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Abstract

To date, no studies have reported the use of text messaging to deliver cognitive behavioral
therapy (CBT) to alcohol users with HIV. We developed and evaluated a text messaging-
based program to deliver CBT targeting both alcohol use and adherence to antiretroviral
(ART) medications for adults with alcohol use disorders and comorbid HIV. Participants
were randomly assigned to receive either a 12-week CBT-based text messaging interven-
tion (ALC-TXT-CBT) targeting ART adherence and alcohol use (n = 18); or an informational
pamphlet (INFO) comprising educational content focused on alcohol use and medication
adherence (n = 17). ART adherence and alcohol use were compared for those in ALC-TXT-
CBT to INFO across baseline and 12-week (i.e., treatment-end) assessments using mixed
model regression analyses and paired t-tests. Relative to those in INFO, ALC-TXT-CBT par-
ticipants evidenced increases in ART adherence, measured by phone-based unannounced
pill counts (3 = .16, p = .04), and biochemically by viral load (t =-2.0, p = .04) at treatment-
end. ALC-TXT-CBT participation was also associated with reductions in heavy drinking at
treatment-end (t=2.7, p = 0.02), while overall alcohol use frequency did not differ signifi-
cantly between groups (t = 1.5, p = 0.07). Findings demonstrated promising preliminary evi-
dence for the efficacy of ALC-TXT-CBT in improving medication adherence and reducing
heavy alcohol use among individuals with alcohol use disorders and comorbid HIV infection.

Trial registration
This trial was registered with ClinicalTrials.gov, NCT02603471.
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Introduction

Antiretroviral therapy (ART) is a highly effective treatment for reducing human immunodefi-
ciency virus (HIV) replication among individuals with HIV infection to undetectable levels
[1]. Owing largely to the introduction of ART regimens, approximately half of those with HIV
in the U.S. are successfully achieving viral suppression [2]. However, the clinical benefits of
ART are dependent on high levels of ART adherence; likewise, suboptimal adherence is associ-
ated with viral resistance to treatment and an array of negative consequences including
rebounding of HIV RNA levels, sometimes to above baseline levels [3-8]. Alcohol use is associ-
ated with greater disease burden and mortality among those who become HIV-infected, due,
in large part, to the inverse relationship between alcohol consumption and adherence to HIV
treatment [5,6].

There is ample evidence suggesting that HIV-infected alcohol users are less likely to access
HIV treatment and that once treatment is initiated, their risk of non-adherence is high, relative
to former and non-users [9]. Heavy alcohol use has been shown to have a marked impact on
adherence by diminishing one’s capacity to plan for or remember dosing requirements [10].
Additionally, recent work by Kalichman and colleagues suggests that poor adherence among
alcohol users may be intentional, resulting in part from alcohol-ART interactive toxicity beliefs
[11,12]. Likewise, according to a meta-analysis, alcohol users are 50-60% as likely to adhere to
ART, relative to those who abstain, or drink relatively small quantities of alcohol [13]. Collec-
tively, these data suggest that interventions targeting ART adherence are needed to optimize
the treatment outcomes of alcohol users who are living with HIV. To this end, intervention
components that may improve outcomes include: (1) evidence-based therapeutic skills train-
ing to facilitate reductions in or abstinence from alcohol use; (2) education about the impor-
tance of adherence to ART along with risks associated with poor or inconsistent adherence;
and (3) behavioral skills training to bolster adherence. In the present study, we developed and
evaluated, in a pilot randomized clinical trial, a technology-assisted behavioral intervention
that addresses all 3 of these potential need areas, delivered via text messaging.

Text messaging has shown promise as an approach to improving health outcomes
among both populations with HIV [13-17] and those with problematic alcohol use [18]. In
a study of young adult alcohol users, an interactive text messaging intervention targeting
binge drinking was associated with reductions in alcohol consumption and alcohol related
injury prevalence at 6 month follow-up, relative to controls [19]. Likewise, a systematic
review that examined outcomes of mobile health interventions targeting unhealthy alcohol
use reported that 11 out of 18 studies demonstrated benefits of these approaches on drink-
ing outcomes including alcohol use frequency, heavy drinking days, and binge drinking
[20]. Text messaging interventions for people living with HIV have been the focus of various
systematic reviews and meta-analyses, confirming that these approaches improve various
parameters of HIV care, particularly ART adherence [21-25]. Nevertheless, to our knowl-
edge, integrated interventions using text messaging to target both alcohol use and ART
adherence concurrently have not been the focus of prior investigations. Furthermore, while
extant studies have relied primarily on text messaging reminder systems [21], a relatively
small body of literature, largely from the ecological momentary assessment (EMA) area, has
examined the potential efficacy of evidence-based, theory driven therapeutic strategies
delivered via text messaging [26] The approach, often referred to as ecological momentary
intervention (EMI), of incorporating EMA strategies into behavioral interventions, can
employ adjunctive strategies to behavioral treatments that include: (a) real time self-moni-
toring of symptoms and behaviors [27]; (b) in vivo skills training [28], and (c) delivery of
individualized feedback, particularly when an individual enters a risky situation [29]. The
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present study incorporates elements of the EMI model in the development of a CBT inter-
vention targeting alcohol use and ART adherence.

Cognitive behavioral therapy (CBT)- based ART adherence counseling [4,30,31] is effective
in bolstering adherence among substance users living with HIV [4,30,31]. Moreover, the thera-
peutic effects of CBT as an intervention strategy for problematic alcohol use are robust and
have been well established among those with alcohol use disorders [32]. Although CBT target-
ing alcohol use has been effectively transported to technology-assisted, computerized delivery
mediums including CBT4CBT [33] and Self Help for Alcohol and other Drug Use and Depres-
sion (SHADE) [33] with demonstrated efficacy in improving alcohol use outcomes, similar
efforts to deliver CBT using text messaging have not been documented.

Text messaging is a particularly appealing approach to disease management for individuals
with HIV and substance use comorbidity because it is a highly scalable, low cost, user-friendly,
ubiquitous and flexible approach. Our team recently developed and evaluated a CBT based
intervention delivered using text messaging for individuals with drug use disorders (i.e., opioid
and stimulant users) living with HIV [34]. Several features of the text messaging intervention
were designed to retain the core elements of face-to-face CBT: first, the intervention involved a
face-to-face session with a clinician in which CBT concepts were introduced and individual-
ized to each participant’s skills training needs. For example, adherence focused CBT concepts
introduced in the face-to-face session included problem solving around barriers to adherence
(e.g., transportation problems that led to missed clinic visits), identifying maladaptive thoughts
underlying poor adherence and challenging them, and introducing behavioral strategies (e.g.,
cue control) to mitigate forgetting to take medications. Second, the texting intervention facili-
tated skills training by reinforcing these concepts with text messages in which participants
were reminded of the themes discussed with the clinician, including the concrete behaviorally
themed plans that were made to overcome barriers to adherence. Third, participants were
encouraged via personalized text messages to implement the plans that were made in the face-
to-face session, and to evaluate whether the plans were effective. Likewise, to promote relapse
prevention skills, tailored and bidirectional text messages were delivered to remind partici-
pants of their individual motives for changing their substance use, as well as assisting them in
developing a personalized relapse prevention plan using CBT skills and concepts that were
introduced via text messages over the course of the intervention.

Preliminary outcomes demonstrate promise of this intervention, which effectively
increased ART adherence and reduced drug use [35]. In the present study, with user input, we
developed [36] and tested, in a pilot RCT, an integrated, CBT-based, bidirectional text messag-
ing intervention, targeting alcohol use and ART adherence in a population of adults with HIV-
alcohol use disorder comorbidity. Here, we report the preliminary efficacy of the
ALC-TXT-CBT intervention in reducing alcohol use and improving ART adherence.

Methods
Participants

Eligibility criteria for the study were as follows: 18 years of age or older, HIV positive and cur-
rently taking ART prescribed within the past 30 days (as confirmed by medical records from
their HIV care provider), mean ART adherence of 90% or less, as determined by the unan-
nounced pill count procedure (described below), current DSM-V diagnosis of alcohol use dis-
order, and owning a cellular phone with text messaging capabilities. Potential participants
were excluded from the study if they: lacked proficiency in English, were currently homeless,
according to self-report (unless residing in a recovery home for which contact information
could be provided), were dependent on an illicit substance for which medical detoxification
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was imminently needed, or presented clinically significant psychiatric symptoms as assessed
by MINI International Neuropsychiatric Interview, such as psychosis, acute mania, or suicide
risk that would require immediate treatment or make study compliance difficult.

Procedure

Participants receiving treatment as usual for HIV infection were randomly assigned to receive
either the text-messaging CBT intervention (ALC-TXT-CBT) or an informational pamphlet
concerning HIV and alcohol use (INFO).

Recruitment for the study was conducted from June 2014 to May 2016, when the funding
period terminated. Participants were recruited using advertising, word of mouth, study
announcement flyers posted in treatment programs and community locations, including
infectious disease clinics, referrals from local substance abuse treatment and outreach pro-
grams, primary care providers, local mental health centers, and crisis clinics. All recruitment
materials referred interested persons to clinic phone numbers, which were answered by
trained research staff who provided the caller with information about the study. Interested
individuals were given a detailed description of the study and were pre-screened by phone
prior to an initial interview to begin the informed consent process. Those who were deter-
mined to be eligible based upon the pre-screening provided written informed consent, at
which time the baseline assessment procedures, including administration of questionnaires
concerning substance use, as well as a phone-based unannounced pill count procedure to eval-
uate ART adherence, were initiated. Following informed consent, participants were randomly
assigned to one of the two study conditions (ALC-TXT-CBT or INFO). The computer-gener-
ated randomization list was prepared by the trial statistician. Randomization was web-based
and was conducted by a trained research assistant. Neither the research staff nor participants
were masked to the treatment allocation.

The target sample size (N = 50) was guided by appropriateness for pilot study objectives
[37,38], allowing for detection of an effect size of about d =.7 in differential change in target
outcomes from baseline to follow-up, assuming a moderate correlation of 0.50 over time and
allowing attrition of up to 20% [39]. While we were able to achieve 70% of this target sample
size, as reported further below, group differences were nonethelesss detected on key outcomes.

The trial was conducted and reported in accordance with the CONSORT guidelines [40].
Fig 1 (Fig 1) depicts the study participant flow. Face-to-face and phone-based data collection
assessments were conducted at baseline, weeks 4, 8, and 12 (i.e., treatment end). The majority
of the assessments were conducted using a web-based data entry system. Participants were
compensated using gift cards as follows: $40 for the baseline assessment, $20 for the 4-, 8- and
12-week follow-up assessment, and $20 for each phone-based pill count procedure. At the
baseline visit, demographic, clinical, and risk behavior data were collected. Participants were
compensated $20 both at baseline and treatment-end for providing their most recent labora-
tory report from their HIV treatment provider indicating viral load data. There were no signif-
icant group differences in follow-up rates between the two study conditions. All study
procedures were approved by the UCLA Institutional Review Board. The trial was registered at
ClinicalTrials.gov, NCT02603471.

ALC-TXT-CBT intervention

The ALC-TXT-CBT intervention was developed in a formative process comprising a series of
focus groups to acquire user input regarding intervention content, coupled with community
partner and CBT expert groups in which content was reviewed and finalized [36]. The
ALC-TXT-CBT intervention comprised a single CBT-based face-to-face counseling session
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Fig 1. CONSORT flow diagram.
https://doi.org/10.1371/journal.pone.0229557.9001

delivered by a master’s-level clinician, which was adapted from LifeSteps [4] an empirically
based CBT approach to facilitating medication adherence, followed by 12 weeks of daily text
messages. Text messages included medication reminders, delivered at one or more times of
day specified by the participant, plus the participants’ selected frequency of additional mes-
sages (either 2 or 3 to be delivered daily) on the topics of addiction recovery, relapse preven-
tion, and associated risk behaviors. Approximately 50% of the message content, apart from
medication reminders, comprised CBT skills training targeting alcohol relapse prevention,
with the remaining half addressing adherence benefits and risks of nonadherence (25%), and
behavioral skills training germane to ART adherence (25%).

The clinician-delivered CBT session was designed to identify intervention “tailoring vari-
ables,” or clinical/behavioral data that provided the basis for individualizing the text messaging
content, including: (1) the top 3 barriers to ART adherence, with corresponding plans for
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coping in a manner that would facilitate taking medications as prescribed, (2) the specific
times of day at which to deliver medication reminders, and (3) motives for stopping or main-
taining changes in substance use (i.e., we asked participants to list motivating reasons for quit-
ting, or maintaining changes in substance use to be incorporated in tailored messages that
would be sent in response to their use of the “CRAVE” function).. Participants’ first names
were also programmed for the purposes of personalizing messaging content.

Content included both educational (i.e., unidirectional) and interactive (bidirectional)
components, to model the balance between psychoeducation and behavioral counseling in cli-
nician-delivered CBT. Intervention content is described in detail elsewhere [34]. In brief,
throughout the 12-week intervention, topics changed on a weekly basis, with thematic empha-
sis rotating between the following coping skills: (1) Behavioral strategies (e.g., scheduling and
engaging in pleasurable activities) to facilitate recovery; (2) Managing difficult emotions; (3)
Stress management techniques; (4) Identifying common relapse triggers; (5) Relapse analysis
practice; (6) Goal-setting, including development of goals that are incompatible with alcohol
use; (7) Family and social support for recovery; (8) The impact of alcoholism and the recovery
process on important relationships; (9) Behavioral lifestyle changes that support recovery; (10)
Decisions about “other substance use” (e.g., marijuana); (11) Motivation for sustained recov-
ery; and (12) Individualized relapse prevention planning.

ART adherence educational content. Informed by the Cognitive Social Health Informa-
tion Processing model [41], benefits of adherence and risks of nonadherence were addressed
via psychoeducational messages regarding routes of HIV transmission, medical consequences
of ART nonadherence and health benefits of adherence, the impact of treatment on transmis-
sion and overall well-being, alcohol use and sexual risk behaviors, and ways to prevent
transmission.

ART adherence behavioral skills training. Messages targeting ART adherence were
based upon LifeSteps [4], a CBT program comprising education, problem solving, and strate-
gies to promote medication adherence skills. Based on the top three barriers to adherence
identified during the face-to-face clinician delivered CBT session, content was individualized
to include education and reminders about plans developed in the session to utilize specific
skills to optimize adherence, including: scheduling, cue control strategies, challenging mal-
adaptive thoughts about adherence, and improving communication with medical providers
[30].

Text “CRAVE”. Participants had the option to send a CRAVE text in real time when
experiencing an urge to use alcohol. The CRAVE function generated immediate, personalized
teedback based on the face-to-face session [42]to model social support as a means of coping, a
key element of CBT for relapse prevention.

Treatment as usual intervention content

As an eligibility criterion was currently taking ART, all participants in both conditions were
receiving usual HIV care, which comprised pharmacological management by a physician in an
infectious diseases clinic setting. Generally, participants were scheduled for monthly visits
with their physician and quarterly assessment of viral load.

Clinician involvement. Apart from the face-to-face CBT session provided at the
beginning of the ALC-TXT-CBT condition, participants in this condition also had the
opportunity for contact with a CBT clinician in the following contexts: (1) The text CALL
function: In a subset of tailored text messages, participants were prompted to text the
word CALL if they required further instruction about how to implement a particular cop-
ing skill that they had planned to use to facilitate ART adherence. If a text CALL response
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was received, the clinician called the participant back and provided counseling to assist
with the specific skill for which guidance was needed. (2) The text LIFELINE function:
Participants were able to use this function a total of three times during the 12-week inter-
vention. Participants could text the word LIFELINE if they needed to speak to a live coun-
selor during business hours. For both text CALL and text LIFELINE functions,
participants received an automated response to remind them of the hours during which
the counselor was available and were instructed to call 911 or go to an emergency room
for any urgent matters beyond these hours or that required an immediate response. If the
text was received during business hours, the clinician responded by calling the participant
on the same day; if after hours the participant was contacted by phone on the following
business day.

Measures

Alcohol and other drug use. The Addiction Severity Index (ASI) was used to assess alco-
hol and other drug use frequency as well as heavy alcohol use in the 30 days prior at baseline
and treatment end [43]. The ASI was used in conjunction with a calendar to identify the days
on which alcohol use occurred, and participants were probed as to whether the individual
drank to intoxication on each of the days in which alcohol use was reported.

ART adherence. ART adherence was assessed using both unannounced phone-based pill
counts (UPCs) at baseline and monthly through treatment-end, and viral load data as a bio-
chemical indicator at baseline and treatment-end. Both home- and phone-based UPCs are reli-
able and valid measures of ART adherence, yielding comparable data to electronic medication
monitoring [44,45], and significant correspondence with plasma viral load [46]. At the initial
research visit, participants were trained by an intake assessor in procedures that they would be
asked to follow by phone when they were contacted for UPCs. Participants were trained to
count their medications using the following steps after answering the telephone: (1) bring all
medications that are in the home to a comfortable flat surface near the telephone, including
closed bottles, pocketed doses, and pill boxes; (2) sort medications into clusters; (3) select a
medication and tell the pill counter the prescription numbers, refill dates, number of refills
remaining, and dispensed quantities; (4) report to the pill counter lost or gained pills since
their previous count and whether the drug was taken that day; (5) count pills using pharmacist
tray and cup provided by the study; if using a pillbox, open each compartment to count the
pills without removing them from containers; (6) repeat procedure to double count all pills.

The first UPC was conducted within 1 week of the training, with subsequent monthly
UPCs at unannounced times during the intervention and at treatment-end (i.e., week 12). All
UPCs were conducted for each ART medication currently taken by the participant. Pharmacy
information from pill bottles was also collected to verify the number of pills dispensed between
calls. A medication adherence score was then calculated for each medication as the ratio of
pills counted relative to pills prescribed, taking into account the number of pills dispensed. A
data form was used to tabulate all pills counted, which included all of the data needed to calcu-
late adherence, including dates that medications may have been stopped and started between
pill counts. To calculate adherence scores at each timepoint, the difference between pills
counted at the two times was divided by the pills prescribed, taking into account the number
of pills dispensed, pills lost, gained, and taken that day. Stopped medications were adjusted for
number of days between the previous pill count and the stop date. Medication refill informa-
tion, specifically the filled dates and remaining number of refills were used to verify the accu-
racy of medications dispensed over the course of the pill counts.
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Changes in adherence, averaged over medications in the ART regimen, was examined as
the primary outcome [47]. Viral load served as a biological indicator of ART adherence, Con-
sistent with the typical frequency with which viral load is assessed in clinical settings, data con-
cerning viral load were collected at baseline and treatment end. Viral load data were not
collected in the research setting; rather, participants either provided a copy of their latest viral
load results, or signed a medical release of information allowing the research team to obtain
their viral load results directly from their medical provider. Dates of baseline versus week 12
laboratory reports were compared as a quality control measure, to ensure that those provided
at each of the timepoints were not duplicated.

Statistical analysis

Primary outcome measures included ART adherence scores (based on unannounced pill
count procedures conducted monthly during the 12-week intervention phase and at treat-
ment-end), viral load (collected at baseline and at treatment-end), and alcohol use (i.e., overall
frequency and heavy alcohol use frequency) in the 30 days prior to baseline and treatment-
end. Viral load data were log transformed for purposes of data analysis. To evaluate between-
subjects differences at each individual timepoint, bivariate analyses using t-tests were first con-
ducted. This was followed by longitudinal mixed model analyses [48,49], to examine between-
subjects differences in ART adherence for those in ALC-TXT-CBT relative to INFO across
time, from baseline to the week 12 (i.e., treatment-end) assessments. Paired t-tests were used
to examine pre- to post-treatment differences in alcohol use as a function of group assignment.
Though there were no missing viral load data at baseline, because there were 8 missing viral
load data at treatment-end, we handled these data using multiple imputation, with n = 10
imputations to fill in the missing values for each incomplete case. Alpha was set at .05 for all
statistical analyses. All analyses were conducted using SAS 9.4 and STATA 15 software.

Results
Participant characteristics and ALC-TXT-CBT utilization

As shown in Table 1, participants were, on average, 50.2 (SD = 10.2) years of age. Mean years
of educational attainment was 12.4 (SD = 3.1). The sample was predominantly male (84%),
never married (53%), and African American (60%). On average, participants reported alcohol
use on 13.1 of the past 30 days (SD = 10.5) at baseline, and alcohol use to intoxication on 6.7 of
the past 30 days (SD = 8.6). Other drug use was not particularly prominent in this sample, with
the most heavily used substances including cannabis, with an average in the overall sample of
7.9 days using out of the past 30 (SD = 11.9) and cocaine, with an average of 1.8 days using out
of the past 30 (SD = 5.7). The average number of days of reported opioid or methamphetamine
use was less than 1. There was no significant difference between age, ethnicity, educational
attainment, gender distribution, employment status, and marital status between the two condi-
tions. There also were no significant baseline differences between the study conditions in ART
adherence, alcohol use, other drug use, and viral load.

Alcohol use

Participants in the ALC-TXT-CBT (n = 18) intervention reported fewer days of alcohol use in
the past 30 at treatment-end, relative to those in the INFO condition (n = 17), (M = 1.42,

SD =2.02 versus M = 4.75, SD = 8.02), though the difference did not reach statistical signifi-
cance, t(28) = 1.5, p = 0.07 (Fig 2). Nevertheless, the self-reported frequency of alcohol use to
intoxication was significantly lower at the end of treatment, relative to baseline for those who
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Table 1. Sample characteristics.

Sample N = 35 TXT-CBT N =17 Control N =18

Age, M (SD) 50.2 (10.2) 47.6 (11.5) 52.7 (6.1)
Gender, N (%)

Male 30 (85.7) 16 (53.3) 14 (46.7)

Female 5(14.3) 1 (20.0) 4 (80.0)
Yrs Education, M (SD) 12.4 (3.1) 11.8 (1.8) 12.9 (3.9)
Race, N (%)

White 5(14.3) 1(20.0) 4 (80.0)

African-American 21 (60.0) 11 (55.6) 10 (55.6)

Hispanic 9 (25.7) 5 (55.6) 4 (45.4)
Employment, N (%)

Full time 6 (17.1) 2(33.3) 4(57.1)

Part time 4(11.4) 2 (50.0) 2 (50.0)

Retired/disabled 20 (57.2) 11 (55.0) 9 (45.0)

Unemployed 5(14.3) 2 (40.0) 3 (60.0)
Marital status, N (%)

Legally married/Living with partner 411.8) 3(75.0) 1(25.0)

Separated/Divorced/Widowed 12 (35.3) 6 (50.0) 6 (50.0)

Never married 18 (52.9) 8 (44.4) 10 (55.6)
Alcohol Use (past 30 days)

Days of alcohol use, M (sd) 13.1 (10.5) 11.8 (9.7) 14.3 (11.4)

Drinking to intoxication days M (sd) 6.7 (8.6) 4.8 (6.5) 8.5(10.0)

The majority of participants in the ALC-TXT-CBT condition (n = 11; 65%) opted to receive 2 text messages daily in addition to medication reminders, with the
remainder having selected 3 daily messages. In terms of usage of optional features, the text CRAVE option was utilized once, and the LIFELINE and CALL options were

not utilized.

https://doi.org/10.1371/journal.pone.0229557.t001

received ALC-TXT-CBT (M = 0.57, SD = 1.22) compared to those in the INFO control group
(M =3.18, SD = 4.57), t(28) = 2.07, p = 0.02) (see Fig 3). There were no significant between-
group differences observed in other drug use frequency (cannabis, amphetamines, cocaine and
other stimulants).

ART adherence

Mean ART adherence scores, based upon the unannounced pill count procedures, increased
significantly over the course of the 12-week intervention period among ALC-TXT-CBT partic-
ipants, relative to those who received INFO (B = 0.16, p = 0.04, R* = .0.19). Pairwise compari-
sons of adherence scores at each time point indicated that at treatment completion, ART
adherence was significantly higher for those in the ALC-TXT-CBT condition (M = 0.92,

SD = 0.16) relative to those in the INFO condition (M = 0.75, SD = 0.22), t(26) = 2.15, p = 0.02
(Effect Size = 0.82) (Fig 4). Consistent with adherence score data, log viral load changed differ-
entially as a function of treatment group, as evidenced by a group x time interaction, with
ALC-TXT-CBT participants demonstrating significant decreases from baseline to treatment-
end (B = -2.43, p = 0.04; see Fig 5); likewise, those assigned to ALC-TXT-CBT evidenced lower
log viral load (M = 1.95, SD = 2.38) than those assigned to the INFO condition (M = 4.77,

SD = 4.51) at the end of treatment, t(28) = -2.04, p<0.05.
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Fig 2. Alcohol use frequency (past 30 days) from baseline to week 12 by treatment group.

https://doi.org/10.1371/journal.pone.0229557.9002

Discussion

To our knowledge, this was the first study in which an integrated CBT intervention targeting
alcohol use and ART adherence concurrently was delivered to individuals with HIV and alco-
hol use disorder comorbidity using text messaging. Our promising findings from the pilot
RCT presented herein extend prior work supporting the use of text messaging interventions
for individuals with HIV [50,51]. Despite advances in the development of text messaging
approaches to promoting adherence to various aspect of HIV care, there is a paucity of behav-
ioral mHealth interventions research on people living with HIV and comorbid alcohol and
other substance use disorders [52-54]. While at least one recent study addressed this gap by
recruiting vulnerable populations with one or more risk factors for disengagement from HIV
care (e.g., mental illness, active substance use, poor baseline ART adherence) to receive a text
messaging intervention [55], the intervention content addressed ART adherence, but not alco-
hol or drug use. Correspondingly, improvements were observed in ART adherence, but not
substance use. Findings from the present investigation suggest that: (1) alcohol use and ART
adherence can be effectively addressed using a combination of CBT-based adherence counsel-
ing and evidence-based relapse prevention techniques; (2) these techniques can be delivered
using a text messaging platform requiring minimal clinician involvement; and (3)
ALC-TXT-CBT not only reduces heavy alcohol use, but facilitates ART adherence in comorbid
populations with alcohol use disorders and HIV.

Despite recent work demonstrating, in a large sample (N = 757), that people living with
HIV who consume alcohol express a strong interest in using mobile technology to self-manage
alcohol use [56], to our knowledge, this study is the first text messaging intervention trial to
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Fig 3. Mean days of alcohol intoxication (past 30 days) from baseline to week 12 by treatment group.

https://doi.org/10.1371/journal.pone.0229557.9003

specifically target alcohol use among those with HIV using CBT. Although the literature
describing text messaging as an intervention platform to address alcohol and illicit drug use is
rapidly burgeoning [57], within the HIV treatment adherence research area, the use of text
messaging in relation to alcohol use has been limited to ecological momentary assessment
studies for the purposes of monitoring and understanding alcohol use patterns [12,58,59]. The
current data suggest that this mode holds promise in supporting recovery from alcohol use dis-
orders. In light of the known deleterious impact of alcohol use on ART adherence behaviors,
and consequently, the clinical course and outcomes from HIV infection, effective, scalable
strategies for individuals with problematic alcohol use are urgently needed. Moreover, illicit
drug use is also problematic among people living with HIV [60], not only increasing rates of
HIV transmission but also posing a barrier to effective disease self-management [61]. As such,
innovative approaches to bolstering ART medication adherence among alcohol users living
with HIV have the potential to act as extended treatment models for other types of substance
users.

The CBT-based text messaging intervention literature is at an early stage of development
and little is known about the characteristics of individuals who might be particularly well
suited for this treatment approach. The current findings support the need for a larger interven-
tion trial to examine factors that moderate treatment response, relative to other (i.e., clinician
delivered) types of interventions. Understanding psychological process variables that are
impacted by ALC-TXT-CBT will be an important means of determining the key ingredients of
this approach and can inform further refinement and effective dissemination of this
intervention.
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Limitations and offsetting strengths

This study had several limitations. First, alcohol use was assessed using self-report. Although
this is relatively standard in the alcohol treatment literature given the brief window of time fol-
lowing consumption in which alcohol use can be detected via biochemical testing, self-report
methods are inherently limited. Second, the INFO control condition was not matched to the
texting intervention for time and attention; as such, some therapeutic change observed among
ALC-TXT-CBT participants may be attributable to the increased attention conferred by this
condition. In addition, because the ALC-TXT-CBT intervention incorporated both brief
counseling and text messaging components, it is not possible to distinguish the effects of these
elements. Third, statistical power for detecting effects of the intervention was limited due to
the small sample size; as such, effects of the intervention on some target outcomes that did not
reach statistical significance (e.g., overall alcohol use frequency) could not be fully determined.
Replication with a larger sample in a fully powered trial is needed. Fourth, objective data con-
cerning adherence were not measured in the research setting and thus, though extrapolated
from medical records, the measurements did not correspond precisely with the study timeline.,
Fifth, long term, post-treatment outcomes beyond immediate termination of the intervention
were not assessed and will be important as a means of understanding the durability of
ALC-TXT-CBT effects on ART adherence and alcohol use. Finally, the study was conducted in
an urban metropolitan city and, as such, findings may not be generalizable to substance users
and people living with HIV in different geographical regions.
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Several major strengths of the present study warrant comment. First, this study yielded
novel insights as to how to deploy an integrated, theory- and evidence-based CBT intervention
for the treatment of HIV-alcohol use disorder comorbidity via text messaging. Unlike the
majority of existing text messaging intervention strategies targeting adherence behaviors,
rather than implementing a single behavioral strategy (e.g., reminders or motivational say-
ings), ALC-TXT-CBT incorporates manualized, evidence-based content from both alcoholism
and medication adherence interventions [4,62,63]. Second, ALC-TXT-CBT contains various
personalized features including bidirectional communication, tailored skills training to match
individually identified deficits that contribute to problematic adherence and substance use
behaviors, and medication reminders matched to individuals’ ART dosing schedule. These
intervention elements have been found in meta-analyses and reviews of text messaging inter-
ventions to be associated with optimal adherence outcomes in populations with HIV [51].
Third, we focused on an understudied population in the adherence intervention literature (i.e.,
adults living with HIV and comorbid alcohol use disorders) with an urgent need for rapidly
deployable, low cost behavioral approaches to address alcohol use and suboptimal ART adher-
ence. This model may have potential utility for other infectious diseases that are commonly
comorbid with alcohol and drug use (e.g., Hepatitis C). Moreover, ART adherence outcomes
were assessed via both self-report and biological measures.

Conclusions

Findings from this pilot RCT suggest that ALC-TXT-CBT is a promising text messaging inter-
vention strategy for adults living with HIV and comorbid alcohol use disorders. Plans for a
fully powered RCT, evaluating this approach relative to a time and attention control are pres-
ently under way.
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