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Abstract
We describe the development of a two-way text messaging intervention tool for substance users
who are non-adherent with HIV medications, and examine message flow data for feasibility and
acceptability. The assessment and intervention tool, TxText, is fully automated, sending
participants mood, substance use, and medication adherence queries by text message. Participants
respond, the tool recognizes the category of response, and sends the personalized intervention
message that participants designed in return. In 10 months, the tool sent 16,547 messages (half
initial, half follow-up) to 31 participants assigned to the TxText condition, who sent 6711
messages in response to the initial messages. Response rates to substance use (n=2370),
medication (n=2918) and mood (n=4639) queries were 67%, 69%, and 64%, respectively.
Responses indicating medication adherence, abstinence from substances, and good moods were
more common than negative responses. The TxText tool can send messages daily over a 3 month
period, receive responses, and decode them to deliver personalized affirming or intervention
messages. While we await the outcomes of a pilot randomized trial, the process analysis shows
that TxText is acceptable and feasible for substance abusers with HIV, and may serve as a
complement to HIV medical care.

Lifesaving medication regimens for HIV disease can result in increased life expectancy with
lower rates of illness for patients living with HIV. The Achilles’ heel of antiretroviral
therapy (ART) is the requirement of very high medication adherence to avoid viral mutation,
medication resistance, and failure of treatment (Chesney, 2003). While adherence to HIV
regimens is a well-researched challenge, active retention in adequate care has been more
recently identified as a source of morbidity and mortality (Kempf et al., 2010; Mugavero et
al., 2009). It is now clear that both regular attendance at clinic appointments and regular, as-
directed dosing of HIV medications are required to optimize health.
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Some groups are at particularly high risk for non-adherence and disengagement from care.
These include those newly diagnosed with HIV, but also those who experience barriers to
care. In the U.S., this second group is disproportionately filled with people of color, from
rural areas, from the South, with fewer financial resources, lacking transportation, and
residing in communities where stigma about HIV disease is strong (Kempf et al., 2010;
Konkle-Parker, Erlen, & Dubbert, 2008; Reif et al., 2011; Sandelowski, Voils, Chang, &
Lee, 2009; Sandelowski, Voils, Chang, & Lee, 2009; Sayles, Wong, Kinsler, Martins, &
Cunningham, 2009; Yannessa, Reece, & Basta, 2008; Young & Bendavid, 2010). All of
these social factors undermine access to care and ART adherence. Additionally, mental
disorders and substance use can reduce adherence; both depression and active alcohol and
drug use can be related to periods of ART nonadherence (Berg, Cooperman, Newville, &
Arnsten, 2009; González-Guarda et al., 2011; González-Guarda, McCabe, Florom-Smith,
Cianelli, & Peragallo, 2011; Malta, Strathdee, Magnanini, & Bastos, 2008; Tucker, Burnam,
Sherbourne, Kung, & Gifford, 2003).

Nonadherence to ART regimens is closely related to treatment failure (Flandre et al., 2002;
Paterson et al., 2000), and in response, researchers have developed interventions to improve
adherence. Unfortunately, these interventions tend to come too late, after a period of
nonadherence has already resulted in viral replication and reduced immune health.
Additionally, most tested HIV medication adherence interventions have modest and
ephemeral effects (Simoni, Amico, Pearson, & Malow, 2008; Simoni, Pearson, Pantalone,
Marks, & Crepaz, 2006). There is a clear need to develop interventions that can identify
nonadherence and other behaviors that threaten adherence as they occur, in real time, and
deliver an appropriate intervention immediately.

Mobile phone technology, commonly called mHealth, has the potential to address many of
the concerns outlined above. Mobile phones have been spreading rapidly in the U.S. market,
with near complete saturation expected by 2014 (Lenhart, Ling, Campbell, & Purcell, 2010).
More African-Americans (93%) have mobile phones than other groups, and this subset of
the population uses more mobile phone minutes per month (Brenner, June 6, 2013). Rural
areas in the U.S. generally have some access to cellular signals as coverage extends into
remote sections of the country. Therefore the reach of the technology, and its familiarity to
many people, are potential advantages. Additionally, an mHealth intervention may fit the
preferences of non-urban people living with HIV. Many people living with HIV express
preferences for technology with which they are already familiar and may already use, such
as text messaging, rather than Internet materials accessed from a computer; these options are
seen as more private and more accessible by non-urban HIV patients living in the U.S. South
(Farrell-Carnahan, Fabbri, & Ingersoll, 2011). Thus, a simple mobile-phone-based
intervention might be acceptable to this patient subpopulation, and could potentially
overcome some of the health disparities they experience. Because of variable cellular signal
strength, a text messaging (SMS) mHealth tool might be particularly appropriate because
text messages can often be received and sent even in areas where voice telephone calls have
inadequate signal strength.

Studies of HIV-related mHealth interventions range from descriptions to observational
studies to randomized trials. Most studies focus on medication adherence as the sole
intervention target, with interventions delivered by SMS/text messaging, smart phones, or
computers (Pellowski & Kalichman, 2012). A recent Cochrane review covering studies
published through 2011 found only two good quality mHealth intervention studies (Horvath,
Azman, Kennedy, & Rutherford, 2012). These studies examined weekly SMS adherence
interventions conducted in Kenya, and found that weekly text messaging enhanced ART
adherence and improved suppression of viral load. In March 2013, we found 26 studies
published after that review with the keywords text messag* and HIV abstracted on PubMed.
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Most of these were focused on HIV prevention (n=7), or assessed the feasibility of an
mHealth intervention to target varied HIV risk behaviors in a particular population (n=8)
such as Latinos (Leite et al., 2013), African American teens (Cornelius et al., 2012), Chinese
men who have sex with men (MSM) (Nehl et al., 2012), or US MSM (Reback et al., 2012),
while 2 were secondary or process analyses of other studies, and 4 were reviews of various
aspects of mHealth in the HIV field.

There were 5 intervention studies among people living with HIV. Three studies tested
variations of one-way standardized text messaging. In a pilot RCT, text message medication
dosing reminders sent to 8 Brazilian women were related to higher ART adherence by self-
report, pill-count, and MEMS than in the control group (n=13) (da Costa et al., 2012). In an
RCT of weekly standardized motivational one-way text messaging vs. usual care in
Cameroon, there was no impact on ART adherence among 200 patients (Mbuagbaw et al.,
2012). In contrast, in a single-arm cohort study in Bangalore India, weekly picture text
messaging paired with weekly interactive voice messaging for 6 months among 150 patients
increased optimal ART adherence over 6 months (Rodrigues et al., 2012).

Two studies tested variations of two-way and tailored text messaging. In a proof-of-concept
study of tailored text messaging for ART adherence among MSM adults, investigators sent
dynamically tailored text messages, primarily medication dosing reminders, over a 3 month
period, with weekly adherence queries that the participants answered by two-way messaging
(Lewis et al., 2013). Participants liked the text messaging intervention, and ART adherence,
viral load, and CD4 count improved among those who were nonadherent at study entry.
Among youth living with HIV, investigators pilot tested text messages as medication
reminders and queries about dosing in a two-way text messaging intervention (Dowshen,
Kuhns, Johnson, Holoyda, & Garofalo, 2012). They found that mean Visual Analog Scale
adherence scores and AIDS Clinical Trial Group questionnaire 4-day recall increased at 12
and 24 weeks compared to baseline, with a trend towards improved CD4 and viral load
markers. They reported good retention and acceptability to the adolescent sample living with
HIV. While preliminary, these studies show that both one-way and two-way text messaging
are promising for improving ART adherence.

Importantly, none of these text messaging intervention studies assessed nor intervened upon
other phenomena that undermine ART adherence. In the U.S., symptoms of depression and
active substance use often correlate with periods of ART nonadherence (Carrico et al., 2011;
González-Guarda et al., 2011; González-Guarda et al., 2011; Malta et al., 2008; Tucker et
al., 2003). In response to this pattern of related behaviors, a few studies have tested face to
face ART adherence interventions among substance abusers, and have found that addressing
nonadherence and substance abuse together is a promising approach that results in both
improved adherence and reduced drinking and drug use (Ingersoll et al., 2011; Parsons,
Golub, Rosof, & Holder, 2007; Parsons, Rosof, Punzalan, & Di Maria, 2005). Similarly, a
few investigators have developed dual target interventions addressing both depression and
adherence, with promising results (Daughters, Magidson, Schuster, & Safren, 2010; Safren
et al., 2012). While these face to face interventions targeting ART adherence and depression
or substance use had good outcomes, their reach is limited. It seems logical to extend a text
messaging adherence intervention to target active substance use and poor moods that
threaten adherence.

The purpose of this paper is to describe the formative, iterative development process used to
create a two-way text messaging intervention tool that assesses ART adherence, substance
use, and mood daily, and delivers self-created personalized intervention messages for each
targeted behavior nearly immediately. Additionally, we will assess the tool’s feasibility and
acceptability to participants. Then, we will examine the process data available to date. Last,

Ingersoll et al. Page 3

J Subst Abuse Treat. Author manuscript; available in PMC 2015 January 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



we will summarize the feasibility of the text messaging tool to address ART adherence,
depressed mood, and active substance use.

Methods
The overall procedures used to develop the personalized bidirectional text messaging tool
follow. First, the study team reviewed data from a small preliminary study we had
conducted of a one-way SMS system. This data included participant perceptions of receiving
self-designed, personalized messages encouraging ART adherence as highly motivating
(Delgado et al., 2009). A subset of the preliminary study team identified desired features of
a new tool. These included capability to assess nonadherence, substance use, and poor mood
in real time, and to send an intervention message in real time. Additionally, the team wanted
to make the tool scalable, sustainable, and cost effective, and determined that it should be as
automated as possible, with an easy interface for administration and data retrieval.

We sought input from the target population of patients through a series of individual and
small group interviews. Nineteen participants completed questionnaires on their
demographic, substance use, adherence, and mobile phone characteristics. After showing a
short presentation of the goals of the study and many possible options for a text messaging
tool, we elicited their feedback about potential draft components, utility, and appeal. We
also interviewed health care providers who were HIV clinicians, pharmacists, or health
department AIDS Drug Assistance Program (ADAP) coordinators. Fourteen professionals
provided information about their HIV treatment experience and participated in a 20minute
interview about their perceptions of barriers to HIV care engagement and medication
adherence, misconceptions patients have about medications and treatment, major reasons
patients report for missing appointments or failing to pick up medications, and the strategies
patients used to overcome the barriers. After these interviews, we developed a detailed
description of the text messaging tool including coded substance use queries. We reviewed
our draft tool with the IRB and the University’s legal counsel (related to querying illegal
behaviors by text messaging) to ensure that we had considered ethical and legal issues and
had adequate participant protections in place. Finally, we incorporated patient, provider, and
ethical/legal feedback into the functional specifications for the tool and built the system. The
last preparatory step was a usability trial with 10 participants similar to the target population.
Participants received a phone programmed with our tool and learned how to use it. They
used the tool for 4 days and we monitored their responses, patterns of response, and
problems using the system. Data were used to finalize the text messaging tool.

Finalized text messaging tool
The finalized assessment and intervention tool was nicknamed Treatment Extension by
Text, or TxText. The tool is fully automated. It sends participants 3 types of daily queries. It
inquires about mood twice per day at random times, substance use over the past 24 hours
once per day at a random time, and medication adherence at the time of scheduled dosing
time(s) of ART. For most participants, this translates to 4–5 queries per day. These queries
ask the participant to respond with a keyword, so that the tool can recognize the category of
response, and send the appropriate personalized message in return. Additionally, staff
members can send one-time messages, such as reminders about upcoming appointments or
to schedule transportation for clinical care appointments, ad hoc. Patients can initiate
messages to the system, which are logged into an archive and checked by a staff member
every 24 hours. The system responds to any unrecognizable text from participants with
“Your message has been received. Thanks!”

TxText relies upon a web interface for staff and patients to design personalized messages,
set timing for medication reminders/queries, and set overall boundaries for when the system
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will send messages, to avoid the typical sleeping hours of the participant. Using the web
interface, staff members prompt the participant to develop several types of personalized
message that they would like to receive back depending on their initial response to
medication, mood, and substance use queries. They develop both an affirming response to
be sent after they reply with a positive behavior (e.g., took medications as directed, good
mood, or no substance use in 24 hours) and an encouraging response to be sent after they
reply with a negative behavior (e.g., did not take medications, in a neutral to poor mood, or
reported drinking or drug use in past 24 hours). By design, the tool does not prioritize one
particular target (adherence, mood, substance use) over the others, given that both the
literature and the participants in formative interviews indicate that these are typically
intertwined, and that affecting one may affect the others. Therefore, participants design their
intervention messages for each targeted issue (nonadherence, poor mood, substance use),
and their chosen message may be generic across problems or specific, based on the
participant’s preference. A sample message flow between the system and a participant is
shown in Figure 1.

While medication and mood queries are transparent and face-valid, as shown in Figure 1, the
system uses a coded query for substance use that is in the form of a weather question.
Specifically, participants are asked “How were the skies in the past 24 hours? Respond
SKIES clear, cloudy, rainy, snowy, or other” Participants respond SKIES clear if they are
reporting no drinking or drug use in the past 24 hours, SKIES cloudy if they smoked
marijuana, rainy if they drank alcohol, snowy if they used crack or cocaine, and other if they
used other illicit drugs. They can report multiple answers to the SKIES query if they used
multiple substances. This method of coding substance use queries and responses was
designed by our team and selected by a majority of formative patient participants as easy to
recall and sufficiently protective of privacy.

The web-based system tracks all messages flowing from the TxText tool automatically or by
one-time messages initiated by staff members, and to the TxText tool sent by participants.
These data can be used to monitor for any emergency messages sent by participants, to
determine gaps in responses or repeated response errors that trigger staff intervention, to
provide prospective data to compare to self-report data collected at the 3-month follow-up,
and provide the data to generate process observations.

Participants created a variety of affirming and encouraging messages tailored to each
specific situation: taking medication, not taking medication, avoiding drinking and drug use,
engaging in drinking and/or drug use, positive mood, and negative mood. Participants were
given complete choice over the type of message they wanted to receive for each case.
However, if participants created self-critical messages, staff asked if they thought that
particular message would be helpful. Sometimes the participant said yes and kept that
critical message, and others changed it to a more positive or encouraging message. Thus,
while intervention developers elicited participants’ preferred messages, they provided
minimal guidance into the content of personalized messages. Many participants chose song
lyrics, religious messages, reminders, or encouraging phrases. Some examples of the
personalized messages designed by participants were: Keep your head up, God loves you,
Don’t forget your grandchildren, Great job!, You need to clear it up, Stay smiling, Be more
responsible, Keep up the good work, and Yay!

Trial enrollment began in May 2012. The trial seeks to enroll 70 drug-using adult patients
with HIV who report poor adherence, have basic reading ability, and are able to get mobile
phone service at home. The trial will compare those randomized to receive the 3 month
TxText intervention to those assigned to receive usual care at three month and six month
follow-ups. The primary outcomes include engagement measured by Missed Visit
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Percentage at 6 months, and adherence measured by Pharmacy Refill Rate and
supplemented by unannounced telephone pill counts. The trial is generating a large volume
of continuous prospective data from the text messaging participants. Among those
randomized to the text messaging condition, we observed the message flow from the tool to
participants and back, and conducted descriptive analyses of these processes. Specifically,
we calculated the number of all queries sent by the system, the overall and query-specific
response rates, noted any idiosyncratic and unintelligible responses, and checked the data for
each participant to explore any notable patterns of use over time during the 3 month active
intervention period.

Results
Patient formative interviews

Nineteen patients living with HIV with histories of substance use and ART nonadherence
participated in formative interviews, including focus groups or individual interviews. Our
team is completing a formal qualitative and thematic analysis, and in the current report, we
focus only on the basic participant characteristics, behaviors, and preferences reported.
Formative interview participants were mostly single (52.6%), female (57.9%), African-
American (52.6%), in their 40s (mean age 47.8, SD=7.8), with 36.8% reporting less than a
high school education, 26.3% reporting a high school or GED education, and 36.8%
reporting some college or more. A significant proportion (42.1%) reported they are disabled,
and 52.6% report living in a rural area. Table 1 shows the behavioral and phone
characteristics of this sample. Most (10 of 19) screened positive for a potential or definite
substance use disorder on the Drug Abuse Screening Test (Gavin, Ross, & Skinner, 1989),
and a quarter screened positive for harmful drinking on the AUDIT (Babor, de la Fuente,
Saunders, & Grant, 2001). Additionally, most smoked cigarettes, and screened positive for
low to medium levels of nicotine dependence on the Fagerstrom Test of Nicotine
Dependence (Fagerstrom, 2011). Most commonly, they reported missing a dose of ART in
the past week or 2–4 weeks ago on the AIDS Clinical Trial Group (ACTG) Adherence
Questionnaire (Reynolds et al., 2007). Reasons for missing medications endorsed by over a
quarter of participants were: falling asleep, being away from home, feeling medications
were toxic, having problems taking medications at specified times, or being busy. Most
participants had a mobile phone with a contract or pay as you go plan, and 84.2% used text
messaging, with 52.6% having an unlimited texting plan. 21.1% had Internet access with
their phones. On average, they preferred to receive 4–5 text messages per day from the study
tool, with considerable variability in this preference. They reported that their own
nonadherence was often associated with both depressed mood or stress and periods of drug
or alcohol use. They reported that they would not feel comfortable responding to a query
about substance use or drug/alcohol craving unless it were coded for privacy.

Heath care provider formative interviews
Fourteen health care providers (9 women, 5 men) completed in-person or telephone
interviews about the needs of rural patients living with HIV and their barriers to adherence
and engagement in care. These providers were 47 years old on average (SD=12.7), and had
worked on average with rural HIV+ patients for 10.4 years (SD=9.2). They were primarily
clinicians (n=8), AIDS drug assistance program coordinators (n=5), and pharmacists (n=1)
working in government agencies (n=6), hospital and group practices (n=7), and academic
health centers (n=1). They reported that barriers to adherence for rural patients living with
HIV included lack of transportation, financial burden of medications and repeated trips to
pharmacies, low income, and low employment, social stigma and related confidentiality
concerns, and multiple life stressors including mental and substance use disorders, abusive
relationships, and negative beliefs and feelings such as self-hatred and shame. They reported
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that patients overcome these obstacles by persevering, using social services, federal, and
state aid programs, getting help from family and friends, and using a network of helpers
including social workers, case managers, ADAP coordinators, and clinicians. They report
that patients have misconceptions about HIV medications including the belief that when the
viral load is undetectable, they are “cured” or no longer need medications, if they feel good
they can stop taking medications, or in contrast, that medications will not be helpful, are too
expensive, have horrible side effects, or should not be trusted. Several providers mentioned
that patients think they can skip doses with no understanding of medication resistance.
Providers described the main reasons that patients may miss HIV care appointments or
medication pickups as transportation issues, embarrassment about nonadherence, fear of
receiving bad news, forgetting, cognitive impairment, having no penalty for missing
appointments, fearing that others will learn their status if they attend clinic, or feeling well.

Usability trial results
Ten patients with a history of ART nonadherence and recent substance use participated in
usability testing. They were mostly male (n=6), African-American (n=6), disabled (n=6),
single (n=7), and reported residing in rural or semi-rural areas (n=6). Half of them had
mobile phones with pay as you go plans, and half with contracts, and all had text messaging.
Most reported unlimited text messaging plans and no internet plan for their phones, and
nearly all reported carrying their mobile phone all of the time. They reported sending 12 and
receiving about 15 text messages per day on average, and most reported being completely
comfortable with their phone’s features. One expressed privacy concerns about using a
mobile phone for the study while the others reported they had no concerns. Most reported
preferring to receive either 4–5 (30%) or 10–12 (30%) messages per day from the study.

Prior to usability testing with participants, we tested the draft system among 6 team
members for several weeks and identified some programming issues to correct in the final
tool. For example, on a few occasions, messages repeatedly occurred during the user’s
preferred sleep time. While these issues were being corrected, we conducted usability testing
by sending messages manually to participants, who were given a study phone for 4 days of
usability testing. Table 2 presents the results of usability testing. The team sent 186
messages and received 155 replies (response rate = 83.3%). The highest response rate was to
medication queries, followed by substance use queries, followed by mood queries. Fewer
than 2% (1.3%) of responses had misspellings, all of which could be interpreted by the study
staff member who was sending the queries and receiving the responses. While the modal
time to respond to each type of query was 1 minute or less, the mean was large as some
participants took many hours to respond to queries. The typical responses indicated that
participants had taken their medications, were in a very positive mood, and had not used
substances in the past 24 hours.

Process observations
As of this report, 57 participants have enrolled in the RCT. While outcomes data are not yet
available and are beyond the scope of this report, we provide a description of participants to
place process data in context. Most participants (59.6%) are men, report a high school or
equivalent education (66%), are African-American (61.4%), and have a mean age of 42.1
(SD=10.0) All had used illicit drugs or reported an alcohol binge in the past 30 days on their
eligibility screen. Further, half screened positive for harmful drinking on the AUDIT, while
42% screened positive for potential Substance Use on the DAST. On the MINI (Sheehan et
al., 1998), the most common positive screens were for current Major Depression (54.4%),
current Generalized Anxiety Disorder (43.9%), current Drug Dependence (36.8%), and
current Alcohol Dependence (31.6%). The rate of missed visits during the 6 months prior to
baseline was 26.5% (SD=.30). Medication adherence by 14-day Timeline Follow-back using
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procedures refined by Ingersoll et al., (2011) was 62% (SD=.31). Thus, this sample included
substance abusers with significant nonadherence to medication who were at risk of
disengaging from care. Thirty-one participants were randomized to the TxText condition.
They were given a study phone even if they already had a mobile phone.

The following process data comes from the 23,258 messages sent to and from the system
from May 22, 2012 to March 31, 2013 among the 31 TxText participants. The system sent
16,547 messages (half initial queries, and half personalized messages in response to
participant messages) to participants representing 71% of all messages, and participants sent
6711 messages in response to initial queries, representing 29% of all messages. This
proportion of outbound and inbound messages is expected because for each query sent by
the system (outbound) and answered by a participant (inbound), an additional outbound
personalized affirming or encouraging message is sent by the system. On average, across
participants with different lengths of stay in the study, each participant sent 224 messages to
the system and received 551 messages from it. Across the 3 month intervention period,
message flow ranged from 373 outbound and 182 inbound messages at the minimum, to 823
outbound and 368 inbound messages at the maximum.

We examined messages by query type. Two thousand three hundred and seventy substance
use queries were sent by the tool, and there were 1585 responses to these queries, for a
response rate of 67%. Nine hundred sixty four of these responses (60.8%) were “clear,”
indicating no substance use in the past 24 hours, while 354 included rainy (drinking), 297
cloudy (marijuana), 72 snowy (cocaine or crack use) and 3 included “other” (other drugs). A
total of 2918 medication queries was sent, including 2385 first or single dose medication
queries and 533 second medication dose queries, and there were 2018 responses to these
queries for a response rate of 69.2%. Of the responses to medication queries, 1759 (87.2%)
responded “Yes” and 241 (11.9%) responded “No.” A total of 4639 mood queries were sent
by the system, with 2319 first and 2320 second mood queries (averaging 2 per day).
Participants replied to these mood queries with 2978 responses, a response rate of 64.2%.
Responses included 1906 (64.0%) reflecting a positive mood and 1060 (35.6%) reflecting a
neutral to negative mood.

We examined charts of responses by day for each participant to identify patterns of
responding. In general, participants engaged with the tool consistently over the 3-month
intervention period. Participants were not routinely seen in person during the trial, but in
some cases, did meet with study staff to address problems. We had planned to call non-
responders after 2 consecutive days of non-response, but this was not done in some cases
due to human error. We terminated phone service for two participants because both had
relocated, had not answered the text messages for many days, and did not respond to
multiple attempts at contact. One of these participants later returned to the study, reporting
that their phone had been lost or stolen, and that they had had to move out of the area
temporarily. Among 10 of the 29 other TxText participants, there were 19 instances of non-
response periods of 7 days or more. These periods ranged from 7 days to 23 days, and were
13.9 days long on average (SD= 5.8). Nine of these 19 instances were due to reasons out of
the participant’s control, such as hospitalization, incarceration, lost, stolen, or damaged
phones, and lost chargers. Phones and chargers were replaced in these cases, and then
participants resumed responding. These periods of non-response were not included in our
calculations of response rates.

After the intervention, we interviewed participants about what was happening in their lives
during periods of non-response to determine whether they represented periods of poor mood,
drug use, or nonadherence. The four participants with lengthy non-response periods reported
that these lapses were related to busyness, the phone dying, falling asleep and consequently
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missing the message, forgetting about the phone after a long time away, and not bringing the
phone while travelling. Some of these were also mentioned as reasons for shorter periods of
non-response among these four participants and other participants. One reported drug use
during travel away, but none reported that their non-response episode was related to
substance use.

While we designed the system to be able to decode most participant messages, especially
those sent with a keyword, there were some cases where user error resulted in an inbound
message that could not be decoded by the system, including leaving out keywords,
misspelling keywords or responses, or typing characters that did not compose a word. In
most of these cases, using the message log, a research assistant could decode these.
However, we could not make sense of 1.6% of participant messages. Unrecognized
messages prompted the system to send a thank you.

Discussion
Our aim was to develop a personalized, bidirectional text messaging assessment and
intervention tool for non-urban substance users living with HIV who are non-adherent to
ART. In this report, we described our formative research methods used to supplement expert
specification of functionalities to create the text messaging tool. After conducting usability
testing to finalize the draft Treatment Extension by Text (TxText) tool, we began testing it
in a pilot RCT for its impact on objective markers of adherence and treatment engagement
as well as days of drinking and drug use.

In this report, we used data collected in the ongoing RCT to analyze process data from the
messaging stream of the tool. These process data show that the system can send the
messages daily over a 3 month period, can receive responses, and decode them properly to
deliver personalized affirming or intervention messages. These findings are important
because most mHealth adherence interventions have tested one-way text messaging, using
SMS to send simple reminders to take medications. Only two previous non-US studies have
used bidirectional messages, and both of them improved adherence outcomes. No previous
study has investigated using text messaging to reduce the impact of other phenomena that
undermine adherence (e.g., mood disruption and substance abuse).

Moreover, data show that participants enrolled in a text messaging study responded daily
about their mood, adherence, and substance use, and that response rates did not vary by the
type of query sent by the system. We are unable to compare these observed response rates to
those in other studies because those did not report these type of process data. The system
received very few (less than 1%) user-initiated messages that were not sent in response to a
query. Most responses reflect positive behaviors, but users also report negative behaviors
and feelings. In the case of medication adherence, there may be a tendency to respond that
medications were taken. It is possible that non-responses to this query may indicate
nonadherence.

Our tool is unique because it targets adherence along with two factors that may undermine
it, active substance use, and poor mood/depression. In fact, in our population, medication
adherence is not the only problem, with significant substance use disorders and mental
disorders complicating the clinical picture. Our tool can evaluate medication adherence
behavior, mood, and substance use behavior in real time, and respond with a just-in-time
personalized message selected by the participant.

Importantly, the participants create the messages to send themselves when reporting
substance use, poor mood, or nonadherence. This approach is consistent with Motivational
Interviewing, which posits that evoking a person’s own perspective on a problem and their
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own language about change is effective (Miller & Rollnick, 2013; Moyers, Martin, Houck,
Christopher, & Tonigan, 2009). While data collection is not complete, the process analysis
already shows that TxText is feasible and may serve as a complement to routine HIV
medical care.

Participants who completed formative interviews, usability testing, and post-trial interviews
spontaneously reported their acceptance and liking of this two-way text messaging
intervention. They reported feeling cared for and connected to the clinic, despite
understanding that the tool was automated. This finding is consistent with results from an
SMS trial in Kenya. In a post-hoc process analysis, van der Kop and colleagues found that a
minority of participant responses indicated a problem, and that most of these were related to
health issues (van der Kop et al., 2012). Moreover, 62% of a subset of patients interviewed
after the trial reported they had experienced no barriers to the intervention, but that they
perceived benefits from the reminders to take medications, and that the weekly messages
had made them believe that “someone cares.”

In a subsequent report, we will present the primary outcomes of the RCT. If TxText is found
efficacious, it could be easily scaled up to serve the needs of other patients living with HIV,
substance use disorders, and mental disorders, given its automation and simple web
interface. A necessary next step will be to enable installation on user-owned phones across
service provider platforms, while enabling study and clinical sites to capture critical message
flow data. Our process data show that a bidirectional, personalized text messaging tool that
assesses and intervenes on nonadherence, substance use, and poor mood engages substance-
using patients living with HIV and elicits their responses over time.
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Figure 1.
Sample Message Flow between TxText and Participant
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Table 1

Demographic, Behavioral, and Phone Characteristics of Patients Completing Questionnaires and Formative
Interviews

Characteristics (n = 19) Mean (SD) n (%)

Drug Abuse Screening Test (DAST)

 Mean Total Score 7.4 (5.9)

 Potential substance use disorder 10 (52.6)

 Definite substance abuse 4 (21.1)

Alcohol Use Disorders Identification Test (AUDIT)

 Mean Total Score 5.7 (7.1)

 Harmful drinking 5 (26.3)

 Likely alcohol dependence 3 (15.8)

Fagerstrom Test of Nicotine Dependence

 Mean Total Score 4.0 (2.0)

 Not applicable 3 (15.8)

 Low Dependency 6 (31.6)

 Medium Dependency 9 (47.4)

 High Dependency 1 (5.3)

ACTG Adherence Questionnaire: Last Dose Missed

 Within the past week 7 (36.8)

 1–2 weeks ago 3 (15.8)

 2–4 weeks ago 7 (36.8)

 1–3 months ago 1 (5.3)

 More than 3 months ago 1 (5.3)

Reasons for Missing Medication Doses (“sometimes or often”)

 Fell asleep 8 (42.1)

 Away from home 6 (31.6)

 Felt it was toxic 6 (31.6)

 Had problems taking at specified times 5 (26.3)

 Busy 5 (26.3)

 Forgot 4 (21.0)

 Side effects 4 (21.0)

 Did not want others noticing 4 (21.0)

 Felt depressed or overwhelmed 4 (21.0)

 Too many pills to take 3 (15.8)

 Felt sick 3 (15.8)

 Felt good 3 (15.8)

 Routine change 2 (10.5)

 Ran out of pills 2 (10.5)

Type of Phone Plan

 Contract 11 (57.9)

 Pay as you go (no contract) 7 (36.8)
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Characteristics (n = 19) Mean (SD) n (%)

 None 1 (5.3)

Phone with text messaging*

 Yes 16 (84.2)

 No 1 (5.3)

 Not applicable 1 (5.3)

Text Messaging Charges *

 Unlimited 10 (52.6)

 Per text 2 (10.5)

 Capped amount 2 (10.5)

 Not sure 2 (10.5)

 Not applicable 2 (10.5)

Phone Internet Plan *

 Yes 4 (21.1)

 No 13 (68.4)

 Not applicable 1 (5.3)

How often do you carry your cell phone?

 Frequently 12 (63.2)

 All the time 6 (31.6)

 Not applicable 1 (5.3)

Text messages sent per day 10.6 (23.8) **

Text messages received per day 15.9 (29.0) **

How comfortable are you with your phone’s features, especially text messaging?

 Not comfortable at all 4 (21.1)

 Somewhat comfortable 1 (5.3)

 Comfortable 1 (5.3)

 Very comfortable 4 (21.1)

 Completely comfortable 8 (42.1)

 Not applicable 1 (5.3)

Any concerns about using a cell phone to participate in this study? *

 None 15 (78.9)

 Do not know how to text 2 (10.5)

 Cost 1 (5.3)

How many text messages are you willing to receive from the study team daily? *

 1 1 (5.3)

 2–3 3 (15.8)

 4–5 5 (26.3)

 10–12 2 (10.5)

 20 1 (5.3)

 It doesn’t matter to me 2 (10.5)

 I don’t know 2 (10.5)

 As many as needed 2 (10.5)
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*
indicates n=18; data from one participant missing

**
indicates n=17; data from two participants missing
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Table 2

Patient 4-day Usability Testing Results (n = 10)

Response Rate by Query Type

 All Queries 83.3%

 Mood 77.2%

 Medication 92.0%

 Substance Use 86.4%

Misspelled Response Rate 1.29%

Minutes to Respond to Query

All Queries

 Mean (SD) 53.8 (138.5)

 Median 5.0

 Range 0–883

 Mode 1.0

Mood Queries

 Mean (SD) 47.4 (106.0)

 Median 4.00

 Range 0–769

 Mode 1.0

Medication Queries

 Mean (SD) 36.9 (118.3)

 Median 3.5

 Range 0–751

 Mode 0.0

Substance Use Queries

 Mean (SD) 86.2 (200.1)

 Median 8.5

 Range 0–883

 Mode 1.0

Content of Responses

Mood Query

 Mood Rating Mean (SD) 3.4 (0.9)

 Median 4.0

 Range 1–4

 Mode 4.0

Mood Frequency (note: n =64)

 0=very negative 0 (0.0)

 1=somewhat negative 3 (4.7)

 2=neutral 9 (14.1)

 3=somewhat positive 11 (17.2)

 4=very positive 41 (64.1)

Medication Query
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 ”yes” 46 (100.0)

Coded Substance Use Query

 Clear (no substance use) 31 (81.6)

 Cloudy (marijuana use) 4 (10.5)

 Rainy (alcohol use) 1 (2.6)

 Snowy (crack/cocaine use) 1 (2.6)

 Cloudy and rainy (marijuana and alcohol use) 1 (2.6)
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