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OBJECTIVE: The aim of this study was to evaluate the
effectiveness of a digital health intervention plus commu-
nity health worker (CHW) support on self-monitoring of
blood glucose and glycosylated hemoglobin (HbA1c)
among adult Medicaid beneficiaries with diabetes.
DESIGN: Randomized controlled trial. Setting: Urban
outpatient clinic.
PARTICIPANTS: Adult Medicaid beneficiaries living with
diabetes and treated with insulin and who had a HbA1c≥
9%.
INTERVENTION: Participants were randomly assigned to
one of three arms. Participants in the usual-care arm
received a wireless glucometer if needed. Those in the
digital arm received a lottery incentive for daily glucose
monitoring. Those in the hybrid arm received the lottery
plus support from a CHW if they had low adherence or
high blood glucose levels.
MAIN MEASURES: The primary outcome was the differ-
ence in adherence to daily glucose self-monitoring at 3
months between the hybrid and usual-care arms. The
secondary outcome was difference in HbA1c from base-
line at 6 months.
KEYRESULTS:A total of 150 participants were enrolled
in the study. A total of 102 participants (68%) complet-
ed the study. At 3months, glucose self-monitoring rates
in the hybrid versus usual-care arms were 0.72 vs 0.65,
p = 0.23. At 6 months, change in HbA1c in the hybrid
versus usual-care arms was − 0.74% vs − 0.49%, p =
0.69.
CONCLUSION: There were no statistically significant
differences between the hybrid and usual care in glu-
cose self-monitoring adherence or improvements in
HbA1C.
TRIAL REGISTRATION: This trial is registered with clin-
icaltrials.gov identifier: NCT03939793.
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INTRODUCTION

In the USA, over 34.2 million people have diabetes.1 Diabetes
disproportionately affects people facing health and social in-
equity, who are often insured by Medicaid. Black, Latinx, and
American Indian/Alaska Native individuals experience higher
rates of diabetes and diabetes-related complications than non-
Latinx white individuals,1,2 and individuals insured by Med-
icaid are 10% more likely to develop diabetes compared to
those onMedicare.3 Managing diabetes requires complex self-
management behaviors, which may be difficult for those ex-
periencing socioeconomic barriers such as food insecurity,
housing instability, unemployment, or structural discrimina-
tion within healthcare.4,5

Two intervention strategies have shown promise for pro-
moting behavior change and improving health outcomes in
a variety of populations: digital health interventions and
community health workers (CHWs). Digital health inter-
ventions use computers or mobile devices to encourage
self-monitoring of health metrics such as blood glucose.
By raising an individual’s awareness of their metrics and
health risks, digital health interventions can shift attitudes to
promote healthy behavior. Digital interventions can be aug-
mented by behavioral economic engagement strategies such
as lottery-based financial incentives, which reinforce self-
monitoring behavior and foster habit formation. Digital
health interventions have significantly increased physical
activity, improved glycemic management and smoking ces-
sation rates, and helped people lose weight.6,7 Yet, digital
health interventions have low uptake and high attrition.7

People with lower incomes are less likely to have a smart-
phone or home broadband internet.8 Since digital health
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interventions do not address underlying socioeconomic
barriers that lead to poor health outcomes, people may find
it self-defeating to monitor health metrics without support
to improve them, contributing to high attrition.
CHWs are public health workers who have a close un-

derstanding of a community and/or are trusted members of
that community.9 CHWs support patients in developing and
sustaining health-promoting behaviors by shifting social
norms and attitudes,10 improving self-efficacy,11,12 and
addressing socioeconomic barriers by facilitating connec-
tions to resources.13 CHW interventions have a record of
improving diabetes outcomes.14–17 However, CHW inter-
ventions are resource-intensive and potentially less scalable
than digital health interventions. Some patients can also
become discouraged and ashamed by failed attempts at
behavior change, and disengage from their CHW.18 Two
behavioral techniques, positive affect induction and attribu-
tion retraining, may help individuals cope with failed
attempts at change. Positive affect induction uses self- af-
firmation and “random acts of kindness” to bolster emo-
tional resilience after failure. Attribution retraining teaches
individuals to interpret failure as resulting from controllable
concrete causes rather than from character flaws.19–23 Al-
though CHWs are well-suited to delivering these resilience
interventions as part of the person-centered support they
provide, to our knowledge, this has not yet been done.
In this study, we combined a digital health intervention

designed to promote self- monitoring of blood glucose
(SMBG) with a CHW intervention that included strategies
for coping with setbacks and failure. We tested this hybrid
intervention among adult Medicaid beneficiaries with insulin-
dependent diabetes.

METHODS STUDY DESIGN

This study was a three-arm, type 1 effectiveness-
implementation trial that combined a single-blind randomized
controlled trial with qualitative process interviews. Detailed
methods have been previously described.24 The study was
approved by the Institutional Review Board of the University
of Pennsylvania.

Setting and Participants

Participants were recruited from May 22 through December
19, 2019. Eligible participants were patients from an urban
academic outpatient facility and met the following criteria: (1)
diagnosed with diabetes mellitus based on ICD-10-CM codes
documented within the year prior to enrollment, (2) hemoglo-
bin A1c (HbA1c) level ≥ 9% within the prior 6 months, (3)
insulin-dependent and advised to perform daily SMBG,25 (4)
aged ≥ 18 years, and (5) lived in a high-poverty zip code in
Philadelphia, PA. Exclusion criteria included use of a contin-
uous glucose monitor, in another study that involved SMBG,

already working with an IMPaCT CHW, or unable/unwilling
to consent.

Study Procedures

After obtaining written consent, research assistants collected
baseline clinical, psychosocial, demographic, and psychomet-
ric data, including SF-12,26 Adverse Childhood Experien-
ces,27 Single-Item Drug Screen,28 Single-Item Alcohol
Screen,29 Single-Item Health Literacy Screen,30 the Perceived
Stress Scale,31 Enriched Social Support Inventory,32 and Pa-
tient Activation Measure.33 Research assistants used a script
and low-literacy visual aid to share participants’ current
HbA1c, provide brief education around evidence-based be-
havioral strategies for improving diabetes outcomes, and set a
realistic goal for reducing HbA1c over the 6- month study
period. Baseline HbA1c were collected onsite for participants
who did not already have a HbA1c recorded within 28 days
prior to enrollment.
If participants did not have a glucometer or if their gluc-

ometer was incompatible with the data management platform
used by the study team, they were provided with a glucometer
(OneTouch Verio Flex®, LifeScan Scotland Ltd.) and a 24-
week supply of test strips and lancets.
Participants were asked to bring their glucometers for

SMBG data extraction using the Glooko® patient manage-
ment software at 3- and 6-month follow-up visits. The 3-
month visit consisted of a brief assessment of adverse medical
events and extraction of patients’ SMBG data including dates,
times, and values since enrollment. The 6-month visit included
a patient-reported outcomes survey, SMBG data extraction,
adverse event screening, and HbA1c. If the participant did not
attend their 6-month visit, HbA1c was extracted from the
electronic health record (EHR) at 6 months ± 28 days post-
baseline.
Participants received a $50 reloadable gift card upon com-

pletion of the enrollment visit, $50 upon completion of the 3-
month follow-up, and $100 upon completion of the 6- month
follow-up.
OnMarch 13, 2020, the COVID-19 pandemic was declared

a national emergency; at this point, 17 (11.3%) participants
were eligible for but had not completed their 3-month visit,
and 97 (64.7%) were eligible for but had not completed their
6-month visit. To minimize risk of harm to participants and
research personnel in attending in-person visits, the study team
planned several modifications that were approved by the In-
stitutional Review Board. Remaining in-person visits were
suspended and converted to telephonic visits; as a result,
participants did not bring in their glucometers or have study-
related labs drawn. To maximize available outcome data, the
primary endpoint was shifted from 6-month to 3-month
SMBG adherence, and laboratory orders for HbA1c were
placed in the EHR so participants could have HbA1c drawn
if they were obtaining other labs associated with their routine
care.
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Randomization

At enrollment, research assistants created participant profiles
in the Way to Health digital health platform, an automated
technology platform that integrates clinical trial randomiza-
tion, biometric devices, financial system fulfillment, and se-
cure data capture.34 Way to Health used an allocation se-
quence to randomize participants in a 1:1:1 ratio to one of
three arms: usual care, digital health intervention, or hybrid.

Interventions
Usual Care. Participants randomized to the usual-care arm
were asked to check their daily blood glucose and to continue
with their usual care.

Digital Health. Participants randomized to the digital health
armwere asked to check their blood glucose and text the value
daily to a phone number linked to the Way to Health platform.
To promote early motivation and habit formation, participants
were entered into a lottery each day they texted their glucose
values for the first 6 weeks of the study period. Each day
participants texted, the lottery provided an 18 in 100 chance of
winning $5 and 1 in 100 chance of winning $50. Accrued
money was distributed to participants biweekly on a
reloadable card.
If participants texted in a blood glucose value that was pre-

established as medically dangerous (< 60, > 400), they re-
ceived an automated text encouraging them to follow up with
their provider. These values were also routed directly to the
study clinician who called each patient within 24 hours to
provide clinical management and coordinate care with the
patient’s provider.

Hybrid Digital Health and Community Health Worker
Support. Participants in the hybrid arm received all aspects
of the digital health intervention: they were asked to check
their blood glucose daily, were entered into a daily lottery each
day they texted their blood glucose levels, and had out-of-
range values routed to the study clinician who intervened as
above. Additionally, CHWs met with participants at enroll-
ment and provided brief coaching using positive affect induc-
tion and attribution retraining to increase resilience to set-
backs. Details of this coaching are described elsewhere.24 At
this initial meeting, CHWs explained to patients that they
might work with them in the future if they needed additional
support.
During the first 12 weeks of the study, hybrid arm partic-

ipants with low rates of SMBG (defined as 5 instances of
missed readings) and/or elevated glucose readings (defined
as a glucose level > 300 mg/dL for > 30% of days over any
2-week period) were ‘escalated’ to receive intensive CHW
support.
CHWs implemented the IMPaCT intervention,14,15,35 in

which the CHW used an in-depth semi-structured interview
guide to get to know participants’ strengths, goals, and unmet

social needs (e.g., food insecurity, housing instability, drug
and alcohol use, family stress, etc.). As a part of this conver-
sation, CHWs asked: “What do you think you’ll need in order
to improve your health?” Participants’ individualized goals
became the basis for tailored action plans. For the remainder
of the 24-week study period, CHWs provided coaching, social
support, advocacy, and navigation to support participants in
achieving their health goals. CHWs communicated with par-
ticipants at least once per week, including monthly face-to-
face contact. During these encounters, CHWs normalized set-
backs and used positive affect induction and attribution
retraining to help patients to cope with failure. CHWs did
not provide diabetes education; however, they confirmed par-
ticipant access to a glucometer and asked about their blood
glucose readings. CHWs also helped participants connect to
long-term family and social supports after the intervention
ended.
Initially, CHWs worked with participants both by

phone and in person, depending on participant prefer-
ence and situation. When COVID-19–related restrictions
began in March 2020, all CHW engagement transitioned
to telephonic and text message support. This occurred in
month 10 of the study and affected half of the partic-
ipants who received CHW support. Participants who
completed the intervention prior to the COVID-19
restrictions had an average of 14.3 successful contacts
with the CHW, compared with an average of 10.8 con-
tacts for participants whose intervention period overlap-
ped with the stay-at-home order.

Outcomes

The primary outcome of interest was the difference
between hybrid and usual-care arms in adherence to
SMBG at 3 months, as measured by the total number
of days the glucometer was used divided by the 90 days
in the follow-up period. The primary outcome was mea-
sured by extracting SMBG data directly from glucome-
ters. The secondary outcome was the difference between
hybrid and usual-care arms in change in HbA1c from
baseline to 6-month follow-up. As an exploratory anal-
ysis, we compared the outcomes above between hybrid
and digital health arms.

Completers

We defined participants with complete adherence data to
include anyone whose glucometer data included a reading
before and after the primary endpoint (90 days). To avoid
underestimating adherence rates, we considered partici-
pants who were lost to follow-up, who did not bring gluc-
ometers to follow-up visits, whose glucometer could not be
read by the data management platform, or whose glucom-
eter readings started after 90 days post-enrollment to be
non-completers, i.e., to have missing adherence data rather
than 0% adherence.
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Statistical Analysis

Means, medians, standard deviations, and proportions
were calculated to describe the sample. Descriptive com-
parisons of baseline characteristics between arms used
chi-square test for categorical and Wilcoxon rank-sum test
for continuous variables. We used Wilcoxon rank-sum test
to assess differences between two arms for the primary
and secondary outcomes.
We first conducted a complete case analysis using Poisson

regression to model rate of adherence to SMBG at 3 months.
We also imputed missing data, using multiple imputation with
the chained equations method based on baseline character-
istics. Each of the 20 imputed datasets were analyzed with a
Poisson model, and results were combined for inference using
Rubin’s rules. Results from two separate analyses (complete
case and imputed) were nearly identical; since the data may
not be missing at random, we report complete case results
from the Wilcoxon rank-sum test. All statistical analyses were
carried out with SAS (version 9.4). A significance level of
0.05 was used.

Sample Size

Based on a similar 24-week trial,36 we assumed that SMBG
adherence rate in the usual-care arm would be 40%. We
hypothesized that rate in the hybrid intervention would be
80%. Using a two-sample comparison of proportions (usual
care versus hybrid), we estimated a sample size of 28 partic-
ipants per arm to detect differences with 80% power, assuming
a type I error rate of 0.05 and 20% attrition. We enrolled 50
participants per arm to ensure that we would exceed minimum
threshold for appropriate sample size

RESULTS

Participants

Out of 485 patients screened, 59 (12.2%) did not meet
eligibility criteria. Of the remaining 426 patients, 181
(65.6%) were not interested, 79 (28.6%) did not arrive for
their initial visit, and 16 (5.8%) declined to consent. A total
of 150 participants were enrolled and randomized to one of
three arms. Loss to follow-up was greater than anticipated at
both 3 and 6 months. A total of 40 (80.0%) control arm, 34
(68.0%) digital health alone, and 28 (56.0%) hybrid partic-
ipants completed data collection for the primary outcome
(Fig. 1). We compared study participants who completed 3
months of SMBG adherence (N = 102) with those who did
not (N = 48). The non-completers differed significantly on
arm assignment (20.0% usual care vs. 33.3% digital vs.
45.4% hybrid, p = 0.04)
Participant baseline characteristics are provided in Ta-

ble 199.0% of participants were insured by Medicaid (includ-
ing 40.7% Medicare-Medicaid dually eligible). Participants’
mean age was 55.1 years, 76.0% had completed high school or
attended college,70.0% were female, and 87.3% were Black.
Participants had many socioeconomic stressors, with 62.7%
reporting annual incomeof < $15,000/year and 82.7% being
unemployed. Mean HbA1c at baseline was 10.96. There were
no statistically significantdifferences in baseline characteris-
tics between arms.

Outcomes

Overall, 41 hybrid arm participants (82.0%) required escala-
tion to intensive support from a CHW because they demon-
strated low adherence or elevated blood glucose levels.

Figure 1 Consort diagram
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At 3months, SMBG rates in the hybrid versus usual-care arms
were 0.72 vs 0.65 (p = 0.23). At 6 months, changes in HbA1c in
the hybrid versus usual-care arms were − 0.74% vs − 0.49% (p =
0.69). In our exploratory analysis comparing hybrid versus digital
arms, we found SMBG rates at 3 months were 0.72 vs. 0.70 (p =
0.51) and changes in HbA1c at 6 months were − 0.74% vs. −
0.85% (p = 0.36) (Table 2

DISCUSSION

In this randomized controlled trial, which enrolled Medicaid-
insured patients with insulin-dependent diabetes, we did not
observe statistically significant differences in either SMBG
adherence or improvement in HbA1c between any of the three
arms (usual care, digital health alone, or hybrid digital health

Table 1 Baseline Participant Characteristics

Digital health/CHW support Digital health
alone

Usual care Total

Age, mean (SD) 54.1 (12.8) 55.0 (14.1) 56.3 (8.7) 55.1 (12.0)
Sex, n (%)
Male 15 (30.0%) 14 (28.0%) 15 (30.6%) 44 (29.5%)
Female 35 (70.0%) 36 (72.0%) 34 (69.4%) 105 (70.5%)

Race, n (%)
Black or African American 42 (84.0%) 42 (84.0%) 47 (94.0%) 131 (87.3%)
Other 8 (16.0%) 8 (16.0%) 3 (6.0%) 19 (12.7%)

Highest level of education, n (%)
Less than HS 11 (22.0%) 10 (20.0%) 15 (30.0%) 36 (24.0%)
HS or GED 20 (40.0%) 22 (44.0%) 16 (32.0%) 58 (38.7%)
Some college/technical school 14 (28.0%) 13 (26.0%) 15 (30.0%) 42 (28.0%)
College graduate 5 (10.0%) 5 (10.0%) 4 (8.0%) 14 (9.3%)

Household income, n (%)
< 15 K 32 (64.0%) 30 (60.0%) 32 (64.0%) 94 (62.7%)
≥ 15 K 17 (34.0%) 18 (36.0%) 16 (32.0%) 51 (34.0%)
Unknown 1 (2.0%) 2 (4.0%) 2 (4.0%) 5 (3.3%)

Employed, n (%) 10 (20.0%) 7 (14.0%) 9 (18.4%) 26 (17.4%)
Insurance, n (%)
Medicaid 33 (66.0%) 27 (54.0%) 27 (54.0%) 87 (58.0%)
Medicaid/Medicare 16 (32.0%) 22 (44.0%) 23 (46.0%) 61 (40.7%)
Uninsured 0 (0.0%) 1 (2.0%) 0 (0.0%) 1 (0.7%)
Other* 1 (2.0%) 0 (0.0%) 0 (0.0%) 1 (0.7%)

Prior healthcare utilization, past 6 months (self-report)
Any ED visit, n (%) 30 (60.0%) 29 (58.0%) 23 (46.0%) 82 (54.7%)
Any hospital admission, n (%) 14 (28.0%) 20 (40.0%) 19 (38.0%) 53 (35.3%)
# of ED visits, mean (SD) 1.2 (1.4) 1.4 (1.9) 2.1 (7.2) 1.6 (4.4)
# of admissions, mean (SD) 0.5 (1.2) 0.5 (0.8) 1.1 (3.6) 0.7 (2.3)
Postponed needed medical care 11 (22.0%) 9 (18.0%) 7 (14.0%) 27 (18.0%)
Health literacya, mean (SD) 2.1 (1.3) 1.8 (1.2) 1.9 (1.1) 1.9 (1.2)
More than 1 competing needb, n (%) 20 (40.0%) 23 (46.0%) 14 (28.0%) 57 (38.0%)
Drug use, n (%) 5 (10.0%) 6 (12.0%) 8 (16.0%) 19 (12.7%)
Alcohol overuse, n (%) 7 (14.0%) 10 (20.0%) 11 (22.0%) 28 (18.7%)
Adverse childhood experiencesc, mean (SD) 2.8 (2.4) 3.3 (2.6) 3.1 (2.8) 3.0 (2.6)
Perceived stressd, mean (SD) 5.7 (3.6) 6.1 (4.0) 5.9 (3.5) 5.9 (3.7)
Low social support, n (%) 7 (14.0%) 7 (14.0%) 4 (8.0%) 18 (12.0%)
Patient activation measure, mean (SD) 65.8 (14.2) 67.3 (15.4) 69.5 (16.6) 67.6 (15.4)
HbA1C (%), mean (SD) 10.89 (2.01) 11.05 (1.58) 10.94 (2.21) 10.96 (1.94)

aHealth literacy scale score 1–5, with highest score indicating low literacy
bBasic needs scale measuring the need for shelter, food, washing, bathroom, transportation, and telephone; score > 1 as threshold for competing needs
cExperiences include 10 forms of abuse, neglect, and household instability; scored 0–10 with highest score indicating most experiences
dPerceived stress scale score range: 0–16, with the highest score indicating high stress

Table 2 Glucose Self-Monitoring Adherence and Change in Glycosylated Hemoglobin by Arm

Digital health/ CHW support
N = 28

Digital
health alone
N = 34

Usual care
N = 40

p value

Hybrid vs. .usual
care

Hybrid vs. digital health alone

Glucose self-monitoring
adherence at 3 months

0.23 0.51

Mean (SD) 72% (29%) 70% (25%) 65% (28%)
Median 83% 74% 68%

Change in HbA1c
at 6 months

N = 24 N = 21 N = 23 0.69 0.36

Mean (SD) − 0.74 (1.66) − 0.85 (1.90) − 0.49 (1.75)
Median − 0.6 − 1.1 − 0.3
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with CHW support for those with persistent elevated glucose
levels or non-adherence to SMBG). All three arms received
proven effective strategies for improving blood glucose man-
agement, including basic diabetes education with goal setting,
which has been shown to improve HbA1c.37 Although both
financial incentives and CHW support have previously been
shown to be cost-effective strategies38,39 that improve diabetes
outcomes14,15,35 but have not been studied in combination.
Over 80% of participants in the hybrid arm demonstrated low
adherence or high blood glucose levels, even with the digital
health intervention, and were thus “escalated” to receive CHW
support. CHWs reinforced participants’ established goals and
the importance of self-monitoring of blood glucose, addressed
the socio-behavioral determinants of health, and provided
strategies for coping with the setbacks that individuals may
encounter when living with diabetes. Interestingly, we ob-
served greater attrition at the 3-month follow-up in the hybrid
arm (44%) than in either of the other arms. This rate is higher
than what we have seen in previous studies of the IMPaCT
model.14,15,35 Several factors may have contributed to this
attrition. Since participants knew they were only receiving
CHW support because they had not succeeded in following
their self-monitoring regimen, it is possible that feelings of
embarrassment may have led them to disengage, consistent
with a previous qualitative study.18 In addition, priming par-
ticipants to expect a light-touch, technology-focused interven-
tion, and delaying the more intensive and interactive CHW
support until they struggled may also have led participants to
disengage out of perceived inconvenience.
This study is timely because the COVID pandemic has

catalyzed a shift toward digital health, as well as home and
community-based care for conditions like diabetes. Digital
health has grown as a share of health care services,40 sup-
ported by new policy flexibilities from legislators, regulators,
and payers.41 In addition, a U.S. congressional bill introduced
in the House of Representatives in early 2021 would invest in
expanding home and community-based care through increas-
ing the applicable Medicaid federal matching rate for those
services.42 In the past, digital health interventions and
community-based supports have been viewed as separate
and distinct. In theory, patients would benefit from habit
formation encouraged by digital health interventions com-
bined with support to address underlying social needs. Our
study demonstrates the feasibility of a hybrid approach which
may overcome limitations of digital health or CHW support
alone. However, the lack of improvement for the hybrid arm
relative to the usual-care and digital health arms in either
SMBG adherence or HbA1c, as well as the high attrition rate
we observed in the hybrid arm, indicate that more research is
needed to identify optimal combinations of these strategies.
Our study has some limitations. This single-center study

had a relatively small sample size with high loss to follow-up
limiting power and generalizability. The COVID pandemic
altered our study design and may have led to a higher-than-
expected rate of loss to follow-up at 6 months. Unlike many

digital health interventions which require smartphones or
broadband connection, we only required participants to have
a basic cell phone with SMS messaging; this was an inten-
tional modification to make the intervention more accessible
to low-income populations. However, it meant that partici-
pants needed to complete an additional step of texting their
SMBG to the study platform which may have contributed to
increased rates of attrition in the two arms that required this
step. In addition, because we used low-tech glucometers cov-
ered byMedicaid instead of ones that upload real-time data via
Bluetooth connection, we were dependent on extracting data
from the physical device; if someone lost or did not bring in
their glucometer, this resulted in missing data. Finally, one of
the COVID-19 modifications included a truncation of our
primary measure (adherence) from 6 to 3 months. Future
studies should include longer follow-up times.

Conclusion

In a randomized trial of Medicaid-insured patients with
insulin-dependent diabetes using two behavioral interventions
(digital incentives and CHW) compared with usual care, we
did not find statistically significant improvements in SMBG
and HbA1c. Additional studies are needed to identify the ideal
sequencing, framing, and combination of digital health and
CHW interventions.
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