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Abstract

This study examined feasibility, acceptability, and preliminary efficacy of an mHealth facilitated health coaching antiretro-
viral therapy (ART) adherence intervention. Persons living with HIV (n=53) were randomized to an in-person adherence
session and 12 months of app access and health coaching via the app (Fitbit Plus) versus single adherence session (SOC).
At baseline and 1, 3, 6, and 12 months, we measured ART adherence, substance use, and depressive symptoms. We also
conducted individual qualitative interviews. The intervention was found to be largely feasible and highly acceptable, with
the health coach spending an average of 2.4 min per month with a participant and 76.5% of Fitbit Plus participants using
the app regularly at 12 months. While most comparisons were not significant, the pattern of results was consistent with bet-
ter adherence in the Fitbit Plus compared to SOC condition. Substance use was significantly associated with poorer ART
adherence while depressive symptoms were not.

ClinicalTrials.gov Identifier: NCT02676128; Registered: 2/8/2016.
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Resumen

En este estudio se examind la viabilidad, aceptabilidad y la eficacia preliminar de una intervencién de cumplimiento de la
terapia antirretroviral (ART, por sus siglas en inglés) proporcionada por mHealth. Los pacientes con VIH (n=53) fueron
seleccionados al azar para participar en una sesion de cumplimiento presencial y para tener acceso a la aplicacion y recibir
asesoria médica a través de la aplicacion (Fitbit Plus) durante 12 meses contra una sola sesién de cumplimiento (SOC, por
sus siglas en inglés). Al comenzar y al mes 1, 3, 6 y 12, evaluamos el cumplimiento con la ART, el uso de sustancias y los
sintomas de depresidn; también realizamos entrevistas cualitativas individuales. Se encontr6 que la intervencion es bastante
viable y muy aceptable, con un promedio de 2.4 minutos de interaccion entre el asesor médico y el participante y un 76.5%
de uso de la aplicacién por parte de los participantes de Fitbit Plus a los 12 meses. Si bien la mayoria de las comparaciones
no fueron significativas, el patrén en los resultados fue consistente con un mayor cumplimiento en Fitbit Plus comparado
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con la condiciéon SOC. El uso de sustancias se asocid significativamente con un cumplimiento de la ART maés deficiente

mientras que los sintomas depresivos no.

Introduction

The CDC estimates that there are 1.1 million persons living
with HIV (PLWH) in the United States [1], and thousands of
new HIV transmissions occur each year [2]. Modern antiret-
roviral therapy (ART) is highly effective and allows PLWH
to have longer, healthier lives [3, 4]. Despite the effective-
ness of ART, only 60% of all PLWH successfully achieve
viral suppression [5], and viral suppression rates among
those engaged in treatment range from 81.5% to 86% [5, 6].
When examined over time, suppression can fluctuate for an
individual [7-9]. For example, a study by Crepaz and col-
leagues [9] found that over 82.9% of their study sample of
265,264 PLWH were virally suppressed according to their
latest viral load test, but only 62% sustained durable viral
suppression over a two-year period. Even among those who
are able to achieve viral suppression on two or more con-
secutive tests, roughly one-third have been found to experi-
ence virologic failure over the course of a 7-year study [10].
Viral suppression is significantly impacted by medication
adherence; a meta-analysis found that only an estimated
63.4% of adults living with HIV achieve optimal adherence
(defined as >90%) [11]. In a recently published study of
ART adherence trends between 2001 and 2012, the propor-
tion of individuals with adherence thresholds necessary for
viral suppression never exceeded 60% despite improvements
in adherence rates over that time period [12]. While newer
ART medications can produce viral suppression at lower
levels of adherence, relatively high adherence, in the range
of 80-90%, is still necessary to avoid disease progression
and shortened lifespan [11-15]. In addition, low levels of
adherence can increase the risk of HIV transmission and can
contribute to the development of treatment resistant strains
of HIV [11, 14, 15].

Poor adherence to ART poses a significant public health
problem. Therefore, considerable effort has been devoted
to developing interventions to improve adherence. Several
have found some degree of success at improving adherence
[16, 17], with multi-component interventions demonstrat-
ing the greatest likelihood of improving ART adherence
[18, 19]. However, traditional ART adherence interventions
are limited in their ability to sustain behavior modification,
with treatment effects diminishing over time [16, 17]. Fur-
thermore, more intensive interventions that could poten-
tially maintain improvements to adherence would require
resources that most real-world clinical settings do not pos-
sess [17].

The need for more readily disseminable and efficient
interventions that promote sustained improvements in ART

adherence has sparked interest in developing efficacious
mobile health (mHealth) ART adherence interventions. In
some instances, mHealth interventions are an affordable
and accessible means of delivering continued interven-
tion [20]. Thus far, text message-based ART interventions
have received considerable attention given that such inter-
ventions are among the least resource intensive mHealth
interventions. A meta-analysis [21] observed a pattern of
fairly modest but significant support for text message-based
ART interventions in improving ART adherence. However,
it is important to consider that many studies of this type
of mHealth intervention reviewed in the meta-analysis by
Finitisis [21] had relatively short follow-up periods, which is
noteworthy given the well-established challenges of habitu-
ation and response fatigue among text message-based inter-
ventions [22].

There are currently hundreds of HIV-related mHealth
apps marketed for PLWH available on Android and iOS plat-
forms. mHealth interventions can be efficacious at improv-
ing ART adherence, treatment retention, and clinical out-
comes, such as viral suppression [23, 24]. However, it is
currently unclear which components of an mHealth interven-
tion contribute to efficacy, and a majority of current mHealth
interventions offer limited capabilities, such as functioning
only as a medication reminder [23]. In addition, other con-
tent areas identified as important, such as resources for psy-
chological and emotional support and enhanced linkage to
treatment providers, are largely absent in existing apps [25].
Further, usage of mHealth apps typically declines across fol-
low-up periods [24, 26]. In a recent prospective study of an
mHealth app for PLWH, only 40% of participants were using
the study mHealth app at 12 months [24]. Therefore, there is
a need for more comprehensive mHealth interventions that
are capable of addressing multiple self-management needs
of PLWH and that simultaneously foster sustained usage.

Furthermore, a review of the ART adherence literature
found that the utilization of treatment supporters resulted in
better adherence [27]. Treatment supporters can be incor-
porated into clinical settings and can take the form of peer
support sessions, home visits by nurses or counselors, case
management, and provision of training in treatment support
to a friend or family member of the patient. The importance
of this type of adherence support has been found in other
reviews of this literature as well [28, 29].

Health coaching represents a type of treatment support
that has a patient-centered focus, fostering patient collabo-
ration in the process of goal-setting [30]. Health coaches
assist the patient in achieving a greater understanding of
the patient’s medical condition and encourage patient
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accountability [30]. Recent reviews of the general litera-
ture regarding health coaching conclude that the approach
shows great promise for improving health outcomes [31-33].
However, a majority of studies involving health coaching
interventions examined outcomes for only a 6-month period;
longer follow-up is needed [31].

Building on previous work in this area, the primary aim
of this preliminary trial was to determine the feasibility,
acceptability, and preliminary efficacy of an intervention
that combines a single in-person ART adherence session
with an mHealth facilitated health coaching intervention to
improve ART adherence among PLWH, relative to a single
in-person ART adherence session alone. Our in-person ART
adherence session was based on LifeSteps [34, 35], which is
grounded in the Information-Motivation-Behavioral Skills
model of ART adherence [36] and combines motivational
interviewing, cognitive-behavioral skills, and problem solv-
ing. The efficacy of LifeSteps for improving ART adherence
is well-established [34, 35, 37, 38]. A secondary aim was to
explore potential moderators of treatment effects.

Method
Overview

Details regarding the development of the intervention and
study design have been published elsewhere [39]. In brief,
the feasibility, acceptability, and preliminary efficacy of our
intervention were tested in a parallel group, randomized
controlled trial. Participants completed a baseline interview,
followed by two weeks of baseline electronic pill box/bottle
ART adherence monitoring. Following baseline data col-
lection, participants were randomized, with a 1:1 ratio, to
the Fitbit Plus condition (single face-to-face LifeSteps ART
adherence session delivered by a health coach, followed by
12 months of access to an app and health coaching deliv-
ered via the app) or to the Standard of Care (SOC) condi-
tion (single face-to-face LifeSteps ART adherence session
delivered by a health coach), which approximates the level
of adherence assistance available in many HIV care settings.
Participants completed follow-up interviews at 1, 3, 6, and
12 months.

Participants

The sample was recruited at a hospital-based HIV care
clinic and through on-line advertisements in the northeast-
ern United States.

Inclusion criteria were: (a) diagnosed with HIV; (b) pre-
scribed ART for at least one month; (c) detectable viral load
(> 20 copies/mL) in the past six months; (d) self-reported
ART adherence of less than 100% in the past month; (e) at
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least 18 years of age; (f) have a smartphone that is compat-
ible with the app used in the study. Exclusion criteria were:
(a) physical or cognitive impairment that would prevent
intervention completion or compromise informed consent
or intervention comprehension; (b) active psychosis; (c) not
fluent in English.

Measures

All measures were administered at baseline and at 1-, 3-, 6-,
and 12-month follow-ups, with the exception of HIV viral
load data which were collected only at baseline, 6 months,
and 12 months.

Participant Characteristics

During the screening interview, information was collected
regarding demographic characteristics (sex assigned at
birth, gender identity, age, sexual orientation, race, ethnic-
ity, relationship status, education level, and employment
status). Characteristics used in the randomization process
were assessed during the screening and baseline interviews.
Blocking variables included years on ART, self-reported
ART adherence in the past 30 days assessed using the Visual
Analog Scale (VAS) [40], depressive symptoms assessed
using the Center for Epidemiological Studies Depression
Scale (CESD) [41], and substance use in the past three
months, measured by the Timeline Followback (TLFB) [42].

Primary Outcomes

Given the preliminary nature of the study, the focus was
on the feasibility and acceptability of the intervention and
study protocol and the impact of the intervention on ART
adherence measured by electronic pill boxes/bottles (EPB).

Feasibility

In order to evaluate the feasibility of our protocol, we exam-
ined the participant eligibility and study enrollment rates,
number of participants recruited per month, follow-up com-
pletion rates, and health coach time spent per participant. In
addition, participants in the Fitbit Plus condition completed
a brief, semi-structured interview at the 12-month follow-up
to evaluate the feasibility and acceptability of the interven-
tion. Specifically, topics queried included general thoughts
about the app, thoughts about the features of the app (medi-
cation reminders, secure messaging, adherence tracking, and
appointment reminders), impact of having the same health
coach interact with them via the app who conducted the
LifeSteps session, and suggestions for improving the app.
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Acceptability

Participants randomized to the treatment condition were
asked to complete satisfaction questionnaires regarding the
app at the 6- and 12-month follow-ups. Participants were
asked about the extent to which the app helped them remem-
ber to take their ART (not at all, a little, somewhat, quite
a bit, or a lot), how satisfied they were with the app (quite
dissatisfied, indifferent or mildly dissatisfied, mostly satis-
fied, or very satisfied), and whether they would recommend
the app to a friend living with HIV (no-definitely not, no-I
don’t think so, yes-I think so, or yes-definitely). In addi-
tion, utilization data (months of regular app use, percentage
of push notifications that resulted in a participant response,
and percentage of health coach messages that received a
participant response) were extracted from the app. In addi-
tion, follow-up completion rates were considered as metrics
of acceptability, as well as feasibility.

EPB ART Adherence

Initially, study participants were provided with a MedSignals
electronic pill box. However, we transitioned participants
to the MEMS® electronic pill bottle when the MedSignals
company ceased operations. No data were lost in this transi-
tion. Both devices measure daily ART adherence by record-
ing the date and time that the device is opened. Participants
were asked about any false positives and false negatives, i.e.,
times they opened the EPB but did not take the medication
or times they took the medication but did not open the EPB.
The self-report corrected EPB data constituted the main out-
come variable for analysis.

Secondary Outcomes

Secondary outcomes were self-reported ART adherence and
HIV viral load.

Self-reported ART Adherence

Self-reported ART adherence was assessed using the Three-
Item Adherence Questionnaire developed by Wilson and
colleagues [43], which was administered at baseline and
at every follow-up. This measure has strong psychometric
properties and is widely used in ART adherence research
[43, 44]. As has recently been done by Wilson and col-
leagues [44], we created a composite adherence score by
transforming the three items linearly to 0—100 scales (zero
represents the worst adherence and 100 represents the best)
and then averaging them together.

HIV Viral Load

HIV viral load (copies/mL) was examined as a biomarker of
ART adherence. Blood samples were collected and tested by
laboratories using standard procedures at the baseline inter-
view and at 6- and 12-month follow-ups. The assays used by
these laboratories had a lower level threshold of > 20 copies/
mL. We considered <200 copies/mL to represent viral sup-
pression, which is a commonly used threshold for viral sup-
pression [45]. While assays were able to detect viral load as
low as 20 copies/mL, we chose <200 copies/mL as our out-
come cutoff since viral suppression at the level of <200 copies/
mL is more readily attained relative to a lower cutoff. Given
our small sample size in this test of preliminary efficacy, we
strove to maximize the chances of detecting an impact of the
intervention on this measure. In addition, this viral load level
may be more clinically meaningful in that it has well estab-
lished associations with risk of transmitting HIV to others [46,
47] and with risk of virological failure [48, 49].

Potential Treatment Moderators

We examined depressive symptoms and substance use as
potential moderators of treatment effects.

Depressive Symptoms

Depressive symptoms over the past week were measured
using the 20-item Center for Epidemiologic Studies Depres-
sion Scale (CESD; [41]). This measure has high levels of
validity, test-retest reliability, and internal consistency [50].

Substance Use

The Timeline Followback Interview for Alcohol and Drug
Use (TLFB; [42]) was administered to collect daily informa-
tion about number of standard drinks consumed and classes
of drugs used each day for the three months prior to baseline
and during the time period since the last interview at each
follow-up. The TLFB measure has a high degree of reliabil-
ity and validity, with coefficients usually above 0.85 [51].
Percentage of heavy drinking days (a day in which a female
drank 4 or more drinks in one day or a male drank 5 or more
drinks in one day) and percentage of drug use days (a day in
which a participant reports using any drug on a given day)
were calculated from this measure.

Procedures
All procedures were approved by the hospital’s Institutional

Review Board. Study interviews and health coach sessions
were conducted in a private room at a hospital-based HIV
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care clinic or in a private interview room at the hospital. All
study data were collected with the REDCap secure elec-
tronic data capture system.

Recruitment

Participants were recruited through an HIV care clinic and
from online advertising. A HIPAA waiver was obtained for
research assistants to examine the clinic schedule to identify
potentially eligible participants. When research assistants
identified someone who appeared to meet eligibility crite-
ria, they emailed that patient’s provider to get permission to
contact them. With this permission, potential participants
were called or approached in the clinic and given a brief
description of the study, and those who expressed interest in
the study were screened. Additionally, advertisements for the
study were posted on Craigslist and Facebook with a link to
a prescreening survey. Research assistants contacted people
who filled out the online prescreening survey to administer
the full screening instrument.

Screening Interview

Screenings were conducted either in person at the clinic or
over the phone. The screening interview included demo-
graphics questions, an item regarding cell phone ownership
and type of cell phone, questions about the timing of HIV
diagnosis and ART initiation, the ART adherence VAS [40]
(“From a scale of 0% to 100%, how adherent would you say
you were to taking your medication every day at the time
you were supposed to in the last 30 days?”), and the MINI
International Neuropsychiatric Interview [52]. To verify
capacity to consent, we also administered the University
of California, San Diego Brief Assessment of Capacity to
Consent [53]. Medical charts were reviewed for an HIV
diagnosis and HIV viral load levels in the past six months,
and a release of information was obtained for these data
for potential participants who were not part of the involved
health care system.

Baseline Interview

Potential participants deemed eligible after screening were
provided with information regarding the purpose of the
study, study procedures, and risks and benefits associated
with participation. Interested individuals were asked to pro-
vide written informed consent. Following consent, a baseline
interview was conducted, during which participants: 1) com-
pleted assessments, 2) provided a blood sample, 3) and were
given an EBP in which to store their ART. At the completion
of the baseline interview, participants were compensated for
their time in the form of a gift card worth US $25. All par-
ticipants returned two weeks later for a single face-to-face
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ART adherence session with the study health coach. At that
time, EBP data for the initial baseline monitoring period
were retrieved.

Randomization

Prior to meeting with the health coach for the single face-
to-face ART adherence session, participants were randomly
assigned using urn randomization on a 1:1 ratio to the Fitbit
Plus or SOC condition. The blocking variables controlled
for during randomization were baseline level of depressive
symptoms (reported on the CESD, [41]), number of years
on ART, self-reported percent adherence to ART (based on
the VAS, [40]), and self-reported heavy drinking or drug
use during the three months prior to baseline (based on
TLFB, [42]) (See Table 1 for distribution of blocking vari-
ables between groups).The study coordinator performed all
randomizations. Participants were notified whether or not
they would be receiving access to the app at the start of the
single in-person session.

Blinding

Research assistants, who administered all screening, base-
line, and follow-up interviews, were blinded to treatment
allocation.

Intervention

The same health coach delivered the intervention to partici-
pants in both conditions. The health coach has a master’s
degree in psychology and has five years of experience in
delivering brief, manualized interventions. Both intervention
components (LifeSteps and health coaching delivered via
the app for those in the Fitbit Plus condition) were manu-
alized. LifeSteps sessions were audiotaped, and messages
delivered via the app were recorded in the app. Dr. Ram-
sey, who is a licensed clinical psychologist, provided train-
ing and supervision in the intervention components to the
health coach. Training included didactics and roleplaying.
Weekly supervision sessions, during which audiotapes of
the LifeSteps sessions and printouts of the health coaching
messages delivered via the app were reviewed, ensured that
the health coach adhered to the manuals.

The face-to-face ART adherence session with the health
coach was adapted from the evidence-based LifeSteps [34,
35] and occurred two weeks after the baseline interview
(following two weeks of EPB ART adherence monitoring).
During the LifeSteps session, the health coach used tech-
niques based on cognitive-behavioral therapy and motiva-
tional interviewing to help participants problem solve issues
regarding adherence to ART and to the HIV treatment regi-
men more broadly. Participants in the SOC condition only
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Table 1 Participant Entire sample N=53 Fitbit Plus n=27 SOC n=26 XYt p

Characteristics
Sex (Assigned at birth) 74
Male 38 (71.7%) 18 (66.7%) 20 (76.9%)
Female 15 (28.3%) 9 (33.3%) 6 (23.1%)
Gender Identity 74
Male 38 (71.7%) 18 (66.7%) 20 (76.9%)
Female 15 (28.3%) 9 (33.3%) 6 (23.1%)
Mean Age 46.7 (12.4) 449 (14.1) 48.7(10.2) -1.1 2
Sexual Orientation 30 4
Heterosexual 16 (30.2%) 9 (33.3%) 7 (26.9%)
Gay/Lesbian 26 (49%) 14 (51.9%) 12 (46.2%)
Bisexual 10 (18.9%) 3(11.1%) 7 (26.9%)
Prefer not to say 1(1.9%) 1 (3.7%) 0
Race 3.1 4
American Indian or Alaskan Native 2 (3.8%) 1 (3.7%) 1(3.9%)
Black or African American 13 (24.5%) 6(22.2%) 7 (26.9%)
White 35 (66%) 17 (63%) 18 (69.2%)
More than one race 3(5.7%) 3(11.1%) 0
Ethnicity d 7
Hispanic or Latinx 7 (13.2%) 23 (85.2%) 23 (88.5%)
Not Hispanic or Latinx 46 (86.8%) 4 (14.8%) 3(11.5%)
Relationship Status 95 .1
Single/Never Married 23 (43.4%) 13 (48.2%) 10 (38.4%)
Married 11 (20.7%) 2 (7.4%) 9 (34.6%)
Separated 2 (3.8%) 1(3.7%) 1(3.9%)
Divorced 3(5.7%) 3(11.1%) 0
Unmarried, in relationship 13 24.5%) 8 (29.6%) 5(19.2%)
Unmarried, living with someone 1(1.9%) 0 1(3.9%)
Education 73 .1
Less than high school 6 (11.3%) 4 (14.8%) 2 (7.7%)
High school/GED 15 (28.3%) 10 (37.1%) 5(19.2%)
Some college/Associates degree 24 (45.3%) 8 (29.6%) 16 (61.5%)
Bachelor’s degree 7 (13.2%) 5(18.5%) 2 (7.7%)
J.D./M.D./Ph.D 1(1.9%) 0 1 (3.9%)
Employment Status 1.1 .8
Full-time 23 (43.4%) 12 (44.5%) 11 (42.3%)
Part-time 11 (20.7%) 6 (22.2%) 5(19.2%)
Unemployed/Retired/Disabled 18 (34%) 9 (33.3%) 9 (34.6%)
In controlled environment 1(1.9%) 0 1(3.9%)
First Diagnosed with HIV 74
In the past 12 months 6 (11.3%) 4 (14.8%) 2 (7.7%)
More than 12 months ago 47 (88.7%) 23 (85.2%) 24 (92.3%)
Mean Months on ART 134.5 (97.3) 141 (99.6) 127.7 (96.3) .5 .6
Mean Baseline Depressive Symptoms ~ 19.9 (11.8) 20.4 (12.9) 19.2(10.9) 3 7
Report Heavy Drinking in Past 90 Days 1 8
Yes 9 (17.0%) 5(18.5%) 4 (15.4%)
No 44 (83.0%) 22 (81.5%) 22 (84.6%)
Report Drug Use in Past 90 Days 1.8 2
Yes 10 (18.9%) 7 (25.9%) 3 (11.5%)
No 43 (81.1%) 20 (74.1%) 23 (88.5%)

ART Antiretroviral Therapy, SOC Standard of Care
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received the single in-person session with the health coach.
Participants assigned to the Fitbit Plus condition received
the single in-person session with the health coach and also
received access to the Fitbit Plus mobile adherence app and
to health coaching delivered via the app for 12 months.

At the end of the in-person session, the health coach
assisted Fitbit Plus participants with downloading Fitbit
Plus to their phones, programed medication reminders, and
provided instructions on how to use the app. Fitbit Plus
provided a daily push notification medication reminder to
participants. The medication reminder asked participants
to indicate ‘Yes’ or ‘No’ to having taken their medication.
The health coach was able to view these data in real-time
on the health coach dashboard and used the dashboard to
identify individuals in need of adherence support. Fitbit Plus
also included a secure two-way messaging feature, which
the health coach and participants used to message each
other. The messaging feature was used by the health coach
to provide support, resources, and information to partici-
pants identified as needing assistance, as well as to perform
weekly check-ins. Health coach adherence lapse messages
were prompted by two consecutive days of missed doses, a
recurring pattern of missed doses, or a mean recent adher-
ence level below 90%. The app also features an adherence
tracking component which allows users to see their recent
adherence history, and users can enter upcoming appoint-
ments and schedule appointment reminders. In addition to
the above features which drove the selection of this app for
the study, participants could also use the app to track other
behaviors (e.g., exercise). However, these additional behav-
iors were not monitored by the study. Fitbit Plus participants
were given access to the app and received health coaching
via the app for 12 months. The app is fully compliant with
the Health Insurance Portability and Accountability Act and
is compatible with iOS and Android operating systems.

Thirty percent of the audiotaped LifeSteps sessions, and
30% of the messages between the health coach and partici-
pants were reviewed by two independent coders (SH and
JU) for competency. For the LifeSteps sessions, coders
evaluated the health coach’s frequency and extensiveness
(1=Not at all, 2= A little, 3 =Infrequently, 4 = Somewhat,
5 =Quite a bit, 6 =Considerably, 7 =Extensively) of cov-
ering each LifeSteps component and skill level (1= Very
Poor, 2=Poor, 3 =Acceptable, 4 = Adequate, 5= Good,
6 = Very Good, 7=Excellent). Messages from the health
coach were rated based on their responsiveness (1 =Not at
all, 2= A little, 3 =Infrequently, 4 = Somewhat, 5 =Quite a
bit, 6 =Considerably, 7 =Extensively) and appropriateness
(1=Not at all, 2=A little, 3 =Infrequently, 4 = Somewhat,
5 =Quite a bit, 6 =Considerably, 7=Extensively). Regard-
ing the reviewed LifeSteps sessions, the coders scored the
frequency and extensiveness as ‘Considerably’ or higher and
the skill level as ‘Very Good’ or higher for all LifeSteps
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components. Regarding the reviewed messages, timeliness
of all responses from the health coach were rated as ‘Con-
siderably’ or higher, and appropriateness of responses all
received the rating of ‘Extensively.” Rating agreement of
both the LifeSteps sessions and messages was excellent
(xk>0.9).

Follow-up Interviews

Participants completed follow-up interviews 1 month,
3 months, 6 months, and 12 months after baseline. Partici-
pants were compensated in gift cards worth US $30, $35,
$40, and $50 for the 1-, 3-, 6-, and 12-month interviews,
respectively. At follow-up interviews, participants completed
measures and provided blood samples (at 6 and 12 months)
for HIV viral load testing. In addition, EPB data were
retrieved at each visit.

Data Analyses
Overview

Preparatory analyses examined equivalence across the
treatment conditions on demographic characteristics and
blocking variables. Distributional properties of continuous
variables were examined to determine if any transforma-
tions were necessary. Univariate regressions were utilized
to determine if any of the variables collected at baseline
were strongly associated (p <0.05) with the primary and
secondary outcomes. No significant associations emerged;
therefore, no baseline variables were entered as covariates
in models testing treatment effects.

Primary Outcomes

In order to examine the feasibility and acceptability of the
intervention and protocol, we examined the eligibility rate,
enrollment rate, recruitment rate, follow-up completion
rates, health coach time spent per participant, intervention
satisfaction ratings, and app utilization data. In addition,
we analyzed qualitative data collected during the 12-month
interview with Fitbit Plus participants pertaining to the
feasibility and acceptability of the intervention (described
below).

The preliminary test of the effects of treatment on self-
report corrected EPB data at the 1-, 3-, 6-, and 12-month
follow-ups was conducted using a fractional logit model esti-
mated by general estimating equations (GEE). Treatment
assignment was the primary between-group independent
variable in this model. An unstructured correlation matrix
was selected as it is most appropriate for small sample
sizes. Time (data collection points) was entered as a within-
subjects predictor, as we assumed adherence rates would
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have a tendency to decrease over time. Lastly, the treatment
assignment by time interaction term was entered in the
model to examine the extent to which treatment differences
changed over the follow-up period. Analysis of covariance
(ANCOVA) was then employed to estimate treatment effect
sizes at each follow-up time point. For each ANCOVA, treat-
ment group was entered as the predictor variable, and adher-
ence rate captured during the two-week monitoring period
was entered as a covariate.

Secondary Outcomes and Exploratory Analyses

The GEE analysis strategy outlined above was employed to
evaluate the impact of Fitbit Plus, relative to SOC, on the
secondary outcomes (self-reported adherence and HIV viral
load). As with the EPB data, ANCOVA was used to estimate
treatment effect sizes for self-reported adherence at each
follow-up time point. In these cases, treatment assignment
was entered as the predictor variable, and baseline composite
adherence score was entered as a covariate. Viral load was
dichotomized as suppressed vs. unsuppressed. Chi-squares
were used to estimate treatment effect sizes for viral load at
the 6- and 12-month follow-up.

This was an exploratory study, with a sample size that
was not sufficient to formally test moderation. In lieu of for-
mal tests of moderation, generalized linear mixed models
were used to explore associations between both depressive
symptoms and substance use and EPB ART adherence over
time. Percentage of heavy drinking days, percentage of drug
use days, and depressive symptoms were entered as predic-
tors in three separate models, along with time, and a predic-
tor by time interaction term.

Qualitative Analyses

Recordings of the semi-structured interviews conducted with
Fitbit Plus participants at the 12-month follow-up were tran-
scribed by the research team. Transcriptions were uploaded
into NVivo 12 [54], and thematic analysis was performed.
A coding structure was developed which contained a list of
overarching thematic codes and subcodes, focused on the
feasibility and acceptability of the intervention components,
and was applied to the transcripts. Two coders (SH and JU)
independently coded each transcript using this coding struc-
ture, with excellent agreement (k > 0.9).

Results
Baseline Characteristics

Participants were 53 (38 men, 15 women) persons living
with HIV. Participants were 46.7 years of age on average and

ranged in age from 20 to 70 years old. Sixty-six percent of
participants identified as White, 24.5% of participants identi-
fied as Black, 3.8% identified as American Indian/Alaskan
Native, and 5.7% identified as more than one race. In terms
of ethnicity, 13.2% of participants described themselves as
Hispanic/Latinx. Participant demographic characteristics
and baseline values of blocking variables for the entire sam-
ple and between conditions are reported in Table 1.

Feasibility

The intervention and protocol were both found to be highly
feasible. First, the eligibility criteria did not appear to be
overly restrictive. Of the 132 potential participants screened
for the study, 94 (71%) were eligible (see Consort Diagram
in Fig. 1). Of those 94 who were eligible, 65 (69%) were
consented and completed the baseline interview. However,
12 participants did not attend the LifeSteps session and
therefore were not randomized, resulting in a final sam-
ple of 53 (56% of those who were eligible). There were no
demographic differences between eligible individuals who
enrolled and those who did not, with the exception of mean
age (47 years of age for enrolled vs. 40 years of age for
not enrolled). Toward the end of the study, we determined
that we needed to supplement clinic-based recruitment with
online recruitment due to simultaneous recruitment for
multiple studies (including other adherence studies) in the
clinic. Once this additional recruitment mechanism was in
place, we were able to recruit 12 participants per month.
In addition, follow-up rates were 100% at 1 month, 94% at
3 months, 89% at 6 months, and 89% at 12 months. Impor-
tantly, follow-up rates did not differ by treatment condition.
Finally, the intervention was delivered in an efficient manner.
The health coach spent a mean of 2.4 min per month com-
municating with each Fitbit Plus participant.

Based on the qualitative data gathered through the
semi-structured interviews with Fitbit Plus participants at
12 months, use of the app was feasible for most participants.
One participant stated, "I thought just taking the pill, watch-
ing the graph for progress was good and straightforward."
Other participants noted the convenience of having the app
on their phones (e.g., "Well I liked that it was on my phone,
so it was accessible.”). Most participants did not have any
suggested changes (e.g., "I don’t think it’s missing anything.
I mean I like it the way it is."). However, some participants
did encounter minor technical issues. Participants noted
that sometimes the notifications from the app were not loud
enough or were easy to miss, the app would sometimes log
participants out without them realizing that this had hap-
pened, or it would crash and have to be reset. No participant
voiced concerns about confidentiality. The most frequently
cited suggestion to improve app feasibility, which may also
improve acceptability, was adding a snooze feature for days
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Pre-screened
N=172

Excluded N = 40

e Non-English speaking N =9
e Incompatible/no phone N = 8
> o Perfect Adherence N = 4
e Enrolled in other study N = 4
e Undetectable viral load N =3
o e Active psychosis N =1
ASSGSSﬁd_fO1r33|IgIbI|Ity e Physical/Mental Impairment N = 1
Excluded N = 67 B e Declined screening N =10
e Undetectable viral load N = 15
e Perfect Adherence N=9
e Unavailable viral load data N =8
e Incompatible/no phone N =3
e Possible Psychosis N =1
e Not on ART/Non-Progressor N =1 v
e Already in a similar study N = 1 Enrolled
e Declined enrollment N = 29 =65
> o Did not attend LifeSteps N = 12
v
Randomized
N =53

A 4

Fitbit Plus N = 27
Completed 1IMFU N = 27
Completed 3MFU N = 25
Completed 6MFU N =24
Completed 12MFU N = 24

A 4

SOC N=26

Completed 1IMFUN = 26
Completed 3MFU N = 26
Completed 6MFU N =23
Completed 12MFU N = 22

Fig. 1 Consort Diagram. ART Antiretroviral Therapy, SOC Standard of Care

that participants sleep in or are unable to take their medica-
tion at their usual time (e.g., “But it would have been really
great, like if I could have designed the app, I would’ve given
a second reminder an hour later.”). Lastly, some participants
suggested incorporating graphs into the medication tracking
feature to make the data easier to comprehend.

Acceptability

Regarding the acceptability of the intervention, a majority
of the Fitbit Plus participants (87.5%) reported that they
were mostly or very satisfied with the app. Further, all Fit-
bit Plus participants said that they would recommend the
app to friends living with HIV. Only one participant (6.3%)
reported that the app did not at all help them remember to
take their ART. Further, 76.5% of Fitbit Plus participants
were still using the app on a regular basis (>50% of days)
at 12 months. Over the course of the 12-month follow-up
period, participants used the app regularly for a mean of
9.5 months and responded to 86.5% of push notifications.

@ Springer

Examination of the qualitative data collected from Fitbit
Plus participants revealed that, overall, participants found
the app to be acceptable, reporting “I thought it was very
helpful-it was like my mini secretary.” In particular, partici-
pants found the medication reminders to be beneficial. One
participant noted “The thing that I liked most about the app
was that it reminded me to take my HIV medication on time
and by pressing the reminder every day it really scheduled
me to be responsible with my health.” Participants also men-
tioned that they appreciated the additional features of the
app, such as medication adherence tracking and the ability
to add appointment reminders (e.g., “It can let you chart, I
can look back and sometimes I was kind of surprised that I
had missed more than I realized. So it was good for me to
be mindful of that.”).

Many participants found the messaging feature helpful
because it allowed them to effortlessly ask questions, stat-
ing “I liked it. I mean I could talk back and forth if [ had a
problem or whatever. It was hands on so it was really good
for me.” The participants uniformly enjoyed interacting with
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the health coach via the app. Notable quotes included: “Oh
I appreciated him. Checking in on me once in a while. I
felt that he was staying on top of things and my wellbeing.
He was concerned about my wellbeing, I appreciated that.”
Further, Fitbit Plus participants appreciated having met the
person on the other end of the app. When asked to imagine
an intervention in which they would not have met the health
coach in person prior to interacting with him via the app,
participants made comments such as: 1) “I would feel like
I was talking to a robot...seeing him face to face it helped
me.” 2) “I have a sense of his self...I got to see him and I got
to experience what he had to tell me.” 3) “I was more likely
to interact with him because I’d met him. If I didn’t know
who he was, I wouldn’t have interacted with the person...”
4) “The fact that I worked with him in the study and such at
the beginning it did make me feel more comfortable. And
meeting him in person, he’s a very friendly person, so it was
really easy to chat with him over the app.”

Preliminary Efficacy
Self-Report Corrected EPB Data

Results from data analysis of self-report corrected EPB
adherence data are presented in Table 2. Briefly, no main
effect of time or interaction effect were detected. The grand
estimated mean of adherence among Fitbit Plus participants
was 83.4% (SE=3.6%) compared to 72.9% (SE=5.1%)
among SOC participants (p =0.09). Post-hoc pairwise com-
parisons of treatment group differences in adherence at each
follow-up point revealed a trend of higher ART adherence
among Fitbit Plus participants compared to SOC participants

Table 2 Impact of treatment group, time, and their interaction on pri-
mary and secondary outcomes

Test statistics

W2 df p
Variable
Self-report corrected EPB data
Group 29 1 0.09
Time 0.4 4 0.98
Group*Time 7.0 4 0.13
Viral load
Group 0.9 1 0.34
Time 0.8 2 0.67
Group*time 0.1 2 0.97
Self-reported adherence
Group 2.7 1 0.10
Time 11.0 4 0.03
Group*time 5.2 4 0.26

EPB Electronic Pill Box/Bottle

(see Fig. 2). Importantly, analysis of the raw, uncorrected
EPB data reflects the same pattern in results, increasing our
confidence in the findings (See Fig. 3 in Appendix for results
from raw, uncorrected EPB data). Small effect sizes were
detected at the 1-, 6-, and 12-month follow-up (n2=0.05,
1n2=0.05, and n*>=0.06, respectively). In addition, a medium
effect size was detected at the 3-month follow-up (1>=0.11).

Self-Reported ART Adherence

Analysis of self-reported ART adherence revealed no inter-
action effect of treatment group and time. A main effect of
time and a non-significant trend of treatment group were
observed (See Table 2). Participants’ composite adherence
score increased over time (p =0.03). The mean composite
adherence score at each time point was 78.8 (SE=2.5) at
baseline, 85.1 (SE=2.6) at the 1-month follow-up, 80.3
(SE=3.4) at the 3-month follow-up, 81.2 (SE=3.3) at the
6-month follow-up, and 81.2 (SE=3.6) at the 12-month fol-
low-up. Although non-significant, the grand mean composite
adherence score was higher among Fitbit Plus participants
(85.1, SE=3.1) compared to SOC (77.5, SE=3.5) (p=0.10).
Post-hoc pairwise comparisons of treatment group differ-
ences at each follow-up revealed that Fitbit Plus partici-
pants reported non-significantly higher composite adher-
ence scores compared to SOC participants at the 1-, 3-, and
6-month follow-ups (see Fig. 4). At the 12-month follow-up,
there was virtually no difference between the mean compos-
ite adherence score among Fitbit Plus participants and SOC
participants. Small effect sizes were detected at each of the
follow-ups. Specifically, the treatment effect sizes at the 1-,

100%

90% -
80% - T

[}

5 70%

o

8 60% |

c

S 50% |

g = Fitbit Plus
< 40% - =SOC

@

i

30% -
20% -
10%

0% -

PLS 1MFU 3MFU 6 MFU

Timepoints

12 MFU
*p= .04

Fig.2 Treatment Group Differences in Self-Report Corrected EPB
Data over Time. EPB Electronic Pill Box/Bottle, PLS Pre-LifeSteps,
SOC Standard of Care, IMFU 1 Month Follow-up, 3MFU 3 Month
Follow-up, 6MFU 6 Month Follow-up, /2MFU 12 Month Follow-up
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3-, 6-, and 12-month follow-ups were n2=0.01, n2=0.06,
n%>=0.01, and 1> =0.01, respectively.

Viral Load. Results from data analysis of viral load are
presented in Table 2. No main effect of group or time or
interaction effect emerged. The grand mean percentage
of Fitbit Plus participants with unsuppressed viral loads
throughout the study was 9.4% (SE=4.6%) compared to
17.2% (SE=6.8%) of SOC participants (p =0.34). Specifi-
cally, at baseline, 8.0% (SE=5.2%) of Fitbit Plus partici-
pants were unsuppressed compared to 15.4% (SE=7.1%
of SOC participants (p=0.4). At the 6-month follow-up,
10.2% (SE=6.1%) of Fitbit Plus participants were unsup-
pressed compared to 16.6% (SE="7.7%) of SOC participants
(p=0.52). At the 12-month follow-up, 10.6% (SE=6.0%)
of Fitbit Plus participants were unsuppressed compared to
19.9% (SE=8.5%) of SOC participants (p =0.37). Small
effect sizes were detected at the 6- and 12-month follow-
ups (b =0.14 and $=0.22, respectively).

Exploratory Analyses of Potential Moderators
of Treatment

Generalized linear mixed models were used to explore asso-
ciations between both depressive symptoms and substance
use and EPB ART adherence over time. Percentage of heavy
drinking days, percentage of drug use days, and depres-
sive symptoms were entered as predictors in three separate
models, along with time, and a predictor by time interaction
term. In the percentage of heavy drinking days model, time
and the percentage of heavy drinking days by time interac-
tion term were not significantly associated with adherence.
However, a negative association between heavy drinking
days and adherence emerged, f=— 1.2, SE=0.3, 95% CI
— 1.9, — 0.6. In the percentage of drug use days model, time

100+
90 -
80 -
70
60 -
501 = Fitbit Plus
40 - = SOC

30
20
10

Self-Reported Adherence Score

1MFU 3MFU

Timepoints

" Baseline 6MFU  12MFU

Fig.4 Treatment Group Differences in Self-Reported Adherence over
Time. SOC Standard of Care, /MFU 1 Month Follow-up, 3MFU 3
Month Follow-up, 6MFU 6 Month Follow-up, 12MFU 12 Month
Follow-up
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and the percentage of drug use days interaction term were
not significantly associated with adherence. Percentage of
drug use days was negatively associated with adherence,
p=—-13,SE=0.4,95% CI — 2.1, — 0.5. Finally, in the
depressive symptoms model, no associations of depressive
symptoms, time, or the depressive symptoms and time inter-
action term emerged.

Discussion

This study examined the feasibility, acceptability, and pre-
liminary efficacy of an mHealth facilitated health coach-
ing intervention aimed at improving ART adherence. The
intervention and protocol were largely found to be feasi-
ble. The eligibility criteria were not overly restrictive, and
our dual recruitment methods yielded a reasonable number
of participants per month. In addition, our retention rates
ranged from 89% to 100% at the various follow-up points.
We were also able to deliver the intervention efficiently, with
the health coach devoting 2.4 min per month, on average, to
each Fitbit Plus participant. However, the loss of approxi-
mately 18.5% of participants prior to the LifeSteps session
does raise some feasibility concerns. In addition, there were
some minor technical issues identified during the qualita-
tive interviews that slightly diminished app ease of use. The
most commonly cited feasibility concern regarding the app
was the lack of a snooze function for the medication push
notifications.

The app also demonstrated a high level of acceptability,
with the vast majority of Fitbit Plus participants reporting
that they were satisfied with the app, would recommend it
to a friend living with HIV, and found it helpful in remem-
bering to take their ART. In addition, over three-quarters
of the participants were still using the app regularly at
12 months, and participants used the app regularly for 9.5
of the 12 months and responded to 84.5% of push notifica-
tions, on average. The qualitative data were also consistent
with a high degree of acceptability. In particular, partici-
pants appreciated the medication reminders and other app
features, including appointment reminders and adherence
tracking. Regarding the app secure messaging feature, par-
ticipants liked the ease with which they were able to com-
municate with the health coach and felt more comfortable
doing so given that they had met the health coach during the
LifeSteps session.

This was a pilot study and was not powered to find statis-
tically significant differences in outcomes between treatment
conditions. Rather, the goal was to examine the pattern of
outcomes and to estimate effect sizes to inform the design
of a fully powered clinical trial. The pattern of results on
all three outcome variables, our primary outcome of EPB
adherence and our secondary outcomes of self-reported
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adherence and HIV viral load, were consistent with better
adherence in the Fitbit Plus condition relative to the SOC
condition at all follow-up time points with the exception
of self-reported adherence at 12 months (where the two
groups had virtually identical levels of adherence). While
most comparisons did not reach statistical significance,
effect sizes at the follow-up time points were in the small to
medium range across the three outcomes. We believe that the
intervention impacted outcomes despite its efficient use of
health coach time because the app allowed for targeted and
timely intervention for those participants who were experi-
encing an adherence lapse.

Our intervention shares similarities with other interven-
tions that have employed mHealth as a means for patients
living with HIV to access health counseling as needed.
For, example, Puig and colleagues [55] developed an app
for adults 60 and over living with HIV. The app provided
medication and appointment reminders, educational mate-
rial, and links to obtain health counseling if desired by par-
ticipants. Once reminders were sent to participants to use the
app, there was a high degree of engagement with the app,
and participants reported a high level of app acceptability.
However, the app did not appear to impact adherence and
clinical outcomes. Other studies have used real-time moni-
toring of adherence to trigger a health counseling interven-
tion, as was done with our intervention. One of these stud-
ies, conducted in the US, used an electronic pill box that
transmitted adherence data in real-time to prompt a phone
call from a counselor [56]. Participants in this feasibility and
acceptability study reported a high degree of acceptability
on most measures. However, consistent with our interven-
tion protocol, the authors concluded that it might be more
useful to provide intervention in response to multiple missed
doses or a pattern of missed doses rather than periodic single
missed doses given the relative forgiveness of modern ART
regimens. Another study, conducted in China, found that
real-time monitoring of adherence that triggered a text mes-
sage and counseling at the next clinic visit resulted in better
ART adherence, relative to the control condition, during the
intervention period [57]. In a similar vein, Haberer and col-
leagues [58] found that scheduled text reminders that, after
three months, progressed to texts prompted by late or missed
doses with text message notification to social supporters for
adherence lapses of more than 48 h resulted in better ART
adherence relative to a control condition in a sample from
Uganda. This intervention was found to be feasible and had
a high degree of perceived utility among participants [59].
Results were more mixed in a study conducted in South
Africa [60], where text messages in response to adherence
lapses monitored in real time had no effect on ART adher-
ence or viral load but did reduce treatment interruptions last-
ing 72 h or longer. Taken together, our findings and those of
similar studies suggest a generally high degree of feasibility

and acceptability for interventions that prompt an adher-
ence counseling intervention in response to an adherence
lapse and some support for the efficacy of these types of
interventions, particularly those that go beyond a text mes-
sage response and prompt an intervention from a counselor
or social support individual.

Our exploratory examination of the association between
substance use and EPB ART adherence yielded results that
are consistent with substance use as a potential moderator of
treatment effects. Specifically, heavy drinking and drug use
were each associated with poorer adherence at a statistically
significant level. This finding is consistent with the extant
literature in this area [61-65], as well as our finding of a
significant daily association between both heavy drinking
and drug use and missed ART dose for a given day during
the two-week baseline EPB monitoring for this study [66].

However, the results from our exploratory examination of
the association between depressive symptoms and EPB ART
adherence were not consistent with depressive symptoms as
a potential moderator of treatment effects. This finding runs
counter to the association between higher levels of depres-
sive symptoms and poorer ART adherence that is typically
found in the literature [67-69]. Our failure to find this asso-
ciation may be due, at least in part, to a relative lack of varia-
bility in depressive symptom levels between participants and
across time points. This finding merits further examination.

Based on the results of this preliminary trial, we have
made a number of modifications to our intervention. Most
notably, our future trials will use an app that has a snooze
feature for medication reminders and more interpretable
adherence history tracking tools for participants. In addi-
tion, our future work will use an app that also has a secure
video chat feature to enhance the personal connection with
the health coach that participants viewed as impactful. We
have also modified our health coach manual to include more
information about how to assist participants in customizing
push notifications received from the app in order to avoid
the technical challenges that some of the participants in this
study experienced. Lastly, given the potential for substance
use and mental health to serve as barriers to adherence, we
have added a module in the LifeSteps session that directly
addresses these issues. While we did not find an associa-
tion between level of depressive symptoms and poorer ART
adherence in this study, this association is well established
in the literature [51-53]. Therefore, we believe that the inter-
vention will be improved with the addition of a module that
address both substance use and mental health.

As with any study, the results of the current study
should be evaluated within the context of its strengths and
limitations. There are a number of features of this study
that contributed to its methodological rigor: a randomized
controlled design that yielded groups that were balanced
on demographic and other baseline characteristics; a

@ Springer



3794

AIDS and Behavior (2021) 25:3782-3797

rigorous training, supervision, and fidelity rating pro-
cess that ensured that the manualized intervention was
delivered in a competent and protocol-adherent manner;
the blinding of research assistants to treatment condition;
and the inclusion of both an objective measure of ART
adherence (EPB data) and a biomarker of ART adherence
(HIV viral load). A further strength of this study was the
collection and analysis of qualitative data using rigorous
qualitative methodology; these data have been invaluable
in the refinement of the intervention.

This study has a number of limitations. Its chief limita-
tion pertains to the sample size. This was a preliminary
study that was not powered to find statistically significant
differences between groups or to perform formal mod-
eration analyses. Further, our design did not equate for
health coach contact time across treatment conditions.
Rather, we chose to use a single LifeSteps session as our
comparison condition because it approximates standard of
care in most HIV treatment settings. As such, the results
of a fully powered study using this design could inform
HIV treatment settings of the benefit they are likely to
achieve in the form of improved ART adherence among
their patients should they elect to adopt our intervention.
As a result, we viewed our comparison condition as a
pragmatic choice. In addition, we included both newly
diagnosed and established patients. These groups may be
quite different in important ways. Lastly, the generaliz-
ability of the findings may be limited to the region in
which the study was conducted and to characteristics of
our sample, namely a predominantly White sample who
do not identify as Hispanic/Latinx. Generalizability may
also be somewhat limited due to the requirement that par-
ticipants own a smartphone compatible with the study

app.

Conclusions

In summary, this study establishes the feasibility and
acceptability of our mHealth facilitated health coaching
intervention aimed at improving medication adherence
among PLWH. In addition, the pattern of results is con-
sistent with intervention preliminary efficacy. Results
also suggest that addressing heavy drinking and drug use
will be key to maximizing impact on ART adherence.
Given the high levels of feasibility and acceptability,
promising preliminary efficacy, and potential scalability,
this intervention warrants further investigation in a fully
powered trial that would ideally be conducted at multiple
sites and consist of a sample with a high level of diversity.
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See Fig. 3.
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Fig.3 Treatment Group Differences in Uncorrected EPB Data
over Time. EPB Electronic Pill Box/Bottle, PLS Pre-LifeSteps, SOC
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