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Abstract

HIV+ persons with co-occurring bipolar disorder (HIV+/BD+) have elevated rates of medication
nonadherence. We conducted a 30-day randomized controlled trial of a two-way, text messaging
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system, iTAB (n = 25), compared to an active comparison (CTRL) (n = 25) to improve
antiretroviral (ARV) and psychotropic (PSY) adherence and dose timing. Both groups received
medication adherence psychoeducation and daily texts assessing mood. The iTAB group
additionally received personalized medication reminder texts. Participants responded to over 90 %
of the mood and adherence text messages. Mean adherence, as assessed via electronic monitoring
caps, was high and comparable between groups for both ARV (iTAB 86.2 % vs. CTRL 84.8 %; p
=0.95, Cliff’s d = 0.01) and PSY (iTAB 78.9 % vs. CTRL 77.3 %; p = 0.43, Cliff’s d = —-0.13)
medications. However, iTAB participants took ARVs significantly closer to their intended dosing
time than CTRL participants (iTAB: 27.8 vs. CTRL: 77.0 min from target time; p = 0.02, Cliff’s d
= 0.37). There was no group difference on PSY dose timing. Text messaging interventions may
represent a low-burden approach to improving timeliness of medication-taking behaviors among
difficult-to-treat populations. The benefits of improved dose timing for long-term medication
adherence require additional investigation.

Keywords

Medication adherence; HIV/AIDS; Bipolar disorder; mHealth; Behavior modification;
Randomized controlled trial; Intervention research

Introduction

Adherence to combination antiretroviral therapy (ART) is critical for successful HIV viral
suppression [1]. Nonadherence to ART poses several potentially serious health
consequences, including higher HIV viral loads, faster progression to AIDS, and a
heightened risk for HIV treatment resistance [2]. Although less than perfect ART adherence
can still help to treat HIV [3], the best health outcomes are associated with optimal
adherence levels [4]. In various ART adherence-enhancing interventions, adherence is
frequently defined as the percentage of prescribed doses taken during a given period (i.e.,
percent adherence) [5]; however, another aspect of adherence is whether a prescribed dose is
taken on time (i.e., dose-timing adherence) [6]. Dose-timing adherence is important to
consider given varying half-lives of ART agents [7] and data suggesting that sustained
treatment interruptions better predict viral rebound than interspersed missed doses [8].
Additionally, smaller delays in dose timing were associated with long-term suppression of
viral load in a 48-month longitudinal study of HIV+ persons initiating ART [6].

Multiple factors are associated with ART nonadherence, including demographics (e.g.,
younger age), psychiatric comorbidities (e.g., bipolar disorder; BD), psychosocial factors
(e.g., social support), and active substance use disorders [9-13]. The prevalence of serious
mental illness (SMI), including BD, is elevated among HIV-infected populations [12, 14,
15] and is associated with poor ART adherence [16]. A recent systematic review
underscored the need to evaluate the impact of SMI conditions and their treatment on HIV
outcomes (e.g., adherence and virologic control) [16]. To that end, HIV-infected individuals
with co-occurring BD (HIV+/BD+), when compared to demographically similar HIV+/BD—
controls, demonstrated poorer ART and psychotropic (PSY) medication adherence and were
twice as likely to be non-adherent to their ART regimen [11]. Moreover, patterns of non-
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adherence to PSY medications are found to correlate with patterns of ART non-adherence in
individuals with psychiatric and substance use disorders [17].

Poor PSY medication adherence is also common among people with SMI; it has been
estimated that 40 % of those with BD do not take their mood stabilizer as prescribed, and
one third take less than 30 % of their medication [18]. Among persons with BD,
nonadherence to PSY medications can lead to greater risk for manic and depressive
episodes, decreased quality of life, suicide attempts, and hospitalization [19, 20]. This
suggests HIVV+/BD+ individuals are particularly at-risk for PSY non-adherence, and there is
a critical need to develop interventions to improve adherence in this population.

Several interventional approaches have been taken to improve medication adherence among
HIV-infected individuals including peer support, directly administered ART, and
interventions with cognitive-behavioral components (e.g., adherence education and problem-
solving) [21, 22]. These interventions, although promising, suffer from limited reach in the
community. Less clinician-intensive is the utilization of mobile health (i.e., mHealth)
technologies. mHealth interventions capitalize on technology already incorporated into most
people’s daily lives (e.g., cell phones) to assist people with behavior modification and
disease self-management [23]. Text messaging, in particular, may support daily ART
adherence by delivering reminders at precise times to match an individuals’ dosing schedule
[24, 25].

The initial evidence for using text messaging to improve ART medication adherence has
been compelling [26]. Specifically, randomized trials (RCT) in Kenya have shown that
simple, once-weekly text messages improves ART adherence and was associated with viral
load suppression within a HIV-infected population [27, 28]. A recent U.S.-based study also
showed that daily text messages significantly increased self-reported adherence to ART in a
young HIV-infected population (aged 14-29 years) over a 24-week period [29]. Though
preliminary, these studies support the feasibility and efficacy of text message interventions
to promote adherence in HIV and warrant further exploration of the effectiveness of various
intervention components (e.g., frequency of messages, interactive communication, tailored
message content, and delivery of messages to match dosage time) [25].

Researchers and clinicians have also started employing technology-based approaches to
improve treatment for individuals with BD. High compliance rates among BD persons using
a home computer software system to report mood, medication, sleep, life events, and
menstrual data demonstrated the potential use of technology-based methods to provide on-
going feedback [30]. More recently, text messages have been used to track weekly changes
in mood symptoms (i.e., ratings of mania and depression) among persons with BD [31]. The
feasibility of mHealth interventions to improve adherence among BD individuals are just
now emerging [32], and studies show that BD individuals are receptive to use of
technological devices for adherence intervention [33].

Taken together, a distinct need for RCTs utilizing text messaging to improve medication
adherence within a difficult-to-treat HIV population is warranted. Individualized Texting for
Adherence Building (iTAB), based in the theory of planned behavior (TPB), was therefore
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developed as an automated, personalized, two-way, text messaging system designed to send
text messages directly to participant’s mobile phones. We hypothesized that HIV+/BD+
individuals assigned to the iTAB condition, which included psychoeducation, text
medication reminders and texts inquiring about current mood, would show better adherence
rates and better medication dose timing for both antiretroviral (ARV) and PSY medications
as compared to matched HIVV+/BD+ individuals assigned to the active control condition in
which participants received psychoeducation and mood inquiries, but did not receive
medication reminders. We also aimed to determine whether mood was related to medication
adherence among HIV+/BD+ persons, and postulated that greater affective distress, either
depressive or manic, would correlate with poorer adherence.

HIV+/BD+ participants were recruited from ongoing studies at the UCSD HIV
Neurobehavioral Research Program (HNRP). Inclusion criteria were the capacity to provide
informed consent, age 18 years or older at enrollment, documented HIV infection, diagnosis
of BD | or 1l via the Composite International Diagnostic Interview (CIDI) (described
below), and currently taking at least one ARV and one PSY medication to treat HIV and
BD, respectively. Medication nonadherence was not a study entry requirement. Participants
had to be willing to respond to text messages and utilize electronic medication tracking
devices [i.e., medication event system monitoring, (MEMS)] for the identified medications
over the 30-day study period. Participants were excluded from the study if they met
diagnostic criteria for psychotic disorders (e.g., schizophrenia), had a neurological condition
known to impact cognitive functioning (e.g., stroke, seizure disorder, closed head injury
with loss of consciousness greater than 30 min), or had a mood disorder due to a General
Medical Condition with manic features (i.e., HIV-induced mood disorder). Participants were
recruited from a parent study that excluded for a current substance abuse or dependence
diagnosis.

The UCSD Human Research Protection Program approved the current study. After meeting
study inclusion/exclusion requirements, interested participants provided written informed
consent to participate. Participants received monetary compensation for both the initial and
follow-up assessments. Participants were encouraged to use their own cell phones and were
reimbursed for any additional costs incurred by participating in the study over their regular
cell phone use. A mobile phone with a comprehensive texting plan was loaned to those
participants that did not own a cell phone or were unable to receive text messages on their
current phone (n = 6 control and n = 7 iTAB participants received a loan phone).

Medication Adherence Intervention

Randomized Controlled Trial—After enrollment, participants were randomized into two
groups; 30 were assigned to psychoeducation plus daily text message medication reminders
and mood assessments for 30 days (iTAB) while 28 were assigned to an active control with
a standard of care adherence psychoeducation and daily text mood inquiries (CTRL). Figure
1 provides a study CONSORT diagram detailing study enrollment and retention [34]. As
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planned before study initiation, we continued enrolling participants until 25 participants
completed both baseline and follow-up data in both study arms. The demographic and
clinical characteristics of the 50 study participants who completed follow-up are provided in
Table 1.

Both the iTAB and CTRL groups received psychoeducation on the importance of
medication adherence, which was delivered face-to-face by the study examiner (AP) using a
standard script and a powerpoint presentation. The adherence education information was
drawn from multiple components of previously successful medication interventions [35, 36].
The adherence education included information on: the importance of attention to medication
maintenance; health benefits of adherence to PSY and ART medications; strategies for
coping with BD, HIV symptoms, and adverse medication effects; and practical medication
adherence strategies. The psychoeducation lasted approximately 30 min and participants
were provided opportunities to ask questions and speak about their own experiences. To
prevent bias, the examiner was blinded to the participant’s group assignment (i.e., iTAB or
CTRL) at the time the psychoeducation intervention was administered.

In order to provide equivalent interaction time with the examiner and to provide the
opportunity to use information gathered from the adherence psychoeducation, both groups
were provided with a list of potential adherence reminders (see Table 2 for examples of
reminders). Among participants assigned to the iTAB condition, the selected personalized
reminders were delivered via text message (described below). Reminders were written down
for the participants assigned to the CTRL condition and participants were informed that they
could use these messages as they desired.

Personalization of iTAB Reminders

The iTAB system broadly draws from the TPB, which posits that behavior is driven by
behavioral intentions and that individual motivational factors interact with cognitive
impairment, mood disruption, and substance use to create both intentional and unintentional
nonadherence [37]. Sample TPB reminder messages were provided to pilot HIV + persons
who provided feedback during the initial development and refinement phase of the iTAB
intervention; although these messages provided a foundation for the general theme of the
iTAB texts, they were ultimately streamlined to increase participant comprehension.
Individualized text message reminders and reinforcement messages were identified for the
iTAB group that were built around this theoretical model. The participant and examiner
identified an appropriate time for the ARV and PSY reminders (once daily or twice daily,
depending on the regimen instructions), and an appropriate description of the medications
for use in the message (e.g., “the round, white pill”), to protect against potentially
stigmatizing medication names appearing in the content of the text message. Participants
chose their preferred name for use in the text message, and selected five modifiable
reminder stems from a list of 17 predetermined reminders, which were originally derived
from focus groups conducted with the target population (see examples in Table 2).
Participants were also encouraged to write their own adherence reminders with the
assistance of the study coordinator. Similarly, participants chose five reinforcement stems
from a list of 15 options (e.g., “Nice work, [Name],” “Good job, every dose helps!” and “U
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R awesome! Keep up the good work!”). As with the reminder messages, participants could
modify existing reinforcement stems or create their own within the character limits. For
example, a reminder message might read, “John, your meds r important. It is time to take ur
meds. Take ur big blue pill now. PlIs reply (A) took (D) didn’t (G) snooze.” A reinforcement
message might read, “Great job! Ur current adherence: 75 %. Adhr when u take ur next
dose: 80 % (4/5 doses)” (see Fig 2 for text-messaging decision tree). Separate messages
were sent for each medication (ARV and PSY) at each dosing time and were automated by a
central server.

The text messaging system had additional automated features designed to optimize
adherence. These features included the option to “snooze” the adherence reminder (i.e., the
reminder was re-sent 1 hour later). The iTAB system also had protections against multiple or
inaccurate responses, wherein the participant would receive a message saying that a given
text was not understood. If participants indicated they did not take their medication, they
were sent an additional message to identify the reason for the missed dose. After three
consecutive days of missed messages, the automated system sent out an “adherence alert”
message to the participant, and an alert was sent to the study coordinator. The study
coordinator called the participant after 5 days of failure to respond to text messages and each
subsequent 5 days until the participant began responding to the system or the study period
closed. The study coordinator had real-time access to participant response logs to identify
problems with responding and to be able to contact participants who were having difficulties
using the system.

As a rigorous control for the novelty of receiving text messages, both groups were sent a text
message at noon every day, and asked to evaluate their mood (i.e., manic, depressed, mixed
state, or neither). A participant’s overall mood endorsement during the study period was
calculated for each of the mood states (i.e., depressed, manic, or “both”) as a percentage and
used in analyses (e.g., depressed mood during study period calculation: [(# days endorsed
“depressed”)/(# days monitored)]*100 %).

Additional Assessments

Psychiatric and Substance Use Assessment—~Psychiatric diagnoses were assigned
using the lay administered Composite International Diagnostic Interview (CIDI version 2.1,
WHO, 1998); ambiguous diagnoses were resolved via case discussion with a diagnostic
expert (JHA). Current mood was assessed via the CIDI and classified as euthymic,
hypomanic, manic, or depressive episode, or one with mixed (i.e., concurrent manic and
depressive symptoms) features. Severity of current mood symptomatology was assessed via
the Young Mania Rating Scale (YMRS) [38], and the Beck Depression Inventory-11 (BDI-
I1) [39]. Scores of less than 14 on each of these measures are considered to be of “minimal
severity” [38, 39].

Medication Adherence Assessments

Obj ective M edication Adherence: Medication Event Monitoring System (MEMS,
AARDEX, Sion, Switzerland) TrackCaps, which provide an electronic record of the date
and time the cap is removed, were used to track medication adherence to both ARV and
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PSY medications over the study period. Separate MEMS caps were used for each
medication. Medications were selected using “sentinel” strategy criteria that has been
previously detailed [11].

Overall MEM S Adherence Calculation: One of the primary outcome variables for
analysis was a MEMS-derived ARV and PSY percent adherence over the study period (i.e.,
([# of bottle openings)/(# of prescribed doses)]*100 %). Adherence reports were adjusted by
a verbal review with participants at the follow-up visit to correct for any openings that were
done when medication was not taken (e.g., if the participant opened the bottle to refill
his/her prescription).

MEM S Dose Timing Windows: The second primary outcome variable was participants’
“dose timing window.” This was calculated by subtracting the time at which the MEMS cap
was opened (i.e., “dose taken™) from the previously indicated targeted time for dosing (i.e.,
the time at which participants received adherence text messages or indicated that they would
take his/her medication for the CTRL group). ARV and PSY dose timing windows were
used in analyses to indicate the discrepancy between intended dosing time and actual dosing
time (in minutes) such that higher values indicate more variable dosing (i.e., decreased
therapeutic coverage). At the group level, the median and interquartile range as well as the
mean and standard deviation, of a participant’s dose timing are reported.

Self-Reported Adherence: In addition to MEMS data for the 30-day study period,
participants used a visual analogue scale (VAS) scale [40] to report adherence to both ARV
and PSY medications independently at the baseline visit (representing 30 days prior to the
study start) and the follow-up visit (covering the 30-days while on intervention). Participants
were asked mark a line anchored from 0 to 100 representing their adherence to the tracked
medications. Change in VAS scores between the two study visits and the proportion of
individuals reporting less than 100 % adherence at baseline are reported here.

Neuromedical Evaluation—Each participant completed a standardized medical history
interview, structured neurological and medical examination, as well as collection of blood
and urine samples consistent with previous studies at the HNRP [41]. Trained research staff
conducted all medical history interviews, and a clinician (i.e., RN, NP or MD) performed the
neuromedical examination.

Data Analyses

Due to the lack of conformity to assumptions of parametric methods (Shapiro-Wilk p < 0.05
and Levene’s test p < 0.05), we conducted Wilcoxon rank sum (Mann-Whitney) tests in
order to examine group (i.e., iTAB vs. CTRL) differences on overall adherence and dose
timing windows for both ARV and PSY medications. Next, we conducted Spearman’s rho
correlations in order to explore the relationships between dose timing windows on overall
adherence for ARVs and PSYs, respectively. Additionally, we examined the impact of mood
symptomology (i.e., self-reported symptoms on questionnaires and mood state endorsed via
text messaging) on our ARV and PSY adherence outcomes in each group via Spearman’s
rho correlations. Last, the impact of HIV disease variables on our adherence outcomes was
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examined in each group using Mann—Whitney tests and Spearman’s rho correlations, as
appropriate. Spearman’s rho values quantify the strength of relationships (i.e., effect sizes)
for all continuous variable analyses (range: —1 to +1), while Cliff’s d was calculated to
estimate the effect size for between-group comparisons (range: -1 to +1; [42]). With regard
to the latter, Cliff’s d represents the size of an effect between two groups with non-
parametric data. “Small,” “medium,” and “large” Cliff’s d effect sizes are defined as 0.147,
0.330, and 0.474, respectively [43, 44]. It estimates the probability of scores in a given
group being larger than scores in another group (i.e., dominance), and is particularly robust
to violations of normality and heterogeneity of variance, and thus was appropriate for these
adherence outcomes.

Within the iTAB group, participants were sent a median of 30 ARV and 31 PSY adherence
text messages across the 30-day study period; participants responded to the messages 92.3 %
(ART) and 96.7 % (PSY; medians) of the time, respectively. Among the mood messages
sent out to participants in both the iTAB and CTRL groups (median 30 messages per
participant in both group), participants responded 90.0 and 87.0 % (medians) of the time,
respectively.

Within the iTAB group, the most common response to ARV and PSY medication reminders
was ‘“Took’ at 82.0 and 83.9 %, respectively. The second most common response to ARV
and PSY medication reminders was non-response at 15.2 and 12.2 %, respectively. ‘Snooze’
and ‘Didn’t Take’ responses were uncommon for both medications, occurring for only 1.6
and 1.0 % of ARV reminders and 0.6 and 3.3 % of PSY reminders, respectively. Among
those who responded ‘Didn’t Take’, reasons provided for non-adherence to ARVs were
evenly split among ‘Ran out’, ‘Medication not with me’, and no response. Among those who
responded they ‘Didn’t Take’ their PSY medication, reasons provided for non-adherence
were ‘Ran out’ (46.7 %), ‘Medication not with me’ (26.7 %), no response (20.0 %), and
‘Other’ (6.7 %).

With regard to adherence, the iTAB and CTRL groups both showed high levels of overall
30-day MEMS adherence, but did not significantly differ on for ARV (Means: iTAB 86.2 %
(SD =12.7) vs. CTRL 84.8 % (SD = 18.1); Medians: iTAB 90.3 % [IQR: 75.8, 96.5] vs.
CTRL 90.0 % [IQR: 77.6, 93.3]; p = 0.95, Cliff’s d = 0.01) or PSY (Means: iTAB 78.9 %
(SD =22.2) vs. CTRL 77.3 % (SD = 30.2); Medians: iTAB 83.9 % [IQR: 70.2, 95.1] vs.
CTRL 90.0 % [IQR: 74.5, 96.7]; p = 0.43, Cliff’s d = -0.13) medications. Importantly
though, iTAB individuals were more likely to take their ARV closer to their designated
dosing time (i.e., time they intended to take dose) than the CTRL group (Means: iTAB 65.7
(SD =76.5) vs. CTRL 120.8 (SD = 145.0); Medians: iTAB 27.8 [IQR: 15.0, 105.5] vs.
CTRL 77.0 [IQR: 36.3, 137.8] minutes from dosing target time; p = 0.02, Cliff’s d = 0.37;
Fig 3). There was no difference between the iTAB and CTRL groups on PSY dose timing
windows [Means: iTAB 130.7 (SD = 213.8) vs. CTRL 122.9 (160.0); Medians: iTAB: 46.8
(IQR: 18.7,121.3) vs. CTRL: 66.5 (IQR: 24.0, 135.0) minutes from dosing target time; p =
0.42, Cliff’s d = 0.14; Fig 3]. In the whole sample, greater overall ARV adherence was
associated with smaller dose timing windows (i.e., ARV taken closer to the designated
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dosing time; p = -0.36, p = 0.01; however, overall PSY adherence was not significantly
associated with dose timing windows (p = -0.20, p = 0.19). Given that prevalence of
lifetime alcohol use disorders significantly differed between the two groups, we explored the
relationship between alcohol use disorder and adherence outcomes within each of the
groups. We found that lifetime alcohol use disorders were not associated with ARV (p =
0.33) or PSY (p = 0.59) dose-timing, or MEMS ARV (p = 0.94) or PSY (p = 0.57) overall
adherence. Therefore, it appears that alcohol use was not driving the group differences
reported above.

Among the participants assigned to the iTAB group, 60 % (15/25;) received three prompt
messages per day (1 mood message, 1 medication prompt for ARV, and 1 medication
prompt for PSY), 32 % (8/25) received four prompt messages per day (1 mood message, 1-2
ARV and 1-2 PSY messages depending on dosing), and 8 % (2/25) received five messages
per day (1 mood, 1-2 ARV, 1-3 PSY). We examined mean MEMS adherence across these
three groups and observed that receiving more reminders (i.e., more complicated medication
regimens) was significantly associated with worse PSY adherence [x2 = 6.52, p = 0.04; 3
reminders Mean MEMS = 87.3 % (S.D. = 11.1), 4 reminders = 73.9 % (S.D. = 19.1), 5
reminders = 35.9 % (S.D. = 50.7)], but not ARV adherence [2 = 4.99, p = 0.08; 3 reminders
=90.8 % (S.D. = 9.3), 4 reminders = 80.9 % (S.D. = 15.9), 5 reminders = 73.1 % (S.D. =
1.6)].

Self-Reported Adherence

Randomization procedure resulted in comparable baseline ARV and PSY adherence
between the two groups as indicated by self-reported adherence data on the VAS [Mean
VAS ARV: CTRL =92.4 % (S.D. = 13.0) vs. iTAB = 95.8 % (S.D. = 6.6), p = 0.44; Mean
VAS PSY CTRL =85.3% (S.D. =23.2) vs. iTAB = 92.2 % (S.D. = 16.8), p = 0.29. Using
any VAS score <100 % to indicate some adherence difficulty showed that 47.8 % of the
cohort reported less than perfect ARV adherence; nonadherence rates by VAS were
comparable across the two groups (CTRL = 54.5 % nonadherence vs. iTAB =41.7 %
nonadherence; p = 0.38). Findings were similar with the VAS PSY adherence data with 54.3
% of the overall cohort reporting less than perfect adherence (CTRL =59.1 % vs. iTAB =
50.0 %; p = 0.54).

Consistent with the MEMS findings, there was little change in self-reported overall
medication adherence rates by intervention group. At 30-day follow-up, the CTRL group
reported 5.7 points less (i.e., worse adherence) on the VAS ARV scale as compared to
baseline whereas the iTAB group reported 1.1 points less. For PSY VAS scores, the CTRL
group reported 2.2 points higher, whereas the iTAB group reported a mean of 1.4 points
higher. None of these findings were statistically different from one another.

Mood and Adherence Outcomes

The study groups demonstrated comparable mood symptoms (i.e., depressive and manic) at
both baseline (BDI-11 p =0.77; YMRS p = 0.49 and follow-up (BDI-1l p=0.57; YMRS p =
0.07), and, in general, our sample was dysthymic rather than manic as a cohort (i.e., BDI-1I
scores higher than YMRS scores). For analytic purposes, we utilized mood symptoms
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reported at the follow-up visit given that the BDI-11 asks participants about the previous 2
weeks and portions of this evaluation would overlap with the MEMS days tracked. Among
the iTAB individuals, current depressive (i.e., BDI-1I) and manic (i.e., YMRS) symptoms
were not associated with ARV or PSY adherence (ARV BDI-1l p = 0.27; ARV YMRS p =
0.38; PSY BDI-1l p=0.06; PSY YMRS p = 0.92) or dose timing (ARV BDI-1l p = 0.42;
ARV YMRS p =0.33; PSY BDI-Il p = 0.65; PSY YMRS p = 0.50). However, within the
CTRL group, more severe manic symptoms were associated with larger PSY dose timing
windows (p = 0.42, p = 0.048), and greater depressive symptoms were associated with
poorer overall PSY adherence (p = —0.44, p = 0.03). On the other hand, mood symptoms
were not associated with ARV adherence indicators in the CTRL cohort (overall adherence
BDI-11 p = 0.14; dose timing BDI-11 p = 0.07; overall adherence YMRS p = 0.31; dose
timing YMRS p = 0.13).

We also examined the relationship between medication adherence and overall mood across
the study period as reported via text messages [e.g., (# messages indicated depressed)/(total
# mood messages)] within each of the study groups. Among the iTAB participants, a greater
proportion of reported manic days was associated with larger ARV dose timing windows (p
=0.49, p = 0.02), while in the CTRL group, a larger proportion of days reported as
depressed was associated with larger PSY dose timing periods (p = 0.45, p = 0.03).

HIV Disease and Adherence Outcomes

Finally, HIV disease indicators were not associated with ARV or PSY dose timing windows
or overall adherence in the iTAB or CTRL groups (i.e., AIDS status, baseline CD4, nadir
CD4, plasma viral load; ps > 0.05).

Discussion

Our study supports the feasibility of implementing a personalized adherence text messaging
intervention among HIV+/BD+ individuals. Adherence to study visits and intervention
responsiveness were extremely high; over 80 % of our participants were retained on study
and participants demonstrated >90 % response rate to study text messages. Additionally, our
findings show that ARV dose timing is significantly improved with our intervention as
compared to control.

Smaller dose timing windows indicate that participants were taking their ARVs closer to
their assigned medication time each day. Previous work among HIV+ persons has shown
that smaller dose timing windows may lead to superior therapeutic coverage of ARVS,
which is in turn linked to better HIV disease outcomes [45]. Importantly, we found that
greater dose timing windows correlated with poorer overall adherence (i.e., increased
likelihood of missing a dose). Increasing dose timing accuracy via text messaging may lead
to overall improved ART adherence behaviors and better HIV disease indicators when
examined over longer periods of time.

Interestingly, dose-timing windows were not significantly improved for PSY medication in
the iTAB group as compared to controls suggesting that persons have differential adherence
behaviors for different medications. This is consistent with our previous work showing that
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HIV+/BD+ persons demonstrate higher adherence rates for ARV than PSY medications
[11]. It is possible that HIV+ persons view ARV medications as a “life or death” health
behavior and discount (or are unaware of) the importance of PSY medications, consequently
ignoring the potential cyclical relationship between PSY nonadherence, mood dysregulation
and subsequent ARV nonadherence. Research among HIV-uninfected individuals with BD
reveals several predictors of medication nonadherence including younger age, substance use
and personality disorders, illness severity, PSY side effects, patient insight and poor
therapeutic alliance [46]. Pertinent to our findings, persons with more complex medication
regimens appeared to have the worst medication adherence. Worse adherence among those
with the most complex medication regimens may be a result of medication burden, an
indication of historical difficulty adhering to medications, or negative attitudes toward
medications and adherence. It is possible that our system, which used more general
medication reminders, may need to be revised to more directly target these and other
predictors of PSY non-adherence.

Although our findings did not indicate a benefit of the personalized intervention for overall
medication adherence, this lack of significance may be in part due to our rigorous control
condition. More specifically, all participants in the study received text messages as well as
medication adherence psychoeducation specific to their conditions (i.e., HIV infection and
BD); we tested the added benefit of tailored medication reminder messages as a supplement
to these other approaches. The high rates of self-reported adherence may have also
contributed to our inability to find differences between the two groups, although we
recognize the limitations of self-report measures of adherence. We believe that more studies
need to effectively test components of interventions and use comparison groups that (1)
receive the highest possible level of standard of care (e.g., adherence counseling), and (2)
control for novelty and time equivalence (e.g., receiving text messages as part of an
adherence study). This is an approach that moves away from designing studies simply to
show statistical significance.

Perhaps as a result of the rigor of our control group, we found that participation in this daily
text messaging adherence intervention in combination with psychoeducation was associated
with high adherence rates among HIV+/BD+ individuals regardless of group assignment.
That is, the combination of baseline psychoeducation and a text message asking about mood
were also associated with high ARV adherence rates. Specifically, adherence rates from the
present study for both ARV (~85 % regardless of intervention arm) and PSY (~78 %
regardless of intervention arm) medications were superior to those found in an observational
study among HIV+/BD+ using the same methodology to track adherence (i.e., MEMS caps)
over the same time period of 30 days (i.e., mean ART = 75 % adherence; PSY = 67 %) [11].
The approximately 10 % higher mean adherence rates in both the intervention and control
groups among individuals enrolled in this study as compared to the previous observational
work may be related to the fact that both groups received: (1) psychoeducation about the
importance of medication adherence at the beginning of the 30-day monitoring period, (2)
the parallel process of generating reminders that were focused on the factors that would best
motivate adherence, and/or (3) the daily text messages asking the participant to evaluate his
or her mood that may have served as an indirect medication reminder. It is important to note,
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that while these rates reflect improved adherence while on study, they still represent
suboptimal overall adherence in terms of optimal therapeutic coverage.

Even though adherence rates did not differ between the two groups on our self-report
measure of ARV and PSY adherence (i.e., VAS), there is a slight indication that the iTAB
group may have had worse baseline adherence despite the study randomization. Specifically,
a detectable baseline plasma viral load was found among the 25 % of iTAB group as
compared to 4 % of the CTRL group. Ideally, only participants with detectable viral loads
would be included in the study. However, viral load detectability is dynamic and thus a
baseline measurement may not sufficiently capture and classify those at significant risk for
medication non-adherence, such as persons with BD.

Numerous studies have discussed the negative impact that mood (particularly depressed
mood) can have on medication adherence [16]. In our iTAB intervention arm, we did not see
specific associations between mood and medication adherence. On the other hand, all of our
participants were engaged in mental health care, had been prescribed PSY medications for
BD, and had mood scores that were generally below the clinically relevant range. This
engagement in care alone, and subclinical psychiatric symptoms, decreases the likelihood
for associations between mood and adherence. It is interesting, though, that the associations
that we observed between mood variables and adherence were only apparent in the Control
arm. In particular, manic symptoms were associated with larger dose timing windows. This
could suggest that manic symptoms may be disruptive to specific aspects of planful daily
functioning. Overall, electronically-monitored PSY adherence levels among those assigned
to the Control arm appeared to be associated with depressive symptoms perhaps suggesting
that the lower adherence levels relate to worse depressive symptoms and vice versa.

Our results are also consistent with other text messaging intervention studies among HIV-
infected persons that have suggested that components of adherence can be improved using
this method [26-28]. One possible next step is to determine which theoretical models best
enhance the utility of this technology for adherence. In this regard, the TPB model may be a
useful guide for development of mobile interventions with respect to health behavioral
changes; however, the specific components of TPB need to be evaluated directly and many
of these components were diluted in the present study based on initial pilot work with
participant message preferences. As in our intervention, this approach supports the use of
individualized messages, supporting pre-stated behavioral intentions. It allows for
assessment of reasons for missed doses in real time, while the behavioral context is fresh. It
is possible that this process allows individuals to examine the exact barriers to their own
medication adherence while on study and to change their maladaptive medication-taking
behaviors to avoid encountering these in the future. For example, a person that
acknowledges that his or her substance use may have led to a missed dose may consider this
prior to subsequent substance use behaviors. With this said, our experience suggests
individuals rarely indicated that they did not take their medications via the texting system. It
appears that participants were more likely to simply not reply to the question of adherence
rather than acknowledge nonadherence. Therefore, novel approaches to capture information
regarding both intentional and nonintentional missed doses are clearly warranted in order to
inform points of adherence intervention, and could be easily implemented. This also allows
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for balanced interventions that require an equivalent number of text responses regardless of
the initial response, to see if this improves the likelihood of all responses.

We believe that there may be specific advantages of implementing personalized text
messaging for medication adherence support into the HIV clinical care. Although there was
no clear benefit of the personalized messages for overall ARV or PSY adherence, the
improvement in dose timing may have a beneficial effect for HIV disease outcomes.
Moreover, there is little downside to implementing a text messaging system; patients are
making increasing demands for personalized and technology-driven care; and decreased
costs associated with better patient outcomes are likely to outweigh the costs of
implementing an automated system as has been shown with other mHealth adherence
interventions [47]. In agreement with recommendations from recent SMS adherence
interventions [25], future SMS systems should be grounded in specific behavior change
techniques (e.g., goals and planning) [48] and allow for personalized tailoring of message
content and frequency [46]. Moreover, a recent study of text message preferences
underscored the importance of message structure, linguistic content, and overall tone in the
development of messages for goal-directed behaviors, e.g., avoiding “textese” [49].

There are several limitations of the current study that must be considered. Our study design
does not allow us to tease apart the impact of the text messaging versus psychoeducation
components for improving adherence. As has been previously suggested [21], the influence
of the psychoeducational component likely deteriorates over time and requires additional
resources and time to be re-administered in order to support its potential effect. On the other
hand, we hypothesize that the text-messaging component can provide improved support over
longer time periods with little to no additional burden for the provider or patient. Future
studies that examine text messaging to improve adherence for longer periods of time may
therefore be able to address the likely impact of texting over psychoeducation. Additionally,
due to the nature of the MEMS technology, our adherence data is based on the number of
openings and does not directly indicate whether the medication was ingested. Studies have
shown that MEMS might underestimate adherence [50, 51] and may interfere with already
established adherence routines such as pill organizers or blister packs. Both of these factors
may have minimized the true impact of our intervention for adherence; however, MEMS
technology is widely used in HIV research [52] as it has shown strong ecological validity
with pill counts, self- and other-reports, and pharmacy refills [53]. Completer analysis was
planned, so participants that did not complete the study were replaced to ensure that at least
25 participants were included in each study arm. The differences between groups in terms of
dropout were minimal with the only difference being that two more persons in the iTAB
group lost their MEMS caps as compared to the control condition. This slightly increased
likelihood of losing MEMS caps may reflect greater engagement in the study (e.g., carrying
MEMS with them to maintain adherence). Finally, the current study included a relatively
small sample size of HIV+/BD+ individuals who were relatively healthy in terms of both
HIV disease and BD symptoms, thereby potentially limiting the generalizability of our
findings. Larger studies including individuals with a range of HIV disease and mental health
symptomology severity are needed to determine the applicability of text messaging
interventions to improve adherence in lower functioning individuals.
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Conclusions

mHealth interventions are gaining traction and represent a promising new healthcare
intervention direction; however, as was recently noted [9], the question of whether mHealth
interventions will truly transform healthcare is still very much an open question. The present
study suggests that daily contact via text messaging is feasible even in difficult populations,
and that text messaging in conjuction with psychoeducation improves ARV does timing in a
group of individuals who are at high-risk for nonadherence to important medications.
Subsequent, larger-scale interventions with similarly rigorous control groups are necessary
to determine the long-term efficacy of such interventions. A tiered, integrative approach,
that uses mHealth as an initial intervention and transitions to a more intensive face-to-face,
and costly, intervention may be effective in improving health behaviors such as medication
adherence among HIV+/BD+ persons.
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Fig. 1.

Consort diagram showing study enrollment.
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Personalized Adherence Reminder
Took Meds?

YES - Dose taken

¥

NO - Dose not taken

Personalized Reinforcer + Encourage adhe'rence
Adherence Target assoon as possible.
9 Ask reason?
Encouragement +
Adherence Target
Fig. 2.

iTAB reminder system decision tree
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Fig. 3.

Dose timing windows are significantly smaller for antiretroviral medications among iTAB
participants as compared to control *p < 0.05. ARV antiretroviral medications, CTRL
participants assigned to the control arm, iTAB participants assigned to the individualized
Texting for Adherence Building arm, PSY psychotropic medications

AIDS Behav. Author manuscript; available in PMC 2016 March 01.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Moore et al.

Baseline participant characteristics by intervention arm

Table 1

iTAB (n=25) CTRL (n=25) p value
Descriptive
Age; mean (SD) 48.4 (9.2) 45.9 (10.2) 0.36
Education; mean (SD) 13.3(2.2) 13.0(3.1) 0.67
Male; % (#) 92.0 % [23] 84.0 % [21] 0.38
Caucasian; % (#) 64.0 % [16] 44.0 % [11] 0.16
HCV infected; % (#) 24.0 % [6] 40.0 % [10] 0.22
Lifetime substance abuse/dependence; % (#)
Alcohol 48.0 % [12] 83.3 % [20] <01
Marijuana 32.0% [8] 37.5% [9] 0.69
Cocaine 40.0 % [10] 45.8 % [11] 0.68
Opioid 12.0% [3] 8.3%[2] 0.67
Methamphetamine 48.0 % [12] 58.3 % [14] 0.47
HIV disease characteristics
CD4 count; median (IQR) (n = 40) 4635 (273.3,912.0) 6135 (346.3, 959.8)  0.47
Nadir CD4 count; median (IQR) (n = 38) 212 (94, 450) 188 (98, 330) 0.79
HIV RNA plasma; median (IQR)2 1.6 (1.6,1.7) 1.6 (1.6, 1.6) 051
Proportion undetectable % (#) P 75.0% [18] 95.8 % [23] 0.10
AIDS % (#) 66.7 % [14] 60.9 % [14] 0.69
Psychiatric
Number non-ARV Medications; mean (SD) 7.2 (4.7) 6.4 (4.5) 0.54
YMRS; mean (SD) 6.4 (7.6) 5.2 (4.5) 0.49
BDI-1I Total; mean (SD) 17.0 (12.6) 18.0 (10.6) 0.77
GAF; mean (SD) 68.0 (10.0) 67.3 (10.9) 0.82

Page 22

ART antiretroviral Therapy, BDI-11 beck depression inventory-11, HCV hepatitis C virus, YMRSyoung mania rating scale, BDI-II beck depression
inventory I, GAF global assessment of functioning, Nadir CD4 count is calculated as the lowest of self reported or laboratory generated value. IQR

interquartile range
a .
In log copies/ml

b<50 cp/ml
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Table 2

Sample text message reminder stems

Theme

Stem

Celebrate health
Time and focus
Control disease
Empowering

Importance of adherence

Stay healthy! It’s time 2 take ur meds, pls take ur [med] now.

It’s pill time! Take ur [med] now.

Taking ur meds helps control ur disease. Rmber 2 take ur [med] now.
It’s med time, only u can control this. Rmber 2 take ur [med] now.

Adherence is impt. Pls take ur...

AIDS Behav. Author manuscript; available in PMC 2016 March 01.

Page 23



