Contemporary Clinical Trials Communications 25 (2022) 100878

Contents lists available at ScienceDirect
CONTEMPORARY

CLINIC
OMMUNICATIONS

Contemporary Clinical Trials Communications i

w'w

"
ELS

EVR journal homepage: http://www.elsevier.com/locate/conctc

Design of a randomized controlled trial of digital health and community
health worker support for diabetes management among low-income
patients

Rory Harte® > *, Lindsey Norton® ", Christina Whitehouse¢, Ilona Lorincz 9, Denerale Jones",
Norma Gerald®, Irene Estrada®, Carolyn Sabini® ", Nandita Mitra®¢, Judith A. Long® %8,
Joseph Cappella®, Karen Glanz', Kevin G. VolppJ, Shreya Kangovi® " f

a Division of General Internal Medicine, Perelman School of Medicine, University of Pennsylvania, Philadelphia, PA, USA

b penn Center for Community Health Workers, Penn Medicine, Philadelphia, PA, USA

¢ Villanova University M. Louise Fitzpatrick College of Nursing, Villanova, PA, USA

d Hospital of the University of Pennsylvania, Philadelphia, PA, USA

¢ Department of Biostatistics and Epidemiology, Perelman School of Medicine, University of Pennsylvania, Philadelphia, PA, USA
f Leonard Davis Institute of Health Economics, University of Pennsylvania, Philadelphia, PA, USA

8 Center for Health Equity Research and Promotion, Corporal Michael J. Crescenz VA Medical Center, Philadelphia, PA, USA

h Annenberg School for Communication, University of Pennsylvania, Philadelphia, PA, USA

i perelman School of Medicine and School of Nursing, University of Pennsylvania, Philadelphia, PA, USA

1 Penn Center for Health Incentives and Behavioral Economics, Departments of Medical Ethics and Health Policy and Medicine, Perelman School of Medicine, University of
Pennsylvania, Philadelphia, PA, USA

ARTICLE INFO ABSTRACT

Keywords: Background: Insulin-dependent diabetes is a challenging disease to manage and involves complex behaviors,
Diabetes such as self-monitoring of blood glucose. This can be especially challenging in the face of socioeconomic barri-
SEIf'ml”;“tCi;“g of blood glucose ers and in the wake of the COVID-19 pandemic. Digital health self-monitoring interventions and community
Digital heal

health worker support are promising and complementary best practices for improving diabetes-related health
behaviors and outcomes. Yet, these strategies have not been tested in combination. This protocol paper de-
scribes the rationale and design of a trial that measures the combined effect of digital health and community
health worker support on glucose self-monitoring and glycosylated hemoglobin.

Methods: The study population was uninsured or publicly insured; lived in high-poverty, urban neighborhoods;
and had poorly controlled diabetes mellitus with insulin dependence. The study consisted of three arms: usual
diabetes care; digital health self-monitoring; or combined digital health and community health worker support.
The primary outcome was adherence to blood glucose self-monitoring. The exploratory outcome was change in
glycosylated hemoglobin.

Conclusion: The design of this trial was grounded in social justice and community engagement. The study proto-
cols were designed in collaboration with frontline community health workers, the study aim was explicit about
furthering knowledge useful for advancing health equity, and the population was focused on low-income people.
This trial will advance knowledge of whether combining digital health and community health worker interven-
tions can improve glucose self-monitoring and diabetes-related outcomes in a high-risk population.

Community health worker

1. Introduction cose for individuals who require insulin [3-6]. Two different types of

interventions have strong evidence for promoting health behaviors and

Diabetes is a public health problem that disproportionately affects improving outcomes among individuals with diabetes: digital health in-

low-income people [1]. Diabetes is challenging to manage and involves terventions (DHI) [7-9] and community health worker (CHW) support
complex behaviors [2]; for instance daily self-monitoring of blood glu- [10-14].
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DHI strategies use computers, wearables, mobile phones and other
devices to promote self-management behaviors like glucose self-
monitoring [15]. By raising individual awareness of blood glucose and
providing ongoing feedback, DHI can support patients’ efforts to im-
prove healthy behavior and clinician abilities to provide support [16].
DHI have been shown to reduce HbAlc [7-9]. As the technology behind
DHI advances, so too does the behavioral science [17]. A promising ap-
proach is to augment adherence through behavioral economic engage-
ment strategies such as lottery-based financial incentives [18-22].

Yet, DHI have limitations, especially for low-income populations.
Recent meta-analyses show low uptake [23,24] which is driven partly
by the digital divide. Commonly, DHI relies on participants connecting
their smartphone to biometric devices to allow for instantaneous data
transmission to an online platform [7]. Unfortunately, 29% of lower-
income people do not have a smartphone and 44% don't have home
broadband [25,26]. Many DHI studies have excluded low-income peo-
ple, but some have provided effective intervention through basic SMS
messaging [27]. DHI have high levels of attrition [23,24]. In a recent
study [18], the rate of adherence to daily glucose self-monitoring was
only 60% over a 6-month period compared with 30% in the control
group, even with lottery-based financial incentives. One possible reason
for attrition is that DHI does not address underlying barriers that drive
high sugars in the first place, i.e. limited access to healthy foods and
high medication costs. Patients may find it self-defeating to monitor el-
evated sugars without support to address these barriers [17,23].

CHWs, trusted individuals who share life experience with the people
they serve, can influence attitudes [10], shift social norms [28], bolster
self-efficacy [29,30] and address socioeconomic barriers by facilitating
linkages to resources and services. Several CHW interventions have im-
proved outcomes for low-income individuals with diabetes [10-14]. In-
dividualized Management for Patient-Centered Targets (IMPaCT) is a
standardized CHW intervention that was tested in three randomized
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clinical trials, including over 400 patients with diabetes [31-33], which
demonstrated improved outcomes including glycemic control and re-
ductions in total hospital days [34]. CHW interventions have limita-
tions, including being resource intensive and thus not as scalable as dig-
ital approaches. CHWs are not clinicians and cannot medically manage
abnormal blood sugars in real-time. Some patients can become
ashamed and discouraged by failed attempts at health behavior change
and disengage from their CHW [35].

It seems logical to combine digital health and financial incentives
with CHW support because these interventions have complementary ef-
fects on behavior change pathways (Fig. 1). To our knowledge, these
strategies have not been combined and tested. We describe a random-
ized trial that combines digital health with financial incentives and
CHW support to help low-income individuals with diabetes increase
rates of daily self-monitoring of blood glucose and improve glycemic
control.

Digital interventions affect attitude, knowledge, and reinforcement.
They provide knowledge of blood glucose levels and this awareness can
shift a patient's attitude about the importance of self-monitoring. Well-
designed financial incentives can reinforce self-monitoring behavior to
increase the likelihood of habit formation.

CHW interventions affect attitude, self-efficacy, perceived norms,
barriers, and discouragement. They can influence attitudes through
strategies like motivational interviewing [10], shift social norms
through positive modeling [28], and bolster self-efficacy through ac-
tion-planning and problem-solving. CHWs can also directly address so-
cioeconomic barriers to healthy behaviors [29,30]. CHWs may also use
strategies like positive affect induction and attribution retraining to
help individuals cope with barriers and failures without becoming dis-
couraged.

Stage 1-3: Pre-contemplation/ Contemplation/ Preparation

I Stage 4: Action I Stage 5-6: Maintenance/Termination I

Fig. 1. This is a conceptual framework that lays out factors which affect health behaviors such as self-monitoring of blood glucose. The framework draws elements
from the Reasoned Action Approach [76,77], the Health Belief Model [78,79] Goal-setting theory [80] and the Transtheoretical Model (Stages of Change) [81,82].
An individual's intention to initiate a behavior is influenced by his attitudes, social norms, and self-efficacy. Once an individual intends to initiate a behavior, he may
be thwarted by external barriers or lack of knowledge. If he overcomes these factors and manages to initiate a behavior, he will still require reinforcement to turn the
behavior into a habit. If he does not overcome a setback or failure, he may be discouraged and have decreased self-efficacy.
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2. Methods
2.1. Design, overview and hypotheses

This study is a type 1 effectiveness-implementation [36] trial that
combines a single-blind randomized controlled trial with qualitative
process interviews. The primary aim of this type of trial is to determine
the effectiveness of a clinical intervention, with the secondary aim of
better understanding the context, facilitators and barriers to implemen-
tation [36]. Participants in the study were uninsured or publicly in-
sured; lived in high-poverty, urban neighborhoods; and had poorly con-
trolled diabetes mellitus with insulin dependence. At the time of enroll-
ment, all participants set a diabetes management goal. Participants who
did not have their own glucometer and supplies were offered these. Par-
ticipants were then randomized to one of three arms: 1) usual care, 2)
digital health, 3) combined digital health/CHW support. Those as-
signed to usual care were asked to check their sugars daily, but not re-
quired to report these to the study team. Participants assigned to the
digital health arm were asked to check their blood glucose daily and
text them to the study team; pre-established medically dangerous glu-
cose values were routed to a study clinician who provided clinical man-
agement. As a financial incentive for glucose self-monitoring, partici-
pants were entered into a lottery where they could win money for every
day that they reported their sugars. Participants assigned to the com-
bined digital health and CHW arm received the same glucose self-
monitoring instructions and lottery incentives. In addition, they met
with a CHW for approximately 30 minutes on the day of enrollment and
received coaching on strategies for coping with obstacles and failed at-
tempts at health behavior change. If, over the course of the study pe-
riod, these participants had elevated blood glucose readings and/or a
low adherence rate to self-monitoring they received intensive support
from a CHW for the remainder of the study period. This support con-
sisted of weekly check-ins (in-person or telephone) and advocacy, social
support, resource connection, health system navigation and health
coaching based on the individual patient's needs and preferences.

We hypothesized that patients who received the combined digital
health and CHW intervention would have higher adherence to daily
blood glucose self-monitoring compared to patients in the usual care
arm. Our secondary hypothesis was that patients receiving the com-
bined intervention would have a higher rate of adherence to daily glu-
cose self-monitoring compared to those who just received the digital
health intervention. Our exploratory hypothesis was that patients re-
ceiving the combined intervention would have greater improvements in
glycosylated hemoglobin (HbA1lc) than either the usual care or digital
health arms.

The study team, aims, participants and protocols were all deliberate
about a community-engaged and social justice framework. The study
team includes frontline CHWs, the aims are explicit about advancing
knowledge useful for advancing health equity, the population is fo-
cused on disadvantaged people and all protocols were designed in col-
laboration with the CHWs who delivered the intervention. This work is
supported by a grant from the Commonwealth Fund and K23 grant
(5K23HL128837-04). This trial is registered (Clinicaltrials.gov Identi-
fier: NCT03939793) and approved by the Institutional Review Board of
the University of Pennsylvania.

2.2. Setting and participants

Study enrollment was conducted between May 22nd, 2019 and De-
cember 19th, 2019 at an urban academic adult endocrinology clinic. El-
igible patients: 1) were diagnosed with diabetes mellitus based on ICD-
10-CM codes from the year prior to study enrollment; 2) had an HbAlc
equal to or greater than 9% within the previous six months; 3) were in-
sulin dependent and thus advised to perform daily glucose self-
monitoring; 4) were uninsured or publicly insured; 5) were residents of
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16 high-poverty zip codes in Philadelphia; 6) had access to a basic cell
phone with unlimited text message capabilities or agree to associated
fees with sending and receiving text messages; 7) were 18 years of age
or older; 8) were able to speak and read comfortably in English. Pa-
tients are excluded if they: 1) had a continuous glucose monitor at the
time of study enrollment; 2) were already working with a CHW; 3) were
in another study that involved blood glucose self-monitoring; 4) lacked
capacity to provide informed consent.

2.3. Procedures and randomization

Study procedures are shown in Fig. 2. Many study procedures were
conducted using the Penn Way to Health and REDCap platforms. Way
to Health is an automated information technology platform based at the
University of Pennsylvania that integrates biometric devices, clinical
trial randomization, financial system fulfillment, and secure data cap-
ture for research purposes [37]. REDCap is a web application for build-
ing and managing online surveys and databases [38].

2.3.1. Enrollment and consent

The following data elements from the electronic medical record sys-
tem were used to identify patients: ICD-10-CM codes for diabetes melli-
tus, insurance, zip code, HbAlc and insulin use. Trained research assis-
tants received automated lists of eligible patients on a weekly basis. Re-
search assistants called patients on the list to explain the study and
gauge their interest in participating. Interested patients were invited to
come to a diabetes clinic to enroll into the study. When patients arrived
for their study visit, a research assistant obtained written informed con-
sent. The study supplemented patient's routine diabetes care and
providers were aware of enrollment.

2.3.2. Goal-setting, baseline assessment and randomization

After obtaining written consent, research assistants used a script and
low-literacy visual aid (Fig. 3) to help patients set a realistic HbAlc goal
for the six-month study period. Research assistants collected baseline
clinical, psychosocial, demographic, and psychometric data. Patients
were randomized using the Way to Health platform with permuted vari-
able block sizes with a concealed sequence to assign participants to one
of three arms with 1:1:1 randomization. Research assistants (who were
not involved with outcomes assessment) notified participants of the
study assignment. If participants did not have their own glucometer and
supplies or if their glucometer was not compatible with Glooko [39] (a
diabetes data management platform used by the study team) they were
provided with a One-touch Verio Flex glucometer, and a 24-week sup-
ply of test strips and lancets. Research assistants then walked patients to
an onsite laboratory for serum HbAlc.

2.3.3. Follow-up assessments and incentives

In-person follow-up assessments were scheduled at 3 and 6 months,
and participants were asked to bring in their glucometers for data ex-
traction. The 3-month follow-up assessment consisted of a brief survey
to assess adverse medical events and data extraction from patients' glu-
cometers using the Glooko system. The 6-month follow-up assessment
consisted of a patient-reported outcomes survey, data extraction from
patients’ glucometers and a serum HbAlc. HbAlc data was extracted
from electronic medical record if available within approximately 4
weeks of the assessment date, for patients who did not complete the 6-
month follow-up. Upon completion of the study, we invited 10 partici-
pants in the combined intervention arm to participate in an optional
qualitative interview, purposively selecting individuals who had been
escalated to receive intensive CHW support.

Participants received a $50 pre-paid study debit card at the comple-
tion of their baseline visit. Upon completion of the 3-month follow-up
visit, $50 was uploaded to patients' study debit cards. Upon completion
of the 6-month follow-up visit, $100 was uploaded to patients’ study
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Fig. 2. Study procedures.

My Health Goal
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Fig. 3. This style of low-literacy visual aid has been used throughout IMPaCT CHW interventions, to assist patients in setting concrete, achievable, measurable
health management goals. Research assistants used the above tool to set glycosylated hemoglobin value goals with all study patients at enrollment.

debit cards. Patients who participated in the optional qualitative inter-
view received an additional $20.

2.4. Interventions

2.4.1. Usual care

Patients in this arm were asked to use their glucometer to check
their blood glucose on a daily basis and to continue with their usual dia-
betes care during the study period.

2.4.2. Digital health

Patients in the digital health arm were asked to check their blood
glucose on a daily basis and text the value every day to a phone number
linked to the WTH platform. WTH responded to patients via automated
text messages (Table 1). Throughout the study period whenever a par-
ticipant sent a text to WTH with their blood glucose reading, WTH re-
sponded with a brief acknowledgement text thanking them. If partici-
pants texted in a blood glucose value that was pre-established as med-
ically dangerous (< 60, >400) they received an automated text encour-
aging them to follow-up with their provider. These values were also
routed directly to the study clinician who called each patient within
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Table 1
These are examples of automated text messages sent to patients participating
in the lottery through the Way to Health platform.

Examples of automated text messages sent to patients participating in the lottery:

Hi, [participant first name]! Welcome to the Engage study! Starting tomorrow, you
should check your blood sugar every day and text it to this number. When we get
your text, we'll enter you into a daily lottery to win money. Good luck!

Great job! Keep texting us your blood sugar every day!

Awesome! Thanks for texting in your blood sugar reading.

$50 winner!!! Your lottery number X was chosen! You won today's lottery because
you texted us your blood sugar yesterday. Congratulations!

Unfortunately, your lottery number X was not chosen today. Keep texting us your
sugars every day for a chance to win the daily lottery! Good luck!

Your lottery number X was chosen today. You would have won $5, but you did not
text us your blood sugar reading, so we cannot give the money to you. Text us
your sugars every day in order to be eligible for the daily lottery!

You did not text us your blood sugar reading yesterday, so you cannot win today's
lottery. Text us your sugars every day for a chance to win the daily lottery.

24 h to provide clinical management and coordinate care with the pa-
tients’ provider.

In order to promote early motivation and habit formation, for the
first 6 weeks of the study period, participants in the digital health arm
were eligible to participate in a lottery for every day they texted in their
blood glucose values. We used an approach that was modeled off a pre-
vious study of digital health with lottery incentives that used infrequent
large payoffs and more frequent small payoffs that averaged a modest
expected value of US$1.40 per day [18]. The design of the lottery and
messaging was based off the behavioral economic principles of proba-
bility inflation, people overestimate the probability that they will win
something, and loss aversion, people are motivated by avoiding losing
something [40-42]. At enrollment, patients chose a lottery number be-
tween 00 and 99. Each day, WTH randomly generated a winning two-
digit lottery number. Patients had a 1 in 100 chance of winning a $50
reward with an exact match to the winning number. They also had an
18 in 100 chance of winning a $5 reward with a one-digit match. Dur-
ing the 6-week lottery period, WTH sent the usual acknowledgements
for any blood glucose values patients texted in. In addition, to create a
sense of loss aversion, WTH also sent a text message to any patients that
did not send in their blood glucose values; these explained that patients
were ineligible --in some cases despite their lottery number being
picked-- to collect the lottery winnings because they had not sent in
their blood glucose reading. After 6 weeks, participants were notified
that the lottery had ended, but that they were still encouraged to text in
their daily blood glucose values.

2.4.3. Combined digital health and CHW support

On the day of study enrollment, research assistants notified an on-
site CHW of any participants assigned to the combined arm. CHWs met
participants and used a semi-structured interview guide to introduce
themselves and provide brief coaching using behavioral strategies that
increase resilience to setbacks and failure [43-48]: positive affect in-

Low adherence/high sugars trigger CHW support
(0-12 weeks)
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duction and attribution retraining. Positive affect induction uses self-
affirmation and “random acts of kindness” to improve emotional re-
silience after failure [43,44,49-56]. Attribution retraining teaches indi-
viduals to interpret failure, not as a character flaw, but rather due to
concrete and controllable causes [45-48,57-59].

During the initial meeting, the CHW and participant, together,
watched a video that was developed specifically for this study. The
video [83] was narrated by a CHW with diabetes, who explained her
struggle to manage her diabetes and subsequent shift in thinking to at-
tribute her failures in health behavior change from vague, uncontrol-
lable factors to concrete, modifiable ones. Afterwards, the CHW and
participant discussed the video. Then, the CHW encouraged the partici-
pant to use an “inspiration worksheet” to list positive affirmations
about themselves by reflecting on “some small things that make you
feel good” and “moments that you're proud of.” Finally, CHWs worked
with participants to complete a “problem solving worksheet,” in which
participants listed challenges they might encounter to improving con-
trol of their diabetes and then the CHW helped them to generate a plan
to manage those challenges.

After this initial meeting, CHWs explained to patients that they
might work with them in the future if they were not able to self-monitor
their sugars regularly or if they have elevated blood glucose readings.

Patients in the combined arm were also enrolled into the digital
health intervention using the same protocol as described for the digital
health alone arm. However, if during the first 12 weeks of the study pe-
riod, participants had elevated blood glucose readings (>300 mg/dL)
and/or a low adherence rate to self-monitoring (did not text in their
blood glucose values) for >30% of days over any 2 week period, they
were ‘escalated’ to receive support from their CHW (Fig. 4).

CHWs contacted patients within 1-2 days of escalation and, when
possible, conducted a home visit. CHWs used an in-depth semi-
structured interview guide to develop a connection with patients and
probe for socioeconomic and behavioral barriers to improved health,
such as housing instability, food insecurity, drug or alcohol use,
trauma, or inability to afford medications. CHWs discussed with pa-
tients the 6-month diabetes management goal that all patients set at en-
rollment. Patients and CHWs revisited the “problem solving worksheet”
together to identify challenges that interfered with diabetes manage-
ment and to form short-term goals and action plans to address prob-
lems. The CHWs provided hands-on, tailored support for the rest of the
study period to help patients achieve their goals. When possible, CHWs
communicated with patients at least once a week, including monthly
face-to-face interactions. At each encounter, CHWs normalized failure
and used positive affect induction and attribution retraining to help pa-
tients to cope with failure. They revisited patients' positive affirma-
tions, provided a small gift intended to increase patients’ sense of
worth, and replayed and discussed the attribution retraining video
prompting patients to reflect on their challenges and shift their thinking
pattern. CHWs guided patients toward strategies for learning from fail-
ure instead of shutting down. Two CHWs participated in the study and

CHW support lasts through the end of the 6-month
study period

Financial Incentives (0-6
weeks)

Fig. 4. Timing of elements of the combined intervention. Lottery-based financial incentives are offered for the first 6 weeks. Low adherence or elevated blood glu-
cose readings in the first 12 weeks triggers the initiation of CHW support, which will continue through the end of the 6-month study period.
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had been trained using the standardized IMPaCT model [33]. They each
had a maximum caseload of 25 patients.

2.5. Measures

2.5.1. Baseline measure

At baseline, research assistants collected demographic and psycho-
metric data and obtained a serum HbAlc. It included the following vali-
dated psychosocial surveys: SF-12 [60], Adverse Childhood Experiences
[61], Single-Item Drug Screen [62], Single-Item Alcohol Screen [63],
Single-Item Health Literacy Screen [64], the Perceived Stress Scale
[65]1, Enriched Social Support Inventory [66], Patient Activation Mea-
sure [67], Behavioral Inhibition and Activation Scale (BISBAS) [68],
Coping Orientation to Problems Experienced (COPE) [69], Response to
Failure Scale [70], five-item scale assessing future planning extracted
from the Midlife Development Inventory [71], questions assessing how
people feel about monitoring a personal goal [72], Locus of Control
Scale [73], and the Life Orientation Test [74].

2.5.2. Outcome measures

The pre-specified primary outcome was adherence to blood glucose
self-monitoring as measured by the total number of days that the glu-
cometer was used divided by the total number of days in the 6-month
study period. The primary outcome was measured by extracting self-
monitoring data directly from participant glucometers. The exploratory
outcome was change in HbAlc from baseline to the 6-month follow-up
assessment.

2.5.3. Process measures and qualitative interviews

Process measures included CHW documentation of patient encoun-
ters and detailed patient action plans. In addition, an un-blinded com-
munity-based researcher trained in qualitative methods conducted in-
depth, qualitative interviews to elicit open-ended feedback from a sam-
ple of participants about their experiences in the study. The interviewer
used a semi-structured interview guide that was based on the study con-
ceptual framework (Fig. 1) which covered participants' attitudes, be-
liefs, norms and self-efficacy for glucose self-monitoring. The guide
probed for barriers and salience of self-monitoring particularly in the
face of challenges and setbacks. The guide also elicited participants'
perspectives on the digital health and CHW interventions’ effects on re-
inforcing the habit of self-monitoring as well as addressing any internal
or extrinsic barriers to self-monitoring or glucose control. Participants
were asked to provide feedback on the interventions including areas for
improvement. Interviews were recorded and transcribed.

2.6. Power calculations and statistical analysis

Sample sizes were based on detecting a difference in adherence rate
to self-monitoring of blood glucose between the combined arm and the
usual care arm (primary hypothesis.)

Based on a similar 24-week trial [18], we assume that the adherence
rate in the usual care arm will be 40% and the rate in the combined arm
will be 80%. In the prior trial [18], the adherence rate in the usual care
arm was 47%; however, this trial had a lower risk population (higher
income and lower baseline glycosylated hemoglobin), and a longer fi-
nancial incentive period. In this same trial, the adherence rate for the
digital health arm was 70%; therefore, the estimate of 80% adherence
in the combined arm seems reasonable. Using a two-sample comparison
of proportions (usual care versus combined), we will require a sample
size of 28 patients per arm to detect these differences with 80% power,
assuming a Type I error rate of 0.05. Given the challenges faced by this
patient population, it is important to account for loss to follow-up,
which we assume based on prior trials to be 20% [31,33]. Therefore, we
estimate that we will have to enroll 34 patients in each arm to end up
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with our minimal sample size. Our planned enrollment of 50 patients in
each arm will easily allow us to meet this threshold.

Our pre-specified primary, secondary and exploratory hypotheses
will be analyzed with an intent-to-treat analysis based on random as-
signment, using a modified Poisson regression model to compare adher-
ence rates and a linear regression model to obtain the between-arm dif-
ference in change in HbAlc. Models may be adjusted for strong predic-
tors to increase efficiency. For exploratory purposes, we will perform a
per protocol analysis focusing on the subgroup of patients in the com-
bined intervention who actually received CHW support, as compared to
the patients in the digital health alone arm who would have received
support based on low adherence or elevated glucose readings. We will
also explore predictors of adherence and change in HbAlc across all
three arms.

2.6.1. Qualitative analysis

Qualitative data will be analyzed using a modified grounded theory
approach [75]. Ten interviews will be audio recorded, transcribed, and
entered into QSR NVivo, a qualitative data analysis program for coding.
We will develop a coding structure that includes major themes that
emerge from the interviews. Coding will be performed by two indepen-
dent research team members. Interrater reliability scores will be used to
assess the degree of agreement between the coders. Any discrepancies
will be discussed and resolved by consensus.

2.6.2. Missing data

Missing HbAlc results were extracted from the electronic medical
record for those lost to follow-up. We tracked all missing values and as-
sessed the pattern of missing data and whether the missing data was
non-ignorable. If appropriate, we may consider statistical methods such
as multiple imputation.

2.6.3. COVID modifications

The COVID-19 pandemic occurred at a point when 106 participants
had completed their 3-month in person follow-up assessments, but only
51 had completed their 6-month visits. To ensure participant and staff
safety all remaining in person study visits were suspended and con-
verted to telephonic visits. The following IRB approved modifications
were made to the study protocol: the primary endpoint was shifted from
6-month self-monitoring adherence to 3 month adherence; outcome
surveys were conducted telephonically; laboratory orders for serum
Alcs were placed in the electronic medical record so that if patients
were getting other clinically necessary labs, they could also have Alcs
drawn without additional study-related visits. All patients received the
full balance of their incentives regardless of whether they completed in-
person follow-up appointments.

3. Discussion

Diabetes has long been a burden for black, brown and lower-income
people, in part because it requires health behaviors that are often chal-
lenging in the face of socioeconomic barriers [2]. This trial will advance
knowledge of whether combining best practices can improve diabetes-
related behavior and outcomes.

The design of this trial can offer three insights for researchers and
diabetes intervention developers. First, the study team, purpose, popu-
lation, and protocols are grounded in social justice and community en-
gagement. This resulted in important adaptations; for instance, the digi-
tal health component of the intervention only required participants to
have a basic cell phone with SMS messaging, this made the intervention
more accessible to low-income populations. Second, the CHW interven-
tion operationalizes behavioral strategies -- attribution retraining and
positive affect induction— into practical tools and videos that CHWs
can use to help patients cope with frequent setbacks and failure on the
path to behavior change. Third, this trial took place in the midst of the
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COVID-19 pandemic; our adaptations allowed us to successfully com-
plete the study without jeopardizing the study team, participants or the
community.

This study does have limitations. Our primary outcome was adher-
ence to glucose-self monitoring which is a critical behavioral outcome
but not one that is as clinically relevant as HbAlc, our secondary out-
come. The trial may be underpowered to detect differences in self-
monitoring of blood glucose between the two active intervention arms
and differences in HbAlc between arms. However, this study is pow-
ered to assess the primary hypothesis that patients who received the
combined digital health and CHW intervention will have higher adher-
ence to daily self-monitoring of blood glucose compared to patients in
the usual care arm. This study is powered for the primary outcome
which is an extremely meaningful one: substantial data supports the
fact that glucose self-monitoring improves outcomes among insulin-
dependent diabetics. If this study demonstrates improvements in this
outcome compared with the usual standard of care in a high-risk popu-
lation, this will have far-reaching effects.
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