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Abstract Substance using HIV patients are at risk for

non-adherence, and most prior interventions in this popu-

lation have had only modest effects on adherence. Con-

tingency management (CM) is a promising intervention.

The Centralized Off-site Adherence Enhancement (CARE)

program involved 12 telephone-delivered substance and

adherence-targeted cognitive behavior therapy sessions

coupled with CM for adherence to antiretroviral therapy

(ART) and counseling participation. CM involved 6 weeks

of escalating reinforcement for taking prescribed doses

followed by 6 weeks of tapering variable rate reinforce-

ment, and separate reinforcement for counseling ($806

possible). Participants’ adherence was measured by devices

which wirelessly provided real-time notification of device-

opening. HIV infected patients on ART (N = 10) with

recent stimulant or alcohol use completed 10.2 of 12 pos-

sible telephone sessions, spent 42.8 min/call, and rated the

counseling 6.2 on a 1–7 scale. Medication adherence

improved from 81 to 93 % (p = 0.04). CARE appears to

be acceptable and engaging.

Keywords AIDS � HIV � Adherence � Compliance �
Contingency management

Resumen Los pacientes con VIH que utilizan substancias

o alcohol están en riesgo de no adherirse al tratamiento, y

la mayorı́a de las intervenciones anteriores de este grupo

han demostrado efectos modestos en la adherencia. El

Manejo de Contingencias (CM) es una intervención pro-

metedora. El programa central para incrementar la adher-

encia a tratamiento (CARE por sus siglas en Inglés) se

compone de 12 sesiones de asesoramiento vı́a telefónica

que incluyen Terapia de Comportamiento Cognitivo (CBT

por sus siglas en Inglés) teniendo como objetivo la ad-

herencia y uso de sustancias, asi como el CM para mejorar

la adherencia al tratamiento antirretroviral (ART). El CM

involucra 6 semanas de sesiones de reforzamiento gradual

para tomar las dosis prescritas, seguido por 6 semanas de

sesiones de reforzamiento variable, proveyendo un estı́-

mulo por participación en las sesiones (de hasta $806). La

adherencia de los participantes se midió mediante dispo-

sitivos inalámbricos que proporcionaron la notificación en

tiempo real de apertura de estos dispositivos. Los pacientes

infectados con VIH que tomaban tratamiento antirretroviral

(N = 10) y que habı́an usado recientemente algún es-

timulante o alcohol completaron 10.2 sesiones telefónicas

de 12 posibles, duraron 42.8 minutos en cada llamada, y
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calificaron las sesiones de asesoramiento de 6.2 en una

escala de 1–7. La adherencia al tratamiento mejoró de un

81 % a un 93 % (p = 0.04). El programa CARE parece ser

un método aceptable y prometedor.

Introduction

The successful use of antiretroviral therapy (ART) has trans-

formed HIV into a complex, chronic disease with improve-

ments in patient quality of life and decreased mortality [1–4].

Despite substantial recent improvements in medication and

need for less demanding adherence schedules, viral suppres-

sion is still contingent upon ART adherence, with suboptimal

adherence associated with resistant infection, disease pro-

gression, and increased risk of HIV transmission [5, 6]. HIV-

infected individuals with a history of substance abuse have

worse HIV outcomes, in part mediated through decreased

medication adherence [7]. Studies have found lower adher-

ence among HIV-infected individuals who use injection and

non-injection drugs [8–10]. Importantly, patients dependent

on illicit drugs with continued substance use show reduced

adherence and worse HIV outcomes [11–16]. Thus, inter-

ventions that address both ART adherence and substance use

are needed to help improve clinical outcomes [17].

Perhaps the most promising intervention to date is

contingency management (CM). CM has been shown to

improve ART adherence and reduce viral load among illicit

drug-using populations [18–20]. However, CM has not

been shown to sustain such effects following discontinua-

tion, and requires substantial resources to implement—

direct costs of the contingencies, increased staff hours, and

staff training [19].

We developed Centralized Off-site Adherence

Enhancement (CARE), to address barriers to on-site CM

and lack of sustained benefits. CARE provides remote

automated delivery of reinforcement in real-time, using a

theory-based variable-ratio, tapered reinforcement sche-

dule, and includes remotely-delivered, telephone-based

cognitive behavioral therapy (CBT). Remote and auto-

mated delivery reduces the delay between the target

behavior and reinforcement, and reduces or eliminates the

need for additional specially trained staff for implementa-

tion. A few studies have evaluated remote delivery of

reinforcement, and have shown high acceptability and

feasibility, and significant improvement in a range of

health behaviors compared to control conditions [21–25].

However, prior CM studies have not demonstrated

improvements following discontinuation of contingencies,

suggesting that other approaches or additional interven-

tions are needed. Using an alternative schedule of rein-

forcement, such as variable ratio reinforcement, which

maintains higher levels of responding when reinforcement

is discontinued [26], may increase the likelihood that

patients will maintain medication adherence after the end

of the study. Benefits from CBT targeting a range of dis-

orders have been shown to remain or even increase after

the end of treatment [27, 28]. CBT delivered via telephone

has been shown to be effective for a range of disorders

[29], and in some cases more effective than face-to-face

treatment [30]. In addition to being convenient and effi-

cient, telephone-based counseling has been effective in

people with HIV. A 14-session telephone-based interven-

tion was associated with significantly improved adherence

and a trend towards a lower viral load [31], although other

telephone-based interventions have not been effective [32].

The current study evaluated the feasibility, acceptability

and initial efficacy of CARE in 10 people prescribed ART

with recent substance use.

Methods

Participants

Participants were recruited from a local HIV clinic through

brochures and discussion with clinical staff. Inclusion cri-

teria for this pilot trial were (1) current treatment with ARV

medications, (2) either (a) self-reported risky alcohol use

defined as[14 drinks/week or[4 drinks/occasion for men

65 or younger; [7 drinks/week or [3 drinks/occasion for

women, OR (b) C2 days of either cocaine or amphetamine

use, in the past 60 days, (3) able to provide voluntary

informed consent, and (4) able and willing to use a Wisepill

device to store at least one antiretroviral medication.

Exclusion criteria were (1) physiological dependence on

alcohol, illicit opioids or sedatives as assessed by the history

and symptom review, (2) dispensed medications in a moni-

tored setting, (3) unable to speak English, and (4) unable to

complete the study because of anticipated incarceration or

move. Participants with physiological dependence on sub-

stances in which reducing or abstaining could lead to with-

drawal symptoms (e.g., seizures, hallucinations, psychosis

and suicidality) were excluded because this small pilot study

was not equipped to treat these symptoms. Poor medication

adherence was not an inclusion criterion because the study

was primarily focused on acceptability and feasibility.

CARE

Materials

Each participant was provided with a rechargeable elec-

tronic pill dispenser (Wisepill Technologies, Sumerset,

South Africa) that transmits a wireless message to a secure
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server each time the device is opened. Participants were

given a detailed introduction and orientation to the device,

and instructed to use it to store at least 1 of their ART

medications. The battery allowed continuous wireless

function for 2–3 weeks before needing to be recharged.

Participants also received a study debit card to allow for

electronically loaded reinforcements. The cards were sim-

ilar to other credit based debit cards, did not identify

research or clinic, and could be used at any establishment

that accepted debit cards.

Contingency Management for Medication Adherence

Daily medication adherence was defined as receipt of an

electronic record of all scheduled doses within a 6 h time

window (±3 h of each target dose time). For example, if

the dosing schedule was once-daily at 9:00 am, and the

electronic record for the given day indicated the device was

opened at 11:00 am, the record met criteria and indicated

medication adherence. Upon transmission of the record, the

reinforcement value was automatically calculated for each

participant based on the dose schedule (once or twice

daily), dose time, and their reinforcement schedule. An

automated, positively-framed text message was then sent to

the participant’s phone including the amount earned for

that day, thus providing reinforcement almost immediately.

The reinforcement schedule used escalating, continuous

reinforcement for weeks 1–6 of treatment, followed by

tapering, variable interval reinforcement for weeks 7–12.

Reinforcement value started at $2.00/day and increased

daily by $1.00 for each consecutive day of adherence to a

maximum of $10. The value was reset to $2.00/day if all

doses were not taken within the specified window. For

weeks 1–6, participants received payment for every day of

documented adherence ($384 possible). For weeks 6–12

($150 possible), the scheduled value of each payment

remained the same, however, the probability of reinforce-

ment reduced progressively, from every other day (weeks

7–8), to every third day (weeks 9–10), to every fourth day

(weeks 11–12). The total possible earnings for medication

adherence were $544. Payments were loaded electronically

onto the participant’s study debit card twice weekly

(Tuesday and Friday) and included all medication adher-

ence reinforcements to that date.

Cognitive Behavioral Therapy

Therapy consisted of 12 CBT sessions for both substance use

and medication adherence provided over 12 weeks. Sessions

were delivered via telephone by two Masters and one Ph.D

level therapists. Participants were assigned to the same

therapist for all sessions. Participants generally received one

session per week, but therapists accommodated up to two

sessions per week if a prior session was missed so that ses-

sions were provided within the 12 week period. Sessions

were designed to be approximately 1–1.5 h for the first 2

sessions, and approximately 45–50 min for all subsequent

sessions. Participants received reinforcement for session

attendance of $30 for the first 2 sessions and $20 for all

subsequent sessions ($260 possible). Reinforcement values

were loaded onto the patient debit card after each session. In

addition to reinforcement messages, the participant’s coun-

selor scheduled daily medication reminders, and weekly

CBT related messages that were sent via text message based

on participant preference for frequency and time (e.g.,

waking hours etc.).

The manual was an integration of the twelve weekly

sessions of manual-based CBT for cocaine users [33] and

alcohol users [34] with the addition of adherence coun-

seling adapted from our prior published description [35].

Other sources include a CBT-based adherence training

manual [36] and materials from a workshop on how to

provide CBT for depression and adherence [37].

Assessments

Feasibility and acceptability measures included retention,

number of telephone sessions attended and minutes of ses-

sions, treatment satisfaction, and dollar amount of contingent

reinforcement. Initial efficacy outcome measures included

adherence, substance use, and self-reported coping skills.

Participants completed assessments at screening, baseline

(4 weeks prior to treatment initiation), treatment initiation,

and at weeks 4, 8, and 12 (end of treatment). Participants

were paid $50 for the screening and baseline assessment

visits and $25 for each subsequent assessment.

Patient satisfaction consisted of 19 Likert-scaled items

[1–7] rating overall satisfaction, and ratings of specific

telephone-based aspects of the therapy. Medication

adherence, based on the Wisepill data described above, was

calculated as the percentage of days that the device was

opened at least once. We chose this outcome because it is

more consistent with other research that does not focus on

dose time or multiple doses [14, 19, 38, 39]. Urine samples

for toxicology analyses were performed using ToxCup

Drug Screen Cup (Branan Medical Corporation, Irving,

CA) that included morphine/opiates ([300 ng/ml cutoff),

cocaine metabolite (benzoylecgonine [300 ng/ml cutoff),

methamphetamine ([500 ng/ml cutoff), and tetrahydro-

cannabinol ([50 ng/ml cutoff). Urine screens were evalu-

ated for any drug of abuse and for stimulants (cocaine or

methamphetamine). No toxicology test was conducted for

alcohol. Self-reported drug use and use of medical and

psychiatric services were assessed using time line follow

back methodology [40]. Coping skill effectiveness was
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evaluated with the Effectiveness of Coping Behaviors

Inventory (ECBI) [41].

Data Analysis

For measures of feasibility and acceptability, descriptive

statistics were computed. For outcomes over time we

conducted linear mixed model (LMM) analyses for the

continuous outcome (days of medication adherence, self-

reported substance use, and the ECBI score), and general

estimating equations (GEE) for the categorical outcome of

urine screens.

Results

Baseline Characteristics

Two potential participants who signed consent did not

participate. One did not have alcohol or drug use in the past

60 days and one withdrew consent. Table 1 presents

demographic characteristics of the sample. Of note,

patients lived approximately 10 miles from the clinic but

90 % did not have their own transportation. Two partici-

pants took a twice-a-day ART regimens and eight were

prescribed a once-daily dose.

Seven participants most recent viral load was less than

50 copies/ml, one was less than 400 copies/ml, and two

had greater than 20,000 copies/ml. Mean CD4 was 451

(SD 218, range 128–795) cells/ll. Eight participants

reported two or more days of cocaine or methamphetamine

use in the 60 days prior to baseline. Four reported use of

only cocaine, three only methamphetamine, and one both.

Eight participants reported use of alcohol in the prior

60 days.

Feasibility and Acceptability

All ten participants completed the 12 week study. Partici-

pants completed a mean of 10.2 (SD 1.8, median 11) of 12

possible CBT telephone sessions, and averaged 42.8 min

per call (SD 14.0), despite having no stipulation concerning

the duration of calls. During the treatment period, no par-

ticipants initiated substance abuse treatment, although one

participant reported attending a self-help group on one

occasion. Participants earned a mean total of $595.30 in

contingent reinforcement (range $327–$806, $371.30 for

medication adherence, and $224 for session attendance).

Overall patient satisfaction of the treatment was high

(mean 6.2, SD 0.8), as were items focused on the telephone

counseling (mean 6.4, SD 0.6), and the text messages

(mean 5.8, SD 1.3).

Outcomes

Figure 1 presents the weekly percent of days of ART

medication adherence and values for each participant and

the regression line and confidence interval for the whole

group. As can be seen in the figure, medication adherence

improved from 80.7 % at the start of treatment to 93.2 % at

the end of treatment (p = 0.04).

Urine screens for all drugs did not significantly change

over the course of treatment (p = 0.10). However, for

stimulants there was a significant decrease over time from

baseline through 12 weeks (50–20 %, p = 0.04).

From baseline to the week 12 end of treatment assess-

ment, days of self-reported drug and alcohol use in the

previous 30 days showed significant reduction in mean

days of alcohol use (8.4–4.4, p = 0.04), and marginally

significant reductions in mean days of marijuana use

(8.1–4.2, p = 0.08), but did not differ for cocaine or

amphetamine use.

Participants reported significantly increased use of

coping skills (p = 0.01) on the ECBI. Mean scores

improved from 0.72 (SD 0.42) to 1.18 (SD 0.43).

Discussion

Despite the small sample size, CARE appears to be

engaging and feasible, and all participants completed

treatment. Importantly, patients used the wireless medica-

tion device consistently, not only during treatment when

they were receiving compensation, but prior to treatment,

providing a 4-week period of baseline adherence. That

patients were willing and able to use the device during this

period without direct compensation is encouraging, par-

ticularly for comparison to a non-compensated comparison

condition in a future clinical trial. Patients were also

Table 1 Demographic and clinical characteristics of HIV infected

patients in CARE

Characteristic N = 10

Age, years, mean (SD) 45.5 (10.3)

Gender, % male, (n) 80 % (8)

Race

White, % (n) 40 % (4)

Black, % (n) 60 % (6)

Ethnicity

Hispanic, % (n) 20 % (2)

Non-hispanic, % (n) 80 % (8)

Income, median (range) $847 ($60–$1147)

Miles from clinic, mean (SD) 9.5 (3.0)

Have own transportation, % (n) 10 % (1)
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engaged in the CM for adherence, earning approximately

68 % of the total possible earnings. Since most patients

took their medication the majority of days, all patients had

repeated contact with the reinforcement, an important

component of behavioral shaping [42]. In addition, the

telephone counseling worked well. Patients completed

almost all available sessions and rated the treatment highly.

Patients appeared to appreciate the flexibility of the tele-

phone as compared to an in-person session. Because most

patients did not have their own vehicles but tended to use

mass transit or friends for clinic and study visits, having in

person sessions would have placed a greater burden on

patients’ time, money, and commitment. Despite no

requirements to remain on the call for a given amount of

time, mean session length was over 40 min per call. The

telephone sessions were also convenient for therapists who

were able to coordinate schedules and accommodate ses-

sion times outside regular clinic hours.

Although preliminary findings on adherence outcomes

and substance abuse showed improvement, the study was

not able to evaluate efficacy. First, there was no control

group and the sample size was very small, In addition,

lower medication adherence was not an inclusion criterion,

and a number of the patients had greater than 90 % med-

ication adherence at baseline which limits ability to gen-

eralize to people with lower baseline adherence. Thus, a

clinical trial including patients with less than 90 %

adherence is warranted [5, 6].

Although there was a reduction in urine screens

positive for stimulants and self-reported alcohol use,

therapists reported that motivation for substance absti-

nence was inconsistent, and substance use was more

difficult to address with several patients. This is not

surprising since patients who were enrolled had recent

substance use, regardless of whether they were seeking

treatment for substance use. Providing increased

justification for evaluating substance use in the earlier

sessions, including how use affects adherence and ART

effectiveness, was helpful, but other approaches may be

equally or more effective, such as CM for substance

abstinence.

There were several technical and logistic issues that

need to be addressed. First, since the therapy was provided

to patients in California from another state, therapists were

not licensed substance abuse counselors in California.

Thus, implementation would need to address cross-state

licensing [43]. Second, some logistical issues could not be

negotiated by phone (i.e. problems using the Wisepill

devices) and it was important to define therapist, patient,

and site clinician roles so patients knew who to ask for.

Third, despite offering a study phone and compensation for

use of minutes for the therapy sessions, patients who used

their own phone had concerns with using minutes, and all

patients had issues with cell coverage, dropped calls, and

sound quality. Problem solving around these issues on a

case-by-case basis should be incorporated in the therapy

manual. Fourth, patients called the therapists between

sessions, at times during off-hours, or texted the therapist

frequently. In addition, some patients made calls when they

were traveling, when they were in settings with friends,

when they were intoxicated, or when they were distracted.

Without face-to-face contact, therapists had limited cues to

evaluate whether therapy was appropriate at that time.

Thus, therapists need to clarify early in treatment that

because of the distance, issues requiring immediate on-site

attention had to be deflected to local clinicians. Finally,

some patients tracked their reinforcement closely, and

greatly appreciated the added financial support. However,

this led to discrepancies between self-reported adherence

and verification from the WisePill server that required

substantial contact, coordination, and resolution by local

and remote staff. At this stage of development of this novel

Fig. 1 Individual patient and

overall ART medication

adherence by week
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treatment delivery method it is important to closely mon-

itor the automated system for delays or server problems

and for the therapist to review the contingency schedule

and participant payments on a weekly basis, and to address

perceived discrepancies openly and flexibly.

This study had several limitations in addition to the small

sample size. First, there was no external validation of

medication adherence or biological outcomes measures

(e.g., viral load, CD4). However, recent findings indicate

high correspondence between electronic event monitoring

systems and HIV biologic outcomes [44, 45]. Second, it is

not possible to disentangle whether it was the financial

incentives, the counseling, or the regular self-monitoring by

use of the Wisepill device that improved adherence in this

study. Further evaluation in a controlled trial would be

needed to more precisely identify the mechanism of

CARE’s action. Third, the results only evaluated the effects

during treatment, with no follow-up. Since the reinforce-

ment schedule and CBT are intended to maintain effects

following treatment, additional evaluation with a follow-up

period is needed. Finally, although patients received mes-

sages for the amount they earned after each device opening

event, contingent reinforcement payments were made to

participants’ cards twice a week rather than immediately.

While this schedule is still relatively quick, is more frequent

than in-person CM, and allowed for individual case evalu-

ation prior to reinforcement, the delay could be shortened.

Semi-automated daily reinforcement would seem practical,

and may improve the strength of the reinforcer.
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