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Abstract
Background: Nonadherence to self-care is common among patients with type 2 diabetes (T2D) and often leads to severe
complications. Moreover, patients with T2D who have low socioeconomic status and are racial/ethnic minorities disproportionately
experience barriers to adherence and poor outcomes. Basic phone technology (text messages and phone calls) provides a practical
medium for delivering content to address patients’ barriers to adherence; however, trials are needed to explore long-term and
sustainable effects of mobile phone interventions among diverse patients.
Objective: The aim of this study is to evaluate the effects of mobile phone–based diabetes support interventions on self-care
and hemoglobin A1c (HbA1c) among adults with T2D using a 3-arm, 15-month randomized controlled trial with a Type 1 hybrid
effectiveness-implementation approach. The intervention arms are (1) Rapid Encouragement/Education And Communications
for Health (REACH) and (2) REACH + Family-focused Add-on for Motivating Self-care (FAMS).
Methods: We recruited primary care patients with T2D (N=512) from Federally Qualified Health Centers and an academic
medical center, prioritizing recruitment of publicly insured and minority patients from the latter. Eligible patients were prescribed
daily diabetes medication and owned a cell phone with text messaging capability. We excluded patients whose most recent HbA1c
result within 12 months was <6.8% to support detection of intervention effects on HbA1c. Participants were randomly assigned
to REACH only, REACH + FAMS, or the control condition. REACH provides text messages tailored to address patient-specific
barriers to medication adherence based on the Information-Motivation-Behavioral skills model, whereas FAMS provides monthly
phone coaching with related text message content focused on family and friend barriers to diet and exercise adherence. We collect
HbA1c and self-reported survey data at baseline and at 3, 6, and 12 months, and again at 15 months to assess sustained changes.
We will use generalized estimating equation models to test the effects of REACH (either intervention arm) on HbA1c relative to
the control group, the potential additive effects of FAMS, and effects of either intervention on adherence to self-care behaviors
and diabetes self-efficacy.
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Results: The trial is ongoing; recruitment closed December 2017. We plan to perform analyses on 6-month outcomes for FAMS
in July 2018, and project to have 15-month data for REACH analyses in April 2019.
Conclusions: Our study will be one of the first to evaluate a long-term, theory-based text messaging intervention to promote
self-care adherence among racially/ethnically and socioeconomically diverse adults with T2D. Moreover, our study will assess
the feasibility of a family-focused intervention delivered via mobile phones and compare the effects of text messaging alone
versus text messaging plus phone coaching. Findings will advance our understanding of how interventions delivered by phone
can benefit diverse patients with chronic conditions.
Trial Registration: ClinicalTrials.gov NCT02409329; https://clinicaltrials.gov/ct2/show/NCT02409329 (Archived by WebCite
at http://www.webcitation.org/6yHkg9SSl); NCT02481596; https://clinicaltrials.gov/ct2/show/NCT02481596 (Archived by
WebCite at http://www.webcitation.org/6yHkj9XD4)
(JMIR Res Protoc 2018;7(4):e92) doi: 10.2196/resprot.9443
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Introduction
Background
The prevalence of diabetes is rapidly rising at both a global [1]
and national level [2]. Individuals with diabetes are at a higher
risk of heart disease, stroke, kidney disease, and premature
mortality [1,3-5]. Type 2 diabetes (T2D) can be managed and
its complications avoided by engaging in self-care, including
healthy diet, exercise, self-monitoring of blood glucose (SMBG),
and taking medications as prescribed [6]. However, multiple
barriers impede self-care adherence for patients with T2D [7-10].
Racial/ethnic minorities and people with low socioeconomic
status (SES) tend to experience more barriers to diabetes
self-care [11,12] and, in turn, have worse self-care adherence
[13,14], more complications [13,15], and worse glycemic control
(ie, hemoglobin A1c [HbA1c]) [16,17].
Basic mobile phone technology (text messaging and phone
calls) presents viable opportunities to reach and support adults
with T2D to improve self-care adherence and HbA1c [18-20].
The vast majority of American adults (95%) own cell phones
[21]; however, non-whites and those with less education and
income are less likely to own a smartphone [21]. Text messaging
and phone calls do not require a smartphone, and text messaging
is the most common cell phone activity among all mobile phone
users [22]. This ubiquity suggests potential to reach patients
with low SES and racially/ethnically diverse patients [23,24].
Moreover, text messages can deliver tailored content and address
modifiable barriers to diabetes self-care.
Involving human support as part of a diabetes mobile phone
intervention may enhance efficacy [25,26] and improve
participant engagement [27], particularly among disadvantaged
or vulnerable patients [28]. In a recent 6-month randomized
controlled trial (RCT), participants were assigned to receive
health coaching along with access to a diabetes support app or
only health coaching [29]. Although both groups had improved
HbA1c levels, the coaching group showed accelerated
improvements [29]. A handful of other health promotion
interventions in general populations have compared text
messaging alone against text messaging plus human counselors,
but the samples in these interventions have been small and
therefore more research is needed [30].
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In summary, adherence to diabetes self-care remains a prevalent
problem and sustainable real-world solutions for diverse patients
are needed [31]. Automated text messaging interventions can
be resource- and cost-effective and have improved adherence
and HbA1c among underserved groups up to 6 months [32-34];
however, few have been evaluated in long-term trials with
diverse samples [35]. Furthermore, none to our knowledge have
assessed sustainability of effects after text messaging ends.
Finally, it remains unclear whether a human coach or educator
in concert with automated text messaging would be more
effective for improving diabetes outcomes than text messaging
alone.

Objective
In response to these gaps in knowledge, we are conducting a
3-arm RCT to evaluate the effects of mobile phone–based
diabetes self-care support interventions on self-care adherence
and HbA1c among adults with T2D who are diverse with respect
to SES and race or ethnicity. The trial consists of 2 intervention
arms and a control group. Intervention arms are (1) Rapid
Encouragement/Education And Communications for Health
(REACH) and (2) REACH + Family-focused Add-on for
Motivating Self-care (FAMS). Both interventions were
previously developed and tested for usability among
racially/ethnically diverse and predominantly low-SES samples
recruited from Federally Qualified Health Centers (FQHCs)
[36,37]. REACH provides text messages tailored to address
patient-specific barriers to medication adherence based on the
Information-Motivation-Behavioral skills (IMB) model [38,39],
whereas FAMS provides monthly phone coaching with related
text message content focused on family and friend barriers to
diet and exercise adherence [37].
The study is designed to evaluate the effects of REACH (either
intervention arm) on HbA1c relative to the control group, while
assessing the additive effects of FAMS and effects of either
intervention on adherence to self-care behaviors and diabetes
self-efficacy. We will also explore the effects of each
intervention arm on the psychosocial mechanisms targeted by
each intervention and effect modification by race/ethnicity and
SES.

JMIR Res Protoc 2018 | vol. 7 | iss. 4 | e92 | p. 2
(page number not for citation purposes)

JMIR RESEARCH PROTOCOLS

Nelson et al

Methods

arm receive intervention exposure for 12 months; sustained
changes are assessed with a 15-month follow-up.

Study Design

Recruitment and Eligibility

We are conducting a 15-month, 3-arm RCT with 2 treatment
arms and 1 control arm. We are using an
effectiveness-implementation hybrid design to evaluate the
effectiveness of the interventions while planning for and
collecting information about implementation potential (Type 1
approach) [40]. This paper focuses primarily on the protocol
for evaluating effectiveness, but REACH was designed to be
sustainable [36], and our community-based research methods
lay the groundwork to explore barriers and facilitators to
implementation in FQHCs (briefly described in the Discussion
section). For the trial, interested and eligible patients with T2D
were recruited from primary care clinics. We designed our
recruitment approach to overrepresent racial/ethnic minorities
and patients with low SES. Participants in each arm complete
study measures at baseline and 3, 6, 12, and 15 months post
baseline (Figure 1, top panel). Participants in either intervention

We recruited participants across clinic sites in and around
Nashville, Tennessee, including 13 FQHC locations and 3
Vanderbilt University Medical Center primary care locations.
Recruitment strategies included the use of flyers, interest cards,
referrals from clinic staff, mailing opt-in or opt-out letters
(depending on clinic preference) to patients identified through
the electronic health record (EHR) with follow-up calls, and
in-person contact with patients in clinic waiting rooms or at
clinic and community events. We oversampled patients who
are racial/ethnic minorities and those who have low SES in
several ways. First, our goal was to recruit at least 200
participants from FQHCs which serve uninsured or underinsured
patients.
Second, when recruiting from Vanderbilt clinics, we prioritized
the recruitment of patients with public health insurance (eg,
TennCare [Medicaid], Medicare) only and/or who were
racial/ethnic minorities.

Figure 1. Top panel: Rapid Encouragement/Education And Communications for Health (REACH) randomized controlled trial design. Participants are
randomized to REACH + Family-focused Add-on for Motivating Self-care (FAMS), REACH only, or the control condition. Bottom panel: Components
received by each condition. Components are cumulative (eg, all participants receive control components). HbA1c: hemoglobin A1c.
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Eligible participants were at least 18 years of age, had a
diagnosis of T2D (both self-reported and confirmed either in
the EHR or by a provider), were currently prescribed a daily
diabetes medication (oral, insulin, and/or noninsulin injectables)
and responsible for taking their diabetes medications (ie, without
assistance from a caregiver), owned a cell phone with text
messaging capability, received care at one of the participating
clinics, and could speak and read in English. We excluded
participants whose most recent HbA1c value within 12 months
was <6.8% to ensure room to lower HbA1c and detect
intervention effects (ie, avoid floor effects). In addition, because
participants assigned to FAMS receive phone coaching, we
excluded patients who had auditory limitations or an inability
to orally communicate, as determined by trained research
assistants (RAs). Patients who failed a brief cognitive screener
[41] were excluded to help ensure accuracy of the measures and
data integrity.
Finally, because all participants receive and are asked to interact
using text messages, we excluded patients who were unable to
receive, read or send text messages after demonstration by an
RA (some participants with visual limitations were able to text
and were therefore enrolled). We did not exclude participants
based on comorbidities.

Data and Procedures
RAs met with interested patients in a private room at their
respective clinics to verify eligibility, administer informed
consent, and administer survey instruments. Most baseline
surveys were administered aloud during the in-person meeting
with the RA in a private room at the clinic. Less frequently, we
consented patients over the phone and then mailed a copy of
the consent and survey or emailed a link to sign the consent
form and complete the survey via the Web (based on participant
preference).
Participants have options on how to complete follow-up surveys,
although we encourage in-person appointments in general,
particularly for participants who may have trouble completing
study materials independently due to limited health literacy or
visual acuity difficulties. Survey completion can occur in one
of 4 ways: (1) in-person with an RA at the participant’s clinic,
(2) independently using paper surveys, (3) independently using
online surveys, or (4) by phone with an RA. For in-person
appointments, we aim to schedule the study appointment on the
same day as the patient’s clinic appointment to make
participation more convenient, and we try to align future clinic
HbA1c tests with follow-up study appointments.
Unless participants have had an HbA1c test within the past 3
weeks or one is scheduled for the day of a study appointment,
we either request that their provider order a lab-drawn HbA1c
test or ask participants to complete a mail-in HbA1c test kit
[42,43], depending on clinic preference. Mail-in kits contain
all the necessary supplies to collect a sample of blood using a
finger stick onto specialty paper (General Electric Health care)
which is then mailed to the laboratory for dried blood spot
analysis. Each kit is deidentified and linked to a unique barcode
ID label. CoreMedica Laboratories (Lees Summit, Missouri),
a specialty reference laboratory accredited by the College of
http://www.researchprotocols.org/2018/4/e92/
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American Pathologists, provides kits, analyzes the samples, and
sends us the results.
RAs enter participants’ responses to survey questions into
Research Electronic Data Capture (REDCap; Nashville, TN),
a secure, Web-based application developed at Vanderbilt and
designed to support data capture for multisite studies [44]. RAs
access patient participants’ EHRs or clinics send us EHR data
for enrolled participants, depending on clinic preference. EHR
data are used to confirm and collect the type and quantity of
prescribed diabetes medication and to collect results of
clinic-administered HbA1c tests. Participants’ relevant survey
responses, HbA1c results, and EHR data are transferred from
REDCap to a digital health platform called MEMOTEXT
(Bethesda, MD), via an application programming interface.
MEMOTEXT uses participant information to schedule text
message delivery and to tailor and send text messages to
participants. Survey procedures, HbA1c test procedures, and
EHR reviews are repeated at each assessment (3, 6, 12, and 15
months), and text message content tailoring is updated by
MEMOTEXT to reflect most current data. Additionally, we
conduct EHR reviews to collect participants’ HbA1c results at
9 months if a result is available.

Measures
The same study measures are administered to all participants,
regardless of condition. The schedule of measures is shown in
Table 1. In the section below we focus on those measures central
to the analyses outlined in this paper.

Outcomes
The primary outcome is HbA1c. Secondary outcomes include
adherence to diabetes medication, self-care (diet, exercise, and
SMBG), and diabetes self-efficacy. We assess diabetes
medication adherence with 2 validated self-report measures:
(1) the Adherence to Refills and Medications Scale for Diabetes
(ARMS-D) [45] and (2) the Summary of Diabetes Self-Care
Activities medications subscale (SDSCA-MS) [46]. We ask the
SDSCA-MS questions for each prescribed medication,
separately, and average responses across medications [45]. The
SDSCA-MS is a commonly used and widely accepted measure
of diabetes medication adherence [57] which asks about number
of days adherent, whereas the ARMS-D is a more sensitive
measure that asks about perceived frequency of nonadherence,
and is a stronger predictor of HbA1c [45]. Currently, there is
not an ideal self-report measure of medication adherence. All
available measures have limitations, so using multiple
medication adherence measures is recommended [58,59].
Healthy diet is assessed with 2 subscales from the Personal
Diabetes Questionnaire that assess Problem Eating Behavior
and Use of Information for Diet Decision Making [47]. Exercise
is assessed with the short form of the International Physical
Activity Questionnaire [48,49], which provides information on
the time spent walking, in vigorous and moderate intensity
activities, and in sedentary activities. SMBG is assessed using
the SDSCA blood glucose testing subscale [46]. Finally,
self-efficacy is assessed with the Perceived Diabetes
Self-Management Scale [50].
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Table 1. Study measures across time points.
Construct

Description, example, scale

Baseline

Follow-ups (months after baseline)
3

6

12

15

Primary outcome
Result from lab-drawn clinic test or mail-in test kit

X

X

X

X

Xa

Medication adherence

Adherence to Refills and Medications Scale for Diabetes [45];
Summary of Diabetes Self-Care Activities medications subscale
(SDSCA-MS) [46]

X

X

X

X

X

Diet adherence

Personal Diabetes Questionnaire subscales for Problem Eating
Behavior and Use of Information for Diet Decision Making [47]

X

X

X

X

X

Exercise adherence

International Physical Activity Questionnaire–short form [48,49]

X

X

X

X

X

Self-monitoring of blood
SDSCA–SMBG subscale [46]
glucose (SMBG) adherence

X

X

X

X

X

Diabetes self-efficacy

X

X

X

X

Barriers to diabetes medica- Information, motivation, and behavioral skills-based barriers to
medication adherence [36]
tion adherence

X

X

X

X

Family behaviors

Frequency of family or friends’ helpful and harmful behaviors
over the past month

X

X

X

X

Race and ethnicity

White, African American, Asian, American Indian or Alaskan
Native, Native Hawaiian or Pacific Islander, and/or other race;
Hispanic or Latino or not Hispanic or Latino

X

Education

Years of school completed

X

Income

Total household income in 1 year

X

Insurance status

Uninsured, private, or public

X

Other sociodemographics

Gender, age, marital status, living situation

X

Diabetes characteristics

Insulin status, number of prescribed diabetes medications

X

Mobile phone use

Use of smartphones and health apps, frequency of text messaging, X
and frequency of not being able to text and/or call because of
reaching monthly limits

Depression

Patient Health Questionnaire–8 [51]

X

Health literacy

Brief Health Literacy Screen [52]

X

Numeracy

Subjective Numeracy Scale [53]

X

Sociological stressors

Tool for Assessing Patients’ Stressors [54]

X

Trait self-control

Brief Self-Control Scale (8-item subset) [55]

X

Diabetes duration

Length of time diagnosed with type 2 diabetes

X

Hemoglobin A1c
Secondary outcomes

Perceived Diabetes Self-Management Scale [50]

Mediators

Moderators

X

Other measures

Emergency room (ER) visits Number of times in ER and hospitalizations in the last year
and Hospitalizations

X

X

X
X

X

X

X

X
X

X

X

Smoking status

Behavioral Risk Factor Surveillance System items on tobacco use X
[56]

X

X

X

Alcohol consumption

Frequency of having a drink containing alcohol

X

X

X

X

X

a

We will also review medical charts at 9 months to collect HbA1c values for those participants who have this data available since there is no planned
follow-up assessment at this time point.
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Mediators and Moderators
We also evaluate hypothesized mediators targeted by each of
the interventions and moderators of intervention effects. REACH
seeks to improve medication adherence via reductions in
personalized information, motivation, and behavioral skills
barriers identified by study assessments. We measure
participants’ information, motivation, and behavioral
skills-based barriers to adherence with an assessment developed
for this trial, which maps barriers to diabetes medication
adherence onto the IMB model constructs [36]. There are 31
barriers plus 5 insulin-specific barriers for participants who
were prescribed insulin. To complete the measure, participants
first indicate whether each barrier either “Sometimes” or
“Never” applies to them. Next, for the barriers rated as
“Sometimes,” participants rate the degree to which the barrier
applies to them from 1=“a little” to 10=“a lot.” The purpose of
this measure is (1) to identify REACH participants’ barriers to
diabetes medication adherence so text message content can be
tailored to their 4 highest rated barriers and (2) to ascertain
whether the REACH intervention reduced participants’ barrier
scores (relative to the control group) and whether changes in
these barriers drove changes in diabetes medication adherence
or HbA1c.
FAMS targets diabetes-specific helpful and harmful behaviors
from family and friends. To measure these behaviors, we use a
measure developed for this trial which assesses the frequency
with which participants’ family or friends performed helpful
and harmful behaviors over the past month. Example items are
“How often do your family members… exercise with you or
ask you to exercise with them?” (helpful item) or “…argue with
you about your food choices or your health?” (harmful item),
with response options on a scale from 1=“never in the past
month” to 5=“twice or more each week.” Helpful and harmful
items are averaged separately to produce 2 scores ranging from
1 to 5 with higher scores indicating more helpful or harmful
family involvement in the patients’ diabetes self-care,
respectively.
Finally, we plan to explore differential intervention effects based
on participants’ race/ethnicity and SES (ie, income, insurance
type, and education). As described above, racial/ethnic
minorities and persons with low SES who have T2D tend to
have worse self-care adherence and HbA1c [13,14,16,17];
therefore, we anticipate these participants will experience more
benefit from the intervention compared with participants who
are white or have high SES. Each of these variables will be
assessed with self-report at baseline.

Randomization
During enrollment, RAs explain to participants that all study
participants receive a mobile phone–based program with
different types and frequencies of text messages and phone calls.
RAs also tell participants that a member of the research team
will call them in a few days to explain more about what to expect
based on their assigned condition. After enrollment, participants
are randomized to one of the 3 arms using optimal multivariate
matching to ensure better balance in the primary outcome and
important covariates across arms [60]. The variables we use to
http://www.researchprotocols.org/2018/4/e92/
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match participants include baseline HbA1c, insulin status, race,
age, duration of diabetes, gender, income, and education. We
give diabetes duration (rank value to correct for skew) and
HbA1c greater weight [61]. Twice as many participants are
assigned to the control condition (n=250) as those assigned to
REACH only (n=125) or REACH + FAMS (n=125). To
accommodate this 2:1:1 design, patients are matched and then
randomized to control or REACH and those randomized to
REACH are matched and randomized to REACH only or
REACH + FAMS. This helps ensure covariate balance among
all 3 arms. For those assigned to REACH + FAMS, the FAMS
intervention components last for the first 6 months only. All
participants in the intervention arms receive REACH only for
the latter 6 months of the exposure period (Figure 1, top panel).
Within a week of enrollment, participants are randomized, and
a member of the research team calls each participant to explain
what to expect from the mobile phone program to which they
are assigned and obtain any information needed specifically for
their assigned condition (eg, preferred times to receive daily
text messages if assigned to either intervention arm). If we are
unable to reach participants for this condition explanation within
3 weeks, they are administratively withdrawn; we still include
these participants’ baseline data in our analyses but discontinue
attempts to contact them. This run-in period ensures that the
initiation of the study experience aligns with baseline data and
identifies individuals who may be difficult to contact and
therefore not good candidates for the 15-month trial. During
the condition explanation we reiterate and assess participants’
understanding of the intervention components available to them,
based on their condition. We do not use the terms “intervention”
or “control” to explain the assigned conditions. Each condition
is described briefly below and in Figure 1, bottom panel; the
intervention components are described in more detail in the
respective development papers for REACH [36] and FAMS
[37].

Control
Participants assigned to the control condition maintain care as
usual (ie, medication treatment and physician monitoring) but
also receive a welcome text message following enrollment, as
well as a text message advising how to access their study HbA1c
test result following enrollment and each completed follow-up.
Control participants also receive access to the REACH Helpline
(for questions related to the study and diabetes medications)
and receive quarterly newsletters with information on healthy
living with diabetes. Providing support and resources to the
control group was important for our partnerships with clinics
and an ethical decision because of our goal to oversample
patients who were at risk (eg, high HbA1c and patients with low
SES). We provided these same resources to participants in all
arms.

REACH Only
Participants assigned to REACH only receive all the components
that control participants receive, plus the REACH text messages.
REACH messages include daily messages promoting self-care,
including tailored messages to address user-specific barriers to
medication adherence based on responses to the IMB barrier
JMIR Res Protoc 2018 | vol. 7 | iss. 4 | e92 | p. 6
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assessment, nontailored text messages addressing other self-care
behaviors, daily messages asking about the participant’s
medication adherence for the day, and weekly feedback
messages on his or her adherence. After 6 months, participants
have the option to receive fewer text messages for the remaining
6 months of the intervention (ie, the “low-dose” option). The
ideal frequency or dose of text messages for improving outcomes
in an intervention is unclear [62]; we included the low-dose
option to sustain engagement among participants who may
prefer fewer-than-daily text messages. In a recent meta-analysis,
there was no difference in chronic disease medication adherence
between interventions using daily text messages and those using
less frequent messaging [20]. Other evidence suggests that
decreasing the frequency of texts over time or allowing users
to choose their desired frequency is more efficacious than
applying predetermined fixed or varying frequencies [30].
REACH participants who choose the low-dose option receive
3 or 4 self-care promotion messages each week and 1 message
asking about medication adherence each week followed by
feedback on their adherence.

REACH + FAMS
Participants assigned to REACH + FAMS receive all the
components delivered to the aforementioned conditions, plus
additional intervention components for the first 6 months. FAMS
components include monthly phone coaching with counselors
or health coaches (established or in-training; ie, persons with
experience using basic helping skills who have also been trained
in the FAMS protocols). During coaching, participants set
healthy diet and exercise goals, and work with coaches to
improve their ability to manage family or friends' actions that
might support or interfere with the goal. Text messages tailored
to the goal set during coaching replace the nontailored diet and
exercise messages in REACH. FAMS participants can adjust
the goal or set a new goal during each coaching session and
have the opportunity to invite a family member or friend to
receive text messages as a support person at any point during
the first 6 months. The support person text message content
aims to help enrolled support persons to be thoughtful about
providing support and to initiate conversations with the
participant about his or her diabetes and self-care goals. After
6 months, the FAMS components end, participants are offered
the low-dose option described above, and they continue to
receive REACH text messages for the next 6 months.

Treatment Fidelity
We have implemented several fidelity checks to ensure that
participants receive the interventions as intended. First, text
messages are automated to help ensure users have the intended
experience. Second, we monitor text messages to identify and
correct errors and make contact with participants who stop
responding to address any technical issues. MEMOTEXT
securely collects and stores all text message data (eg, date and
time text messages are sent and received, participants’ text
message responses). Our team performs weekly checks on these
data to ensure the text messages are delivered and monitor
participants’ responses. As part of the REACH intervention,
participants receive a daily adherence text message that asks
them whether they have taken all of their diabetes medication
http://www.researchprotocols.org/2018/4/e92/
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that day. Participants are asked to reply either Yes or No. If they
answer No, participants receive a follow-up text message asking
them to please tell us why, with several response options (ie,
“1=forgot, 2=sick, 3=clinic told me to, 4=ran out of meds, or
type out a reason”). We monitor responses to these messages
weekly, and if a participant does not respond to any adherence
text messages for 14 consecutive days, a team member will call
the participant to determine whether he or she is having any
technical problems. To avoid coercing participants into
responding to text messages, we only ask whether they have
had any problems lately with receiving or responding to their
text messages. The date of the call and the participant’s response
are documented, and we subsequently troubleshoot as needed.
We do not make repeated calls if the participant remains
nonresponsive but may contact a participant more than once if
periods of consecutive nonresponse are separated by periods of
responsiveness.
We also collect fidelity data on the FAMS coaching sessions.
We track the number of FAMS phone coaching sessions
completed by each participant and the content of each session.
Fidelity data includes the goal set during coaching, the type of
family or friend support or barrier discussed, the skill-building
exercise employed, the verbal contract (eg, to implement a skill
learnt during coaching, such as assertive communication, with
a specific friend or family member), the participant’s confidence
rating of his or her ability to complete the verbal contract, and,
for subsequent sessions, the outcome of the verbal contract from
the previous session. Fidelity data will be presented with results
to inform the degree to which the intervention was delivered as
intended and to provide context for interpretation of study
findings. Fidelity data will also serve as a process benchmark
for future trials that may seek to reproduce the study findings
or implementation studies that engage clinic staff in intervention
delivery.

Statistical Analysis Plan
The study is designed to evaluate the effects of REACH (either
intervention arm) on HbA1c relative to the control group
(primary analysis), while assessing the effects of FAMS. We
will use generalized estimating equation models to estimate
potentially time-varying intervention effects while adjusting
for the baseline measure of the outcome and the type of HbA1c
test result (ie, lab-drawn at the clinic or by using the mail-in
kit). The models use clustered data and allow nonlinear
associations between baseline and follow-up outcome measures.
A lag 1 autoregressive correlation structure will be used and
alternative correlation structures tested to demonstrate the results
are robust to model selection. We will use a longitudinal model
to evaluate intervention effects. We will use an omnibus test
for the intervention effect, then provide point-estimates with
confidence intervals for each follow-up, and graphically depict
our results.
Analysis will follow a conservative intention-to-treat principle,
and participants with missing values will be included along with
those with complete data. Multiple imputation will be used to
impute missing covariate and outcome values. The analysis
with multiple imputation assumes Missing-at-Random (ie, the
model properly handles missing data by including covariates
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associated with reasons for dropout). A sensitivity analysis for
the impact of the imputation of missing outcome data will
exclude the outcome from the imputation process and analyze
only the observed outcomes.

Primary Analysis
We will test the effects of receiving REACH on HbA1c (primary
outcome) and medication adherence (secondary outcome)
compared with the control condition. This model will not
distinguish between the REACH only and REACH + FAMS
arms. We hypothesize participants assigned to REACH will
experience greater improvements in medication adherence and
HbA1c than participants assigned to the control condition.

Secondary Analysis
In addition, we will test the effects of both intervention arms
(REACH only and, separately, REACH + FAMS) on diet,
exercise, SMBG, and diabetes self-efficacy relative to the
control group. Finally, we will assess whether participants
assigned to REACH + FAMS experience greater improvements
in HbA1c, medication adherence, diet, exercise, SMBG, and
self-efficacy compared with those assigned to REACH only.

Mediation and Moderation Analyses
We will conduct 2 separate mediation analyses, one for REACH
(including participants in either REACH arm relative to the
control arm) and one for FAMS (including participants in the
REACH + FAMS arm relative to the control arm). REACH
mediation analyses will examine whether REACH improves
participants’ IMB barriers to diabetes medication adherence
and whether such improvements explain REACH’s effect on
adherence and/or HbA1c. FAMS mediation analyses will
examine whether FAMS improves participants’ reported
diabetes-specific helpful and harmful family and friend
behaviors and whether such improvements explain REACH +
FAMS effect on diet, exercise, and diabetes self-efficacy. We
hypothesize that improvements in IMB barriers will drive
improvements in medication adherence and HbA1c, and
improvements in family and friend behaviors will drive effects
on diet, exercise, and diabetes self-efficacy. Specifically, we
will use between-person mediation analyses with latent change
scores for mediators and outcomes [63,64], and we will use
bootstrapping to obtain CIs for indirect effects [65]. Lastly, we
will explore whether race/ethnicity, education, and income
modify the intervention effects by adding interaction terms to
models evaluating intervention effects.

Sample Size and Power
Our target sample was 500 patient participants and we ultimately
enrolled 512. With an anticipated dropout rate of 20%, we will
have at least 400 participants for analysis of intervention effects
up to 15 months. Power calculations were performed using
Power and Sample Size (PS) software (Nashville, TN) at 80%
power for a 2-sided text (alpha=.05). Based on HbA1c data from
a prior study with 314 adult patients with T2D from a FQHC
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in Nashville, TN, we estimate the residual error from a model
of HbA1c will have a standard deviation ≤2% [45]. Thus, this
study will have 80% power to detect a true effect of 0.56% on
HbA1c by REACH at any follow-up time point if we have 400
participants for analysis.

Ethics and Informed Consent
All procedures have been reviewed and approved by the
Vanderbilt University Institutional Review Board (IRB) and
this trial is registered on ClinicalTrials.gov (see NCT02409329
and NCT02481596). All data collected from participants at each
assessment period are stored on REDCap’s secure server. Any
participant data sent to MEMOTEXT are deidentified and stored
on their Health Insurance Portability and Accountability
Act (HIPAA)-compliant secure server. In addition, all reporting
of text message data by MEMOTEXT and all recorded REACH
Helpline voicemails are stored on their HIPAA-compliant Web
server, and only IRB-approved study staff can access these
voicemail messages using a secure passcode. EHR data are
shared with the study team according to the policies of each
individual clinic.
We included specific language in the informed consent
document outlining our processes for securing participants’
data. We described that REACH Helpline voicemail messages,
information shared via text message, and all study forms would
be assigned a study number with no personal identifying
information and be either password-protected on a secure server
or in a locked filing cabinet at Vanderbilt. We explained that
research team members would only access personal information
for necessary study procedures, such as to issue payment or
contact for follow-up appointments. Finally, we explained to
participants that, if they share or lose their phone, the study text
messages may disclose to others that they have diabetes, take
diabetes medications, and/or received an HbA1c test. All
participants were provided with the REACH Helpline number
and encouraged to call to ask questions about the study.

Results
Recruitment began in May 2016 and ended in December 2017.
Figure 2 shows recruitment results. Of the 3426 patients
identified as potentially eligible throughout study recruitment,
we were able to contact 61.03% (2091/3426) by phone or in
person and screen 36.31% (1244/3426) for eligibility. Of those
screened, 41.08% (511/1244) were ineligible and 41.16%
(512/1244) enrolled. Most common reasons for ineligibility
were not speaking or reading in English (31.5%, 161/511, of
those ineligible), no longer receiving care at a partnering clinic
(21.7%, 111/511), and having a most recent HbA1c <6.8%
(19.8%, 101/511). We administratively withdrew 6 participants
or 1.2% (6/512) of those enrolled. Enrolled participants (N=512)
have an average age of 56.0 (SD 9.5) years, and 54.1%
(277/512) are female.
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Figure 2. Flowchart of potential patient participants through study recruitment. HbA1c: hemoglobin A1c.

Approximately half (47.3%, 242/512) are non-Hispanic white,
39.4% (202/512) are non-Hispanic African American, 6.0%
(31/512) are Hispanic, and 7.2% (37/512) reported being of
other race and/or ethnicity (including multiracial). In addition,
41.7% (210/503) reported educational attainment of a high
school degree or less, 55.8% (286/512) have annual incomes
less than US $35,000, and 48.6% (247/508) are underinsured
(23.2%, 118/508, have no insurance; 25.4%, 129/508, have
public insurance only). About half (48.8%, 250/512) are taking
insulin and average HbA1c at baseline is 8.6% (SD 1.8%, median
8.2%, IQR 7.2%-9.6%). Most (98.6%, 493/500) baseline HbA1c
tests were taken within 30 days of study enrollment, and all
were taken within 70 days of enrollment. As of this publication,
we have at least 87% completion among participants through
each follow-up assessment. We plan to perform analyses on
6-month outcomes for FAMS in July 2018 and have 15-month
data for REACH analyses in April 2019.

Discussion
Principal Considerations
This study will be one of the first RCTs to deliver a long-term,
theory-based, text messaging intervention to promote self-care
adherence among racially/ethnically and socioeconomically
diverse adults with T2D. We designed the interventions to use
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basic mobile phone technology (text messaging and phone calls)
and provide an experience that is individually tailored and
interactive for adult patients with T2D. We developed both
interventions with input from racially diverse patients with low
SES [36,37] and designed our recruitment strategies for the
RCT to oversample racial/ethnic minorities and patients with
fewer resources. Moreover, our study will explore the feasibility
of a family-focused intervention delivered via mobile phones,
and allows exploratory analyses comparing the effects of text
messaging alone versus text messaging plus phone coaching.
We will also be the first to provide information on the feasibility
and acceptability of inviting members of a patients’ social
support network to receive text messages about how to support
the patient with his or her T2D, based on the 125 participants
in our sample given the option to do so as part of FAMS.
Barriers to self-care adherence are personal, multidimensional,
and change over time [66,67]. Findings from other studies
suggest that helping patients overcome their unique barriers
may improve adherence and HbA1c [68]. For instance, in a
12-month RCT, intervention participants received phone calls
from diabetes educators who provided tailored strategies for
coping with self-care barriers [69]. HbA1c decreased more
among intervention participants than control participants,
suggesting content addressing modifiable self-care barriers can
be effective. However, study participants were predominantly
JMIR Res Protoc 2018 | vol. 7 | iss. 4 | e92 | p. 9
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white and well-educated [69], limiting the generalizability of
the results. Not only will our diverse patient sample provide
more generalizable results, but including measures that assess
patients’ barriers to medication adherence and family and friend
involvement in self-care will allow us to determine whether
improvements in the psychosocial mechanisms targeted by the
interventions explain improvements in outcomes.
Findings from the RCT will advance understanding of the health
benefits of mobile phone–based interventions, with
generalizability to racial/ethnic minorities and persons with low
SES with chronic conditions such as diabetes [70,71]. The
REACH intervention was designed to be incorporated into
routine clinical care at FQHCs to support diabetes self-care
adherence with minimal time investment from providers and
staff. As a Type 1 effectiveness-implementation hybrid design,
the primary focus of this study is to evaluate the intervention’s
effectiveness. Therefore, we had research staff execute protocols
to ensure a structured test of effects. For the secondary goal of
assessing facilitators and barriers to implementation, we will
invite intervention participants who have finished the trial, as
well as FQHC providers and administrators, to participate in
interviews to collect qualitative and quantitative data on their
perceptions of REACH and FAMS. These interviews will focus
on strategies for uptake and sustainability in clinic settings. This
information will be used to develop recommendations for
implementing and evaluating mobile phone–delivered
interventions, like REACH and FAMS, in FQHC settings.

Limitations
Limitations of this study include reliance on self-report measures
of adherence. Compared with objective measures, self-report
measures are subject to social desirability and recall bias.
However, each measure of adherence has drawbacks. Self-report
measures are inexpensive, brief, and unobtrusive, and we have
selected validated measures with balancing strengths and
weaknesses. Another challenge is participants changing their
cell phone plans and numbers; however, the REACH Helpline
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(where participants can inform us of changes in their contact
information), requesting secondary contact information (eg, a
work number, a family member’s or friend’s number to use if
we cannot reach them), calling participants after 14 consecutive
days of nonresponse, and regular follow-ups help us maintain
contact with participants. Our study is powered to examine the
effects of receiving REACH on HbA1c; therefore, analyses
examining the effects of other outcomes (ie, self-care behaviors,
self-efficacy) and comparing the effects of either intervention
arm are potentially very informative but may be underpowered.
Because the trial does not include a separate FAMS condition
(ie, without REACH), we are not able to evaluate the effects of
FAMS only. Finally, the interventions are currently only
available in English, which was necessary to enhance feasibility
of successfully completing this initial trial; however, translation
to Spanish is a goal, should they prove effective.

Conclusions
We anticipate this study will help determine the effectiveness
of a tailored text messaging intervention for supporting diabetes
self-care adherence and reducing HbA1c among
racially/ethnically and socioeconomically diverse patients.
Additionally, we aim to determine whether (1) tailoring IMB
model-based content to user-specific medication adherence
barriers is effective for improving medication adherence
behavior and HbA1c, thereby supporting the IMB model as an
appropriate framework for interventions to promote medication
adherence in diabetes and (2) basic mobile phone technology
is a feasible and potentially effective medium for family-focused
interventions and for engaging family members and friends in
adults’ self-care efforts. Beyond these primary aims, we will
be able to examine data on users’ responses to text messages
throughout the trial, the choice to receive fewer text messages
after 6 months, and participant characteristics associated with
either. Findings will inform the design and length of future text
message–delivered interventions in similar populations.

Acknowledgments
This research is funded by the National Institute of Health NIH/NIDDK R01-DK100694 and LSM’s career development award
NIH/NIDDK K01-DK106306. The authors thank the REACH team, our partnering clinics (ie, Faith Family Medical Center, The
Clinic at Mercury Courts, Connectus Health, Shade Tree Clinic, United Neighborhood Health Services, Vanderbilt Adult Primary
Care), and the participants for their contributions to this research. Dr Chandra Y Osborn was the principal investigator of the R01
during the development of the REACH intervention and initiation of the randomized controlled trial.

Authors' Contributions
LAN contributed to the development of study protocols, led recruitment and retention efforts, and wrote the manuscript. All
coauthors are coinvestigators or coordinators of the project and contributed to the development of study protocols and read and
edited the manuscript. LSM is the principal investigator who led development of the research protocols, oversaw the execution
of the research plan, and cowrote the manuscript.

Conflicts of Interest
KW is a member of the Advisory Board for EdLogics, Inc.

References

http://www.researchprotocols.org/2018/4/e92/

XSL• FO
RenderX

JMIR Res Protoc 2018 | vol. 7 | iss. 4 | e92 | p. 10
(page number not for citation purposes)

JMIR RESEARCH PROTOCOLS
1.

2.
3.

4.
5.

6.
7.
8.
9.
10.

11.
12.

13.

14.
15.
16.
17.
18.

19.

20.

21.
22.
23.
24.

Ogurtsova K, da Rocha Fernandes JD, Huang Y, Linnenkamp U, Guariguata L, Cho NH, et al. IDF diabetes atlas: global
estimates for the prevalence of diabetes for 2015 and 2040. Diabetes Res Clin Pract 2017 Jun;128:40-50. [doi:
10.1016/j.diabres.2017.03.024] [Medline: 28437734]
Menke A, Casagrande S, Geiss L, Cowie CC. Prevalence of and trends in diabetes among adults in the United States,
1988-2012. JAMA 2015 Sep 08;314(10):1021-1029. [doi: 10.1001/jama.2015.10029] [Medline: 26348752]
Afkarian M, Zelnick LR, Hall YN, Heagerty PJ, Tuttle K, Weiss NS, et al. Clinical manifestations of kidney disease among
US adults with diabetes, 1988-2014. JAMA 2016 Aug 09;316(6):602-610 [FREE Full text] [doi: 10.1001/jama.2016.10924]
[Medline: 27532915]
Centers for Disease Control and Prevention. National diabetes statistics report, 2017 URL: https://www.cdc.gov/diabetes/
pdfs/data/statistics/national-diabetes-statistics-report.pdf [accessed 2017-03-02] [WebCite Cache ID 6v7PoSDch]
National Institute of Diabetes Digestive Kidney Diseases. Diabetes, heart disease, and stroke URL: https://www.niddk.nih.gov/
health-information/diabetes/overview/preventing-problems/heart-disease-stroke [accessed 2017-03-02] [WebCite Cache
ID 6v7PsD46W]
Centers for Disease Control and Prevention. National diabetes statistics report, 2014 URL: http://www.thefdha.org/pdf/
diabetes.pdf [accessed 2017-03-01] [WebCite Cache ID 6v7QoOLBs]
Nam S, Chesla C, Stotts NA, Kroon L, Janson SL. Barriers to diabetes management: patient and provider factors. Diabetes
Res Clin Pract 2011 Jul;93(1):1-9. [doi: 10.1016/j.diabres.2011.02.002] [Medline: 21382643]
Odegard PS, Gray SL. Barriers to medication adherence in poorly controlled diabetes mellitus. Diabetes Educ
2008;34(4):692-697. [doi: 10.1177/0145721708320558] [Medline: 18669811]
Mayberry LS, Osborn CY. Family support, medication adherence, and glycemic control among adults with type 2 diabetes.
Diabetes Care 2012 Jun;35(6):1239-1245 [FREE Full text] [doi: 10.2337/dc11-2103] [Medline: 22538012]
Rosland A, Heisler M, Choi H, Silveira MJ, Piette JD. Family influences on self-management among functionally independent
adults with diabetes or heart failure: do family members hinder as much as they help? Chronic Illn 2010 Mar;6(1):22-33
[FREE Full text] [doi: 10.1177/1742395309354608] [Medline: 20308348]
Betancourt JR, Duong JV, Bondaryk MR. Strategies to reduce diabetes disparities: an update. Curr Diab Rep 2012
Dec;12(6):762-768. [doi: 10.1007/s11892-012-0324-1] [Medline: 22976538]
Ngo-Metzger Q, Sorkin DH, Billimek J, Greenfield S, Kaplan SH. The effects of financial pressures on adherence and
glucose control among racial/ethnically diverse patients with diabetes. J Gen Intern Med 2012 Apr;27(4):432-437 [FREE
Full text] [doi: 10.1007/s11606-011-1910-7] [Medline: 22005941]
Lanting LC, Joung IMA, Mackenbach JP, Lamberts SWJ, Bootsma AH. Ethnic differences in mortality, end-stage
complications, and quality of care among diabetic patients: a review. Diabetes Care 2005 Sep;28(9):2280-2288. [Medline:
16123507]
Juarez DT, Tan C, Davis JW, Mau MM. Using quantile regression to assess disparities in medication adherence. Am J
Health Behav 2014 Jan;38(1):53-62 [FREE Full text] [doi: 10.5993/AJHB.38.1.6] [Medline: 24034680]
Osborn CY, de Groot M, Wagner JA. Racial and ethnic disparities in diabetes complications in the northeastern United
States: the role of socioeconomic status. J Natl Med Assoc 2013;105(1):51-58 [FREE Full text] [Medline: 23862296]
Saydah S, Cowie C, Eberhardt MS, De RN, Narayan KMV. Race and ethnic differences in glycemic control among adults
with diagnosed diabetes in the United States. Ethn Dis 2007;17(3):529-535. [Medline: 17985509]
Quandt SA, Bell RA, Snively BM, Smith SL, Stafford JM, Wetmore LK, et al. Ethnic disparities in glycemic control among
rural older adults with type 2 diabetes. Ethn Dis 2005;15(4):656-663 [FREE Full text] [Medline: 16259490]
Arambepola C, Ricci-Cabello I, Manikavasagam P, Roberts N, French DP, Farmer A. The impact of automated brief
messages promoting lifestyle changes delivered via mobile devices to people with type 2 diabetes: a systematic literature
review and meta-analysis of controlled trials. J Med Internet Res 2016;18(4):e86 [FREE Full text] [doi: 10.2196/jmir.5425]
[Medline: 27095386]
Saffari M, Ghanizadeh G, Koenig HG. Health education via mobile text messaging for glycemic control in adults with type
2 diabetes: a systematic review and meta-analysis. Prim Care Diabetes 2014 Dec;8(4):275-285. [doi:
10.1016/j.pcd.2014.03.004] [Medline: 24793589]
Thakkar J, Kurup R, Laba T, Santo K, Thiagalingam A, Rodgers A, et al. Mobile telephone text messaging for medication
adherence in chronic disease: a meta-analysis. JAMA Intern Med 2016 Mar;176(3):340-349. [doi:
10.1001/jamainternmed.2015.7667] [Medline: 26831740]
Pew Research Center. Washington, DC: Pew Research Center; 2018 Feb 05. Mobile fact sheet URL: http://www.
pewinternet.org/fact-sheet/mobile/ [accessed 2018-03-02] [WebCite Cache ID 6v7RR4F9a]
Wormald B. Pew Research Center. Washington, DC: Pew Research Center; 2015 Jun 10. Cell phone activities URL: http:/
/www.pewinternet.org/chart/cell-phone-activities/ [accessed 2017-11-20] [WebCite Cache ID 6v7QutxWm]
Mayberry LS, Bergner EM, Chakkalakal RJ, Elasy TA, Osborn CY. Self-care disparities among adults with type 2 diabetes
in the USA. Curr Diab Rep 2016 Nov;16(11):113 [FREE Full text] [doi: 10.1007/s11892-016-0796-5] [Medline: 27671320]
Peek ME. Can mHealth interventions reduce health disparities among vulnerable populations? Divers Equal Health Care
2017;14(2):44-45 [FREE Full text]

http://www.researchprotocols.org/2018/4/e92/

XSL• FO
RenderX

Nelson et al

JMIR Res Protoc 2018 | vol. 7 | iss. 4 | e92 | p. 11
(page number not for citation purposes)

JMIR RESEARCH PROTOCOLS
25.
26.

27.

28.

29.

30.
31.
32.

33.

34.

35.

36.

37.

38.
39.

40.

41.

42.

43.

44.

45.

Heisler M, Piette JD. “I help you, and you help me”: facilitated telephone peer support among patients with diabetes.
Diabetes Educ 2005;31(6):869-879. [doi: 10.1177/0145721705283247] [Medline: 16288094]
Sacco WP, Malone JI, Morrison AD, Friedman A, Wells K. Effect of a brief, regular telephone intervention by
paraprofessionals for type 2 diabetes. J Behav Med 2009 Aug;32(4):349-359. [doi: 10.1007/s10865-009-9209-4] [Medline:
19365719]
Wolever RQ, Dreusicke M, Fikkan J, Hawkins TV, Yeung S, Wakefield J, et al. Integrative health coaching for patients
with type 2 diabetes: a randomized clinical trial. Diabetes Educ 2010;36(4):629-639. [doi: 10.1177/0145721710371523]
[Medline: 20534872]
Heitkemper EM, Mamykina L, Travers J, Smaldone A. Do health information technology self-management interventions
improve glycemic control in medically underserved adults with diabetes? A systematic review and meta-analysis. J Am
Med Inform Assoc 2017 Sep 01;24(5):1024-1035. [doi: 10.1093/jamia/ocx025] [Medline: 28379397]
Wayne N, Perez DF, Kaplan DM, Ritvo P. Health coaching reduces HbA 1c in type 2 diabetic patients from a
lower-socioeconomic status community: a randomized controlled trial. J Med Internet Res 2015;17(10):e224 [FREE Full
text] [doi: 10.2196/jmir.4871] [Medline: 26441467]
Head KJ, Noar SM, Iannarino NT, Grant HN. Efficacy of text messaging-based interventions for health promotion: a
meta-analysis. Soc Sci Med 2013 Nov;97:41-48. [doi: 10.1016/j.socscimed.2013.08.003] [Medline: 24161087]
Edelman SV, Polonsky WH. Type 2 diabetes in the real world: the elusive nature of glycemic control. Diabetes Care 2017
Nov;40(11):1425-1432. [doi: 10.2337/dc16-1974] [Medline: 28801473]
Fortmann AL, Gallo LC, Garcia MI, Taleb M, Euyoque JA, Clark T, et al. Dulce Digital: an mHealth SMS-based intervention
improves glycemic control in hispanics with type 2 diabetes. Diabetes Care 2017 Oct;40(10):1349-1355. [doi:
10.2337/dc17-0230] [Medline: 28600309]
Nundy S, Dick JJ, Chou C, Nocon RS, Chin MH, Peek ME. Mobile phone diabetes project led to improved glycemic control
and net savings for Chicago plan participants. Health Aff (Millwood) 2014 Feb;33(2):265-272 [FREE Full text] [doi:
10.1377/hlthaff.2013.0589] [Medline: 24493770]
Capozza K, Woolsey S, Georgsson M, Black J, Bello N, Lence C, et al. Going mobile with diabetes support: a randomized
study of a text message-based personalized behavioral intervention for type 2 diabetes self-care. Diabetes Spectr 2015
May;28(2):83-91. [doi: 10.2337/diaspect.28.2.83] [Medline: 25987806]
Jang M, Johnson CM, D'Eramo-Melkus G, Vorderstrasse AA. Participation of racial and ethnic minorities in technology-based
interventions to self-manage type 2 diabetes: a scoping review. J Transcult Nurs 2017 Jul 01:1043659617723074 Epub
ahead of print. [doi: 10.1177/1043659617723074] [Medline: 28826353]
Nelson LA, Mayberry LS, Wallston K, Kripalani S, Bergner EM, Osborn CY. Development and usability of REACH: a
tailored theory-based text messaging intervention for disadvantaged adults with type 2 diabetes. JMIR Hum Factors 2016
Sep 08;3(2):e23 [FREE Full text] [doi: 10.2196/humanfactors.6029] [Medline: 27609738]
Mayberry LS, Berg CA, Harper KJ, Osborn CY. The design, usability, and feasibility of a family-focused diabetes self-care
support mHealth intervention for diverse, low-income adults with type 2 diabetes. J Diabetes Res 2016;2016:7586385
[FREE Full text] [doi: 10.1155/2016/7586385] [Medline: 27891524]
Fisher JD, Fisher WA, Amico KR, Harman JJ. An information-motivation-behavioral skills model of adherence to
antiretroviral therapy. Health Psychol 2006 Jul;25(4):462-473. [doi: 10.1037/0278-6133.25.4.462] [Medline: 16846321]
Mayberry LS, Osborn CY. Empirical validation of the Information-Motivation-Behavioral Skills model of diabetes medication
adherence: a framework for intervention. Diabetes Care 2014;37(5):1246-1253 [FREE Full text] [doi: 10.2337/dc13-1828]
[Medline: 24598245]
Curran GM, Bauer M, Mittman B, Pyne JM, Stetler C. Effectiveness-implementation hybrid designs: combining elements
of clinical effectiveness and implementation research to enhance public health impact. Med Care 2012 Mar;50(3):217-226
[FREE Full text] [doi: 10.1097/MLR.0b013e3182408812] [Medline: 22310560]
Callahan CM, Unverzagt FW, Hui SL, Perkins AJ, Hendrie HC. Six-item screener to identify cognitive impairment among
potential subjects for clinical research. Med Care 2002 Sep;40(9):771-781. [doi: 10.1097/01.MLR.0000024610.33213.C8]
[Medline: 12218768]
Lorig K, Ritter PL, Moreland C, Laurent DD. Can a box of mailed materials achieve the triple aims of health care? The
mailed chronic disease self-management tool kit study. Health Promot Pract 2015 Sep;16(5):765-774. [doi:
10.1177/1524839915571633] [Medline: 25690615]
Jones TG, Warber KD, Roberts BD. Analysis of hemoglobin A 1c from dried blood spot samples with the Tina-quantR II
immunoturbidimetric method. J Diabetes Sci Technol 2010 Mar 01;4(2):244-249 [FREE Full text] [doi:
10.1177/193229681000400203] [Medline: 20307383]
Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic data capture (REDCap)--a
metadata-driven methodology and workflow process for providing translational research informatics support. J Biomed
Inform 2009 Apr;42(2):377-381 [FREE Full text] [doi: 10.1016/j.jbi.2008.08.010] [Medline: 18929686]
Mayberry LS, Gonzalez JS, Wallston KA, Kripalani S, Osborn CY. The ARMS-D out performs the SDSCA, but both are
reliable, valid, and predict glycemic control. Diabetes Res Clin Pract 2013 Nov;102(2):96-104 [FREE Full text] [doi:
10.1016/j.diabres.2013.09.010] [Medline: 24209600]

http://www.researchprotocols.org/2018/4/e92/

XSL• FO
RenderX

Nelson et al

JMIR Res Protoc 2018 | vol. 7 | iss. 4 | e92 | p. 12
(page number not for citation purposes)

JMIR RESEARCH PROTOCOLS
46.
47.

48.

49.
50.
51.
52.

53.

54.

55.
56.

57.

58.
59.
60.
61.

62.

63.
64.
65.
66.
67.

68.

69.

Toobert DJ, Hampson SE, Glasgow RE. The Summary of Diabetes Self-Care Activities measure: results from 7 studies
and a revised scale. Diabetes Care 2000 Jul;23(7):943-950 [FREE Full text] [Medline: 10895844]
Stetson B, Schlundt D, Rothschild C, Floyd JE, Rogers W, Mokshagundam SP. Development and validation of the personal
diabetes questionnaire (PDQ): a measure of diabetes self-care behaviors, perceptions and barriers. Diabetes Res Clin Pract
2011 Mar;91(3):321-332. [doi: 10.1016/j.diabres.2010.12.002] [Medline: 21215487]
Lee PH, Macfarlane DJ, Lam TH, Stewart SM. Validity of the International physical activity questionnaire short form
(IPAQ-SF): a systematic review. Int J Behav Nutr Phys Act 2011;8:115 [FREE Full text] [doi: 10.1186/1479-5868-8-115]
[Medline: 22018588]
Kim Y, Park I, Kang M. Convergent validity of the international physical activity questionnaire (IPAQ): meta-analysis.
Public Health Nutr 2013 Mar;16(3):440-452. [doi: 10.1017/S1368980012002996] [Medline: 22874087]
Wallston KA, Rothman RL, Cherrington A. Psychometric properties of the perceived diabetes self-management scale
(PDSMS). J Behav Med 2007 Oct;30(5):395-401. [doi: 10.1007/s10865-007-9110-y] [Medline: 17522972]
Kroenke K, Strine TW, Spitzer RL, Williams JBW, Berry JT, Mokdad AH. The PHQ-8 as a measure of current depression
in the general population. J Affect Disord 2009 Apr;114(1-3):163-173. [doi: 10.1016/j.jad.2008.06.026] [Medline: 18752852]
Wallston KA, Cawthon C, McNaughton CD, Rothman RL, Osborn CY, Kripalani S. Psychometric properties of the brief
health literacy screen in clinical practice. J Gen Intern Med 2014 Jan;29(1):119-126 [FREE Full text] [doi:
10.1007/s11606-013-2568-0] [Medline: 23918160]
McNaughton CD, Cavanaugh KL, Kripalani S, Rothman RL, Wallston KA. Validation of a short, 3-item version of the
subjective numeracy scale. Med Decis Making 2015 Nov;35(8):932-936 [FREE Full text] [doi: 10.1177/0272989X15581800]
[Medline: 25878195]
Osborn CY, Mayberry LS, Wagner JA, Welch GW. Stressors may compromise medication adherence among adults with
diabetes and low socioeconomic status. West J Nurs Res 2014 Oct;36(9):1091-1110 [FREE Full text] [doi:
10.1177/0193945914524639] [Medline: 24569697]
Tangney JP, Baumeister RF, Boone AL. High self-control predicts good adjustment, less pathology, better grades, and
interpersonal success. J Pers 2004 Apr;72(2):271-324. [Medline: 15016066]
Centers for Disease Control Prevention. 2017. Behavioral risk factor surveillance system survey questionnaire URL: https:/
/www.cdc.gov/brfss/questionnaires/pdf-ques/2017_BRFSS_Pub_Ques_508_tagged.pdf [accessed 2018-03-02] [WebCite
Cache ID 6xcexSVGV]
Gonzalez JS, Schneider HE, Wexler DJ, Psaros C, Delahanty LM, Cagliero E, et al. Validity of medication adherence
self-reports in adults with type 2 diabetes. Diabetes Care 2013 Apr;36(4):831-837 [FREE Full text] [doi: 10.2337/dc12-0410]
[Medline: 23204245]
Farmer KC. Methods for measuring and monitoring medication regimen adherence in clinical trials and clinical practice.
Clin Ther 1999 Jun;21(6):1074-90; discussion 1073. [doi: 10.1016/S0149-2918(99)80026-5] [Medline: 10440628]
Hansen RA, Kim MM, Song L, Tu W, Wu J, Murray MD. Comparison of methods to assess medication adherence and
classify nonadherence. Ann Pharmacother 2009 Mar;43(3):413-422. [doi: 10.1345/aph.1L496] [Medline: 19261962]
Greevy R, Lu B, Silber JH, Rosenbaum P. Optimal multivariate matching before randomization. Biostatistics 2004
Apr;5(2):263-275. [doi: 10.1093/biostatistics/5.2.263] [Medline: 15054030]
Greevy RA, Grijalva CG, Roumie CL, Beck C, Hung AM, Murff HJ, et al. Reweighted Mahalanobis distance matching
for cluster-randomized trials with missing data. Pharmacoepidemiol Drug Saf 2012 May;21 Suppl 2:148-154 [FREE Full
text] [doi: 10.1002/pds.3260] [Medline: 22552990]
Nelson LA, Coston TD, Cherrington AL, Osborn CY. Patterns of user engagement with mobile- and web-delivered self-care
interventions for adults with T2DM: a review of the literature. Curr Diab Rep 2016 Dec;16(7):66 [FREE Full text] [doi:
10.1007/s11892-016-0755-1] [Medline: 27255269]
MacKinnon DP. Introduction to statistical mediation analysis. New York, NY: Lawrence Erlbaum Associates; 2008.
MacKinnon DP, Fairchild AJ, Fritz MS. Mediation analysis. Annu Rev Psychol 2007 Jan;58(1):593-614 [FREE Full text]
[doi: 10.1146/annurev.psych.58.110405.085542] [Medline: 16968208]
Hayes A. Beyond Baron and Kenny: statistical mediation analysis in the new millennium. Commun Monogr 2009
Dec;76(4):408-420. [doi: 10.1080/03637750903310360]
Steiner JF. Rethinking adherence. Ann Intern Med 2012 Oct 16;157(8):580-585. [doi:
10.7326/0003-4819-157-8-201210160-00013] [Medline: 23070491]
Mayberry LS, Mulvaney SA, Johnson KB, Osborn CY. The MEssaging for Diabetes intervention reduced barriers to
medication adherence among low-income, diverse adults with type 2. J Diabetes Sci Technol 2017 Jan;11(1):92-99 [FREE
Full text] [doi: 10.1177/1932296816668374] [Medline: 27595710]
Piette JD, Farris KB, Newman S, An L, Sussman J, Singh S. The potential impact of intelligent systems for mobile health
self-management support: Monte Carlo simulations of text message support for medication adherence. Ann Behav Med
2015 Feb;49(1):84-94 [FREE Full text] [doi: 10.1007/s12160-014-9634-7] [Medline: 25082177]
Munshi MN, Segal AR, Suhl E, Ryan C, Sternthal A, Giusti J, et al. Assessment of barriers to improve diabetes management
in older adults: a randomized controlled study. Diabetes Care 2013 Mar;36(3):543-549 [FREE Full text] [doi:
10.2337/dc12-1303] [Medline: 23193208]

http://www.researchprotocols.org/2018/4/e92/

XSL• FO
RenderX

Nelson et al

JMIR Res Protoc 2018 | vol. 7 | iss. 4 | e92 | p. 13
(page number not for citation purposes)

JMIR RESEARCH PROTOCOLS
70.
71.

Nelson et al

Krishna S, Boren SA. Diabetes self-management care via cell phone: a systematic review. J Diabetes Sci Technol 2008
May;2(3):509-517 [FREE Full text] [Medline: 19885219]
Misono AS, Cutrona SL, Choudhry NK, Fischer MA, Stedman MR, Liberman JN, et al. Healthcare information technology
interventions to improve cardiovascular and diabetes medication adherence. Am J Manag Care 2010 Dec;16(12 Suppl
HIT):SP82-SP92 [FREE Full text] [Medline: 21314228]

Abbreviations
ARMS-D: Adherence to Refills and Medications Scale for Diabetes
EHR: electronic health record
FAMS: Family-focused Add-on for Motivating Self-care
FQHC: Federally Qualified Health Center
HbA1c: hemoglobin A1c
HIPAA: Health Insurance Portability and Accountability Act
IMB: Information-Motivation-Behavioral Skills
IRB: institutional review board
RA: research assistant
RCT: randomized controlled trial
REACH: Rapid Encouragement/Education And Communications for Health
REDCap: Research Electronic Data Capture
SDSCA-MS: Summary of Diabetes Self-Care Activities medications subscale
SES: socioeconomic status
SMBG: Self-Monitoring of Blood Glucose
T2D: type 2 diabetes

Edited by H Wu; submitted 20.11.17; peer-reviewed by J Sussman, V McGowan, H Rodriguez; comments to author 27.12.17; revised
version received 19.01.18; accepted 08.02.18; published 10.04.18
Please cite as:
Nelson LA, Wallston KA, Kripalani S, Greevy Jr RA, Elasy TA, Bergner EM, Gentry CK, Mayberry LS
Mobile Phone Support for Diabetes Self-Care Among Diverse Adults: Protocol for a Three-Arm Randomized Controlled Trial
JMIR Res Protoc 2018;7(4):e92
URL: http://www.researchprotocols.org/2018/4/e92/
doi: 10.2196/resprot.9443
PMID: 29636319

©Lyndsay A Nelson, Kenneth A Wallston, Sunil Kripalani, Robert A Greevy Jr, Tom A Elasy, Erin M Bergner, Chad K Gentry,
Lindsay S Mayberry. Originally published in JMIR Research Protocols (http://www.researchprotocols.org), 10.04.2018. This is
an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in JMIR Research Protocols, is properly cited. The complete bibliographic information,
a link to the original publication on http://www.researchprotocols.org, as well as this copyright and license information must be
included.

http://www.researchprotocols.org/2018/4/e92/

XSL• FO
RenderX

JMIR Res Protoc 2018 | vol. 7 | iss. 4 | e92 | p. 14
(page number not for citation purposes)

