and antiretroviral regimens and other causes of unusual dosing regimens (e.g.,
thrice weekly dialysis dosing). The primary outcomes were changes from baseline to the end
of the intervention in HIV viral load, adherence rate, and number of drug resistant mutations.
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Study setting
The STAR*DOT trial was conducted in the Division of Substance Abuse (DoSA), a network
of twelve methadone maintenance clinics administered by the Albert Einstein College of
Medicine and Montefiore Medical Center in the Bronx, New York. Together, these affiliated
clinics provide care for approximately 3,500 opioid dependent patients, of whom 10–15% is
HIV-infected. These clinics were the sites for study recruitment, delivery of the intervention,
and all research visits.

Substance abuse treatment at each DoSA clinic is delivered by a multidisciplinary staff
comprised of nurses, substance abuse counselors, a social worker, a part-time psychiatrist, and
a medical team consisting of a physician and at least one physician assistant or nurse
practitioner. The medical team provides comprehensive medical care including HIV care.
Patients are free to choose whether to receive HIV and other medical care at the methadone
clinic or elsewhere.

Study inclusion and exclusion criteria
Potential STAR*DOT trial participants were eligible for inclusion if they were HIV-infected;
were prescribed antiretroviral therapy; received HIV medical care at their methadone clinic or
a site that was closely affiliated with the DoSA network; attended the methadone clinic either
five or six days per week to receive methadone (hereafter, five or six day pick-up schedule);
were on a stable dose of methadone for two weeks prior to the baseline visit; and were
genotypically sensitive to their prescribed antiretroviral regimen. Participants were excluded
if they were unable or unwilling to provide informed consent, were already receiving
antiretroviral DOT, or if their primary HIV care provider did not agree to their participation in
the study. Participants who discontinued methadone therapy during the study period were no
longer eligible.

Protection of human subjects
Approvals, confidentiaility, and data safety and monitoring—The trial was approved
by the Committee on Clinical Investigations of the Albert Einstein College of Medicine and
the Institutional Review Board of Montefiore Medical Center. All participants gave written
informed consent. In addition, we asked participants to sign a New York State release of
confidential HIV information, which allowed the trial’s Medical Director (KMB) to
communicate directly with participants’ HIV providers. To further protect trial participants,
we obtained a certificate of confidentiality from the National Institutes of Health, which
protects participants from being identified in any civil, social, criminal, or legislative dealings
at the Federal, State or local level.

The STAR*DOT trial was a low-risk behavioral intervention that was highly integrated with
usual clinical care; for this reason we did not create an independent data safety and monitoring
board. Instead we established a data safety and monitoring plan, which required interim
analyses every 12 months to determine whether sufficient risks or benefits had developed that
would warrant cessation of the trial.

Specific safety protocols—We developed three safety protocols related to antiretroviral
therapy, and one protocol to detect participants reporting high levels of psychological distress.
Documentation of each safety-related encounter was stored in participants’ permanent files.

The first protocol was designed to prevent unanticipated lapses in antiretroviral therapy for
participants in the DOT arm. Because the process of preparing DOT pilltrays was complex
(described in detail below), we maintained a stockpile in our DoSA central pharmacy that
contained a one-month supply of all approved antiretroviral medications. Stockpile
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medications were used if pilltray delivery to individual methadone clinics was delayed for any
reason.

Second, because antiretroviral medications can increase metabolism of methadone (13;14), we
regularly assessed opioid withdrawal. At every research visit we administered the subjective
opioid withdrawal scale (SOWS) as part of a larger computerized interview. At the end of the
interview, the computer program displayed an alert if the participant reported clinically
significant opioid withdrawal symptoms. We also used the objective opioid withdrawal scale
(OOWS) at every visit, which is a 13-item interviewer-administered scale that assesses
withdrawal signs (e.g., yawning or rhinorrhea). If the interviewer noted more than two signs
of opioid withdrawal they advised the participant to speak with their medical provider.

The third antiretroviral related protocol was designed to minimize exposure to non-prescribed
antiretroviral medications. Though allergic reactions to antiretroviral medications are rare, we
used unique pill bottle monitoring caps and pillboxes for each participant and cleaned pill
counting trays and other supplies with alcohol prior to each use.

Finally, we made an a priori ethical decision to consistently review the responses to the Brief
Symptom Inventory (BSI), used to measure psychological distress. To achieve this, we
programmed the computerized survey to display an alert if a participant endorsed being
distressed by “thoughts of ending your life”, “thoughts of death or dying”, or “having urges to
beat, injure or harm someone”. If alerted, interviewers followed a detailed protocol that
involved a brief assessment, and, if necessary, immediate referral to the clinic medical provider.

Study implementation: Prior to implementation, the Principal Investigator (JHA) and Medical
Director (KMB) explained the STAR*DOT trial at regularly scheduled meetings for all DoSA
network physicians. In addition, prior to initiating recruitment at each DoSA clinic, the Medical
Director, Project Director, and interviewers attended a clinic staff meeting to explain trial
procedures and discuss their potential impact on clinic flow and nursing responsibilities. The
Medical Director also provided a 30-minute DOT training for the nursing staff at each clinic.

Patient recruitment, enrollment, and reimbursement—The initial steps in participant
recruitment included a brief screening survey, informed consent, and in depth verification of
eligibility using medical record and laboratory data and discussion with providers. Potential
trial participants were first screened using a 13-question survey administered by interviewers
to willing patients at all DoSA network clinics. The interviewers approached patients in clinic
waiting areas, and administered brief screening surveys in nearby private rooms. To preserve
the confidentiality of HIV-infected patients, we embedded HIV-related questions with
questions about other chronic medical conditions.

Potential trial participants who were eligible after the brief screener were invited to the second
step of recruitment, in which interviewers explained trial procedures in detail and discussed
the required informed consents. If patients consented to be in the trial the interviewers drew
blood for genotypic resistance testing and scheduled an appointment two weeks later for a
baseline assessment. At this visit, participants were asked for authorization to discuss the trial,
including the resistance results, with their HIV providers.

The final step in the recruitment process involved confirmation of eligibility by medical record
review and discussion with the patient’s HIV provider. These steps were completed by the
Medical Director (KMB), who also reviewed genotypic testing results to confirm sensitivity
to prescribed antiretroviral regimens. If the patient had not authorized the Medical Director to
discuss the study with their provider, the Medical Director explained the results to the patient
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and encouraged them to contact their HIV provider. Patients who were resistant to their
prescribed regimen were ineligible for the trial.

Participants were reimbursed $25 for each research visit and $5 extra for each visit involving
a blood draw. Recruitment began in June 2004 and ended in August 2007. Participants are
followed for. Follow-up of all patients, including the additional year beyond the 24-week
intervention, was completed in February 2009.

Randomization—Prior to recruitment, random-number tables were used to allocate subjects
to the DOT intervention arm or the TAU control arm. Randomization was stratified by
antiretroviral experience (versus naïve) and by once daily (versus twice daily) dosing, because
of the influence of these two factors on adherence and virologic outcome (15;16). Four distinct
randomization lists were created: (1) antiretroviral-naïve, once-daily, (2) antiretroviral-naïve,
twice-daily, (3) antiretroviral-experienced, once-daily, and (4) antiretroviral-experienced,
twice-daily. To ensure comparison groups of roughly equal size, we randomized by blocks
within each of these four strata. Blocks were of variable number to minimize the chance of
upcoming group assignment (TAU or DOT) being anticipated by interviewers.

Baseline assessment—The baseline assessment consisted of a survey administered using
Audio Computer-Assisted Self-Interview (ACASI) technology. During the interview the
participant simultaneously read the question on the computer screen and listened to it read
aloud through headphones. Participants also had blood drawn and gave a urine sample for illicit
drug toxicology testing. Following completion of the baseline assessment, participants
received their randomization assignment to either the DOT or the TAU arm.

Intervention and control conditions
DOT intervention: dispensing of antiretrovirals by clinic nurses: For participants in the
DOT intervention arm, DoSA clinic nurses dispensed and observed ingestion of daily
antiretroviral medications at the usual methadone dispensing locations. To expedite this
process and minimize nursing burden, all DOT antiretroviral medications were prepared in
advance in individualized pilltrays. Pilltrays were labeled by interviewers, and filled by a
centralized DoSA pharmacist, in a process described below. Each pilltray contained seven
removable single dose pillboxes that contained all of the different medications taken together
in one dose. Participants on once daily regimens had one pilltray while twice daily regimens
required two pilltrays: one containing the morning doses and one containing the evening doses.
Depending on methadone pick-up schedule and dosing frequency, certain doses could not be
observed (i.e., Sunday or evening doses). In these instances, participants were given single
dose pillboxes, or “take home doses”, for each unobservable dose and were asked to return the
pillbox to the nurses at the next clinic visit, whether or not they had taken the pills.

DOT intervention: preparing pilltrays for use in the methadone clinics: Preparing pilltrays
for use in the DOT intervention required communication between the Medical Director (KMB),
HIV primary care providers, designated community pharmacy, interviewers, and centralized
DoSA pharmacist. First, for each participant, the Medical Director verified each antiretroviral
medication by speaking directly with his or her HIV provider. She then called in prescriptions
to a single designated community pharmacy that delivered the medications by messenger
directly to the DoSA central pharmacy. HIV primary care providers were asked to suspend
writing prescriptions for DOT participants for the 24-week intervention period, and to contact
the Medical Director directly if a participant changed antiretroviral medications.

For each participant, interviewers created pilltrays, labeling each of the seven pillboxes with
participant identifying data, antiretroviral medication name and dose, dosing directions, and
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any specific instructions (e.g., take with food). Interviewers then delivered labeled, empty
pilltrays to the centralized DoSA pharmacist, who filled the pilltrays with the appropriate
medications for each participant. Pilltrays were delivered from the centralized DoSA pharmacy
to the individual methadone clinics every two weeks, along with scheduled methadone
deliveries.

TAU control condition: Participants in the TAU control condition continued to receive HIV
medical care and ad hoc support from their primary care provider (e.g., pillboxes to use at
home, discussion of adherence barriers). In addition, HIV adherence counseling (described
below) was provided in each DoSA clinic by trained adherence counselors. Finally, to provide
objective measures of adherence, participants in the TAU arm underwent pill counts at all
research visits, and were also administered a MEMS cap at the baseline visit, which they
retained for the duration of the trial.

Adherence counseling—Formal manualized adherence counseling was provided in each
DoSA clinic by para-professional adherence counselors trained to provide six 30–40 minute
sessions (17). The first two sessions focused on motivational interviewing techniques to assess
adherence obstacles and develop treatment goals. The following four sessions were tailored to
the individual patient and focused on cognitive-behavioral skills building. All participants in
both arms were referred for adherence counseling.

Visit schedule and measures—Frequency and length of research visits during the 24-
week intervention period was the same for all study participants (Table 1). We standardized
the visit schedule to control for any improvement in adherence that might result from study
participation alone {Braunholtz 2001}. We used four measures to assess antiretroviral
adherence: self-report, pill count, Medication Event Monitoring Systems (MEMS), and nursing
records of directly observed doses.

Laboratory samples—Interviewers drew blood for HIV viral load and CD4+ T-cell counts
at baseline and weeks 8, 16, 20, and 24. At baseline, with consent, we collected two storage
samples to maintain in a repository. We performed toxicology testing for illicit drugs on either
urine or oral fluid at every research visit. To examine the incidence of drug resistance mutations,
we tested participants for genotypic viral resistance at the pre-baseline eligibility visit, and for
those with an HIV viral load greater than 500 copies/ml at weeks 8, 20, and 24.

Psychosocial measures—Psychosocial domains and instruments are listed in Table 1. The
full ACASI interview took between two and four hours to complete, and was administered at
baseline, and at weeks 12, and 24. An abbreviated ACASI survey was administered at all other
research visits during the 24-week intervention period.

Sample size and power calculations—We estimated a 30% difference between the DOT
and TAU arms in the proportion of subjects achieving the main outcome of an undetectable
HIV viral load (<75 copies/ml). We calculated the sample size needed to detect this effect size
with 80% or more power and a two-sided significance level of 0.05. Based on our prior work
in the same population, (19;20) we assumed a maximum attrition rate of 40%.

Because HIV viral load was assessed at four post-randomization time points, we considered a
range of within-subject or intraclass correlation coefficients (ICC from 0.4 to 0.6) (21). The
ICC represents the variance in the outcome for each subject over the four time points. Higher
ICC (indicating low variance within subjects over time) requires more participants to detect a
difference between groups compared to lower ICC (indicating high variance within subjects
over time). Based on the estimated effect size of 30%, the sample size required for each group
was 24 for an ICC of 0.4, 27 for an ICC of 0.5, and 30 for an ICC of 0.6. We therefore planned
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to recruit 50 participants per group, which would provide adequate power even with the most
conservative ICC of 0.6 and the maximum attrition rate of 40%.

Planned statistical analyses—The three primary outcome variables will be between-
group changes from baseline to the end of the intervention in: HIV viral load, adherence, and
number of drug resistance mutations. All analyses will be conducted according to the intention-
to-treat principle that analyzes all participants in their original randomization arm. We will
first test whether important baseline measures (e.g., depression, cocaine use) are balanced
between the two arms using t-tests or Chi-square tests. Unbalanced baseline measures will be
included in all analyses to adjust for potential confounding effects.

We hypothesize that over the course of the 24-week intervention period the proportion of
participants with an undetectable HIV viral load (analyzed dichotomously) will be higher in
the DOT group than in the TAU group. We will build logistic mixed-effects models to contrast
rates of undetectable HIV viral load over the course of the trial between the DOT and TAU
arms. Mixed-effects models are valid even if attrition is associated with observed covariates
and outcomes. They are also unlikely to require imputation techniques for missing data, and
have greater statistical power than analyses of completers only.

Though adherence is assessed using several measures in this trial, during the 24-week
intervention period, adherence for both DOT and TAU participants is assessed by self-report
and pill count. Therefore, these two measures will be used to assess the effect of the DOT
intervention on adherence. To account for inherent social desirability biases in self-reported
adherence, for the majority of analyses we will dichotomize this variable as 100% vs. <100%
(22). A logistic mixed-effects model will be used to analyze repeatedly measured self-reported
adherence. Pill count adherence will be treated as a continuous estimate and will be analyzed
using linear mixed-effects models to compare mean pill counts between study arms over the
course of the trial.

We hypothesize that fewer new drug resistance mutations will develop in the DOT arm
compared to the TAU arm. We will restrict this analysis to participants with genotype results
for both baseline and week 24 and no change in antiretroviral regimen during the 24-week
intervention period. These restrictions are to isolate the development of new drug resistance
mutations for participants on stable antiretroviral therapy. Major drug resistance mutations will
be defined according to the 2008 consensus statement from the International AIDS Society
(23). The outcome for this analysis will be total number of drug resistance mutations, which
is calculated as the number of unique mutations at baseline subtracted from the number of
mutations at the end of intervention (week 24). To test between-group difference in the total
number of drug resistance mutations, we will apply analysis of covariance that controls for
potential confounders.

RESULTS
Screening and baseline interviews occurred between June 2004 and September 2007. All
STAR*DOT trial participants had completed the 24-week intervention by February 2008.

A total of 3,231 participants were screened. Of these, 97 were eligible and 77 enrolled in the
study (Figure 1). The main reasons for exclusion after the initial screener and review of medical
and laboratory data were HIV negative (77%) or not on antiretroviral therapy (29%). Of the
77 enrollees, 39 were randomized to the DOT arm and 38 to the TAU arm. The overall retention
rate after 24 weeks was 84%. By study arm, retention rates were 82% for DOT and 87% for
TAU. Sixty-five participants completed the 24-week intervention period.
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The sample was 41% male, 35% Hispanic, and 31% Black with a mean age of 47 (Table 2).
Rates of self-reported substance use in the 30 days prior to the baseline interview were: 26%
for heroin, 29% for cocaine, 36% for crack, and 15% for marijuana. The median duration of
methadone maintenance was 8 years [interquartile range (IQR) 3–19], and the median dose of
methadone was 100 mg (IQR 90–140).

Median duration of HIV infection was 13 years (IQR 9–17), and 100% of participants were
antiretroviral treatment experienced. Viral load was undetectable for 45% the sample and the
median CD4+ T-cell count was 345 cells/mm3 (IQR 151–494). At baseline, 19% of the sample
was resistant to any antiretroviral medication. A minority of participants (10%) was prescribed
antiretroviral medications in one combination pill, 51% was prescribed two combination pills,
and 39% was prescribed three or more pills. Antiretroviral dosing schedules were once daily
for 21 participants (27%), twice daily for 54 participants (70%), and three times daily for 1
participant (3%).

Our intervention was feasible and easily implemented in a busy clinical setting. Staff at the
DoSA clinics worked collaboratively with the STAR*DOT team and participants were enrolled
from all 12 clinics (median 6 participants per clinic). Health care providers communicated with
the study Medical Director and nurses at each clinic recorded daily events on study calendars.
Health care providers at an additional 4 unaffiliated clinics were responsive when contacted
by the study Medical Director to discuss their patients’ eligibility. Overall, 34 providers assisted
with implementing the study. One provider did not agree to have their patient in the study
because they felt that the patient’s attendance at the methadone clinic was so poor that their
HIV treatment might be jeopardized if they were randomized to DOT.

The DOT program was also acceptable to patients. Most patients who were eligible chose to
participate. Only two participants refused their randomization, which was DOT in both cases.

The core components of our DOT program did not require additional funding over existing
clinic operating budgets. We did not provide salary support for medical providers, nurses or
adherence counselors, and antiretroviral medications were paid for by patients’ existing
insurance plans. We did supply pillboxes used for DOT, and we paid the DoSA central
pharmacist a stipend to fill the pillboxes; however, these devices are widely available and
inexpensive. Funding for the research aspects of this DOT program (e.g., salaries for research
staff, computers for interviews, and MEMS caps) was provided by a grant from the National
Institutes of Health (NIDA R01 DA015302).

DISCUSSION
STAR*DOT represents the first randomized controlled trial of a directly observed antiretroviral
program in a methadone program. Our trial is consistent with prior work on the feasibility of
DOT programs in methadone clinics (10;11;24), and extends this research by randomizing
participants to a DOT intervention or a treatment-as-usual control condition. Outcomes from
the STAR*DOT trial will contribute to current knowledge by evaluating the efficacy of DOT
for reducing HIV viral load, improving adherence, and reducing drug resistance.

Our trial has several strengths. First, because our goal was to design a DOT program that could
potentially be implemented in a busy methadone clinic without increasing staff burden or
affecting clinic flow, we asked methadone clinic nurses to administer antiretroviral doses
selected by patients’ primary care providers. The major difference between our grant-funded
DOT program and a program without additional funding is the specially prepared pilltrays for
observed and take-home antiretroviral doses. Ad hoc DOT programs in our system exist for
non-HIV medications (e.g., benzodiazepines), and in these cases nurses dispense daily doses
directly from patients’ medication bottles stored in the clinic. If antiretroviral DOT in our
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setting proves efficacious, future studies should assess the feasibility and efficacy of a DOT
program using only available resources.

In addition, we used multiple methods to measure adherence at multiple time points. Adherence
is a complex behavior, and lack of a gold standard makes accurate measurement challenging
(25). Combining available adherence measures to minimize the error associated with each
individual method has been suggested as a strategy for improving adherence assessment (26–
29). In addition to varying by measurement method, adherence rates in the same individual
vary over time (30). To obtain more rigorous adherence estimates and examine changes in
adherence over time, we assessed adherence by multiple methods and at numerous time points.

Our trial is designed to evaluate the efficacy of antiretroviral DOT for patients in methadone
clinics regardless of clinical status. We did not target patients failing therapy and in fact, almost
half our sample had an undetectable viral load at baseline. This decision was based on a belief
that adherence is dynamic over time and patients therefore need ongoing support. Adherence
interventions should be designed to both improve and maintain adherence behaviors. Because
we did not target those failing therapy, the findings may be more generalizable to clinic-based
populations of HIV+ methadone patients.

Limitations to this trial should be noted. Because antiretroviral dosing schedule was not an
eligibility criterion, DOT participants on twice daily regimens received a lower dose of the
intervention than those on once daily medications. However, the percent of observed doses has
not been associated with virologic failure in other research (12), suggesting that even minimal
participation in a DOT program may improve antiretroviral adherence. The effect of DOT
programs on adherence with non-observed, or “take-home” doses is an area that merits further
research.

Further, several aspects of the study design may have had unintended adherence improving
effects in the TAU arm. These include frequent visits with interviewers, participation in
adherence counseling, and use of a MEMS cap. To minimize a differential effect between
groups, we balanced the two study arms regarding the amount of exposure to interviewers and
referred all participants for adherence counseling. If present, an unintended adherence
improving effect in the TAU group from using MEMS caps would bias results toward the null
hypothesis and therefore strengthen any significant findings.

Lastly, several secular changes over the past few years may have affected our trial. First, co-
formulated antiretroviral medications are increasingly available and markedly decrease pill
burden. This change may improve adherence, but is unlikely to have a differential effect by
study arm. Since we planned this trial, a small number of DOT efficacy studies from other sites
have been published, allowing for a more precise estimation of effect size. Three studies
reported slightly smaller effect sizes (25%) for achieving an undetectable HIV viral load than
the one on which we based our power calculation (30%) (11;31;32). Although we enrolled
fewer participants than expected, because of the high retention rate our study remains
adequately powered to detect an effect size of 25% even with a conservative ICC estimate of
0.6.

In conclusion, results of the STAR*DOT trial will advance our knowledge of the efficacy of
directly observed antiretroviral therapy for HIV-infected methadone maintained drug users for
achieving HIV treatment success. If our results provide evidence that DOT in methadone clinics
is an effective structural intervention, protocols can be developed to implement and evaluate
DOT programs in similar settings. Data from this study will also advance our understanding
of antiretroviral adherence in methadone-maintained drug users over time, and of the
measurement characteristics of commonly used adherence measures.
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Figure 1.
Flow chart of study recruitment, enrollment and completion.
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Table 3
Baseline characteristics of study sample (n=77)

Age, mean (sd) 47 (6.9)

Gender, n (%)

 Male 41 (53)

Race, n (%)

 White 10 (13)

 Black 31 (40)

 Other 36 (47)

Ethnicity, n (%)

 Hispanic 35 (45)

 Non-Hispanic 42 (55)

Education, n (%)

 High school (partial or completed) 58 (75)

 College (partial or completed) 19 (25)

Marriage status, n (%)

 Married / living with partner 34 (44)

 Widowed / separated / divorced 22 (29)

 Single 21 (27)

Employment, n (%)

 Employed 2 (3)

 Unable to work / unemployed / other, n (%) 75 (97)

Type of Health Insurance, n (%)a

 Medicaid 69 (90)

 Medicare 16 (21)

 Private insurance 6 (8)

Self-reported illicit drug use in the past 30 days, n (%)

 Heroin 20 (26)

 Cocaine 22 (29)

 Crack 27 (35)

 Marijuana 11 (14)

 Amphetamines 3 (4)

Years of methadone maintenance, median (interquartile range [IQR]) (n=48) 10 (5–16)

Median methadone dose mg, median (IQR) (n=57) 120 (90–180)

Years living with HIV, median (IQR) 13 (9–17)

Years of ARV treatment, n (%)

 <1 year 18 (25)

 1 – 5 years 34 (46)

 >5 years 21 (29)

Number of pills in regimen, n (%)b

 1 pill 8 (10)

 2 pills 39 (51)
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 >= 3 pills 30 (39)

Number of doses per day, n (%)

 One dose per day 21 (27)

 More than one dose a day 56 (73)

Resistance, n (%)c

 Not resistant 62 (81)

 Resistant 15 (19)

Major mutations, n (%)

 NRTId 5 (6)

 NNRTIe 6 (8)

 PIf 7 (9)

Viral Load (copies/ mL), n (%) (n=73)

 <75 35 (45)

 75 – 400 5 (6)

 401 – 10,000 20 (26)

 10,001 – 100,000 10 (13)

 > 100,000 3 (4)

Absolute CD4+ T cell count cells/mm3, median (IQR) (n=74) 345 (151–494)

Seven-day self-reported adherence , n (%) (n=76)

100% 55 (72)

< 100% 21 (28)
a
Categories not mutually exclusive

b
Participants reporting <3 pills were prescribed combination pills containing 2 or 3 medications

c
At least one major mutation based on the 2008 consensus of the International AIDS Society-USA Drug Resistance Mutations Group; reference #

d
NRTI; nucleoside reverse transcriptase inhibitor

e
NNRTI; non-nucleoside reverse transcriptase inhibitor

f
PI; protease inhibitor
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