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Abstract

Background: Nonadherence to diabetes medication is prevalent and costly. MEssaging for Diabetes (MED), a mobile health
(mHealth) intervention, identified and addressed user-specific barriers to medication adherence. We assessed whether
MED reduced users’ targeted barriers and if barrier reductions were associated with within-participant improvements in
adherence or glycemic control (HbAlc).

Methods: Adults (N = 80) with type 2 diabetes completed self-report measures identifying barriers to adherence at baseline
and monthly for 3 months. At each assessment, |7 barriers were assessed and ranked for each user. Each subsequent
month, users received daily text messages addressing their 3 highest ranked barriers. Targeted barriers were different for
each participant and could change monthly. Paired t-tests assessed within-participant improvement in targeted barriers each
month, and nested regression models assessed if changes in a participant’s barrier scores were associated with improvements
in adherence and HbAlc.

Results: Participants were 69% non-white and 82% had incomes <$25K. Average HbAlc was 8.2 + 2.0%. Assessment
completion rates were 100% at baseline, 59% at | month, 30% at 2 months, and 65% at 3 months. The most commonly
reported barriers were the cost of medications (76%), believing medications are harmful (58%), and lacking information
about medications (53%). Participants’ barrier scores improved each month and barrier improvement predicted adherence
assessed via nightly adherence assessment text messages (P < .001). Among participants who completed assessments each
month, barrier improvement in months 2 and 3 (P < .05) predicted HbA|c improvement.

Conclusions: Iterative, individual tailoring may overcome users’ barriers to adherence. Attrition is a challenge for mHealth

interventions among low-income patients.
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Nonadherence to diabetes medications is a problem,' espe-
cially among low-socioeconomic, racially diverse popula-
tions.>® Medication nonadherence has costly consequences,
including the human and economic burden of more diabetes-
related complications and a higher risk of premature mortal-
ity.* Mobile health (mHealth) interventions have the potential
to reach the hardest-to-reach and most vulnerable popula-
tions to support adherence and improve health outcomes™ at
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low cost.” Currently, 9 in 10 US adults use a mobile phone®
and more than 80% of mobile phone users text message.’
There are no disparities in using mobile phones for text mes-
saging and phone calls by race/ethnicity or socioeconomic
status (SES).”!° Furthermore, mHealth interventions using
text messaging and phone calls have been acceptable among
low-income and racially diverse samples in the United
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States, and some have recently improved glycemic control
among adults with diabetes.”'" However, few mHealth inter-
ventions have targeted diabetes medication adherence,
specifically.'" ™

Mobile technology provides opportunities to tailor an inter-
vention’s functionality (ie, timing and dose/frequency of mes-
sages and calls) and content to meet users’ needs and
preferences.'* Tailored text messages have been repeatedly
shown to be more engaging and more effective at changing
health behavior than nontailored messages.''>'® Tailoring
content to users’ barriers to adherence should be effective,'’
but doing so only once may not be adequate for long-term
improvements because (1) patient-reported barriers may change
over time (eg, financial factors,'® social and environmental
stressors,'” and regimen-specific challenges), and (2) interven-
tions may be successful in reducing existing barriers to adherence
and new barriers may arise. Tailoring throughout interventions
(ie, dynamic tailoring) is increasingly being used to sustain
patient engagement and improve intervention effectiveness, >’
but its value is rarely empirically examined.

Despite increased interest in and success of mHealth inter-
ventions to support diabetes self-management, little is known
about how mobile communications contribute to behavior
change and improvements in clinical outcomes.”' Identifying
whether interventions effectively improve the mechanisms
they target can inform future interventions® and ensure the
most effective elements are retained.”” Few mHealth inter-
ventions have evaluated effects on the psychological mecha-
nisms targeted by the content.** Therefore, we conducted a
3-month evaluation of the MEssaging for Diabetes (MED)
intervention, which identifies participants’ individual barriers
to medication adherence and dynamically tailors text mes-
sages each month to improve patients’ adherence and glyce-
mic control.”> Our objectives were to evaluate whether the
MED intervention reduced user-specific barriers to adherence
each month, and whether barrier reductions were associated
with improvements in adherence and glycemic control.

Methods

We recruited patients receiving care from a federally qualified
health center (FQHC) in Nashville, Tennessee from February
to September 2013. Trained research assistants (RAs) worked
with clinic staff and advertised the study on flyers in the clinic
waiting area to recruit eligible and interested participants.
Eligible patients were English-speaking adults (>18 years old)
diagnosed with and prescribed medications for type 2 diabetes
mellitus (T2DM) who owned a cell phone with text messaging
capability. Exclusion criteria included a diagnosis of dementia
and visual or auditory limitations because participants needed
to see text messages and hear automated calls. RAs took inter-
ested and eligible participants to a private clinic room to com-
plete informed consent and to verbally administer self-report
measures.”® RAs also completed medical chart reviews to col-
lect the number and type of prescribed medications. The

Vanderbilt University Institutional Review Board approved all
study procedures prior to enrollment.

Intervention

The MED intervention includes daily text messages and
weekly automated calls using interactive voice response
(IVR) technology. The MED intervention sends: (1) a unique,
daily, tailored text message addressing the user’s barriers to
adherence, (2) a daily text message at the user’s bedtime ask-
ing if he or she has taken all diabetes medicines that day
(requesting a yes/no response), and (3) a weekly IVR call.
The IVR call provides feedback on the user’s adherence the
previous week based on his or her responses to the daily
2-way text message, with encouragement and interactive
problem-solving prompts.>> We used the SuperEgo© mobile
communications platform® to integrate self-reported barriers
and preferences for timing of messages and IVR calls and to
aggregate responses to 2-way text messages and communi-
cate with Twilio©, which delivers corresponding text mes-
sage and IVR communications.

Participants were exposed to MED for 3 months.
Participants complete assessments with self-report measures
at baseline, and at 1, 2, and 3 months postbaseline. Seventeen
barriers to adherence are assessed and scores are standard-
ized and ranked. Each barrier is “tagged” to sets of text mes-
sages with tips and information to reduce the barrier, and
users get | text message per day addressing 1 of their 3 high-
est-ranked barriers over the course of 1 month.” Text mes-
sages are sent randomly without replacement so users do not
receive the same text message twice within the same month.*
At each assessment, all 17 barriers are reassessed and
reranked, so a user might have 3 new barriers targeted by
MED during the next month or 1 or more of the same barriers
targeted previously, depending on whether the same barriers
continued to rank highest for that user over time. If a user
does not complete a monthly assessment, text messages con-
tinue to target barriers identified the previous month. For
users who report less than 3 barriers, barriers are randomly
selected, so MED addresses 3 barriers to adherence at any
given time for all users.

Detailed descriptions of MED’s functionality, barriers,
and associated text messages have been published.”> Example
barriers and associated text messages included:

e Barriers to accessing medication: “If you have a hard
time getting to the pharmacy, you may be able to have
your medications mailed to your home. Check your
prescription plan.”

o Fear of side effects: “If you’re afraid of having a side
effect from your diabetes medications, talk with your
doctor about how to handle it, so you’re prepared.”

e Cost of medications: “If you are having trouble paying
for your diabetes medications, ask your doctor if there
are samples you can have in case of an emergency.”
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Measures

Demographic and diabetes characteristics were assessed
at baseline, including self-reported age, gender, race, ethnic-
ity, income, education, and insurance status. Diabetes char-
acteristics included self-reported diabetes duration and the
number and type of medications collected via medical chart
review.

Barriers to medication adherence were assessed at
baseline and monthly for 3 months with validated scales: the
Diabetes Medication Knowledge Questionnaire (DMKQ),*®
the Medicines for Diabetes Questionnaire (MDQ),” the
Barriers to Diabetes Adherence measure,’”’ and the
Medication Adherence Self-Efficacy Scale (MASES).”
Barriers were tagged to 1 or more items on the respective
scales. For instance, the barrier Lack of information about
medication was tagged to the DMKQ (all items), and the bar-
rier Believing medications are harmful was tagged to 2 items
on the MDQ assessing the degree to which respondents
agreed with the statements, “If I were to take diabetes
medication(s) regularly ... it would cause me unpleasant side
effects, such as feeling sick or boated” and ... it would lead
to my gaining weight.” Responses were standardized (range
0-20), so each participant’s barriers could be ranked and the
3 highest scored barriers could be identified.”

Medication adherence was assessed with (1) the
Summary of Diabetes Self-Care Activities (SDSCA) medi-
cations subscale™ at baseline and each follow-up assessment
and (2) responses to daily 2-way text messages assessing
adherence. The SDSCA uses 2 items to assess participants’
adherence to diabetes medications in the past 7 days. We
asked both items for each prescribed diabetes medication,
separately (eg, “On how many of the last 7 days did you take
your Glumetza®?”’) and then averaged items across all medi-
cations for an average adherence score ranging from 0-7,
with higher scores indicating better adherence. This method
of SDSCA administration has been previously validated.™
We also examined adherence using participants’ responses to
the daily 2-way text message. We calculated percentage
adherence as a function of the number of “yes” responses
over the total number of daily 2-way adherence texts sent
during the intervention for each user. This assessment method
is relatively new and its validity and reliability is being
explored in diabetes and in other contexts.’**

Glycemic control (HbAlc) was assessed at baseline and
3 months. A clinic phlebotomist performed a blood draw
HbAlc test approved by the National Glycohemoglobin
Standardization Program.

Statistical Analyses

All analyses were conducted with Stata v13. We used
descriptive statistics to characterize the sample, and identify
the sample’s most common barriers to adherence. We used
Mann-Whitney U tests and Fisher’s exact tests to compare

assessment completers with noncompleters on demograph-
ics, clinical characteristics, and baseline medication adher-
ence and glycemic control.

Paired (within-participant) ¢-tests assessed whether the
barriers addressed by MED content each month were
reduced, and included all participants who completed an
assessment at the starting time and a follow-up assessment
with the next 2 months. We used paired ¢-tests for each month
separately instead of longitudinal analyses (which examine
change in a single score over multiple time points) because
the barriers targeted by the intervention changed each month
for each user in response to assessments.

Next, a series of regression models assessed whether
within-participant changes in barriers scores predicted
within-participant change in adherence and HbAlc. Models
were unadjusted because each participant was his or her
own control. All models used clustered standard errors to
account for shared within-participant variance (ie, barriers
grouped within participants). The coefficients are inter-
preted the same as ordinary least squares regression non-
standardized coefficients, but the standard errors take into
account that the observations are not independent.
Standardized coefficients are nonsensical because standard
errors vary across participants.

For medication adherence, we regressed SDSCA-reported
adherence and, separately, responses to 2-way text messages
assessing adherence onto changes in barrier scores. For the
SDSCA analyses, we adjusted for baseline SDSCA scores
and ran separate models in which barrier changes each month
predicted change in the SDSCA score for that month. For the
text message reporting, we examined whether change in bar-
rier scores each month predicted adherence reported via text
messages during MED exposure (ie, number of “yes”
responses/number of 2-way texts sent).

For HbAlc, regression models assessed whether within-
person change in barriers scores led to within-person change
in HbAlc. These models were first unadjusted and then
adjusted for baseline HbAlc. The first included all available
data, regressing change in HbA I¢ from baseline to follow-up
onto change in barrier scores (ie, number of barriers varied
depending on the number of follow-up assessments each par-
ticipant completed). This model was unable to isolate the
effects of barrier reductions by month of MED exposure due
to missed follow-up assessments. The second could isolate
these effects, but only included data from 18 participants who
completed all assessments. In this analysis, pre to post change
in HbA 1c was regressed onto change in each barrier score for
all 3 months of MED exposure (ie, 9 values per participant—3
per month for 3 months). This model was able to isolate the
effects of barrier reductions by month of MED exposure.

Results

Participant characteristics are shown in Table 1. Participants
were 80 adults (50.1 £ 10.5 years old), 68% were female and
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Table I. Participant Characteristics.

N =80 M+ SD or n (%)

Demographics

Age, years 50.0 £ 10.5
Gender (female) 54 (68)
Race (white/Caucasian) 25 (31)
Black/African American 50 (63)
Other 5 (6)
Hispanic/Latino(a) 6 (7)
Education, years 129 +2.3
Income (< $10K) 29 (36)
$10K-$25K 37 (46)
>$25K 25 (18)
Private insurance 14 (18)
Public 38 (47)
Uninsured 28 (35)
Clinical characteristics
Diabetes duration, years 9.6 £ 64
Diabetes medications, # 1.9+£038
| 26 (32)
2 34 (43)
3 20 (25)
Prescribed insulin 51 (64)
Medication adherence
SDSCA: Days adherent in past 6.1 £1.2

weelk® at baseline
Responses to daily 2-way text
messageb
Glycemic control, HbAlc at
baseline®

85.8 + 20.5%

83 £2.0%

*Assessed with the Summary of Diabetes Self-Care Activities medications
subscale administered separately for each prescribed diabetes medication
and then averaged across medications.

®Number of “yes” responses / total number of 2-way text messages sent
during MED exposure. Two-way text messages were sent each night

at each participant’s bedtime and asked if he or she took all his or her
diabetes medications for that day.

“One outlier was excluded from summary statistics and analyses for
HbA I c. This participant had a baseline HbA I c value of 6.3% and a follow-
up value of |1.4%, representing a change in HbAlc of 5.1%.

69% were non-white. Most (82%) had an annual income
<$25,000 (USD) and 35% were uninsured. Forty-three per-
cent of participants were prescribed 2 diabetes medications
(range 1-3) and 64% were prescribed insulin. Figure 1 depicts
the number of participants who received intervention content
addressing each barrier for at least 1 month during the
3-month MED trial. The most frequently reported (and there-
fore most commonly addressed) barriers were cost of medica-
tions (76% of participants), believing medications are harmful
(58%), and lack of information about medication (53%).
According to the SDSCA, out of the past 7 days, the sample
was adherent for an average of 6.13 + 1.22 days at baseline,
6.48 £ 1.36 days at 1 month, 6.82 + 0.43 days at 2 months,
and 6.18 + 1.35 days at 3 months. Adherence according to
the daily 2-way text message responses was 85.8% = 20.5%

(IQR 84.7-97.3%) over the 3-month MED trial. The average
baseline HbAlc was 8.3 + 2.0%; and the average change in
HbAlc was —0.05 £+ 1.04% (range —3.1 to 2.6%).
Participants were invited to complete each assessment,
regardless of whether they missed a prior one. Assessment
completion rates were 100% at baseline, 59% at 1 month,
30% at 2 months, and 65% at 3 months. For each follow-up
assessment, we compared completers with noncompleters on
all variables in Table 1. We found no systematic differences:
relative to noncompleters, more female, white, and adherent
(all P=.03) participants completed the 1-month assessment;
there were no differences between completers and noncom-
pleters of the 2-month assessment; and more educated par-
ticipants (P = .04) completed the 3-month assessment.
Figure 2 shows the average within-participant change (A,
delta) in the standardized barrier scores MED addressed for
each participant, depicted separately each month of the inter-
vention. The within-participant reduction was significant for
at least 2 of the 3 barriers addressed each month, with largest
reductions in the first month (Figure 2). Within-participant
barrier reductions were not associated with within-partici-
pant SDSCA changes overtime. However, within-participant
barrier reductions by month predicted higher adherence
assessed via text message responses (ie, regression coeffi-
cients at month 1 = —0.06; month 2 = —0.05; month 3 =
—0.08, all P <.001). Among all participants, barrier reduc-
tions were not associated with HbAlc improvement.
However, among the 18 participants who completed all
assessments, barrier reductions in months 2 and 3 were asso-
ciated with 3-month improvement in HbA1c (Table 2).

Discussion

MEssaging for Diabetes (MED) delivers daily text messages
addressing user’s individually identified barriers to diabetes
medication adherence. In this diverse, low-income sample
the most common barriers were the cost of medications,
believing medications are harmful, and lack of information
about medication. MED retailored text message content to
each participant’s barriers each month they completed an
assessment—continuing to address barriers that remained a
problem and/or identifying new barriers. Participants experi-
enced reductions in barriers addressed each month of the
intervention. Furthermore, barrier reductions each month of
MED exposure predicted greater adherence assessed via par-
ticipants’ responses to daily text messages. Barrier reduc-
tions were not associated with glycemic control improvement
in the full sample, but were associated with glycemic control
improvement among participants who completed all
assessments.

We found barrier reductions tapered throughout the inter-
vention, with the largest effects in the first month and the
weakest effects in the third month. There are several poten-
tial explanations for this. First, the novelty of MED may
have worn off and participants quit reading and/or thinking
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Cost of medications
Believing medications are harmful
Lack of information about medication
Fear of side effects
Barriers to accessing medications
Believing medications are not important
Experiencing side effects
Feeling stigmatized
Tired of taking medication or burn out
Lack of motivation to take medication
Fear of dependence
Forgetfulness [N 9 (11%)
7 (9%)
5 (6%)
N s (6%)
M 2 (3%)
M 2 (3%)

Decision to omit doses

Complexity of regimen

Lack of diabetes symptoms
Lack of social support for adherence

Lack of belief in the benefits of medication

T 61(76%)
I 46 (58%)
I 42 (53%)
I 39 (49%)
I 22 (28%)

— 18 (23%)

N 17 (21%)

I 16 (20%)

14 (18%)

[ 13 (16%)

11 (14%)

Figure 1. Barriers to diabetes medication adherence assessed and the number of participants (out of 80) who received text messages

targeting the barrier at any point during MEssaging for Diabetes.

about the text messages due to alert fatigue or repetitiveness
of the messages (message content was repeated if targeted
barriers did not change). Second, MED may have addressed
the most salient barriers for participants at the beginning of
the study. Figure 2 shows empirical support for this hypoth-
esis; barriers with higher initial scores (ie, more potential for
reduction) were addressed in the first 2 months. Third, we
had less power to detect change in participants’ barrier scores
in later months due to fewer participants completing follow-
up assessments.

Our measures of adherence have limitations. Barrier
reductions did not predict improvement in participant-
reported adherence on the SDSCA, but did predict rate of yes
responses to daily 2-way text messages. The SDSCA assesses
adherence during the past 7 days only, and the average base-
line adherence in our sample was more than 6 days per week,
leaving little room for improvement. Others have noted the
SDSCA'’s lack of sensitivity, limited variability, and ceiling
effects.’® Adherence via daily 2-way texts messages also has
limitations. There is no baseline level using this measure,
and this text message was an intervention component in
itself—many participants said they used the message as a
reminder to take their evening doses—so responses may
have little to do with those text messages addressing
barriers.

Engagement is an important concern in behavioral inter-
ventions, especially for patients with low SES.*® Participants
who completed monthly assessments did not differ systemati-
cally from those who did not on demographic characteristics,

adherence or HbAlc. Thus, MED was successful in retaining
the most at-risk participants (ie, those with the lowest
incomes, no insurance, less adherence, and high HbAlc).
However, getting participants to complete follow-up assess-
ments was still a problem. Nonparticipation in follow-up
assessments led to a more static user experience, which may
have, in turn, led to further nonparticipation. When MED
content was redundant due to nonparticipation, it may have
addressed already-overcome barriers, potentially making
users less interested in MED and/or less interested in com-
pleting additional assessments. This may have reduced
MED’s efficacy as well. Barrier reductions were associated
with improvements in HbAlc only among participants who
completed all follow-up assessments and thus had the content
dynamically tailored each month.

Conclusions

Understanding the pathways by which mHealth interven-
tions affect behavior change and clinical outcomes is critical
to improving their reach and impact.”’ To advance the field
of mHealth and inform behavior change efforts, studies
should assess the degree to which interventions effectively
change the targeted mechanisms, and whether changes in
those targeted mechanism drive changes in behavioral and
clinical outcomes.” Our as-treated analyses allowed for
examining the intervention as intended, and provides a more
mechanistic understanding of how this type of intervention
may impact behaviors and clinic outcomes (or not). Although
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Figure 2. Changes in standardized scores for the top 3 barriers
to diabetes medication adherence addressed by the intervention
each month. Paired (within-participant) t-tests assessed changes in
barrier scores for the 3 barriers addressed during each month of
the intervention, and included all participants who completed an
assessment at the starting time and a follow-up assessment with
the next 2 months (eg, change from baseline to month | included
participants who completed a follow-up assessment at month |
or month 2, and so on). Higher scores indicated a barrier was
more of a problem. A indicates the average within-participant
change in standardized barrier scores (possible standardized
scores range 0-20); standard error bars indicate standard errors
of within-participant differences. *P < .05. **P < .0|. **P < .001.

Table 2. Do Changes (A) in Barrier Scores During Each Month
of the Intervention Predict Change in HbAlc From Baseline

to 3-Month Follow-Up Assessment Among Participants Who
Completed Each Assessment (n = 18)?

Model | Model 2
A in barrier scores Model | adjusted for
each month baseline HbAlc
Outcome: A in
HbAIc Coeff Robust SE? Coeff  Robust SE?
Month | Ain 018 019 .037 .020
barrier scores
Month 2 Ain .068%* .022 .08 #* .024
barrier scores
Month 3 A in .048* 022 .048" .025
barrier scores
Baseline HbAlc — — .049 .038

*Robust standard errors allow for intragroup correlation (ie, 3 barriers
for each participant, each month) using Stata option cluster. Among the
18 participants who completed all assessments, the average change in
HbAlc was -0.22 + 1.28%.

Boldface indicates statistical significance. /P < .07. *P < .05. **P < .01.

it is not possible to disentangle which elements of MED pro-
duced changes, by evaluating whether the barriers targeted
by MED changed over time, we can begin to understand
whether and how text messages can effectively address
patients’ barriers to adherence. We do not yet know what
types of barriers text messaging can address, and this study
contributes to that pursuit as well. The most common barrier
for MED participants, cost of medications, is often consid-
ered unchangeable by psychoeducational interventions.
However, we found participants receiving text messages
reported reductions in this barrier, indicating such barriers
may be addressable with a low-touch mHealth intervention.
Finally, our findings add to a literature suggesting mHealth
interventions that dynamically tailor intervention content to
users’ changing needs are most effective for supporting dia-
betes self-management and improving clinical outcomes.*
However, dynamically tailored mHealth interventions must
find ways to keep participants engaged to maximize long-
term efficacy.
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