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Abstract

Background: Lockdown restrictions reduce COVID-19 community transmission; however, they may pose challenges for
noncommuni cabl e disease management. A 112-day hard lockdown in Victoria, Australia(commencing March 23, 2020) coincided
with an intervention trial of reducing and breaking up sitting timein desk workerswith type 2 diabeteswho were using aprovided
consumer-grade activity tracker (Fitbit).

Objective: This study aims to compare continuously recorded activity levels preceding and during COVID-19 lockdown
restrictions among working adults with type 2 diabetes participating in a sitting less and moving more intervention.

Methods: A total of 11 participants (n=8 male; mean age 52.8, SD 5 years) in Melbourne, Australia had Fitbit activity tracked
before (mean 122.7, SD 47.9 days) and during (mean 99.7, SD 62.5 days) citywide COVID-19 lockdown restrictions. Regression
models compared device (Fithit Inspire HR)—derived activity (steps; metabolic equivalent tasks [METS]; mean timein sedentary,
lightly, fairly, and very active minutes; and usual bout durations) during restrictions to prerestrictions. Changes in activity were
statistically significant when estimates (A%) did not intercept zero.

Results. Overall, there was a decrease in mean steps (—1584 steps/day; A% —9%, 95% Cl —11% to —7%); METs (-83 MET</day;
A% —5%, 95% Cl —6% to —5%); and lightly active (A% —4%, 95% Cl —8% to —1%), fairly active (A% —8%, 95% Cl| —21% to
—15%), and very active (A% —8%, 95% Cl —11% to —5%) intensity minutes per day, and increasesin mean sedentary minutes per
day (51 ming/day; A% 3%, 95% Cl 1%-6%). Only very active (+5.1 mins) and sedentary (+4.3 mins) bout durations changed
significantly.

Conclusions: In a convenience sample of adults with type 2 diabetes, COVID-19 lockdown restrictions were associated with
decreasesin overall activity levelsand increasesin very active and sedentary bout durations. A Fitbit monitor provided meaningful
continuous long-term data in this context.

Trial  Registration: Australian  New  Zedland Clinica  Trids Registry = ACTRN12618001159246;
https://anzctr.org.au/Trial /Registration/Trial Review.aspx?ACTRN=12618001159246

(JMIR Diabetes 2022;7(2):€36181) doi:10.2196/36181
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Introduction

Methods

The COVID-19 pandemic continues to have a lasting impact
on the health care system [1,2]; as of December 2021, there
have been 270 million confirmed cases since the pandemic
began [3]. Type 2 diabetes mellitus is prevalent in patients
admitted to hospitals with COVID-19 [4,5], with rates as high
as 33.8% [6]. Poorer glycemic control can also be a predictor
of COVID-19 mortality [7,8]. Regular physical activity is
recognized as a cornerstone of diabetes management and
glycemic control [9]. However, thereis now evidencethat some
of the public health measures used to contain the spread of the
virus, including restriction of movement via community-level
lockdowns, may have impacted physical activity levels[10].

Specifically, thereis evidence of pandemic-associated decreases
in overall physical activity [11,12] and decreasesin activity of
different intensities (ie, light, moderate, and vigorous) [13,14],
along with an increase in sedentary time [15]. For example, a
study using hip-worn accelerometers found that sedentary
behavior time and prolonged sedentary boutsincreased and total
daily steps decreased during lockdowns[16]. Collectively, these
findings suggest that COV1D-19 lockdown restrictionsarelikely
to adversely impact a set of lifestyle behaviorsimportant to the
management of type 2 diabetes; however, the relevant evidence
has somelimitations. Most of these studies have used self-report
measures of activity [17-19] with many involving cross-sectional
designs [15,20] or using retrospective data collection
[12,21]—design types that are prone to recall and reporting
biases. In those studieswhere deviceswere used (eg, body-worn
accelerometers), short time frames (7-8 days) were observed
[16,22], which limits the opportunity to understand long-term
trends. Aside from a few studies [23-26], most investigations
have featured short or singular time frames of observation and,
importantly, have not measured activity behaviors both
immediately before and at the point of a COVID-19 outbreak.
Furthermore, despite being recognized as a population at greater
risk of the health impacts of COVID-19, no studies have
assessed physical activity with continuously worn devices prior
to and during COVID-19 in people with type 2 diabetes.

Prolonged and restrictive lockdown conditions imposed on
residents living in Melbourne, Australia coincided with the
conduct of aclinical trial inworking adultswith type 2 diabetes
(ANZCTRN12618001159246), targeting both reductions in
sedentary time and increases in physical activity. With one of
the intervention components requiring participants to use a
wrist-worn activity tracker throughout, this presented an
opportunity to ascertain the impact of lockdown on these trial
participants.

This exploratory study uses data from a wrist-worn consumer
device (Fitbit) to describe and compare activity levels of
working adults with type 2 diabetes participating in a behavior
change intervention trial prior to and during a prolonged
citywide lockdown due to COVID-19.

https://diabetes.,jmir.org/2022/2/e36181

Participants and Setting

Participants were from the intervention arm of the OPTIMISE
Your Health trial [27]. Thistrial, which began in 2019, aims to
both reduce sedentary behavior (sit less) and increase movement
(move more) in desk workers with type 2 diabetes aged 35 to
65 years [28]. Eligibility is based on having been diagnosed
with type 2 diabetes (confirmed with recent hemoglobin A,
[HbA,] test), not being on insulin therapy, working in a
desk-based occupation (0.8-1 full-time equivalent), high
sedentary time (>50% of waking hours), not meeting physical
activity guidelines (ie, doing <150 min of moderate-vigorous
physical activity/week and <2 strength sessions/week), and
living within a 40 kilometer radius of the Baker Heart and
Diabetes Ingtitute (Melbourne, Australia). Participants were
randomized following baseline assessments into control or
intervention arms. Those in the intervention arm received a
height-adjustable desk, a Fitbit Inspire HR wrist-worn fitness
tracker, and behavior change health coaching support, as
described in detail elsawhere[27]. In brief, the health coaching
involved participants setting incremental goalsto reduce sitting
and increase physical activity, which was facilitated by
behavioral strategies that encouraged self-management (eg,
standing up after a work task or taking a light walk after
finishingameal). A convenience sampleof 11 intervention-arm
participants who wore the Fitbit both prior to and during the
lockdown restriction periods were included in this study.
Participants were recruited sequentially into the broader trial,
hence Fitbit observation windows differed for each participant.

Ethical Considerations

Protocolsand ethics were approved by the Alfred Health Ethics
Committee (#359/18), and al participants provided written
informed consent.

Data Collection

The baseline assessment included demographic questions,
anthropometric measures (height, weight), and a fasting blood
glucose examination. Two weeksfollowing baseline assessment,
participants were provided with their Fitbit Inspire HR device,
which they were encouraged to wear as often as possible to
promote and maintain physical activity behaviors. Participants
were not required to wear the Fitbit while sleeping; therefore,
dleep was not investigated. Participants consented to give access
to their Fitbit activity (recorded on the study account) via
Fitabase (Small StepsLabsLLC), athird party web-based data
management platform. Each participant was set up with aunique
Fitabase study account linked to their Fitbit device and
associated smartphone app. All data synchronized from the
wearable device to the Fitbit app was uploaded to Fitabase
automatically where it could then be exported into date- and
time-stamped minute intervals for the time period from August
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10, 2019 (start of data collection for the first participant) until
October 18, 2020 (the end of the first major lockdown period).

COVID-19 Lockdown in Melbourne, Australia

The first COVID-19 lockdown restrictions in Melbourne,
Australia commenced on March 23, 2020, and were eased
intermittently, then reinstated, and not lifted until October 18,
2020. During thistime, Australia was ranked as having one of
the strictest pandemic mitigation strategiesin theworld, reaching
ahigh of 80inalto 100 stringency scalein March 2020 [29].
Of all Australian cities, Melbourne had the strictest lockdown
during this time due to high rates of transmission and the state
government’sintention for complete elimination of community
transmission of the virus. Varying restrictions wereimposed in
Melbourne throughout the period of observation; these are
described in greater detail in Multimedia Appendix 1.

The lockdown restrictions led to the OPTIMISE Your Health
trial being placed on temporary hold. This entailed the
suspension of recruitment and clinical assessment visits.
Following this, participants were sent a survey via email with
aseries of questionnaires enquiring about any changesincurred
due to the pandemic. The questions pertained to changes in
work hours; work location; sitting, standing, and activity
behaviors at work; workload; care load; physical activity and
exercise; sedentary behavior; mativation; work environment;
and musculoskeletal health. Enrolled participants who were
involved in the trial during the lockdown period were
encouraged to complete their participation to the end of the
original trial date (6 months).

Fitbit-Derived Activity Metrics

The Fitbit Inspire HR is a wrist-worn, triaxial accelerometer.
The device also uses photoplethysmography, which measures
heart rate with infrared light through the skin. The device is
powered by alithium polymer battery with an average battery
life of 5 days depending on use. A proprietary algorithm
converts the raw acceleration signal from the tracker into step
countsand activity intensity. Each minuteinterval is categorized
as sedentary (<1.5 metabolic equivalent tasks[METS] according
to Fithit), lightly active (1.5-3 METS), fairly active (3-6 METS),
or very active (>6 METs or 2145 steps/min in at least 10 min
bouts) according to Fitbit's determination of METs [30]. Data
were collected continuously by the wrist-worn tracker for 30
days, at which point the device must be synchronized via
Bluetooth with a smartphone and the Fitbit app. For the
OPTIMISE Your Hedlthtrial, the provision of the Fitbit allowed
participants to monitor their activity behaviors on the device
and the smartphone app. Participants were encouraged to
self-select daily stepping goals and activity break reminders (up
to 14 per day) that prompted them to achieve 250 stepsin each
hour of the day.

A recent validation study determined that the Fitbit Charge 2,
an older model, demonstrated high correlation (intraclass
correl ation coefficient >0.89) with an established research-grade
accelerometer (Actigraph GT1X) in free-living observations
[31]. In that study, correlations between the Fitbit Flex and
GT3X+ data were high for sedentary time (r=0.9) but weaker
and overestimated for moderate-vigorous intensity physical

https://diabetes.,jmir.org/2022/2/e36181
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activity (r=0.65-0.76) [32]. A systematic review in 2016
featuring analysis of 13 studies examining the accuracy of Fitbit
in free-living conditions determined that the Fitbit had a
tendency to overestimate steps (700-1800 steps/day) compared
to research-grade devices [33]. Thereis currently no validation
study published for the Fitbit Inspire HR used in thistrial.

Statistical Analyses

For each study participant, the following data was downl oaded
viaFitabasefor the entire wear period: daily steps, METS, heart
rates, and estimated daily sleeping time (if available). Steps,
METSs, and heart rate dataare availablein 1-minute resolutions,
and the associated time stamps are available for al variables.
Prior to analyses, all data where the time stamps matched at
least one of these criteria were removed: corresponded to time
intervals detected as sleeping time by Fitbit, was between
midnight and 5 AM daily, and time stamped with a heart rate
reported as 0. The first two criteria were used to remove
segments that correspond to sleeping time, and the third was
used to remove segments when the Fitbit was not worn. This
defined the daily waking period. The remaining data were
analyzed with models fitted for each participant, separately for
METSs per minute, the intensity minute categories (sedentary,
lightly active, fairly active, very activeintensity mins), and step
counts. For METs-based analysis, data were analyzed at
1-minute resol ution with the logarithm of each day determined
asaMETSs per day—dependent variable. For the intensity-based
analyses, the log average number of minutes spent in each
intensity category was used as the dependent variable. For
steps-based analysis, thelogarithm of the daily number of steps
was used as the dependent variable. These dependent variables
were log transformed to improve the normality of residualsin
the model and to ensure nonnegative predicted valuesfollowing
back transformation. The usua bout duration, aso known as
the weighted median statistic (w50 or x50), was calculated for
all activity intensitiesaccording to apreviously devised method
[34]. This entailed all bouts being ordered according to bout
duration (mins) and normalized as a proportion of total time
spent in each activity intensity type. Participants accumulated
half of al their activity time in bouts longer than their usual
bout duration.

We used fixed-effect meta-analysis to combine the regression
coefficient with lockdown effects into a pooled result for all
participants. The METs per minute and intensity minutes models
were fitted using generalized least squares regression with
autoregressive error structure to handle within-individual
autocorrel ation. Step counts were fitted with negative binomial
regression methods. For all models, the main independent
variable was the lockdown time indicator. This indicator
included two states. before lockdown (before March 23) or
during lockdown (on or after March 23). Independent variables
were also added to adjust for differences in Fithit wear habits
that may have occurred following lockdown restrictions. these
were calculated as sin(2mt/24) and cos(21t/24), wheret wasthe
time stamp in a 24-hour continuous time format, and the
interaction between lockdown timeindicator and sin and cosine
terms was modeled. To determine the average absolute change
following restrictions, steps and METs were transformed from
hour and minute intervals to per day for ease of interpretation.
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For all analyses, the main parameter of interest was the antilog
of the regression coefficient associated with the lockdown
variable; this was interpreted as relative rates, with the
prelockdown period considered the reference. Relative rates
were then transformed into percentages (A%). A statistically
significant difference between the lockdown period and the
prel ockdown period was determined when A% did not intercept
zero.

A postpower calculation was performed using the R Package
“PASSED” version 1.2.1 [35] for daily step count. For this
analysis, it was assumed that steps per day followed a negative
binomial distribution with the distribution statistic (theta) set
a 5. Given amean daily step count of 10,000 steps prelockdown
restrictions and a minimum of 100 days prelockdown and 100
days following lockdown restrictions, there was at least 80%
power to detect a 10% or more reduction in step count for 11
participants.

Results

Sample Characteristicsand Period of Observation
With Fitbit in the COVID-19 Pandemic

The mean age of the 11 participantswas 52.8 (SD 5) years, and
the majority were male (n=8, 73%). In line with the trial

Brakenridge et a

inclusion criteria, participants were overweight/obese (mean
BMI 35.2, SD 5.1 kg/m?), with a mean HbA ,; of 7.6% (SD
0.8%) at the commencement of their trial participation. A
timeline of stage 2, 3, and 4 COVID-19 lockdown restrictions
that entailed stay-at-home orders are summarized with novel
case data for the state of Victoria (capital city: Melbourne) in
Figure 1. According to questionnaire findings (Multimedia
Appendix 2), following the imposed restrictions, participants
(n=9) reported a shift toward working from home more, aless
desirable workplace environment, and reductions in physical
activity and exercise participation. None of the participants
reported having a COVID-19 infection or having to self-isolate
as a close contact during the period of observation. Timelines
of Fitbit data collection were reported for each participant. A
total of 2447 wear dayswere recorded acrossthe 11 participants
with amedian of 197 (range 167-418) days per participant. All
participants had substantial periods of observation prior to (mean
122.7, SD 47.9 days) and during the lockdowns (mean 99.7,
SD 62.5 days).

Figure 1. New COVID-19 cases in the months preceding and during the 2020 pandemic in Melbourne, Victoria, Australia. Fitbit observation period
for each participant is depicted by red lines. Stage 2 restrictions (initiated March 23) entailed shutdown of all nonessential businesses and activities.
Stage 3 restrictions (initiated March 30) enforced that people only leave their homes for four reasons: food and supplies, medical care, exercise, and
work or education. Gatherings of no more than two people were alowed outside unless they were members of an immediate household or if it was for
work or education purposes. Stage 4 restrictions (initiated August 2) included Stage 3 restrictions and the addition of anightly curfew 7 PM to 5 AM,
mandatory face coveringsin public, the closing of schools and businesses, and a5 km radius (around the home) for exercising and essential shopping.
On October 18, 2020, the radius of restriction increased to 25 km, 10 people from 2 households allowed to gather in outdoor spaces, and businesses
allowed to reopen with conditions. Novel case data and timeline extracted from Victorian Department of Health and Human Services data dashboard
[36].
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Inthe overall pooled-analysis of the participants’ activity levels
(Table 1), it was determined that both steps (absolute change
—1584; A% —9%, 95% Cl —11% to —7%) and METSs per day
(absol ute change —83; A% —6%, 95% Cl —6% to —6%) decreased
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Lightly active minutes (absolute change —11 mins; A% —4%,
95% CI —8% to—1%) and fairly active minutes (absol ute change
-3 mins, A% -18%, 95% Cl —21% to —15%) decreased
following the restrictions, and there was a gain to sedentary
minutes (absolute change 51 mins; A% 3%, 95% Cl 1%-6%).
Minutes of very active intensity decreased (absolute change—-5
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mins; A% —8%, 95% CI —11% to —5%); however, the usual bout
duration of the very active boutsincreased (absolute change 5.1
mins;, A% 25%, 95% Cl 4%-49%). Usual sedentary bout
duration also increased (absolute change 4.3 mins; A% 20%,
95% Cl 16%-25%). There were minimal changes to lightly
active and fairly activeintensity usual bout durationsfollowing
restrictions, with estimates not reaching statistical significance.

Intheindividua participant analysis (Multimedia Appendix 3),
there was evident heterogeneity in the participants' responses
to lockdown restrictions. Considering the 11 participants
individually, 4 increased their mean daily step counts with 2 of
these participants also increasing their METS. The increases
made to activity levels by these participants were outweighed
by the remaining samplethat saw adecreasein activity for steps
(mean increase 575 steps; mean decrease 2760 steps) and for

Brakenridge et a

METSs (mean increase 43 METS; mean decrease 144 METYS).
Discrepancies between changes in step counts and energy
expenditure occurred due to differing engagement in activity
intensities following the restrictions. Of al participants, 3
increased lightly active intensity minutes, 4 increased fairly
active intensity minutes, 5 increased very active intensity
minutes, and 5 decreased sedentary minutes per day. The most
consistent changes at theindividual level wereincreasesto usual
sedentary bout durations with 10 participants (9 statistically
significant) increasing their volume of time spent in sedentary
bouts. Similarly, 7 participants increased usual very active
intensity bout durations, athough only 2 had statistically
significant within-individual changes. Theindividual responses
to the lockdown restrictions are depicted in the Figure 2 heat
map visualizations for each participant.

Table 1. Activity conducted during lockdown restrictions compared to activity conducted prior to lockdown restrictions.

Overall pooled estimates

Prior to lockdown restric- ~ During lockdown restric- Difference A% (95% Cl)
tions, mean (SD) tions, mean (SD)
Total activity per day
Steps (n/day) 10,623 (4439) 9039 (3351) —1584 -9 (-11to-7)
MET (n/day) 1940 (264) 1857 (173) -83 —5(-6t0-5)
Lightly active intensity (mins/day) 251 (6) 240 (6) -11 -4 (-8to-1)
Fairly active intensity (mins/day) 16 (0) 13 (1) -3 ~18 (=21 to—15)
Very active intensity (mins/day) 32(1 27(2) -5 -8 (-11to-b)
Sedentary (mins/day) 1064 (25) 1115 (36) 51 3(1to6)
Usual bout duration®
Lightly active intensity (mins) 4.4 (0.5) 4.5(0.9) 0.1 1(4to7)
Fairly active intensity (mins) 2.7 (0.6) 25(0.7) -0.2 —7 (-19t0 6)
Very active intensity (mins) 15.7 (20.2) 20.8(25.7) 51 25 (410 49)
Sedentary (mins) 20.2 (6) 245 (7.6) 4.3 20 (16 to 25)

8\%: change in activity following pandemic lockdown restrictions.
PMET: metabolic equivalent task.

CUsual bout duration describes the median weighted bout length; participants accumulate half of all their activity timein bouts longer than the estimate.

https://diabetes.,jmir.org/2022/2/e36181
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Figure 2. Minute-by-minute physical activity intensities during the period of Fitbit observation. Heat maps are numbered according to the participant.
Red=sedentary minute, green=lightly active minute, blue=fairly active minute, cyan=very active minute, black=Fitbit not worn/sleep period. Theyellow
vertical line indicates the start of the lockdown period and stage 2 and 3 restrictions on March 23, 2020; the fuchsia vertical line indicates stage 4

restrictions that started on August 2, 2020.

Discussion

Principal Findings

Participants with type 2 diabetes involved in an intervention
targeting sitting less and moving more wore a consumer-grade
activity-monitoring device (Fitbit Inspire HR) that identified
overall decreasesin active time and increasesin sedentary time
following COVID-19 lockdown restrictions. These changes
were characterized by adecreasein time spent in lightly active,
fairly active, and very active physical activity intensities, and
an increaseto time spent sedentary. Combined, these behavioral

https://diabetes.,jmir.org/2022/2/e36181

changes would be expected to have adverse implications for
glycemic control and diabetes management.

Findings from this study corroborate current evidence on
changes to physical activity associated with the COVID-19
pandemic [10] and confirm findings published online by Fithit
in early 2020[37]. They also align with observations that those
who are overweight or obese were also likely to have their
physical activity levels adversaly affected by the pandemic[23].
In Spain, a study of 72 patients with diabetes self-reported a
significant decline in their weekly walking time during
lockdown restrictions[38]. Examining datafrom acohort similar
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to thosein our study, a recent study [39] featuring people with
type 2 diabetes living in Melbourne, Australia found that
self-reported total physical activity did not change, but incidental
walking decreased. For this study, lessincidental activity could
have contributed to the observed prolonging of sedentary bouts.
This could be due to a number of reasons such as minimizing
movement to reduce chance of transmission in the community
[40Q], anxiety leaving the house [41], a reduction in physically
active commuting [42], and widespread changes to permitted
activities in the neighborhood environment [43]. It has
previously been reported that fitness-oriented walking was
surmised to have increased dueto it being designated as one of
the permissible reasons to |eave home during restrictions [39].
More purposeful fitness-based walking may have explained the
dlight increase in very active intensity bout duration found in
our Fitbit analysis. However, the modest increases to average
time spent in very active intensity bouts were not sufficient to
counter the overall decline in total activity in the pooled
analyses.

Comparison With Prior Work and Implications for
Future Research

In the context of acontinuing pandemic that may involvefuture
restrictions, we have identified the need to proactively address
sedentary behavior reduction and the promotion of increased
physical activity (even light-intensity physical activity) in people
with type 2 diabetes [44]. The overall decline in step counts
observed in this study have potential implications for health
outcomes. Based on previous observational research findings,
areduction of 500 steps per day ininactive peopleisassociated
with an approximate 2% to 9% increased risk of cardiovascular
morbidity and all-cause mortality, and is associated with a 5%
increase in al-cause mortality risk when measured by
wrist-worn devices[45]. These extrapol ations areimportant for
people with type 2 diabetes who are already at heightened risk
of cardiovascular disease and morbidity [46]. Conversely,
maintaining physical activity levelsis associated with a lower
susceptibility to viral infections such as COVID-19 [47],
improved vaccine efficacy [48], and reduced odds of
hospitalization with severe COVID-19 outcomes [49].
Therefore, during public health criseslike apandemic, physical
activity levels should be monitored to inform policy that strikes
a balance between disease mitigation and the maintenance of
physical activity participation in the community [50].

Here, we used a Fithit device to evaluate the effects of
COVID-19 restrictions, with the overall findings indicating a
decline in activity levels largely corroborated by other recent
evidence. It should, however, be acknowledged that some people
within thisanalysis succeeded in either increasing their activity
or decreasing sedentary time despite the lockdown restrictions.
For example, the heat map visualizations in Figure 2 illustrate
that both ID6 and ID11 increased their very active intensity
bout lengths when they engaged in them, while ID10 spent less
time in unbroken sedentary bouts that contributed to the
preservation of their activity levels. For ID7, there was a
significant increase in time spent in lightly active intensities
and an increase in lightly active bout durations following the
restrictions. Whilethe findings overdl indicate anegativeimpact
of the lockdown restrictions, understanding how some
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participants maintained or improved their activity levels may
inform intervention approaches and recommendations for
subsequent lockdown restrictions and preventative measures.

Beyond the pandemic, there is potential for consumer-grade
devices to be used for measurement in research studies [51],
especialy considering their ubiquity in society and constant
technological advancement. Importantly, these devices can
capture physical activity data over longer periods of time than
those achieved by traditional research-grade activity monitors
that typically measure 7 to 14 days of data. However,
consumer-grade devices need to be validated against measures
derived from traditiona research-grade monitors, and
comparisons made between short-term and longer-term periods
of physical activity measurement. There is the potentia for
consumer-grade devices to be used in determining physical
activity adherence and the effects of interventions (eg, following
physical activity or dietary intervention) or to investigate longer
periods of activity and the relevance to long-term factors of
diabetes management such as glycated hemoglobin, adiposity,
or diabetes complications. Consumer-grade continuous
measurement devices have already been used to prompt behavior
change and improve glycemic control [52], and there may be
added benefit through combining their use with continuous
glucose monitors.

Strengths and Limitations

This is one of only a few studies [23,53] that has used a
continuous objective measure of physical activity to determine
activity levels prior to and during the COVID-19 pandemic
lockdown restrictions and the first to use this methodology in
a sample of patients with type 2 diabetes. Using a Fithit
wrist-worn activity tracker, over 2000 wear dayswere recorded
measuring physical activity continuously viaaccel erometry and
heart rate, collected at 1-minute intervals. A wrist-worn device
permitted enhanced capturing of physical activity levels when
compared to asmartphone app, especially when confined to the
home setting. With regression modeling, we were able to
investigate the prospective associations of lockdown restrictions
on activity levels.

Although we used an advanced method of analysis with
high-resol ution datawith hundreds of wear days per person, we
were limited by a small sample size, thus the findings are
exploratory. Further participant recruitment was not feasible
with pandemic restrictions, and it was necessary to restrict the
selection of participantsto aperiod in which they were exposed
to comparablelockdown measures. Therefore an apriori power
analysis to estimate necessary sample size was not pragmatic.
The findings may have limited generalizability to the broader
population of adults with type 2 diabetes. For instance, our
participantswereinvolved in anintervention trial in which they
received coaching and tools to increase activity and reduce
sedentary behavior, which became suspended because of
restrictions. Asthe control group was not provided a Fithit, the
influence of the intervention could not be differentiated. One
possibility isthat theintervention could have provided protection
from even further declines in activity level. Nevertheless, the
observation that most of these intervention participants did not
manage to keep their current activity levels may illustrate the
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substantial impact of thelockdown restrictions. All participants
had type 2 diabetes, and while having relatively good
management, evidenced by their levels of glycemic control,
they had low baseline levels of physical activity that may have
predisposed them to have greater changes induced by the
restrictions. Another consideration is that, compared to other
cities and countries, Melbourne and Australia had stringent
lockdown restrictions. This means that these findings may not
apply to other jurisdictionswith less severerestrictions. Finally,
the Fitbit is uniquely able to characterize longer-term physical
activity; however, the model (Inspire HR) that we used does
not have avalidation study supporting it. Future studies are now
required to corroborate these findings with research-grade

Brakenridge et a

measures and to better understand the potential for Fitbit to
characterize physical activity over long observation periods.

Conclusions

For participants with type 2 diabetes enrolled in an intervention
trial to reduce sitting time and increase daily physical activity,
the COVD-19 pandemic and subsequent lockdown restrictions
led to adecreasein steps; METSs; and lightly active, fairly active,
and very active physical activity intensities, and an increase in
time spent in very active and sedentary bout durations overall;
however, there was wide individua variation. Data from the
wrist-worn Fithit consumer device provided interpretable
long-term activity data to be able to examine these activity
patterns. Further corroboration using concurrent data from
research-grade measuresis required.
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Abstract

Background: Physical activity isamajor component of treatment for adolescentswith obesity and prediabetes or type 2 diabetes;
however, sedentary behavior remains pervasive. An SM S text message—based intervention paired with financial incentives may
be an effective way to promote physical activity in this population.

Objective: This study aimsto obtain end-user feedback on SM'S text message content and assess the acceptability of a planned
SMS text messaging intervention with financial incentives to motivate youth with prediabetes or type 2 diabetes to increase
physical activity.

Methods: Adolescents with overweight or obesity and prediabetes or type 2 diabetes who attended a large academic pediatric
endocrinology clinic wererecruited to participate in group interviews (2-4/group) viavideoconferencing. Participants were asked
to share their thoughts on the use of SM Stext messages and financial incentivesto remind and motivate them to be more physically
active. They rated and provided feedback on specific messages to be used in clinical trials. Participants were also asked about
their personal experience with rewards to motivate behavior change and their anticipated reactions to rewards provided for goal
attainment (gain-framing) versus those provided and then taken away if a goal was not met (loss-framing). The interviews were
conducted by 2 trained interviewers and a note-taker. Content analysis was used to explore themes.

Results. Group interviews were completed with 20 participants (11/20, 55% women; 15/20, 75% with type 2 diabetes; 5/20,

25% with prediabetes) with amean age of 15 (SD 1; range 12-18) years and amean BMI of 41 (SD 5) kg/m? (all >95th percentile
for age and sex). Most parti ci pants were non-Hispanic Black (14/20, 70%) and 10% (2/20) were Hispanics. Participants frequently
cited near-continuous smartphone use and agreed that SM S text messages would serve as good remindersto be physically active,
but the consensus about the need for short messages was strong. Favorable content included references to what they were likely
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to be doing when messages were sent (eg, homework or watching television) and messages that were upbeat or informative.
Specific physical activity suggestions were rated favorably. Attitudes toward financial incentives varied, with differing opinions
about whether loss-framed incentives would be motivating or discouraging. Many participants highlighted the role of intrinsic,
rather than extrinsic, motivation in achieving and sustaining behavior change.

Conclusions: The engagement of adolescents with obesity and diabetes or prediabetes allowed for the refinement of SM S text
messages for our planned intervention, with an emphasis on short, upbeat, relatable, and informative messages. Although an SMS
text messaging intervention using financial incentivesto motivate youth with prediabetes or type 2 diabetes to be more physically
activeistheoretically acceptable, theimpact on actual activity levelsin this population requires prospective evaluation in aclinical

trial.

(JMIR Diabetes 2022;7(2):€33082) doi:10.2196/33082
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Introduction

Background

Once a disease of adulthood, type 2 diabetes is now becoming
increasingly common among youth [1]. Among individualswith
youth-onset type 2 diabetes, severe diabetes-related
complications such asretinopathy, neuropathy, and nephropathy
begin to emerge within 10 to 20 years of diagnosis and
contribute to a 15-year reduction in life expectancy [2,3]. The
increasing incidence is driven largely by obesity, which is
present in 21% of persons aged 12 to 19 years in the United
States[4] and quadruplestherisk of youth-onset type 2 diabetes
[5]. Glabally, nearly one-fifth of children and adolescents aged
5to 19 yearsold were overweight or obesein 2016, representing
a more than 4-fold increase over 4 decades [6]. Prediabetes,
which increases the risk of developing type 2 diabetes[7,8], is
already present in approximately 20% to 30% of adolescents
with obesity [9,10]. A healthy lifestyle, including adequate
physical activity, plays a centra role in the prevention and
treatment of diabetes. Unfortunately, adolescents with type 2
diabetes typically do not reach the recommended duration of
60 minutes per day of moderate to vigorous physical activity
[11], averaging only 8 (girlsaged 15-18 years) to 26 (boys aged
10-14 years) minutes daily [12]. To reduce the risk of poor
outcomes, effective methods to increase physical activity in
youth with prediabetes and type 2 diabetes are needed.

Approximately 95% of teenagersin the United States now report
ownership or access to a smartphone [13]. Smartphone
ownership is also common throughout the world, although it is
more prevalent in advanced economies (median 76% ownership
of a smartphone; 17% of mobile phones that are not
smartphones) than in emerging economies (median 45%
ownership of asmartphone; 33% of mobile phonesthat are not
smartphones). Notably, smartphone ownership is more common
among younger individuals [14]. With such a high penetrance
of smartphone and mobile phone ownership, one strategy to
engage and motivate adolescents to be more physically active
is via a text message—based intervention. Text message—based
physical activity interventions have been studied in adolescents
with overweight and obesity [15]; however, explicit focus on
youth with prediabetes and type 2 diabetes has been limited
[16]. To promote engagement and retention in a text
message-based lifestyle intervention, however, it is critical to

https://diabetes.jmir.org/2022/2/e33082

elicit adolescent viewpoints as part of intervention devel opment
[17,18]. This engagement is particularly needed for youth with
obesity-related complications such as type 2 diabetes or
prediabetes, in whom the perceived risk of poor heath may
impact responses to message tone and content.

Another potentially effective strategy to motivate youth to be
more physically active is the provision of financial incentives.
In adults, incentives framed aslosses (upfront endowment with
losses applied for failure to meet a goal) rather than gains
(money earned upon completion of a goal) are more effective
at inducing physical activity-related behavior change [19].
Financial incentives may also help counteract the rapid
habituation of text message—based interventionsthat have been
demonstrated in adolescents and young adults [20]. However,
to our knowledge, the effectiveness of, or perspectives on,
different financial incentive strategies to motivate adol escents
to engage in physical activity have not been explored. In the
Behavioral Economics for Activity Mativation (BEAM) tria
(NCT04874415), amobile health (mHeal th)-based optimization
trial, we are studying text messaging, loss-framed financial
incentives, and gain-framed financia incentives as candidate
components in a factorial experiment with youth with
overweight or obesity and prediabetes or type 2 diabetes, with
the aim of increasing time spent in moderate to vigorous
physical activity.

Objectives

To prepare for the trial, we conducted group interviews with
adolescents from the target population. We sought insightsinto
message content and financial incentive strategies, including

financia incentive preferences and the anticipated impact on
one's motivation to be physically active.

Methods

Participants

A convenience sample of individualsfrom thetarget popul ation
of the BEAM trial, adolescents aged 13 to 18 years with
overweight or obesity (BMI =85th percentile for age and sex)
and prediabetes (hemoglobin A, 5.7%-6.4%, fasting glucose
100-125 mg/dL, and 2-hour oral glucose tolerance test glucose
140-199 mg/dL) or type 2 diabetes (hemoglobin A;.>6.5%,
fasting glucose =125 mg/dL, and 2-hour oral glucose tolerance
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test glucose =200 mg/dL and negative diabetes autoantibodies)
were recruited from the pediatric endocrinology clinic at the
Children’sHospital of Philadel phia, alarge academic children’s
hospital in Philadelphia, Pennsylvania, United States, from
December 2020 to April 2021. Potentially eligible participants
were approached about the study at clinic visits or by phone
within 2 weeks after a clinic visit by the study research
coordinator or principal investigator. Individuals with limited
English proficiency were excluded from this study. Eligible
individuals were invited to participate in a 1-hour group
interview. Electronic consent and assent (for participants aged
<18 years) were obtained via REDCap (Research Electronic
Data Capture; Vanderbilt University). Group interviews were
roughly segmented by age when possible (13 to 15 or 16 to 18
years) to promote more open dialogue among similarly aged
peers but not by other demographic or clinical characteristics.
Participants were compensated with US $30 for their time.
Limited medical record reviews to include demographic
information and pertinent medical history were performed by
the study team with the permission of the participants.

Ethics Approval

Ethics approval was obtained from the Children’s Hospital of
Philadel phia Institutional Review Board (IRB 20-017554).

M essage Development

The text messages were developed by theinvestigatorswith the
assistance of one high-school student (female, aged 17 years)
and one college student (female, aged 20 years). Both students
became involved after approaching the primary investigator
regarding temporary research opportunities in pediatrics,
independent of any school-required research experience.
Messages were designed with the target population in mind;
limited financial resources and transportation barriers are
common, so physical activity suggestions included only those
that were free or low-cost, as well as many that could be
performed at home. Initial message development was guided
by common barriersto being more physically active, including
feeling tootired, lack of interest, lack of peer or family support,
lack of equipment, lack of space indoors or outdoors, lack of
motivation, preference to avoid sweating, embarrassment, lack
of confidencein skills, and lack of knowledge about how to do
s0[21]. Messageswere crafted to have different tones, including
informative, encouraging, or funny, to enhance variety and
improve interest and engagement. Messages often included
emojis, and someincluded graphic interchange formats (GI Fs).
The initial messages were reviewed and edited by the study
team for clarity and their potential to engage end users. A total
of 84 messages (1 per day for the 12-week intervention) were
created.

Web-Based Group Interviews

Group interviewswere chosen rather than individual interviews
to promote an atmosphere of engagement and the sharing of
ideas among peers. Smaller group interviews (goal of 2 to 6
participants) were chosen over larger group interviews or focus
groups (the original goal of 7 to 10 participants) because of the
virtual nature of the interviews, which was necessitated by the
COVID-19 pandemic. Although the origina study design
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included the use of focus groups, the richness of the data
gathered from focus groups is heavily dependent on the ability
to promote and maintain dynamic group discussions. It is
possibleto conduct focus groupsin avirtual setting, but potential
challenges include technological difficulties and the inability
to control each individual’s environment, which may lead to
distractions and interruptions [22]. Therefore, we chose group
interviews, in which the primary objective of the interviewer
guestions was to obtain individual responses rather than to
stimulate group discussion as amethod of information gathering
[23]. Interviewswere conducted by 2 primary interviewers (NM
and AE), clinical research coordinators who identify as Black
women in their 20s to 30s. NM had previous training and
experience asafocus group facilitator and served asthe primary
interviewer. AE aso participated in the recruitment of
participants. MEV, the principal investigator, is a female
pediatric endocrinologist who provides clinical care and
conducts research with youth with prediabetes and type 2
diabetes, she assisted with interviews and identified the
participants as White and Hispanic.

A semistructured interview guide was designed to dlicit
open-ended feedback on text messages for physical activity
motivation (including acceptability, practical considerations,
and preferred or nonpreferred content), experience with and
motivation for behavior change, and experience with and
attitudes toward the use of financial incentives for behavior
change. The interview guides were piloted with nonmedically
trained adults and revised as needed for clarity. Theinterviews
were rehearsed by the interviewers with oversight by the study
principal investigator (MEV), who had formal training in
qualitative research methods. Interviewers practiced neutral,
nondirective responses to participant answers and the use of
open-ended probing questionsto elicit more detailed responses.
Before the start of the interview, interviewers informed
participants that there were no correct answers and that all
feedback, including critical feedback, was welcomed.

In addition to specific questions, 8 messages were reviewed
during each interview. The number of messages was restricted
to 8 to optimize the amount of time available for discussion,
with the goal of understanding what aspects of the message
were engaging or not rather than simply rating the specific
message. M essageswere selected to include avariety of barriers
addressed and tones used (informative, encouraging, or funny)
such that all combinations were tested at |east once throughout
the study. The messages were not repeated across groups; in
total, 64 representative messages were reviewed. Theremaining
20 messages were not substantially different in tone or content
and thus were not reviewed by the study participants. During
the interviews, message content was shared with participants
viathe videoconferencing platform’s screenshare function and
read aloud. Participants were asked to rate the messages as
great, OK, or bad; these specific rating words were chosen to
maximize the ability to identify message outliers—those that
truly resonated (great) and those that were strongly disliked
(bad)—so that themes relating to message success or failure
could more easily be identified. Participants were invited to
typetheir initia ratingsin the platform’s chat or respond aloud.
After al initial ratings were shared, the participants were asked
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to explain their ratings, including why they liked or disliked the
message and how it could be improved.

All interviews were conducted via the videoconferencing
platform BlueJeans (Verizon), accessed by participants using
their preferred personal internet-connected device (smartphone
or computer). Participants were asked to keep their cameraon
if comfortable doing so and to remain unmuted in aquiet setting
if possible. If participantswrotein the chat rather than speaking,
the interviewers reread the typed content, stating which
participants responded.

Analysis

Participant characteristics were presented using summary
statistics, including means and SDs for continuous variables
and proportions for categorical variables. All interviews were
recorded securely on a videoconferencing platform, and audio
was transcribed using a professional transcription service.
Transcripts were reviewed by the study staff, corrected as
needed, and supplemented by observer notes. Transcripts were
deidentified before analysis. Content analysis was conducted
to explore these themes. An a priori set of codes was created
based on the semistructured interview guide; for example, Text
messages acceptability and Text messages: preferred content.
Next, two of the study team members with experience and
training in qualitative study methods (TAH and MEV) reviewed
thetranscripts, identified emergent themes, and then refined the
initial codebook. For example, an additional codefor pandemic
was considered owing to the frequent mention of how the
COVID-19 pandemic impacted behavior and motivation but
ultimately not included as an independent code but rather

Table 1. Participant characteristics.
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incorporated as a subcode to motivation for behavior change.
After independently coding the 3 transcripts, the 2 reviewers
compared the coding and clarified the codebook as needed.
NVivo (version 12; QSR International) was used for qualitative
analysis.

Results

Participant and Group Interview Characteristics

Participants (N=20) had a mean age of 15.7 (SD 1.3) years,
75% (15/20) had type 2 diabetes, and 25% (5/20) had
prediabetes. The majority (14/20, 70%) of participants were
non-Hispanic Black, and the remainder were non-Hispanic
White (3/20, 15%), Asian (2/20, 10%), or mixed race (1/20,
5%); of the 20 participants, 2 (10%) participants were of
Hispanic ethnicity. Among the participants with diabetes, 53%
(8/15) were prescribed insulin, 93% (14/15) were prescribed
metformin, and 13% (2/15) were prescribed liraglutide. The
median most recent hemoglobin A, level was 6.1% (IQR
5.9%-6.2%) among participantswith prediabetesand 7.3% (IQR
6.5%-10.4%) among participants with diabetes (Table 1).

In al, 8 group interviews, each consisting of 2-4 adolescents,
were conducted from December 2020 to April 2021. Each group
interview lasted for approximately 30 to 45 minutes. The
participants had variable degrees of engagement, with many
leaving their cameras off. However, al (20/20, 100%)
participants responded to the entire set of interview questions
and rated all text messages per session. Many used the chat
feature in the videoconferencing platform to respond but spoke
aloud when asked to do so.

Category All participants (N=20) Participants with prediabetes (n=5) Participants with type 2 diabetes (n=15)
Sex, n (%)

Female 11 (55) 3(60) 8(53)

Male 9 (45) 2 (40) 7(47)
Race, n (%)

Black 14 (70) 3(60) 11 (73)

White 3(15) 0(0) 3(20)

Asian 2(10) 1(20) 1(7)

Mixed 1(5) 1(20) 0(0)
Ethnicity, n (%)

Non-Hispanic 18 (90) 5 (100) 13(87)

Hispanic 2(10) 0(0) 2(13)
Age (years), mean (SD) 15.7 (1.3) 15.6 (1.5) 15.7 (1.3)
BMI (kg/m?), mean (SD) 405 (5.5) 405 (6.7) 405 (5.3)
Insulin use, n (%)

No 12 (60) 5 (100) 7(47)

Yes 8 (40) 0(0) 8(53)
Hemoglobin Ay (%), median IQR) 6.6 (6.1-9.1) 6.1(5.9-6.2) 7.3(6.5-10.4)
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Themes

Overview

Thematic saturation was achieved with no new themes generated
from later interview groups. Instead, previously identified
themes were also present in the later groups. The interrater
reliability of the 8 transcriptswas high (k=0.92). Severa themes
and subthemes emerged from focus group discussions that
pertained to the devel opment of text messaging content aswell
asthe use of financial incentivesin an intervention designed to
motivate youth with overweight or obesity and prediabetes or
type 2 diabetes to be more physicaly active.

Theme 1: Near-Continuous Use of Smartphones and
Acceptability of Text Message Reminders

All but one (19/20, 95%) participant had smartphones and felt
that text messaging was a good way to remind teensto be more
active:

We always on our phone, so we gonna see it [and)]
texting is a really good way to sort of spread words.
I mean, | knowthat I, personally, spend probably way
too much time on my phone. [Participant 19, group
8; female, aged 14 years)

Theinterruption viatext message wasfelt to be auseful prompt
to move more:

| feel likeif you - if we got manual reminders, it could

implant something in our head, and like an idea in

our head to do it instead of forgetting about it

throughout the day. [Participant 19, group 8; female,

aged 14 years)
Participants varied in the acceptable frequency of text message
reminders, with a participant suggesting that messages as
frequently as once per hour would be appropriate. However,
most participants preferred 1-2 messages per day, either at noon
or after school. They emphasi zed the need to know from whom
the text was sent, so they did not mistake it for spam. Most felt
that they used their phone more during the summer but had it
with them at nearly all times, regardless of the time of year or
day of the week.

Theme 2: Text Messages Should Be Short, Upbeat,
Informative, and Relatable

Short and upbeat messages were strongly preferred. Table 2
highlights representative text messages and participant
responses. Participants reported that they would most likely
read and enjoy messages that were 1 sentence or phrase long
and noted that they may not open the message to read beyond
the message preview. Regardless of the originally intended tone
(informative, encouraging, or funny), messages that had upbeat
characteristics such as exclamation points, smiley faces, or
encouraging wordswerefelt to be most motivational . However,
even if brief and encouraging, those stating a generally known
fact (eg, Exercise helps your body and your brain) resulted in
mixed responses. Importantly, a participant highlighted the need
for caution when discussing self-esteem. Reflecting on the
message Did you know that being physically active can improve
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your self-esteem? Why not start right now? You got thi SIE, she
stated that this comment would cause her to question her own
self-esteem:

While self-esteem is a great thing to focus on and
have, | thinkif you point it out, it makesusfeel alittle
bit insecure...If | got this sent to me and | was like -
and | looked at it, I'd be like do | have low
self-esteem? [Participant 1, group 1; female, aged 16
years]
Participants reported satisfaction with texts that reported facts
or specific suggestions on how to overcome barriers: Feel like
you're tight on time? Maybe it's in your head. A brisk walk
actually changes the chemicals in your brain to make you feel

morerelaxed and IassanxiousJE wasfelt to explain abit of the
science and to be memorable.

Another informative message (Physical activity that gets your
heart rate up releases endorphins that raise your energy level.

Ready for your energy boost?) (] was appreciated for providing
a specific reason for exercising. Messages that gave examples
of how to overcome specific barriers were also well-rated. For
example, in response to a message that identified the common
barrier of feeling embarrassed to exercisein front of othersand
suggested asolution (It iscompletely normal to feel embarrassed
to work out around others. Don't let that stop you. Exercise by
yourself or with people you' re comfortable with), a participant
rated the message highly:

...It acknowledges a common feeling that a lot of

people feel when they're working out around other

people. And then on top of that, it gives a suggestion

as to how you can fix that feeling... [Participant 20,

group 8; male, aged 14 years]
There was agreement on the utility of sharing ideas to be
physicaly active, but the preferred activities to suggest varied
by participant. Several noted that they did not like sports, that
“yogasounds hard,” exercise classes sounded like school (“Why
must | have a class? Why can't we just go outside and just do
whatever? Why does it have to be a class?’ [Participant 13,
group 6; male, aged 15 years]), and not everyone has room to
or enjoys dancing at home. Suggestions about how to be
physically active at home were appreciated, but participants
differed in the perceived utility of including a link to a video
or description of activities, with many stating that they would
click thelink, but others suggesting that clicking thelink is*just
kind of another thing to do.”

Messages that mentioned school or sitting on the couch and
watching television were highly relatable. A message that
emphasized that being active can help with school performance
resonated with a participant:

I like how it ties in the schooal thing. | know that |
would like to do better in school. And | think that it's
the same for a lot of people my age. So, | think that
this one could really capture a lot of people.
[Participant 10, group 4; male, aged 18 years|
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Table 2. Example text messages, tone, and feedback.
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Message

Tone

Representative quotes

Treadmills get you nowhere |E But serioudly, walking
is great exercise!

No matter how slowly you walk or jog, you are still lap-
ping everybody on the couch E!

Sometimeslarge gyms are not for everyone; make use of
smaller spaces such as a bedroom or akitchentofitina

quick work out. At least it will smell better IE!

Exercise helps your body and your brain, so get to it IE!

Fedl like you are tight on time? Maybe it'sin your head
E. A brisk walk actually changes the chemicalsin your

brain to make you feel morerelaxed and Ieﬁanxiouslﬁ.

Afor effort: being active can help you do better in school

@]

Improving your fitnessisaslow process, but quitting will
not speed it up! Keep up the great work!

Rise and shi nelE. Do something today that your future
self will thank you for. Get yourself pumped up!

Exercising with others can makeit fun and help motivate

you. Who will be your work out buddy today IE?

Funny

Funny

Funny

Informative

Informative

Informative

Encouraging

Encouraging

Encouraging

“1' like how it'skind of not comedic, but it’skind of like the exclama-
tion point adds like a sense of - yeah, like upbest...| like how the

other one had like a fact because fun facts interest me and will grab
my attention more” (participant 12, group 5; female, aged 13 years).

“| said great because think about like if we were all sitting on the
couch or whatever being lazy, then someone got this text message,
they could maybe motivate everybody else, likelet's just go on a
walk together” (participant 11, group 5; female, aged 16 years).
“...Whenyou get this, let's say you'rewatching amovie. Everybody’s
on the couch and eating chips or whatever, and you see this emaji or
you see this message. It'slike areminder to like go out, and it’s like
motivational” (participant 12, group 5; female aged 13 years).

“[It's] ok—I would change it to make use of the space you are most
comfortablein” (participant 4, group 2; female, aged 14 years).

“1 heard this before still, but | think it's like a short and ssimple nice
quote to educate people on and to send aquick reminder becauselike
that exercising can put you in a better mood and stuff like that”
(participant 11, group 5; female, aged 16 years).

“And | like that it's short, but it doesn’t give me motivation or any-
thing. It's just like another text that would be sent, read, and not
replied to, and wouldn't have any affect in my life” (participant 12,
group 5; female, aged 13 years).

“| feel like this one’s great as well because if you're ever feeling
anxious, you can go back to thisin your brain and remember that one
time you got atext message telling you how to fix it. So | think this
isgood for any situation where you're ever feeling anxiety” (partici-
pant 19, group 8; female, aged 14 years).

“1 think this one's great because it explainsit. It explains a bit of the
science” (participant 20, group 8; male, aged 14 years).

“1 like how it tiesin the school thing. | know that | would like to do
better in school. And | think that it's the same for alot of people my
age. So, | think that this one could really capture alot of people”
(participant 8, group 4; female, aged 14 years).

“1 know alot of people do better with motivation, so it'll help moti-
vate you during that day. Whatever you're doing, you see this and
you're like okay. Somebody believesin me...” (participant 12, group
5; female, aged 13 years).

“I like this one. It's motivational and | think I'd like reading that in
the morning...Yeah, thisis agreat thing to tell yourself or wake up
toreading every day, in my opinion” (participant 18, group 7; female,
aged 16 years).

“Yeah, | like that one, too. It's very motivational” (participant 16,
group 7; male, aged 15 years).

“...Ther€'sredlly nothing outstanding about it. | do like how it sort
of —it tellsyou to get with afriend and do that sort of thing. | like
that idea” (participant 10, group 4; male, aged 18 years).
“It’'sgood, but | prefer to work out by myself” (participant 9, group
4; female, aged 17 years).

Participants imagined themselves receiving messages while
sitting on the couch and being lazy, then felt motivated to stand
up and walk around or even exercise during commercial breaks.

A participant reflected as follows:

https://diabetes.jmir.org/2022/2/e33082

RenderX

...Think about like if we were all sitting on the couch
or whatever being lazy, then someone got this text
message, they could maybe motivate everybody else,
like let’s just go on a walk together. [Participant 11,
group 5; female, aged 16 years]
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Another participant agreed:

| think that when you get this, let's say, you're
watching a movie. Everybody's on the couch and
eating chips or whatever, and you see this emoji or
you see this message. It's like a reminder to like go
out, and it’slike motivational ... [Participant 12, group
5; female, aged 13 years]

Theme 3: Extrinsic Versus I ntrinsic Motivation to
Change Behavior

Participants frequently reported that they had agoal to exercise
more, but they differed in their sources of mativation or
encouragement to do so. Parents and physicianswere often cited
asthe person setting physical activity goalsfor participants, and
frequent reminders were felt to be particularly frustrating. A
participant noted that “a lot of adults tell kids to exercise and
that they need to get out more” by quoting the following:

And | get it. Not helpful when I'm in the middle of
doing something, and then someone comes into my
room and just like get outside. I'm just like why? |
also tend to not exercise when there is no immediate
goal...It needsto have a sensical purpose. [Participant
1, group 1; female, aged 16 years]
Another participant expressed frustration about being reminded
to exercise:

When I'm told over and over again to exercise and
what will happenif | don't, it's—because | make sure
that I’m exercising as frequent as possible...So when
people...say why aren’'t you exercising or you need
to exercise more, it can get annoying and it can make
me not want to do it. [Participant 12, group 5; female,
aged 13 years)
A participant emphasized the value of a parent taking time to
show concern when encouraging him to be more physically
active:

It's like she actually sat down with me, instead of just
telling me. She actually sat down. Actually, had a nice
conversation about it, instead of just coming to my
door and telling me what to do. [Participant 8, group
2; male, aged 14 years]
Personal and family history of type 2 diabetes were major
motivators for several participants to engage in a hedthy
lifestyle. A participant shared the following:

..My mativationisso | can get off of these pills| take,
the metformin and whatnot...I've been doing
absolutely everything | can because | have family
members who have the severe type two diabetes, and
| don’t want that to be me...I don't want to lose my
life due to health issues...| don’'t want to pass away
when I’m 40 because | have serious health issues, so
| want to live my life the right way and be normal for
once. [Participant 15, group 7; male, aged 16 years]

Another reflected by quoting the following:

Saw kind of the direction that my health was going
in, and it was kind of like concerning, so | wanted to
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turn that around so that before it got too permanent
or too bad or anything like that, so that was something
that motivated me for sure. [Participant 19, group 8;
female, aged 14 years|

Theme 4. Effect of Financial | ncentives May Depend
on Intrinsic Motivation

Nearly all participants reported that their parents had offered
rewards for behavior change, most commonly money or a
desired item such as a video game or clothes. However, the
perceived effectiveness and acceptability of thisapproach varied.
Some reported that a monetary reward or desired object “kind
of pushes you more and gives you a good boost of energy and
motivates you alot” (participant 11, group 5; female, aged 16
years) and that “| like theidea of getting something out of doing
things’ (participant 10, group 4; male, aged 18 years). On the
other hand, another participant questioned the use of financial
incentives when discussing her experience with an allowance:
“..When | started getting - becoming like older and more
dlightly anarchist, it was a bit of why am | doing thisfor capital
reasons? | don't likethis’ (participant 1, group 11; female, aged
16 years).

The perceived importance of the underlying behavior to change
was a mgjor factor in the persistence of behavior change.
Parti cipants reported feeling motivated to continue the behavior
if habits were “good” for themselves or others, but if “[T]hey
weren't hel ping people that much...I really saw no point in doing
it" (participant 10, group 4; male, aged 18 years). Being
physically active was categorized by some respondents as “just
the right thing to do,” which negated the use of financia
incentives. In addition, the end goal was emphasized:

It's a good chance that you're going to meet your
goal when you have the motivation, like something
that you're working hard towards. Like for example,
if | was- | know that I’ mtrying to work hard toward
being healthy mentally and physically. Well, | know
that we - all this hard work is eventually going to pay
off. So, sometimes you’ ve just got to - sometimes you
"ve just got to think and have that mindset. If | work
hard, eventually it's going to pay off in the end.
[Participant 11, group 5; female, aged 16 years]
Financial rewards were al so seen asaway to overcome barriers
even for goals that were previoudly intrinsically motivated:

...Last year before, pre-coronavirus, | was all-A
student...And | didn't need any money to motivate
me...when | saw the honor roll in my hand, that was
my motivation...But this year, | did not get all Asand
all Bs...as motivation [ my dad] said at the end of the
year, if | wasto bring home an...all Asand Bs honor
roll, that | would get a shopping spree or money or
stuff like that...but that is kind of the motivation that
| do need to keep my grades up. [Participant 11, group
5; female, aged 16 years)

However, participants identified that goals that are only
extrinsically motivated by money may not be achieved when
additional barriers arise:
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..My parents used to give me a prizeif | got like 100
on a test or something like that, and it always
motivated meto study and do well in school...it pretty
much worked until COVID hit because my grades
started going down because | wasn't that motivated.
[Participant 12, group 5; female, aged 13 years]

Theme 5: Potential Benefits and Drawbacks of
Loss-Framed | ncentives

When asked about loss-framed incentives, using either money
or physical objects, participants gave examples of times that
their parents had threatened or actually removed objects for
poor behavior. Most participants expressed frustration, stating
that thisapproach would make them “sad,” “mad,” and “ defeated
or upset” and that it would be “unmotivating.” However, some
also acknowledged that this approach could be viewed as fair:

...| would understand why that got taken away from
me. | know that it would be because | didn’t do
whatever | was supposed to do, so | personally
wouldn’t be angry because | know why that would
get taken away from me. [Participant 11, group 5;
female, aged 16 years]

Another participant, speaking about her father’s threat of not
allowing her to participate in an activity anymore if her grades
fell, reflected the following:

...| felt neutral about the whole situation, but | was
always- | think it helped me because | knew that that
could be taken away because one thing about my
dad’s ultimatums is that he means business...So | felt
- not scared, but | was like okay. | know what | need
todo. [Participant 12, group 5; femal e, ages 13 years]

When evaluating preferences, perceived fairness, and
effectiveness of loss- versus gain-framed incentives, opinions
varied, with some participants reporting that either approach
could work. Several participants acknowledged that the
perception of loss would likely be highly motivating despite,
or because of, the frustration it causes. A participant reflected
the following:

...Itisniceto have something earned but there should
be some sort of consequence so you don’t become
lazy. Earning something would be more successful
because you can see your accomplishment.
[Participant 6, group 2; female, aged 17 years)
Some noted that they would feel highly motivated by the
possibility of having something taken away, stating the
following:

What motivates me more is like having something
taken away, so then | would know that...I would get
that back in the end after | work hard [and] thethreat
of having something taken away motivates me to do
better, just so | could have it with me the whole time.
[Participant 11, group 5; female, aged 16 years]

However, participants felt that the effectiveness of loss- versus
gain-framed rewards would depend on the reward itself:

It depends on what the reward is and it depends on
what's being taken away. So like if you took -
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personally, like if you took my [video game system]
away, I'd be like yeah, I'd choose that one.
[Participant 1, group 1; female, aged 16 years)

Several othersfelt the following:

Positive reinforcement would be more effective and
that the threat almost makes me want to revolt,
because | don't like threats...that promise, like that
shopping spree promise, it motivatesme. I'mlikel’m
almost there. | can seethefinish line. But threats, no.
So the promise of having areward, because thethreat
is too much for me and it does not make me want to
do my best. It makes mewant to do worsejust to prove
that person - | don’'t know, becauseit’'s a really catty
thing with me if I’'m threatened... [Participant 12,
group 5; female, aged 13 years]
Importantly, although the behavior may change in the desired
way because of the incentive, a participant questioned whether
it would result in true motivation:

I think it’s the [threat of having something taken that
works better] because you're scared of doing it or
not doing it, so you keep on doing it. And it's not
necessarily motivation, but it’s just like at the end of
the day, you're still doing it, so it’s good. [Participant
20, group 8; male, aged 14 years)

Content Revision

Onthe basis of the participant feedback, messageswererefined
by study team membersfor usein the BEAM trial. Those rated
as bad by even a participant were edited to omit unfavorable
content or discarded entirely if the overal concept was
disfavored. For example, the message Did you know that being
physically active improve your self-esteem? Why not start right

now? You got thi§E was omitted, and messages that were
supportive of self-confidence and self-efficacy but that did not
unintentionally imply that the individual had poor self-esteem,
were substituted instead (Ever feel like you're in a tough
situation? Going for a walk can help you prepare to face that
problemand overcomeit). On the basis of the favorable response
to messages referencing feeling lazy or describing how being
physically active may help with school performance, more
messages with these themes were created. M essages with mixed
responses were edited based on specific negative feedback or
included if responses were positive and neutral. Additional
encouraging messages were created to address problem solving
to overcome barriers to being more physically active and to
remind the value of a support person to help achieve activity
gods; for example, Does your step count goal seem like a
stretch? Break it up! Every minute counts! and Who will be your
workout buddy today? Bring a friend or family member with
you on awalk or to the gym (blame usif you need to!). Messages
were also shortened and adapted to fit the preferred timing in
mid-day or afternoon (eg, You have the power to start your day
off strong! Wake up, have your favorite breakfast and go for a
walk, run, or bike ride. Get moving and you'll be ready to face
the day was changed to Tomorrow, you have the power to start
your day off strong! Plan to wake up, be active, and you'll be
ready to face the day), and additional encouraging messages
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were created (eg, |s working toward your fitness goal a bit
challenging? That's great! The more challenging a task, the

Vajravelu et a

more rewarding it will be in the end!)@. Additional specific
lessons learned are summarized in Textbox 1.

Textbox 1. Lessons about the use of text messages and financial incentives for physical activity motivation among adolescents.

Acceptable message frequency
o 1-2textsper day

Acceptable message timing

« Mid-day or afternoon (after school)

Waysto minimize therisk of messages being ignored

o Useexclamation points and emojis

Financial incentives for behavior change
«  Potentialy motivating in theory

«  Familiar concept to adolescents

L oss-framing to promote behavior change

« Acceptability divisive: motivating but possibly too frustrating

«  Savethe study’s or team’s phone number in contacts so that it is not identified as spam

«  Shorten messages or put most important text in beginning of message

Discussion

Principal Findings

Through virtual group interviews of adolescents with obesity
and prediabetes or type 2 diabetes, we obtained end-user
feedback to refine abank of text messagesfor an mHealth-based
physical activity intervention and identified several themes
related to the use of text messaging and financial incentivesto
motivate youth to be more physically active. The participants
responses highlighted the challenge of developing message
content that appeals to al end users [24], as well as the
importance of keeping messages brief, upbeat, informative, and
relatable. Adolescents' familiarity with rewards as a means to
encourage behavior change allowed arich discussion of their
anticipated responsesto financial incentivesfor physical activity
motivation.

Our approach to intervention devel opment is person-based, in
which qualitative research is used to inform design by gaining
insight into the perspective and psychosocia context of
individuals who will use the intervention [25]. This qualitative
assessment will be used not only in the intervention design but
also in the evaluation of the intervention. Stakeholder
involvement is an essential component of digital health
interventions [26], but to date, text messaging interventions
promoting healthy lifestyle changesfor adolescentswith obesity
have been heterogeneous, with alimited description of whether,
and how, the intervention was co-designed with end users
[15,27]. Onerecent exception isthe TEXTBITES intervention,
in which Partridge et a [27] used an iterative mixed methods
approach to develop a text message program for Australian
adol escents with obesity. Wetook asimilar approach to devel op
a text-message-based physical activity intervention for
adol escents with overweight or obesity and prediabetes or type

https://diabetes.jmir.org/2022/2/e33082

2 diabetes (BEAM trial). Like TEXTBITES, our population
will aso include adolescents with obesity, but as reflected in
this study, alarge proportion of participantsin our trial will be
youth of minority race or ethnicity and from disadvantaged
socioeconomic backgrounds towing to the higher prevalence
of type 2 diabetes and prediabetesin these populations[28,29].

The likelihood of limited financial resources or safe spaces to
engage in physical activity shaped our physical activity
suggestions, which were intentionally free or low-cost and
included in-home options. In addition, our population also likely
differs from otherwise healthy adolescents in terms of overall
stress and depressive symptoms; youth with type 2 diabetes
report high levels of life stressors, which correlate with poor
psychosocial functioning and impaired treatment adherence
[30]. Thus, for our ultimate goal of helping adolescents with
prediabetes and type 2 diabetes to become more physically
active, we worked to develop messages that were both
encouraging and contained activity suggestions that were
perceived as realistic and achievable.

Our finding that adol escents preferred messagesthat were brief,
upbesat, and informative was similar to previous reports[18,31].
In their TXT Mel intervention, Thompson et al [18] used
pedometers and stand-al one text messages grounded in concepts
from the Self-Determination Theory, including autonomy,
competence, and relatedness, to promote increased physical
activity among adolescents [18]. They used web-based surveys
and telephone interviews with 30 persons, aged 14 to 17 years,
to assess the acceptability of pedometer use and daily texts to
help achieve a step-count goal. Similar to our findings, the
adolescents in the study by Thompson et al [32] favored short
messages that were positive, used exclamation points, did not
nag, and focused on facts. In apilot study of their intervention
[32], they demonstrated feasibility, with an enrollment of 160
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adolescents and complete data available in 86% of cases.
Notably, they found that participants who were excluded owing
to insufficient pedometer use or missing data collection were
morelikely to be older and African American. Postintervention
feedback included the suggestion that other types of physical
activity should be promoted in addition to walking and that a
step count goal should be set for participants rather than having
the goal be self-selected. In total, 80% (16/20) of the adol escents
enjoyed receiving daily texts for 12 weeks, and 75% (15/20)
chose noon or afternoon as the best time to receive texts.
Notably, participation was not based on body weight or health
conditions, including obesity, type 2 diabetes, or prediabetes.
In contrast, Woolford et a [31] explored attitudes and
preferences regarding automated SMS text messages among
adolescents with obesity as part of a multidisciplinary weight
management program. The messagesincluded an explicit focus
on topics central to weight management. As demonstrated in
our study and in TXT Me!, adolescents reported that an
automated SM S text messaging strategy would be acceptable
and preferred positive upbeat messages that included
exclamation points [31]. Again, the study by Woolford et al
[31] did not explicitly focus on adolescents with obesity-rel ated
complications such as prediabetes or type 2 diabetes.

To our knowledge, ours is the first study to evaluate the
acceptability of a text message—based intervention to increase
physical activity in adolescents with obesity and prediabetes or
type 2 diabetes. Because of the critical importance of lifestyle
changes in improving health outcomes, youth with prediabetes
or type 2 diabetes are likely to have already been instructed by
multiple health care providers and their caregivers to be more
physically active. It isnotablethat despite thiscommonly heard
advice, adolescents still reported that daily or twice-daily text
messages encouraging and reminding them about physical
activity would be acceptable and potentially motivating.

In addition to specific feedback about the reviewed text
messages, participants shared valuable insights about
experiences when encouraged to exercise by caregivers and
health care providers. Their responses highlighted the fine line
required when showing concern about an adolescent’s health
and health behaviors. Although expressing genuine concern
may be encouraging for some, repeated reminders may be
perceived negatively by others. Thereis a danger that repeated
text message reminders to exercise may also be perceived in
this light. Our revised text message bank now places greater
emphasis on being more physically active in any activity of
their choice, rather than structured and repetitive exercise.
Indeed, distinguishing between exercise (aplanned, structured,
purposeful, and repetitive behavior) and more general physical
activity may help clarify expectations for patients, asincreased
nonexercise physical activity may be an acceptable goa for
both patients and providers [33]. As part of the planned
intervention, we will counsel participants’ caregivers about the
benefit of showing support for the adolescent’s physical activity
inwaysthat can be more naturally incorporated throughout their
days, rather than insisting that the adolescent engages in
narrowly defined exercise at specific times. The specific linkage
of the health benefits of physical activity to diabetes-related
outcomes may also prove motivational to youth already

https://diabetes.jmir.org/2022/2/e33082
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experiencing an obesity complication, driving intrinsic
motivation rather than relying primarily on extrinsic motivation.
Asdescribed by the health belief model, the perception of health
vulnerability associated with prediabetes or type 2 diabetes may
serve as an additional motivation to act [34] on healthy lifestyle
changes. This concept was suggested by some youth who
referred to their heath as a primary motivator to increase
physical activity, but again, health care providers should balance
using health as amoativator while not inducing shame or stigma
that is commonly associated with obesity and type 2 diabetes
[35].

Because of the challenges of maintaining engagement in
mHealth and physical activity interventions as well as
motivating adolescents to be more physically active, we also
tested the impact of different financial incentive strategies in
our BEAM trials. Specifically, we evaluated loss- versus
gain-framed financia incentives to achieve step-count goals.
Although the comparative efficacy of these financial incentive
approaches has been evaluated in physical activity interventions
in adults, it has not been assessed in youth [36], who may differ
in their responses to the negativity of aloss-framed incentive.
Among adolescents with type 1 diabetes, financia incentives
appear to be an acceptable approach for promoting
self-monitoring behaviors [37]. However, the acceptability of
loss-framed incentives has not been explored. When evaluated
inaclinical trial, loss-framed financial incentives led to more
frequent blood glucose monitoring among adol escentswith sub
optimally controlled type 1 diabetes [38]. Participants in that
trial endorsed the feasibility of daily financia incentives to
motivate behavior change, with some reporting feeling
motivated by the loss of money they believed was aready their
own. Notably, however, the increase in self-monitoring
behaviors was transient, and the effect was extinguished after
financial incentives were stopped. The possibility of financial
incentives to crowd out intrinsic motivation has led to the
concern that financial incentives may do more harm than good
[39]; fortunately or unfortunately, thisis less of a concern for
health behaviors, many of which are associated with low
baseline intrinsic motivation [40]. Our exploration of attitudes
toward gain- and loss-framed incentives suggested that the
acceptability of loss-framed incentives is mixed but that some
adolescents may find them highly motivating. This study was
not designed to quantify the differences in the anticipated
motivation or acceptability of different financia incentive
approaches. However, in the BEAM tria, we explore the
heterogeneity of the treatment effect of the incentives in an
effort to identify characteristics that predicted objective
responsiveness to different financial incentive approaches.

Although not initially planned, owing to the COVID-19
pandemic, we conducted group interviews using avirtual format
using videoconferencing technology. Virtual interviews had
several benefits: (1) ease of recruitment, particularly for
adolescentswith financia or transportation barriers; (2) efficient
and high-quality audio recording via the platform; and (3)
availability of the chat feature, which allowed participants who
may not otherwise have interrupted someone speaking to share
their thoughts and engage in the discussion. The virtual format
allowed participants to mute video or audio, which was done
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at times the strain discussion progressed. However, the ability
to retain control of their privacy, which is not practical in most
traditional focus groups[41], may have encouraged participants
to share more freely than they would have in an in-person
setting. Technical challenges occasionally arose, including poor
audio quality related to internet connectivity. Overall, the virtual
format appears to be a promising way to engage adolescentsin
qualitative research in away that minimizes participant burden
while facilitating recruitment. Our successful engagement of
participants in a remote format also provides further evidence
of the feasibility and acceptability of mHealth interventions
targeting adolescents [42,43].

Limitations

Attitudes and perspectives about text message content and
financial incentives may vary across populations; therefore, our
findings may not be generalizabl e to other adolescent subgroups,
such as those with obesity but without comorbidities, or to
individuals of different age groups or at different
neurodevelopmental stages [36]. However, our participants
represent a diverse group whose perspectives are not often
elicited or reflected in research settings and represent the
epidemiology of youth with prediabetes and type 2 diabetes,
who are disproportionately from minority backgrounds [29].
Aswith any group interview or focus group study, particularly
those including adolescents, socia desirability bias may have
influenced the responses[44]. We did not use single-sex groups,
as has been recommended when conducting qualitative research
with groups of unfamiliar adolescents[44]. However, our small
group sizes may have limited the potential discomfort or
embarrassment of offering differing opinions. Because the
BEAM tria uses text messages in English, we did not include
participants with limited English proficiency. We acknowledge
that thishasthe potential to limit theintervention’sreach among
Hispanic youth, who have ahigher prevalence of type 2 diabetes
than non-Hispanic White youth [29]. Importantly, to adapt text
message interventions for individuals with limited English
proficiency, it is critical to embark on a transcreation process,
inwhich the text messages are not simply translated but adapted
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in away that is linguistically and culturally appropriate [45].
Thus, additional qualitative research isrequired to evaluate the
acceptability and appropriateness of the adapted intervention.

Thefocus of this study was on the perspectives and preferences
regarding text messages and financia incentives to motivate
behavior change, which may not perfectly correlate with
objectively measured behavior change; objective measurement
will occur as part of the BEAM trial. Because of our study’s
sample size, wewere unableto reliably characterize differences
in attitudes and perceptions across patient characteristics, such
asage, gender, or prediabetes versus diabetes; however, we will
do so when evaluating the acceptability of the intervention in
the BEAM trial. The use of virtual interviews made engaging
participants challenging at times; thislimited engagement often
contributed to more limited discussion than may have occurred
in face-to-face interviews and thus to the shorter actual duration
of interviews than originally planned (30-45 vs 60 minutes).
Finally, although participants reported that they found even
frequent text messaging acceptable, their actual behavior may
differ, as additional interruptions from push notifications and
text messages from friends also occur. The BEAM trial will
also evaluate the impact of message frequency.

Conclusions

In summary, among the participantsin our study, all adolescents
with obesity and prediabetes or type 2 diabetes preferred text
messages that were short, upbeat, informative, and relatable.
Through virtual group interviews, participants feedback allowed
for the creation of an end-user—refined bank of text messages
that will be used in an mHealth physical activity intervention
targeting the same population (BEAM trial). The perceived
acceptability of loss-framed incentives was mixed, but the effect
of incentive framing will be objectively measured inthe BEAM
trial. Overall, the ability to dicit end-user feedback increased
the likelihood of acceptability of our intervention among the
target population, and we will continue to engage participants
throughout thetrial to further refine our approach to intervention
development.
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Abstract

Background: Personalized feedback is an effective behavior change technique frequently incorporated into mobile health
(mHealth) apps. Innovations in data science create opportunities for leveraging the wealth of user data accumulated by mHealth
appsto generate personalized health forecasts. One Drop’'sdigital program isone of thefirst toimplement blood glucose forecasts
for people with type 2 diabetes. The impact of these forecasts on behavior and glycemic management has not been evaluated to
date.

Objective: This study sought to evaluate the impact of exposure to blood glucose forecasts on blood glucose logging behavior,
average blood glucose, and percentage of glucose pointsin range.

Methods: This retrospective cohort study examined people with type 2 diabetes who first began using One Drop to record their
blood glucose between 2019 and 2021. Cohorts included those who received blood glucose forecasts and those who did not
receive forecasts. The cohorts were compared to evaluate the effect of exposure to blood glucose forecasts on logging activity,
average glucose, and percentage of glucose readings in range, after controlling for potential confounding factors. Data were
analyzed using analysis of covariance (ANCOVA) and regression analyses.

Results: Datafrom atotal of 1411 One Drop userswith type 2 diabetes and el evated baseline glucose were analyzed. Participants
(60.6% male, 795/1311; mean age 50.2 years, SD 11.8) had diabetes for 7.1 years on average (SD 7.9). After controlling for
potential confounding factors, blood glucose forecasts were associated with more frequent blood glucose logging (P=.004), lower
average blood glucose (P<.001), and a higher percentage of readings in range (P=.03) after 12 weeks. Blood glucose logging
partially mediated the relationship between exposure to forecasts and average glucose.

Conclusions: Individualswho received blood glucose forecasts had significantly lower average glucose, with a greater amount
of glucose measurements in a healthy range after 12 weeks compared to those who did not receive forecasts. Glucose logging
was identified as a partial mediator of the relationship between forecast exposure and week-12 average glucose, highlighting a
potential mechanism through which glucose forecasts exert their effect. When administered as apart of acomprehensive mHealth
program, blood glucose forecasts may significantly improve glycemic management among people living with type 2 diabetes.

(JMIR Diabetes 2022;7(2):€34624) doi:10.2196/34624
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Introduction

Diabetes currently affects an estimated 10.5% of Americans,
while recent projections indicate its prevalence is increasing
worldwide[1,2]. While complications from diabetes range from
microvascular-related organ and peripheral tissue damage to
death [1], the majority of peoplewith diabetes do not adequately
manage their blood glucose [3]. In recent years, mHealth apps
have attempted to promote self-care behaviors that are critical
for the management of type 2 diabetes (T2D) with mixed
success. Compared to non—app users, mHealth app users with
diabetes report higher levels of self-care behaviors [4]. A
meta-analysi s pooling results from randomized controlled trials
(RCTs) of 9 mHealth apps found all 9 apps effective in
improving diabetes-related outcomes, reducing hemoglobin A4
(HbA ) by amean 0.49% [5]. Meanwhile, severd other reviews
note studies with weaker or no effects for diabetes-related
outcomes[6-10]. Thefact that mHealth apps haverealized such
varied success raises the question of which components or
features are most effective in driving outcomes.

While mHealth apps for diabetes have a range of different
features [11], modules for logging diabetes-related data such
as blood glucose are among the most common, with many apps
also enabling the logging of food, physical activity, and
medications [12]. Logging as a form of self-monitoring,
delivered along with feedback, constitutes a behavior change
technique, which isasystematic procedureincluded asan active
component of an intervention designed to change behavior.
Among mHealth apps, it has been noted that self-regulation
techniques, such as self-monitoring, goal setting, and
performance feedback, are the most frequently utilized [13,14].
Given thetheoretical impact of such behavior change techniques
on health behavior and clinical outcomes, mHealth apps have
the opportunity to incorporate this logged health information
and deliver personalized feedback to their users [15,16]. In a
previous study, incorporating live feedback from a diabetes
coach in response to hypoglycemic or hyperglycemic events
showed success [17]. Further, a meta-analysis comparing apps
with a feedback component versus those without this feature
found that only apps delivering feedback were effective in
reducing HbA . [7]. To our knowledge, mHealth apps with
self-monitoring and a feedback component have exclusively
focused on past behavior and outcomes. As mHealth apps scale
and accumulate alarger repository of data, methods of providing
immediate, specific, and personalized feedback about the future
are a worthwhile avenue to explore. Data science techniques,
such as artificial intelligence, machine learning, and predictive
analytics, have been simultaneously described as the next
frontier in mHealth apps and also as one of the greatest
challenges facing them; these innovations may be the drivers
of a personalized and automated feedback mechanism [18].

There are few existing examples of machine learning used to
forecast future eventsfor personswith diabetes. In one example,
the need for pharmacological therapy was forecast for patients
with gestational diabetes [19]. In another study, infections and
hypoglycemic events were accurately forecast for individuals
with type 1 diabetes (T1D) [20,21]. Although they indicated

https://diabetes.jmir.org/2022/2/e34624
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that diabetes outcomes could be effectively forecast, these
studies focused solely on the development and validation of
predictive models. The application of predictive modelswithin
a diabetes intervention has not previously been tested, to our
knowledge. In 2018, One Drop (Informed Data Systems Inc)
validated amachinelearning model for blood glucose forecasts
and subsequently provided the tool to users with T2D in the
One Drop app. When forecasts are delivered, they may be paired
with behavioral suggestions, such as going for a walk and
retesting blood glucose. Multiple studies have established the
effectiveness of One Drop for people with diabetes; program
participation has been associated with reductions in
self-reported, estimated, and lab-tested HbA ., average blood
glucose, sdf-reported hyperglycemic symptoms, diabetes
distress, and self-efficacy, [22-24] with preliminary RCT data
showing effects on lab-tested HbA,. diet, activity, and
depression among persons diagnosed with T2D and
hypertension. One Drop's blood glucose forecasts have
demonstrated high accuracy and acceptability, with
approximately 92% of usersfinding them helpful [25,26]. Three
years after its inception, One Drop remains the sole mHealth
app delivering blood glucose forecasts to its users. The
effectiveness of these forecasts has yet to be established.

The current retrospective cohort study evaluated the impact of
One Drop's 1- to 8-hour blood glucose forecasts on logging
behavior and clinical outcomes among individuals with T2D
and elevated average blood glucose who used the One Drop
app over a 12-week period. First, we evaluated the effects of
exposure to glucose forecasts on average blood glucose and
percentage points in range (%PIR) by comparing participants
who did or did not receive the forecasts. Second, we tested a
potential behavioral mechanism through which the blood glucose
forecasts exert their effect by examining their impact on glucose
logging behavior. Lastly, we investigated a potential mediated
relationship in which forecasts were associated with glucose
management through the mechanism of glucose logging.

Methods

One Drop Intervention

One Drop is a multi-condition mHealth solution that can be
tailored to each user’s unique needs and preferences. The One
Drop digital platform targets people with prediabetes, T1D or
T2D, high blood pressure, high cholesterol, or combinations of
these conditions. The One Drop mobile app can be used
standalone or in conjunction with a monthly or yearly blood
glucose test strip subscription, Bluetooth-enabled One Drop
blood glucose meter, or connected devices (eg, Wi-Fi—enabled
weight scales or Wi-Fi—enabled smart blood pressure monitors).

The One Drop mobile app is available for devices running the
i0S, Android, or WatchOS operating systems. Uses can opt to
enroll in the free or premium versions of the app. The free
version includes extensive logging functionality with the
capacity to log health data (eg, blood glucose, blood pressure,
HbA ., and weight), intensity and duration of exercise, food
eaten, and medications prescribed and taken. When users begin
logging data actively (ie, manually through the app or with a
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synced One Drop meter) or passively (via integrations with
Apple HealthKit or Google Fit), detailed reports and
visualizations become available, displaying summaries of the
entered data and blood glucose trends over time. Messages of
support, health-related insights, and educational content are also
delivered to users' in-app inboxes or newsfeeds. The premium
One Drop app subscription additionally provides users with
on-demand access to health coaching with certified health
professionals specializing in their conditions, machine
learning—powered trends and forecasts, adjustable goa setting,
and a personalized content library with hundreds of lessons.

Blood Glucose Forecasts

Blood glucose forecasts were introduced to the One Drop app
as a free feature for users with T2D in September 2018 and
became a premium feature in August 2020. These forecasts
project thedirection (ie, up, steady, or down) that auser’s blood
glucose will trend in the following 1 to 8 hours. Users
automatically begin receiving blood glucose forecasts upon
recording their first blood glucose reading and continue to

Figure 1. Sample blood glucose forecast in the One Drop app.

Today at 11:40 AM

Blood sugar to go higher in
the next 8 hours.

Today at 1714 pm

Imrisek et al

receive them after each subsequent recording. When a forecast
is generated, users receive a pop-up notification indicating the
direction (rising, steady, or falling blood glucose) and duration
(1-8 hours) of the forecast. These notifications can be paired
with an actionable suggestion to help maintain healthy blood
glucose levels. Figure 1 shows an example of a blood glucose
forecast in the One Drop app.

Userswho joined One Drop prior to September 2018 or did not
have a paid subscription after August 2020 did not have access
to the blood glucose forecasts. After forecasts wereimplemented
in the program, users could become ineligible to receive
forecastsif they failed to meet any of the prediction algorithm’s
requirements. Users did not receive forecasts if (1) they had
extremely high glucose (>600 mg/dL); (2) they had extremely
high glucose variability (>80 mg/dL forecast standard error);
(3) their logging frequency was consistent with continuous
glucose monitor (CGM) use (>50 readingsin a 24-hour period);
(4) they had ever recorded bolus insulin use; (5) they recorded
basal insulin use prior to March 2019 (ie, the time when the
model began serving predictions to these users).

n:38 FTm

<

Glucose Forecast
Next 8 Hours

(7]

160 175 175 178

Blood sugar to go up, but not
too high, in the next 7 hours.

Glucose to go up, but not too e tie

Stressed? Try a short
10-minute walk to lift your
mood and relax your mind.

bring it down.

THIS IS NOT HELPFUL

Forecast pop-up
(Android)

Study Design and Procedures

This study employed a retrospective cohort design, evaluating
real-world outcomes over a 12-week period; participants were
thus not recruited for study participation. There were 2 cohorts
that were compared after statistically controlling for available

https://diabetes.jmir.org/2022/2/€34624

XSL-FO

RenderX

Forecast pop-up
(i0S)

high, in the next 3 hours.
Taking a 15 minute walk can help

Mare Details

Forecast graph
(i0S)

potential confounders. The first cohort received at least one
blood glucose forecast in weeks 1 through 11 and the second
received no forecasts. Thoseincluded in the group who received
no forecasts did not have a paid subscription after August 2020
or were ineligible to receive blood glucose forecasts based on
the exclusion criteria.
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On August 10, 2021, One Drop users with T2D who had one
or more blood glucose measurements recorded 12 weeks
following their first recorded reading were identified. Blood
glucose readings were entered either manually through the app
or passively through the One Drop blood glucose meter, another
synced device, or integration with Apple Health Kit or Google
Fit. The query for eligible users was limited to those who had
started using One Drop and recorded their blood glucose for
the first time in 2019 or later to minimize the possibility of
comparing groupsthat participated in different iterations of One
Drop. Additionally, only users with at-risk baseline blood
glucose (estimated HbA;=7%) were queried. Users with a
glucose logging frequency consistent with CGM use were
excluded. The baseline measurement time point was defined
by averaging the first 7 days of blood glucose readings,
beginning with the first recorded blood glucose reading for that
individual. Follow up (in week 12) consisted of measurements
recorded from days 77 to 83.

Study Oversight

One Drop received an exemption for institutional review board
approval and awaiver of informed consent from SolutionsIRB,
an independent ethics review company (Little Rock, AR and
Yarnell, AZ) to study all deidentified data owned by One Drop.
User data are stored in a secure cloud-based server. All One
Drop users must actively agreeto an end user license agreement
upon creation of their accounts, granting One Drop permission
to use data entered in the app for anaysis, reporting, and
research purposes.

M easur ements

Group

The total number of forecasts received between weeks 1 and
11 was summed in order to group users according to whether
they had received any blood glucose forecasts during the study
period. Thosewith zero forecastsin that time period were placed
in the “did not receive forecasts’ group (n=177). Those with
>]1 forecast were placed in the “received forecasts’ group
(n=1234).

User Characteristics

Date of birth, gender, diabetes type, insulin use, and year of
diagnosis are self-reported in the One Drop app, though not all
users provide these data. Age was calculated as the number of
months between a user’s date of birth and the date of their first
recorded blood glucose measurement divided by 12. Users
taking insulin were identified based on whether they had
recorded taking adose of basal or bolusinsulin on or beforethe
date of their first blood glucose log. The number of years
diagnosed with diabetes was calculated as the difference
between the user-reported year of diagnosis and the year of a
user'sfirst recorded blood glucose measurement.

Logging Activity

Logging activity was measured as the number of blood glucose
entriesrecorded in each user’sfirst week, aswell asthe number
of entriesin the 11-week period prior to the follow-up week.

https://diabetes.jmir.org/2022/2/e34624
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Blood Glucose Variability Measurement

Glycemic variability is commonly calculated as the standard
deviation of an individual’s glucose values over time [26,27].
The standard deviation of a user's blood glucose recordings
during the first week was calculated to express individual
baseline blood glucose variability. Users were required to have
at least 3 readings recorded in week 1 to have a blood glucose
variability metric computed.

Average Glucose Measurement

One Drop's database consists of real-world data; both
biologically impossible (eg, 0 mg/dL) and implausible (eg,
above 600 mg/dL, which is beyond the measuring capacity of
a glucometer) readings can be entered. The range of plausible
measurementswas defined as 30 mg/dL to 600 mg/dL. Readings
outside of this range were not included in average glucose
calculations. For baseline average glucose, an average of all
plausible blood glucose measurementsin week 1 was calcul ated.
Similarly, for follow-up average glucose, all plausible blood
glucose recordingsin a user’sweek 12 were averaged. In order
to identify the at-risk populationin termsof A, average glucose
values were translated to an estimated percentage of glycated
hemoglobin (eHbA,.) using the following formula: eHbA ;. =
(average glucose + 46.7) / 28.7 [28]. The American Diabetes
Association recommendsagoal of <7% HbA ;. for most people
with diabetes; achieving this level is associated with areduced
risk for diabetes-related complications [29]. Users with an
eHbA,. of =7%, corresponding to 2154.2 mg/dL average

glucose, were classified as at risk.

To visualize potential interactions, a multi-categorical variable
was created to further classify those with eHbA ; =7% into four
categories, indicating an increasing risk of complications from
elevated blood glucose concentration: (1) 8%> eHbA . =27%;
(2) 9%> eHbA ;. =8%; (3) 10%> eHbA ;. =9%; and (4) eHbA ;.
=210%.

%PI R Measurement

Research has demonstrated that blood glucose levels falling
below 70 mg/dL or rising above 180 mg/dL are associated with
increased risk for diabetesrelated complications [30].
Percentage of blood glucose pointsin range (%PIR) isametric
adapted from the CGM-specific metric time in range, applied
to measurements obtained from manual blood glucose meters.
A 10% change in %PIR has been associated with a change in
HbA . of 0.4% [31].

Blood glucose values were considered in range if they fell
between 70-180 mg/DL. Each user’s %PIR was calculated by
dividing the number of blood glucose measurements in range
by the total number of recorded blood glucose measurements,
for both week 1 and week 12.

Cohort Selection

There were 1411 users included in the analysis. Users were
deemed eligible for analysisif (1) they reported a diagnosis of
T2D; (2) their first week of One Drop participation was between
the years 2019 to 2021; (3) they recorded =3 blood glucose
measurements in their first week; (4) they recorded =1 blood
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glucose measurement in week 12; (5) they had a self-reported
year of diagnosis; and (6) their calculated week-1 HbA ;. was

7.0%.

Users averaging more than 7 blood glucose measurements per
day for the first 11 weeks of the study period were assumed to
be using a CGM (>539 measurements; 7 measurements times
7 days times 11 weeks) and were excluded.

Analyses

All analyses were performed using SPSS Version 28 (IBM
Corp). Our predetermined a level was .05 for all statistical tests.
Between-group differencesin the year users started One Drop,
age, gender, years diagnosed with T2D, insulin use, number of
week-1 blood glucose recordings, sum of week-1 to week-11
blood glucose recordings, baseline average glucose, and baseline
individual blood glucose variability were assessed. Differences
were tested with 2-tailed independent-samples t tests for
continuous variables and chi-square tests for categorical
variables. Descriptive statistics were also computed for these
variables. A gender of “other” was reported by 4 usersin the
group who did not receive forecasts and zero usersin the group
who received forecasts; this value was treated as missing and
excluded from the chi-square analysi s assessing between-group
differencesin gender.

Variables were omitted from models if high missingness was
observed (greater than 50%), but descriptive statistics for the
variable are still reported. Age was the only variable meeting
this threshold (1143/1411, 81% missing).

We specified 2 analysis of covariance (ANCOVA) models to
determine the forecast group effect on blood glucose outcomes.
Covariateswere selected for ANCOVAsif their baseline values

Imrisek et al

were significantly different in the groups who received and did
not receive forecasts. Thefirst ANCOVA tested the group effect
on week-12 average glucose, controlling for years diagnosed,
insulin use, baseline blood glucose variability, and baseline
average glucose. The second ANCOVA tested the group effect
onweek-12 %PIR, controlling for years diagnosed, insulin use,
baseline blood glucose variability, and baseline %PIR.
Interactions between the group variable and covariates were
tested; significant interactionswere held and interpreted, while
nonsignificant interactionswere dropped from the final reported
models.

The secondary analysis sought to find mechanisms through
which exposure to blood glucose forecasts resulted in greater
reductionsin average glucose concentration in week 12; it was
hypothesized that blood glucose logging could be one such
mechanism. This hypothesized model isillustrated in Figure 2.
To test thishypothesis, 3 separate linear regression modelswere
specified to establish that the direct effect of group on blood
glucose logging behavior and the direct effect of group and
logging behavior on week-12 average glucose were all
significant.

PROCESS isafree software add-on for SPSSthat includes over
70 predefined models [32]. Mediation models in PROCESS
incorporate ordinary least sguares regression and estimate
indirect effects and their confidence intervals through a
bootstrapping procedure that isrobust against nonnormal sample
distributions[33]. Model 4 was specified to estimate the indirect
effect of group on week-12 average glucose via blood glucose
logging with 5000 bootstrap samples. All modelsincluded years
diagnosed, insulin use, baseline blood glucose variability, and
baseline average glucose as covariates.

Figure 2. Hypothesized model of how blood glucose logging mediates the effect of group on week-12 average glucose.

Blood glucose
logging
a b
Forecast grou; Week 12 average
SO blood glucose

Results

A total of 1411 users were included in the analyses. The users
were 60.6% male (795/1311), aged 12 to 84 years old (mean
age 50.2 years, SD 11.8), diagnosed with T2D for <1 to 46 years
(mean 7.1 years, SD 7.9), and recorded between 3 and 78 blood
glucoselogs (mean 14.5, SD 9.2) intheir first week and between
3 and 532 (mean 122.0, SD 86.1) logs in the 11 weeks before
follow up.

https://diabetes.jmir.org/2022/2/e34624

The groups were significantly different in several baseline
variables. Compared to userswho received forecasts, those who
did not receive forecasts had a higher average likelihood of
reporting insulin use (14.1% versus 6.2%; x21:14.8; P<.001),
more years diagnosed with T2D (10.4 years, SD 9.1 versus 6.6
years, SD 7.6; t1409=6.00; P<.001), higher baseline average
glucose (256.16 mg/dL, SD 82.36 versus 206.23 mg/dL, SD
48.37; t1409=11.55; P<.001), higher baseline blood glucose
variability (58.64 mg/dL, SD 29.63 versus 43.91 mg/dL, SD
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23.42, t1409=7.55; P<.001) and a lower baseline percentage of

blood glucose logs in range (26.96%, SD 28.91% versus
41.98%, SD 29.9%; t;405=—6.27; P<.001). The groups did not

Table 1. Sample characteristics with tests of difference by group.

Imrisek et al

differ in the year they began using One Drop (P=.21), age
(P=.07), gender (P=.24), or number of week-1 blood glucose
logs (P=.08). Descriptive statistics and P values from tests of
baseline differences are presented in Table 1.

Received forecasts  Did not receivefore-

Characteristics Total (N=1411) (n=1234) casts (n=177) P value®
Year started One Drop, n (%) 21

2019 681 (48.3) 597 (48.4) 84 (47.5)

2020 614 (43.5) 530 (42.9) 84 (47.5)

2021 116 (8.2) 107 (8.7) 9(5.1)
Gender, n (%)b 24

Male 795 (60.6) 701 (61.2) 94 (56.6)

Female 512 (39.1) 440 (38.4) 72 (43.4)

Other 4(0.3) 4(0.3) 0(0)
Insulin use, n (%) 101 (7.2) 76 (6.2) 25 (14.1) <.001
Age (years), mean (SD) 50.2 (11.8) 49.8 (11.4) 54.5 (14.7) .07
Years diagnosed with T2DS, mean (SD) 7.1(7.9) 6.6(7.6) 104(9.1) <.001
Blood glucose logs, mean (SD)

Week-1 blood glucose logs 145(9.2) 14.7 (9.4) 13.4(7.9) .08

Week-1 to week-11 blood glucose logs 122.0(86.1) 124.1 (87.0) 107.2 (79.0) 01
Glycemic management, mean (SD)

Week-1 average blood glucose (mg/dL) 212.50 (56.27) 206.23 (48.37) 256.16 (82.36) <.001

Week-1 blood glucose variability (mg/dL) 45.76 (24.76) 43.91 (23.42) 58.64 (29.63) <.001

Week-1 points in range (%) 40.10 (30.18) 41.98 (29.90) 26.96 (28.91) <.001

3From chi-square test or 2-tailed independent-samplest test.

b« Other” was treated as a missi ng value and excluded from the chi-square analysis.

°T2D: type 2 diabetes

Primary Outcome la: Average Glucose

The ANCOVA reveaed significant mean differences between
the groups in week-12 average glucose when controlling for
baseline average glucose and covariates (F,=40.75, P<.001).
All model covariates except insulin use (P=.16) were significant
(years diagnosed, baseline average glucose, and baseline blood
glucose variability; all P<.001). Additionally, significant
interaction effects for group x basdline average glucose
(F,=5.28, P=.02) and group x basdline blood glucose variability
(F1=15.12, P<.001) were observed.

To explore the group x baseline average glucose interaction,
ANCOVA models were specified to evaluate the group effect
at different levelsof baselineeHbA ;.. Baseline average glucose
was split into eHbA,. risk levels for interpretability. This
interaction is visualized in Figure 3. Users receiving forecasts
ended week 12 with significantly lower average glucose than
those not receiving forecasts when baseline eHbA ;. was 210%

https://diabetes.jmir.org/2022/2/e34624

(mean difference -54.52mg/dL; -1.9% eHbA,., P=.002).
Nonsignificant results within the other three categories may be
attributed to low power (1-B<.4). Among those with =8%
eHbA ., reductionsin week-12 eHbA ;. ranged from —0.86% to
-1.9%.

The second interaction, group x baseline glucose variability,
was evaluated by performing a median split on baseline blood
glucose variability and specifying ANCOVA models for each
level. Values below the median were categorized as “low
variability” and values above the median were categorized as
“high variability.” Values at the median were pruned. Among
users with high baseline blood glucose variability, those
receiving forecasts experienced significant reductions in
week-12 average glucose (mean difference —53.22mg/dL;
-1.85% eHbA,.,, P<.001) relative to those not receiving
forecasts. Figure 4 visualizes the group x baseline glucose
variability interaction.
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Figure 3. Interaction diagram of the effects of group and baseline average glucose on week-12 average glucose.
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Figure 4. Interaction diagram of the effects of group and baseline glucose variability on week-12 average glucose.

Baseline blood

Y 53000/ glucose
2 N variability
W
E 5\ _LUW
D 51000/ . = =High
@ ~
o .
ru ~
§ ~
| L

2 15000 ..
~
- ~,
- .
@ 170.00 \
@
=

150.00 |

Did not receive
forecasts

Primary Outcome 1b: % PIR

The ANCOVA revealed a significant mean difference between
groups in week-12 %PIR when controlling for covariates
(Fe=40.27, P<.001). All model covariates except insulin use
(P=.3) were significant (years diagnosed, baseline %PIR, and
baseline blood glucose variahility; all P<.001). Additionaly, a
significant interaction effect between group x baseline %PIR
(F,=4.84, P=.03) was observed.

Did receive
forecasts

The group x baseline %PIR interaction was evaluated by
performing a median split on baseline %PIR and specifying
ANCOVA models for each level. Values below the median
were categorized as “low %PIR” and values above the median
were categorized as “high %PIR.” Values at the median were
pruned. Among users with low baseline %PIR, those receiving
forecasts experienced a significant increase in %PIR (mean
difference .45%, P<.001) compared to those not receiving
forecasts. A visudlization of the group x baseline %PIR
interaction is presented in Figure 5.

Figure5. Interaction diagram of the effects of group and baseline average percentage points in range on week-12 average glucose.
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Secondary Analysis: Mediation of Group Effect on

Average Glucose by Blood Glucose L ogging Behavior
Asreported above, the results suggest that usersreceiving blood
glucose forecasts experienced greater reductions in week-12

average glucose than those not receiving forecasts. We thus
proceeded with our secondary analysis.

The forecast group was significantly and positively associated
with total blood glucose logs (path & b=20.72, t;,05=2.86,
P=.004). Total blood glucoselogswere significantly associated
with week-12 average glucose (path b; b=—0.13, t;,,s=6.86,
P<.001). Thetotal effect of group on week-12 average glucose
was also significant (path ¢; b=—21.74, t140s=—4.27, P<.001).

Table 2. Results of mediation analysis.

Imrisek et al

As all 3 paths were significant, we proceeded by regressing
week-12 average glucose on group, controlling for total blood
glucose logs. The direct effect was reduced, but remained
significant (b=—19.22, t;40,=—3.82, P<.001).

Resultsfrom the bootstrapping procedure produced an estimated
indirect effect (path c') of group on week 12 average glucose
through total blood glucose logs with a 99% CI that did not
include O, indicating a significant mediation effect. While the
indirect effect was significant, the direct effect also remained
significant, indicating that blood glucose logging is a partial
mediator of the relationship. Mediation results are summarized
in Table 2. The conceptual model is presented in Figure 6, along
with unstandardized path coefficients.

Mediation analysis® b (SE) P value
Model
Path from group to blood glucose logging 20.72 (7.24) .004
Path from group to week-12 average glucose —21.74 (5.09) <.001
Path from blood glucose logging to week-12 average glucose -0.13(0.02) <.001
Effect
Direct effect of group on week-12 average glucose -19.22 (5.03) <.001

Indirect effect of group on week-12 average glucose

—2.52 (0.91; 99% CI -5.30 to —0.48)

a\odel summary: R°=0.18; P<.00L.

Figure 6. Mediation analysis. Path values are unstandardized regression coefficients. The indirect effect was calculated using 5000 bootstrap samples

with a99% ClI.
Blood glucose
logging
20.72¢- 004 Indirect effect=-2.52 0-13pc0m
99%Cl (-5.30 to -0.48)
Forecast group €=-21.74p oo Week 12 average
orec '=-19.225. g0s blood glucose

Discussion encouraged users to log their blood glucose more often, which

In this retrospective cohort study, One Drop users with T2D
who received blood glucose forecasts had significantly lower
average glucose after 12 weeks than those who did not receive
theforecasts, after accounting for group differences at baseline.
This effect was most pronounced for users with high baseline
blood glucose or high baseline blood glucose variability.
Additionally, among users who had low baseline %PIR, those
who received blood glucose forecasts had significantly higher
%PIR after 12 weeks than those who did not receive blood
glucose forecasts. Over the course of the study period,
participants who received forecasts logged their glucose
significantly more frequently than those who did not receive
forecasts. Our secondary analysis suggests that the forecasts

https://diabetes.jmir.org/2022/2/e34624

in turn was associated with lower blood glucose at week 12.

These results have potential implications for the health care
costs of individuals with diabetes. The average yearly cost of
medical care for persons with diabetes is US $9600 [34]. A
systematic review found that mHealth interventions for T2D
were cost-effective [35]. When adjusted for inflation, aone-point
reductionin HbA ;. is associated with aUS $1376.51 reduction
in patient costs [36]. In this study, among users with >8%
eHbA ., the reduction in week-12 average glucose would
translate to an estimated patient cost savings of US $1183.80
to $2615.37 per year. Among those with high baseline blood
glucose variahility, glucose reductions would translate to an
estimated patient cost savings of US $2546.54 per year. Among
those with low baseline %PIR, exposure to forecasts was
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associated with a45% increasein %PIR. Thisincreasein %PIR
is associated with an eHbA ;. reduction of 1.8%, representing a
potential US $2477.72 cost savings[31,36]. These cost savings
areincremental increasesfor those receiving forecasts compared
to those not receiving forecasts. Previous research highlighting
One Drop’s association with reductionsin lab-tested HbA ;. was
conducted prior to the advent of blood glucose forecasts;
therefore, actual cost savings for those participating in this
study’siteration of One Drop may be even higher.

Strengthsand Limitations

The data generated for this study were collected from users of
an mHealth app, and thus have real-world generalizability;
however, the rapid evolution of the product, the available data,
and alack of experimental controls are limitations. First, there
may have been covariates to consider that were not available
for analysis, such as age, race, ethnicity, socioeconomic status,
health motivation, CGM use, and other factors that may have
differed across the groups and impacted outcomes. The impact
of these variables on the relationship between blood glucose
forecasts and diabetes outcomesisapotentia avenuefor future
research.

Additionally, the groups systematically differed at baseline due
to prespecified criteriathat excluded some usersfrom receiving
forecasts. Those who received forecasts had fewer years
diagnosed with T2D, lower glucose, higher %PIR, lower glucose
variability, and were less likely to be taking insulin than those
who did not receive forecasts. While we controlled for these
variables, the bias inherent to this study design may still have
been present. Theresults should beinterpreted with this potential
for selection biasin mind.

Finally, because the One Drop users included in this study
participated at different times over a three-year period, it is
possible that they participated in different iterations of the One
Drop app that differentially impacted their app experiences,
creating potential confounders. The One Drop app iscontinually
updated and improved based on clinical science, behavior
science, and research performed internally and externally.
Further, participation in this study was limited to 12 weeks.
While other studies of mHesalth interventions have evaluated
glucose outcomes at 3 months[37,38], insight into the sustained
impact of forecasts on glucose beyond a 12-week period is
limited. To address these limitations, which are characteristic
of real-world evidence, future long-term, prospective
randomized studies are needed to confirm the causal impact of
forecasts on self-monitoring behavior and glucose management.

While the study design and the nature of real-world datalikely
introduced biasin the results, real-world studies confer unique
benefits that extend beyond the confines of a controlled study.
Studies using real-world data exchange the internal validity of
an RCT for external validity [39], alowing our results to be
generalized to other populationswith T2D using mHealth apps.
The stringent requirements for inclusion in RCTs may exclude
participantsthat would normally be seenin areal-world clinical
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setting [40]. When used in conjunction with evidence-based
clinical practice, real-world evidence has shown that mHealth
apps can lead to dignificant improvements in glycemic
management over the course of 1 year [41]. Aside from
supporting an existing care network, mHealth apps may also
have a niche in providing care for hard-to-reach populations
[42].

Blood Glucose Forecasts

A magjor innovation in data-powered health insights is the
predi ctive modeling of specific outcomes, such asblood glucose
levels. Although predictive models do not necessarily reveal
causes and effects, these models have been used for discovery,
hypothesis testing, risk prediction, and the identification of
counterfactuals and effective interventions [43]. Despite
promising evidence on machine learning models, such as one
study that demonstrated a significantly reduced glycemic
response when a machine learning model was paired with a
dietary intervention, blood glucose forecasts remain a nascent
technique. There are currently no agreed-upon protocols for
machine learning models in precision health [44,45], and a
number of different models have been used as frameworks for
machine learning training and development [46]. Further, there
is no well-defined approach to estimate carbohydrate intake,
the effect of stress and activity on blood glucose level, or the
portability of machine learning models to capture inter- and
intraindividual variability [45,47].

Until now, the majority of blood glucose forecast research has
been focused on T1D [48]. This has limited the scope and
real-world potential for blood glucose forecasts, asmost (90.9%)
diabetes casesin the United States have been diagnosed as T2D
[49]. Blood glucose forecast research for T2D has mainly
focused on forecasting the future incidence of disease or adverse
glycemic events[50]. In addition, blood glucose forecast studies
for either T1D or T2D have largely been limited to a short
forecast horizon of 2 hours or less [48]. The current study
advancestheliterature in studying aforecast horizon of 8 hours
in an at-risk T2D population.

Conclusion

One Drop is one of the first mHealth apps to provide blood
glucoseforecaststoitsusers; our findings are thefirst to provide
evidence for the effectiveness of delivering blood glucose
forecastsas part of an mHealth intervention. The results suggest
that exposure to blood glucose forecasts may be effective for
individuals with T2D who have a high level of blood glucose,
with forecast exposure associated with reduced glucose, ahigher
percentage of blood glucose %PIR, and increased
self-monitoring of blood glucose. Further, blood glucoselogging
was a partiad mediator of the relationship between forecast
exposure and glucose reduction, highlighting a potential
mechanism through which forecast exposureis associated with
reduced glucose. Taken together, thisnovel evidence highlights
the potential for One Drop blood glucose forecasts to improve
glycemic management in individuals with T2D.

https://diabetes.jmir.org/2022/2/e34624
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Abstract

Background: Theuseof continuous glucose monitors (CGMs) isrecommended asthe standard of care by the American Diabetes
Association for individualswith type 1 diabetes (T1D). Few hardware-agnostic, open-source, whole-popul ation tools are avail able
to facilitate the use of CGM data by clinicians such as physicians and certified diabetes educators.

Objective: This study aimed to develop atool that identifies patients appropriate for contact using an asynchronous message
through electronic medical recordswhile minimizing the number of patients reviewed by acertified diabetes educator or physician
using the tool.

Methods: We used consensus guidelines to develop timely interventions for diabetes excellence (TIDE), an open-source
hardware-agnostic tool to analyze CGM data to identify patients with deteriorating glucose control by generating generic flags
(eg, mean glucose [MG] >170 mg/dL) and personalized flags (eg, MG increased by >10 mg/dL). In a prospective 7-week study
in apediatric T1D clinic, we measured the sensitivity of TIDE in identifying patients appropriate for contact and the number of
patients reviewed. We simulated measures of the workload generated by TIDE, including the average number of time in range
(TIR) flags per patient per review period, on aconvenience sample of eight external data sets, 6 from clinical trialsand 2 donated
by research foundations.

Results. Over the 7 weeks of evaluation, the clinical population increased from 56 to 64 patients. The mean sensitivity was
99% (242/245; SD 2.5%), and the mean reduction in the number of patients reviewed was 42.6% (182/427; SD 10.9%). The 8
external data sets contained 1365 patients with 30,017 weeks of data collected by 7 types of CGMs. The rates of generic and
personalized TIR flags per patient per review period were, respectively, 0.15 and 0.12 in the data set with the lowest average MG
(141 mg/dL) and 0.95 and 0.22 in the data set with the highest average MG (207 mg/dL).

Conclusions: TIDE is an open-source hardware-agnostic tool for personalized analysis of CGM data at the clinical population
scale. Inapediatric T1D clinic, TIDE identified 99% of patients appropriate for contact using an asynchronous message through
electronic medical records while reducing the number of patients reviewed by certified diabetes care and education specialists
by 43%. For each of the 8 external data sets, simulation of the use of TIDE produced fewer than 0.25 personalized TIR flags per
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patient per review period. The use of TIDE to support telemedicine-based T1D care may facilitate sensitive and efficient

guideline-based population health management.

(JMIR Diabetes 2022;7(2):€27284) doi:10.2196/27284
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Introduction

Background

For patients with type 1 diabetes (T1D) receiving insulin
therapy, the American Diabetes Association (ADA) recommends
the use of continuous glucose monitors (CGMs) asthe standard
of care along with quarterly clinic visits with hemoglobin A,
(HbA,.) laboratory testing [1]. However, most peoplewith T1D
remain on self-monitored blood glucose because of patient,
clinician, or insurance preference and do not meet the current
HbA . targets [2]. The long feedback cycle and the use of
relatively little datawhen self-monitoring are barriersto timely
detection and personalized response to deteriorating glucose
control. An individual self-monitoring their glucose levelsin
line with the 2018 ADA standard of care recommendations
generates glucose readings 6-10 times per day and receives
feedback from their care team every 1-4 months based on a
clinic visit or an HbA, test [3]. In contrast, CGMs record
glucose levels once every 5-15 minutes (96-288 times per day).
The initiation and continued use of CGMs have increased and
are associated with improved clinical outcomes and
patient-reported quality of life measures[1-9]. InaUS pediatric
T1D registry, the use of CGMs increased from 4% in 2013 to
33% in 2017 [6].

Numerous commercial and open-source platforms provide
individual-level visualizations and analyses of CGM data
[10-13]. Recent studies by the Advanced Technologies and
Treatments for Diabetes consensus on CGM and the ADA and
European Association for the Study of Diabetes consensus on
precision medicine in diabetes found that although the use of
CGMs offers an opportunity to use high-frequency data to
identify deteriorating glucose control and tailor personalized
management strategies, no standardized, validated methods
currently exist outside of automated insulin delivery systems
[4,14]. Pdtient-level tools, such as manufacturer or data
aggregator platforms, require physicians or certified diabetes
care and education specialists (CDCESs) to examine the data
of each individual to identify those people whose glucose
management may need improvement. Population-level tools
that analyze and present data for the entire population to
facilitate prioritizing patients are less common. LibreView
(Abbott Laboratories) enables whole-population data review
but is proprietary, works only with Libre sensors, and provides
access primarily to prespecified metrics [12]. A
hardware-agnostic tool would be more appropriate to support
care for apopulation in which patients use avariety of CGMs.
An open-source tool would facilitate external evaluation and
the development and comparison of alternative models. A tool
that calculates personalized metrics for each patient based on
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their historical data would facilitate the tracking of temporal
changesin glucose management. To the best of our knowledge,
no validated, hardware-agnostic, open-source tool is available
tofacilitate the delivery of timely, population-level, personalized
care through telehealth.

Numerous efforts have been made to improve T1D management
using remote monitoring, the most successful of which relied
on asynchronous messages sent to patients [15]. However, not
all studies demonstrated significant and sustained improvement
[15]. The implementation of clinical decision support (CDS)
has faced a variety of chalenges and has led to structured
recommendations for their successful design and deployment
[16]. Two of the primary areas of focus are that the CDS should
improve, rather than disrupt, the appropriate workflows and
that it should be designed with an iterative approach [16]. A
recent multi-institution, cluster randomized clinical trial on the
use of a CDS to improve the management of heart disease
showed no significant improvements[17]. Therewasinsufficient
evaluation and redesign of the system based on feedback from
its intended users [18]. The lack of iterative design and the
resulting challenges to the workflow are common in the design
of clinica software following the waterfall approach, a
structured top-down approach in which the intent is to test and
finalize the tool before deployment [19]. The agile approach, a
moreiterative approach based on rapid deployment and iterative
redesign, is a popular aternative [19].

Objectives

We sought to designtimely interventionsfor diabetes excellence
(TIDE), adecision support tool to identify patients appropriate
for asynchronous contact using a secure message through
electronic medical record (EMR). To facilitate successful
deployment and sustained use, we sought to fit into and improve
current workflows by reducing the number of patientsrequiring
review by a physician or the CDCES. We followed the agile
approach to deploy the earliest viableversion of TIDE inclinical
practice and update it based on feedback from physicians and
CDCESs.

Methods

Study Design

This study followed the Guidelines for Developing and
Reporting Machine Learning Predictive Modelsin Biomedical
Research [20]. Thefirst phase was hardware-agnostic algorithm
design based on the data collected using a variety of CGM
hardware. Data were obtained from a convenience sample of
eight external data sets: 6 from clinical trials and 2 donated by
research foundations [21-28]. The second phase was the design
of TIDE, an interactive visual interface presenting CGM data
for the entire clinical population, based on iterative feedback
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from physicians and CDCESs at an academic pediatric T1D
clinic. One physician and CDCES used TIDE for 4 weeks and
provided feedback based on which TIDE was comprehensively
redesigned. Following this, they used the redesigned version
for 5 weeks, during which minor improvements were made and
errorswere fixed. Thethird phase was a prospective evaluation
over the course of 7 weeks of the sensitivity of TIDE for
identifying patients who are appropriate for asynchronous
contact using a secure message through the EMR and the
difference in the number of patients requiring review with and
without the use of TIDE. Inthefinal phase, we simulated several
measures of the workload generated by TIDE on the same
convenience sample of 8 external data sets used to design the
algorithms.

Setting

TIDE was devel oped at an academic pediatric T1D clinic caring
for youth newly diagnosed with T1D who initiated CGM use
within 1 month of onset and enrolled in a weekly remote
monitoring program. All patients used Dexcom G6 (Dexcom)
monitors, from which data were uploaded and made available
to physicians and CDCESs through the Dexcom Clarity Clinic
Portal [10]. Participants consented to participatein alongitudinal
study evaluating the initiation of CGM early in the course of
diabetes and the effects of weekly CGM data review as part of
a larger ongoing study, for which the details of the consent
process, eligibility criteria, screening, and enrollment process
have been reported [8]. Each week, a CDCES used the Dexcom
Clarity Clinic Portal to review each patient’s data and send an
asynchronous message through the EM Rs to those patients who
they determined required glucose management guidance. This
study was approved by the Stanford University institutional
review board. Theleadership of theclinic, study authors PPand
DMM, who serve on relevant national organizations governing
diabetes technology, approved the use of TIDE in clinical care.

Generic and Personalized Metrics

A metric is generic if it is calculated the same way for each
patient, for example, mean glucose (MG), and personalized if
it is calculated for each patient based on their historical data;
for example, the month-to-month change in MG. Consensus
guidelines were used to generate a large set of generic
CGM-based metrics from which clinicians could select the
metrics to be tracked in TIDE [29]. The metrics included the
number of days the CGM was active and collected more than
aminimum percentage of valid readings (ACT), MG, percentage
of time in range (TIR) defined as readings 70 to 180 mg/dL,
percentage of time extremely hypoglycemic (eHyp) defined as
readings <54 mg/dL, and percentage of time hypoglycemic
(Hyp) defined as readings <70 mg/dL. Following the same
consensus guidelines, each metric was calculated for each day
for the entire day from 0:00 to 24:00, daytime 6:00 AM to
midnight, and nighttime midnight to 6:00 AM. A complete list
of generic metrics is provided in Table S1 in Multimedia
Appendix 1. For each generic metric, apersonalized metric was
defined asthe change from abaseline period to areview period
(eg, the month-to-month changein the MG). Thereview period
is the timeframe over which the metrics are calculated. It is
defined relative to the day on which the data are being reviewed
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(eg, the last full week). The baseline period is the timeframe
over which the baseline value for each personalized metric is
calculated (eg, the last full month before the review period).
For each metric, “aflag istriggered” when the metric exceeds
aprespecified target value.

Algorithms to calculate generic and personalized metrics and
to generate flags as a function of the review period, baseline
period, and target value were developed and tested using data
from 8 external data sets. The data sets were identified based
on an internet search and the professional contacts of the
authors: 6 previously published clinical trialsand observational
data donated by Tidepool and OpenAPS (Table S2 in
Multimedia Appendix 1). Data use agreements were signed
with Tidepool and OpenAPS, each stipulating that the data may
be used for this research project and that those donating the data
would not take part in the study design or the reporting of results
and would be acknowledged in writing. The data sets had
168,723 patient days of included CGM readings collected with
seven types of CGMs. Freestyle Navigator, Dexcom STS,
Medtronic Paradigm or Guardian, iPro2, iPro2 Professional
CGM, Freestyle Libre Pro Flash, and Dexcom G4. The
algorithmswith annotated codes and an overview of their design,
TIDE, and synthetic CGM datafor usewith TIDE are available
on GitHub [30,31].

Iterative Design of an I nteractive Tool

The design of an initial version of TIDE was based on a
convenience sample of informal interviews and observations
used to establish the current state, achieve buy-in from
stakeholders, and solicit suggestionsfor and perceived problems
with the proposed workflow. The initial version of TIDE was
designed to require a one-time setup followed by repeated use.
During the one-time setup, based on their clinical practice and
population, clinicians select the metrics to be displayed, the
review period over which the generic metrics are calculated,
and a baseline period based on which the personalized metrics
are calculated. Two pediatric endocrinologists, study authors
DMM and PP, and a CDCES, study author JL, identified the
consensus glucose metrics currently being used in the clinic to
evaluate patient glucose management: ACT was measured as
the number of valid readings as a percentage of the maximum
number of readings possible (the number of 5-minuteintervals
during thereview period), MG, TIR, eHyp, and Hyp. Thereview
period was set to 1 week ending on the last Sunday before the
data review. The targets were initialy set as follows. ACT
>75%, TIR >70%, eHyp <1%, and Hyp <4%. No target was set
for the MG. The valid wear threshold was used by the CDCES
to determine whether to reach out to the patient to discusstheir
use of the CGM and to assist with challenges in obtaining
additional sensors. When the valid wear threshold was not met,
TIDE presented the metrics and flags as usual, and the CDCES
used their judgment to determine whether patient datarequired
further review.

During each of the first 4 weeks of the use of TIDE, the
physician and study author PP logged into the Dexcom Clarity
Clinic Portal and downloaded patient ID numbers, CGM
readings, and CGM timestampsfor all patientsin the study. The
physician used TIDE to identify patients with flags, reviewed
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the output of TIDE for appropriateness and patient safety, and
forwarded thelist of patientsflagged by TIDE to CDCES (study
author JL). For each flagged patient, the CDCES opened
Dexcom Clarity and reviewed detailed patient data, opened the
EMR and sent a secure message to the patient, and, if a dose
adjustment was made, the dose was updated in the patient’s
chart. After these 4 weeks, PP and JL suggested changes that
were incorporated into TIDE between weeks 4 and 5. During
weeks 5 to 9, the tool was used by the study authors PP and JL
to provideclinical care and identify minor adjustments required
to improve usability or correct errors. Minor adjustments and
corrections were made immediately, usually within 24 hours of
identification.

Prospective Evaluation

The primary measures were the sensitivity of TIDE for
identifying patients appropriate for asynchronous contact using
asecure message through EM Rs and the reduction in the number
of patients reviewed by the CDCES with the use of TIDE. For
7 weeks, a CDCES reviewed the CGM data of each patient in
the population and determined those appropriate for
asynchronous contact. Sensitivity was defined as the number
of appropriate patients flagged by TIDE divided by the number
of appropriate patients. The reduction in the number of patients
reviewed using TIDE was the number of patients not flagged
by TIDE as a percentage of the total population.

The secondary outcomes cal culated were asfollows:. the average
amount of time required for per-patient review and contact as
measured by the CDCES using TIDE, specificity (the number
of patients not flagged by TIDE divided by the number of
patients not appropriate for asynchronous contact), positive
predictive power (the number of patients appropriately flagged
by TIDE divided the number of patientsflagged by TIDE), and
negative predictive power (the number of patients not
appropriate for asynchronous contact not flagged by TIDE
divided by the number of patients not flagged by TIDE).

Validation on External Data Sets

The primary determinant of the workload associated with the
use of TIDE is the number of patients for whom flags are
generated in each review period, equivalent to the rate at which
flags are generated per patient per review period. To evaluate
the workload associated with the use of TIDE in other settings,
we simulated the rate at which generic and personalized flags
would be generated for populations with varying levels of
glucose management. Patient ID numbers, CGM readings, and
CGM timestamps were extracted from each of the 8 external
data sets for all patient days that met the inclusion criteria and
at least 70% valid CGM readings. MetricsMG, TIR, eHyp, and
Hyp Flag and the threshol ds for these metrics were chosen based
on consensus guidelines[29]. Thethresholdsfor generic metrics
were MG >170 mg/dL, TIR <60%, eHyp >1%, and Hyp >3%.
Flag thresholds for personalized metrics were chosen based on

https://diabetes.,jmir.org/2022/2/e27284

Scheinker et d

the clinical experience of the study authors DMM and PP, as
TIR lessthan baseline TIR minus 10 percentage pointsand MG
greater than baseline MG plus 10 mg/dL. The duration of each
measurement period was 1 week starting on Sunday.
Personalized flags were calculated for patients with at least 4
weeks of data. For each personalized metric, the baseline period
was the last week in the patient data that preceded the week
being analyzed. The rate at which flags were generated was
measured for each type of flag, each patient, and each dataset.
For each data set, the rates at which flags were generated and
the percentage of patients for whom at least one MG or TIR
flag was generated every week were calculated. The rates of
generic and personalized flagsfor MG and TIR were compared
using a 2-tailed paired t test. The number of patients for whom
an MG or TIR flag was generated every week was recorded.

Results

Iterative Design of an I nteractive Tool

The first version of TIDE displayed the metrics that triggered
aflaginred and thosethat did not trigger aflag in green (Figure
1). After the feedback from the first 4 weeks of its use, the
primary changes to the interface were as follows: the columns
displaying MG, the number of readings, and the number of
5-minute intervals during the review period were removed to
minimize the number of patients who received flags that did
not require dose adjustments while not missing those who
required dose adjustments; the criterion for TIR target was
changed from 70% to 60%; a personalized metric was added to
compare each patient’s TIR in the previous week to their TIR
in the previous 4 weeks with a target of an increasein TIR or
adrop in TIR of no more than 10% points; the color-coding
was revised so only metrics that triggered a flag were
highlighted; the wording of the display names of the metrics
was changed to be more interpretable; a feature was added to
allow the person using the tool to specify whether to use data
from the most recent 7 days or from the default review period
of 7 days ending on the previous Sunday; the patient data,
previously presented on a single tab, were split tab into four
tabsthat displayed all patients, patientswith alerts, patientswith
no data, and patients with data but no aerts, and the visual
presentation was made more compact to display more patients
per page (Figure 1).

The primary change in the workflow was that the step of
downloading each patient’s data from Dexcom Clarity was
replaced with a Python script that downloaded all patient data
(Figure 2). The participation of the physician in the review
process was no longer necessary as part of the workflow but
was continued to ensure patient safety and quality of care. The
ultimate intended workflow, initisted months after the
completion of thisstudy, isfor the CDCESto use TIDE without
the participation of physicians.
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Figure 1. Initial and revised timely interventions for diabetes excellence (TIDE) interface. TBR: time below range; TIR: timein range.

Initial TIDE interface

Alerts Summary

Show |10 v | Entries Search:
Patient Worn Mean TIR TBR.54 TBR.70 Readings 5.Min.Int
1 Patient 1 183.31 3619 3876
2 Patient 2 126.74 3715 3883
3 Patient 3 126.59 2716 2716
Showing 1 to 3 of 3 entries Previous E Next
Revised TIDE interface
All patients
Show |10 v | Entries Search:
Patient . Worn (%) Most Recent Week TIR (%) = Previous Month TIR (%) Change (%) <54 (%) <70 (%)
2 Patient 2 97 92 91 1 0.2 -
3 Patient3 - 74 59 15 0 0

Showing 1 to 3 of 3 entries

Previous E Next

Figure 2. Workflow illustrated with examples of weekly and monthly cadence of data collection, data transfer, and provider review. CDCES: certified
diabetes care and education specialists, CGM: continuous glucose monitor; EMR: electronic medical record; TIDE: timely interventions for diabetes

excellence.
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Prospective Evaluation

Over the last 7 weeks of the study, the number of patients
increased from 56 to 64, totaling 427 patient weeks. The
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sensitivity of TIDE for identifying patients appropriate for
contact using an asynchronous message through the EMR was
94% in the first week, 96% in the last week, and 100% in all
other weeks (mean 99%, SD 2.5%; Table 1). The average
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reduction in the number of patients reviewed by the CDCES
was42.8% (182/427; SD 10.9%), that is, the fraction of patients
not flagged for review by TIDE (Table 1).

For patients identified by TIDE as requiring review, the mean
duration of the data review process averaged 4.5 minutes per

Scheinker et d

patient (1.5 minutes to access the data in Dexcom Clarity and
review it for patterns, 1 minute to log into the patient’s record
and document changes, 2 minutesto send the patient a message
using a secure EMR-based messaging platform). The weekly
specificity, positive predictive power, and negative predictive
power of TIDE are shown in Table 1.

Table 1. Outcomesincluding sensitivity identifying patients appropriate for asynchronous contact through the medical record and the reduction in the

number of patients reviewed.

Week of review February 7, February 14, February 21, February 28, March 6, March 13, March 20,
2020 2020 2020 2020 2020 2020 2020

Patientsin study, N 56 58 59 62 64 64 64
Patients flagged by TIDE2 n 29 29 36 39 39 37 36
Patients reviewed, % 52 50 61 63 61 58 56
Reduction in patients reviewed?, % 48 50 39 37 39 62 63
True positive flagsS, % 29 21 31 27 30 34 34
True negative fl agsd, % 23 17 19 15 9 16 19
False positive flags®, % 23 33 36 40 39 33 31
False negative flags, % 2 0 0 0 0 0 2
Insufficient CGMY data, % 9 10 10 6 8 9 9
Sensi tivityb, % 94 100 100 100 100 100 96
Specificity, % 50 34 34 26 19 32 38
Positive predictive value, % 55 39 46 40 43 51 52
Negative predictive value, % 93 100 100 100 100 100 92

3TIDE: timely interventions for diabetes excellence.

bPrimary objective (italicized).

Flagged by TIDE and appropriate for asynchronous contact.

INot flagged by TIDE and not appropriate for asynchronous contact.
®Flagged by TIDE and not appropriate for asynchronous contact.
Not flagged by TIDE and appropriate for asynchronous contact.
9CGM: continuous glucose monitor.

Validation on External Data Sets

There were 1424 patients with at least 1 day of CGM data that
met theinclusion criteriain the 8 external data sets. Therewere
168,723 patient dayswith CGM readings across 30,076 weeks.
The patient with the most included days had 1028 days over
154 weeks, whereas the patient with the fewest days had 1 day.
The mean weekly ACT was5.1 (IQR 4.0-6.33), MG was 170.7
(IQR 148.8-189.2), mean percentage of TIR 70 to 180 mg/dL
was 56.6% (IQR 45.1%-68.4%), eHyp <54 mg/dL was 1.9%
(IQR 0.25%-2.32%), and Hyp <70 mg/dL was 3.3% (IQR
1.50%-4.60%). Across data sets, the minimum and maximum
number of patientsincluded were 12 and 450, respectively; the
number of CGM days per patient was 9.8 and 256.8,
respectively; MG was 141.3 (SD 21.3) and 207.0 (SD 35.3),
respectively; mean percentage TIR was 38.2% (SD 14.2%) and
74.2% (SD 13.3%), respectively; Hypwas2.1% (SD 2.3%) and
4.6% (SD 3.8%), respectively; and eHyp was 0.5% (SD 0.9%)
and 3.7% (SD 4.9%), respectively (Table 2).
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Datasetswere numbered by increasing mean MG. Theanalysis
of personalized MG and TIR flags included 1100 patients with
at least 4 weeks of data. The median frequency was significantly
higher for generic TIR flags than for personalized TIR flags,
0.47 (IQR 0.12-0.83) versus 0.19 (IQR 0.12-0.26) flags per
patient per week (P<.001), respectively, as was the SD of the
frequency of flags (0.36 vs 0.11, respectively; P<.001; Figure
3). The median frequency of flags was significantly higher for
generic MG than for personalized MG, 0.31 (IQR 0.05-0.71)
versus 0.30 (IQR 0.22-0.37) flags per patient per week (P<.001),
as was the SD of the frequency of flags 0.35 versus 0.12
(P<.001; Figure 3). In the two data sets with the highest mean
MG, data sets 7 and 8, respectively, 49.7% (97/212) and 81%
(26/32) of patients had a generic MG or TIR flag every week.
Acrossadl datasets, 15.64% (172/1100) of patients had ageneric
MG or TIR flag every week, and 0% (1/1100) of patients had
apersonalized MG or TIR flag every week (Table 3).
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Table 2. Continuous glucose monitor (CGM) datain external data sets.

Scheinker et al

Dataset Patients;n CGM days,n CGM weeks, Daysactive, Glucose Timein Percentage of time Percentage of time
(number per  n (number per mean (SD)  (mg/dL), range® (%),  hypoglycemic®, mean €xtremely hypo-
patient) patient), n mean (SD)  mean (SD)  (SD) glycemic®, mean (SD)

1 85 21,236(249.8) 3372(39.7) 6.3 141.3(21.3) 742(133) 3.1(24) 231

2 12 315 (26.2) 63 (5.2) 5 152.9(23.3) 66.4(132) 4(3) 1.7 (2.4)

3 120 30,815(256.8) 4546 (37.9) 6.8 158.3(26.7) 65.9 (16) 21(2.3) 0.5(0.9)

4 225 48,805(216.9) 7670(341) 64 162.3(24.1) 621(14.1) 3(2.6) 0.9 (L4)

5 450 54,535(121.2) 11,936 (26.5) 4.6 162.6(28) 624(16.3) 29(31) 1(2.3)

6 180 1682 (9.3) 378(2.1) 44 176.6 (33.3) 50.4(156) 3.6(3.2) 34(4.3)

7 219 10,025 (45.8) 1727 (7.9) 5.8 1849 (444) 45.1(16.6) 4.6(3.8) 3.7(4.9

8 133 1310 (9.8) 384 (2.9) 34 207(35.3) 382(142) 29(3.7) 1.6 (3.6)

3Percentage of readings that were 70 to 180 mg/dL.
bPercentage of readings <70 mg/dL.
Percentage of readings <54 mg/dL.
Figure 3. Frequency of generic and personalized flags in external cohorts.
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Table 3. Freguency of generic and personalized flags based on continuous glucose monitor data in external data sets.

Data  Pafients,n  Petientswith  Glucoseflags, n (flags per patient Timein range flags? n (flagsper  Patients with mean glucose or time
set at least 4 per week) patient per week) in range flag every week, n (%)
weeks of data,
n (%)
Generic® Personalized® Generic® Personalized? Generic Personalized
1 85 78(92) 329(0.1) 725 (0.22) 493 (0.15) 493 (0.12) 1(2) 0(0)
2 12 10(83) 13(0.22) 14 (0.24) 19(0.33) 19 (0.16) 1(10) 0(0)
3 120 120 (100) 1417 (0.31) 1128(0.25) 1535(0.34)  1535(0.15) 4(3.3) 0(0)
4 225 225 (100) 2595 (0.34) 2002 (0.26) 3204 (0.42) 3204 (0.16) 9(4) 0(0)
5 450 436 (97) 4137 (0.35) 3498 (0.29) 4895(0.41) 4895 (0.21) 31(7.1) 0(0)
6 180 4(2) 6(0.38) 4(0.25) 9(0.56) 9(0.19) 1(25) 0(0)
7 219 195 (89) 967 (0.58)  525(0.31) 1360 (0.81) 1360 (0.18) 97 (49.7) 0(0)
8 133 32 (24) 116 (0.84)  47(0.34) 131 (0.95) 131 (0.22) 26 (81.3) 1(3.1)

3personalized mean glucose (MG) flag triggered when MG>MG+10 mg/dL in baseline period.
bGeneric mean glucose flag triggered when mean bigeneric glucose >170 mg/dL.

®Generic time in range flag triggered when the percentage of readings of 70-180 mg/dL was <60%.
dpersonalized timein range (TIR) flag triggered when TIR<TIR-10% pointsin baseline period.

Discussion

Principal Findings

We designed TIDE as an open-source hardware-agnostic tool
for the personalized analysis of CGM data at the clinic
population scale. Inapediatric T1D clinic, TIDE identified 99%
of patients appropriate for contact using an asynchronous
message through the EM R whil e reducing the number of patients
reviewed by certified diabetes educators by 43%. For each of
the 8 external data sets, simulation of the use of TIDE produced
fewer than 0.25 personalized TIR flags per patient per review
period. TIDE and the underlying algorithms are free open-source
software available on GitHub [30,31]. Upon request, we will
help clinicians customize the tool to their setting and deploy it
in practice.

TIDE wasdevel oped with an iterative agile approach to support
asynchronous contact with patients, the form of contact found
to be most effective by a systematic review of T1D telemetry
systems[15]. Aninitial version of TIDE was produced quickly,
and few significant design decisions were made before
physicians and CDCESs used TIDE to provide feedback.
Physicians and CDCESs identified their preferences for a
rule-based approach over less-interpretabl e approaches such as
machine learning, time-series analysis, or alternative statistical
smoothing techniques. On the basis of physician and CDCES
feedback, TIDE was designed to identify how apatient’sglucose
management differs from validated recommendations and to
produce interpretable flags to facilitate recommendations. As
TIDE uses consensus guidelines, it may be more broadly
applicable than amodel trained on asmall or nonrepresentative
subset of the population would be. The use of TIDE to identify
patients for asynchronous messaging fits well with the CDCES
workflow. The CDCES could send a message to each patient
identified by TIDE and move immediately to the next patient,
rather than spending time scheduling an appointment or trying

https://diabetes.,jmir.org/2022/2/e27284

to contact the patient or family. The primary challenges of the
agile approach and asynchronous messaging are that additional
resources may be required to ensure that patient care is not
adversely affected during the deployment of an early stage tool
or because of patients ignoring messages. In this study, during
the initial testing period, a physician reviewed the output of
TIDE to ensure that the quality of care was not compromised,
and the CDCES tracked whether patients read their messages
and followed up accordingly.

The use of generic and personalized flags has complementary
benefits. For patients with average glucose management, the
generic flags provide a standardized approach to care based on
the most recent consensus guidelines. For patients with very
well or very poorly managed glucose levels, personalized flags
based on patient progress may be more informative. If aperson
with MG 208 (the mean in one of the external data sets)
consistently reduced their glucose by 5mg/dL per review period,
a generic metric may trigger a flag for numerous consecutive
review periods, whereas a personalized metric would indicate
improvement. During the first major revision of TIDE, a
personalized metric was added to track the TIR to help CDCESs
identify changes in patient management that did not cross the
threshold of a personalized metric. With any flags, particularly
in pediatric and young adult populations, it is important to
further test the optimal timing and frequency (ie, the dose) to
strike the correct balance of receiving action-oriented guidance
while not further burdening the person.

Nonendocrinol ogists care for numerous people with T1D [32].
Clinicians who are not aware of the most recent consensus
guidelines or who are not comfortable with diabetes technol ogy,
such as CGM data, may not have the resources to provide
patients with appropriate care recommendations. Programs to
provide telemedicine-based care or train nonspeciaists are
associated with better outcomes but require resources and time
investment that limit participation and scope [33,34]. The use
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of arelatively simpletool with metrics and targets based on the
consensus guidelines may be useful for nonspecialist clinicians
to inform the care of such patients.

Strengths and Limitations

A srength of this study is the evaluation across 8 external
datasets of the potential applicability of TIDE. Most T1D clinics
inthe United States see patients 3to 12 times per year primarily
in person[3]. Inthisstudy, reviewing apatient’s datawith TIDE
and sending the patient a message required an average of 4.5
minutes. In a clinic in which patients use CGM and
15-minute-long in-person visits, eliminating an average of 1
in-person visit per patient per year would provide sufficient
time for an average of 3 message-based contacts. Using TIDE
to support such aworkflow requiresthat TIDE flags an average
of 0.25 patients per month for review, equivalent to 3 reviews
per patient per year. In a simulation of the use of TIDE for
populations with differing average levels of glucose
management, the personalized TIR metric flagged no morethan
0.22 patients per review period, even for the population with
an average MG level of 207 mg/dL. As TIDE flags patients
based on deteriorating glucose control, patient contacts would
be targeted to address the need rather than per afixed schedule.
Each patient would be more likely to receive care when their
control deteriorates. On an average, patients with worse control
may receive more contacts than those with better control. Such
deployments of TIDE are ongoing with two partner clinics, one
in the United States and another in Australia, each caring for
>1000 patients with T1D and using CGMs.

This study has several limitations. The workflow presented
requires downloading data and toggling between the tool and
Dexcom Clarity and is not integrated with the EMR. Integration
of CGM data with the EMR will facilitate integration with
current telehealth workflows and allow the tool to incorporate
data on the timing of each patient’s previous and upcoming
visitsinto the recommendations. The specificity of thistool was
significantly lower than its sensitivity. However, specificity is
less relevant than the direct measure of the primary outcome
and time savings associated with the use of TIDE. Specificity
may be improved by using the data on which patients did and
did not require areview to tune the algorithm for which patients
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should be flagged. Improvements are ongoing to streamline,
standardize, and scale the datareview; to improve the sensitivity
and specificity of the tool; and to incorporate the tool into the
EMR[35]. Therewasa43% reduction in the number of patients
reviewed each week; however, reviewing patientsweekly isnot
currently the standard of care and may represent increased time
spent for most diabetes clinicians. The reduction in the number
of patients requiring review in a different setting may change
with the cadence of the review and the criteriafor review. This
study was conducted as a novel proof-of-concept intervention
to create new knowledge and generate data on the performance
of an automated tool. The metrics and thresholds were not
derived from asystematic hypothesis-based approach or asurvey
of patients, families, and clinicians. The thresholds used to
create the tool were based on consensus guidelines with the
input of a group of experts in diabetes technology, and the
revised version of the tool used feedback from 4 weeks of use
inclinica care.

Future Studies

Subsequent effortsto deploy TIDE in other settings may benefit
from a forma quality improvement framework with an
established aim, predefined targets for metrics, implementation
criteria, and well-defined iteration cycles. Subsequent research
is ongoing to explicitly incorporate measurements of the
additional time necessary for clinical decision-making based
onthereview of the data, examine the operational requirements
to expand the number of individuals monitored with the help
of thistool, and identify if the use of such atool may alow a
clinic with fixed resources to provide care for more patients
through a more efficient use of clinician time[35].

Conclusions

We developed and deployed TIDE, a tool that uses metrics
based on consensus guidelines, to identify 99% of patients
appropriate for contact using an asynchronous message while
reducing the number of patientsrequiring review by aphysician
or certified diabetes educator by 43%. Further investigation is
necessary to understand the potential of automated analyses of
CGM datato support broader accessto personalized and timely
glucose management.
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Abstract

Background: This paper describes the development of a maobile app for diabetes mellitus (DM) control and self-management
and presents the results of long-term usage of this system in the Czech Republic. DM isachronic disease affecting large numbers
of people worldwide, and this number is continuously increasing. There is massive potentia to increase adherence to
self-management of DM with the use of smartphones and digital therapeuticsinterventions.

Objective: This study aims to describe the process of development of a mobile app, called Mobiab, for DM management and
to investigate how individual features are used and how the whole system benefits its long-term users. Using at least 1 year of
daily records from users, we analyzed the impact of the app on self-management of DM.

Methods: We have developed a mobile app that serves as an alternative form to the classic paper-based protocol or diary. The
development was based on cooperation with both clinicians and people with DM. The app consists of independent individual
modules. Therefore, the user has the possibility to use only selected features that they find useful. Mobiab was available free of
charge on Google Play Store from mid-2014 until 2019. No targeted recruitment was performed to attract users.

Results:. More than 500 users from the Czech Republic downloaded and signed up for the mobile app. Approximately 80% of
the users used Mobiab for less than 1 week. The rest of the users used it for alonger time and 8 of the users produced data that
were suitable for long-term analysis. Additionally, one of the 8 users provided their medical records, which were compared with
the gathered data, and the improvements in their glucose levels and overall metabolic stability were consistent with the way in
which the mobile app was used.

Conclusions: The results of this study showed that the usability of a DM-centered self-management smartphone mobile app
and server-based systems could be satisfactory and promising. Nonetheless, some better ways of motivating people with diabetes
toward participation in self-management are needed. Further studies involving a larger number of participants are warranted to
assess the effect on long-term diabetes management.

(JMIR Diabetes 2022;7(2):€36675) doi:10.2196/36675

KEYWORDS
diabetes mellitus; self-management; mobile app; case study; long-term data

: The design of the called Mobiab) consisted of a holistic
Introduction process igr]wolvi ng angl(Jser requi remerits expert involvement,
This paper describes the development of a mobile app for incorpqration of 'behav.ioral change theory, data security, and
diabetes mellitus (DM) self-management and discusses the dataprivacy considerations.

results of its long-term usage by selected users after 5 years.
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DM is a chronic disease affecting large numbers of people
throughout the world, and this number is continuously
increasing. According to the International Diabetes Federation,
there are 537 million adults worldwide has diagnosed with DM
[1,2]. In the Czech Republic, in 2020, nearly 1 million people
live with this disease; that is, aimost 10% of the population of
the country [1,3]. There are two main types of DM: type 1 DM
and type 2 DM and other types such as gestational diabetes,
secondary diabetes, and other forms of DM [4,5]. Type 1 DM
is characterized by an absolute lack of insulin secretion from
pancreatic 3-cellsand isresponsiblefor approximately 5%-10%
of cases[4-6]. Type 2 DM is characterized by progressive loss
of insulin secretion from the pancreatic B-cells with an
underlying background of insulin resistance resulting in
hyperglycemia, which further leadsto the development of acute
and chronic complications [4,5,7]. Type 2 DM accounts for
approximately 90%-95% of cases [4,5]. Self-management is
essential for attaining optimal long-term glucose control, and
requires careful recording of food intake, glycemic values,
insulin doses, and other information. A typical part of
self-management is using paper-based protocols or diaries for
recording diabetes-related values [8]. This can be problematic
and complicated because the person with DM hasto remember
or look up caloric valuesin different meals.

There is massive potential to increase involvement with
self-management of DM using smartphones and digital
therapeuticsinterventions. Mobile health (mHealth) applications
can aso reduce barriers to the availability of the health care
system; for example, time constraints or limited access to care
providers [9]. Smartphone apps for diabetes might have an
extensive outreach, asmorethan 6.37 billion peoplein theworld
use smartphones [10], and approximately 0.5 billion of them
already use some mobile app for diet, physical activities, and
chronic disease management [11]. There are numerous maobile
apps dealing with DM. For the term “diabetes,” there are more
than 200 mobile apps available on the Google Play platform
alone [12]. However, despite the large number of apps in this
field, only afew had been evaluated in health outcome studies
[12] and just 5 were associated with clinically significant
improvements in hemoglobin A;. (HbA,) levels (Glucose
Buddy, Diabeo Telesage, Blue Star, Well Tang, Gather Health)
[12]. These studiesdid not assess other parameters such asblood
pressure and body weight [12]. The authors of one study
identified and compared 19 mobile apps in terms of the
availability of features for DM self-management [13]. Few of
them have been designed on the basis of a behaviora model
and have been endorsed by health care professionals. In addition,
it is important to have appropriate integration without
compromising user safety and privacy. The use of mobile apps
can improve DM management and can contribute to education
of persons with DM and motivate them to maintain healthy
behavior. Several small-scale studies have shown promising
results in terms of targeting blood glucose, medication intake,
weight loss, and quality of life[14-17]. To our best knowledge,
there is no published full report on a case study of diabetes
self-management over a 5-year period.

The aims of this study are to (1) explore how long-term usage
of such a system may benefit its users, (2) describe the process
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of development of a mobile app focused on self-management
of peoplewith DM, and (3) evaluate the demand for individual
features or modules.

Methods

Requirement Analysis

We devel oped the M obiab system within the context of OLDES
(www.oldes.eu), a European Union (EU) multicenter project
involving 4 companies, 2 universities, and 2 university hospitals.
The OLDES project focused on developing information
technology for the purposes of eHealth applications [18]. We
defined the essentia requirements for a system on the basis of
interviews and discussions with diabetologists from the
university hospital in Prague, representatives from the national
Czech diabetes association, and people living with diabetes,
who were recruited from an outpatient clinic at the university
hospital. Thisapproach enabled usto involvethe needs of hedlth
professionals and people with DM during the design and
development of the app. Additional information was gathered
by searching public scientific databases using the following
combinations of keywords: “mobileapp,” “diabetes,” “ diabetes
management,” “patient adherence, empowerment,” “mobile
health,” and “self-management.” Several paper-based diabetes
diaries were used to define the main functionalities that were
to beintegrated [19].

Architecture and System Functionalities

The Mobiab system offers an aternative to a paper-based
diary—an Android mobile app and a web porta aimed at
supporting DM self-management. Compared with apaper-based
diary, the main benefit is the immediate feedback for inputted
datain theform of graphsand basic statistics showing the user’s
compliance with diet or providing self-monitoring of blood
glucose levels. The Mobiab system was designed in a
client-server architecture with a storage system on the server.
Mobiab requires an internet connection on maobile devices. In
the beginning—that is, in 2014—this approach was restricted
by lower availability of internet connection [20]. However, this
is no longer a problem, now that internet connection is much
more widely available.

The concept underlying Mobiab consists of a mobile app, data
collection from medical devices, and data storage (Figure 1).
All medical dataare collected on amobile phone and are stored
on the server. We prepared a prototype of a Bluetooth
connection to selected medical devices from ForaCare Suisse
AG. The connection works fully automatically—records of
measurements are downloaded and are stored without any action
by the user. With users’ consent, the collected behavior data
and medical data are then available on a desktop computer to
selected physicians. Common security standards and privacy
policies have been followed in the design and development of
the Mobiab system. Communication between the smartphone
or computer and the server isencrypted viathe HTTPS protocol .
After the app download, registration or loginisinitially required.
Thelogin screen requires aunique email address and password
to access the app functionality. An expert group consisting of
endocrinologists, health researchers, nutrition nurses, and app
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developers provided valuable decisions for the design and development of Mobiab.

Figure 1. Scheme of system architecture. API: application programming interface.
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Description of the M obile App and the Web I nterface

The mobile app consists of individual modules that are
independent of each other and need only the basis of the app
(Figure 2). The main advantage of applying amodular approach
isthat other functionalities can easily be added, and particular

Figure 2. Scheme of the mobile app and individual modules.

users can select only certain modules that are suited to their
needs. For example, people with type 2 DM and those who do
not use insulin can turn off the insulin module. All entered
values in the modules are visualized intuitively and enable the
user to monitor the changes continuously. A description of the
modules with their main featuresis provided below.

-

The basis of the mobile app

(user login, server access, user setfings, ... )

r -

Module Module Module Module Module Module « Module °
Food Physical Glycemia Insulin Weight Fressure . -
intake activities measures doses measures measures . -

L ¥ o = = = *

Food I ntake and Physical Activities

Food intake is the most complex module and provides the
functionality for recording food that is consumed. This module
now contains afood database with more than 9000 Czech food
items. The database has gradually been expanded and checked
for data accuracy by other users. There are several approaches
to food consumption logging:

»  Search in the whole database

«  Searchinfavorite items

« Browseall food items and filter by categories

«  Browse user's meals or simply take a photo of the food.

The user enters the amount of food after searching for the
specific food item. Thetime stamp for the consumption and the
food category is predefined by the current time; however, this

https://diabetes.jmir.org/2022/2/e36675

can be changed by the user. To enable the user to change their
mind, the description of the nutrition, and the size of the portion
(in grams), and the carbohydrates (in grams) are displayed
before the final dialog is saved. The changes in values are
facilitated by an intuitive visualization of all measured medical
data (Figure 3).

The physical activities module was designed similarly to the
food intake module: the database contains more than 400
activities that can be browsed by categories or searched by
name. It is necessary to select one activity and to enter the
duration of the activity for logging. The caloric expenditure is
computed with the user’ sweight and the duration of the activity.
Owing to this approach, the computed cal oric expenditure may
not always match thereal expenditure and should be considered
solely aguide.
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Figure 3. Screenshots of the mobile app: food intake, glycemia monitoring, and insulin doses.
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Glycemic Monitoring and Insulin Dosage

The Glycemic Monitoring module has asimple design for easy
usage. It has an input part for entering values, for example,
glucose levels, the date and time of measurement, and notes.
The second part of the module is an overview of the values for
the selected day, or a graph for the selected time range (Figure
3). The insulin applications module is more complex than the
previous modules. As shown (Figure 3), the user first chooses
from among 3 types of insulin (basal, prandial, and fast
correcting), then selects a specific brand name of insulin (user
editable), the number of applied units, and the date and time of
application. The overview section is the same as in the
Glycaemia Monitoring module.

Data

Data were collected through Mobiab over a period of 5 years
(from January 2016), although Mobiab had been available on
Google Play Store from mid-2014 only until 2019. No
adverti sement was used to recruit users, they found the mobile
app in an organic reach. Over this period, over 500 users from

Table 1. Basic users’ statistics.

Energy Sacharides Bread Unit Lipids .

so76k) _23sg 195 3129 303 Blood glucose 6.4 mmol/| ::?:':s':"n 031-20‘; .
120g - Roasted chicken thigh After meal 13:13:00 - - -

Energy  Sacharides BreadUnit Lipids  Proteins :

13992k 00g 00 2109 39 | Blood glucose 5.8 mmol/I Humulin R 1.0J

the Czech Republic, who used the app for different lengths of
time. Approximately 200 users did not report any DM,
approximately 150 usersreported type 1 DM, and approximately
175 usersreported type 2 DM. Approximately 80% of the users
used the mobile app for lessthan oneweek. The remaining 20%
of the users used Mobiab for a longer time with a decreasing
usagetrend asit was also noted previously [21]. However, only
those satisfying at least one of the following conditions were
selected for the analysis:

At least 3600 records of food intakes

At least 360 records of glycaemia measurements
At least 360 records of insulin doses

At least 1080 records of physical activities

At least 360 records of weight measurements

At least 360 records of pressure measurements.

© A~ WD P

Meeting one of these conditions was considered to provide
evidence of long-term usage. Details about users (Table 1) and
the number of records and records per day (Table 2) are shown
intables.

User ID Sex Birth year Height (cm) Diabetes mellitus type Active days, n
ID 1141 Mae 1962 173 Type 2 1749

ID 1196 Male 1960 178 Type 2 1261

1D 1224 Female 1976 162 Typel 1623

1D 1289 Female 1941 162 No diabetes 1626

ID 1412 Female 1976 162 Type 2 96

ID 1432 Male 1958 175 Typel 804

ID 1545 Mae 1967 188 Type 2 881

ID 1558 Male 1967 170 Type2 247

https://diabetes.jmir.org/2022/2/€36675
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Table 2. Number of records and daily averages.

Burdaet d

Patient 1D Food entries, n (daily Glycemic measures, Insulindoses, n(daily Physical activities,n Weight measures,  Pressure measures,
mean) n (daily mean) mean) (daily mean) n (daily mean) n (daily mean)

ID 1141 34425 (19.67) _a — 13,515 (7.73) 1690 (0.97) 1478 (0.85)

ID 1196 — 1164 (0.92) — — — —

ID 1224 9470 (5.83) 1932 (1.19) 2166 (1.33) 4562 (2.81) — 449 (0.33)

ID 1289 15,729 (9.67) — — — — —

ID 1412 — 466 (4.85) — — — —

ID 1432 3757 (5.86) 799 (0.99) 1199 (1.53) 2982 (4.18) — —

ID 1545 — 857 (0.97) 697 (0.79) — — 859 (0.98)

ID 1558 — 538 (2.18) — — — —

& not available.

Intotal, 8 users (5 male, 3female) fulfilled theinclusion criteria
for long-term analysis, 5 of whom stated that they had type 2
DM, 2 had type 1 DM, and 1 was without DM. The average
age of all users was approximately 57 years. All 8 users were
invited to provide medical records, but only oneuser (ID 1141)
was willing to share them. We were particularly interested in
the development of the following clinical parameters during
use of the app: hemoglobin A4 (HbA ), glycemia, triglycerides,
and cholesteral (total, low-density lipoprotein, and high-density
lipoprotein cholesteral). The summary of recordsfor the whole
7 years of the user who provided medical records are presented

Table 3. Selected medical records of user ID 1141.

in Table 3. Thefrequency of thelaboratory’sclinical parameters
is sufficient to draw a conclusion about the progress in DM
treatment [22]. In addition to these medical records, user 1D
1141 provided personal health state remarks that are presented
in the case study results.

The analysis of the data had to use two approaches owing to
missing user medical records: the first approach is an analysis
of usage of the application, including any beneficial trends for
DM management, and the second approach is to make a direct
comparison between the medical records and the entered values
and trends of the user ID 1141.

Date Hemoglobin  Glycemia (blood Total cholesterol Low-density lipopro-  High-density lipopro-  Triglyc-
Aqclevels glucose measuredin - (mmol/L) tein cholesterol tein cholesterol erides
(mmol/mol) terms of mmol/L) (mmol/L) (mmol/L) (mmol/L)
January 1, 2014 _a 4.6 4.3 2.82 115 1.07
April 17, 2016 — 18.17 — — — —
April 26, 2016 90 79 4.17 2.62 14 0.85
July 21, 2016 36 4.7 — — — —
November 11, 2016 29 5 4.58 2.39 1.49 0.67
March 6, 2017 32 4.8 381 198 1.66 0.53
July 17, 2017 34 45 4.05 — — 0.81
April 23,2018 35 53 3.73 2.08 1.48 0.51
September 17, 2018 34 5 411 2.52 1.55 0.73
February 4, 2019 — 4.9 3.96 254 1.18 0.93
June 17, 2019 35 49 3.66 2.03 1.46 0.6
November 4, 2019 35 51 4.26 257 1.39 0.99
March 19, 2020 36 47 33 1.65 1.44 0.5
July 13, 2020 35 51 3.78 2.09 1.44 0.65
November 13, 2020 36 52 3.77 201 1.62 0.64
March 22, 2021 35 54 371 1.98 153 0.78

&__:not available.
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Ethical Consider ations

Ethics approval from the ethics committee of our university
was not required for this study. All users agreed to use
anonymized data for purposes of research and data analysis
during sign-up process, which is required for the app usage.

Results

Analysis of Usage

At first, we analyzed the long-term food intake. UsersID 1141
and 1D 1289 recorded their food intake regularly. They were
strictly taking their diet plan and followed energy and sugar
intake limits. User ID 1141 still uses the mobile app, and his
performanceisdescribed in detail in thefollowing section. Two
other users, ID 1224 and ID 1432, enter datairregularly every
few days.

Figure 4. Records of blood sugar in thefirst year of app use.
J '1 T T T

Burdaet d

Nevertheless, ID 1224 used the app for over 4 years, and ID
1432 used it for 2 years. Interestingly, both of these users has
type 1 DM, and they used the app much more regularly for
entering glycemic values and insulin dosage than for food intake
recording. The glycemic records (Figure 4) show a dlight
decrease in blood glucose level s after afew months of usage of
Mobiab. A more important fact for our study’s purposesis that
users ID 1224 and ID 1289 carried out long-term recordings
and were engaged for morethan 2 years, and users 1D 1432 and
ID 1545 were engaged for more than 4 years. Additionally, the
other users, ID 1412 and ID 1558, were involved with Mobiab
for a shorter time, for 3 months and 8 months, respectively, but
during that time they regularly included several measurements

per day.
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Case Study of App Use With Type2 DM

User ID 1141 (male, 60 years old, type 2 DM) was selected for
the case study because he was willing to share his medical
records and other information about his health and lifestyle.
This person had been diagnosed as having type 2 DM randomly
during an emergency examination on April 17, 2016. Before
that, he had aready been treated for high blood pressure and
for hyperlipidemia. After the diagnosis of DM, he has been
treated with medication (Glucophage XR, 500 mg) and he had
been looking for some supporting mobile app. He started dieting
and the records show that he has followed the diet constantly
for the whole time that he has used the app. In total, he has
entered over 34,000 food records. Positive results were soon
obtained. With regular exercise (stationary exercise bike and
walking) he reduced his weight from 127 kg to 84 kg, and his

https://diabetes.jmir.org/2022/2/e36675

RenderX

waist circumference decreased from 141 cm to 107 cm within
1 year. In the last 3 years, these values have increased
moderately, as of March 2021, his weight was 101 kg because
he has not been able to exercise intensely owing to joint pain
and he stopped entering new waist circumference values (Figure
5). Hisblood pressure and cholesterol level s have also improved
and then stabilized (Figure 6). All theseresultsarein accordance
with his medical records (Figure 7). Unfortunately, the person
does not self-monitor blood glucose, and only periodical medical
records of his glycemic levels are available (Figure 8). Based
on the usage quality questionnaire and a semistructured
interview, he was very satisfied with the mobile app and
appreciated how easy the app wasto use. As of thiswriting, he
isstill using Mobiab, and he will complete 8 years of usagein
April 2022.
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Figure 5. Weight and waist circumference records for the entire period of app usage.
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Figure 6. Blood pressure records for the entire period of app usage.

1 50), 110
& =l Systolic
i Diiastolic
i H eart Rate _ 100
7 i
T )
E =
=
= )
5 -
= 2
1 —
, =
E T
=
2017 2018 2019 2020 2021
Time (year)
Figure 7. Medical records for hemoglobin A4 and glycemia
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Figure 8. Medical records for cholesterol and triglycerides. HDL: high-density lipoprotein, LDL: low-density lipoprotein.
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Discussion

Principal Findings

The main goa of the Mobiab system is exploring benefits of
long-term usage of technology for DM self-management. The
system simplifiesmanual entering and documenting of measured
values associated with treatment monitoring and
self-management of DM and provides auser-friendly summary
of their self-management efforts. The Mobiab system contributes
to the user’s education and a better understanding of the disease
by providing continuous recordings of all essential data,
including food intake, cal oric expenditure, blood glucoselevels,
insulin dosage, body weight, and blood pressure. In addition,
we might argue that the M obiab system contributesto long-term
outcomes of DM management, as demonstrated in several use
cases. Severa studies have suggested the useful ness of electronic
self-management systemsin managing DM [23]. For example,
smartphone apps have been shown to improve glycemic control,
specifically in younger people with DM [24]. Another
randomized controlled trial showed that DM intervention using
smartphones led to improved clinical outcomes [25]. The US
Food and Drug Administration has now approved severa
(BlueStar) mobile apps for DM management [25], and the new
German Digital Health Applications (in German: “Digitale
Gesundheitsanwendungen”) scheme has also been approved
[26]. These data confirm an increasing trend to introduce digital
therapeutics intervention into daily clinical practice [27]. A
further benefit of smartphone appsis that anonymized data can
be collected from alarger population.

The collection of medical data using Mobiab was beneficial to
userswith both diabetestypes. Previoudly, it had been necessary
for people with DM to record medical values manualy in a
diabetes diary. Using Mobiab, user 1D 1141 has already been
ableto record hisfood consumption, exercises, weight changes,
and blood pressure continuously for 1749 days. In addition, the
user achieved positive changes in blood glucose levels (Figure
7) and weight control (Figure 5) within aconcisetime. Although
we cannot quantify the exact contribution of the Mobiab app to

https://diabetes.jmir.org/2022/2/e36675
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these improvements, the benefits for user ID 1141 have been
considerable. A positive impact of the assistance of the mobile
app on diet and blood glucose levels were also confirmed in a
study focusing on mySugr app benefits [28].

Some systems applied training participants ranging from
telephone [29] to face-to-face support [30]. The design of the
app followed the user-centered design and the final design was
also commented on by the expert group. At the end, no personal
training was offered to participants, since we assumed that the
app is easy and intuitive to use. However, the onboarding
procedure explaining the main app functionalities started after
installing and launching the app.

Only afew technology-related issues were reported. The main
comments stemmed from the use of the app without an internet
connection, mainly at the beginning of the app launch. While
there was considerable effort to ensure complete app
functionality without the internet connection by caching all
parameters as in the case of earlier systems [31]; after several
updates, it was decided to remove this feature. Thisisin line
with most of the current solutions based on cloud architecture,
which requires a stable connection to guarantee smooth
operation [32]. Further, no similar studies analyzed the number
of calls that participants or clinicians made for technological
support [33].

The Mobiab data set is highly variable in terms of the usage of
themodules. Not every user used the same set of modules (Table
1). Thisisalimiting factor for acomplex analysis of the health
impacts. However, this variability of usage of the modules
should not be classified as an app issue becauseit only indicates
the well-known highly heterogeneous needs of people with
diabetes [34]. The hypothesis that engaged participants used
more modules reflecting their higher discipline was not
confirmed in our study. Nevertheless, the Mobiab developers
will continue to make modules more attractive to users and
convince people with DM that it would also be beneficia to
use a broader range of modules; for example, to provide
overviews of complex data and explain the impacts on their
health. We believe that a broad selection of modules is
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advantageous for people with DM, thus contributing to
personalized DM self-management, increasing the partici pants
engagement and long-term outcomes [35-37]. Furthermore,
several studies discussed the usefulness of using the Chronic
Care Modd to improve clinical and behavioral outcomes
applying eHealth technol ogy. Consequently, we haveidentified
several improvements that might reduce the burden of the
disease and increase engagement by expanding the modular
architecture [38-40]. Combination of general and tailored
educational content might help cope with medical jargon and
misleading information from different sources. In addition,
tracking mood on a daily or weekly basis might be important
to provide insight for better glycemic control and to prevent
depression and diabetes distress [41,42].

However, thereisaconcern about placing too much confidence
in managing DM using mHealth apps [29,30,43]. These pilot
studies have pointed out that some people with type 2 DM do
not believe in the benefits of these appsresultingin alow level
of usage [30,44-46]. When discussing self-management of
diabetes with the use of a mobile app, several research papers
have emphasized the need for education, peer support,
interactive content, blood glucose monitoring, dietary tracking,
and realistic goal setting [22,47-50]. Another important concept
for increasing the efficacy of interventionsis the establishment
of a 2-way communication between the patient and care team
[51]. We supported this type of communication by developing
a stand-alone web-based clinical portal for physicians.

However, the long-term usage of apps developed for managing
DM using self-management tools remains low [44]. Our own
experience suggests that our app can achieve good outcomes,
but it is not straightforward enough to motivate people with
diabetes to self-manage their condition consistently in thelong
term. Long-term engagement with mHealth systems does not
necessarily require daily interaction; routine DM management
could lead to the reduction of using the technology [21].

Most of the studies referenced in this paper were single-center
pilotsvalidating short-term results of the examined mobile apps.
Undoubtedly, more clinical trials with extended follow-up
periods are needed to evaluate the long-term effect of
diabetes-rel ated mobil e apps on glucose management and quality
of life, and sustainability of self-management using the mHealth
ecosystem [52]. A clinical study for validating the impact of
the Mobiab system on self-management behavior and for
exploring the usability of the system is currently under
development.

Acknowledgments

Burdaet d

Strengthsand Limitations

A magjor strength of this study is the involvement of 5 persons
with type 2 DM, 2 persons with type 1 DM, and 1 person
without DM, each of whom could use the system for a long
time and enter asignificant amount of data. However, the small
number of participantsisalimitation of our study. A very small
set of users is insufficient to thoroughly test and validate the
self-management compliance of the Mobiab system. In addition,
even this small number of participants did not use al the
modules that the system provides.

Another limitation is the integration of only one glucometer.
Weimplemented seamless glucose datatransfer using a specific
glucose meter (ForaDiamond MINI) and blood pressure monitor
(Fora Active P30 Plus). Technica documentation and
cooperation with manufacturers would be needed to connect
other devices.

A further limitation is the web-based portal for physicians. A
total of 5 cliniciansin our expert advisory group indicated that
cliniciansalready use some commercia software (eg, Medtronic
CareLink), and that the use of different software is an
unnecessary complication. The solution would be to have a
communication interface to connect the mobile app to an already
established system. Data integration with existing hospital
information systemswas not implemented as a part of our work,
because we had no specification of the communication interface.
However, thisintegration activity remains open for future work,
when new versions of the hospital system areincorporated with
application programming interface functionality.

Conclusions

The results of this study have shown that the usability of a
smartphone app and server-based systems are potentialy
satisfactory and promising. The collection of long-term dataon
diabetes and overall metabolic management can be supported
by a modular app such as Mabiab. Our system, based on the
needs and requirements of its intended users, has attempted to
maximizethe potential to enhance self-management and increase
user adherence. In thisstudy, 8 users eval uated app functionality
in long-term monitoring. A case study has presented and
analyzed the particularly successful involvement with the
system. However, we cannot yet claim that the Maobiab app
provides people with diabetes a well-utilized tool for their
self-management to hel p prevent complications. An assessment
of the effectiveness of the app in improving self-management
over time requires further studiesinvolving alarger number of
participants. Some redesign of the mobile app will probably be
required owing to continuous changes in the development of
mobile apps. However, the principles of the modules and
functions work well and will likely be preserved.
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Abstract

Background: Littleisknown about the feasibility of mobile health (mHealth) support among people with type 1 diabetes (T1D)
using advanced diabetes technologies including continuous glucose monitoring (CGM) systems and hybrid closed-loop insulin
pumps (HCLS).

Objective: This study aimsto evaluate patient access and openness to receiving mHealth diabetes support in people with T1D
using CGM systems or HCLs.

Methods: We conducted a cross-sectional survey among patients with T1D using CGM systems or HCLs managed in an
academic medical center. Participants reported information regarding their mobile device use; cellular call, SMS text message,
or internet connectivity; and openness to various channels of mHealth communication (smartphone apps, SMS text messages,
and interactive voiceresponse[1VR] calls). Participants demographic characteristicsand CGM datawere collected from medical
records. The analysesfocused on differencesin opennessto mHealth and mHeal th communication channel s across groups defined
by demographic variables and measures of glycemic control.

Results: Among al participants (N=310; female: n=198, 63.9%; mean age 45, SD 16 years), 98.1% (n=304) reported active
cellphone use and 80% (n=248) were receptive to receiving mHealth support to improve glucose control. Among participants
receptive to mHealth support, 98% (243/248) were willing to share CGM glucose datafor mHealth diabetes self-care assistance.
Most (176/248, 71%) were open to receiving messages via apps, 56% (139/248) were open to SM S text messages, and 12.1%
(30/248) wereopento I VR calls. Older participantswere morelikely to prefer SM Stext messages (P=.009) and I VR calls (P=.03)
than younger participants.

Conclusions: Most people with T1D who use advanced diabetes technol ogies have access to cell phones and are receptive to
receiving mHealth support to improve diabetes control.

(JMIR Diabetes 2022;7(2):€36140) doi:10.2196/36140

KEYWORDS

type 1 diabetes; diabetes technology; diabetes self-management; diabetes; self-management; cross-sectional; glucose monitor;
insulin pump; mHealth; mobile health; access; acceptability; feasibility; cell phone; text message; smartphone; cellphone; mobile
device; patient communication; interactive voice response call; glycemic control
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Introduction

About 1.6 million people in the United States have type 1
diabetes (T1D) [1], and the prevalence continues to increase
both in the United States [2] and globally [3]. Managing T1D
requires comprehensive skill sets from patients and care
providersincluding proficiency in monitoring and interpreting
glucose levels, and administering appropriate doses of insulin
based on a range of variables including carbohydrate intake,
glucose levels, physical activity, medications, stress, illness,
and recent hypoglycemic episodes [4].

Technologies, such as continuous glucose monitoring (CGM)
systems and hybrid closed-loop insulin pumps (HCLS), can
provide patients with T1D with real-time glucose information
and a gorithm-based insulin delivery [5]. CGM systems are now
considered the standard of care for people with T1D [5], and
the number of people using CGM systems hasincreased rapidly
[6]. However, asignificant proportion of CGM and HCL users
fail to achieve optimal glucose targets [7,8] based on evidence
from both clinical trials [9-13] and real-world observational
studies [14-16]. Additional support for individuals with T1D
beyond these technol ogies may be critical to optimize diabetes
control and minimize complications[17].

More than 85% of the US [18,19] and 48% of the global
population [20] uses a smartphone, and nearly half of US
smartphone users use their mobile devicesto accessinformation
and track progress on health-related goals [19]. Health support
via mobile devices (ie, mobile health [mHealth]) thus offers a
great opportunity to improve access to effective behavioral
interventions [21]. The field of mHealth includes a variety of
digital toolsand communication channels, including smartphone
apps, SM S text messages, and interactive voice response (IVR)
calls to deliver information and behavior change support [22].
Studies demonstrate that these digital aids can improve patient
diabetes knowledge and reduce hyperglycemia[23-25] through
digitalized diabetes education, enhanced communications, and
incorporations of patient-generated data [23,26]. In 2020, an
international collaborative published a consensus on future
directions in diabetes mHealth, including diversifying
interventions to meet the needs of heterogeneous diabetes
populations [21]. Other frameworks for further enhancing
technology-enabled diabetes care emphasized the significance
of data-driven, two-way feedback loops[27,28] for personalizing
and targeting programs that improve T1D self-management.

Given that CGM systems provide data about glucose levelsin
real time, opportunities exist for the development of T1D
mHealth support programs that retrieve data continuously and
use that information to deliver timely and personalized patient
feedback [27]. However, little is known about mobile phone
use among people with T1D using advanced diabetes
technologies. In addition, people’s receptivity to mHealth
programs may vary according to their demographic
characteristics and glycemic control, and some patients may
not be comfortable sharing CGM datawith mHealth platforms.
Finally, there is a lack of information on people’'s relative
openness to various communication channels including
smartphone apps, SM S text messages, and I VR calls.

https://diabetes.jmir.org/2022/2/e36140
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To address these gaps in knowledge, we conducted a survey
among a large sample of individuals with T1D using CGM
systems and receiving diabetes care in an academic medical
center. Here we report the findings from that survey including
information about participants access to mobile technology;
receptivity to mHealth interventions that require sharing their
CGM data; and openness to communication via stand-alone
apps, SM S text messaging, or IVR calls.

Methods

Ethics Approval

The survey was conducted between January and April 2021
after receiving approval from the University of Michigan
Ingtitutional Review Board (HUMO00189672). The sampling
frame for the survey was the population of adults with T1D
receiving care through outpatient clinics associated with the
University of Michigan Health System.

Setting and Recruitment

The University of Michigan Health is a tertiary health center
that provides health care to the surrounding communities, with
more than 1 million people living in southeastern Michigan,
and regularly supports diabetes care for about 3000 adults with
T1D. A total of 1024 adultswith diagnosesof T1D and ongoing
CGM use were identified from the electronic medical record
(EMR) system and invited via emails sent through REDCap.
Candidates with missing or invalid email addresses were
contacted viapostal |etters and telephone calls. Theinvestigators
avoided directly contacting their own patients for recruitment
to prevent possible coercion or sampling biases. Survey
participants provided written informed consent for linkage of
their surveyswith demographic datafrom the EMR and glucose
datafrom their CGM systems. All people determined to be aged
>18 years, have T1D, and use CGM systems based on EMRs
were included in the study and analyses. Participants without
4-week CGM datawithin the past 3 monthswere excluded from
the analyses involving CGM data.

Survey Measures

The survey assessed participants' durations of diabetes, CGM
type and use duration, and insulin pump use information.
Céllphone use, including the frequency of the participant
carrying the cellphone (“ How often do you have your cellphone
with you?’) and cellular connectivity for calls and SMS text
messages (“ How often does your cellphone have good reception
for text messages or phone calls?’), and internet access (“How
often doesyour cellphone have accessto theinternet?’) at home,
at work, and outside of home and work were assessed. Items
developed for the study asked about participants' receptivity to
mHealth diabetes interventions and openness to different
mHealth communication channels. Specifically, we asked
“Cellphones could be used for receiving on-site, real-time
support as we often carry them around...If you could get
additional support at the time of high or low glucose levels to
help you with your glucose control, which method(s) would
you prefer?’ (The response options were apps, SMS text
messages, IVR cdls, and “do not want diabetes support
delivered through cellphone.”) Participants could select more
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than one communication channel option as their response.
Surveys a so assessed participants willingnessto sharerea-time
CGM information for glucose control support. Participantswere
encouraged to complete the survey directly viaREDCap. Study
team members conducted telephone surveys for participants
without immediate access to the internet.

EMRs Review and CGM Data Collection

Participants' age, sex, race, ethnicity, and hemoglobin A,
(HbA,.) levels were abstracted from the EMR. Recent CGM
data[29] (ie, within 3 months prior to survey completion) were
abstracted from CGM glucose reports uploaded to EMRSs or
directly from participantswith CGM glucoseinformation portals
[30,31]. CGM datawere collected for 4 weeksfor thefollowing
measures. percent of timeusing aCGM system, average glucose
level, percent of time spent with glucose levels above 180 (time
aboverange[TAR]) and above 250 mg/dL, and percent of time
below 70 (time below range [TBR]) and below 54 (50 for
Medtronic CGM system) mg/dL [8].

Statistical Analysis

Using the Cochran formula, we cal culated that a sample of 280
respondents was needed to determine the prevalence of people
receptive to mHealth diabetesinterventions at a 95% confidence
level with 5% precision for apool of 1024 potential respondents.
We conducted descriptive analyses of participants
demographics characteristics and CGM glucose data. The
Mann-Whitney U test was used to evaluate the difference in
age and HbA ;. level s between participants and nonrespondents,

https://diabetes.jmir.org/2022/2/e36140
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differences in age, diabetes duration, and CGM glucose
information between participants who were versus were not
receptive to receiving mHealth interventions; differences in
patient characteristics of respondents who were open to
receiving mHealth support through various communication
channels; and differencesin TAR and TBR between female and
male participants. Logistic regression analysis was used to
evaluate sex differences between participants receptive versus
unreceptive to receiving mHealth support and open to various
communication channels for receiving mHealth support. For
the analyses evaluating the characteristics of respondents open
to various communication channels (ie, app vs SMS text
message, app vs IVR cals, and SMS text messages vs IVR
calls), participants who selected both communication channels
were excluded from the analyses. P<.05 was considered to be
statistically significant.

Results

Participant Characteristics

A total of 310 eligible participants completed the survey (Table
1), and 4-week CGM data within the last 3 months were
successfully collected from 277 (89.4%) participants (Figure
1). There was no significant difference in age or HbA ;. levels
between participants and other contacted candidates who did
not complete the survey. A higher proportion of responders
were female (n=198, 63.9%) compared to nonrespondents
(360/714, 50.4%). No significant differencesin TAR and TBR
were identified between female and male participants.
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Table 1. Participant demographics (N=310).

Linetd

Characteristics Participants
Sex, n (%)

Female 198 (63.9)

Male 112(36.1)
Age (years), mean (SD) 45 (16)
Age (years), median (IQR) 43 (31-58)
Race, n (%)

White or Caucasian 289 (93.2)

Black or African American 10(3.2)

Asian 3(L0)

Refused to answer/unknown 1(0.3)

Other 7(2.3)
Ethnicity, n (%)

Non-Hispanic 295 (95.2)

Hispanic 9(29

Refused to answer/unknown 6(1.9)
Duration of diabetes (years), median (IQR) 23 (14-32)
Duration of CGM2use, n (%)

0-3 months 9(2.9)

4-6 months 13(4.2)

7-12 months 23(7.4)

1 year to 3years 131 (42.3)

4-6 years 80 (25.8)

>6 years 54 (17.4)
CGM model, n (%)

Dexcom G5 4(1.3)

Dexcom G6 277 (89.4)

Medtronic Guardian Sensor 3 29 (9.4)
Using insulin pump, n (%) 245 (79.0)

With auto-suspension features 164 (52.9)

With closed-loop features 149 (48.1)
Last HbA;° level (%), median (IQR) 7.2(6.57.8)
Time of CGM use (%), median (IQR) 97 (88-99)
CGM average glucose level (mg/dL), median (IQR) 159 (143-178)
TAR® on CGM (%), median (IQR) 32 (20-44)
TBRY on CGM (%), median (IQR) 14(06-30)

8CGM: continuous glucose monitoring.
bHBA 1¢c: hemoglobin A4

°TAR: time above range.

4TBR: time below range.
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Figure 1. Patient participation flowchart. CGM: continuous glucose monitoring.
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Accessto mHealth

Of all 310 participants, 304 (98.1%) reported using cellphones.
All these individuals reported using a smartphone, with 68.1%
(207/304) using an iPhone and 29.9% (91/304) using an Android
phone. About 90.1% (274/304) of participantsreported carrying

Table 2. Accessibility to mobile health support (N=310).

their mobile devices with them all or most of the time and that
their mobile devices have connectivity for phone calls, SMS
text messages, and the internet all or most of the time (Table
2). Participantswereleast likely to have their phoneswith them
whileat work and wereleast likely to haveinternet accesswhen
outside of home and work.

Having cellphone accompanied, n  Good reception for phone callsor  Having accessto the internet, n

(%) SMSS text messages, n (%) (%)

At home
All thetime 185 (59.7) 187 (60.3) 226 (72.9)
Most of thetime 105 (33.9) 109 (35.2) 68 (21.9)
About half of the time 12 (3.9) 9(2.9) 9(2.9)
Less than half of thetime 4(1.3) 3(1.0) 4(13)
Rarely 4(13) 2(0.6) 3(L0)

At work
All thetime 195 (62.9) 170 (54.8) 217 (70.0)
Most of thetime 81(26.1) 116 (37.4) 68 (21.9)
About half of the time 8(2.6) 16 (5.2) 15(4.8)
Less than half of thetime 9(2.9) 2(0.6) 1(0.3)
Rarely 17 (5.5) 6(L9) 9(2.9)

Outside of home and work
All thetime 225 (72.6) 114 (36.8) 121 (39.0)
Most of thetime 73(23.5) 183 (59.0) 145 (46.8)
About half of the time 8(2.6) 9(2.9) 22(7.0)
Less than half of thetime 4(1.3) 3(1.0) 15(4.8)
Rarely 0(0.0) 1(0.3) 7(2.3)
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Receptivity to mHealth Support

Of the 310 participants, 248 (80%) were receptive to receiving
diabetes self-care support through their phoneswith the goal of
improving their glucose control. There were no significant
differencesin sex, age, diabetes duration, average glucose level,
TAR, TBR, and the percent of time spent with glucose levels
above 250 mg/dL and bel ow 54 mg/dL between those who were
versuswere not receptive to receiving mHeal th support. Among
participants receptive to mHealth support, 98% (243/248)
responded that they would “very much” or “probably” bewilling
to share real-time glucose level datato receive tailored support
for diabetes management.

Linetd

Opennessto Various Communication Channels for
Receiving mHealth Support

Among those who were receptive to mHealth support, 71%
(176/248) were open to receiving support via apps, 56%
(139/248) were open to SM Stext messages, and 12.1% (30/248)
were open to IVR calls. Participants open to apps but not IVR
calls were younger than those open to 1VR calls but not apps
(Table 3). Similarly, participants open to apps but not SM S text
messages were younger than those open to SM S text messages
but not apps. No significant differences in diabetes duration,
average glucose level, TAR, TBR, and time spent above 250
mg/dL or below 54 mg/dL were observed between those who
were open to receiving diabetes support through apps, SM Stext
messages, or IVR calls. We aso observed no sex differences
in those open to various communication channels.

Table 3. Peatient demographics and glycemic characteristics grouped by openness to mobile health communication channels.

Apps, median  SMStextmes-  |yR3calls median P value®
(IQR) sages, median (IQR)
(IQR)
Appsvs SMStext  aAppsysiVRcals$ SMStext messages
messages” vsIVR calls®
Age (years) 40 (28-54) 44 (32-58) 53 (36-64) .009 .03 12
Duration of diabetes 24 (14-32) 23(12-32) 21 (15-40) 45 .98 .05
(years)
Average glucose level 158 (143-175) 157 (141-176) 153 (145-182) .88 57 .99
(mg/dL)
TARY (%) 30 (19-42) 31(18-43) 30 (20-45) .99 .50 .79
Timewithglucoselevel 7 (2-13) 7(2-13) 5(2-14) .98 .95 .69
>250 mg/dL (%)
TBRE (%) 14(0.5-3.0) 1.5(0.7-3.0) 2.4(0.8-3.8) 51 .90 .05
Timewithglucoselevel 0.2 (0-0.6) 0.2 (0-0.5) 0.2 (0-0.7) .58 A3 44

<54 mg/dL (%)

#VR: interactive voice response.
PStatistical analysis conducted with the Mann-Whitney U test.

CParticipants who selected both communication channels were excluded from the analysis.

4TAR: time above range.
®TBR: time below range.

Discussion

Principal Findings

In this survey of alarge sample of people with T1D who used
CGM systems and HCLs, nearly all participants used
smartphones, and nearly all reported the ability to make phone
calls, receive SMS text messages, and connect to the internet
most of thetime. Participants were receptive to receiving support
for diabetes care, including being willing to share CGM data
automatically so that mHealth support could be personalized
based on their clinical needs. When asked about their openness
to various communication channels for receiving mHealth
support, the majority were open to apps or SM Stext messaging,
and only asmaller proportion of individualsindicated openness
to receiving IVR calls. Older participants preferred to receive

https://diabetes.jmir.org/2022/2/e36140

mHealth support through SM Stext messaging or IVR callsover
apps.

Comparison to Prior Work and Implications for
Future Research

Prior studies have shown that adolescentswith T1D arereceptive
to self-management assistance via mHealth tools [32]. This
study adds to this body of evidence on the accessibility and
receptivity to using mHealth interventions among adults with
T1D who use advanced diabetes technologies to monitor their
glycemic control and manage insulin administration. mHealth
tools have the capability of providing two-way communication
for effective interventions [27]. Advances in these apps have
used artificial intelligence (Al) and adaptive messages based
on individuals' status [33] to further personalize the support
and target individuals' ongoing needs. Given that in this study
the majority of CGM and HCL users reported that they were
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willing to sharerea -time glucose information for timely support,
incorporations of Al-based prediction of hypoglycemia [34]
and adaptive tuning of bolus insulin parameters to prevent
hyperglycemia[35] into mHealth could be considered asfuture
research directions.

Thisstudy demonstratesthat most advanced diabetestechnology
users are receptive to receiving mHealth support that could
enhance their ability and motivation for effective self-care
behaviors beyond the simple aarms for hypo- and
hyperglycemiacurrently availableviaCGM systemsand HCLs.
Alarm fatigue can lead to turning off the hypo/hyperglycemia
alarms or simply ignoring them [36]. Personalized interventions
triggered by glucose levels could avoid aarm fatigue using
tailored messaging supported by behavioral theories [37] for
the generation of practical and culturally sensitive content [38].

We found that the majority of T1D advanced diabetes
technology users were open to smartphone apps. However, a
significant proportion also favored other communication
channels such as SM Stext messagesand I VR calls, particularly
those who were older. Thisfinding underscores the significance
of maintaining a diversity of mHealth approaches to promote
intervention engagement in heterogeneous diabetes popul ations
[21].

Strengths and Limitations

Thisstudy is one of thefirst to report information related to the
feasibility and potential interest in mHealth support among
people with T1D using advanced diabetes technologies.
Comparisonsof characteristics of respondentsto nonrespondents
identified only a relatively small difference in the sex
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distribution, and analysis of survey data did not suggest that
sex was related to any of the outcomes of interest. Glycemic
indexes, including CGM glucose information, confirmed that
both patient populations with and without controlled diabetes
were receptive to receiving mHealth support.

Several limitations of this study should be considered.
Participants were recruited from a population receiving carein
a single tertiary academic health center. However, this health
care system also has outreach clinics and medical services
providing careto >1 million peoplein surrounding communities.
The distribution of participants across racial/ethnicity groups
and the proportion reporting use of an insulin pump weresimilar
to the 2016-2018 T1D Exchange national report [6]. With the
expanding use of smartphonesin the United States[18,19] and
increasing implementation of CGM systems [6], the findings
are most applicable to tertiary health care centers and may be
generdizable to other US T1D populations. Additionally,
detailed information about the preferred features of mHealth
apps, SM S text messages, and | VR intervention, including the
timing and frequency of communication, were not collected.
Future research should seek to deepen our understanding of
these key dimensions of intervention design.

Conclusions

We found that people with T1D using advanced diabetes
technologies have access to mobile technologies and are
receptive to receiving mHealth support for improving diabetes
control. The majority of people in this population are open to
smartphone apps or SM S text messages, and older individuals
may favor SM Stext messagesor 1V R callsfor mHealth support.
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Abstract

Background: In South Africa, diabetes is a leading cause of morbidity and mortality, which was exacerbated during the
COVID-19 pandemic. Most education and counseling activities were stopped during the lockdown, and the GREAT4Diabetes
WhatsApp Chatbot was innovated to fill this gap.

Objective: This study aimed to evaluate the implementation of the chatbot in Cape Town, South Africa, between May and
October 2021.

Methods: Convergent mixed methodswere used to eval uate theimplementation outcomes: acceptability, adoption, appropriateness,
feasibility, fidelity, cost, coverage, effects, and sustainability. Quantitative datawere derived from the chatbot and analyzed using
the SPSS. Qualitative data were collected from key informants and analyzed using the framework method assisted by Atlas-ti.
The chatbot provided userswith 16 voice messages and graphicsin English, Afrikaans, or Xhosa. M essagesfocused on COVID-19
infection and self-management of type 2 diabetes.

Results: The chatbot was adopted by the Metro Health Services to assist people with diabetes who had restricted health care
during thelockdown and were at ahigher risk of hospitalization and death from COVID-19 infection. The chatbot was disseminated
via health care workers in primary care facilities and local nonprofit organizations and via local media and television. Two
technical glitches interrupted the dissemination but did not substantially affect user behavior. Minor changes were made to the
chatbot to improveits utility. Many patients had access to smartphones and were able to use the chatbot via WhatsApp. Overall,
8158 peopl e connected with the chatbot and 4577 (56.1%) proceeded to listen to the messages, with 12.56% (575/4577) of them
listening to all 16 messages, mostly within 32 days. Theincremental setup costswere ZAR 255,000 (US $16,876) and operational
costs over 6 months were ZAR 462,473 (US $30,607). More than 90% of the users who listened to each message found them
useful. Of the 533 who completed the whole program, 351 (71.1%) said they changed their self-management a lot and 87.6%
(369/421) were more confident. Most users changed their lifestyles in terms of diet (315/414, 76.1%) and physical activity
(222/414, 53.6%). Health care workers also saw benefits to patients and recommended that the service continues. Sustainability
of the chatbot will depend on the future policy of the provincial Department of Health toward mobile health and the willingness
to contract with Aviro Health. Thereis the potential to go to scale and include other languages and chronic conditions.

Conclusions: The chatbot shows great potential to complement traditional health care approaches for people with diabetes and
assist with more comprehensive patient education. Further research is needed to fully explore the patient’s experience of the
chatbot and evaluate its effectiveness in our context.

(JMIR Diabetes 2022;7(2):€37882) doi:10.2196/37882
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Introduction

Background

Diabetesistheleading cause of death in women in South Africa
and the second overall cause of death after tuberculosis[1]. One
in four South Africans aged >45 years have diabetes, and in
Cape Town, even higher prevalence rates have been reported
[2]. There are approximately 100,000 people with diabetes in
the Cape Town Metro Health Services (MHS) database [3].

During the COVID-19 pandemic, the de-escalation of
facility-based primary care meant that people attended the
facilities less often and many received their medication via
home delivery [4]. Support groups and group empowerment
were mostly stopped, and individual patient education and
counseling were much less frequent. At the same time, people
with diabetes were among those most at risk of hospitalization
and death from COVID-19 infection, especialy if they had
poorly controlled diabetes [5,6].

Therefore, alternative mechanisms were necessary to improve
patient education, self-management, and levels of glycemic
control, while maintaining physical distance and de-escalation
of services. In South Africa, cell phone coverage is estimated
at 82% of the population and extends to all socioeconomic
groups [7]. The South African National Department of Health
has promoted strategiesto improve health through mobile health
(mHealth) technology [8]. So far, most initiatives have focused
on maternal health and HIV, with very few targeting
noncommunicable diseases [9,10].

A review of systematic reviews on the effectiveness of mHealth
interventions on diabetes and obesity treatment concluded that
mHealth is a useful tool that can reduce the hemoglobin A,
(HbA; —0.3% to —0.5%) level and weight (1.0 to -2.4 kg)
[11]. A systematic review and meta-analysisof 24 clinical trials
also concluded that tailored mobile educational messages can
improve HbA ;. levels in patients with type 2 diabetes [12].

https://diabetes.jmir.org/2022/2/e37882

A few studies have been conducted earlier on WhatsApp
messaging and type 2 diabetes. In South Africa, people with
diabetes said that WhatsA pp wastheir preferred technology and
wanted education to focus on diet, nutrition, and physical
activity [13]. Clinical trials in the United States, Brazil, and
Saudi Arabia have shown that WhatsApp education programs
can be effective in improving knowledge, self-efficacy,
adherence, and glycemic control (areduction of approximately
0.6%inthe HbA . level) [14-16]. WhatsA pp education can also
be as effective as group education programs [17]. However,
little research hasinvestigated WhatsA pp messaging for diabetes
in low- and middle-income countries.

The Division of Family Medicine and Primary Care at
Stellenbosch University, in partnership with the MHS and Aviro
Health, designed a project to provide patient education to people
with type 2 diabetes in the MHS via audio messages in
WhatsApp during the COVID-19 pandemic. During the crisis,
this approach to disseminating messages was shown to be
successful in other sectors, such as education and religion, where
daily church services were sent to poor communities using
WhatsApp audio files [18-20].

Objectives

The aim of this study wasto evaluate the implementation of the
GREAT4Diabetes WhatsApp Chatbot education program in
the MHS. This study focused on a range of implementation
outcomes. adoption, appropriateness, acceptability, feasibility,
fidelity, coverage, cost, effects, and sustainability of the
initiative.

Methods

Study Design

A convergent mixed methods study combined quantitative and
gualitative data to evaluate the implementation outcomes
(Textbox 1). The evaluation focused on the initia
implementation of the chatbot in the Northern Tygerberg
Substructure (NTSS) over a 6-month period from May to
October 2021.
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Textbox 1. Description of the implementation outcomes.

Mash et al

I mplementation outcome and description

«  Coverage: How many people were reached and who were they?
«  Cost: What were the incremental setup and operational costs?
«  Effects: What was the effect on people’s self-management?

be taken to scale?

«  Acceptability: Why did stakeholders perceive that it was worth doing? What were the factors for and against this?

« Adoption: Why did stakeholders decide to adopt the intervention? What were the key factors they considered in making this decision?
« Appropriateness: Did stakeholders perceive that the intervention was fit for purpose?

« Feasibility: How feasible was it to implement successfully? What were the factors that enabled and hindered implementation?

«  Fidelity: How was the intervention modified or customized to make it work? Why was this necessary?

«  Sustainability: Should thisbe sustained? What are the future opportunities and threats to the sustainability of the intervention? Can implementation

Setting

The MHS served the uninsured population of Cape Town who
were dependent on the public sector. The population of the
NTSS was estimated at 1,081,292 in 2019, and 78% to 90% of
the population were uninsured and dependent on the public
sector [21]. The leading causes of premature death were
interpersonal violence, HIV or AIDS, ischemic heart disease,
tuberculosis, stroke, road injuries, diabetes, and lung cancer.
Health services in the NTSS were provided by 3 community
health centers (open 24 hours) and 11 community day centers
(open office hours). These primary care facilities included
medical officers, nurse practitioners, and other members of a
multidisciplinary team, and each community health center had
a family physician (speciadist in family medicine).
Community-based services were offered via nonprofit
organizations under contracts with the MHS. They employed
teams of community health workers (CHWS) coordinated by
professional nursesand responsiblefor designated communities
(1 CHW for approximately 250 households). The CHWswould
visit al the households that they were responsible for on a
regular basis. The CHW teamswere al so connected to aspecific
primary care facility to form alarger primary health care team
comprising facility-based and community-based health workers.

Design of the I ntervention

The intervention consisted of 16 three- to four-minute audio
messages, which were sometimes supported by apicture (Figure
1). Once a person with diabetes sent the message Hi to the
designated WhatsA pp humber, they registered for the program,
accepted the standard terms and conditions of Aviro Health and

https://diabetes.jmir.org/2022/2/e37882

shared key information (age, gender, and language preference).
They then automatically received thefirst audio message. After
each message, they had to reply to a question (whether the
message was useful) to receive the next message. They could
stop receiving messages at any time and were asked to provide
areason for stopping. After the last message, they were asked
several questions about self-management of diabetes (Did they
change their behavior? What behavior did they change? Did
their confidence improve?) and were also able to give free-text
feedback.

The content of the audio messages was derived from the Group
Empowerment and Training (GREAT) program [22], which
was rolled out nationally before the COVID-19 pandemic. The
audio messageswererecorded in English, Afrikaans, and Xhosa,
in aprofessional recording studio, by members of the GREAT
team from Stellenbosch University. Aviro Health was
responsible for the WhatsApp Chatbot technology.

Aviro Health set up a content management system and a flow
builder that organized the use of this content in a particular
sequence and according to specific rules. Aviro Health then sent
the messages to a WhatsApp interface provider, in which they
entered a queue for distribution and were sent out. A database
recorded all the events within the system and what happened
with the messages. An extraction mechanism sifted through the
rav data to highlight and report on key activities. Once
developed, the chatbot was tested using atemporary cell phone
number by team members, selected patients with diabetes, and
MHS management. The total amount of data required to
download all the messages was 94 MB.
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Figure 1. Screenshots of the GREAT4Diabetes WhatsApp Chatbot.
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Coallection and Analysis of Quantitative Data

The data automatically captured by Aviro Health provided
information on coverage: the number of people accessing the
service and their age, gender, and language preferences. In
addition, the number landing on the chatbot, accepting theterms
and conditions, listening to each message, and stopping could
be determined.

The chatbot also captured data on the reported effects of the
program. Datawere collected on whether participantsfound the
messages useful, as well as on changes in their confidence to
self-manage their diabetes. They were specifically asked about
changes in behavior with regard to diet, physical activity,
adherence to treatment, tobacco smoking, alcohol intake, and
foot care.

Stellenbosch University also collected data on the incremental
setup and operational costs they experienced over the 6-month
period.

Data captured by the chatbot were exported into an Excel
spreadsheet and then imported into SPSS (version 27; IBM
Corp) for analysis. The analysis was mostly descriptive, with
categorical data presented as frequencies and percentages and
numerical data as means and SDs.

Inferential analysiswas conducted to examine any relationships
between demographic data and changes in behavior or
completion of the program. Categorical variableswere compared
using the chi-square test, whereas numerical and categorical
variables were compared using either the independent samples
2-tailed t test or ANOVA, depending on the number of
categories.

https://diabetes.jmir.org/2022/2/e37882
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Coallection and Analysis of Qualitative Data

Descriptive exploratory semistructured interviews with key
informants were conducted to explore the acceptability,
appropriateness, adoption, feasibility, fidelity, and sustainability
of the intervention. Key informants were purposively selected,
as shown in Table 1, from Stellenbosch University, Aviro
Health, MHS management, and health care workers. It was not
possibleto conduct face-to-faceinterviewswith patientsduring
the COVID-19 pandemic, and their contact details were
protected by the Protection of Personal Information Act and
could not be shared. Some patients gave qualitative feedback
on the chatbot after the last message, and some quotes were
selected to support the quantitative findings on the effects of
the chatbot.

Interviewswere conducted in English by the 2 authors (DS and
RM) face to face, viathe internet, or telephonically and lasted
between 30 and 60 minutes. All interviews were recorded. An
interview guide was used to ensure that all the implementation
outcomeswere explored. In some cases, asmall group interview
was conducted when people were available at the same time.

Audiotapes were transcribed verbatim and checked for errors
or omissions. Transcripts were analyzed inductively to identify
themesrelated to theimplementation outcomes. Atlasti software
was used to assist with the analysis. The first author, DS,
performed most of the analyses, whereas the second author
confirmed the coding index and interpretation of data. The
researchers used the framework method to analyze the data[23]:

1. Familiarization: reading the transcripts and identifying key
issues that need to be coded

IMIR Diabetes 2022 | vol. 7 | iss. 2 |e37882 | p.77
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR DIABETES

2. Coding index: creating an index of codes and organizing
them in categories

3. Coding: coding all data according to the coding index

4. Charting: gathering all data on the same code or category
together in a chart

5. Interpretation: interpreting each chart for the key themes,
range of ideas and experiences within a theme, and any
relationships among themes

The different data sources and perspectives were triangulated
in the analysis, which contributed to its credibility and
trustworthiness. In terms of reflexivity and confirmability, DS

Table 1. Characteristics of key informants (N=23).

Mash et al

isabiokineticist by background and employed as a researcher
at Stellenbosch University. She recorded both the English and
Afrikaans versions of the messages in the chatbot and acted as
the project coordinator. She had prior experience in qualitative
interviewing. RM is a family physician and an established
researcher at Stellenbosch University with experience in
qualitative research. He had previously led the GREAT for
Diabetes project on which the voi ce messageswere based. Both
researcherswereinvolved in theimplementation and eval uation
of the project. Guidelinesfor reporting of mHealth interventions
were also followed [24].

Categories Participants Interviews, n (%)
MHS? managers Chief director and director of NTSS? 209

Primary care facilities A total of 2 family physicians, 2 medical officers, 2 professional nurses, 1 facility manager, 8 (35)

and 1 health educator

Nonprofit organization 1 Inall, 1 program manager, 1 professional nurse, and 2 CHWs® 4(17)

Nonprofit organization 2 Inall, 1 program manager, 1 professional nurse, 2 CHWSs, and 1 dietician 5(22)

Aviro Hedlth Chief executive officer, production manager, and implementation manager 3(13)
Stellenbosch University Project coordinator 1(4)

A HS: Metro Health Services.
BNTSS: Northern Tygerberg Substructure.
SCHW: community health worker.

Ethics Approval

The study was approved by the Health Research Ethics
Committee a  Stellenbosch ~ University  (reference
21/03/006-COV1D-19), and permission was obtained from MHS
and Aviro Health.

Results

This section integrates the findings derived from both
guantitative and qualitative data and presents them according
to the implementation outcomes.

Acceptability, Adoption, and Appropriateness

The motivation to adopt the GREAT4Diabetes WhatsApp
Chatbot wasto improve patient education and levels of glycemic
control, while maintaining physical distance and de-escalation
of services during the COVID-19 pandemic:

COVID prompted us to think differently in many
areas. And | think the whole telemedicine, using
technology to reach your target beneficiary, has
become important...value of self-management in the
client, assisted self-management or supported
self-management. And | viewed this is the way to
support your uneducated and educated clients in
managing their disease. [MHS manager]
De-escalation of services was vita to free up the capacity to
handlethe surgein patientswith COVID-19 infection and allow
facilities to maintain adequate socia distancing. At the same
time, it was dangerous for people with diabetes to congregate
at health centers and travel via public transport. During the

https://diabetes.jmir.org/2022/2/e37882

COVID-19 pandemic, services at primary health care facilities
were reorgani zed, which meant that people attended thefacilities
less often, support groups were stopped, and individual patient
education and counseling were infrequent. People with diabetes
were among those at the highest risk of hospitalization and death
from COVID-19 infection, especialy if they had poorly
controlled diabetes. The chatbot could therefore provide
self-management support to people with diabetes, while keeping
them safe and avoiding congestion at primary care facilities.
Therefore, the MHS management accepted and adopted this
motivation.

The MHS had an existing relationship with Aviro Health and
Chatbot technology through another COVID-19-—elated
initiative called the Pocket Clinic, which was designed to help
patients request home delivery of medication and update their
address on the system. This paved the way for the adoption of
the chatbot:

It's the ability to piggyback a prevention and
promotion message onto an existing electronic
platform and target people who would benefit the
most fromit. [MHS manager]

Likewise, Aviro Health had prior experience of developing
WhatsA pp-based productsto interact with and educate patients,
which made it easy for them to adopt the idea for a chatbot.
Aviro Health was particularly keen to include diabetes, as it
had previously mostly focused on infectious diseases. The
proposed chatbot was simpler in design than other products, as
it implemented existing content instead of using the traditional
in-house analysis and design process to respond urgently to the
crisis. The content was derived from the Living GREAT with
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Diabetes program, which was viewed as an appropriate group
empowerment approach for the same target audience.

Feasibility and Fidelity

Recruitment of Users and Technical Challenges

Users were initialy recruited from the NTSS. Pamphlets and
posters were made avail abl e to the health centers and nonprofit
organizations. Patients wereintroduced to the chatbot by family
physicians, medical officers, professional nurses, and health
promoters in the facilities, as well as by professional nurses,
CHWSs, and dieticians in the community. Initialy, the uptake
was low, and a roadshow was organized throughout the
substructure to introduce the chatbot and explain how it worked.

This roadshow was necessary to raise awareness among and
motivate health care workers who were already overburdened
with the challenges of reorganizing primary health care and
responding to the COVID-19 pandemic. Health care workers
might see promoating the chatbot as an additional task they were
asked to do:

Saff morale was also low at some points in Covid,

so to get people motivated to do an additional task is

a problem. Because we're trying to..we had an

integrated service. So in your room you're meant to

beableto seeto all the primary illness, you're meant

to be doing HIV testing in your room, you're meant

to be doing other screening in your room, so now

you' ve got an additional thing to do which becomes

a problem. [Family physician]
CHWsreceived face-to-face training on how to use the chatbot
and share it with patients during home visits. It was important
to demonstrate the chatbot and engage them in the valueit could
add during the pandemic, especially to those with poorly
controlled diabetes:

And yes, also in my experience, | found that it wasn't
going to work, just to come in, share the programme
withthemand askthemto doiit. | had to get their buy-
| had to motivate the community health workers to
get their buy-in and also to focus on them and to see
how they're doing with and collaborating with them
asking their input, how would it work best?
[Stellenbosch University]

However, several medica officers and professional nurses
experienced the chatbot as a great initiative that could be used
as part of their normal consultations and reported saving time
following its introduction. The chatbot was a valuable tool to
complement the education of patients and could be quickly
explained to the patient. In addition, illiterate patients, who
might struggle with written information, could easily listen to

messages:

So | sort of incorporated into, into my consultations
here. When | was working at the, at the sort of
outpatient department. | was speaking to most of, all
my diabetics, in fact, I’ve been sort of advocating,
because normally you would educate patients, give
them advice on the medications or diet and so on, but

https://diabetes.jmir.org/2022/2/e37882
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| feel it’s quite helpful, because then you don’t have
to speak so much. [Medical officer]

In facilities that were short staffed and used several different
locums, it was difficult to continuously orientate new clinicians
to the chatbot. However, other health care workers, such as
health promotion officers, could also successfully inform
patients about the service:

| said with the locum staff now every time there's a
different locum working now you got to explain it to
them. So somehow the processthen fallsflat. [Family
physician]
Following this, the number of users started to increase but also
coincided with thefirst technical problem. Over a3-week period,
183 users received their first message repeatedly. As each
message started in asimilar manner, it was assumed that users
did not realize the messages were different. Eventualy, the
technical problem was recognized and corrected when
management at the MHS confirmed it. Despite the technical
glitch, users who received duplicates during this period did not
show any significant differencein drop-off compared with users
who received the correct flow. All userswho experienced these
issueswereidentified and sent a message notifying them of the
error and inviting them to continue using the service. Health
careworkers, however, lost confidencein promoting the service
when they were aware of the technical problem. Aviro Health
sent messages to users via WhatsApp to recommence their
journey. In addition, Stellenbosch University informed the health
workerswhen the chatbot was functioning again and asked them
to inform patients:

So she did ask me what’s happening, the messages
had stopped. So | said to her that | will get back to
her. | will get feedback from the office. [CHW]

In an attempt to drive more users to the chatbot, Stellenbosch
University thenissued apressreleaseto inform the mediaabout
the service and communicate directly to the public. Theinitial
pilot was intended for only 500 completed journeys at NTSS,
but a series of local radio interviews culminated in anews story
on national television. This strategy was successful inincreasing
the number of users, and the news story attracted more than
6000 usersin aday. However, this volume stressed the chatbot,
which was designed to host only a few dozen journeys a day.
This stress blocked the dissemination of more than 1000
messages to users, as messages were queued up in the system
and eventually dropped as there were too many messages at
once. Aviro Health was able to quickly redesign the back end
to accommodate much higher volumesthan anticipated, retime,
and batch messages, thus allowing them through the system:

Yes it was a TV news station on SABC or whatever,
and then we landed our second glitch. So we had the
numbers up. What Aviro did not |et us know was that
they only had, they did not have capacity for that
amount of people. What we had communicated with
them prior was to say that before every interview,
before every radio interview, before every television
interview, we would inform them, which we did.
[Stellenbosch University]

IMIR Diabetes 2022 | vol. 7 | iss. 2 37882 | p.79
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR DIABETES

Recruitment was al so facilitated by word of mouth from patients,
health care workers, and even MHS managers who told friends
and relatives about the chatbot:

I’'ve got a sister-in-law who's diabetic and who
developed Covid and sheused it aswell...well actually
I’m just remembering my brother-in-law who stays
in Gauteng also used it. [MHS manager]

In some facilities, health promoters played voice messages to
patients as part of individual or group education sessions held
in the facility. Similarly, in the community, patients were
introduced to the chatbot during support or adherence group
meetings:

Because of Covid and the reason that we can’t get
people into the Day Hospital. All of our
rooms...consulting rooms are all occupied. So we
have a little space in the garden where there's an
under-roof where we go and sit at times but it's not
conducive because if one come in, everybody wants
to comein. [Health promoter]

Patients' Readiness to Use Technology

Most health workers and patients found the process easy and
self-explanatory and were ableto follow the instructionsto save
the number on their phones and send a message on WhatsApp
to receive the first voice message.

| think that people are ready for this type of
technology especially from the facilities. Everything
is moving towards technology. Everything is
moving...the only thing that | really think would be a
threat is where people don't have access to internet.
[Medical officer]

Patientswho did not understand how to use the chatbot received
assistance from the CHWs or family members. For example,
some ol der people thought they had to dial the number instead
of sending a message on WhatsApp or struggled with saving
the number as a contact on their phone:

| just had to sit next to them and link them up one by
one. When they were here with their phones, | had to
sit next to them [Health promoter]

It was noted that older people more often made use of analog
phones, which could not use WhatsApp, whereas most of the
younger people had smartphones. When patients did not have
a smartphone, some CHWSs used their own phones and made
repeat visits for them to listen to voice messages. Others
requested assistance from family members with a smartphone.
However, these solutions were not aways feasible. Health
workers at the primary health care facilities and nonprofit
organizationsin the community also held group sessionswhere
they shared messages as part of chronic disease education:

A lot of the older people, they didn't have smart
phones like they would have a phone but it wouldn't
be a smart phone. It would be just like a normal
analogue phone and data was an issue for some of
the patients. That was the only two factors. For the
people that had a smart phone that were cell phone
illiterate, they usually had a family member or earlier
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on you know that could help them with it. [Medical
officer]

Dataissueswere not amajor challenge to accessing the chatbot,
as most people had already made use of WhatsApp calls and
had data for this purpose. For those who struggled to afford
data, there were other options. All facilitieswere equipped with
free open-access Wi-Fi, and the City of Cape Town had installed
additional routers in the NTSS, which meant that anybody in
close proximity could accessthe chatbot. Patientswho had gone
for consultation and were introduced to the service at the
facilities could retrieve the first voice message while waiting
for their medication. They could also accessthefacility on days
when they did not have appointments and make use of the free
Wi-Fi. Alternative options include accessing data through free
Wi-Fi at shops and mallsin the local community:

Noit'snot so much that they don’t have data. Because
they won't have a piece of bread in the house but data
they will have on their phone. Those who have got
smart phones you understand. [CHW]

Modification of the Chatbot

The content of the messages was not changed during the study;
however, modifications were made to the interface to improve
theflow and retention of users. Explanatory text was simplified,
particularly the initial consent and acceptance of terms and
conditions. The text at the landing and consent stages was
replaced by infographics that explained how to use the chatbot.
In addition, an infographic introduced photographs of the 2
presentersto make amore personal connection with the voices:

Based on user feedback and analysis of drop-offs
through the flow, Aviro modified the content
(simplified that wording, reduced the consent, added
more emoticons, and made slight changesto the flow)
to make it easier for those with diabetes to navigate
and understand the experience. [Aviro Health]

Coverage

Between March 2021 and October 2021, atotal of 8158 people
landed on the chatbot. However, of 8158 people, only 4716
(57.83%) responded to the terms and conditions, and their
distribution per month is shown in Figure 2. Overall, 77.29%
(3645/4716) of these peopl e connected during July 2021, which
coincided with the most intense period of media exposure,
including television.

Of 8158 who considered theterms and conditions, 4577 (97.1%)
agreed to them but 139 (2.9%) did not. Overall, 81.01%
(3708/4577) provided demographic information and the mean
age of the participants was 51.0 (SD 12.4) years.

Out of the 4577 parti cipants who provided demographic details,
2066 (55.7%) were women, 1632 (44%) were men, and 10
(0.3%) were identified as other. Most preferred English
(2281/4577, 61.5%), but 34.9% (1293/4577) chose Afrikaans
and 3.58% (134/4577) chose Xhosa.

Of the 4577 participants, 263 (5.7%) requested to stop the
chatbot, and 164 (62.4%) of them did so within the first 24
hours. Of those who stopped, 78.3% (206/263) gave feedback
and 11.7% (24/263) said it was not useful, 46.1% (95/263) said
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it was because of dataissues, and 42.2% (87/263) did not give
aspecific reason. Table 2 presentsthe proportion of participants
who started receiving each message. Only 12.56% (575/4577)
of those who received message 1 also received the final message
16. Although the television interviews drew the largest number
of new users, only 4.53% (280/6173) of these users completed
the program, whereas 12% (53/441) of the usersfrom radio and
16.47% (28/170) of the users recruited by health care workers
completed the program.

Mash et al

Table 3 shows the time taken to complete the entire program.
Of 510 participants, only 122 (23.9%) participants completed
within the expected 16 days, although most of them completed
within 32 days (n=362, 71%).

Patients al so reported forwarding the messagesto others, which
increased the coverage:

Thank you for the information, very helpful. | did
forward your messages to my friends and families
who are diabetic. [Female, 49 years)

Figure 2. Percentage of people landing on the chatbot per month in 2021 (N=4716).
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Table 2. Proportion of participants receiving each message (N=4577).

September

M essage number and topic

Participants, n (%)

Message 1: Avoiding COVID-19 infection
Message 2: Reducing COVID-19 infection
Message 3: What is diabetes?

Message 4: Eating healthy food types
Message 5: Portion sizes

Message 6: Cooking and meals

Message 7: Drinks

Message 8: Aerobic activity

Message 9: Resistance

Message 10: Medication

Message 11: Low blood sugar

Message 12: High blood sugar

Message 13: Mental health

Message 14: Control and complications
Message 15: Feet

Message 16: Visiting the clinic

4577 (100)
3293 (71.93)
2534 (55.42)
2173 (47.48)
1910 (41.74)
1650 (36)
1470 (32.12)
1210 (26.39)
998 (21.83)
896 (19.56)
837 (18.34)
798 (17.42)
752 (16.43)
697 (15.17)
652 (14.23)
575 (12.61)
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Table 3. Time taken to complete the program (N=510).
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Within number of days

Participants, n (%)

16 122 (23.9)
32 240 (47.1)
48 69 (13.5)
64 56 (11)
80 14(2.7)
9% 3(0.6)
112 5(1)
128 1(0)
Costs implementation and operational costs. The operational cost for

Table4 liststheincremental setup and operationa costsinvolved
in the chatbot. Over the 6-month period, it cost ZAR 255,000
(US $16,876) for setup and ZAR 462,473 (US $30,607) in

Table 4. Incremental setup and operational costs for 6 months.

each person who accessed the chatbot was, therefore, US $6.69.
This amount would decrease if the number of users increased,
as operational costs were not related to the number of users.
The monthly operational cost was US $5101.

Type of costs Costs (ZAR) Costs (US $)?
Setup

Design and development of Chatbot 245,000 16,214

Recording studio 10,000 662

Total 255,000 16,876
Operational

Project coordinator (over 6 months) 150,000 9927

Chatbot operations 291,000 19,259

Promotional materials, design, and printing 21,473 1421

Total 462,473 30,607

31$=ZAR15.11 on March 10, 2022.

Effects

Table 5 shows the proportion of participants who listened to
each message, provided feedback, and found it useful. More
than 90% of those who listened to the messages found them to
be useful. The least useful message was the first one on the
COVID-19infection (3093/3293, 93.92%), and the most useful
was mental health and stress (691/697, 99.1%).

Overadll, 494 participants gave feedback on changes in their
behavior at the end of the program; of these, 351 (71.1%)
reported that they changed a lot, whereas 123 (24.9%) reported
that they changed a little, and 20 (4%) reported no change:

| did find the messages very inspiring and to put it in
action is very important for my health. [Female, 70
years]

All the sessions was applicable to me, | gain more
information at large on how to look and care about
myself. | was negative about my diabetes, after going
through with you all these sessions, | am positive
about it and would like you to continue the excellent
work, thanks a lot. Regards. [Male, 52 years]

https://diabetes.jmir.org/2022/2/e37882

In addition, of the 421 participants, 369 (87.6%) reported that
they were much more confident in self-care for their diabetes:

You help me a lot about a knowledge and confidence
thanks a lot. [Male, 39 years)

Table 6 presentsthe behaviors that people reported as changing
because of the program. The most common changes were in
diet and physical activity. A substantial proportion also
improved their adherence to medication, foot care, and stress
management. Only a small proportion changed their alcohol
use or tobacco smoking, although the proportion of smokers or
using alcohol was unknown:

Yes thank you very much, now | understand my
diabetes condition a lot and already feeling much
better | use to have rash and itchy, now it’'s gone, |
changed the way | eat. [Male, 54 years]

Wish there was more on exercise. [Female, 49 years]
| can say I've learnt a lot about diabetes and can
educate my community more about how to manage

and live healthy lifestyle with diabetes. [Female, 49
years]
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There was no significant association between age, gender, or
language preference and the probability of changing behavior.
Thosewho completed all 16 messageswerelikely tobedightly  or language preference and those who completed the program.

Table 5. Proportion of participants who found each message useful.

Mash et al

older (mean 52.0 vs 50.1 years; mean difference 1.18, 95% CI
0.043-2.32; P=.04). There was no association between gender

Message number and topic Participants, N Participants who found it useful, n (%)
Message 1: Avoiding the COVID-19 infection 3293 3093 (93.9)
Message 2: Reducing the COVID-19 infection 2534 2382 (94)
Message 3: What is diabetes? 2173 2099 (96.6)
Message 4: Eating healthy food types 1910 1835 (96.6)
Message 5: Portion sizes 1650 1660 (97.1)
Message 6: Cooking and meals 1470 1397 (95)
Message 7: Drinks 1210 1144 (94.5)
Message 8: Aerobic activity 998 948 (95)
Message 9: Resistance 896 877 (97.9)
Message 10: Medication _a —
Message 11: Low blood sugar 798 775 (97.1)
Message 12: High blood sugar 752 731(97.2)
Message 13: Mental health 697 691 (99.1)
Message 14: Control and complications 652 635 (97.4)
Message 15: Feet 575 565 (98.3)
Message 16: Visiting the clinic 533 524 (98.3)

3Data not available.

Table 6. Changes in specific behavioral issuesin self-care for diabetes (N=414).

Behavioral change Yes, n (%)
| changed my diet 315 (76.1)
| changed physical activity 222 (53.6)
I improved adherence to medication 182 (44)

I changed my foot care 178 (43)

| changed my stress management 186 (44.9)
| changed my smoking 34(8.2)

| changed my alcohol intake 46 (11.1)
| changed something else 27 (6.5)

Sustainability
All respondents agreed that the chatbot service should continue

and made many suggestions to improve or extend the service
and itsintegration into the MHS:

Don't stop what you're doing, don’'t stop. Digital
health is the future, but digital health is a
complimentary serviceto what you aredoing. We are
not getting to the people prof. We're not getting to
people with diseases like diabetes. It's going to be
the leading killer. You know heart disease, these are
controllable but there’s like controllable at a personal
level. [Aviro Health]

https://diabetes.jmir.org/2022/2/e37882

RenderX

| think that this program should definitely be
sustained. | think we' ve seen that there is an appetite
for it just simply by the number of users who
landed...it's not just about people who complete a
program but people who show interest by just
on-boarding. And we' ve seen spikesin those numbers.
Particularly when there were roadshows. [Aviro
Health]

Health care workers and managers suggested that additional
services be developed for other chronic diseases, such as
hypertension, heart failure, asthma, and chronic obstructive
pulmonary disease. The chatbot could complement consultations
and make them more efficient while providing more
comprehensive information than would be possible in a short
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consultation. A menu of WhatsApp-based patient education
programs for chronic conditions could be provided:

It can happen for different chronic diseases it could
really helpin consultationsto cut it alittle bit shorter,
it'squiteimportant and | do think it would be hel pful
to roll it out or try it for different chronic diseases.
[Medical officer]

The staff who implemented the chatbot recommended that it be
introduced to all auxiliary workers, clinicians, and health care
workers treating patients with diabetes and incorporated into
all consultations and home visits. The chatbot should be
promoted as part of service delivery through the usual
management structures:

Fromthe facility perspective, | think having to get all
the health workersinvolved and not just speak to the
Doctors, but like | say the CNPs and the CDCs as
well, so we are a CHC but there are CDCs in our
areas, so having to maybe speak to the CNPs and
everyone that is involved with treating diabetic
patients. [Medical officer]

| think it should be from our department or all the
other sub-structures needs to be informed...we need
to be trained on this chat group and it should be a
natural thing in the Day Hospital where everybody
has their number...all our clinicians have their little
flyer and it also explain to the person that maybe
missed me when | was talking. [Health educator]

In addition, respondents suggested that it should be integrated
with the Pocket Clinic as one package of WhatsA pp-based
services for people. This would consolidate services via
WhatsApp and build people's avareness and confidencein such
a system. It was also suggested that the chatbot could be
promoted via the parcel of medications that stable patients
received:

| know the pocket clinic is working quite well and |
think if it is integrated it might work better because
| really think like stand-alone things like that don’t
work. So once its integrated into a system it might
actually work better. [Family physician]

But also with the medication, it is theoretically
possible to say everybody that's getting diabetic
medication through the CDU system, should
automatically with their parcel, get a thing saying
“ please WhatsApp the following number if you're
interested in getting more information” [MHS
management]

Ideally, data from the chatbot service should also be integrated
with district health information (eg, single patient viewer) so
that health care workers could see who has accessed the material.
There might also be an option to suggest the chatbot to patients
who had poorly controlled diabetes.

The chatbot could be scaled up if a no-cost health data option
was made available to users through cellular networks, similar
to the no-cost data packages offered to students during the
COVID-19 pandemic and lockdown. This would eliminate
financial barriers and enable access to all potential users. In
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addition, a website could be developed in which users could
access messages without any subscription or downloading costs.

Introducing other languages into the chatbot would also allow
for it to be scaled up nationally, outside the Western Cape. Some
minority and migrant groups within Western Cape might also
benefit from other languages.

Finally, the technology needs to ensure that it can go to scale
and avoid technical problems experienced during the study
period. Communication and monitoring of errors between the
WhatsApp service provider and Aviro Health must beimproved.
Aviro Health al so suggested that afeedback or help option could
be added to the platform so that end users could directly provide
feedback. Going to scale might also improve the service, as
Aviro Health commented that the WhatsApp service provider
regarded this as a small-scale and relatively unimportant
initiative:
Mostly around the technical infrastructure. It
is...yeah, in terms of their technical infrastructure
there are times where there might be errors. So we
send out a message from our system. And like | said,
they'rethe middleman, so it kind of goesthrough their
console, before it goes to users. And sometimes we
didn’t receive error messages or error logs and that
isdueto kind of how their tech stack is set up. [Aviro
Health]

Discussion

Principal Findings

The chatbot was adopted as a useful innovation in response to
the COVID-19 pandemic and was rapidly developed and
implemented. It was feasible to implement via health services
and media and for people with type 2 diabetes to use in our
context. Minor changes were made to the chatbot to improve
usability and solve technical glitches. Coverage was sufficient
for 8158 participants to land on the chatbot, 4577 to consent,
and 575 to complete all 16 messages over a 6-month period.
Incremental costs were US $16,876 for setup, and operational
costs were US $30,607. Patients reported substantial changes
in their confidence in self-managing diabetes and behavior
change. All stakeholders supported the continuation of the
chatbot, although health services must make a final policy
decision in the future. There is potential to include other
languages and conditions.

Discussion of Key Findings

Thekey findingswill be discussed in relation to “the framework
(abbreviated NASSS) for studying the Non-adoption and
Abandonment of technologies by individua s and the challenges
to Scale-up, Spread and Sustainability of such technologiesin
health and care organizations’ [25]. The NASSS framework
has 7 components: condition, technology, value proposition,
adopters, organization or organizations, wider system, and
embedding and adaptation over time. These components have
been identified through the synthesis of multiple theories of
technological implementation and the realization that many
innovations do not succeed for avariety of complex reasons.
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The focus of the intervention on diabetes was affirmed by
respondents as a key strategy during the COV1D-19 pandemic.
We were not able to determine any improvement in glycemic
control among users, but previous studies have suggested a
modest but clinically significant improvement in HbA ;. levels
[14-16]. Similarly, the number of hospitalizations and deaths
averted from COVID-19infectionsisunknown. Feedback from
patients suggested changesin lifestyle modifications, medication
adherence, and confidence in self-management, which would
be consistent with improved glycemic control. Ideally, aclinical
trial should be conducted to confirm that the intervention is
effective in improving control over type 2 diabetes.

Overall, thetechnology appeared to be agood fit with the target
audience, who mostly had smartphones, were familiar with
WhatsApp, and could afford data. Several strategies were
mentioned for peoplewho did not meet these criteria. Cell phone
penetration is known to be high in low-socioeconomic
communitiesin South Africa, and WhatsA pp has beenidentified
asthe preferred mode of communication for peoplewith diabetes
[7,13]. Although several other educational appsfor diabetesare
available on the market, they may target patientsin the private
sector with more resources and a different lifestyle than those
using the public sector. They may also assume a higher data
use. Therefore, the chatbot may be more appropriate for
communities dependent on the public sector. To resolve
problems more quickly, a help desk function would be useful
to allow usersto report errors and get assistance. If the chatbot
is scaled, it will require more robust systems and regular
monitoring to work at a sufficient level of stability to be
acceptable outside of apilot setting.

In terms of the value proposition, the value to health services
was the possibility of reduced morbidity and mortality from
both diabetes and COVID-19 infection while decongesting
primary care facilities and freeing up the capacity to respond
to the pandemic. The costs per patient were at par with a
monthly prescription for diabetes medication. The per capita
cost would also decrease with scale-up and increased reach.
Theimpact of the chatbot will also depend on the coverage and
going to scale. Reach was amplified by the use of media,
particularly television, but this recruitment strategy is not
sustainable. Reach via hedlth care workers was on a much
smaller scale, and scal e-up would require the use of the chatbot
to be embedded routinely into clinical encounters.

Valueto the technology company wasless certain. The mission
of Aviro Health “isto help health care workers focus on more
complicated cases by providing technology-enabled services
that automate workflows, improve access to quality medical
information, and provide digitally-enabled counselling services”
[26]. Thefuture commitment of Aviro Health isinterdependent
on the policy and priorities of the Department of Health and
whether they are willing to contract in the longer term. Aviro
Health are also keen to change the WhatsApp service provider
to prevent technologica problems and enable scalability. This
would require redesigning the product using new software and
additional development costs.

The value to patients was clear in terms of the potential to
support a comprehensive understanding of their condition and

https://diabetes.jmir.org/2022/2/e37882

Mash et al

self-management. Such comprehensive patient education is
oftenlacking in primary care services[27,28]. Thelarge drop-off
in potential usersthat land on anew digital product and actually
useitiscommon in thisenvironment. Each message was found
to be useful by those who listened to it. However, only a small
proportion of patients completed all 16 messages, and retaining
users’ attention over a prolonged period is a challenge for such
interventions. This also raises the question as to whether the
number of messages should be reduced. Further evaluation of
the service by users might answer some of these questions.

The cost of data was minimal, even in poor communities, as
100 MB would cost between US $0.66 and US $0.99 for the
entire program. The timetaken to listen to the messages did not
appear to be an issue, and users could stretch the program for
morethan 16 days. Thereach waslimited to the X hosa-speaking
population, althoughitislikely that many first-language Xhosa
speakers chose to listen in English. However, overall, the value
proposition appeared to be favorable for all stakeholders.

The chatbot was easily adopted by most userswho were already
familiar with WhatsA pp and smartphones. Older peoplerequire
assistance in understanding the process. Health care workers
overcametheir initial resistance to adopting anew task, asthey
realized that the chatbot could save them time and add value
for the patient. However, the promotion of the chatbot needs to
be embedded into clinical practice, be part of the orientation of
new health care workers, and be introduced to everyone who
interacts with patients (eg, pharmacy assistants, pharmacists,
and dieticians). The ongoing adoption of the chatbot may also
depend on the ownership of the initiative by MHS managers
from the facility to district level.

During the pandemic, the MHS showed an ability to innovate
and adapt rapidly to the situation, as exemplified by their support
for the chatbot. Going forward, however, the organi zation must
make critical decisionsregarding the use of digital solutionsfor
primary health care. Almost all facets of primary health care
need improved electronic information systems, from the need
for electronic medical records to mHealth systems for CHWs.
Technological and informational decision-making is complex
and difficult, and the place of WhatsApp-based services is not
yet clear. There is a need for a coherent and integrated digital
architecture and policy rather than an eclectic mix of digital
innovations and projects, each trying to solve a problem in
isolation. There is also atension between a desire to innovate
in-house, to own the technology and control the product, and a
need to move quickly with the help of external companies that
already have expertise in the area but on whom you become
dependent. The future of the chatbot in its current form is
threatened by inertiain such complex decision-making, which
may not reach a conclusion quickly enough and might decide
against the current model. However, respondents were positive
about the potential future contribution of WhatsApp-based
services.

The COVID-19 pandemic has highlighted the importance and
value of digital health solutions. Examples include telehealth,
web-based consultations, remote monitoring, and WhatsApp
messaging [29]. Funders such as the Bill and Melinda Gates
Foundation have recently emphasized their interest in funding
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digital health solutions for primary health care, and the climate
for such innovations is favorable [30]. There are medicolegal
concerns with clinicians using WhatsApp to share patients
medical details and with the collection of personal information
by third parties[31]. Medical ethics and professionalism must
adapt their principles to guide professionals in the digital age.
However, the chatbot did not raise any such concerns.

Limitations of the M ethods

Quantitative data were limited to what was routinely collected
by the chatbot, which was not primarily designed to collect
research data. For example, we had no data on where patients
were located, their clinical history, glycemic control, or risk
factors. Although we hoped to interview patients and obtain
their qualitative feedback, this was not possible. First, the
COVID-19 pandemic madeit impossibleto conduct face-to-face
interviews. Second, the recent Protection of Persona
Information Act in South Africa and standard Aviro Health
termsand conditionsdid not allow for the sharing of confidential
patient contact details with the researchers. Qualitative data
were obtained by interviewing other key stakeholders.
Qualitative researchers were involved in implementing the
chatbot and evaluating the implementation. On the one hand,
this meant that researchers had in-depth insights into the issues
raised by interviewees; on the other hand, they were committed
to the project’s success and could have been inclined to amore
positiveinterpretation of the data. The blurring of roles between
implementation and implementation evaluation is common in
embedded research and implementation science [32].

Recommendations

This evaluation supports the value of the chatbot and the need
tosustainit. Although theinterventionitself isrelatively smple,
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the complexity of decision-making around digital health
solutionsin the health servicesand financially constrained health
sectors may prevent any immediate long-term commitment.
Should the health services commit to the chatbot in the future,
thereis potential to add more languages and chronic conditions
and evaluate it further. The Diabetes Alliance strongly
recommends the use of such servicesin South Africa[33]. Such
chatbots could have the potential to scale up nationally and even
within the region. Future research can eval uate users’ experience
and feedback on the content and the effectiveness of the
education by measuring clinical outcomes such as HbA ..

Conclusions

The chatbot was seen as an acceptable initiative by the MHS
and quickly adopted during the COVID-19 pandemic to assist
people with diabetes. The initiative appeared to be appropriate
and useful to patients, with reported improvementsin confidence
and self-management. The chatbot was feasible to implement
despite some technical glitches, and most patients had access
to smartphones and sufficient data and were able to navigate
the system. There was fidelity to the original design, although
the text was simplified and more infographics were added to
support the usability and retention of users. Coverage by health
care workers was slow and amplified dramatically by the use
of radio and television media. Costswere relatively modest and
would improve with economies of scale. Respondents thought
the chatbot should be sustained and saw the potential for adding
languages and other conditions. Sustainability, however, is
generally dependent on organizational decision-making around
policy, costs, and design of digital health solutions. Further
research should explore patients' perspectives and effectiveness
of the chatbot.
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Abstract

Background: Continuous glucose monitors (CGM) can provide detailed information on glucose excursions. There is little
information on safe transitioning from hospital back to the community for patients who have had diabetes therapies adjusted in
hospital and it is unclear whether newer technologies may facilitate this process.

Objective: Our aim wasto determine whether offering CGM on discharge would be acceptable and if CGM initiated on hospital
discharge in people with type 2 diabetes (T2DM) would reduce hospital re-presentations at 1 month.

Methods. Thiswasan open-label study. Adult inpatientswith T2DM, who were to be discharged home and required postdischarge
glycemic stabilization, were offered usual care consisting of clinic review at 2 weeks and at 3 months. In addition to usual care,
participants in the intervention arm were provided with a Libre flash glucose monitoring system (Abbott Australia). An initia
run-in phasefor thefirst 20 participantswas planned, where all consenting participants were enrolled in an active arm. Subsequently,
all participants were to be randomized to the active arm or usual care control group.

Results: Of 237 patients screened during their hospital admission, 34 had comorbidities affecting cognition that prevented
informed consent and affected their ability to learn to use the CGM device. In addition, 21 were not able to be approached as the
material wasonly in English. Of 101 potential participantswho fulfilled eligibility criteria, 19 provided consent and were enrolled.
Of the 82 patients who declined to participate, 31 advised that the learning of a new task toward discharge was overwhelming or
too stressful and 26 were not interested, with no other details. Due to poor recruitment, the study was terminated without entering
the randomization phase to determine whether CGM could reduce readmission rate.

Conclusions: These results suggest successful and equitable implementation of telemedicine programs requires that any human
factors such as language, cognition, and possible disengagement be addressed. Recovery from acute illness may not be the ideal
time for introduction of newer technologies or may require more novel implementation frameworks.

(JMIR Diabetes 2022;7(2):€35163) doi:10.2196/35163

KEYWORDS
CGM; continuous glucose monitor; hospital; discharge; T2DM; type 2 diabetes; diabetes; glucose monitoring

telemedicine on hospital readmission rates have yielded mixed
results. A capitated telehealth coaching service did not reduce
hospital readmissions; however, there was a reduction in acute

Introduction

The COVID-19 pandemic has accelerated the incorporation of

telemedicine including remote monitoring into patient care,
including the outpatient setting [1]. There are many potential
benefits associated with remote patient monitoring in a large
range of chronic conditions[2]. Studies assessing the effect of

https://diabetes.jmir.org/2022/2/e35163

hospital bed days[3]. In patientswith heart failure, asystematic
review found that a reduction in hospitalizations was
accompanied by an increase in nonemergency outpatient visits
[4]. Glycemic therapy frequently requires revision during
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hospital stay [5]. Thereislittleinformation on safetransitioning
from hospital back to the community for patientswho have had
diabetes therapies adjusted in hospital. It is unclear whether
telemedicine may facilitate this process. Unplanned hospital
readmissions are higher among those with diabetes [6]. A risk
factor for hospital readmission for hypoglycemiaisapreceding
recent hospital admission [7], suggesting that failure to
adequately titrate therapy postdischarge is a contributor to
readmission. Processesto facilitate better continuity of carefor
those with diabetes may reduce unplanned readmissions [6].

Continuous glucose monitors (CGMs) are minimally invasive,
recording interstitial glucose levels every 5-15 minutes [8].
Since CGMs provide a more comprehensive overall glucose
profile, both the person with diabetes and the clinician, either
face-to-face or remotely, have more detailed information to
personalize glycemic management plans[9]. CGMsare standard
of care for most people with type 1 diabetes [10]. The role of
CGMs in type 2 diabetes (T2DM) is less clear, with variable
impacts on glycemic control [11-13].

The aim of our study was to determine whether the use of
continuous subcutaneous glucose monitoring in patients with
T2DM being discharged from hospital would reduce unplanned
hospital re-presentations at 1 month as compared to a control
group using capillary blood glucose meters. The secondary aim
wasto determine whether continuous glucose monitoring would
be acceptable in this cohort.

Methods

Participants

The study was conducted at Prince of Wales Hospital, atertiary
referral teaching hospital in an urban area of Australia. There
are approximately 50,000 admissions annually. Although
servicing abroader area, the hospital islocated in the Randwick
local government area, where 18% of residents are aged =60
yearsand 29% of the residents are from countrieswhere English
isnot their first language. Inpatient care of diabetesis primarily
the responsibility of the admitting team. Consultations to the
diabetes service are made on an ad hoc basis by formal referral
from the admitting team. Potential participants were identified
from consultations to the diabetes ward service, and so could
be recruited from any medical or surgical wards. Inclusion
criteria were adult inpatients with T2DM as primary or
secondary diagnosis, who were to be discharged home and
required postdischarge glycemic stabilization. Exclusion criteria
were patients with other forms of diabetes, or who were unable
to provide consent. Potentia participants were approached
between October 1, 2019, and March 20, 2020.

Study Design

Thiswas an open-label, prospective, controlled study. Potential
participants were identified by the endocrinologist or fellow
providing ward consultation service and recruitment was
undertaken by aclinician not involved in the care of the potential
participant. An initial run-in phase for the first 20 participants
was planned, where all consenting participants were enrolled
in an active arm. The run-in period enabled the establishment
of streamlined referral pathways and familiarization with

https://diabetes.jmir.org/2022/2/e35163
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technology platforms. Subsequently, all participants wereto be
randomized to the active arm or usual care control group.

Intervention

Usual care consisted of clinic review at 2 weeks (with a
credentialled diabetes nurse educator who had provided the
participant with education when they were an inpatient) and at
3-4 months (with an endocrinol ogist or trainee who had provided
the inpatient diabetes consultation if new to the outpatient
service, or if known to the service, then with their usua
endocrinologist). In addition to usual care, participants in the
intervention arm were provided with Libre flash glucose
monitoring system (Abbott Australia). Education on the use of
the glucose monitoring system was provided by a credentialled
diabetes educator. A disposable sensor was applied to the back
of the upper arm on the day of discharge. No capillary
calibration is required. Participants were provided with a
handheld reader and encouraged to pass the reader over the
sensor at least 3 times per day. Glucose results are available in
real time to the participant and glucose data can be downloaded
and reviewed with the participant at the 2-week visit. The
manufacturer did not supply the device and was not involved
with the study in any way.

Ethics Approval
Ethics approval was granted by the South Eastern Sydney Local

Health District Human Ethics committee (18/263
HREC/19/POWH/102).
Data Analysis

The primary outcome was to determine whether the addition of
subcutaneous continuous glucose monitoring to usua care
during glycemic therapy stabilization after hospital admission
can reduce the number of unplanned hospital re-presentations
in the first month following discharge. The secondary outcome
was assessment of the acceptability of continuous glucose
monitoring after hospital discharge.

We planned to recruit 440 patients. Early unplanned hospital
re-presentation for patients with type 2 diabetes are up to 20%
[14]. In medical service patients with glycated hemoglobin
(HbA,.) of 8% or higher, intensification of glycemic
management during admission was associated with reduced
30-day readmission (adjusted oddsratio 0.33, 95% CI 0.12-0.88)
[14]. We planned to study intervention cases and controls with
1 control per intervention case. Our unpublished data for our
hospital indicated that the readmission rate among controls is
20% at 1 month. If the readmission rate for experimental
subjectsis 10%, wewill need to study 199 experimental subjects
and 199 control subjectsto be ableto reject the null hypothesis
that the failure rates for experimental and control subjects are
equal with probability 0.8. Thetypel error probability associated
with this test of this null hypothesis is 0.05. We estimated a
dropout rate of 10%. Logistic regression models will be
constructed for primary outcome of unplanned hospital
re-presentations within 30 days of discharge with CGM
provision in addition to usual care versus usual care alone as
theindependent variable and admission type (medical vssurgical
admission) and age as covariables. To assess the secondary
objective of acceptability of the CGM, the response at 2 weeks
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postdischarge to a 4-point Likert question (“How satisfied are
you with the medical devices available for you to monitor your
glucoselevels?’) between theintervention and usua care groups
will be compared. Data were collected prospectively.

Results

A total of 237 patientswere screened for eligibility from October
1, 2019, prior to study suspension on March 20, 2020, due to
poor recruitment and restrictions on non—COV I D-19 research.
Overall, 136 patients were not eligible (other forms of
diabetes=32, limited ability to provide informed consent dueto
cognitive comorbidities=34 or because the study material was
only provided in English=21, antihyperglycemic agent titration
was not required on discharge=14, goals of care changed to

Table 1. Characteristics of 19 study participants.

Depczynski & Poynten

palliation=8, out of area and unable to attend for review=9,
other care destination after discharge=18). Of the 101 potential
participants who were approached over 5 months, 19 were
recruited and completed the study. Participant characteristics
are given in Table 1. Of 19 participants, 2 were readmitted
within 1 month of their participation. HbA ;. improved (or was
stable when to target) in 17 of 18 participants who had a
3-month HbA ;. result available. Of the 19 participants, 16 were
very satisfied and 3 fairly satisfied with the medical devices
available to monitor glucose levels at 2 weeks postdischarge.
Of the 82 patients who declined to participate, 31 advised that
thelearning of anew task toward discharge was overwhelming
or too stressful, 26 were not interested, 15 did not wish to attend
for follow-up, 6 were approached but were discharged after trial
closure, and 3 elected to self-fund CGM.

Variable Values
Age (years), median (range) 68.5 (32-75)
Sex, n (%)
Male 14 (74)
Female 5(26)
Length of stay (days), median (range) 8 (2-36)

Glycated hemoglobin at enrolment (%), median (range)
Glycated hemoglobin at 3 months (%), median (range)
Admission type, n (%)

Endocrinology

Other medical specialties

Surgical specialties
New diagnosis of diabetes, n (%)

Requiring insulin on discharge, n (%)

10.9 (6.5-14.8)

8.0 (5-10.8)2

6(32)
7(37)
6(32)
4(21)
19 (100)

8Result from 18 patients.

Discussion

Principal Findings

Only 19 of 101 potentia participantswere recruited to the study.
Of the 19 participantsin theintervention arm, only 2 (10%) had
an unplanned hospital re-presentation in the first month after
discharge, versus a published rate of 17% [14]. Participants
were satisfied with the CGM. Although telehealth has the
potential for enhanced clinical care [15], our negative study
demonstratesthe difficultiesinimplementing new technologies
in a cohort of older adults with chronic illness after acute
hospitalization. Our study supports previouswork that suggests
human factors may impede the uptake of newer technologies
[16]. Our study highlights patient concerns and barriers that
will need to be addressed if telemedicine is to be provided
equitably. Thisincludes addressing cognitive and mental health
barriers. The provision of culturally, socially, and educationally
appropriate technical material in a range of languages may be
required. Acuteillness and transitioning homeisastressful time
for a person and their support network, and so may not be a

https://diabetes.jmir.org/2022/2/e35163

suitable timeto introduce new diabetes self-management tasks.
This is in addition to limited access to technology and
telemedicine“unreadiness’ being high among older adults[17].

The underpowered sample size and early termination were
significant limitations to our study, and we were not able to
address our primary or secondary aims. A further limitation is
that we were unable to ascertain whether our low recruitment
rate, particularly for those not wishing to attend a follow-up
clinic visit, may reflect reticence due to recovery from acute
illness or chronic disease burnout. It is unclear whether our
intervention would have been more acceptable if offered at a
different time point in the provision of diabetes care [18]. Age
may be another factor; a recent study has shown a low
participation rate of approximately 10% for a remote,
technology-based intervention for adults with an average age
of 60 yearswith chronic disease [19].

Conclusion

Diabetes therapy frequently requires adjustment on discharge
from hospital. Newer technol ogies such as CGM provideamore
comprehensive glucose profile that can be incorporated into
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remote patient monitoring. Where used, satisfaction with such  introduce complex new technologies to patients. In embracing
newer technologies to facilitate telemedicine for diabetes thepromise of telemedicineincluding remote monitoring, further
management is high. The limited recruitment to our study research on addressing human factors, to ensure equity, is
suggests hospital discharge may not be the optimal time to  required.
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Abstract

Background: People with gestational diabetes have enhanced learning requirements during pregnancy, and management of
their disease often requires the translation of health information into new health behavior changes. Seeking information from the
internet to augment learning from health professionals is becoming more common during pregnancy. YouTube is a popular free
and accessible web-based resource, which may be particularly useful for individuals with low health literacy or other barriersto
receiving high-quality health care; however, the quality and content of YouTube videos varies, and little is known about those
covering gestational diabetes.

Objective:  We aimed to systematically evaluate the quality, content, and reliability of YouTube videos about gestational
diabetes.

Methods: A systematic search of YouTube videos was conducted over the course of 1 week in April 2020 using the following
keywords. “gestational diabetes,” “gestational diabetes management,” “gestational diabetes treatment,” and “pregnancy and
diabetes” The search resultswere displayed by relevance, replicating adefault YouTube search attempt. The first 60 resultsfrom
each keyword were reviewed (n=240). Exclusion criteria were videos unrelated to gestational diabetes, videos not in English,
and those for which the full video was not available at the time of review. For each unique video, a gestational diabetes content
scorewas used to rate video comprehensiveness and accuracy, and the DISCERN instrument, avalidated metric to assess consumer
health information, was used to evaluate the reliability of information presented. Videos were further categorized by quality:
videos with DISCERN scores lower than 3 (out of 5) or a content score less than 4 (out of 7) were categorized as low quality,
and all others were designated high quality. We performed descriptive analysis and compared video characteristics by source and
quality rating.

Results: For 115 unique videos, the mean content score (out of 7) was 3.5 (SD 2.0) , and the mean DISCERN score (out of 5)
was 2.7 (SD 0.7), representing low to moderate information comprehensiveness and reliability respectively. Video sources were
categorized as persona viog (12/115, 10.4%), web-based education (37/115, 32.2%), medical (52/115, 45.2%), business or
company (13/115, 11.3%), and media clip (1/115, 0.9%). DISCERN and content scores trended higher among medical and
web-based education videos. The magjority of videos (n=88) were categorized as low quality, while 27 videos were categorized
as high quality. Video duration was longer for high-quality videos (P<.001); high- and low-quality videos otherwise had similar
views and viewer interaction numbers.

Conclusions: Although high-quality videos about gestational diabetes exist, reliability, accuracy, and comprehensiveness were

low overall, and higher quality was not associated with increased viewer interaction. It isimportant to acknowledge the limitations
of this platform and to assist patients in accessing high quality content and differentiating the quality of information sources.
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Introduction

Gestational diabetesis one of the most common complications
of pregnancy. Untreated or undertreated gestational diabetesis
associated with perinatal and maternal complications, including
preeclampsia, macrosomia, neonatal hypoglycemia, and
maternal risk of developing type 2 diabetes [1]. Because
management of gestational diabetes may include acombination
of nutritional therapy, physical activity, blood glucose
monitoring, or medication, affected individuals require health
behavior changes beyond those required during routine
pregnancy care in order to have best outcomes [2-4]. These
increased requirements are particularly noteworthy because
individuals with gestational diabetes are more likely to belong
to racial, ethnic, and socioeconomic groups that face barriers
to access to high-quality care [1,5,6]. Because an individua’s
access to and application of informative resources about
gestational diabetes testing, treatment, and self-management
may determine their risk of adverse pregnancy outcomes,
improving accessto high-quality health information and support
for health behavior changeis crucia [6-10].

Theinternetisawidely available, increasingly accessed resource
for health information, and it isacommon source of information
for pregnancy-related health concerns[11,12]. Multiple studies
[13-17] havefound high prevalences of internet and other digital
media use among pregnant patients in the United
States—estimated to be greater than 70% among patients of
different ages, races or ethnicities, and socioeconomic groups.
Web-based information-seeking has been reported for many
pregnancy-related topicsincluding fetal devel opment, pregnancy
complications, prenatal care, medication safety, nutrition, and
gestational weight gain [15,17-19]. The rapidity of information
access and availability of supplemental explanation are reported
advantages of seeking information from the internet [17].
YouTube is a particularly important source of health
information, both because of its popularity as one of the most
used web-based platforms, and because its information is
unregulated [20-25]. Evaluations on a variety of topics,
including infertility treatment, medication safety during
pregnancy, and diabetes outside of pregnancy have reported
variability in the value of YouTube as a health information
source and some found that videos provided incomplete or
misleading information, while others have reported advantages,
including the availability of personal experience—based
information [26-28]. However, littleisknown about the content
and quality of information from YouTube on gestational
diabetes.

Given the emerging role of web-based platforms—including
YouTube—as health information resources, and theimportance
of optimizing health care information and interventions for
individuals with gestational diabetes, it is important to learn
more about the content and quality of resources about gestational
diabetes that are available on YouTube. Restrictions on access

https://diabetes.jmir.org/2022/2/e30156

to care [8], limited health literacy [18], and lack of availability
of culturally appropriate interventions[8,29,30] arewell-known
barriersin the provision of prenatal carefor gestational diabetes,
and understanding resources—such as videos available on
YouTube—that may help combat those barriersis vital. Thus,
our objective was to examine the quality and content of videos
about gestational diabetes in order to ultimately develop
opportunities for better, more accessible health care delivery.

Methods

Search Strategy

We systematically reviewed YouTube content on gestational
diabetes on April 30, 2020. Search terms were identified in
consultation with 2 perinatal diabetes care specidists (CN and
LY), and Google Trends was used to identify top searches
associated with gestational diabetes. The search was then
conducted on a cache-cleared web browser using incognito
mode with the following terms. “gestational diabetes
“gestational diabetes management,” “gestational diabetes
treatment,” and “pregnancy and diabetes” The search was
conducted viapublic access—aregistered account was not used.

Search resultswere displayed by relevance, which isthe default
search setting. The first 60 results—representing the first 3
pages of results—from each keyword search werereviewed and
analyzed. The sample size and sort strategy were selected based
on research indicating that the majority of internet searchers
view only 1 page of results, and 83% of searchersview no more
than 3 pages [31]. Duplicate videos, videos unrelated to
gestational diabetes, videos in a language other than English,
and clips for which the full video was unavailable were
excluded.

Data Extraction

Descriptive characteristics of each video were collected,
including video length, number of comments, channel number
of subscribers, number of views, number of likes, and number
of dislikes. Collection of this information was completed by 1
reviewer (EB), over the course of 1 week (from April 26, 2020
to May 2, 2020) to minimize variability in number of viewsand
other characteristics collected. Source characteristicswere also
gathered from each video. These included the video source and
whether the video was a character video, which was defined as
avideo in which a specific, identifiable person was presenting.
Video source was determined based on the affiliation of each
video's author when available (eg, identified as an employee
of ahospital system or pharmaceutical company), or the channel
description and theme (eg, medical school test preparation
videos or personal vlog in which the author presents primarily
personal experiences).

Content and Quality Assessment

Criteriato judge video content were formul ated from American
College of Obstetricians and Gynecologists recommendations
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for management of gestational diabetes, and in consultation
with perinatal diabetes care specialists (CN and LY). Video
comprehensiveness and accuracy of information provided about
(1) screening or testing guidelines; (2) treatment for gestational
diabetes self-management; (3) nutrition information; (4)
information about the purpose of gestational diabetes treatment
and benefits; (5) blood glucose level monitoring guidelines; (6)
gestational diabetes effects on long-term maternal health; and
(7) gestational diabetes effects on the fetus. These topics were
selected because they represent key foundational knowledge
regarding gestational diabetes that is essential for participants
to understand their condition, participatein self-monitoring and
management, and engage in health care to prevent adverse
perinatal outcomes. To evaluate videos, we used a content
score—1 point for each content area addressed accurately in
the video (ie, the video included relevant information in that
topic area, though depth of explanation varied); thus, a
maximum score of 7 was possible if a video covered the
comprehensive range of topics about gestational diabetes
accurately. Similar assessments have been performed in prior
evaluations of YouTube videos as a health information source
[32-36].

The DISCERN instrument [37] was used to assess the quality
and reliability of the videos as information sources. The
DISCERN instrument consists of 16 questions assessing the (1)
reliability, (2) quality, and (3) overall rating of web-based
publications. DISCERN criteria are written as questions and
arerated on ascale from 1 (not satisfied) to 5 (fully satisfied).
The DISCERN tool has been validated for use in a variety of
settings, and it has been used in similar studies that have
evaluated YouTube videos as a source of health information
[34,35,38-42].

A combination of both scoring techniques was used to divide
videos into high- and low-quality categories. Videos with a
mean DISCERN score less than 3 or a content score less than
4 were defined as low quality; otherwise, videos were defined
as high quality. These quality cutoffswere chosen because they
correspond to a DISCERN rating representing potentially
important shortcomings or an inclusion of fewer than half of
the expert-devel oped content topics, respectively, both of which
affect the overall quality of the video as a reliable
comprehensive source of information.

After determining evaluation criteria, 2 videos were assessed
collaboratively by 3 reviewers (EB, JJ, ED) to establish
consensus on the application of these criteria and scoring.
Subsequently, these 3 reviewers independently evaluated the
same 15 randomly selected videos for content and reliability.
The remaining videos were then divided evenly among the
reviewers, and each was evaluated using the established
standardized criteria. Data for each video were collected and
stored using REDCap (Vanderbilt University) software.

Statistical Analysis

Statistical analyses were performed using Excel software
(version 2020; Microsoft Inc). Interrater agreement was analyzed
using intraclass correlation coefficients and single-factor
analysis of variance. Descriptive statistics were used to evaluate
study data. Frequencies were used to describe categorical
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variables; normally distributed continuous variables were
presented as means, and nonnormally distributed variables as
medians. The Kruskal-Wallis test for intergroup comparison,
Spearman rank correlation, and Wilcoxon rank-sum test were
used for analysisinvolving nonnormally distributed continuous
variables. A P value<.05 was considered significant.

Ethics Statement

Thisstudy was deemed exempt from review by the Northwestern
University institutional review board becauseit doesnot involve
human participants.

Results

The mean scoring disparity for the 15 videos was 0.27 (for
DISCERN), and correlation was 88% (intraclass correlation
0.81), indicating a high level of interrater agreement. Of the
240 videos initialy identified, 109 were duplicates, 3 were in
a language other than English (Urdu, Nepali, Bengali), 2 with
full videos unavailable at the time of datarecording, and 11 had
aprimary topic that was not gestational diabetes. After applying
exclusion criterig, 115 videos remained for analysis (Figure 1;
Multimedia Appendix 1). Video characteristics (Table 1) varied
widely, for example, the number of comments ranged from O
to 651, and the number of channel subscribers ranged from O
to 2 million. Out of 115 videos, 64 videos were categorized as
character videos.

DISCERN scores (Table 2) ranged from 1.4 to 5, but were, on
average, low (mean 2.70, SD 0.73). Content scores were
similarly low; on average, videos contained accurate information
on 3.5 out of the 7 topics (SD 2.01). The mgjority of videos
(77/115, 67%) contained information about some type of
gestational diabetes treatment, including medical nutritional
therapy, physical activity, insulin, or oral medications. However,
fewer videos contained information about nutritional guidelines
for patients with gestational diabetes or about blood glucose
monitoring (Figure 2). Of all video characteristics, only duration
was significantly positively associated with both DISCERN
score (P<.001) and topic score (P<.001).

The sources of videosincluded medical institutions or hospitals
(52/115, 45.2%), web-based education (37/115, 32.2%), persona
vlog (12/115, 10.4%), business or company (13/115, 11.3%),
and media (1/115, 0.9%). The singlevideo in the media category
had the second highest number of views, comments, and
subscribers; the highest number of dislikes; and was in the top
10 videos by number of likes; however, because the media
category had only 1 video, it was not included in comparisons
of characteristics by source. Among other sources (Table 3),
personal vliogs were longer (P<.001), with more comments
(P<.001), likes (P=.001), and dislikes (P=.01); there was no
significant difference in views (P=.22) or subscribers (P=.60).
Themean DISCERN scorewas highest for web-based education
videos (mean 2.91, SD 0.79), followed by that for videos from
medical ingtitutions or hospital (mean 2.69, SD 0.64).
Web-based education was the source with the highest average
topic score (mean 4.3, SD 1.93).

Of 115 videos reviewed, 27 videos were designated as high
quality, and 88 videos were designated as low quality. The
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low-quality group included 12 videos that were rated as low
only because they included fewer than 4 topics; their DISCERN
scores ranged from 3.0 to 3.6. Therefore, the scoring system
did not result in alarge number of videoswith reliable in-depth
information about asmall number of topics, but instead, asmall
number of videos with moderate reliability and low topic

Birch et al

categorization. Longer video duration was associ ated with higher
quality (P<.001), but the numbers of views, comments, likes,
didlikes, and subscriberswere not associated with quality (Table
4). Among high-quality videos, 24 out of 27 were from
web-based education or medical sources, 2 were personal vlogs,
and 1 was from a business or company.

comprehensiveness, being found in the low-quality

Figurel. PRISMA (Preferred Reporting Itemsfor Systematic Reviews and Meta-analyses) flow diagram. GDM: gestational diabetes mellitus.
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Table 1. Characteristics of the videos (n=115).
Video characteristic Median (IQR) Minimum to maximum
Duration (seconds) 234 (114-598) 34-3722
Views 4045 (808-23,809) 57-548,409
Comments 1(0-8) 0-651
Likes 21 (3-112) 0-5700
Dislikes 1(0-7) 0-1600
Channel subscribers 10,300 (750-60,000) 0-2,700,000
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Table 2. Reliability and content score of YouTube videos about gestational diabetes by source.

Birch et al

Source DISCERN Content
Score, mean (SD) P value Score, mean (SD) P value
Total 2.70(0.73) .05 3.51(2.01) .05
Medical ingtitution or hospital (n=52) 2.69 (0.64) _a 3.27 (1.77) —
Web-based education (n=37) 2.91(0.79) — 4.30 (1.93) —
Personal vliog (n=12) 2.54 (0.56) — 3.08 (2.18) —
Business or company (n=13) 2.38 (0.80) — 2.92 (2.20) —
Mediaclip (n=1) 1.40 (—) — 0(—) —
@\o data or not applicable.
Figure 2. YouTube video content inclusion by topic area.
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Table 3. Characteristics of YouTube videos about gestational diabetes by source.
Source Characteristic, median (IQR)
Duration Views Comments Likes Didlikes Subscribers
Medica (n=52) 192 (112-270) 2943 (612-14,576) 0(0-3) 10 (2-45) 0(0-9) 14,150
(2232-58,175)
Web-based education 337 (164-975) 4045 (820-25,896) 2(0-10) 19 (4-157) 1(0-10) 6250
(n=37) (268-79,900)
Personal vlog (n=12) 677 (438-974) 10,206 (5186-54902) 27 (4-143) 254 (48-699) 10 (2-29) 18,950
(1835-77,475)
Businessor company 113 (70-309) 1388 (702-23,902) 0(0-9) 6 (2-47) 2 (0-6) 6090
(n=13) (156-40,700)
Mediaclip (n=1) 58 (—9) 409,285 (—) 389 (—) 834 (—) 1600 (—) 2,100,000 (—)
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Table 4. Characteristics of YouTube videos about gestational diabetes by quality.

Characteristic Low quality (n=88), median (IQR) High quality (n=27) ), median (IQR) P value
Views 3851.5 (762.5-23,439.2) 4523 (1253- 24,533) .63
Comments 1(0-8.8) 0(0-9) 40

Likes 21(2.3-114.3) 19 (4-84) .90

Dislikes 1(0-7.8) 2(0-4) 86
Duration 203.5 (98-374) 760 (263-1320) <.001
Subscribers 13,950 (695-62,925) 6430 (819-38,300) 90
Discussion available with both good reliability and comprehensive topic

Principal Findings

In this study, weidentified no rel ationship between video quality
and indicators of video popularity. These findings indicate that
theinformation available to pregnant individual swith gestational
diabetes is highly variable in quality, and may not deliver
accurate or comprehensive information to users.

Comparison With Prior Work

YouTube has been evaluated as a source of health information
on a variety of topics, including emerging infectious diseases
and pregnancy [43,44], medication use in preghancy [27], and
diabetes outside of pregnancy [34], aswell as colorectal cancer
[36], ankylosing spondylitis[39], and rheumatoid arthritis[40].
The average DISCERN score in this study is concordant with
that found in many previous studies of YouTube videos
[34,35,38-40,43]. Scores in previous studies have typically
falen in the low to moderate reliability range, indicating
potentially important shortcomings. Although studies eva uating
other health conditions used various topic-specific
comprehensiveness scales, they found similar levels of topic
coverage, accuracy, and comprehensiveness to those found by
us [36,40,41]. We found that this level of topic inclusion
represents notably incompl ete coverage of the health condition.
The majority of videos we evaluated covered only 3 to 4 key
topics about gestational diabetes accurately, and only 1
topic—gestational diabetes management—was included by
more than 50% of videos. The overall low comprehensiveness
of individual videos evaluated has implications for their utility
as health information resource. In further research, it could be
hel pful toinvestigate YouTube user viewing patternsto ascertain
whether these shortcomings can be overcome through careful
combination of videos and topics covered.

Interestingly, in our study, one of the lowest rated videos overall
by both DISCERN criteria and topic coverage had some of the
highest views, likes, comments, and channel subscribers. This
video was a media clip related to a television personality;
therefore, the high numbers of views, likes, comments, and
subscribers are likely because viewers accessed the clip for
entertainment rather than for information about gestational
diabetes. However, this highlights an important aspect of finding
health information on YouTube—the search algorithm may not
take the quality of the videointo account for any specific search
term, and quality varies significantly between videos. As we
found and as has been seen previoudly, there are rare videos
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coverage; however, it isdifficult to ensure that these videos are
accessed, asthey are not necessarily the most viewed, liked, or
highly ranked videos available [38,45,46].

Clinical and Research Implications

Pregnant patients increasingly seek health education via
web-based sources, including YouTube, and web-based media
can be helpful adjunctsto clinical care[15,17,25,47-49]. Trust
ininformation found on theinternet is often reported to be high,
and many people who sought information on the internet did
not discuss it with their providers [15,17]. Therefore, it is
important for providers to be aware of the overall use and
limitations of YouTube as aresource when counselling patients
with gestational diabetes, and it may be useful for cliniciansto
query and understand the resources patients are using to augment
their clinical care.

However, it is also important to note that YouTube has the
potential to address the specific needs of individuals with
gestational diabetes. Health information and supportive social
networks—which are both easily accessed viatheinternet—have
been found to influence the challenges experienced by people
with gestational diabetes [49-51]. In addition, patients’ health
literacy levels and access to information are known to affect
glycemic control and gestational diabetes—+related outcomes
[52-55]; interventions for pregnant individuals at an
appropriately targeted health literacy level are particularly
essential to address health inequities present in gestational
diabetes care and outcomes [8,56]. Video-based information
has frequently been used to combat care barriersrelated to health
literacy [57-59]. Despite the limitations found in this study,
YouTube videos remain alow-cost, easily accessible resource,
and further interventions should investigate ways to address
these limitations in order to harness YouTube's potential as a
patient education tool. Clinicians also have the opportunity to
assist patients who are using YouTube as resource by
recommending specific videos, discussing ways to identify
reliable resources, or even creating high-quality content. Health
care providers involved in gestational diabetes care are likely
to have both the knowledge base and the resources available to
create accurate comprehensive videos with information that is
helpful for patients with gestational diabetes.

Limitations

To the best of our knowledge, this study is the first to assess
the reliability, content, and quality of YouTube videos about
gestational diabetes, but it has several limitations. First, while
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the sample size was chosen to encompass the majority of videos
likely to be encountered by individuals searching for information
about gestational diabetes, we cannot ensure that all videosthat
a user may find were included, given the dynamic nature of
video uploading. Search history or location may also affect
ranking and accessibility of videos in ways that were not
demonstrated in this paper. Second, we could not evaluate the
target audience for each video, because most videos do not
indicate their audience and default search setting will not
necessarily preclude people from accessing videos aimed at
different groups. As such, our assessment of quality and
reliability may not reflect all videos with which pregnant
individuals engage. Additionally, our search was limited to
English-language videos, and future work is necessary to
corroborate our findings with those for videos in other
languages.

We also noted little gender, racial, or ethnic diversity among
YouTube presenters in videos about gestational diabetes.
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Especially because social mediasites, and YouTube specifically,
may be sought asamore personal or personal-experience based
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Conclusions

Despitetherelatively low quality and comprehensiveness found
among YouTubevideosfor individua swith gestational diabetes,
YouTube is an easily accessible and increasingly important
source of health information. Providers caring for individuals
with gestational diabetes should remain aware of thelimitations
of thisresource, especially when discussing information sources
with patients. Further study may be helpful in elucidating ways
to harness the potentia strengths of YouTube for providing
high-quality accessible health information.
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Abstract

Background: The use of digital technology to assess patients remotely can reduce clinical study costs. In the European Union,
the 2D matrix code on prescription drug packaging serves as a unique identifier of a given package of medication, and thus, also
of the patient receiving that medication. Scanning of the 2D matrix code may therefore allow remote patient authentication in
clinical studies.

Objective: The aim of the DePRO study was to assess the feasibility of afully digital data-capture workflow, the authentication
of participants via drug packaging 2D matrix codes, in patients with type 2 diabetes mellitus (T2DM) who use metformin. The
primary objective wasto describe the self-care activities of these patients. Secondary objectiveswereto evaluate (1) the self-reported
health status of these patients, (2) the association of self-care activities with demographics and disease characteristics, and (3)
the usability of the my ePRO app.

Methods: DePRO was an observational, multicenter, cross-sectional, digital, and patient-driven study conducted in Germany
from Juneto December 2020. Adult patients prescribed metformin wereinvited to participate viatheir pharmacist or amedication
tracker app. Participants downloaded the my ePRO app onto their own mobile device, scanned the 2D matrix code on their
metformin package for registration and authentication, and provided informed consent via an electronic form. They were then
ableto complete a study-specific questionnaire on demographics and clinical characteristics, the German version of the Summary
of Diabetes Self-Care Activities measure (SDSCA-G), the Diabetes Treatment Satisfaction Questionnaire (DTSQ), and the
EQ-5D-5L. The patients conducted the study without support from ahealth care professional. Statistical analyseswere exploratory
and descriptive.

Results: Intotal, 3219 patients were invited to participate. The proportion of patients giving consent was greater among those
invited by pharmacists (19/217, 8.8%) than among those invited via the medication tracker app (13/3002, 0.4%). Of the 29 patients
eligible for analysis, 28 (97%) completed all study questionnaires. Most of the patients (23/29, 79%) were aged <60 years, and
59% (17/29) were male. The patients spent a mean total of 3.5 (SD 1.3) days out of 7 days on self-care activities (SDSCA-G).
Most patients (24/29, 83%) were satisfied to extremely satisfied with their current treatment (DTSQ). Events of perceived
hyperglycemia or hypoglycemia were reported by 20 of 29 (69%) patients. The best possible health status (EQ-5D-5L) was
reported by 18 of 28 (64%) patients. Age was positively correlated with time spent on general and specific diet (Spearman
coefficient 0.390 and 0.434, respectively).
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Conclusions: The DePRO study demonstrates the feasibility of fully digital authentication (via 2D matrix codes on drug
packaging) and data capture in patients with T2DM. Personal invitationsyielded higher recruitment rates than remote invitations
viathe medication tracker app. A high questionnaire compl etion rate was realized, based on completion by 28 out of 29 patients.

Trial Registration: Clinical Trials.gov NCT04383041; https://clinicaltrials.gov/ct2/show/NCT04383041
International Registered Report Identifier (IRRID): RR2-10.2196/21727

(JMIR Diabetes 2022;7(2):€31832) doi:10.2196/31832

KEYWORDS

self-care activities; quality of life; diabetes mellitus, type 2; patient reported outcome; PRO; digital observational study; bring
your own device; BYOD; diabetes; diabetes self management; digital health; patient reported outcomes; virtual care; health

application; mHealth; mobile health

Introduction

Inclinica studies, the need for participantsto visit astudy clinic
for on-site assessments is an important driver of cost [1]. The
use of digital technology for remote assessment of study
participants can remove the need for site visits, as exemplified
by several recent clinical studies without study sites [2-4].

In the European Union, all prescription drugs (with specific
exceptions such as radionuclide generators and precursors) are
required to bear a 2D matrix code on their packaging [5]. The
2D matrix code is a unique identifier of a given package of
medication; once the medication is given to a patient, the code
also serves as a unique identifier of the patient as the user of
that medication. Scanning of the 2D matrix code therefore has
the potential to allow remote patient authentication across a
range of indications.

We designed the DePRO study to assessthe feasibility of afully
digital data-capture workflow with the authentication of eligible
patients via the 2D matrix codes on drug packaging [6]. The
target population was patients with type 2 diabetes mellitus
(T2DM) who had been prescribed metformin (the recommended
initial treatment for T2DM [7]). For patients with T2DM,
clinical recommendations suggest a key role for self-care in
maintaining health and quality of life [8,9]. Therefore, the
primary objective of the DePRO study was to describe the
self-care activities of patients with T2DM who use metformin.
Secondary objectives were to evaluate (1) the self-reported
health status of these patients, (2) the association of self-care
activities with demographics and disease characteristics, and
(3) the usahility of the my ePRO app (acceptance of participation
and completion of study questionnaires).

Methods

Study Design

The study design has been published previoudly [6] and isbriefly
summarized here.

DePRO was an observational, multicenter, cross-sectional,
digital, and patient-driven study conducted in Germany from
June 2020 to December 2020 (ClinicaTrials.gov
NCT04383041). The study was conducted using the my ePRO
app, a patient-reported outcome (PRO) data capture tool that
can gather additional data based on individua study
requirements (codevel oped by Institut Dr. Schauerte and Bayer

https://diabetes.jmir.org/2022/2/e31832

and hosted by Institut Dr. Schauerte). The my ePRO app is not
a self-care management tool supporting patients in their
treatment of T2DM.

Adult patients who had been prescribed metformin-containing
medications were eligible to participate. Eligible patients were
invited via their pharmacist (who personally handed out a
download link for the my ePRO app on a postcard alongside
the patient’s metformin-containing medication and explained
the study workflow to the patients—downl oading the my ePRO
app, scanning the 2D matrix code, consenting, answering the
guestionnaires, and then getting reimbursed) or via the
MyTherapy medication tracker app (SmartPatient). The latter
route was added as a revision to the origina published study
design [6] following difficulties recruiting sufficient pharmacies
because of restrictions related to the COVID-19 pandemic (we
originally planned to recruit 12 diabetes-focused pharmacies,
but of the 35 pharmacies contacted, only 4 participated in the
study). All patients who were registered on the medication
tracker app and were taking metformin-contai ning medications
in Germany were invited twice (on December 2 and 7, 2020)
via an in-app message to participate in the DePRO study. All
patients who were taking metformin received the invitation
(which was automatically deployed) in their daily to-dolist and
voluntarily downloaded the my ePRO app to participate in the
DePRO study. The recruitment finished on December 9, 2020.
The medication tracker app provided a download link for the
my ePRO app.

In each case, participating patients downloaded the my ePRO
app onto their own mobile device (smartphone or tablet). They
then scanned the unique 2D matrix code on their
metformin-containing medication package for registration and
authentication. The 2D matrix codeincludesan identifier of the
drug package, which is unique, and the pharma central number
of thedrug. The sponsors of the study were only aware of which
2D matrix codes were used and could verify eligibility of the
patients via the pharma central number. By using the my ePRO
app, no additional personal datawere requested for participation,
ensuring the anonymity and privacy of al participants. After
providing informed consent via an electronic form, they were
able to complete a study-specific questionnaire on patient
characteristics and 3 validated questionnaires. the German
version of the Summary of Diabetes Self-Care Activities
measure (SDSCA-G) [10]; the Diabetes Treatment Satisfaction
Questionnaire (DTSQ; possible score range of 0-36, with higher
scores reflecting greater satisfaction) [11]; and the EQ-5D-5L
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[12]. After completing the questionnaires, each patient received
compensation (a voucher worth €15 [US $15.82]) for the time
spent providing data. The patients conducted the entire study
without any support from their pharmacist or health care
professional .

Data were transferred to the study database upon completion
of each questionnaire and as soon as the patient’s device was
connected to the internet. Reports of hyperglycemia and
hypoglycemia were identified by the contract research
organization (Institut Dr. Schauerte) and forwarded as potential
adverse events to the relevant market authorization holders.

Statistical Analysis

Statistical analyseswere exploratory, descriptive, and performed
using SAS statistical software (version 9.4 or higher; SAS
Ingtitute Inc). Spearman rank correl ation coefficients were used
as measures of association, with P<.05 considered significant.
We estimated that a sample size of 300 patients would be
required to obtain a 95% CI of the mean level of self-care with
aprecision of 3 points[6].

Ethics Approval

The study protocol has been approved by the Ethics Committee
of the Medical Association Nordrhein (approval number
2020084).

Results

Patients

A total of 3219 patients were invited to participate in the study,
either by their pharmacist (n=217) or viathe medication tracker

https://diabetes.jmir.org/2022/2/e31832
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app (n=3002; Figure 1). Of the 217 patients invited by their
pharmacist, 108 did not agree to participate, most commonly
because they had no interest (n=54), no time (n=22), or no
smartphone (n=21). The proportion of patientswho gave consent
was greater among those invited by their pharmacist (19/217,
8.8%) than among those invited via the medication tracker app
(13/3002, 0.4%). However, 3 patients were excluded due to the
withdrawal of informed consent or because they did not
complete at least one questionnaire. Thus, 29 patients were
eligible for analysis. Of the 29 patients, 28 (97%) completed
all study questionnaires; 16 (55%) patients answered all of the
questions, 12 (41%) answered =80% to <100% of the questions,
and 1 (3%) answered <80% of the questions.

Patient characteristics are summarized in Table 1. In total, 59%
(17/29) of the patients were male and 79% (23/29) were aged
<60 years. A substantial proportion (9/29, 31%) did not report
their family income (this was aso observed during
user-experiencetesting of the my ePRO app). According to their
Zip codes, the majority of the patients (17/29, 59%) lived in
western Germany, reflecting the location of the participating
pharmacies. Concomitant medication use wasreported by 12/29
(41%) patients; the most commonly reported concomitant
medications were those acting on the cardiovascular system
(9/29, 31%).

Most of the patients (27/29, 93%) reported having visited an
ophthalmol ogist, but few reported eye-related comorbidities: 1
patient reported that their ophthalmologist had seen changesin
their retina/fundus caused by diabetes, and another patient had
received laser eye surgery or intraocular medication injections.
Responses to other questions regarding comorbidities are
summarized in Multimedia Appendix 1.
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Figure 1. Flow chart of study participation. An individual patient could give multiple reasons for not agreeing to participate.
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Table 1. Patient characteristics.
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Characteristic

Patients, n (%)

Total study population
Gender
Female
Male
Age (years)
<40
40-59
=60
BMI (kg/m?)
<25
25t0 <30
30to<35
235
Education level
Not reported
No certificate
General secondary school
Vocational education
Intermediate secondary school
High school

College or university

Family income (€ grossymonth; US$ gross/month)

Not reported
2000 to <3000 (2108 to <3162)
3000 to <5000 (3162 to <5270)
=5000 (=5270)

Geographic region in Germany
North
East
South
West

Time since diagnosis of type 2 diabetes mellitus (years)

Not reported
<1

L atest glycated hemoglobin value (%)
Missing
<6.0
6.0-6.5
6.6-7.0

29 (100)

12 (42)
17 (59)

10 (34)
13 (45)
6(21)

3(10)
12 (41)
7(24)
7(24)

1(3)
3(10)
3(10)
13 (45)
2(7)
1(3)

6 (21)

9(31)
10 (34)
8(28)
2(7)

3(10)
4 (14)
5(17)
17 (59)

2(7)
5(17)
10 (34)
8 (28)
4(14)

2(7)
11 (38)
3(10)
4 (14)
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Characteristic Patients, n (%)
7.1-75 4 (14)
7.6-8.0 0
8.1-85 3(10)
8.6-9.0 13
>9.0 103

Concomitant medications
0 17 (59)
1 5(17)
2 4(14)
3 1(3)

4 1(3)
6 1(3)

Self-care Activities, Quality of Life, and Treatment
Satisfaction

According to the SDSCA-G, the patients spent a mean total of
3.5 (SD 1.3) days out of 7 days on self-care activities. The
greatest mean number of days was spent on general diet (4.7,
SD 1.9 days), followed by specific diet (3.9, SD 2.9 days),
exercise (3.8, SD 2.1 days), and blood-glucose testing (3.4, SD
2.6 days). Datawere missing for 1 patient in each sub-score. A
total of 8/29 (28%) patients reported that they smoked.

The participants had a median EQ-5D-5L index score of 1.00
(IQR 0.73-1.00; n=28). The best possible health status was
reported by 18/28 (64%) patients. The median EuroQol visual
analog scale scorewas 79.0 (IQR 49.6-99.0; n=29). The majority
of the patients reported no problems with mobility, self-care,

Table 2. Responsesto the 5-dimension, 5-level EuroQol questionnaire.

usua activity, or anxiety and depression, whereas more than
half (15/29, 52%) reported problems with pain and discomfort
(Table 2).

Themedian DTSQ scorewas 24.5 (IQR 12.0-30.0; n=28). Most
patients (24/29, 83%) were satisfied to extremely satisfied with
their current treatment (Multimedia Appendix 2).

Overadll, 20/29 (69%) patients reported events of perceived
hyperglycemiaor hypoglycemia. High scores (=4) for perceived
hyperglycemiaand hypoglycemiawere reported by few patients
(4/29, 14% and 2/29, 7%, respectively).

Age was positively correlated with time spent on general diet
(Spearman coefficient 0.390; P=.04) and specific diet (Spearman
coefficient 0.434; P=.02), but not with the total SDSCA-G score
or other SDSCA-G subscores (n=28).

Mohility, n (%) Self-care, n (%)

Usual activity, n (%)

Pain and discomfort, n (%) Anxiety and depression, n (%)

Total 29 (100) 29 (100) 29 (100) 29 (100) 29 (100)

Missing data 1(3) 1(3) 1(3) 1(3) 1(3)

Extreme problems 0(0) 0(0) 0(0) 0(0) 0(0)

Severe problems 0(0) 0(0) 0(0) 2(7) 0(0)

Moderate problems 2 (7) 0(0) 1(3) 4(14) 4(14)

Slight problems 1(3) 2(7) 4(14) 9(3Y 5(17)

No problems 25 (86) 26 (90) 23(79) 13 (45) 19 (66)

Discussion those invited via the medication tracker app. Although

Principal Findings

The innovative approach taken in the DePRO study was to
implement afully digital data-capture workflow, bypassing the
involvement of health care professionals in the assessment of
PROs and more importantly in the authentication of eligible
patients. Overall, the results demonstrate the feasibility of this
approach; participating patients were able to follow the study
workflow to completion. We observed a higher rate of
enrollment among patients invited by pharmacists than among

https://diabetes.jmir.org/2022/2/e31832

enrollment in the DePRO study waslow overall (32/3219, 1%),
the proportion of participating patients completing all study
guestionnaires was high (28/29, 97%). The high rate of
completion may be dueto the iterative devel opment of the app,
which included user-experience testing in patients with T2DM
before launching the app.

The patients spent amean total of 3.5 (SD 1.3) dayson self-care
activities, and most (24/29, 83%) were satisfied to extremely
satisfied with their current treatment. The majority of the
patients reported the best health statusin the EQ-5D-5L.. Positive
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correlations were found between age and time spent on diet,
but the small sample size limits the interpretation of these
findings.

Comparison With Prior Work

The low participation rate among patients invited remotely via
the medi cation tracker app in the DePRO study (13/3002, 0.4%)
was broadly similar to that observed in the Apple Heart Study
(419,297 patients recruited from among more than 30 million
device users, ~1.4%) [2]. The higher rate of enrollment among
patientsinvited by their pharmacist compared to patientsinvited
remotely isconsistent with arecent meta-analysis, which found
higher conversion rates for offline versus online recruitment
strategies (risk ratio 0.8, 95% CI 0.67-0.96; P=.02) [13].

Our results suggest that personal contact with a trusted health
care professional was an important factor for enrollment in the
DePRO study. This personal contact may have helped to
overcome potential barriers such as patients’ lack of familiarity
with the my ePRO app and concerns regarding data protection.
Other possiblereasonsfor thelow response rate among patients
invited remotely could include the COVID-19 pandemic, the
timing of the invitations (December is likely to have been a
busy month for many patients), or the media switch—from
offline to online or between different systems (from the
medication tracker app to the my ePRO app). Altering the
invitation design and wording and sending multiple reminders
may increase the rate of remote enrollment in future studies, as
shown in the mHealth Screening to Prevent Strokes trial [14].
For both invitation routes, the design of the el ectronic informed
consent form may also influence enrollment; we found that a
substantial proportion of patients who viewed the remote
invitation or agreed to participate when invited by their
pharmacist did not provide informed consent.

Many of the patients were using concomitant cardiovascular
medications and had visited an ophthalmologist, as expected
for a population with T2DM [15-17]. The DePRO study
population was relatively young—79% of the study population
was aged <60 years; in contrast, only 19.5% of the 324,708
patientswith T2DM in arecent German claimsdatabase analysis
were aged <60 years [15]. Again, the small sample size of the
DePRO study limits the interpretation of this finding; larger
studies are needed to determineif afully digital workflow results
in a selection biastoward patients who are young technophiles.

The PROs were generally consistent with previous reports. For
exampl e, the mean time spent on self-care activitieswas similar
to that reported by 315 patients with T2DM (3.5, SD 1.4 days)
in avalidation study of the SDSCA-G [10]. In alarge survey
in Germany (N=1291), patients with T2DM reported greater

Mueller et a

problems with pain and discomfort than with other EQ-5D-5L
dimensions [18], similar to the pattern observed in our study.
We found a high rate of treatment satisfaction; this was also
shown in a study of 602 patients receiving metformin in Italy
where the mean DTSQ scores reflected satisfaction with the
treatment overall [19].

Limitations

Thelimitations of the DePRO study design have been described
in detail previoudly [6]. Bri€fly, they include its reliance on
PROs, the identification of patients via a 2D matrix code on
drug packaging rather than a validated diagnosis by a health
care professional, possible selection bias toward patients who
are young technophiles, the lack of verification of medication
intake, the single-arm design, the focus on users of metformin
rather than all patients with T2DM, geographic bias toward
western Germany, and anonymized data (making source-data
verification impossible).

The small sample sizeisan additional limitation, which can be
explained by alack of interest in studies and afear of infection
with COVID-19 by staying too long in a pharmacy.
Additionally, further meaningful correlations between self-care
activities and demographics could not be established due to the
limited sample size. We were unable to recruit sufficient
pharmacies because of the COVID-19 pandemic, and
recruitment viaamedication tracker app yielded alow response
rate. Nevertheless, the study demonstrates the feasibility of
recruiting patients via both pharmacist- and app-based
approaches. The app-based approach was implemented rapidly
in response to changing circumstances and offers a promising
starting point for further devel opment. The optimal recruitment
strategy may differ across indications and age groups.

Conclusions

The DePRO study demonstrates the feasibility of afully digital
authentication and data-capture workflow in a population of
patients with T2DM, with a high rate of completion of
questionnaires by participants. It also shows that 2D matrix
codes on outer packages of medications can serve as a direct
channel to patients. This approach enablesresearchersto collect
PROs without the involvement of health care professionals.
Further research is needed to optimize recruitment via the
medication tracker app, pair data-capturing activities with
valuable servicesfor patients, and establish whether such remote
recruitment can provide a suitable alternative to personal
invitations, particularly in the context of German legislation
that will allow patients to voluntarily make the data in their
electronic health records available to researchers starting in
2023 [20].
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Abstract

Background: Latinoslivinginrural South Texas have ahigher preval ence of diabetes, but their accessto diabetes self-management
education and support (DSMES) is limited.

Objective: Weamed to test the feasibility of acommunity health worker-led, mobile health (mHealth)-based DSMES intervention
to reduce disparities in accessing DSMES in underserved rural Latino residents in South Texas.

Methods: This 12-week, single-arm, pre-post trial was delivered by trained community health workers to 15 adults with type
2 diabetes. The intervention consisted of digital diabetes education, self-monitoring, a cloud-based connected platform, and
community health worker support. Feasibility was evaluated as retention, actual intervention use, program satisfaction, and
barriers to implementation. We also explored the intervention’s effect on weight loss and hemoglobin A ;. (HbA ).

Results: All 15 participants were Latino (mean age 61.87 years, SD 10.67; 9/15 female, 60%). The retention rate at posttest
was 14 of 15 (93%). On average, the participants completed 37 of 42 (88%) digital diabetes education lessons with 8 participants
completing all lessons. Participants spent 81/91 days (89%) step tracking, 71/91 days (78%) food logging, 43/91 days (47%)
blood glucose self-monitoring, and 74/91 days (81%) weight self-monitoring. The level of program satisfaction was high. On
average, participantslost 3.5 (SD 3.2) kg of body weight (P=.001), while HbA . level remained unchanged from baseline (6.91%,
SD 1.28%) to posttest (7.04%, SD 1.66%; P=.668).

Conclusions: A community health worker-led mHealth-based intervention was feasible and acceptable to improve access to
DSMES servicesfor Latino adultsliving in rural communities. Future randomized controlled trials are needed to test intervention
efficacy on weight loss and glycemic control.

(JMIR Diabetes 2022;7(2):€37534) doi:10.2196/37534

KEYWORDS
health disparity; rura health; rural; community health worker; health education; digital health; diabetes; diabetes management;
mHealth; community health; self management; mobile health; technology feasibility; underserved; Latino
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Introduction

Diabetes is a complex and costly disease that requires persons
with diabetes to make daily self-care decisions to prevent the
onset of complications[1]. Diabetes self-management education
and support (DSMES) is the ongoing process of offering
knowledge, skills, and support for diabetes self-care. Improving
access to DSMES could empower persons with diabetes to
self-manage diabetes and improve their heath [2]. This is
particularly important for residents of South Texas, who have
a higher prevalence of diabetes than the rest of Texas (11.6%
vs 9.3%) or the United States overall (8.9%) [3].

South Texas has 38 counties, of which 25 are rural. Diabetes
care disparities exist in rural South Texas for a variety of
reasons. Rural persons with diabetes frequently lack adequate
transportation and must travel long distancesto clinics, impeding
diabetes care and potentially impacting glycemic control [4,5].
Meanwhile, rural residents are poorer, making active
participation in routine care more difficult [4,6]; empirical
evidence suggests that rural patients are more likely to defer
care due to limited financial resources than their urban
counterparts[7]. Furthermore, Texas hasasignificant physician
shortage in rura areas which has been exacerbated by the
COVID-19 pandemic [8]. Rura residents rely heavily on
federally funded health care programs, resulting in much lower
reimbursement paymentsfor rural physiciansand hospitalsthan
their urban counterparts and adiminished desiretowork in rura
areas [4]. Additionally, rural residents’ low levels of education
and literacy may hinder their capacity to comprehend diabetes
self-management knowledge and skills[6]. An aging population
may also exacerbate these barriersin rural Texas; many elderly
residents have decreased cognitive function and suffer from
diabetes comorbidities [9,10].

More than 80% of the South Texas population isLatino. Latinos
face additional cultural barriers when it comes to diabetes care
[11]. The lack of cultural competence among health care
providers has been extensively documented as a barrier for
Latinos during clinical encounters, potentially contributing to
lower patient satisfaction and disengagement from care[11,12].
A lack of linguistic proficiency has been linked to inadequate
diabetes care for Latinos in several studies [13]. For example,
Lopez-Quintero et a [12] found that non—Spanish speaking
providers are less likely than Spanish-speaking physicians to
provide physical activity and diet recommendations to their
Latino patients. Furthermore, switching to a healthy diet from
their traditional Latino cuisineisdifficult for Latinos with type
2 diabetes [14]. Rice, beans, and tortillas, which are high in
refined carbohydrates, are staples of traditional Latino food
[15]. A qualitative study done by Hu et al [14] reported that one
of the most significant hurdles to healthy diet adherence is
overcoming cravings for traditional foods. Diet adherence is
also impeded by the importance of family support in Latino
culture, particularly for women, who have been reported to
experience family conflicts about dietary issues, such askeeping
their husband and children happy while adhering to diet
restrictions [11,14,15].

https://diabetes.,jmir.org/2022/2/e37534
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Improving accessto DSMESfor rural Latino population requires
applying a multidimensional research lens. The National
Ingtitute on Minority Health and Health Disparities framework
conceptualizes multiple domains of health determinants that
affect minority health [16]. According to the framework, to
address access barriers for the rural Latino population,
equity-oriented strategies are necessary that may include
addressing individual beliefs and attitudes pertaining to diabetes
education—seeking behavior (behavioral-individual), familial
norms about diet and exercise (behavioral-interpersonal), Latino
culture-specific norms that hinder diabetes self-management
(sociocultural  environment-community), limited language
proficiency and literacy level (sociocultural
environment-individual), uninsured status (health care
system-individual), limited access to DSMES services (health
care system-community), and state and federal policies
pertaining to local communities (behavioral-societal and health
care system-societal) [16].

Community  health  worker-led DSMES is a
culturally-appropriate and cost-effective approach for improving
accessto DSMES servicesamong rural and minority populations
[17]. Community health workers are community members
trained to provide culturally appropriate health education. As
trusted community members sharing similar cultura and
linguistic backgrounds with persons with diabetes, community
health workers can provide individual-level emotional support
and instrumental support [18]. They also have a unique ability
to close health disparities by assessing multilevel needs of
persons with diabetes and connecting them to community
resources [19]. Interventions delivered by community health
workersincrease their sociocultural acceptability [20]. DSMES
interventionsintegrating community health workers have shown
success in improving diabetes self-management and health in
rural minority populations[21,22]. However, community health
workers face obstacles when working in rural communities,
such astransportation, limited resources, and limited supervision
and support, which affect their work productivity and service
quality [23,24]. Thus, providing sufficient support to community
health workersisvital for successful community health worker
programsin rural communities.

Integrating mobile health (mHealth) technology is a promising
approach to improve DSMES accessin nonclinical settingsand
to improve heath services provided by community health
workers [24,25]. Health care services included in the mHealth
category rely on handheld mobile devices, including cell phones,
tablets, and wearables, that enable mobile apps [26]. Evidence
shows that the use of mHealth by community health workers
improves communication, avoids unnecessary transportation,
improves accessto care resources, and resultsin positive effects
on patient headth [27,28]. However, the feasibility of a
community health worker-led, mHealth-based DSMES program
has not been evaluated in rural Latino persons with diabetes.

In this paper, we report results of afeasibility study to evaluate
retention, delivery, usage, and acceptability of an mHealth-based
DSMES program led by trained community health workers for
Latino persons with diabetes living in rural South Texas. The
impact of the intervention on weight loss and glycemic control
was also explored.
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Methods

Study Design and Recruitment

This was a single-arm, pre-post, National Institutes of Health
Stage 1B study to examine the feasibility of combining an
mHealth-based intervention that relied on community health
worker facilitation to improve access to DSMES in a
resource-poor rural community [22]. A 12-week intervention
was delivered by 3 trained community health workers to 15
adults with type 2 diabetes living in rural South Texas. All
community health workerswere affiliated with the South Coastal
Area Health Education Center, alocal community health care
intermediary aiming to improve access to quality health care
for medically underserved communitiesin South Texas.

Participants were recruited through flyers posted at the
Community Action Corporation of South Texas. Community
health workers telephoned individuals who expressed interest
in participation to assess their eligibility for enrollment. The
inclusion criteria were as follows. (1) age = 18 years, (2) a
diagnosis of type 2 diabetes, (3) ability to read and write in
English, (4) residency in Jim Wells County, (5) possession of
a compatible smartphone with a data plan, and (6) readinessto
make alifestyle change. Participants were excluded if they were
(2) oninsulin treatment, (2) had a history of severe psychiatric
disorder, (3) had difficulty in performing daily or regular
activity, (4) had substance abuse issues, or (5) were planning a
pregnancy or planning to breastfeed within the following 6
months. Participants gave verbal consent to participate. Prior
to implementation of any study procedures, this project was
reviewed by Office of the Institutional Review Board at the

Lietd

University of Texas Health Science Center at San Antonio and
determined to be non-regulated research (HSC20190486N).

Theoretical Framewor k

Supporting behavior change is a key objective for DSMES
programs [17]. This study was built upon self-regulation and
socia cognitive theory (SCT) [29] (Figure 1). Self-regulation
theory positsthat self-monitoring aids self-eva uation of progress
made toward one's goals and aids self-reinforcement of one’'s
progress. According to SCT, receiving self-management
knowledge and skill support improves health behaviors by
enhancing one's sdf-efficacy and ability to perform the
self-management behaviors. The development of the mHealth
intervention was guided by the Behavior Information
Technology model that links targeted diabetes self-management
behaviors with evidence-based behavior change techniques
underlying the theoretical mechanisms of SCT to address the
goals of DSMES (see Figure 2) [30]. Table 1 explains the
operationalizations of the behavior change techniques for the
targeted diabetes self-management behaviors (ie, the mHealth
tool and frequency of access or use by the study participants).

This intervention adopted a unique “high-tech, high-touch”
approach. We integrated self-monitoring data from multiple
mHealth toolsinto acloud-based platform so that (1) participants
could increase self-efficacy for behavior change to improve
health outcomes by reviewing data on the platform, (2)
community health workers could accessthe platform and address
participant barriers remotely, thereby promoting participant
self-efficacy for behavior change and diabetes self-management,
and (3) community health workers could obtain support from
the research team for complex diabetes self-management cases
and technological issues via video conferencing.

Figure 1. The“high-tech, high-touch” intervention model. Self-regulation theory and social cognitive theory provide theoretical support for the model.
Self-regulation theory posits that self-monitoring aids self-evaluation of progress made towards one’s goals and self-reinforcement of progress (shown
in blue). According to social cognitive theory, providing self-management knowledge and skills and support improves health behaviors by enhancing
self-efficacy toward performing self-management behaviors (shown in orange). Community health workers are involved in the "high-tech, high-touch”
model to provide diabetes self-management education and support services (shown by oval).
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Figure2. Intervention delivery flow diagram. Participantsreceived digital diabetes education, performed mHealth-based self-monitoring, and maintained
2-way communication with the community health workers. Their performance was captured by the Connected Health Platform and the TalentLMS
learning management system, which hel ped community health workersto provide personalized diabetes self-management educationand support services.
CHW: community health worker.

Digital Diabetes
Education

Learning Management System

mHealth Self- The Connected
Monitorin CHwW
9 Health Platform
Table 1. Use of behavior change techniques and mHealth tools.
Behavior change techniques Operationalization mHealth tools Frequency
Instruction on how to perform abehavior ~ Advisethe participant how to adheretodiet Digital diabetes education session Weekly
and exercise self-monitoring goals.
Self-monitoring of behavior Ask the participant to wear afitnesstracker; Electronic logs; passive data collection Daily
ask the participant to record food intake.
Establish amethod for the personto monitor  Ask the participant to weigh themselves; Passive data collection Daily
and record the outcomes of their behavior  ask the participant to monitor blood glucose.
Feedback on outcomes of behavior Inform the participant of how muchweight Phone call or videoconference Weekly
they havelost and their blood glucoselevel.
Feedback on behavior Inform participant of how they performed  Phone call or videoconference Weekly
on diet and physical activity goals.
Discrepancy between current behavior and  Point out out-of-range blood glucose read-  Phone call or videoconference Weekly

goals ings. Point out that recorded diet and exer-
cisefell short of the goal. Point out lack of

adherence to self-monitoring goals.

self-management, data collection, and intervention delivery.
During the intervention, the study team met with community
health workers weekly to resolve problems they encountered,
following the ECHO (Extension for Community Health Care
Outcomes) model [31].

Weekly digital diabetes education was delivered to increasethe
participants’ diabetes knowledge and skills. Building upon the

Description of the I ntervention

The pilot DSMES intervention was delivered over a 12-week
period by community health workers via mHealth. Once
enrolled, participants received mHealth and one-on-onetraining
from community heath workers (Table 2). To facilitate
establishing rapport and communication, each community health
worker was paired with 5 participantsto provide individualized

DSMES services.

To ensurefidelity of intervention delivery, all community health
workersreceived a 1-day training session provided by aresearch
staff member. Thetraining covered astudy description, diabetes

https://diabetes.,jmir.org/2022/2/e37534
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Diabetes Prevention Program Group Lifestyle Balance Program,
the curriculum was tailored to local needs. For example, we
modified group-based activitiesto add individual-based aligned
lessons with the AADE7 (American Association of Diabetes
Educators-7) framework [32]; tailored the content to the local
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culture; added interactive components, including videos, quizzes,
and webpages; and reduced the content length to less than 10
minutes per lesson. All lessons were reviewed by community
health workers. The lessons were developed using el earning
authoring software (Articulate Storyline; Articulate Global
LLC).

Collaborative goa setting between the community health
workersand participantswith diabeteswasintegral for DSMES
[32]. Each week, the participants set daily SMART (specific,

Table 2. Devices and apps used for mHealth and their functions.

Lietd

measurable, achievable, relevant, and time-bound) goals
pertaining to physical activity and diet. The community health
workers assisted the participantsin choosing goalsfor physical
activity and diet. Additionally, the participants set
self-monitoring goals for frequency of weight self-monitoring,
food logging, physical activity tracking, and blood glucose
self-monitoring in week 1. Participants met with community
health workers on weeks 2, 4, 6, and 10 to review goal
achievement, address barriers, and make necessary
modifications.

mHealth devices and apps Functions

Fitbit Inspire fitness tracker (Fitbit LLC)

Fitbit app (Fitbit LLC)

Fitbit Air body scale (Fitbit LLC)

BioTel Care glucose meter (BioTelemetry, Inc)
TalentLMS (Epignosis LLC)

The Connected Health Platform

Physical activity goal setting and self-monitoring

Dietary goal setting and food logging

Weight loss goal setting and self-monitoring

Blood glucose self-monitoring

el_earning management system for delivering asynchronous diabetes education lessons

For community health workersto monitor participants’ progresstoward goal achievement

and provide ongoing support.

Onlineinteractive diabetes education lessons created using
Articulate Storyline 360 (Articulate Global LLC)

Education content for teaching diabetes sel f-management education and support services
delivered to the study participants via TalentLMS.

Connected Health Platform

Data collected from the mHealth devices and apps was
automatically synchronized and stored by the Connected Health
Platform (Figure 3), an application programming interface
integration platform developed by the study team [33]. This
platform was designed to present self-monitoring data rel evant
to behavioral goals, as studies have found that combining
physica activity and diet data with blood glucose
self-monitoring has the potential to help community health
workers provide personalized DSMES service [34].

Once logged, the community health workers could see 7-day
plots of diet, including macronutrient details, calorie intake,
and water consumption; activity, including exercisetype, steps,
deep, and weight; blood glucose; and weekly behavioral goals.
The community health workers could also select a date range
to view self-monitoring data trends and interactions by
overlaying multiple sources, and they could track participants
progress on goals, thereby enabling problem-solving strategies
during behaviora follow-up sessions. The participants were
also allowed access to the platform. Additionally, the platform
served asadatastoragetool from which the research team could
download data from various mHealth sources.

Figure3. Screenshot of the Connected Health Platform. The Connected Health Platform displayed details about the diet of the participants with diabetes,
including food type, macronutrient consumption, and calorie intake (left). The community health workers set nutrition and physical activity goasin

the Connected Health Platform (right).
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Study Measures

We addressed feasibility according to retention, actua
intervention use, barriers to implementation, satisfaction, and
preliminary health effects.

Retention

Retention rate was the percentage of enrolled participants who
completed posttest data collection.

Actual I ntervention Use

Actual use of digital education was quantified as the weekly
number of days the lessons were accessed. Actua use of
self-monitoring devices was operationalized as the weekly
number of dayswith self-monitored weigh-ins, food logs, step
counts, and blood glucose readings. All community health
workerskept alog to record their contact with participants; data
included call duration and issues addressed. We operationalized
use of behavioral change strategies as the cumulative number
of behavioral goals set during the study and reported the
percentage of time during the week the participants
accomplished these goals.

Barriersto I mplementation

The participantsreported barriersto achieving behavioral goals
during behavioral follow-up sessions; at posttest, they listed
life eventsthat affected diabetes self-care using the Recent Life
Event Questionnaire [35].

Satisfaction

Satisfaction was measured using Customer Satisfaction
Questionnaire short version (CSQ-8) [36]. The CSQ-8 is a
4-point Likert scaewith 8 items. Thetotal score ranged between
8 and 32, with a higher score indicating a higher program
satisfaction rate. To measure the participants level of
acceptance, we adapted the poststudy surveys used by Yin et
a [37]. Specificaly, the participants rated their level of
satisfaction with each intervention component, its perceived
benefits, and their confidence in continuing diabetes
self-management. Patient satisfaction with digital education
was measured at the end of each module on a 4-point Likert
scale, with 1 indicating not acceptable; 2, fair acceptability; 3,
good acceptability; and 4, excellent acceptability.

Preliminary Health Effects

All participants checked HbA,. with their doctor pre- and
posttest. Weight was self-measured to 0.1 |b (0.045 kg) and

https://diabetes.,jmir.org/2022/2/e37534
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represented as the mean of 2 measurements. To assess
participants’ responses to the intervention, we plotted weekly
changesin average daily steps and self-measured body weight.

We also measured changes in eHealth literacy and outcome
expectations. The 14-item eHealth Literacy Toolkit assesses
eHealth literacy as technology confidence, attitudes toward
engaging with technology, and mabile technology familiarity
[38]. Itemswere answered on a10-point scale, from “completely
disagree” to “completely agree” The 13-item Perceived
Therapeutic Efficacy Scale (PTES) was used to assess perceived
beliefs for the effect of each mHealth component on diabetes
salf-management [39]. Participants answered items on a 10-point
scale (with O indicating “no confidence,” and 10 indicating
“highest confidence”) [39].

Other Measures

At baseline, participants completed surveys on demographic
information, including age, sex, educational background,
language spoken, marital status, diabetes history, medication
history, and experience with mHealth.

Data Analysis

All descriptive statistics are reported as the mean (SD) for
continuous variables and frequencies and relative frequencies
for categorical variables. A 2-tailed paired t test was used to
determineintervention effects on weight loss, HbA ., technology
efficacy, and PTES score. All statistical procedures were
performed using R software (R Foundation for Statistical
Computing). The threshold for statistical significance was a
2-sided P value of .05.

Results

All 15 participants completed the baseline assessment; 1
participant had missing data for posttest HbA ;. (for aretention
rate of 93%). All participants attended the behavioral follow-up
sessions at weeks 1, 2, 4, 6, and 10. Detailed demographic
characteristics of the study participants are presented in Table
3. Participants were al Latino and were mainly older adults,
female, and had at |east ahigh school education. All participants
had at least one type of health insurance. Participants had along
history of diabetes diagnosis (mean 15.2, SD 11.9 years).
Thirteen participants took at least one type of diabetes
medication. Most participants had no experience with mHeal th.
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Table 3. Participant characteristics at baseline (N=15).
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Characteristics Value
Age (years), mean (SD) 61.87 (10.67)
Sex (female), n (%) 9 (60)
Preferred language (English), n (%) 12 (80)
Education (= high school), n (%) 14 (93)
Marital status (married or living with partner), n (%) 8 (53
Living with someone (yes), n (%) 14 (93)
Insurance status (insured), n (%) 15 (100)
Current internet service needs met (yes), n (%) 15 (100)
Answer to “How do you usually use theinternet to search for health information?” n (%)
Mobile phone 13(87)
Laptop or personal computer 7(47)
Tablet 6 (40)
Work computer 2(13)
Public computer 1(7)
Other 1(7)
Answer to “How often do you use mobile health apps of any type?” n (%)
Every day 1(7)
Several days aweek 2(13)
About one day aweek 0(0)
(Almost) never 12 (80)
Answer to “How often do you use a digital health device?” n (%)
Every day 4(27)
Severa days aweek 1(7)
About one day aweek 1(7)
(Almost) never 8(53)

Actual Intervention Use

Digital education completion rateswere high (mean 87.5%, SD
22.5%) with most (14/15, 93%) participantsaccessing all digital
education modules and 8/15 (53%) completing all lessons. The
participants accessed digital education modules multiple times
during the week (2-5 times). There was a continual declinein
the number of active users and average weekly logins as the
study proceeded (Figure 4). The highest weekly logins occurred
inweek 4, with the 15 participantslogging in an average of 4.3
times.

During the 12-week (84-day) intervention, the mean percentage
of days that the participants self-monitored steps, food, blood
glucose, and weight were 89% (SD 21%), 78% (SD 21%), 47%

https://diabetes.,jmir.org/2022/2/e37534

(SD 13%), and 81% (SD 16%), respectively. Overall, the
percentage of participants who used self-monitoring
technologiesdaily did not change significantly during the study
course (Figure 5).

All participants set daily physical activity and diet goals with
the community health workers and performed well in
accomplishing these goals, as reported by the Connected Health
Platform. Nearly one-third of the participants met their diet and
physical activity goalson all days of the week. Most participants
accomplished their daily dietary goals on more than half of the
days of the week (Table 4).

On average, each participant made 16.73 (SD 8.0) callsto their
community health worker, with each call lasting between 5
minutes and 2.5 hours.
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Figure4. Mean weekly digital lesson logins and mean number of participants accessing digital lessons by week of the trial, showing the mean weekly
logins (in orange) and the number of participants accessing the digital lessons per week (in blue) over the 12-week study period. Mean weekly logins
represents the number of times participants logged into the digital lessons. The number of participants is the number of participants that used the app
at least oncein that week.
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Table4. Level of behavioral goa achievement captured by the Connected Health Platform. The total number of dietary goals was 172; the total number

of physical activity goals was 93.

Reported percentage of timeduring No time (0%) Little of the time

Some of thetime Most of the time All the time (100%)

theweek participants achieved goals (25%) (50%) (75%)

Dietary goals, n (%) 5(3) 11 (6) 41 (24) 68 (40) 47 (27)

Physical goals, n (%) 15 (16) 17 (18) 10 (11) 18(19) 33(36)
Satisfaction

Barriersto I mplementation

Participants reported different types of barriers to completing
the intervention activities. The most reported barriers were
“motivation” for food logging, “time’ for exercise
self-monitoring, “technical” for weight self-monitoring, and
“forgetfulness’ for blood glucose self-monitoring.

The COVID-19 pandemic appeared to affect diabetes control.
Participants reported the following life events that affected
diabetes control: “ having relatives or closefriends serioudly ill,
injured, or die” (7/15, 47%), “having immediate family be
serioudly ill, injured, or die” (4/15, 27%), and “having major
financid difficulties’ (3/15, 20%).

Table5. Poststudy survey on intervention satisfaction (N=15).

Overdll, the participants were satisfied with the intervention
(Table 5). The mean score for CSQ-8 was 29.53 (SD 3.04). All
participants agreed that the community health workers provided
needed support, and they liked the support. Participants agreed
that the program helped them be active and eat healthfully.
Participants also expressed the intention to continue the
intervention activities. Most of the participants (14/15, 93%)
indicated confidence to continue blood glucose self-monitoring
and healthful eating (Table 5) and blood glucose self-monitoring
and healthful eating became a high or essential priority for most
participants.

The participants rated most digital education modulesas* good.”
The highest score was given to the “Healthy Eating” lesson and
thelowest score was given to thelesson on“Motivation” (Table
6).

Questions

Strongly agree, n (%)

Agree, n (%) Disagree/strongly disagree, n (%)

Did the program help you to be more physicaly active? 8(53) 7 (47) 0(0)
Areyou still being active with the information from the program? 6 (40) 7 (47) 2(13)
Did the program help you to eat healthy? 6 (40) 9 (60) 0(0)
Areyou till eating healthy with the information from the program? 6 (40) 8(53) 1(7)
Did the program help you to lose weight? 6 (40) 7 (47) 2(13)
Did the program help you control you blood glucose? 5(33) 8(53) 2(13
Areyou still trying to lose weight with the information from the pro- 6 (40) 8(53) 1(7)
gram?

| liked the digital diabetes education lessons. 7 (47) 7 (47) 1(7)

| learned how to change my lifestyle with information from the health 7 (47) 6 (40) 2(13
education lessons.

Information in the health lessons was easy to understand. 9 (60) 5(33) 1(7)

| liked the support calls and text messages from the community health 10 (67) 5(33) 0(0)
worker.

The community health worker provided the support | needed. 12 (80) 3(20) 0(0)

I liked setting the health goals. 5(33) 9 (60) 1(7)

| liked the videos on physical activity and diet. 5(33) 8(53) 2(13)
| liked the videos with information on obesity and diabetes. 5(33) 8(53) 2(13
Compared with when the program started in the summer, | am confident 5 (33) 4(27) 2(13)
that | can continue to exercise regularly now.

Compared with when the program started in the summer, | am confident 6 (40) 8(53) 0(0)
that | can continue eating healthy now.

Compared with when the program started in the summer, | am confident 10 (67) 5(33) 0(0)

that | can continue to monitor my blood sugar now.

https://diabetes.,jmir.org/2022/2/e37534
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Table 6. Digital diabetes education topics, session completion, session evaluation, and |esson completion rate.

Session topics and lessons Rating (mean)? Completion Rate (%)
1. Diabetes self-management 3.07 87
Diabetes self-management activities 93
Diabetes self-management skills 100
Be an active self-manager 60
Problem solving 93
2. Managing and monitoring your behavior 3.00 92
Blood glucose self-monitoring 60
Monitor your diet and weight 100
New ways to tip the calorie balance 100
Portion control 93
Food and nutrition labels 100
Monitor your exercise and physical activity 100
Exercise caution 87
Usedigital tools to support your diabetes management 93
Quick tipsto maintain a healthy lifestyle 93
3. Healthy plate 321 83
MyPlate: planning ameal 53
Start simple with MyPlate webtool 73
Resource: MyPlate action guide 100
Resource: MyPlate message toolkit 87
Learn to create your smart goal 93
4. Planning: healthy rating and physical activity 3.07 91
Community facilities 93
Healthy eating and food preparation 87
Exercise videos 93
5. Maintaining overall health 3.00 83
Be mindful: eating, exercise, and stress management 87
Maintain behavioral goals and gain social support 80
6. Taking medication 3.00 60
Diabetes medication and provider communication 60
7. Eating healthy away from home 321 87
Healthy eating on a budget 80
Healthy shopping tour 87
Healthy dining out 87
Problem and helpful social cues 93
8. Motivation techniques: how to stay motivated 2.86 85
How to stay motivated 80
Be good to yourself 87
What is your purpose now 87
Social support 87

participants rated the content of the lessons on a4-point Likert scale at the end of each session (1, not acceptable; 2, fair; 3, good; and 4, excellent).
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Preliminary Effects and 10, when the greatest improvement in average steps was

Participants showed a significant reduction in body weight of &S0 observed.

3.5 (SD 3.2) kg (P=.001) from baseline to posttest (Table 7). Participants showed a significant improvement in PTES score
HbA,. did not change significantly. We observed weekly  of 50.86 (95% CI 36.61-65.10; t;5,=7.71; P<.001) and eHealth

improvement in weight loss and steps (Figure 6, Figure 7). |iteracy by 37.57 from baselineto posttest, (95% Cl 16.72-58.42;
Participants achieved the largest weight loss between weeks 6 t,,=3.89; P<.001) (Figure 8).

Table 7. Changesin preliminary efficacy outcomes from baseline to 3 months (N=14).

QOutcomes Baseline mean (SD) 3-month posttest mean (SD) t test (df) (pre-post) P vaue
Weight (kg) 86.1 (25.9) 82.6 (24.1) 1.9(14) .001
HbA 1 (%) 6.91 (1.28) 7.04 (1.66) -44(13) .668

Figure 6. Average body weight (in kg) by week.
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Figure7. Average daily steps by week.
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Discussion

Principal Findings

Latinoslivingin rural South Texas suffer high rates of diabetes,
but their accessto DSMES s poor. To address multidimensional
access barriers, we designed an innovative DSMES intervention,
combining the community health worker model and mHealth
technologies. To our knowledge, thisisthefirst published study
to examine the combined impact of community health worker
facilitation and mHealth in improving access to DSMES in a
rural Latino population. Our findings demonstrate that an
mHealth-based, community health worker-led approach is a
feasible and acceptable means to augment DSMES servicesin
South Texas. We found that mHealth facilitated community
health worker engagement in delivering DSMES services. The
intervention was well-received by the participants, as evidenced
by their consistent use of mHedth and frequent
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participant-community health worker interaction. The
participants reported a high level of satisfaction with the
intervention. Moreover, we observed improvementsin self-care
behaviors and health outcomes. Taken together, this study
suggests that our unique “high-tech, high-touch” solution has
the potential to be tested for efficacy in larger randomized
controlled trials.

Our findings show that by using mHealth tools, community
health workers can address the multidomain health determinants
proposed by the National Institute on Minority Health and
Health Disparities framework [ 16]. For example, we addressed
individual knowledge and skill gaps, helped persons with
diabetes overcome literacy barriers for using mHealth
(individual-behavioral domains), and offered culturally tailored
digital diabetes education (sociocultural environment) [20].
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We achieved a higher retention rate than previous diabetes
self-management programs conducted in rural communities
[40,41] and observed consistent mHealth usage. High dropout
rates and a decline in attendance are commonly reported in
DSMES mHealth interventions [42]. While equipping
participants with various technologies can overcome
geographical and temporal barriers, the participation of
community health workers allowed frequent communication
with persons with diabetes and the maintenance of their
participation. Previous rural DSMES interventions found a
positive  relationship  between  community  health
worker-participant telephone contacts and attendance rate [6].
Therefore, our findings demonstrate the value of adding
community health workers to a high-tech program and show
that this approach facilitates ongoing participation.

Consistent with other rural-based DSMES interventions, our
samplereported high rates of satisfaction [6]. We specul ate that
such high satisfaction is dueto astrong desire to feel supported
and “cared for” among the population [43]. Participants
frequent use of the intervention strengthened this speculation.
Therefore, a“high-tech, high-touch” intervention may address
diabetes care disparities in South Texas and other underserved
areas with similar features.

Low hedth and eHealth literacy are major barriers to
implementing mHealth in underserved communities [43]. Our
participants had little to no prior experience with mHealth. They
also reported low expectations for mHealth on diabetes control
at baseline. These low expectations did not limit mHealth
engagement, as most participants started using mHealth in week
1 and used it consistently throughout the project period. In
addition, the participants seldom reported technology asabarrier
to diabetes self-care. The participants showed significant
improvements in mHealth outcome expectancy and eHealth
literacy at 12 weeks. Our findings indicate that a *high-touch,
high-support” model might help personswith diabetes overcome
health and eHealth literacy barriers and allow them to use
mHealth for diabetes self-care. Looking forward, we will test
thismodel with alonger follow-up period to determineif support
from community health workers is sufficient for participants
with diabetes to maintain diabetes self-care over the long term.

The high level of intervention acceptability could also be
attributed to our integration of multiple personalization strategies
[44]. Considering the complex needs of persons with diabetes,
we acknowledge the irreplaceable role of community health
workersin dynamic personalization strategies. Specifically, the
community health workerswere abletotailor DSMESto cultural
valuesand context, literacy and numeracy abilities, and personal
beliefsand concernsin real time, with mHealth asacomplement
to the personalization strategies [43]. For example, integrating
self-monitoring data into the Connected Health Platform made
it easier for the community health workers to provide
personalized feedback [34]. To continuously engage persons
with diabetes in DSMES, future research needs to leverage
multidimensional personalization strategies enabled by
community health workers and mHealth.

Poor integration of technology into health professionals
workflow could increase their workload and discourage them
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from adopting mHeath interventions. Considering that
community health workers are a valuable resource that can
affect intervention scalability [45], we aimed to integrate
mHealth into community health workers' workflow with
minimal barriers. Presenting alarge amount of patient-generated
self-monitoring data in an informative format is important for
reducing the burden placed on community health workers by
mHealth interventions [46]. We learned from a previous study
that diabetes educators prefer a centralized system that allows
a flexible view of self-monitoring information from persons
with diabetes [34]. Therefore, we used the Connected Health
Patform to allow community health workers to merge their
preferred self-monitoring data and observe interactions in diet
and activity with blood sugar or weight, which enabled them
to quickly evaluate the self-care progress of participants with
diabetes. Community health workers also met weekly with the
study team via video conference, which may have raised their
motivation and performance, resulting in improved DSMES
service quality [47].

Consistent with previous DSMES programs in underserved
communities, participants achieved 4.1% weight loss at 3
months. Participants al so maintained good glycemic control at
3 months, similar to previous short-term mHeal th-based DSMES
interventions [35,36]. While a meta-analysis reported a 0.4%
HDbA ;. reduction after mHesalth interventions in persons with
diabetes, these studies were conducted in persons with diabetes
with poor baseline HbA ;. and had longer study durations [37].
These findings warrant future examination of our intervention
in rural Latinos with poorer glycemic control and extension of
the study duration to examine the long-term effects of the
intervention.

This study was conducted during the COVID-19 pandemic. At
the time of the study, L atinos represented 43.5% of confirmed
COVID-19 deaths in Texas [48]. Moreover, persons with
diabetes experienced greater challenges during the pandemic,
including more severe symptoms, ahigher mortality rate, limited
health care resources, concerns related to cross-infection, and
emotional stress. [49]. Therefore, our study provides atimely
digital solution to address the unique needs of persons with
diabetes and to optimize allocation of health care resourcesin
underserved communities.

Limitations

Several limitations need to be considered in interpreting our
study findings. First, the duration was shorter than typical
DSMES programs. Given that diabetes self-management
reguireslong-term commitment, our study needsto be extended
with alonger follow-up period. Second, the statistical findings
of our study need to beinterpreted with caution dueto the small
sample size. Third, we only included participants who had a
digital data plan, which could limit the generalizability of our
findings to rural Latinos with diabetes. Fourth, we only
measured actual use of the intervention by the participants.
Future studies should consider collecting datafrom community
health workers to complement data from persons with diabetes
to inform intervention scalability. Lastly, we did not collect
data on recruitment, which could have provided valuable
information on the potential reach of our program [50].
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Conclusions participants with diabetes, and enabled community health
Our findings suggest that a “high-tech, high-touch” approach workers to activel;_/ C(_)ntribute to providing_DSl\/I ES services.
holds promise to reduce DSMES access barriers faced by rural In the future, our findings should be tested in a fully powered
Latino residents of South Texas. We found that mHealth F@ndomized controlled trial to examine the efficacy of our
facilitated self-care and remote monitoring by participantswith ~ Methods inimproving access to quality DSMES and glycemic

diabetes, interaction between community health workers and control in persons with diabetes living in resource-poor rural
' communities.
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Abstract

Background: Safety-net emergency departments often serve as the primary entry point for medical care for low income
predominantly minority patient populations. Herein, we sought to provide insight into the feasibility, technological proficiencies,
engagement characteristics, and practical considerations for amHealth intervention at a safety-net emergency department.

Objective: We aimed to analyze patient technological proficiency to understand the feasibility of and draw practical considerations
for mobile phone technology (mHealth) solutions for patients with chronic disease served by safety-net emergency departments.

Methods: We analyzed datafrom aprevious diabetes randomized clinical mHealth trial for adiabetes social support intervention.
Patients from a safety-net emergency department with preexisting diabetes who used SM S text messages, owned amobile phone,
and with hemoglobin A, levels>8.5% were enrolled. A text message—based mHealth program to improve disease sel f-management
was provided to all patients. Supporters of patients were randomized to receive a mailed copy or mHealth-based curriculum
designed to improve diabetes support. Among enrolled patients, we surveyed mobile technological capacity and frequency of
use. We performed latent class analysis to identify classes of patients by level of technological proficiency and compared
demographic characteristics between the latent classes to identify demographic subgroups that may require more training or
tailoring of the mHealth approach. Study engagement between classes was assessed by comparing the mean number of text
messages exchanged, loss to follow-up, and early termination.

Results. Of 1876 patients who were approached, 44.2% (n=829) of patients had a stable mobile phone and were able to use
text messages. Among them 166 met the trial inclusion and enrolled, 90% (149/166) of the cohort were ethnically diverse.
Significant variance was found in technology capacity and frequency of use. Our latent class analysis classified 75% (124/166)
of patients as highly technologically proficient and 25% (42/166) patients as minimally technologically proficient. Age (P<.001)
and level of education (P<.001) were associated with class membership. Highly technologically proficient patients were younger
and had higher levels of education (45.74 years old; high school or more: 90%) than minimally technologically proficient patients
(53.64 yearsold; high school or more: 18%). Highly technologically proficient parti cipants exchanged amean of 40 text messages
with the system coordinators compared to amean of 10 text messages by minimally technologically proficient patients (P<.001).
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Conclusions: This study found that nearly half of the patients screened at the safety-net emergency department were equipped
for an SM'S text message-based mHealth intervention. In the small sample of patients who were enrolled, the majority were
classified as highly technologically proficient. These highly proficient patients had greater study engagement. mHealth use in
emergency departments may be an opportunity to improve health of ethnically diverse populations by pairing sophisticated chronic
disease self-management program with SM S text message—based and traditional in-person interventionsto reach patientsthrough

the method that is most familiar and comfortable.
International Registered Report Identifier (IRRID):

(JMIR Diabetes 2022;7(2):23641) doi:10.2196/23641
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Introduction

Over the past two decades, mobile phone technology
interventions for health (mHealth) have expanded rapidly into
most specialties, settings, and patient populations[1,2]. mHealth
interventions have been used to improve self-management for
aspectrum of chronic diseases, including hypertension, diabetes,
and colon cancer. mHealth interventions have recently and
successfully used reminders, feedback, and planning prompts
to improve health care utilization and improve self-care of
chronicillness[3-6]. The strength of mHealth interventionslies
in their low financial costs and minimal requirements for
additional human capital or new infrastructure [7]. However,
the adoption of mHealth interventions haslagged in vulnerable
populations such as low-income groups, racial and ethnic
minorities, and underinsured or uninsured populations [1,8].

Descriptions of mHealth implementations for vulnerable
populations in the United States are limited. Despite limited
adoption of mHeath interventions in low-income Latino
populations, preliminary studies highlight the missed opportunity
to improve chronic disease self-management [9-11]. In these
populations, mHealth has improved medication adherence,
diabetes control, and health care utilization patterns and has
reduced health care costs [12]. These benefits are evident
regardless of apatient’s baseline health literacy [ 7,13]. mHealth
interventions have been shown to improve the care of minority
and underserved Latino and African American patient
populations [8]. The appropriate setting and the fundamental
characteristics of mHeath implementation in Latino
communities have not been fully explored as most interventions
have been deployed in specidty clinics or with patients with
existing access to primary care.

Safety-net health systems, which are charged with providing
preventative and advance health services to those with limited
ability to pay, have been considered for mHealth solutions, but
a fundamental understanding of appropriate communication
modalities is needed, which has hindered mHealth updates in
this venue. Approaches to ensuring appropriate mHealth
solutions deployed in safety-net health systemsinclude the use
of small focus groups[14]. Safety-net health system outpatient
community care clinics with younger and more adequately
insured patients with higher levels of socioeconomic standing
are well equipped for mHealth solutions[15]. Although nearly
16,270 papers have been published in the mHealth arena, only
16 papers contributed knowledge on behalf of historically

https://diabetes.,jmir.org/2022/2/e23641

underserved and minority populations [16]. Understudied
minority patient populations have potentia for mHealth
success—successful mHealth strategies have been conducted
in African American and Korean populations—including the
delivery of HIV prevention strategies to black youth, mobile
phone-based counseling among pregnant teen mothers, cervical
cancer screening among Korean American women [17-19].
However, the limits of mHealth solutions in more clinical
situations must be explored—most notably, in safety-net
emergency departments primarily serving minority and
medically underserved patients.

Emergency departments are underutilized settings for mHealth
solutions despite their increasing role in chronic disease
management. The role of emergency departmentsin acute and
chronic care for low-income minority patients continues to
evolve under the Affordable Care Act [14,15]. This group
disproportionately uses safety-net emergency departmentsas a
primary entry point to the medical system [16-18]. The Agency
for Health care Research and Quality estimates that safety-net
hospitalsaccount for roughly 25% of all hospitalsyet over 33%
of all in-patient staysin the United States[19]. Thisintersection
between low-income minority patient populations and their
entry tomedical care makes emergency departmentsapromising
location for mHealth intervention strategiesfor chronic diseases.
Additionally, mHealth solutions can provide asynchronous
patient education and care, which iswell suited for emergency
departments given that providers may not have sufficient time
to engage patients in lasting behavior change in the pressured
environment of the emergency department.

Safety-net emergency departments may be an excellent setting
for mHedlth interventions, but information on large-scale
feasibility and implementation for heterogenous patient
populationsis limited in the current literature. While mHealth
implementation among minority and historically underserved
patient popul ations has been documented, we do not have afull
understanding of fundamental tenants of mHealth
implementation for the diverse patients presenting to saf ety-net
emergency departmentsin the United States. In the few reported
studies, emergency department—based mHealth interventions
have decreased overall emergency department utilization [20],
improved patient knowledge on safe opioid use [15], and have
been feasible in management of alcohol use disorder [11].
Additionally, complex determinants of health, such as social
support, can improve with the use of an mHealth platform by
patientsin the emergency department [21]. Despite theseinitial
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positive results, we do not know how technological proficiencies
may affect engagement with mHealth solutions in populations
using safety-net emergency departments or if patients with
chronic diseaseswho use safety-net emergency departmentsare
ready to engage with mHealth. mHealth trial s conducted within
minority, low socioeconomic status, and underserved
populations have traditionally successfully recruited 13% to
40% of approached patients [22]. We have limited insight into
the feasibility of mHealth utilization in busy safety-net
emergency departments or into which approaches can be used
to improve enrollment and the use of mHealth. Nationa
estimates do not accurately reflect the mobile technology use
of underserved patients who present to these emergency
departments [22]. Additionally, patients who visit emergency
departments have less technology proficiency, such as lower
app utilization rate compared to national estimates [23]. The
modalities used by current mHealth solutions may not be
congruent with thetechnological capacities of the understudied
safety-net emergency department population.

Herein, we examine the feasibility of deploying mHealth
solutions at a busy safety-net emergency department and
describe the technological proficiency of a diverse cohort of
patients with diabetes presenting to a safety-net emergency
department by using datafrom apragmatic mHealth randomized
clinical trial on atext message-based social support intervention.
We asked (1) are diverse safety-net emergency department
patients equipped for mHealth interventions, (2) does diversity
of patient demographics determine technological proficiency,
and (3) is technological proficiency associated with mHealth
engagement?

Methods

Ethics Approval

The study was approved by the Health Sciences Campus of
University of Southern California Institutional Review Board
(approval number HS-17-00406).

Study Population and Design

Weused datafrom the TEXT-M ED+FANS mHeal th randomized
clinical trial [10]. The 6-month randomized clinical trial was
conducted to understand the role of social support inimproving
chronic disease self-management by using an SMS text
message-based bidirectional mHealth platform in the patient’s
choice of language (English or Spanish). All patients enrolled
in the study were given access to the mHealth program [24] and
asked to identify a supporter upon enrollment. A supporter was
broadly defined as a patient’s acquaintance, family, or spouse
who shares the common goal of improving the well-being of
the patient. Supporters of these patients were randomized to a
mHealth intervention designed to improve diabetes specific
support or to receive identical information provided as printed
material in apamphlet control. Patientswere recruited from the
Los Angeles County—University of South California Medical
Center safety-net emergency department, which serves
predominantly an ethnic minority (Latino ethnicity) patient
population, with 132 beds and over 150,000 annual visits[23],
was conducted from July 2017 to October 2018.

https://diabetes.,jmir.org/2022/2/e23641
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Study Procedures

Trained research assistants screened patients via a real-time
emergency department electronic tracking board and health
records for diabetes. Patients were ingligible to participate if
they had hemoglobin A, levels less than 8.5%, could not
identify a supporter, or denied having diabetes. Technology
inclusion criteriawere met if participants could send and receive
text messages and had access to a mobile phone for more than
30 days.

Patients’ self-reports of technological proficiency were collected
at study enrollment, upon initial presentation to the emergency
department. Information was collected via the Mobile Usage
Survey derived from the Pew National Survey of Latinos to
understand the capacity and frequency of respective technology
use habits [2]. Demographic information included age, race,
ethnicity, gender, primary language, English proficiency, and
country of birth. Technological proficiency characteristics
included access the internet and the ability and frequency to
send or receive SMS text messages, send and receive instant
messages, send and receive emails, and to use mobile phone
apps. mHealth platform engagement metricswere assessed using
data furnished by the third-party provider of the mHealth
platform (Agile Health). Engagement metricsincluded the mean
number of SMS text messages exchanged with the mHealth
platform, study dropout rate, and requests for program
termination.

Statistical Analysis

We used Stata (version 16; StataCorp LLC) for data analysis.
Statistical differences were ascertained using chi-square tests.
P values<.05 were statistically significant. Using datafrom the
technological proficiency survey, we stratified study participants
into an undefined number of underlying subgroups using latent
class analysis. Prior studies [25] have employed latent class
analysisto better understand subgroups of patients such ashigh
utilizers of safety-net hospitals. Latent class analysis is a
person-centered, finite mixture model technique which sorts
survey participantsinto latent classes using observable variables,
using probabilistic distribution functions with the goa of
establishing the most parsimonious and interpretable set of
classes [26]. We used M-plus (version 1.6; Muthén & Muthén)
to fit alatent class model. We evaluated an increasing number
of classes starting at a 1-class solution, using the following
manifest variables: ability to send and receive SMS text
messages, send and receive emails, access the internet, send
and receive instant messages, or ability to use apps. Class size
wasincreased by 1 in each sequential analysis and measures of
fit (Akaikeinformation criterion, Bayesian information criterion,
and entropy) were examined at each step. Analysis continued
sequentially until at least 2 sequential models showed a poorer
fit than the best prior model. The 2-class model was found to
have the highest entropy and lowest Akaikeinformation criterion
and Bayesian information criterion—penalized likelihood criteria.

The manifest variables defining technological proficiency were
examined to describe the 2 classes—highly technologically
proficient or minimally technologically proficient. Demographic
differences between the 2 classes were assessed using
independent 2-tailed t test and chi-square test P values.
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Information derived from the technology survey and latent class
analysis was used to understand if baseline technological
proficiency characteristics were associated with study
engagement. Texts exchanged with study coordinators were
compared using the 2-samplet test. Additionally, we assessed
differences in study dropout rate as well as SM S text message
termination requests between the classes of participants using
nonparametric tests.

Results

Feasibility of Screening and Recruitment

In total, 3835 emergency department patients were screened:
1959 patients were not approached due to a variety of factors
including the patient’s severity of illness, the patient was not
alert or oriented, the patient declined to hear about the study,
or the patient was discharged before research staff could
approach them (Figure 1). Of the 1876 patients approached, we
successfully identified 44.2% (n=829) of patients as owning a
mobile phone and capable of sending and receiving text
messages. This shows the safety-net emergency department

Figure 1. Recruitment diagram. DM: diabetes; HbA 1. hemoglobin A4c.

Treacy-Abarcaet a

patients, who are primarily of Latino ethnicity, are equipped
for mHesalth interventions.

An additional 670 patients were ineligible because hemoglobin
Ay levels were <8.5% (n=394), no supporter was identified
(n=122), they denied having diabetes (n=65), or they declined
to participate (n=25). Moreover, 7 patients did not complete
enrollment on mHealth platform. Thus, 166 patients werefully
enrolled into the study, and all received access to the mHealth
platform.

Of 166 enrolled patients, 82 (49.4%) were male, and 84 (50.6%)
were femal g; none selected nonbinary. Most patients identified
as racial and ethnic minorities (Table 1). The majority of
participants were foreign born Mexico: 131 (78.7%) patients
were born in Mexico or Central America, and 116 (69.9%)
patients preferred Spanish. All patients owned mobile phones,
and 5% (8166) reported sharing their phone with another family
member. Patients had a variety of mobile phone service plans:
33.7% of patients (56/166) reported having a contract-based
mobile phone, 53% of patients (88/166) paid per month, and
13% of patients (22/166) had some other type of payment
arrangement.

3,835 patients identified initally by

1,876 patients were approached by
research Staff.

electronic health record screen of which

1,959 patients were too ill,
not alert or oriented, or
declined to hear about the
study.

Technology Based
Screen

1,040 patients did not meet
technology inclusion
criteria.

613 patients were not able to use
text messages.

427 patients did not have a stable
mobile phone.

eligible to participate (n=836).

44% of patients were technologically

Study Specific
Screen

166 patients were fully enrolled
in trial.

https://diabetes.,jmir.org/2022/2/e23641
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670 patients did not meet study specific
inclusion criteria. as noted below.

-Hbalc < B.5% (n=394)

-No supporter identified (n=122)
-Denial of DM (n=65)

-Refused Hbalc Test (n=57)
-Declined but eligible (n=25)

-Did not complete enrollment (n=7)
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Table 1. Participant demographic data.
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Characteristic Value (n=166), n (%)
Gender
Male 82 (49.4)
Female 84 (50.6)
Nonbinary 0(0)
Ethnicity
Hispanic or Latino 156 (94.0)
Not Hispanic or Latino 9(5.4)
Unknown or not reported 1(0.6)
Race
American Indian/Alaskan Native 5(3.0)
Asian 2(L2)
Black or African American 9(5.4)
White 74 (44.8)
Mixed 3(18)
Unknown or not reported 72 (43.6)
Country of birth
Mexico 100 (61.0)
United States 35(21.3)
El Salvador 11(6.7)
Other 18 (11.0)
L anguage preference
English 50(30.1)
Spanish 116 (69.9)
Level of education
No formal education 4(2.49)
Grammar 53(32.1)
High school 77 (46.7)
College or vocational 29 (17.6)
Professiona 2(1.2)

Latent Class Analysis of Study Participants
Technology Use

In the latent class analysis, a 2-class model best identified
underlying classes with 75% (124/166) of patients classified as
highly technologically proficient and 25% (42/166) of patients
as minimally technologically proficient. The 2 classes differed
intechnology capacity and frequency of technology use (Figure
2), except for SMS text message capability. All highly
technologically proficient patients and 95% of the minimally
technologically proficient patients used SMS text messages.
Compared with minimally technologically proficient patients,
highly technologically proficient patients were more likely to
use email (65% vs 12%, P<.001), use instant messages (93%
vs 12%, P<.001), use apps (92% vs 2%, P<.001), and access
the internet (94% vs 24%, P<.001). Similarly, highly

https://diabetes.,jmir.org/2022/2/e23641

technologically proficient patients more frequently reported
daily use of SM S text messaging (87% vs 55%, P<.001), email
(46% vs 5%, P<.001), instant messages (73% vs 5%, P<.001),
app use (81% vsnone, P<.001), and internet use (78% vs 10%,
P<.001).

We also compared latent class differences in demographic
characteristics of race, ethnicity, age, language proficiency, and
country of birth between classes. No differences between patient
classes were found for gender (P=.17), race (P=.62), ethnicity
(P=.82), country of birth (P=.50), or language preference
(P=.07) (Table 2). However, there were differences between
the 2 patient classes in level of education (P<.001) and mean
age (P<.001) (Table 2). Highly technologically proficient
patients mean age was 45.74 years compared to 52.73 years
for minimally technologically proficient patients (P<.001).
Lastly, highly technologically proficient patients had statistically
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significant (P=.05) greater engagement with the mHealth patients (Table 2). No statistical differences (P=.85) in study
platform, exchanging an average of 40.94 exchanged SMStext  loss to follow-up or request for SM S text message curriculum
messages through the 6-month study duration comparedto 10.79  termination were noted between the 2 patient classes.

SMS text messages for minimally technologically proficient

Figure 2. Basdline (a) technological capacity and (b) frequency of use of mobile phone by patient class.
a b
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Table 2. Demographic and study participation measures by patient class.
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Demographic measures Highly proficient (n=124) Minimally proficient (n=42) P value
Gender, n 17
Female 59 25
Mae 65 17
Age (years) 45.74 52.73 <.001
Ethnicity, n .82
Hispanic or Latino 116 40
Not Hispanic or Latino 7 2
Unknown 1 0
Race, n .62
American Indian/Alaska Native 3 1
Asian 2 0
Black or African American 6 3
White 58 16
Mixed 3 0
Unknown or not reported 52 22
Country of birth, n .50
United States 28 7
Mexico 74 28
El Salvador 7 4
Other 15 3
Language preference, n .07
English 42 8
Spanish 82 34
Other 0 0
Education level, n <.001
No formal education 3 1
Grammar 29 23
High school 62 17
College or vocationa 28 1
Professional school 2 0
Engagement measures
Text messages, mean 40.94 10.79 .05
6-month loss to follow-up, % 41.46 39.53 .82
Early text message termination, % 7.32 233 24

Discussion

Principal Findings

Most emergency department patients with diabetes who could
engage in mHealth were highly technologically proficient. We
found that age and level of education differed between highly
and minimally technologically proficient counterparts but that
other demographic characteristics did not differ between classes.
We provide practical suggestions for designers planning to

https://diabetes.,jmir.org/2022/2/e23641

RenderX

expand mHealth use among the diverse patient populations
served at safety-net emergency departments (Table 3).

Safety-net emergency departments arefeasible clinical settings
for mHealth solutions for underserved patient populations, with
agood portion of patients having sufficient capacity to engage:
44.2% of patients (829/1876) that we approached in the
emergency department fulfilled basic technology-based
eligibility criteria. A cohort of users wasrecruited and enrolled
despite the acuity and fast paced environment of the emergency
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department. Our success here is consistent with those of other
mHealth solutions provided to minority, low income, and
underserved patient populations from other clinical settings,
which have reported dligibility success between 13% to 41%
[22,23,27]. A particular strength of our study is the racial and
ethnic diversity of our cohort with respect to the general
population that have been traditionally studied for mHealth
interventions. We found that only age and education influenced
technological capacity, in line with the findings of a previous
study [8] that both age and indicators of socioeconomic status,

Treacy-Abarcaet a

such as education, were associated with improved mHealth
solution uptake. Gender, ethnicity, race, country of birth, and
language were not determinants of highly technologically
proficient status. Future researchers on mHealth solutions at
safety-net emergency departments should takeinto consideration
both patient age and education when designing mHealth
interventions, but adiverse patient cohort is not an impediment
toward successful mHealth solutions at safety-net emergency
departments.

Table 3. Findings and practical considerations for mHealth interventions for chronic diseases in safety-net emergency departments.

Finding Implication

Safety-net emergency departments allow
for recruitment of diverse patient cohorts

Optimal mHealth technological modalities
exist in safety-net emergency department
patients

Less optima mHealth technological
modalities exist in this diverse study co-
hort

Most demographic characteristics are not
associated with to highly technologically
proficient classification digibility.
Age and level of education are associated
with highly technologically proficient
classification

Highly technologically proficient patients
had greater mHealth engagement

Recruitment for mHealth intervention trials is feasible among across culturaly, linguistically, racially or
ethnically, and geographically diverse populations.

Future designs should consider text message—based interventions as a primary modality, aswell asinstant
message—based modalities, and app-based modalities.

Email-based mHealth interventions are particularly poorly suited as email was used the least by either
patient classification, and serial surveys of technological proficiency should be conducted as capacities
evolve and new technology becomes available.

In our study population, gender, ethnicity, race, country of birth, or language preference were not associ-
ated with classification as highly technologically proficient and should not be used for mHeal th intervention

Additiona research is needed to understand to how to harness this finding for improvement in clinica
outcomes, and differential design of studies.

Future studies should be conducted to improve engagement among minimally technologically proficient
patients and to understand the costs and benefits of targeted training for patients to improve engagement.

While safety-net emergency departments are feasible settings
for mHealth, we must carefully consider which technological
modalities to deploy. Text messages, web-based, instant
message-based, and apps may be well suited modalities for
safety-net hospital systemsif age and educational considerations
are huilt into the design of the interventions. Interestingly,
email-based capacity for use and frequency of use were low for
both classes. The finding of limited email use is a departure
from mHealth solutions conducted at clinical settings that are
not safety-net hospitals [3]. Visits to safety-net emergency
departments by minority and historically underserved patient
populations can be capitalized on by expanding mHealth
solutions as emergency departments serve as primary entry
points to primary care and specialty care [18]. Such expansion
can be aided by considering suitable technological modalities,
technological capacity within this population, drivers of
technological capacity, and effect on engagement with mHealth
solutions. We found that highly technologically proficient
patients had better engagement with the mHealth platform,
understanding how to increase engagement in low-resource
settings may be critical to successful interventions [28].

Asthefield of mHealth expands into resource-limited settings
and participants, our study presents uniqueinsightsinto patients
that could be targeted for optimization of mHealth solutions
and increasing patient engagement. The minimaly
technologically proficient cohort lacked robust use of most
technological modalities beyond text messages. The
communication modality selected for mHealth interventionsin

https://diabetes.,jmir.org/2022/2/e23641

safety-net emergency departments may need to be congruent
with patients' technological capacity to be most effective.
Minimally technologically proficient patients at safety-net
emergency departments may be candidates for future mHealth
interventions, which can be optimized by selecting appropriate
technol ogical modalities; SM S text messages, instant messages,
and, to alesser extent, app-based modalities. Training strategies
for minimally technologically proficient patients may help
increase engagement and should be studied further. Theinability
to use text messages was the most common of the technol ogical
ingligibility criteria. This presents an opportunity to examine
the role of basic mobile training or subsidized cellular
connectivity to increaseintervention effectivenessin this patient
population. Technological proficiencies have improved over
the course of successive Pew National Survey of LatinosMobile
Usage Surveys [2], as well in surveys at our own institution
[22]. Institutional stakeholders interested in mHealth
interventions for patient populations at safety-net emergency
departments should periodically survey patients technological
capacities to determine which technological modality to use.

Future emergency department—based mHealth interventions
should embrace the diversity encountered at safety-net
emergency departments as most demographic characteristics
among our participants were not associated with classification
as highly technologically proficient. Moreover, recruiting
diverse patient populations to clinical trials can highlight
nuances in intervention effectiveness in racial and ethnic
subgroups [29,30]. We were able to capture different
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characteristics (race and ethnicity, country of birth, and primary
languages spoken) than those of the nationa population.
Resource-limited emergency departments serving minority and
historically underserved patient populations should be
considered uniquely suited for mHealth interventions. These
emergency department patients can improve the design of
mHealth trial sby increasing ethnic and socioeconomic diversity
among participants. We encourage other mHealth researchers
to consider safety-net emergency departmentsasviableclinical
Settings to recruit a patient cohort with different demographic
characteristics.

Limitations

There are limitations to our analysis. The study was conducted
at a single medical center. Multicenter studies are needed to
understand the full scope of technological proficiencies
nationally. However, this ingtitution allowed us to focus on an
understudied patient cohort recruited directly from abusy urban
safety-net emergency department. Our cohort also had an
overrepresentation of patients of Hispanic and Latino ethnicity.
Future studies should include centers with more diverse
representation. We only collected detailed demographic and
mobile phone use information from patients enrolled in the

Treacy-Abarcaet a

mHealth intervention; therefore, we were unable to analyze all
screened patients in the technology proficiency latent class
analysis. Additionally, technologica proficiency was
self-reported introducing potential information bias, but it
allowed usto examine what patients believed they were capable
of, which may be abetter indicator of modalitiesthey will adopt.
We did not offer mobile technology training to patients, which
may have impacted engagement metrics. Future studies are
needed to examine the costs and benefits of training patientsin
unfamiliar modalities.

Conclusions

Emergency department—based mHealth interventions should
allow ingtitutional stakeholders to take advantage of costly
unscheduled emergency care to engage patients in chronic
disease management. Safety-net emergency departments are
feasiblefor mHealth interventions; in our study, nearly one-fifth
of emergency department patients with diabetes were equipped
with the technological ability and accessto participatein SMS
text message-based interventions. Future intervention
developers should consider the age and level of education of
participants as they may be associated with variations in
mHealth engagement, as found in our latent class analysis.
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Abstract

Background: Over 34 million people in the United States have diabetes, with 1.5 million diagnosed every year. Diabetes
self-management education and support (DSMES) is acrucial component of treatment to delay or prevent complications. Rural
communities face many unique challenges in accessing DSMES, including geographic barriers and availability of DSMES
programs that are culturally adapted to rural context.

Objective: Boot Camp Translation (BCT) isan established approach to community-based participatory research used to translate
complex clinical and scientific information into concepts, messages, and materials that are understandable, meaningful, and
relevant to community members and patients. This study aimed to utilize BCT to adapt an existing DSMES program for delivery
in rura primary care for English- and Spanish-speaking people with diabetes.

Methods: The High Plains Research Network (HPRN) Community Advisory Council (C.A.C.) partnered with researchers at
the University of Colorado and University of Utah to use BCT to aid in translating medical jargon and materials from an existing
DSMES program, called “Diabetes One Day (D1D).” BCT consisted of 10 virtual meetings over a 6-month period among the
C.A.C., which included 15 diverse community stakeholders. Both English-speaking and bilingua Spanish-English—speaking
C.A.C. memberswererecruited to reflect the diversity of the rural communitiesin which the adapted program would be delivered.

Results: The BCT process guided adaptationsto D1D for usein rural settings (R-D1D). R-D1D adaptations reflect both content
and delivery to assure that the intervention is appropriate and likely to be accepted by rural English- and Spanish-speaking people
with diabetes. Additionally, BCT informed the design of recruitment and program materials and identification of recruitment
venues. During the BCT process, theimportance of tailoring materialsto reflect culture differencesin English- and Spanish-speaking
patients was identified.

Conclusions: BCT was an effective strategy for academic researchers to partner with rural community members to adapt an
existing DSMES intervention for delivery in rural areas to both English- and Spanish-speaking patients with diabetes. Through
BCT, adaptationsto recruitment materials and methods, program content and delivery, and supplemental materialswere devel oped.
The need to culturally adapt Spanish materials with input from stakeholders rather than simply trandate materials into Spanish
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was highlighted. Theimportance of increasing awareness of the connection between diabetes and depression or diabetes distress,
adaptations to include local foods, and the importance of the relationship between people with diabetes and their primary care

practices were identified.

(JMIR Diabetes 2022;7(2):35664) doi:10.2196/35664

KEYWORDS
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community medicine

Introduction

Diabetes is a chronic, progressive disease affecting over 34
million people and is the 7th leading cause of the death in the
United States [1]. Diabetes contributes to serious micro- and
macrovascular complications leading to disability and poor
quality of life[2]. Diabetes self-management isthe cornerstone
of avoiding or delaying diabetes complications.
Self-management behaviors include a challenging daily diet,
medication, exercise, and a glucose monitoring regimen.
Diabetes self-management education and support (DSMES) is
needed to help people with diabetes adopt self-management
behaviors and is recommended by the American Association
of Diabetes Educators and the American Diabetes Association
as standard of care [3]. DSMES can improve outcomesin both
type 1 diabetes (T1D) and type 2 diabetes (T2D), including
lower glycated hemoglobin (HbA,¢), improved quality of life,
and healthy coping [4-7]. However, disparities in access to
high-quality DSMES are influenced by social determinants of
health, leading to downstream health inequity in diabetes
outcomes. Notably, there is a lack of culturally appropriate,
local DSMES for those who live in rura areas and those who
do not speak English, which contributes to higher rates of
diabetes-related complications in this population relative to
those who live in more urban areas [8,9].

To address the need for improved DSMES, a team led by a
nurse-practitioner researcher devel oped the Diabetes One Day
(D1D) Program, an interdisciplinary DSMES program for
patients with diabetes and their care partners that enhances
diabetesdistress and diabetes self-care behaviorsthrough severa
strategies. The in-person 1-day (8-hour) DM SES intervention
provided a hybrid education program that included individual
and small group sessionsdelivered by interdisciplinary diabetes
specialists (eg, certified diabetes care and education specialist,
pharmacist, licensed clinical social worker, chef). Topics
included pathophysiology, medications, weight management,
exercise and being active, healthy eating, troubleshooting
glucose levels, diabetes technology, and coping with diabetes.
Each particiant was encouraged to bring a care partner (family
or friend). Sessionswere interactive, allowing for peer support.
Participants also received written and digital education materials.
D1D has been shown to be feasible to deliver through aremote
team and to significantly reduce HbA . in participants seen at

an academic endocrinology center [10].

In rural eastern Colorado, rates of diabetes average 12.3%
compared with the state average of 7.3% [11]. Clinicians and
practice staff in the High Plains Research Network (HPRN) and
the HPRN Community Advisory Council (C.A.C.) consistently
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identify diabetes and the lack of diabetes management support
as health priorities during visits to practices and annual research
convocations. The HPRN C.A.C. identified the D1D Program
as a potential resource to help address disparities in diabetes
prevalence and outcomes in rural eastern Colorado. However,
existing DSMES programs might rely on resources that are not
available in rural regions. Factors that influence program fit
with rural primary care and communities include access to
practice staff with the training, resources, and time to provide
DSMES; patient education materialsthat do not reflect the social
and physical environment (eg, access to sidewalks, fitness
centers, adiversity of restaurants and large grocery stores); and
cultural and technological infrastructure needs. Therefore, the
HPRN C.A.C. and academic research team sought to review
and adapt the D1D program for rural eastern Colorado. Boot
Camp Translation (BCT) is an evidence-based participatory
community engagement method [12] that diverse populations
have used to translate scientific evidence-based guidelines into
new, locally relevant messages, materials, and dissemination
strategies that use local assets [13-18]. For this study, the
community-academic partnership used BCT to adapt the existing
D1D program delivery method and materials to help increase
access to effective DSMES for English- and Spanish-speaking
patients, caregivers, and primary care practicesin rural eastern
Colorado.

We describe the use of BCT to adapt the D1D and the resulting
messages and materials that created the Rural Diabetes One
Day (R-D1D) program. Results are useful to patients, clinical
teams, and researchers in other rura regions lacking DSMES
across the United States, as the adaptations may apply to other
rural communities outside of rural Colorado, particularly inthe
Western region of the United States.

Methods

Context and Setting

The study was conducted in northeast Colorado, which is part
of the HPRN. The HPRN is a primary care- and
community-based research network in 16 counties in rural
eastern Colorado. The network is housed in the University of
Colorado Department of Family Medicine. Of the 16 counties
in the HPRN region, 15 counties are in a geographic or
income-based primary care health professional shortage area,
and approximately 27% of the population is Hispanic, with 12%
of the population speaking Spanish at home [19]. Only 5
diabetes care and education specialists are located in the entire
16-county region of the HPRN [20], which covers 30,000 square
miles.
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The Diabetes One Day DSMES Program
The D1D Program is an interdisciplinary DSMES program for

Oser et a

patients with diabetes and their care partners. D1D was
originally designed to be delivered in person over 8 hoursin 1
day. Program components are outlined in Textbox 1.

Textbox 1. Adaptations to the Diabetes One Day (D1D) Program structure and content for patients seen in rural primary care practices.

Original Diabetes One Day (8 hours)
Diabetes Overview (60 min)
Medication Options (30 min)
Weight Management and Diabetes (20 min)

Importance of Exercise (20 min)

1
2
3
4
5. Healthy Eating/Carbohydrate Counting (60 min)
6. Mea Demonstration and Lunch (60 min)

7. Individual Visit With Nurse Practitioner/Medical Doctor (90 min)
8. Troubleshooting Glucose Levels (25 min)

9. Diabetes Technology (20 min)

10. Healthy Coping With Diabetes (45 min)

Rural Diabetes One Day Schedule (5.5 hours)
Coping With Diabetes (60 min)

What is Diabetes? (15 min)

Diabetes Complications (15 min)
Self-Care Behaviors (20 min)

Sick Day Management (10 min)
Troubleshooting Glucose Levels (20 min)
Weight and Diabetes (15 min)

Healthy Eating (50 min)

Medication Options (20 min)

10. Shared Medica Visit (60 min)

11. How to Work With the Health Care Practitioner Team (10 min)

© © N o g A~ W NP

Adaptation Using Boot Camp Translation

BCT has been used by partnerships of community members,
academic researchers, and health professionals around the
country on a range of health topics to translate medical
information and clinical guidelines into concepts, messages,
and materialsthat are understandable, meaningful, and engaging
to community membersand patientsand disseminated in testable
healthinterventions[21]. A full description of the standard BCT
process has been previously reported [22]. We used the BCT
process in this study to modify and adapt the existing D1D
program for implementation in rural primary care practicesand
communities.

Community partners consisted of 15 people from diverse
backgrounds. Partnersincluded members of the HPRN C.A.C.,
including ranchers, a teacher, a retired social worker, an
agricultural business manager, a school support staff worker, a
practice administrator, and locally based HPRN community
research liaison/practice facilitators. Ad hoc members were
added to round out expertise and perspectives, including 4
people living with T1D or T2D. The HPRN Director, who

https://diabetes.,jmir.org/2022/2/e35664

practices at one of the participating primary care practices, and
co-Director facilitated and participated in all BCT meetings. Of
the members, 5 care for someone with diabetes, and 5 were
Hispanic or Latino, the latter which were all bilingual
English-Spanish speaking. Participants al so included 3 research
partners from the University of Utah who developed the D1D
program. A clinician with expertise in diabetes who identifies
as Latino and is Spanish-speaking provided the educational
presentation and clinical guidance throughout the process.

The BCT process occurred over a 6-month period. Due to the
COVID-19 pandemic, the BCT was conducted virtually (using
Zoom), and the traditional cycle of meetings and calls was
dlightly modified to accommodate this format. The process
started with a 4-hour kick-off meeting with an expert
presentation that provided information about diabetes,
evidence-based guidelines for DSMES, and description of the
current D1D program. Four 2-hour meetings interspersed by
five 45-minute meetings were used to determine content
(program messages and material s) and context (program delivery
mode, structure) adaptations and to develop recruitment
materials.
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Ethics Approval

Required institutional review board approvals and data use
agreements among participating organizations have been
established. Study procedureswere approved by The University
of Utah Multiple Institutional Review Board on October 28,
2020 (approval #00133179).

Results

The BCT process resulted in new study recruitment materials
and strategies, new and adapted messages and materials for
English- and Spanish-speaking patients; and adaptationsto the
delivery, structure, and content of the DSMES intervention.

Recruitment Messages and M aterials

The D1D Program was originally offered to patients seen at an
academic endocrinology center. Thisstudy aimed to implement
the program in rural primary care settings. Because many rural
communities have only 1 primary care practice, the C.A.C.
developed materials for distribution in the practice as well as
the broader community. Materials included versatile
“inserts’—large, bookmark-sized flyers placed on countertops
(such as a clinic check-in areas), in exam rooms, in church
bulletins, attached to pharmacy and other retail bags, among
other locations. “Inserts’ were modified to create 11x17 posters
to be hung at various locations in practices and communities.
Building on social distancing cues related to COVID-19, floor
decalswere created for exam rooms and other areas at practices.
Recruitment materials were designed for both English- and
Spanish-speaking patients. The C.A.C. recommended placing
recruitment materials at multiple and diverselocations, including
the grocery stores, dollar store, butcher, pharmacy, Mexican
bakery, school, church, community center, and meat factory
where many Spanish-speaking patients with diabetes are
employed.

Recruitment material s carried attention-grabbing messages. The
need to care for yourself for the sake of your family was
identified as a key message for Spani sh-speaking communities,
resulting in the message “Porque mi familia importal” The
commonly used term “azlcar” refersto diabetesin the Spanish
recruitment materials. Community partners stated that the local
rura culture often includes a “take care of yourself” approach
to health, and that for some conditions, such as diabetes, people
believe they did something wrong and feel guilty. In response,
materials for English-speaking participants promoted the
message that “ Eastern Colorado is worth it!” and that “People
with diabetes deserve to live a hedlthy life” Images of the
landscape and people from the local area were used to give
materials an authentic rural ook and potential face recognition.
Multimedia A ppendix 1 offersadescription, distribution efforts,
and image of the materials devel oped.

Participant Program Materials

The D1D Program offers multiple resources for participants.
These include the Calorie King book, a Healthy Plate handout
developed by the Centers for Disease Control and Prevention
(CDC), ahandout on SMART goals, copiesof the presentations
(eg, PowerPoint slides) given during the program, and copies
of diabetes management magazines. The C.A.C. identified
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several adaptationsto existing materials and new resourceswith
messages they believed would improve the cultural relevance
and, in turn, usefulness of the program in the study region. The
adaptations are described in the following sections.

Recipe Book

Many of the foods and restaurantsincluded in the Calorie King
book are not available in eastern Colorado, and the book was
not available in Spanish. The C.A.C. adapted this concept into
abook with local recipes. “From Our Hometo Yours’ contains
recipes collected from the C.A.C. and friends and a series of
tips based on evidence-based guidelines and their lived
experiences for participants to use while grocery shopping,
preparing meals, and eating. Recipes use affordablefoods easily
availablein eastern Colorado and that reflect thelocal rural and,
within that, Hispanic/Latino culture. All recipeswere reviewed
by acertified dietician, and slight modifications were suggested
to reduce carbohydrate or fat content and portion size, as needed.
The book also includes a section introducing the concept of
carbohydrates. The C.A.C. wrote the forward to include
motivational messages reflected in recruitment materials. The
book isavailable in English and Spanish.

Healthy Plate Place Mats

This rural region is largely ranch land, and beef is a common
food and source of income for a substantial number of people
in the region. Instead of promoting foods less common in the
region, the C.A.C. worked with their academic partnersto offer
strategies for healthier consumption of beef than people often
practice. The image of salmon found in the origina Healthy
Plate was replaced with lean beef. Headthy lifestyle
recommendations and personal stories from the Recipe Book
were added surrounding the Healthy Plate. The* handout” format
was converted to a place mat with the intention of increasing
exposure to the information. The new Healthy Plate place mat
includes the plate and tips on one side and eastern Colorado
images on the other.

Diabetes DistressM ood M atter s Handout and M ood
Tracker

The D1D program includes a session on mental health,
emphasizing realistic diabetes management goals and coping
strategies. The C.A.C. determined that R-D1D needed to
enhance the content related to mental health and the connection
to diabetes. The resulting colorful handout specifically callsout
the connection between diabetes and depression and the reality
of diabetes distress. The C.A.C. chose to use the word “mood”
to make the concept of depression more accessible and
potentially less stigmatizing to participants. With the heading
“Mood Matters,” the handout includes actionable strategies for
talking with clinical care teams about mood changes. For
example, for some people, discussing a change in mood in
relation to a physical condition might be easier than when
framed solely as amental health issue. The material includes a
combination of evidence-based distress coping strategies from
the literature reviewed by the C.A.C. and suggestions based on
their own experience, which were reviewed by the partnering
clinical diabetes experts. The R-D1D materialsincludeajournal
with prompting questions to encourage participants (and care
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partners) to track their mood and talk with their health careteam
about changesin mood and how that might impact their diabetes.

Presentation Handouts

The C.A.C. confirmed theimportance of each participant having
acopy of the presentation slides. Color copieswere printed and
included in participant packets.

Cinch Bag

Materials were provided to participants in a tote bag with the
simple message “I’'m worth it” on one side and “Yo valgo la
pend’ onthe other side. The bag isintended to increase exposure
to this ssimple message among participants and potentially
generate conversations with others in the community about
diabetes and the R-D1D program.

Program Delivery, Structure, and Content

D1D was designed to be delivered in person over 8 hoursin 1
day. Broad dissemination by the D1D team to other regions of
the country requires avirtual platform (eg, Zoom). The C.A.C.
deemed the delivery of atelehealth intervention to participant
homes acceptable as long as the virtual platform was easy to
use. Further, the program was offered such that participants
could participate from their home or join other participants at
the primary care clinic where they obtain care, using the
practice’'s video-conferencing technologies. The resulting
program followed the practice’'s COVID-19 protocols and
allowed participants an option based on their preferences or
needs.

The C.A.C. was concerned that attrition would be high if R-D1D
was delivered as an 8-hour virtual course, and they expressed
concern that a 4-hour course would provide an incomplete,
unsatisfying educational experience without enough time spent
on topics identified as being especially important, such as
self-care and coping. The program was thus restructured to last
5.5 hours and include breaks and maintain multiple interactive
and experience-sharing components.

Textbox 1 describes adaptations to the original D1D program
content. Specifically, the C.A.C. recommended increasing the
amount of time devoted to the “ Coping with Diabetes’ section
and emphasizing the link between diabetes and depression, the
reality of diabetes distress, and the new Mood Matters handout
and Mood Tracker. Rural populations receive mental health
treatment for depression and other mood disorders less
frequently than urban counterparts[23], and the C.A.C. felt that
many in the community were not aware of the link between
diabetes and depression or diabetes distress. Thus the C.A.C.
recommended starting R-D1D with a session on “Coping with
Diabetes,” in addition to lengthening the time spent on thistopic
and including an additional session on Self-Care Behaviors.
Food choices and eating behaviors emerged as a particularly
relevant component of successful diabetes self-management.
As a result, the Healthy Eating session was retained and
bol stered with the addition of the new Recipe Book and Healthy
Plate place mat. Although understanding the concept of
carbohydrates was determined important, the group removed
the section on carbohydrate counting, noting that a genera
understanding of low and high carbohydrate foods was more
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relevant in their experiences and higher priorities for the
program. The HPRN C.A.C. valued the evidence supporting
the effectiveness of medications to help manage diabetes. A
1-hour shared medical visit with a clinician (nurse practitioner
or physician) replaced individual meetings with 3 providers.
They chose to retain the D1D’s group format with open
discussion, based on a positive experience in Utah. Although
participants might feel uncomfortable sharing their health
information, the C.A.C. recommended this format to tap into
their rural community culture of “neighbor helping neighbor”
and made clear that R-D1D clinicians alow participants to opt
out of group discussion if they prefer. The Importance of
Exercise session was not selected to remain as a stand-alone
DSMES strategy in the R-D1D. Instead, the new recipe book
and Healthy Plate place mats included encouraging messages
and tips related to physical activity. The C.A.C. also advised
the R-D1D training team to eliminate references to gym
memberships due to the severe limited number of gymsin the
region. Given the delivery of R-D1D during the COVID-19
pandemic, the C.A.C. recommended the addition of a session
on Sick Day Management. To highlight the partnership between
R-D1D and local primary care practices, it was recommended
to include a session on How to Work With Your Healthcare
Team and that referral notes summarizing patient goals and
medication recommendations be sent back to the primary care
clinician after their patient attended R-D1D.

Discussion

Principal Findings

Our community-academic partnership successfully used the
BCT process to adapt the original D1D DSMES program to
optimize fit in rural primary care and communities, while
retaining the essential elements of the intervention.

Built on the principles of community-based participatory
research, BCT values and requires an equitable exchange of
perspectives and expertise of its community members, academic
research, and clinician participants [24]. This creates an
environment of co-learning. The HPRN C.A.C. and staff learned
more about diabetes, DSMES evidence, and the reasoning
behind certain aspects of the original D1D program. The D1D
research team learned about factors in this rural region that
might influence a patient’s willingness and capacity to receive
health information and follow health guidelines (cultural norms,
local resources) and ability to receive information (access to
technology, literacy, local language). With thisinformation, the
D1D research team could understand the rationale behind the
C.A.C.srecommendations and decisions.

Thisenvironment of co-learning allowed the group to negotiate
several adaptations. For example, the C.A.C. wondered if
participantswould retain moreinformation over multiple shorter
sessions versus 1 extended session. The group reviewed the
implementation and clinical evidence (eg, attendance, change
in HbA ) that supported the 1-day D1D structure and discussed
how attendance often drops substantially during multisession
programs. A 1-day structure reduces barriersto attendance, such
as the need to adjust one's work schedule multiple times, find
childcare, and, if attending virtually at thelocal practice, tofind
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transportation or drive a long distance, which is common in
rura regions, multiple times. As a result, the group agreed to
testing the feasibility of a 5.5-hour, 1-day program. The
importance of creating recruitment and program materials that
were inclusive to both English- and Spanish-speaking people
with diabetes living in rural areas was identified. As a result,
separate messages and materials were created that were
contextually adapted rather than just translated from English to
Spanish and included images of thelocal areaand peopleliving
in eastern Colorado. The D1D research team learned more about
the increased rates of depression and other mood disorders in
rural areas, and the C.A.C. learned about the evidence between
diabetes and depression or diabetes distress. Changesin content
and delivery, aswell as supplemental materials, were developed
asaresult of thisshared learning to decrease stigmaand increase
awareness. Another strategy employed to support thetrandglation
of evidence-based guidelines was having a certified dietician
review the recipes submitted by the community members.
Recipes were to use locally available affordable ingredients,
acknowledge—and actually tap into—the local rural and
Hispanic and Latino/a cultures, and generally be healthy.
However, rather than changing original recipes, the dietician
provided suggestions for alternative ingredients and portion
sizes, where applicable, which were added to the original
recipes. The relationship between people with diabetes and their
primary care practice in rural areas was discussed. As aresult,
a session was added to foster communication with the health
care team, as well as development of materials to convey
information back to the primary care clinician after R-D1D
attendance.

Limitations

Although other communities, primary care practices, public
health educators, and othersin rural communities may find these
specific results useful, one limitation of these resultsisthat they
may not offer broad generalizability. However, the types of
adaptations to consider when delivering an intervention in a
new community should be more broadly applicable.
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Comparisons With Prior Work

Our results are responsive to calls for more thorough
descriptions of the processes and results of community-engaged
research activities throughout the research process. Further, this
report builds on previous research aiming to more thoroughly
describe adaptions to interventions as they are implemented in
broad, real-world settings[25-27]. Our findings offer transparent
changesto an intervention and can be applied to future R-D1D
implementation and dissemination efforts. Telehealthisgrowing
in popularity partially due to its ability to reach populations
across broad geographic regions. Although reach is essential,
health program researchers, developers, and educators should
consider factors that impact program implementation and
effectiveness. Patientswith diabetesliving in rural communities
do not have easy access to large endocrinology centers and
diabetes care and education specialists and rely heavily on
primary care to administer their care. Self-management
resources such as the R-D1D program can support
patient-provider  relationships and  effective  diabetes
management. However, diabetes education in rura eastern
Colorado needs to take into account local contextua factors
related to rural and Hispanic and Latino/a culture and assets.
The R-D1D program development is one example of
maximizing medical professional expertise and real-world
expertise from people in rura communities and balancing
program dissemination goals with “reinventing the wheel” for
local relevance [12]. These results matter to patients, families,
primary care practices, public health educators, and othersin
rural communities because good diabetes care should not be
dependent on where you live.

Conclusions

The use of BCT resulted in unique and contextually adapted
recruitment and program materials and strategies and changes
in program structure and delivery for useinthe R-D1D DSMES
intervention delivered to English- and Spani sh-speaking people
with diabetesin rural eastern Colorado, while retaining fidelity
to the concepts of the original program. The study team is
implementing the R-D1D program. A report on its feasibility
and clinical outcomes will be reported separately.
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Abstract

This study was performed to assess the system accuracy of the blood glucose monitoring system SD GlucoNavii Mentor (SD
Biosensor Inc, Korea). The study procedures were based on International Organization for Standardization 15197:2013, in that
capillary blood samples from 100 participants' fingertips were measured with three reagent system lots of the self-monitoring
blood glucose system. Samples were collected for comparison measurements on a hexokinase-based glucose analyzer (Cobas
Integrad00 Plus, Roche Instrument Center, Switzerland). Glucose concentrations were distributed as required by International
Organization for Standardization 15197. For each of the 100 evaluable samples, duplicate measurements were taken from three
different reagent lots, for a total of 600 measurements. Overall, 98.3% (590/600) of individual measurement results (185/186,
99.5% for glucose values <100 mg/dl and 405/414, 97.8% for glucose values =100 mg/dl) were within £15 mg/dl or +15% of
the corresponding comparison method results. All results (100%) fell into the consensus error grid zones A and B, indicating
only clinically acceptable results. In conclusion, the blood glucose monitoring system SD GlucoNavii Mentor device fulfilled
the system accuracy criteria of the International Organization for Standardization 15197, indicating measurement accuracy
sufficient for diabetes therapy.

(JMIR Diabetes 2022;7(2):€20774) doi:10.2196/20774

KEYWORDS
blood glucose self-monitoring; diabetes mellitus; reference standards; quality control; biosensing techniques

According to the manufacturer, this BGMS is substantially
equivalent to the BGMS Pic GlucoTest (PIKDARE S.p.A.,
Italy) and Pic GlucoTest Diary (PIKDARE), which has
additional Bluetooth connectivity (data on file).

Introduction

Measurement accuracy of blood glucose monitoring systems
(BGMSs) is a relevant aspect in diabetes management. The
International Organization for Standardization’s (1SO)

15197:2013 [1] describes requirements for BGMSs to set a Methods
;nclgd?wum acceptance  criteria for BGMSs measurement The study was conducted at the Institut fir
ay. Diabetes-Technologie, Forschungs- und

This study was performed to assess the system accuracy of the
BGMS SD GlucoNavii Mentor (SD Biosensor Inc, Korea).

https://diabetes.,jmir.org/2022/2/e20774
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Ethik-Kommission der Landesirztekammer Baden-Wiirttemberg
(MP-2012-009). In addition, the study was exempted from
approval by the regulatory authority Bundesinstitut fir
Arzneimittel und Medizinprodukte (95.06 - 5661 - 7848).

Study procedures were based on 1SO 15197:2013, in that
capillary blood samplesfrom at least 100 participants’ fingertips
were measured with three reagent system lots of the
self-monitoring blood glucose (SMBG) system. Samples were
collected for comparison measurements on a hexokinase-based
glucose analyzer (Cobas Integrad00 Plus, Roche Instrument
Center, Switzerland), which is traceable according to the
requirements of 1SO 17511 [2]. Glucose concentrations were
distributed as required by 1SO 15197, and samples with
concentrations <50 mg/dl or >400 mg/dl could be adjusted by
glycolysis or glucose supplementation. A total of 114 samples
from 110 participants were taken. In total, 14 samples were
excluded from analysis for different reasons: the glucose
concentration category was aready filled, the glucose
concentrations were unstabl e, the comparison method’s quality
control measurement was out of range, and the oxygen partial
pressure of adjusted samples was outside of the range found in

Table 1. System accuracy results for the SD GlucoNavii Mentor.

Hwang et al

native blood samples[3]. For each of the 100 evaluable samples,
duplicate measurements were taken from three different reagent
lots, for atotal of 600 measurements.

For data analysis, system accuracy criteria of 1SO 15197 were
applied: at least 95% of each individual reagent system lot’s
results have to be found within +15mg/dl or +15% of
comparison method results (for glucose concentrations <100
mg/dl and =100 mg/dI, respectively), and at least 99% of all
results have to fall into clinically acceptable consensus error
grid zones A and B [1,4].

Results

Overall, 98.3% (590/600) of individual measurement results
(185/186, 99.5% for glucose values <100 mg/dl and 405/414,
97.8% for glucose values 2100 mg/dl) were within £15 mg/d|
or £15% of the corresponding comparison method results (Table
1). All results (100%) fell into consensus error grid zones A
and B, indicating only clinically acceptableresults. The SMBG
system exhibited small positive measurement bias, ranging from
1.7% to 3.6%.

Glucose concentration range

+5mg/dl or £5%2

Results within prespecified ranges of the comparison method results, n (%)

+10 mg/dl or +10%> +15 mg/dl or +15%?

<100 mg/dl (n=186) 109 (58.6)
>100 mg/dl (n=414) 231 (55.8)
Overall (n=600) 340 (56.7)

164 (88.2) 185 (99.5)
363 (87.7) 405 (97.8)
527 (87.8) 590 (98.3)

Djfferences were assessed for comparison method glucose concentrations <100 mg/dl, and rel ative differences were assessed for comparison method

glucose concentrations =100 mg/dl.

Conclusions

In conclusion, in this study, the investigated BGMS SD
GlucoNavii Mentor devicefulfilled the system accuracy criteria
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Abstract

Background: The Diabetes Questionnaire is adigital patient-reported outcome and experience measure for adults living with
diabetes. The Diabetes Questionnaireisintended for usein routine clinical visitsin diabetes care and to enable patient perspectives
to be integrated into the Swedish National Diabetes Register. The Diabetes Questionnaire was developed on the basis of patients
perspectives, and evidence for its measurement qualities has been demonstrated. Patients receive an invitation to complete the
questionnaire before clinical visits, and the patient and health care professional (HCP) can discuss the findings, which areinstantly
displayed during the visit. Implementation processes for new toolsin routine care need to be studied to understand the influence
of contextual factors, the support needed, and how patients and HCPs experience clinical use.

Objective: The aim of this study was to describe patients and HCPs' experiences of initiating the use of the digital Diabetes
Questionnaire as a clinical tool in routine diabetes care, supported by a structured implementation strategy involving initial
education, local facilitators, and regular follow-ups.

Methods: In this qualitative study, semistructured focus group discussions were conducted 12 months after the use of the
Diabetes Questionnaire was initiated. Participants were diabetes specialist nurses and physicians (20 participantsin 4 groups) at
hospital-based outpatient clinics or primary health care clinics and adults with type 1 or type 2 diabetes (15 participantsin 4
groups). The audiotaped transcripts were analyzed using inductive qualitative content analysis.

Results: The results revealed 2 main categories that integrated patients and HCPS' experiences, which together formed an
overarching theme: While implementation demands new approaches, the Diabetes Questionnaire provides a broader perspective.
The first main category (The Diabetes Questionnaire supports person-centered clinical visits) comprised comments expressing
that the digital Diabetes Questionnaire can initiate and encourage reflection in preparation for clinical visits, bring important
topicsto light during clinical visits, and broaden the scope of discussion by providing additional information. The second main
category (The process of initiating the implementation of the Diabetes Questionnaire) comprised comments that described
differences in engagement among HCPs and their managers, challenges of establishing new routines, experiences of support
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during implementation, thoughts about the Diabetes Questionnaire, need to change local administrative routines, and opportunities
and concerns for continued use.

Conclusions: The Diabetes Questionnaire can broaden the scope of health data in routine diabetes care. While implementation
demands new approaches, patients and HCPs saw potential positive impacts of using the questionnaire at both the individual and
group levels. Our results can inform further development of implementation strategies to support the clinical use of the

guestionnaire.

(JMIR Diabetes 2022;7(2):€34561) doi:10.2196/34561

KEYWORDS

diabetes mellitus, type 1; diabetes mellitus, type 2; focus groups; health care professionals; outpatients; patient care; patient
participation; patient-reported outcome measures; qualitative research; registries

Introduction

Background

The Diabetes Questionnaireisadigital patient-reported outcome
and experience measure (patient-reported outcome measure
[PROM] and patient-reported experience measure [PREM]) for
adultsliving with diabetes. This measureis primarily designed
for usein clinical visits, but can also be used to enable patient
perspectivesto beintegrated into the Swedish National Diabetes
Register (NDR). The questionnaire was developed on the basis
of patients perspectives, and evidence for its measurement
qualities has been demonstrated. Stemming from 33 items, the
guestionnaire generates scores from 0 to 100 on dimensions
such as general well-being, mood and energy, freedom from
worries, management of daily life activities, and experiences
of support from diabetes care[1-5]. Patientsreceive an invitation
to complete the questionnaire before clinical visits, and the
patient and health care professional (HCP) can discuss the
findings, which are instantly displayed during the visit. Thus,
the Diabetes Questionnaire has the potential to facilitate patient
participation and support stepstoward person-centered care[2].

Patient participation and person-centered care are emphasized
inthe guiddlinesfor diabetes care[6-15] and Swedish legidation
[16]. In addition, the inclusion of patients perspectives in the
outcomes of clinical diabetes care has been encouraged in recent
decades [6-9,12,17-19]. Although results from randomized
controlled trials are limited, it has been suggested that
user-friendly PROMs used in routine practice can strengthen
the patient’srole, centralize information [20-23], and facilitate
improvements in diabetes care [20]. Compared with
paper-and-pen questionnaires, digital tools have been found to
be quicker and easier to use for administration, completion, and
presentation of results and have lower costs and better data
quality [24]. Furthermore, the possibility of visualizing results
during clinical visits has been found to facilitateinsight into the
patient’ s situation and improve communication between patients
and HCPs [24]. Additional research is needed to learn more
about the perspectives of HCPs and patients regarding the
implementation and use of PROMsin clinical practice[25-27].

The implementation of a new tool such as the digital Diabetes
Questionnaire in a clinical setting is challenging and needs to
be undertaken with caution and in a structured manner.
Implementation processes need to be studied to learn about
contextual influencing factors, required support, and how

https://diabetes.,jmir.org/2022/2/e34561

patients and HCPs experience clinical use [28]. To study the
initial implementation process, we conducted a 2-part qualitative
study. The first part of the study [29] addressed patients’ and
HCPs' perceptions and attitudes about implementing the digital
Diabetes Questionnaire in routine diabetes care before the
implementation was started. The findingsindicated the potential
usefulness of the Diabetes Questionnaire to support a more
person-centered approach to care and for patients to reflect on
their situation and everyday life with diabetes. Expressing hopes
and concerns about digital technology in generd, the participants
emphasized the need for HCPs to be trained in practically
handling the digital Diabetes Questionnaire and addressing
patients’ questionnaire responses[29]. This paper describesthe
second part of the study, focusing on experiences after initiating
the implementation of the digital Diabetes Questionnaire as a
clinica tool for routine diabetes care using a structured
implementation strategy. Inspired by Moore et al [28], this
implementation strategy included introductory information for
patients, education for HCPs about the digital Diabetes
Questionnaire and its administrative tools, and engagement of
local facilitators to support the work with regular follow-up.

Aim of the Study

The aim of this study was to describe patients and HCPS
experiences of initiating the use of the digital Diabetes
Questionnaire as a clinical tool in routine diabetes care,
supported by a structured implementation strategy involving
initial education, local facilitators, and regular follow-up.

Methods

Research Design

A descriptive qualitative design was used in this follow-up
study. The interviews were conducted through focus group
discussions with HCPs and adult patients with diabetes.

Participants and Setting

Participants were recruited through purposive sampling from
the same sample that was included in the first part of this
qualitative study [29]. Of theinitial 14 hospital-based outpatient
clinicsand 8 primary health care clinicsthat participated in the
first part of the study (52 individuals), 13 (93%) hospital clinics
and 6 (75%) primary health care clinics had the possibility to
participate in the second part of the study. The clinics were
active users of the NDR and were located in different regions
in Sweden. Diabetes specidist nurses, physicians, and adult
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patients with type 1 or type 2 diabetes were included in a total
sample of 35 participants.
The Implementation Strategy

Inspired by Moore et a [28], the structured implementation
strategy for initiating the use of the digital Diabetes
Questionnaire asaclinical tool in routine diabetes careincluded

Textbox 1. The implementation strategy.

Svedbo Engstrom et al

initial education for HCPs and patients about the questionnaire
and the digital tool for administering and answering the
guestionnaire. The strategy also included the engagement and
education of local facilitators to support clinics with regular
follow-up. The implementation strategy is outlined in Textbox
1

Initial education in respective groups
« Health care professionas (HCP)

experience measures)

o Patients

«  Examples of how the responses are presented

Education for local facilitators

« Initial education asin the HCP group

Regular follow-ups

«  Conducted by facilitators

«  Conducted by study team
«  Follow-up contact with the local facilitators during the study

o Short film introduction on the Diabetes Questionnaire—including patients’ and HCPs' perspectives

« Information about the concepts of patient-reported outcome and experience measures (patient-reported outcome measures and patient-reported

«  Background and overview of how the Diabetes Questionnaire was devel oped and constructed with questions and dimensions
«  Preparatory training on how to send and receive the answered questionnaires using the digital tool for administering the questionnaire

«  Examples of how questionnaire responses are presented and can be discussed at clinical visits

«  Short film introduction on the Diabetes Questionnaire—including patients' and HCPs' perspectives
« Information about the concepts of patient-reported outcome measure and patient-reported experience measures
«  Background and overview of how the Diabetes Questionnaire was devel oped and constructed with questions and dimensions

«  Preparatory training on how to log in and answer the digital questionnaire

« Information on how to facilitate, for example, to contact the local clinics, offer support, and be available to answer questions from the clinics

«  Thefacilitators contacted all the participating clinics by email at least once during the study to support and provide the HCPs the opportunity
to discuss various problems or thoughts regarding the use of the questionnaire

. Thefacilitators offered additional contact and support according to the clinic's needs

«  Follow-up to the loca facilitator regarding the clinics’ sent and received questionnaires

Data Collection

A total of 8 focus groups were conducted. Of these, 50% (4/8)
were conducted with adult patients living with either type 1 or
type 2 diabetes and 50% (4/8) were conducted with HCPs.
Background data are presented in Table 1. In accordance with
the implementation strategy and study follow-up time of 12
months, both patients and HCPs had acquired initial experience
in using the Diabetes Questionnaire. At the time of the focus
group discussions, all HCPs had sent invitations to patients to
answer the questionnaire and had discussed the answers with
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patients more than once. Most of the participating HCPs had
undertaken several such conversations with different patients,
but the number of conversations differed between the HCPs.
As anticipated, the participating patients answered only 1
guestionnaire since being invited to participate in this study,
because routine clinical visits occur only once or a few times
in ayear. All patients except 1 (14/15, 93%) were given the
opportunity to answer the Diabetes Questionnaire on 1 occasion.
All patients who answered the questionnaire followed up the
answerswith their nurse or physician, someduring clinical visits
and some by telephone.
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Table 1. Background data of the focus groups.

Svedbo Engstrom et al

Focus group and characteristics

Patients with diabetes? (n=15)

Health care professional & (n=20)

Groups, n 4
Sex, n (%)
Male 8(53)
Female 7(47)

Diabetestype, n (%)

Typel 11 (73)
Type2 4(27)
Profession, n (%) N/A

Diabetes specialist nurse

Physician

4

5 (25)
15 (75)

N/A®

16 (80)
4(20)

8A|l except 1 patient (14/15, 93%) had answered 1 questionnaire before the focus group discussion.
Bin total, 1465 questionnaire invitations were sent and 577 (39.39%) answered questionnaires were received before the focus group discussion.

°N/A: not applicable.

The focus group discussions were based on semistructured
interview guides for the patient and HCP groups (Multimedia
Appendix 1). Follow-up questions such as “Could you please
further describe the situation using a concrete example?’ were
used as needed. KEO and JL moderated the focus groups, and
EL facilitated the discussions. The focus group discussionswere
conducted at hospital-based outpatient clinics, primary health
care clinics, and the Center of Registers Vastra Gotaland. The
discussions lasted between 0.8 and 1.2 hours, were audio
recorded with a digital voice recorder, and subsequently
transcribed by amedical secretary.

Data Analysis

Theinterviewswere analyzed using qualitative content analysis
[30], with an inductive approach. Each interview was considered
as the unit of analysis. The verbatim transcripts (221 pages;
78,955 words) were read several times to identify the essential
features (EL, KEO, and MSE). EL, KEO, and M SE agreed that
data saturation was satisfactory as the material was nuanced
and rich and that there were repetitive contents between
transcripts. Units of meaning were identified (EL and KEO),
condensed, and labeled with descriptive codes similar to the
wording in the text. The codes from all the interviews were
assembled and grouped into subcategories according to their
content. Continuing the abstraction process, subcategorieswere
pooled into categories and main categories and given an
overarching descriptive theme. Each category was based on
codesthat were judged to bel ong together and collectively form
the basis of meaningful content that was different from that of
other categories. Researcher triangulation was used to discuss
each step of the analysis process, moving back and forth as
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needed (EL, KEO, and MSE), finishing with a discussion to
reach consensus about the categorization and theme between
al authors(EL, JL, KEO, MSE, and UBJ). The analysis process
was conducted manually using a word-processing program
(Word; version 2202; Microsoft 365). The use of figure labels
enabled the back-and-forth process while keeping track of each
text segment throughout the analysis.

Ethics Approval

The Swedish Ethical Review Authority in Gothenburg (317-18)
approved the study. A letter provided to participants informed
them about the study’s purpose, voluntary nature of their
participation, confidentiality measures and methods of handling
their personal data, NDR, contact details, and right to withdraw
consent at any time and with immediate effect without
specifying areason. Thisinformation was also provided verbally
at the beginning of each focus group. All participants provided
written informed consent, and the study was completed in
accordance with the Declaration of Helsinki [31].

Results

Overview of Main Categoriesand Theme

The 2 main categories that emerged in the analysis were the
following: The Diabetes Questionnaire supports person-centered
clinical visits and The process of initiating the implementation
of the Diabetes Questionnaire. These main categories constituted
the overarching theme, While implementation demands new
approaches, the Diabetes Questionnaire provides a broader
per spective (Textbox 2). The main categories are described in
the following sections, with exemplifying quotes.
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Textbox 2. Theme, main categories, and categories.
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Theme

«  Whileimplementation demands new approaches, the Diabetes Questionnaire provides a broader perspective

Main category 1

«  The Diabetes Questionnaire supports person-centered clinical visits
Categories

« Initiating preparation and reflection before clinical visits

«  Bringing important topics to light during clinical visits

«  Broadening understanding by providing new information

Main category 2

«  Theprocess of initiating the implementation of the Diabetes Questionnaire

Categories

.  Differencesin engagement among health care management and coworkers

«  Starting and establishing new routines

« Health care professionals’ experiences of support during implementation of the questionnaire

« Prosand cons regarding the questionnaire and its items and dimensions

«  Administration and completion of the Diabetes Questionnaire

«  Future opportunities and concerns

TheDiabetesQuestionnair e Supports Per son-Centered
Clinical Visits

I nitiating Preparation and Reflection Before Clinical
Visits

Participants described the Diabetes Questionnaire asatool that
initiated preparation and enabled reflection in preparation for
clinical visits, for both HCPs and patients. Patients and HCPs
expressed that the completion of the questionnaire and obtaining
dimension scores encouraged patients to reflect on aspects of
their everyday life and their care that were not working well
and actively prepare topics to discuss during clinical visits. A
patient expressed the following:

Completing the questionnaire made me take time to
sit down and reflect about what it really was [that |
wished to discuss]. This was different to the usual
routine of just showing up at theclinic. [patient, group
4]
Similarly, patients and HCPs discussed the waysin which HCPs
could preparefor clinical dialogue by reflecting on their patients
SCOres.

Bringing Important Topicsto Light During Clinical
Visits

Although some HCPs found that the Diabetes Questionnaire
was just another way of identifying topics that were aready
addressed, patients and HCPs expressed that the Diabetes
Questionnaire can be a valuable tool for bringing important
topicsto light in the dialogue during clinical visits. Patientsand
HCPs emphasized the need to discuss the questionnaire scores
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and for the patientsto explain and describe the reasonsfor their
ratings. HCPs understood from the dialogue that patients had
been reflecting on their ratings, but also expressed that not all
patients wanted to talk about their scores or problems and that
this choice must be respected. Patients reported 2 prerequisites
for agood discussion: that they had compl eted the questionnaire
beforehand and that they had completed it recently enough that
the responses were till relevant and they remembered the
reasoning behind their responses. Patients found the Diabetes
Questionnaire to be a useful tool for remembering and
prioritizing topics they felt were important to discuss, because
clinical visitsaretime-constrained. Patients expressed that they
also wanted time to discuss topics other than those raised in the
guestionnaire:

The time for clinical visits is limited. The
guestionnaire is a helpful aid for getting to the
questions you need to discuss. [patient, group 3]

Patients discussed how the dialogue related to the Diabetes
Questionnaire could broaden HCPS understanding of their
patients as human beings. HCPs discussed how working with
the questionnaire made them better at taking a step back,
lecturing less, and encouraging patients to talk about the topics
that areimportant to them. This helped HCPs better understand
their individual patients' perspectives, the problems their
patients experience, and what life with diabetes can be like.
HCPs aso discussed how the questionnaire helped patients
realize that it is appropriate to talk about their personal
experiences and topics other than medical matters and that
talking to an HCP can be particularly valuable for patients who
do not have anyonein their social spherewho understandswhat
they are going through. HCPsfound that using the questionnaire
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meant that clinical visitswere morelikely to be on the patient’s
terms by facilitating joint discussion and encouraging patients
to be more active in speaking their minds, which enhanced
patient participation and more individualized care. Patients
discussed how the Diabetes Questionnaire facilitated dialogue
with HCPs and increased the extent to which HCPs behaved in
a supportive manner. However, patients found that the
responsibility for everyday self-management was not affected
and still rested with the individual with diabetes:

I’m the only person who can do something about it.
My diabetes nurse and physician can't solve all of
my problems. | seethemastoolsfor support for when
something isn't working and | don’t under stand why.
Asfor therest of it, I'min charge. That’s how it was
both before and after the questionnaire, so it doesn’'t
affect that. [patient, group 1]

Patients and HCPs stated the importance of discussing about
guestionnaire scores even if the problems were not directly
related to diabetes. Patients and HCPs had similar experiences
that general well-being and difficulties in everyday life impact
individualswith diabetes and affect their ability to manage their
condition. Sometimes, HCPs encountered patients with
dimension scores that were higher or lower than anticipated,
thusincreasing theimportance of dialogue and the need to obtain
moreinformation from their patients. This processwas described
as a balancing act with a need for dialogue when the medical
parameters indicated problems but the questionnaire scores did
not. Patients and HCPs expressed that the questionnaire was
most needed when changes were made, for meetings with
patientswho wereless communicative, or for meetings between
patients and HCPswho had not met previously. HCPs suggested
that the questionnaire may become more important given the
increasing focus on technology and quantitative data, which
they described as potentially receiving alot of attention:

Perhaps it will become more and more important
because the role of technology is increasingly
dominant in clinical visits. Thefocusisvery much on
graphs [showing data from glucose sensors] and
insulin pumps and so on. It's easy to forget about the
most important question: ‘How are you doing,
really?” [HCP, group 1]

Broadening Understanding by Providing New
Information

Patients and HCPs discussed how the Diabetes Questionnaire
could broaden the scope of understanding by providing more
information, deepening the dialogue, and leading to new
insights. Although the received information did not always
contain new insights, participants found that the questionnaire
provided a more nuanced picture of their individual situation
by raising topics in clinical dialogue that may not have been
addressed previously, despite several years of contact in many
cases. HCPs expressed that this new focus helped them and
their patients to see the situation from other points of view. In
addition, the questionnaire revealed to HCPs and patients the
different aspects of an individual’s life that have an impact on
the patient’s self-managed treatment and medical outcomes.
This perspective enabled HCPs to understand that the patient’s
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genera well-being was of specia importance. The questionnaire
was helpful for focusing on the most important topics by
pinpointing what patients themselves saw astheir most pressing
problems and needs and where there was scope for
improvement. Both patients and HCPs remarked that the
perspectives of patients and diabetes care staff may differ.
Patients expressed that it can be difficult for them to convey
their needs and problems if they have doubts about the HCP's
interest in those topics, but that the Diabetes Questionnaire
affirmed the importance of the patients’ perspective, and the
related dial ogue helped them realize that HCPs wanted to help
them:

When you have this questionnaire, there's an

opportunity. They're saying ‘We want to help you,

fill it in, be honest! [...] After all, perhaps you do

want help with something...It definitely changed my

perspective. [patient, group 4]
Patients appreciated the questionnaire for taking their overall
life situation into account and discussed it as a means for
themselves and their HCPs to recognize and talk about how
they may not feel as good as they would like to or as they
pretend to. HCPs also discussed having learned that, despiteits
challenges, diabetes can be experienced as less of a barrier to
a good life than they initially thought. HCPs discussed their
experiences of having observed discrepancies between medical
parameters and patient perspectives that were previously
unknown to them, sometimes leading to new insights. For
example, HCPs described having learned that patients with
well-controlled blood glucose levels, who they thought were
doing well, may have problems such as diminished general
well-being, being hampered by diabetes in their everyday life,
struggling with worries about diabetes-rel ated everyday security,
and futurerisks of long-term complications. The following was
expressed by an HCP:

“You're the ideal patient with no problems! That's
what it can fed like when you look at a patient’s
medical records. But the patient might actually be
very limited by their illness in their everyday life.
[HCP, group 4]
Other issues that were experienced as being highlighted by the
guestionnaire were patients’ feelings of loneliness; experiences
of lack of support from family, friends, and colleagues; and lack
of employment security. Both patients and HCPs realized that
HCPsare often unaware of thesetypes of lack of support. Some
patients expressed that they initially considered lack of social
support to betheir own responsibility to cope with, but that they
were prompted to think about it more when they noticed that
their HCP was concerned about it. By addressing these issues,
patients suggested that the Diabetes Questionnaire could be a
tool for involving their significant othersin their diabetes care
and to highlight the needs of significant others in terms of
receiving support from diabetes care staff.

HCPsfelt that the Diabetes Questionnaire conveyed that agood
lifeis possible with diabetes and that it supported them to give
patients positive feedback related to high scores. However,
HCPs aso expressed that they found it natura to focus the
discussion on low scores, particularly on the dimension related
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to general well-being. They found it important to discuss these
low scores openly, reporting that, sometimes, other topics had
to be set aside. Sometimes, low scoreswere considered by HCPs
as being difficult to handle when they were not able to offer
help, despite wanting to do so. Although some HCPs doubted
their own competence in addressing some of the issues raised
through the questionnaire, some a so expressed that, sometimes,
it was enough just to listen and acknowledge | ow scores, convey
that it is okay to not feel good, and confirm what they can do
to support. Low scores could also reveal the need for patients
to be referred to a psychologist or welfare officer; however,
some HCPs were concerned about being unable to make some
of these referrals.

Patients and HCPs valued the way in which dialogue about
experiences of support in diabetes care was initiated by the
Diabetes Questionnaire. Some patients stated that the
guestionnaire provided acknowledgment that they had the
support they needed from diabetes care. For others, the
guestionnaire hel ped to reveal the need for different or increased
support. Although some HCPs had expected to |earn more, they
valued instances in which the potential for improvement was
indicated. The questionnaire initiated constructive discussions
about the need for medical devices or being referred to a
dietician, frequency of clinical visits to the diabetes nurse and
physician, distribution of these visits, and continuity in meeting
with the same HCPs. Occasionally, the questionnaire led to the
patient being invited for clinical visits to another HCP. Among
HCPs, it was speculated that it may be difficult for patients to
talk about low scores in these dimensions, and some HCPs
wondered whether patients dared to be honest. Some patients
expressed concerns about how HCPs, as individuals and as
diabetes carers, may react to these eval uations and whether they
see the results as a basis for constructive improvements or
merely as criticism. Some patients suggested that perhaps a
different HCP should perform thefollow-up if apatient’s scores
regarding the experience of support from diabetes care are very
low.

The Process of Initiating the Implementation of the
Diabetes Questionnaire

Differencesin Engagement Among Health Care
Management and Coworkers

The extent to which HCPs described the implementation of the
Diabetes Questionnaire as a team effort or the work of a few
people or an individual varied. HCPs who described
implementation as a team effort found it helpful. Discussing
and presenting theimplementation and resultsfrom the Diabetes
Questionnaire at team meetings were suggested as necessary
strategies for involving the team. However, the predominant
experience discussed was being the only person who had to take
the lead and do al the work related to the questionnaire by
themselves. Some HCPs had chosen to try the Diabetes
Questionnaire themselves first to understand whether it would
be astrain for others. Others sought to involve their coworkers,
but experienced lack of engagement. The lack of engagement
was typically described as noninterest or being caused by time
congtraints rather than them being actively opposed to the
Diabetes Questionnaire. Some HCPs who intentionally made a
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small-scale start found themsel ves at crossroads, either in terms
of involving therest of the team or discontinuing becauseit was
challenging. Coworkers expressed having much to do and lack
of time, which madeit difficult to motivate them to add another
task:

There are lots of things going on at the clinic: staff

are being cut down, there are new routines and

everyone feels like there’'s no time. So it's hard to

motivate co-workers by saying ‘ Spend a little extra

time on this! You know they're already struggling

with everything else. [HCP, group 3]
Patients and HCPs discussed potential differencesin interests,
roles, and prerequisites between diabetes specialist nurses and
physicians in relation to working with the Diabetes
Questionnaire. Although a substantial responsibility was taken
by enthusiastic diabetes nurses, there were clinics where
physicians were actively involved. The central barriers
mentioned as being specific to physicians were lack of time
because of the large number of patients and the need to attend
to many different medical topics during short clinical visits. It
was also suggested that there may be lack of interest. Patients
reported that the physician’s role regarding the Diabetes
Questionnaire could be experienced as unclear. Although some
patients proposed that it was reasonable for the diabetes nurse
to have the main responsihility, the discussion revealed that it
may depend on which physician was involved and that the
physician’s participation may be beneficial in the long run.

As experienced by HCPs and suggested by patients, the clinic
managers affected the prerequisites for engaging with the
Diabetes Questionnaire. Managers with a positive attitude who
actively engaged in NDR data and related discussions were
valued for their support, whereas managerswho did not provide
resources or engage were seen as barriers to implementation.
Some HCPs doubted that their manager knew about the
implementation, whereas others described their manager as
being informed but not interested. HCPs discussed time as a
resource provided by management. Some HCPs had been able
to lengthen their clinical visits, whereas others described their
managers as expecting theimplementation to be completed with
no extratime. Some HCPs had started using the questionnaire
and then found themselves lacking the necessary time to
prioritize it when there was lot of work to do. The discussion
revealed that some managers seemed to consider the Diabetes
Questionnaire and related participation in project meetings as
being beneficial for the individual HCP rather than being
important for the clinic.

Starting and Establishing New Routines

Although some participants found it easy, the Diabetes
Questionnaire had not yet become part of the established
routinesfor many patientsand HCPs. All related activitieswere
new for patients and HCPs (the invitation to complete the
guestionnaire, completion of the questionnaire, related dialogue,
and documentation of questionnaire scores in the patients
records), highlighting the need to establish new routines. The
logistics either for postal invitations or for patientsto complete
the questionnaire in the waiting room were important steps that
needed new routines. Patients and HCPs described that both
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invitations and completion were easily forgotten and that not
all patients realized that they were supposed to complete the
guestionnaire before the clinical visit. HCPs referred to a need
for routines to be locally developed, and some also described
difficulties in taking the first step and knowing how to start.
Team discussions were emphasized as important for finding
and adhering to new routines. HCPs aso stressed a need to
acknowledge that finding, learning, and incorporating new
routines into practice requires time and effort, with some
suggesting that it could take several years before using the
Diabetes Questionnaire becomes the default approach.

Working with the Diabetes Questionnaire during clinical visits
was not seen by HCPs as technically difficult, but rather as a
question of people being familiarized with strategies to engage
in the necessary dialogue. Although some patients experienced
differences in the way in which their clinical visits were
organized, these differences were not major. Patients
experiences varied from adequate, open, and useful dialogueto
finding that their responses were given little or no attention.
Patients suggested that differences in dialogue may be related
to the quality of the relationship between the HCP and the
patient. Having confidence in the diabetes nurse or physician
was described as making the dialogue easier, whereas having
apoor relationship with the HCP or having anovice HCP were
seen as barriers:;

It might be related to the kind of relationship a patient
has with their physician and nurse...If a patient has
a bad relationship, then it might be difficult to use
the questionnaire. [patient, group 1]

HCPs described the different approaches that were applied and
found it helpful to discuss how to practically handle the
guestionnaire and the scores during clinica visits with their
peers. Although some HCPs found the questionnaire to be a
useful starting point for opening the dialogue, others combined
aspects of the questionnaire together with other topics such as
medical parameters and educational elements about diet or
physical activity. Other HCPs saved the questionnaire for the
end of the visit. HCPs who used the questionnaire as a starting
point found that this meant that the meeting wasdirectly targeted
at the patient’s problems, thoughts, and queries and found this
to be more fruitful than conducting it as the last component of
the visit. These HCPs let the dialogue be directed by the
patient’s scores and what the patient found as most important
to talk about at the time. Some HCPs discussed sometimes
having missed the completed questionnaires or forgetting to
talk about the scores during clinical visits, and some of them
felt bad about neglecting the patient’s responses. Other HCPs
described forgetting other things in favor of the Diabetes
Questionnaire. HCPs who had not invited al patients to
participate in the questionnaire reported the need for strategies
to remember which patients to ask for responses.

Some HCPs found that the questionnaire saved time during
clinical visits, whereas others found that it took more time to
do something extra and that it competed with other important
aspects of their work. Patients expressed that the discussion
related to the questionnaire did not necessarily take along time.
HCPs mentioned that, sometimes, it felt overwhelming to make
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the time to talk about everything during a clinical visit,
suggesting that they were only able to focus on afew topics at
each visit. In addition, HCPs reported that, sometimes, it was
a difficult balancing act between what the patients wanted to
talk about and what information diabetes careis obliged to offer.
Some of the HCPs who described the questionnaire as not
adding more work still struggled to deal with several different
topics during aclinical visit. Some HCPs suggested that other
aspects had to be excluded in favor of the questionnaire:

| can't see anything negative related to the
guestionnaire. However, because it's an extra task,
there might still be a need to remove something else
to make time for it. [HCP, group 2]

HCPs hoped for high response rates over time and discussed
strategies to encourage patients to understand that the Diabetes
Questionnaire was a way to prioritize their perspectivesin the
operations of the clinic. HCPs suggested that it would be useful
to provide moreinformation and remindersfor patients, provide
remindersto the wholeteam to talk about the questionnaire with
patients, feature the Diabetes Questionnaire in the waiting room,
and bein contact with thosein transition from pediatric care to
diabetes care for adults. Patients reported that insufficient
dialogue regarding questionnaire scores during clinical visits
gave theimpression that there was no point in them completing
it. The reasonsfor thisincluded HCPs forgetting to address the
guestionnaire, not having looked at the results beforehand, or
leaving it as the last thing to be addressed during the visit.
Patients mentioned that, sometimes, it was difficult for them to
take the lead in ensuring that the questionnaire was discussed.

HCPs Experiences of Support During | mplementation
of the Questionnaire

Although HCPs described having access to support from
facilitators during the implementation of the questionnaire, not
all of them used it. The videos, information, and recommended
strategies presented during project meetings were described as
instructive, and some HCPs felt that more support was not
needed. Those in need of more support found that help from
facilitators was easily available via the internet and that the
support met their needs. Some HCPs consulted the local
information technology department to receive the support they
needed to solve practical issues. Among HCPs experiencing
lack of support from the managers at their clinic, there was a
desire for additional information from the NDR, particularly,
information directed to managers to encourage them to sanction
thiswork.

Project meetings, during which HCPs from different clinics
cametogether, were strongly appreciated as being motivational
and providing opportunities to discuss and receive advice from
peers regarding administrative and practical solutions. HCPs
expressed a desire for more peer support, which was suggested
as a potential means of supporting the dissemination of the
guestionnaire to coworkers at the clinic. Organizing peer
meetings was not expected from the project facilitator, but was
considered as something that the HCPs could, and did, arrange
by themselves:
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We're going to have a collaborative meeting to
compare notes and learn about what the others have
done. We're going to get some ideas about how to
move forward with a few things. [HCP, group 1]

Pros and Cons Regarding the Questionnaire and Its
Items and Dimensions

Patients' general perceptions varied from seeing the Diabetes
Questionnaire asauseful tool for highlighting their perspectives
to agenera reluctance toward questionnaires and their results.
This variation corresponded to HCPS perceptions of their
patients' views. Some patients described the questionnaire as
atool for reflecting on their own situation in a new way. In
positive terms, patients expressed that the results could
strengthen their self-esteem and the feeling that they were
handling their situation well. However, concerns were raised
about the opposite outcome if the questionnaire emphasized
their difficulties:

When | looked at the scores, | felt like | was doing
very well. Thiscan fortify your self-esteem, and make
you fedl like things aren’t so bad after all. But it can
also be the other way around. [patient, group 4]

Patients expressed that they appreciated the digital format, which
enabled the results to be directly viewed and automatically
transferred to the system. In addition, they felt that, sometimes,
a printed copy may be useful for remembering what was said.
In general, patientsfound theitems relevant and easy to respond
to, even though the relevance of someitemsand thetotal number
of items could be questioned from an individual perspective.
Some patientsfelt that there were too few response alternatives
for someitemsand that it was difficult to choose between them.
Patients also mentioned the difficulty of grading a feeling and
concerns about the undueinfluence of factorsthat were unrelated
to diabetes or their current state on the day when answering the
items.

HCPsfelt familiar with dial ogue at the dimension level. Patients
and HCPsfound that dimension scoresmadeit easier to identify
areas in which there was scope for improvement. The
dimensions were generally found to confirm the patient’s
experience; however, scoring was sometimes questioned by
patients for not matching their responses and giving an overly
negative picture. HCPs sometimes found that their patients paid
much attention to the actual scores, thus inhibiting dialogue
related to the contents of the dimensions. HCPs compared the
dimension scores with each other, focusing the dialogue on
dimensions with low scores. However, some HCPs expressed
that it could be difficult to interpret the score levels and
determine the level that constituted a low score. Scores that
were neither high nor low were considered the most difficult to
handle because of concerns about neglecting something
important. HCPs experienced situations in which patients
interpreted items differently, emphasizing the need for dialogue
and individualized approach. HCPs suggested that it would be
helpful for the system to show responsesfrom individual items.
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Administration and Completion of the Diabetes
Questionnaire

Although patients generally found the digital format easy to
handle without assistance, some asked next of kin for practical
assi stance. Some patients specul ated that ol der people may have
difficulty and suggested that diabetes nurses could provideinitial
assistance if a patient lacked self-confidence. HCPs believed
that there were no technical impediments for their patients to
complete the questionnaire. HCPs found the digital format as
advantageous and reported that their older patients found it as
fun and had higher response rate than younger patients. Most
clinicsinvited their patientsto compl ete the questionnaire before
visiting the clinic, whereas some asked their patientsto compl ete
the questionnaire in the waiting room. To give time to reflect
and provide honest responses, patients expressed a preference
for completing the questionnaire at home by themselvesin peace
and quiet. Patients suggested that it would be useful to havethe
ability to highlight items that are in need of dialogue upon
completion.

The clinics had different approaches regarding which patients
were invited to complete the Diabetes Questionnaire. Some
clinicsinvited all patients who were asked to attend a clinical
visit. Others described that although the long-term goal was to
invite all patients at least once, they aimed for a small-scale
start and described different methods of selection. For example,
they may select from patients with physician appointments,
those invited to the first and last appointments during the day,
or those assumed to have the most need. Reasons for
nonselection included patients with dementia, those assumed
to have difficulties with the digital format, or those known to
not speak Swedish. Some HCPs found it difficult to know how
to choose patients to invite.

Some HCPs were concerned about what they deemed to be a
low response rate and inability to reach those for whom the
guestionnaire could be most useful. Interested in the reasons
for low response rates, the HCPs pondered whether this was
related to lack of time or interest or technical difficulty or if the
aim of the Diabetes Questionnaire was not clear enough.
Suggested strategies for increasing the response rates included
explaining the intention of the questionnaire as a clinical tool,
offering technical solutionsto compl ete the questionnairein the
waiting room, and the possibility of offering a pen-and-paper
version. The possibility of enabling the questionnaire to be
completed by patients with visual impairment or those who did
not speak Swedish was also suggested.

HCPs reported that the digital NDR tool for administering the
Diabetes Questionnaire was easy to use. However, there were
local administrative barriersthat were time-consuming in some
cases when inviting the patients to complete the questionnaire
when they were summoned to clinical visits. Although HCPs
sought to temporarily solve the administrative routines during
this project, they stated a need to overcome these local barriers
to enable them to implement the questionnaire as an established
routine offered to more of their patients:

| think one of the most important things is how to
organize the process to make sure that it works. It's
a practical question of how to send these
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[questionnaire invitations] to the patients so that
patientsrespond to them. It needsto be simple. [HCP,
group 2]

Future Opportunities and Concerns

Patients and HCPs saw potential positive long-term impacts of
using the Diabetes Questionnaire related to patients’ individual
needs, HCPs' professional needs, and group-level assessment
of diabetes care. However, participants stressed that some effort
from diabetes care was required. Patients emphasized that if
they were to consider compl eting the questionnaire, there must
be scope for dialogue about their scores during clinical visits.
Similarly, HCPs stressed the importance of being attentive to
patients scores. Patients and HCPs emphasized the necessity
for diabetes care to have the organizational readiness and
resources to undertake the actions needed regarding
guestionnaire outcomes. In addition, patients and HCPs
suggested that HCPs may need support for learning how to
handle, interpret, and act on questionnaire scores. A patient
expressed the following:

What actions are we going to link to these things?
How much time do we have? We need to have
strategies that are ready to use. There needs to be
support for the people who are actually going to
handle this. [patient, group 1]

Patients were interested in opportunities for individua
longitudinal follow-up, possibly related to the changes made.
However, they reflected on the extent to which the HCPs had
the time required for engaging in dialogue related to the
guestionnaire on a routine basis, which added to their
administrative burden. HCPs who intended to continue using
the Diabetes Questionnaire suggested that ways of working may
need to be changed to create the time needed. Some HCPs
experienced the implementation of the questionnaire as being
helped by workplaces making efforts to implement more
person-centered care. In addition, some HCPs suggested that
implementing the questionnaire added another dimension to the
pleasurethey experienced in their work, leading to professional
development and increased commitment and enjoyment.

Patients and HCPs speculated about the opportunities for and
value of cross-sectional and longitudinal group-level analyses
following the broad implementation of the questionnaire. HCPs
described the potential for actively conducting analysis in the
same manner asfor thetraditional NDR data, with the Diabetes
Questionnaire adding new aspects. For quality improvement,
HCPs stressed the value of assessment of local data and
comparisonswith other clinics. Both patients and HCPs stressed
that by including the questionnaire as part of the NDR, there
was the potential to influence managers and politicians.
However, some patients also expressed that the greatest benefits
of the questionnaire were related to the dialogue about their
individual situation, and they spoke against a strict focus on
scores and statistics. Patients suggested the possibility of using
the questionnaire to identify patients in need of support with
educational activities or sharing experiences with peers.
Moreover, some patients rai sed concerns about the potential for
diminished access to care for patients with high questionnaire
scores if diabetes care prioritized patients with low scores.
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Discussion

Principal Findings

The findings of the focus groups in this qualitative study
revealed 2 main categories that integrated patients and HCPs'
experiences and together formed the overarching theme, While
implementation demands new approaches, the Diabetes
Questionnaire provides a broader perspective. The first main
category (The Diabetes Questionnaire supports person-centered
clinical visits) was based on comments expressing that the digital
Diabetes Questionnaire encouraged reflection in preparation
for clinical visits, brought important topics to light during
clinical visits, and broadened the scope of discussion by
providing additional information. The second main category
(The process of initiating the implementation of the Diabetes
Questionnaire) comprised commentsthat expressed differences
in engagement among HCPs and their managers, the challenges
associated with establishing new routines, experiences of support
during the implementation of the Diabetes Questionnaire,
thoughts about the questionnaire, the need to implement local
administrative routines, and opportunities and concerns
regarding continued use.

Comparison With Previous Wor k

Overview

During the implementation of PROMs, it is important to
consider the needs and perspectives of patientsand HCPs[27].
This is the first study focusing on patients and HCPS
experiences of using the digital Diabetes Questionnaire in
routine diabetes care clinical visits. In addition to valuableinput
to the specific project rel ated to Swedish diabetes care and NDR,
this study contributes to the collective learning process on the
use and implementation of PROMsand PREMsin routine care.

Using PROMs and PREMsas Clinical Toolsto Support
Person-Centered Care

In accordance with previous proposals regarding the clinical
use of PROMs [20-24], the current results suggest that the use
of the digita Diabetes Questionnaire can support
person-centered clinical visits for adults living with diabetes.
This confirms the suggested potential benefits from the initial
component of this study [29]. Although person-centered care
can be defined in different ways, common characteristicsinvolve
active patient engagement; partnership; shared decision-making;
and the need for care to be respectful of and responsive to
individual patient preferences, needs, and values [32,33]. For
diabetes care, it has been emphasized that HCPs and patients
have a shared responsibility to make person-centered clinical
visits possible. A central prerequisite is that both parties be
adequately prepared. Patients have an important responsibility
to raisetopicsthat areimportant to them, and HCPs are expected
to be up-to-date with each patient’s records and ongoing
progress [34]. In this study, the digital Diabetes Questionnaire
was found to support reflection and active preparation for
patients and HCPs. During clinical visits, the questionnaire
hel ped to bring important and sometimes newly revealed topics
to light and strengthened collaboration and mutual participation.
Comparable findings were reported in Swedish rheumatol ogy
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care[35], where the use of PROM s has been found to strengthen
patients involvement and support interaction and shared
decisions between HCPs and patients.

Although strengthening patient perspectives in diabetes care
has been atopic of researchinterest for many years[6-8,16,36],
research continues to show a gap between recommendations
and patient experiences. Adults with diabetes still describe a
lack of person-centered care and adesirefor HCPsto understand
more about their situation and needs and which actions and
approaches of HCPs are most helpful [37]. More structured
strategies for incorporating patients perspectives and
encouraging active patient participation in clinical visits are
warranted [38]. As aclinical tool, the Diabetes Questionnaire
can provide a helpful step in the direction of systematically
strengthening patient perspectives. However, this does not
exclude the need for other actions. Initiatives such as digital
web-based tool sfor self-monitoring and interacting with diabetes
specialist nursesfor self-management support [39] may bewell
suited for use in combination with the questionnaire.

A unique feature of the Diabetes Questionnaire is that, in
addition to elucidating experiences in daily life, it includes
experiences of support from diabetes care. In the first part of
thisstudy [29], concernswere rai sed regarding whether patients
would be comfortable about being honest and whether HCPs
and patients would be comfortable discussing the relevant issues
[29]. However, in accordance with previous studies describing
the basis for and development of the Diabetes Questionnaire
[3,5], theresults from this study confirm the val ue of discussing
the extent to which patients experience adequate support from
diabetes care. Aspiring for collaboration and partnership, it
should be possible to discuss questions such as the extent to
which the individual patient experiences the support they need
and whether the patient feels able to talk about the topics that
are most important to them during clinical visits. However, in
cases where PREM scores were very low, patients suggested
that it may be appropriate to involve a different HCP in the
follow-up.

In Norway, a related project investigated the assessment of
diabetes distress in diabetes care for young adults with type 1
diabetes. This previous study used the Problem Areas In
Diabetes (PAID) scale in conjunction with an
empowerment-based communication manual to guide nurses
inreviewing and discussing PAID scores[40-42]. In accordance
with the current results, the researchers reported that their
approach promoted reflective thinking and dialogue and
facilitated patient-provider relationships and person-centeredness
[42]. Another similarity between the results of the 2 studiesis
that the questionnaire scoring was enlightening for HCPs
[42,43]. Satisfactory glycemic control can obstruct HCPS
understanding of the patient’'s situation, thus concealing
significant challengesthey face in everyday life. Questionnaire
data can reveal important information about adultswith diabetes,
for whom the everyday personal cost of well-controlled glucose
levels can be high. Similar to PAID scale [42], the Diabetes
Questionnaire can be helpful for focusing on individual patient
experiences and topics other than medical matters that
potentially affect medical outcomes. Another similarity with
the Norwegian results [42] is the importance of discussing the
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patients’ responses and the need for patientsto be ableto clarify
the nuances and rationale behind their responses. Furthermore,
excessive focus is sometimes placed on numerical scores.
Instead, it may be preferable for questionnaires to be used as
conversation starters that make the dialogue more constructive
and facilitate participation.

As in the current results, the young adults in the Norwegian
project appreciated the enhanced emphasis on their situation
and expressed that it was worth the time required to complete
the questionnaire as preparation for clinical visits. However,
the findings also revealed that completing PAID scale and
discussing their responses made patients feel exposed,
uncomfortable, and vulnerable and that some itemswere painful
to answer [42]. Wedid not find similar reactionsto the Diabetes
Questionnaire in this study. As highlighted in an increasing
number of studies [44-48], the careful and reflective use of
language isimportant in diabetes care, and the words used can
impact how individuals view diabetes and themselves. During
the development of the Diabetes Questionnaire, special effort
was made to reflect the phrasing used by adults living with
diabetes and to avoid being disrespectful or offensive or adding
to the burden of diabetes [2,3]. In this study, the Diabetes
Questionnaire was found to encourage the idea that agood life
is possible with diabetes and support HCPs in giving positive
feedback to patients. However, during clinical visits, HCPs
found it natural to focus on dimensionswith low scoresand felt
that it wasimportant to do so openly. In addition to the positive
statements from patients, some participants remarked that there
may also be arisk of emphasizing the difficulties. Thisrisk will
be important to be examined in more detail in future studies. In
addition to differences between the 2 questionnaires’ content
or wording, differences in experiences may also be related to
practices regarding discussion of patient experiencesin clinical
visits or the specific focus on young adults with type 1 diabetes
in the Norwegian studies [40-42]. Another related initiative is
the recently announced Danish implementation of a
nation-specific digital tool for patient-reported outcomes [49].
Similar to this study, the researchers targeted adults with type
1 and type 2 diabetes more broadly.

I mplementing PROMs and PREMsin Routine Practice

Thecurrent results have many similaritiesto thefacilitatorsand
barriers to implementing PROMs and PREMs in organizations
delivering health-related services identified in a review of
reviews reported by Foster et a [27] and in asummary of case
studies reported by Stover et a [50]. In accordance with the
current results, acentral messageisthat integration into routine
care requires effort and time [27,50]. Central traits that have
been reported to facilitate implementation include the experience
of specific PROM or PREM measures as a meaningful and
useful approach for strengthening patient perspectives. Another
important trait isthe existence of evidence that these tools have
satisfactory measurement quality [27,50]. Consistent with the
findings of previous studies[1-4,29], the current results add to
the increasing evidence suggesting that the Diabetes
Questionnaire possesses the necessary central traits.

In addition to these central traits, the identified facilitating
characteristics for PROMs and PREMs include application at
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the individual level, absence of license costs, user-friendly
technical systems, and directly and easily available data. Further
facilitating characteristics include the possibility to adapt data
collection and clinical useto organizational work processesand
appointment schedules [27,50]. The Diabetes Questionnaire is
intended for use at the individual level, and thereis no license
cost for clinics connected to the NDR. This study shows that
the provided digital tool was easy to use for data collection and
presentation of scores. However, HCPs experienced barriers
related to the local administrative procedures and systems for
invitation. Similar to the findings reported by Stover et al [50],
the HCPs in our study suggested that these administrative
barriers needed to be resolved locally to fit each clinic’'s
resources, existing routines, technical systems, and workflows.

Currently, there is lack of information regarding the potential
need to prepare patients for the use of PROMs[27]. Patientsin
our study found the digital questionnaire easy to use, and special
training other than information from their HCP was not
requested. However, it was suggested that the diabetes nurse
could potentially be of assistance for the first time the
guestionnaire is introduced. The participating patients in this
study received information about the intentions of using the
Diabetes Questionnaire and the data collection process during
an introductory meeting for the study. Consequently, future
evaluations are needed to determine whether the information
provided by HCPsduring clinical visitsissufficient. A potential
negative aspect related to digital PROMs highlighted in areview
by Meirteet al [24] isthat some patients, particularly thosewho
are older, may have difficulties in using technology. This was
also suggested in our focus groups with patients; however, it
was not directly experienced by our participants. In contrast,
HCPsin our study reported that their older patients had higher
response rate than their younger patients. Similar to Meirte et
al [24], our focus groups suggested that a paper version could
be offered to those who were less familiar with technical tools.

Some HCPs found it natural to integrate the Diabetes
Questionnaire into the dialogue, reporting that it did not
necessarily take more time and, possibly, even saved time.
However, as described by Stover et al [50], we found that it
could be challenging for HCPs to know how to initiate related
dialogue. Thisdial ogue was also experienced asinterfering with
other responsibilities during the limited time available during
clinical visits. Barriers related to competing priorities and
worriesregarding workload have al so been described in previous
studies [43,50]. In the Norwegian project using PAID scalein
diabetes care mentioned previously [43], substantial challenges
were described regarding time and resources and the need to
balance between addressing patients' emotional concerns and
HCPs' other duties. The competing responsibilities described
were mainly technical issuesfor diabetes nurses and biomedical
issues for physicians [43]. While patients in our study clearly
stressed the need to discusstheir questionnaire scores, concerns
wereraised about whether the HCPswould have the time needed
on aroutine basis. Patients expressed that the main benefits of
the questionnaire were related to the clinical dialogue about
their individual situation. Similar to the previously reported
barriers regarding group-level monitoring of PROM dataalone
[27], patientsin our study questioned the benefits of completing
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the questionnaire if there was no related dialogue. Potential
benefits of cross-sectional and longitudinal group-level analyses
and quality improvement informed by PROM and PREM data
were discussed by both patients and HCPs. However, the
patients expressed that regardless of the value of the data, this
should only be seen as an additional benefit of broad
implementation at the individual level, rather than being the
main objective.

The implementation of the Diabetes Questionnaire was
predominantly taken on by small groupsor solitary enthusiastic
individuals. The engagement and support experienced from
coworkers and managers varied. This does not appear to be a
unique situation. According to Foster et a [27], the main
workload often falls on a few members of the working team.
The current results al so reveal ed that HCPswho described team
effort and engaged support from their manager found this
situation helpful. Contextual factors such as leadership,
organizational culture, and readiness for change have been
reported in several implementation frameworks to influence
implementation [51]. In situations where the implementation
process is proposed by the organization, it has been
recommended that the manager needsto be engaged to motivate
the use of PROMs and lead the implementation process [27].
However, there is a knowledge gap regarding cases in which
clinicians want PROMs to be implemented but the
organizational culture or manager is not receptive to change
[27]. In this study, the managers had to agree to their clinic’'s
participation. However, the wish to implement the Diabetes
Questionnaire generally came from HCPs and not from their
managers. Some HCPs described their managers as being
genuinely engaged. However, some HCPs described managers
who did not consider the implementation to be sufficiently
important for the clinic to invest time in, but rather as being
beneficial for the individual HCP, who should be thankful for
being allowed toimplement it. Integrating patients’ perspectives
in clinical visits and outcome assessments of care at the
individual and group levels is recommended in the guidelines
for diabetes care [6-15]. The current results support previous
reports [27,43] that the use of PROMs often comes with
conditions, requiring the capacity and resources to handle the
responses in individua clinical visits and hedth care
organizationsandinthelong term [27,43]. Theimplementation
of the questionnaire cannot rely on solitary enthusiastic
individuals and should not be seen as a measure that only
benefits HCPs. Clinic managers, decision makers, and health
care organizations need to provide prerequisites and support for
HCPs to be able to focus on the emotional aspects of diabetes.
To achieve this goal in routine care, considerable amount of
important work remains to be done.

M ethodological Considerations

To strengthen the credibility of the current findings, weincluded
participants with various perspectives [52-54]: patients,
specialist nurses, and physicians working with diabetes at
different hospital-based clinics or in primary care. The focus
groups [55] generated nuanced and rich data from discussions
that led participants to reflect on their different or shared
experiences and thoughts. A limitation of this study was that
patients had less experiencein using the Diabetes Questionnaire
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than HCPs, and our results may more strongly reflect the
perspectives of individuals who felt more positively about the
Diabetes Questionnaire. To strengthen credibility and address
dependability, researcher triangulation [52-54] was conducted
throughout the analysis, thoroughly discussing each stepto gain
ashared understanding and avoid misinterpretation of the data.
Together, the research group (all werewomen) has considerable
collective experience in qualitative research and diabetes care,
including the perspectives of both registered nurses (EL, JL,
MSE, and UBJ) and a physician (KEO). EL (registered nurse)
and KEO (PhD) work at the NDR; EL as a development
manager and KEO as the director. KEO aso works as a
consultant in diabetes care and with clinical research. JL
(associate professor), MSE (PhD), and UBJ (professor) teach
in higher education and conduct clinical research at universities.
All members of the research group have been involved in the
previous development process of the Diabetes Questionnaire
in various ways. The research group had no established
relationship with the partici pants before the study. For the reader
to be ableto judge the transferability to other settings, we strived
for transparency and rich descriptions of results.

Implications and Future Per spectives

Thelong-term goal isfor the digital Diabetes Questionnaire to
be used as a clinical tool to strengthen patient perspectivesin
routine diabetes care and to be considered together with medical
variablesin the Swedish NDR. For thisgoal to berealized, there
isconsiderable amount of work to be done. Use at theindividual
level is the foundation of implementation. On the basis of the
current results and advice from researchers such as Foster et &
[27], ongoing and future studies will be required to evaluate
whether afurther devel oped implementation strategy including
clear advicefor inviting al patients at the clinics; moreformally
appointed implementation leaders; and more formal, structured,
and recurring involvement of clinicians, coworkers, and clinic
managers could result in greater collective effort and a clear
mandate for change. This study focused on the initia
experiences of initiating the use of the Diabetes Questionnaire.
It is also important to study the long-term impact of the
guestionnaire by focusing on experiences from recurrent use,
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particularly from patients perspectives. In addition, it is
important to consider a long-term perspective on the
implementation process. Guided by normalization processtheory
[56-59], in future studies, we plan to focus on the support and
strategies needed to embed the use of the Diabetes Questionnaire
asanatura and continuous part of routine clinical diabetes care.
Long-term use presents opportunitiesfor longitudinal follow-up
at theindividual level and sufficient datafor group-level analysis
as the basis for quality improvement. Being part of the NDR,
thiswill also enable evaluations combining PROM and PREM
data with medical variables. These opportunities and potential
benefitsfrom continued use of the Diabetes Questionnaire were
expressed by patients and HCPs. We aim to evaluate these
possibilitiesin future studies. These potential outcomesare also
consistent with increasing call for patients' perspectivesto play
agreater rolein ng outcomes of diabetes care and to be
incorporated into diabetes registries [60,61].

The NDR has comprehensive long-term experience in secure
data management of medical variables. Since the start of the
PROM and PREM project, the NDR has continuously sought
to ensure that technical solutions conform to regulations and
that patients' questionnaire data are handled in a secure manner.
As addressed by Meirte et al [24], these aspects are essential
for making broad and long-term implementations in routine
care possible. Together with practical issues related to the
different digital systems used in health care organizations, the
security, lawfulness, and feasibility of data handling continue
to be highly important factors.

Conclusions

The Diabetes Questionnaire can broaden the scope of health
data in routine diabetes care. While implementation demands
new approaches, patients and HCPs saw potential positive
impacts of using the questionnaire at both the individual and
group levels. These results can inform further devel opment of
implementation strategies to support the clinical use of the
guestionnaire.
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Abstract

Background: Individualsin need of medica care turn to crowdfunding websites to engage a “crowd” or group for financial
support. In the last decade, access to insulin has decreased considerably for severa reasons, including the rising cost of insulin,
increasing popularity of high-deductible insurance plans, and increasing insurance premiums. Many people with diabetes are
forced to ration or go without insulin, and they turn to crowdfunding websites to seek financial donations to purchase insulin
needed to reduce health risks and mortality, and sustain quality of life.

Objective: This study aimed to explore crowdfunding campaign requests to purchase insulin in the United States.

Methods: In this retrospective, quantitative, and qualitative study, we coded the text of GoFundMe online crowdfunding
campaigns and viral measures (shares, hearts, and comments) from February 25 to April 15, 2019. We described campaigns
(N=205) and explored the factors associated with campaign success using correlations and qualitative thematic analysis.

Results: The majority of campaigns were initiated by middle-aged adults (age 26-64 years; 77/205, 37.6%), those with type 1
diabetes (94/205, 45.9%), and those needing funds owing to insurance coverage issues (125/205, 61.0%). The factors associated
with campaign success included requests for <US $500 (P=.007) and higher viral measures (shares, P=.007; hearts, P<.001;
comments, P=.002). The following 4 themes emerged from the campaign text: (1) desire for self-management and survival, (2)
diabetes management untenable given insulin access, (3) aftermath of insulin unaffordability, and (4) privacy issues with
crowdfunding. Campaign comments were both supportive (tangible, informational, and emotional) and unsupportive (questioned
the need for the campaign and deemed crowdfunding inappropriate).

Conclusions: Despite crowdfunding websites being used to support the purchase of insulin, campaigns raised only a fraction
of the money requested. Therefore, GoFundMe campaigns are not a reliable solution to obtain funds for insulin in the United
States. Applying quantitative and qualitative methods is adequate to analyze online crowdfunding for costs of medications such
asinsulin. However, it is critical for people with diabetes to use resources other than online crowdfunding to access and obtain
insulin owing to low success rates. Clinicians should routinely assess difficulty accessing or affording insulin, and federal health
care policies should support lowering the cost of insulin.

(JMIR Diabetes 2022;7(2):€33205) doi:10.2196/33205
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Introduction

All people living with type 1 diabetes and many with type 2
diabetesrequireinsulin to sustain life. People with diabetes are
at higher risk for diabetes-related complications and death if
they cannot access insulin, even for short intervals. In the last
decade, access to insulin has declined considerably due to a
myriad of causes, including therising cost of insulin, increasing
health insurance premiums, and increasing popularity of
high-deductible insurance plans[1,2].

The price of insulin per unit doubled between 2012 and 2016
[2]. Additionally, closeto 9% of the US population was without
health insurancein 2017 [3]. Despite Medicaid expansion, which
has greatly increased insurance access for lower income adults
under the age of 65 years, other insurance barriershinder insulin
affordability. Due to the high cost of insulin, it is difficult for
people with diabetes without insurance or with private
high-deductible insurance plansto pay for insulin. Cost-related
insulin rationing occursin 1 in 4 people with diabetes and has
been associated with detrimental impacts on glycemic outcomes
[4]. In addition to health consequences, difficulty affording
insulin can contribute to significant financial stress and medical
bankruptcy [5].

Insulin access and affordability are critical barriersto preventing
acute and long-term diabetes complications, yet people with
diabetes report lack of support and resources from health care
providers, pharmaceutical companies, insurance companies,
hospital systems, and pharmacies [6]. Consequently, some
people with diabetes are turning to social media crowdfunding
as an attempt to relieve financial stress and obtain insulin.
Crowdfunding campaigns aim to raise money for medical care
and avoid bankruptcy through websites shared via social
networks [7,8]. GoFundMe represents the largest charitable
crowdfunding platform and dominates the globa medical
crowdfunding market [9].

About 8 million Americans have turned to online crowdfunding
for medical expenses, and 50 million have reported donating to
such campaigns, most commonly in states without Medicaid
expansion [10,11]. Much of the current research focuses on the
spread of misinformation on crowdfunding sites [12] and
campaigns for experimental cures for certain types of cancers
[13]. Thefactorsrelated to successful campaignsfor the medical
costs of organ transplants include campaigns led by family
members or friends rather than the individual in need, longer
campaign length, higher funding goals, and greater “ hearts’ and
shares on social media [14]. However, campaigns for people
from historically marginalized racial and gender groups are
associated with poorer fundraising outcomes [15]. Overall, as
few as 8% of campaigns successfully fund the goal amount
requested [11,16,17]. Despite low success rates, GoFundMe
campaigns remain a popular platform for Americans with
various medical needs and costs.

Online crowdfunding has not been well studied in people with
diabetes despiteits prevalence and the high cost of insulin [18].
Moreresearchisnecessary to understand the specific rationales
for seeking crowdfunding for diabetes care, such as insulin
therapy, and to understand if crowdfunding is a successful
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solution for increasing insulin access [18]. In light of the
dramatic rise in insulin cost, this study aims to explore
GoFundMe crowdfunding reguests for insulin.

Methods

Data Sources

The data sources for this ecological study included (1)
GoFundMe Campaigns (campaigns), a US-based website for
crowdfunding, (2) Facet+, afacial recognition (FR) software
[19], and (3) the 2017 United States Census. Face++ datawere
used when age and/or gender were not stated in the campaign.
I deally, we would have collected race from the Face++ software,
but race detection was recently removed as a software feature.
Data were collected between February 25, 2019, and April 15,
2019. All campaigns included were closed and no longer
accepting donations at the time of data collection.

To beincluded in this study, GoFundM e campaigns had to focus
on crowdfunding to purchase insulin for humans, be initiated
in the United States given the differences in insurance access,
and be written in English. Each campaign website specifiesthe
location, including the country of origin. Campaigns were
excluded if they primarily focused on noninsulin diabetes
medications, glucometers, glucometer test strips, insulin pumps,
or continuous glucose monitors without mentioning insulin, or
requested funds for an animal with diabetes. Several search
terms were analyzed to determine the search strategy. Given
the focus on access to insulin, the term “insulin” and brand
names of insulin, including misspellings (ie, Lantusand Lantis)
wereincluded in theinitial search.

Ethics Approval

The University of Utah Ingtitutional Review Board
acknowledged this study as nhonhuman research (#00105240).

Data Collection Measures

We used Research Electronic Data Capture (REDCap), a
web-based study management system [20], to build an online
survey for the researchersto extract quantitative and qualitative
data about each campaign meeting the study criteria.

Age

“Actual age” was extracted from the campaign, when available,
and photos were upl oaded to the Face++ softwareif valueswere
missing (“FR age”). It is important to note that not every
campaign had afacial photograph of the recipient (eg, landscape
and flower). Agewas categorized as pediatric (<17 years), young
adult (18-25 years), adult (26-64 years), and older adult (=65
years). Correlation (r) between actual age and FR age was 0.395
(P=.003). Facet++ detected the age group for 87 of the 139
missing data cases or 42.4% of the total sample. Overall, 52
(25%) campaigns had missing photos or undetectable age by
Facet++.

Gender

“Actua gender” was extracted from the campaign by coding
pronouns. Campaigns were coded as male if the individual
requiring insulin was referenced as he, him, his, dad, brother,
uncle, or grandfather. Campaigns were coded as female if the
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individual requiring insulin was referenced as she, her, hers,
mom, sister, aunt, or grandmother. Campaigns were coded as
nonbinary if theindividual requiring insulin was referenced as
they or them. Face++ facial detection software was used to code
campaign photosasmale or female (“ FR gender”) when gender
was not availablein the text. The correlation (r) between actual
gender and FR gender was 0.926 (P<.001). Face++ detected
gender for 31 of the 68 missing data cases or 15% of the total
sample. Overall, 37 (18%) campaigns had missing photos or
undetectable gender by Face++.

Flesch-Kincaid Education

A Flesch-Kincaid score was identified to understand the
education level in which the campaign waswritten. Scoreswere
analyzed as a continuous variable (grade 0 to 213).

Income

Based on the city and state where the campaign originated, the
city- and state-level median income and percentage of residents
at the poverty level were extracted from the 2017 US Census.

Geographic Designation

Based on the city where the campaign originated, city population
size was extracted from the 2017 US Census. County of
residence was determined for each campaign and assigned a
Rural-Urban Continuum Code (RUCC), and the codes were
then collapsed into metro (RUCC codes 1-3), urban (RUCC
codes 4-7), and rural (RUCC codes 8-9) categories[21].

Insurance Status

Based on the state where the campaign originated, state
Medicaid expansion status (yes/no) and the percentage of the
state uninsured population were extracted from the 2017 US
Census.

Financial I nformation

The amount of funds requested, amount of funds raised, time
(months) the account was active, and number of funders were
extracted from the campaigns.

Viral Information

The number of shares on Facebook and Twitter combined and
number of hearts on the GoFundMe website were extracted
from the campaigns.

Campaign Initiator

Information about the campaign requestor was extracted from
the campaign, including the relationship to the people with
diabetesrequiring insulin (self, friend or family, and other) and
geographic location (city and state).

Rationale for Request

The campaigns were coded for the following rationales:
uninsured or inadequate insurance, change in personal finance,
personal emergency, general fundraising, or other. Multiple
categories could be selected. The brand name of insulin, when
mentioned, was coded.

https://diabetes.jmir.org/2022/2/e33205
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Qualitative Data

The entire text of the campaign and the associated comments
were extracted separately.

Statistical Analysis

Data were exported into SPSS (IBM Corp) for analysis. Since
multiple search terms were used to identify the campaigns,
duplicate campaigns were removed before analysis. A total of
44 duplicate campaigns were removed before dataanalysis. One
outlier for the number of funds requested (US $1,000,000.00)
was removed due to the extreme amount.

Descriptive statistics, including frequencies, were tabulated.
Missing data were handled pairwise. The following research
questions (RQs) guided the analysis: (1) Who started the
campaign? (2) What wasthe purpose of the campaign? (3) What
was the success of the campaign? (4) What factors were
associated with campaign success?

A qualitative content analysis of campaign posts and comments
was conducted for RQ1 and RQ2. Two independent researchers
read textual data, line by line, and coded the data using an open
code approach [22,23]. Codes were used to organize similar
data to identify the rationale for the campaign and commenter
responses [22]. A matrix of the types of support offered by
commenterswas developed. A third author facilitated consensus
to establish credibility. Given the sensitivity of the topic and
the fact that campaign requestors developed some campaigns
without the knowledge of peoplewith diabetes, no direct quotes
were used in this manuscript to protect possible identification.
Student t tests and Fisher exact tests were used for RQ3 and
RQ4 to describe the factors associated with campaign success
rates. Fisher exact tests were used for associations due to
categorical data and small frequencies in the fully funded
categories.

Results

Sample

A total of 1623 campaigns were reviewed, and 249 met the
inclusion criteria. After removing 44 duplicates, atotal of 205
GoFundMe campaigns were included in the final analysis.

The Face++ software could not predict age and gender when
the photograph quality was poor or when the campaign did not
include aphotograph. Age and gender predictionsfrom Face++
software were highly correlated with age (r=0.395; P=.003) and
gender (r=0.926; P<.001) stated in the campaigns, when
available.

Campaigns for people residing in the southern United States
(100/205, 48.8%) and in metro geographic locations (176/205,
85.9%) were the most frequent. Table 1 provides demographic
characteristics, and Table 2 provides diabetes-specific and
campaign characteristics. Figure 1 provides a geographic
heatmap of campaigns.
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Table 1. Sample demographic characteristics with the Fisher exact test to examine contributorsto the funding status (N=205, unless otherwise specified).

Variable Fully funded Not funded Total (N=205), P (Fisher exact
(n=22), n (%) (n=183), n (%) n (%) test)
Requestor N/AGD
Self 9(41) 105 (57) 114 (56)
Family or friend 10 (46) 62 (34) 72 (35)
Other 3(14) 16 (9) 19 (9)
Gender® N/A
Male 13 (59) 63 (34) 76 (37)
Female 5(23) 87 (48) 92 (45)
Unable to determine (no photo/poor quality photo) 4(18) 33(18) 37(18)
Age group® N/A
Pediatric (<18 years) 0(0) 12(7) 12 (6)
Emerging adult (18-25 years) 1(5) 35(19) 36 (18)
Middle adult (26-64 years) 9(41) 68 (37) 77 (38)
Older adult (=65 years) 6 (27) 22 (12) 28 (14)
Unable to determine (no photo/poor quality photo) 6 (27) 46 (25) 52 (25)
USregion N/A
West 5(23) 30 (16) 35(17)
Midwest 7(32) 45 (25) 52 (25)
Northeast 2(9) 16 (9) 18(9)
South 8(36) 92 (50) 100 (49)
Medicaid expansion state .82
Yes 13 (59) 101 (55) 114 (56)
No 9(41) 82 (45) 91 (44)
Flesch-Kincaid education score .82
<8 13 (59) 113 (62) 126 (62)
9+ 9 (41) 70 (38) 79 (39)

3NI/A: not applicable.
bDid not analyze the data with the Fisher exact test owing to more than 20% missing data.

CFace++ facial recognition software was used to determine the approximate age and gender of GoFundM e recipients when age and gender were not
available.
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Table2. Campaign and diabetes-specific characteristics with the Fisher exact test to examine contributorsto the funding status (N=205, unless otherwise

specified).
Variable Fully funded Not funded Total (N=205), P (Fisher exact
(n=22), n (%) (n=183), n (%) n (%) test)

Type of diabetes N/AZD
Type 1 or latent autoimmune diabetes in adults 10 (46) 84 (46) 94 (46)
Type 2 2(9) 17 (9) 19 (9)
Gestational 0(0) 2(1) 2(0)
Unknown 10 (46) 80 (44) 90 (44)

Reason for request N/A
I nsurance/system issue (uninsured, underinsured) 12 (55) 113 (62) 125 (61)
Personal issue (loss of job, emergency) 1(5) 10(6) 11 (5)
General fundraiser 8 (26) 41 (22) 49 (24)
Insurance/system and personal issue 1(5) 19 (10) 20 (10)

Insulin type® N/A
Fast-acting (Apidra, Admelog, Fiasp, Afrezza) 2(9) 50 (23) 52 (21)
Long-acting (Lantus, Levemir, Basaglar, Toujeo, Tresiba) 2(9) 39(18) 41 (17)
I ntermediate/mixed/regular (neutral protamine hagedorninsulin 0 (0) 15(7) 15 (6)
[NPH], insulin regular human [R])
Concentrated (Humal og U200, U500) 1(4) 31 4(2)
Other 0(0) 1(1) 1(0)
Unknown 18 (78) 114 (51) 132 (54)

Insulin requests N/A
One or more types requested 4(18) 69 (38) 73 (36)
Unknown 18 (81) 114 (62) 132 (64)

M edicare donut 74
Yes 3(14) 22(12) 25(12)
No or not mentioned 19 (86) 161 (88) 180 (88)

Disability status >.99
Yes 2(9) 16 (9) 18(9)
No or not mentioned 20 (91) 167 (92) 187 (91)

Pharma supportd N/A
Requested and rejected 1(5) 9(5 10 (5)
Not mentioned (unknown) 21 (96) 174 (95) 19 (95)

Reguest amount .007
<US $500 9(41) 28 (15) 22 (11)
>US $500 13 (59) 155 (85) 183 (89)

Funding length .82
<3 months 7(32) 68 (37) 75 (37)
>3 months 15 (68) 116 (63) 130 (63)

3N/A: not applicable.

bDid not analyze with the Fisher exact test owing to more than 20% missing data.

CFor this variable, the N values for fully funded, not funded, and total were 23, 222, and 245, respectively.
INis >205, as some requests were more than one.
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Figure 1. Geographic heat map of GoFundMe campaigns.
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Income Descriptive

Campaign requestors originated from cities and states with
median poverty levels of 17.36% (range 0.70%-47.20%) and
14.99% (range 9.70%-21.50%), respectively, based on the 2019
United States Census. The median household incomes in the
cities and states of the requestors were US $52,639.86 (range
US $27,838-$124,922) and US $55,537.48 (range US
$42,009-$78,916), respectively, which were below the 2019
national average income of US $68,703.

Viral Measures

Campaigns received support through several donors (median
9, range 0-116) and shares (median 9, range 0-742). However,
campaigns had a median of 0 (range 0-20) comments and a
median of 2 (range 0-70) hearts.

RQ1: Who Started the Campaign?

The campaign requestor was commonly the person with diabetes
in need of funds (114/205, 55.6%), followed by family members
(46/205, 22.4%). Friends (26/205, 12.7%) less commonly
requested funds. Requests were most frequently for people in
the age group of 26-64 years (80/205, 39.0%), with the mgjority
who specified diabetes type (h=115) having type 1 diabetes
(94/115, 81.7%).

RQ2: What Was the Purpose of the Campaign?

About half of the campaigns (99/205, 48.3%) described how
long the funds would last. Of those, 29% (29/99) needed quick
funds to cover cost needs for <3 months, while 71% (70/99)
needed funds that would last =3 months.

The most common campaign purpose was to fund insulin for
people with diabetes having no insurance or inadequate
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insurance coverage, or an insurance system issue (125/205,
61.0%), followed by genera fundraising (49/205, 23.9%),
personal and insurance issues (20/205, 9.8%), and personal
issues (loss of job or emergency) (11/205, 5.4%).

Just under half of the requestors lived in non-Medicaid
expansion states (91/205, 44.4%). Cost issues related to the
Medicare gap were reported in 12.2% (25/205) of campaigns.

A total of 245 insulin requests were made as some people with
diabetes used 2 types of insulin. Fast-acting insulin (Novolog,
Humalog U100, Apidra, Admelog, Fiasp, and Afrezza) wasthe
most commonly requested (52/245, 21.2%), followed by
long-acting insulin (Lantus, Levemir, Basaglar, Toujeo, and
Tresiba) (41/245, 16.7%). The remaining types of insulin
requested were intermediate-acting, mixed, or regular insulin
(15/245, 6.1%), or concentrated insulin (4/245, 1.6%). Most
insulin types (132/245, 53.9%) were not specified.

RQ3: What Was the Success of the Campaign?

Campaign goals ranged from US $50 to US $200,000 (median
US $1100), while the amount raised ranged from US $0 to US
$6920 (median US $65). Over one-third (77/205, 37.6%) of
campaigns raised US $0, while just over 10% (22/205, 10.7%)
of campaigns were fully funded. The top quartile of campaigns
raised only 33.4% of the requested funds, although the range
of funding was 0% to 583% (median 4%).

RQ4: What FactorsWere Associated With Campaign
Success?

The amount of money raised correlated with al viral measures,
including the number of shares (median 9, range 0-742;
U=1319.50; P=.007), number of hearts (median 2, range 0-70;
U=614.50; P<.001), and number of comments (median O, range
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0-20; U=1061; P=.002). Factors, including Medicaid expansion
state, Flesch-Kincaid education, Medicare donut hole status,
disability status, and funding length, were not significantly
associated with success in raising funds. Requests <US $500
were more likely to receive funding (Fisher exact P=.007). See
Tables 1 and 2 for more information.

Qualitative Analysis of Campaign Posts

Campaign requestors described a myriad of issues surrounding
the cost of insulin and privacy issues related to crowdfunding
in general.

Desire for Self-management and Survival

Campaigns were often started because people with diabetes
actively wanted to participate in diabetes self-management, yet
lacked the funds. Themesincluded wanting to manage diabetes
to be healthy enough to carefor young children and contributing
to society by continuing effective diabetes self-management
that iscritical to being a productive employee.

Campaign requestors emphasi zed that obtaining fundsto afford
insulin was the key to avoiding hospitalization and described
how an emergency room visit or inpatient hospital stay would
only exacerbate costs for those already struggling to afford
insulin.

Alongside avoiding hospitalization, campaign requestors
emphasized their desire to live and prevent premature death.
Some campaign requestors narrated who they wanted to live
for (emphasizing family), why their life mattered (how they
contribute to society), what they wanted to continue doing with
their lives (work, hobbies, caretaking, etc), and how insulin was
necessary to avoid death.

As there are different types of insulin on the market, some
campaign requestors overtly rationalized their need for
brand-name insulin. Examples of needing brand-name insulin
most often focused on a better biophysical response to
brand-name insulin than generic insulin. Not all campaigns
rationalized why brand-name insulin was desired.

Lack of Insulin Access Makes Diabetes Management
Untenable

Insulin access issues were described regardless of insurance
status. Some people with diabetes were waiting for new
insuranceto initiate. Others had recently lost ajob and insurance
benefits, aged out of Medicaid and were without parent
insurance coverage before the age of 26 years, or were disabled
and waiting for disability insurance to initiate. Those who
described being underinsured included those experiencing the
Medicare gap coverage (“donut hole”) or a coverage gap in
which there is a temporary limit on what the insurance plan
covers after a certain amount of medication costs have already
been paid for in a given year. Some with coverage described
“fighting” or “going to battle” with insurance about insulin costs
without success. Campaign requestors described applying for
various discount or financial assistance programs and being
denied or not given enough money.
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Some campaign requestors described a new diabetes diagnosis
after hospitalization. In few cases, the campaigns were
devel oped before the people with diabeteswere discharged from
the hospital. The sudden expense of hospitalization, in addition
to a new or ongoing insulin expense, was overwhelming and
financialy chalenging. The people with diabetes were
discharged without away to cover insulin costs and werefearful
they would be readmitted to the hospital.

At times, campai gh requestors mentioned that insulin competed
with other financial interests, such as addressing persona
emergencies (flood in the basement of their home, broken down
car, etc) and basic expenses (rent, food, and utilities). In few
instances, family member health expenses for conditions, such
as cancer, drained family finances and left no money for insulin.
Additionally, some people with diabetes in single-income
households reported decreased access to resourcesin general.

Some people with diabetes reported that a specific brand of
insulin was more effective, yet insurance only covered an
alternative brand. Other peoplewith diabetes described difficulty
managing blood glucose when using generic insulin (regular
and neutral protamine hagedorn) compared with brand-name
insulin. Conversely, some individuals used generic insulin but
still could not afford it.

The Aftermath of Insulin Unaffordability

When people with diabetes could not afford insulin, the
campaign reguestors described rationing insulin doses and/or
food to avoid diabetic ketoacidosis and fear of dying. Some
people with diabetes reported feeling too sickly to attend work
or school due to hyperglycemia from insulin rationing.

Some people with diabetes who could not afford insulin went
to the emergency room to treat hyperglycemia as a quick
solution, leading to additional health care expenses, despite
obtaining no-cost insulin coupons or insulin from that visit.
Other peoplewith diabetes described alternative waysto access
insulin, such as engaging in online insulin trading and seeking
insulin donations. In one case, aperson with diabetes described
having an “insulin dealer” who provided insulin at a cheaper
cost than when using insurance.

Privacy Issues With Crowdfunding

Many people with diabetes described feeling embarrassed and
desperate for resorting to GoFundMe to support their health
costs. Campaign requestorswho were family membersor friends
expressed feeling self-conscious or awkward about putting their
loved ones with diabetes in the spotlight to get assistance for
them.

Qualitative Analysis of Comments

The mgjority of campaigns (125/205, 61.0%) had 0 comments,
followed by 1-3 comments (58/205, 28.3%) and =4 comments
(22/205, 10.7%). There were 191 comments across campaigns
that were supportive and unsupportive. Supportive comments
provided tangible, informational, or emotiona support.
Unsupportive comments questioned the need for the campaign
or stated that the campaign was inappropriate. Table 3 provides
examples of comments.
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Comment type Examples of comments provided by commenters
Supportive
Tangible support «  Described how much financial support they contributed to the campaign
.  Offered to donate insulin vials/pens viamail or meeting with the people with diabetes
o  Described how they knew the campaign requestor and suggested that others within their social
network donate as well
Informational support o Provided information about where nonanal og generic insulin could be purchased (ie, Walmart for
approximately US $25/vial)
«  Provided links to websites with insulin assistance options (ie, coupons or patient assistance pro-
grams)
«  Recommended that people with diabetes reach out to health care providers for insulin samples
Emotional support «  Provided well wishes for campaign success

«  Offered prayers for the people with diabetes
«  Described they were people with diabetes and understood what people with diabetesin need were

going through

Unsupportive

Questioned need .
insulin

Questioned the financial need for a campaign noting that the people with diabetes could afford

»  Raised concern that the campaign wasa“ scam” (notethat in someinstances, the campaign requestor
would reply with a photo of the diabetes supplies to indicate there was an actual need)

Crowdfunding is inappropriate .
needs

Described GoFundM e as an inappropriate avenuefor financial support for diabetes self-management

Discussion

Principal Findings

To our knowledge, this is the first study to examine
crowdfunding requests for insulin. The high cost of insulin
places a significant burden on people with diabetes and their
supporters, who seek crowdfunding as a solution to raise funds
to purchase insulin. We found that the overwhelming majority
of campaigns were not fully funded.

About half of the campaigns originated from the southern United
States in our study. While it is possible that crowdfunding is
more prevalent in southern states, 44.4% of campaigns were
started in states without Medicaid expansion. Though there is
evidence that the cost of insulin affects al age groups [4], we
found that over half of the campaigns were developed for
individualsin middle adulthood. Middle adulthood is atime of
the greatest financial stability, yet living with diabetes can
greatly impact finances, marriage/divorce, raising and launching
children, living with bad credit, employment, or medical
insurance coverage, or result in exiting the workforce [6,24].
Additionally, thosein middle adulthood are lesslikely to qualify
for federal or state insurance programs compared with children
and older adults.

Many people with diabetes are desperately trying to identify
alternative ways to access insulin owing to its current cost. As
identified by other researchers [6], our findings highlight the
desirefor engaging in diabetes self-management and emphasize
the need to avoid hospitalization and prevent additional health
caredebt. Thefew fully funded campaigns were associated with
requesting <US $500. These findings differ from those of

https://diabetes.jmir.org/2022/2/e33205

previous studies showing that higher funding amounts resulted
in greater campaign success. However, previous studies
highlighted campaigns for major medical procedures, such as
organ transplantation, or costly cancer treatments. Asinsulinis
alife-long and ongoing cost, smaller requests <US $500 were
likely for 1 month or less of insulin supply. In the context of
the total cost of insulin, these small funds may only serve as a
“band-aid” to the exorbitant costs endured by insulin users.

The majority of requests were for brand-name insulin. Whileit
was clear some people with diabetes in this study knew they
would not respond well to generic insulin, othersmay have been
unaware of the generic insulin option. Some commenters offered
informational support about the cost of generic insulin and
tangible support viainsulin donations. Recent research indicates
that some people with diabetes engage in the underground
exchange of diabetes medications and supplies with online
strangers, including insulin donations [6,25].

Our findingsindicate that viral measures correl ated with money
raised by the campaign. Others have found that successful
crowdfunding campaigns leverage collective endorsements
through close online networks [6,26], though strangers also
donate [27]. Close networks may feel social pressureto donate,
even when in a position where they cannot afford to contribute
[27]. Individuals without close online networks or those who
are digitally and/or linguistically illiterate contribute to a rise
in health care disparities[11]. Importantly, campaign requestors
and donors may not understand that fees from donations are
deducted or understand the validation processrequired to receive
funds.
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Though crowdfunding can temporarily increase accessto insulin,
ethical issues related to crowdfunding for diabetes care exist
[28-30]. For exampl e, crowdfunding websites encourage photos,
videos, and ongoing updates, resulting in loss of privacy.
Although recent evidence suggests that some campaign
reguestors weigh the need for financial support over the need
for privacy [31], we found that nearly one-fourth of campaign
requestors were family members or friends. As such, people
with diabetes may not be aware of or control what information
is shared about them. There is also the possibility of phony
crowdfunding accounts to solicit funds.

Limitations

This study must be interpreted in the context of its limitations.
Dueto the public nature of the content, some datawere limited.
We were unable to gather specific clinical characteristics, such
as HbA ;. and hospitalizations. We were aso unable to code
insulin pump status, which could influence the number of
insulins requested. We also encountered some missing data,
such as age and gender. While we could impute age and gender
when missing among those with facial photographs using FR
software, there were limitationsto imputing age. The correlation
between provided age and Facet++ recognition was only
moderate, and due to missing information, we used Face++ age
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for about 40% of the sample. As insurance coverage and
financial stressors vary by age group, it was essential for us to
provide age group. However, age group was provided for
descriptive purposes only and not used in further statistical
analysis. Another limitation of Facet++ imputation was the
inability to identify race and ethnicity. Finally, we were only
able to analyze active campaigns and therefore were unaware
if individuals repeatedly started new campaigns.

Conclusions

Applying quantitative and qualitative methodsto analyze online
GoFundMe campaigns is effective for understanding success
in online crowdfunding for health care and medication costs
such as insulin. As purchasing insulin is untenable to many
people with diabetes owing to its high cost, crowdfunding
through websites, such as GoFundM e, may raise asmall amount
of money to work asatemporary solution for purchasing insulin,
but may not be considered areliable resourceto purchaseinsulin
in the long term. Clinicians must ask people with diabetes if
they have difficulty accessing or affording insulin and provide
resources at appointments. Additionally, it is essential to focus
on solutions, such as health care reform and health care policies,
that support lowering the cost of insulin, particularly at the
federal level. Hence, all people with diabetes who use insulin
should have access to their life-sustaining medication.
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Abstract

Background: Accurately identifying patients with hypoglycemia is key to preventing adverse events and mortality. Natural
language processing (NLP), aform of artificial intelligence, uses computational algorithmsto extract information from text data.
NLPisascalable, efficient, and quick method to extract hypoglycemia-related information when using electronic health record
data sources from alarge population.

Objective: The objective of this systematic review was to synthesize the literature on the application of NLP to extract
hypoglycemia from electronic health record clinical notes.

Methods: Literature searches were conducted electronically in PubMed, Web of Science Core Collection, CINAHL (EBSCO),
PsycINFO (Ovid), IEEE Xplore, Google Scholar, and ACL Anthology. Keywords included hypoglycemia, low blood glucose,
NLP, and machinelearning. Inclusion criteriaincluded studiesthat applied NLPto identify hypoglycemia, reported the outcomes
related to hypoglycemia, and were published in English asfull papers.

Results: Thisreview (n=8 studies) revealed heterogeneity of the reported results related to hypoglycemia. Of the 8 included
studies, 4 (50%) reported that the prevalence rate of any level of hypoglycemiawas 3.4% to 46.2%. The use of NLP to analyze
clinical notesimproved the capture of undocumented or missed hypoglycemic events using International Classification of Diseases,
Ninth Revision (ICD-9), and International Classification of Diseases, Tenth Revision (ICD-10), and laboratory testing. The
combination of NLP and ICD-9 or ICD-10 codes significantly increased the identification of hypoglycemic events compared
with individual methods; for example, the prevalence rates of hypoglycemia were 12.4% for International Classification of
Diseases codes, 25.1% for an NLP algorithm, and 32.2% for combined algorithms. All the reviewed studies applied rule-based
NLP agorithmsto identify hypoglycemia.

Conclusions: The findings provided evidence that the application of NLP to analyze clinical notes improved the capture of
hypoglycemic events, particularly when combined with the ICD-9 or ICD-10 codes and laboratory testing.

(JMIR Diabetes 2022;7(2):€34681) doi:10.2196/34681
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Introduction

Background

Approximately 34 million (13%) US adults have diabetes [1].
Worldwide, 387 million persons have diabetes, a number that
is expected to rise to 592 million by 2035 [2]. In 2017, direct
and indirect costs attributed to diabetes in the United States
were estimated to be US $327 hillion [3]. Optimal glycemic
control (glycated hemoglobin [HbA ;] <7%) can be achieved
with comprehensive antidiabetic treatment; however, the risk
of hypoglycemia increases. In patients with type 2 diabetes
(T2D), after experiencing hypoglycemia, the 3-year incidence
of cardiovascular events was 35.1%, and mortality 28.3% to
31.9% [4,5].

Theincidence of hypoglycemiahas been reported to vary widely
for patients with diabetes. An earlier systematic review and
meta-analysis of 46 studies found that 45% of the patients with
T2D had mild or moderate hypoglycemia and 6% had severe
hypoglycemia; the prevalence was even higher among those
treated with insulin, with 50% having mild or moderate
hypoglycemia events and 21% having severe events [6]. A
subsequent review study showed that the rates of severe
hypoglycemia in T2D were between 0.7 and 12 per 100
person-years in randomized controlled trials and between 0.2
(without treatment with insulin or sulfonylureas) and 2 (with
treatment with insulin or sulfonylureas) per 100 person-years
[7]. Themost recent systematic review and meta-anaysis of 72
studies indicated that the incidence rate of hypoglycemia was
14.5t0 42,890 episodes per 1000 person-yearsintype 1 diabetes
(T1D) and 0.072 to 16,360 episodes per 1000 person-yearsin
T2D [8].

The reported rates of hypoglycemiavary largely because of the
marked heterogeneity in the way that hypoglycemiais defined,
measured, and reported. Accurately identifying patients with
hypoglycemiaiskey to preventing adverse events and mortality.
There are several methodsto identify hypoglycemiaeventsand
severity in large populations, including patient questionnaires
and International Classification of Diseases, Ninth Revision
(ICD-9), or International Classification of Diseases, Tenth
Revision (ICD-10), and electronic health records (EHRS).
Studies have found that using questionnaires[9] or International
Classification of Diseases (ICD) codes[10] isoften insensitive,
leads to underestimation of hypoglycemia events, and is
nonspecific in detecting hypoglycemia events.

EHRs have been widely adopted by health care systems,
resulting in large amounts of data, including unstructured text
inclinical notes[11,12]. Theamount of unstructured text isvast
and continuesto grow at abreakneck pace. Clinical notesenable
health care providers to not only identify patients at risk of
hypoglycemia but also to obtain details on hypoglycemia; for
example, symptomatic or asymptomatic hypoglycemia [13].
Once the patients at risk of hypoglycemia are identified, their
treatment can be personalized, which helps to prevent future
hypoglycemia and the resulting serious adverse effects.
Traditional methods such as manual chart review can extract
information related to hypoglycemia from EHR clinical notes
[14]; however, such methods are time-consuming, labor

https://diabetes.jmir.org/2022/2/e34681
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intensive, and not scalable, which makes them impractical for
usein large populations [15].

By contrast, novel data science approaches, including using
natural language processing (NLP), have been applied to
overcome the aforementioned difficulties [16]. NLP, aform of
artificial intelligence, uses computational algorithmsto process
human language content for a variety of purposes [17]. The
application of NLP algorithmsisascalable, efficient, and quick
method to extract unstructured data from a large population
[18,19]. Applications of NLP in the health domain can be
categorized into 2 groups. rule-based methods and machine
learning methods [20]. Rule-based NLP techniques are based
on a predefined clinical vocabulary, which identifies a set of
core conceptsfor target extraction (eg, hypoglycemia), and may
also use pattern matching (such as regular expressions) and
filters [21,22]. Rule-based systems are time-consuming to set
up, but they are easy to understand and modify and often require
fewer amounts of data than machine learning approaches
[21,23,24]. Machinelearning systems|everage the same feature
sets as those used in rule-based systems but do the work to
discover the rules needed for a solution; however, this comes
at a price: the resulting systems often function as a black box,
which is difficult for humans to understand and trust [20]. In
addition, machine learning systemstypically require very large
sample sizes for development [23]. Deep learning approaches
(neural networks) are aform of machinelearning used in recent
years [25,26], which can achieve performances comparable
with, or better than, those of domain experts in identifying
clinical information [16]. However, deep |earning—based models
require large amounts of training datato achieve high accuracy,
hindering the adoption of deep learning—based models in
scenarioswith limited amounts of training data[27]. Asaresult,
state-of -the-art deep learning methods of NL P (eg, transformer
models and transfer learning) were developed to address these
issues, and they have been proven to be extremely effectivein
the NLP domain [27,28].

Objectives

Currently, little is known about what types of NLP algorithms
were applied to identify hypoglycemia and how differencesin
hypoglycemiaincidenceidentified from unstructured datausing
NLP compare with hypoglycemia incidence identified from
structured data (eg, ICD codes) across studies. It was reported
in 1 study that a higher number of hypoglycemia events could
beidentified in clinical notes by using NLP than by using ICD
codes (65% vs 20%, respectively) [29]. Thus, inthissystematic
review, we aimed to synthesize the literature on the application
of NLP to extract hypoglycemia from EHR clinical notes and
compare the differences between hypoglycemia incidence
identified from unstructured datausing NL P and hypoglycemia
incidenceidentified from structured data (eg, | CD codes) across
studies.

Methods

Search Strategies

Literature searchesfor acomprehensive review were conducted
in 7 electronic databases: PubMed, Web of Science Core
Collection, CINAHL (EBSCO), PsycINFO (Ovid), |EEE
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Xplore, Google Scholar, and ACL Anthology. The search
strategies were devel oped in consultation with ahealth sciences
librarian (BCR). The searcheswere conducted before February
22, 2022. Database-specific subject headings (eg, Medical

Zheng et a

widened to include broader terms such as blood sugar or blood
glucose, and machine learning or artificial intelligence. No
date, language, or publication filters were applied within the
databases. Appropriate Boolean operators were used to structure

Subject Headings) and relevant keywords were identified to
describe hypoglycemia and these terms were searched in
combination with termsrelated to NLP. Asfew articles related
to hypoglycemia and NLP were located, the searches were

the search queries and both unqualified free-text searching and
field tags were used; the detailed search queries for each
database are presented in Textbox 1.

Textbox 1. Search strategies for hypoglycemia and natural language processing.
PubMed

e ((Hypoglycemia[MeSH]) OR Blood Glucose[MeSH] OR hypoglycemi* [TW] OR blood sugar* [TW] OR blood glucose[TW]) AND ((((Natural
Language Processing [MeSH]) OR Machine Learning [MeSH]) OR Artificial Intelligence [MeSH]) OR Data Mining [MeSH:noexp] OR NLP
[TW] OR natural language processing [TW] OR machine learning [TW] OR artificial intelligence [TW] OR text mine [TW] OR text analys*
[TW] OR text processing [TW] OR text classif* [TW] OR information extraction [TW] OR ((electronic health record* [TW]) AND (diagnos*
[TW])))

Web of Science

o TS=(hypoglycemi* OR (blood NEAR/3 sugar) OR (blood NEAR/3 glucose)) AND TS=((“ Natural Language Processing” OR NLP OR “ Machine
Learning” OR “ Artificial Intelligence” OR (*text mining” OR “text mine” OR “text analys*” OR “text* analyst” OR “text* processing” OR
“text classif*” OR “information extraction”) OR ((electronic health record* OR electronic medical record* OR electronic patient record*)
AND diagnos*)))

«  Document type: article

« Language: English

CINAHL

e ((MH “Hypoglycemia”) OR (MH “Blood Glucose” ) OR (hypoglycemi* OR “ blood glucose” OR “ blood sugar” )) AND (( (MH “Natural Language
Processing”) OR “ natural language processing” OR (MH “Artificial Intelligencet+”) OR (MH “Data Mining” ) OR (MH “Machine Learning+")
OR “text mining” OR “text analysis’ OR “text processing” OR text classif* OR “information extraction” ) OR ( ((“€electronic health record”
OR “electronic medical record” OR “electronic patient record” OR “electronic health records’ OR “electronic medical records’ OR “electronic
patient records’ OR EHR OR EMR) N3 diagnos*) ))

« Language: English

PsycINFO (Ovid)

o (hypoglycemi*.mp. or exp Hypoglycemia/ or blood sugar.mp. or exp Blood Sugar/ or blood glucose.mp.) AND (natural language processing.mp.
or exp Natural Language Processing/ or machinelearning.mp. or exp Machine Learning/ or artificial intelligence.mp. or exp Artificial Intelligence/
or text mining.mp. or text processing.mp. or text classif*.mp. or information extraction.mp. or ((exp Electronic Health Records/ or electronic
health record.mp. or electronic medical record.mp. or electronic patient record.mp.) and (exp Diagnosis/ or diagnos*.mp.)))

ACL Anthology

« hypoglycemia OR blood glucose OR blood sugar OR hypoglycemic

Google Scholar
« natural language processing AND hypoglycemia AND electronic health records

|EEE Xplore

o (Al Metadata:blood sugar OR All Metadata:blood glucose OR All Metadata: hypoglycemia OR All Metadata: hypoglycemic) AND (All
Metadata: natural language processing OR All Metadata: NLP OR All Metadata:“ machine learning” OR All Metadata:“ artificial intelligence”
OR All Metadata:“ text mining” OR All Metadata:“ text analysis’ OR All Metadata:“ text analyses” OR All Metadata:“ text analytics” OR All
Metadata:“ text processing” )

«  Filtersapplied: journals

participants who had experienced at least one hypoglycemic
episode, the incidence of hypoglycemic episodes experienced,
or data to allow the calculation of one of these measures; (5)
used EHR data; (6) were published as full papers in
peer-reviewed journas; (7) were published in English. No
restrictions were applied regarding the definition or

Inclusion and Exclusion Criteria

The inclusion criteria were as follows: studies that (1) were
restricted to participants aged =18 years; (2) reported a sample
with a diagnosis of diabetes; (3) applied NLP to identify
hypoglycemia; (4) reported the number or percentage of
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measurement of hypoglycemia. No restrictions were applied to
country or origin of the studies. Studies were excluded if (1)
they did not report outcomes related to hypoglycemia, (2) they
were pharmacological trials or the intervention focused on
treatment or care, (3) the participants were all pregnant or
children, and (4) they reported only conference papers or
proceedings.

Data Extraction

We first developed and tested a data extraction form, with
adaptations made accordingly. Thetitles, abstracts, and full-text
articles were screened by 2 independent reviewers (MCRM,
LS, Emily M Pan, or Yi Lan Zhang). Once conflicts were
identified, agreement was reached after discussion with thethird
reviewer (Y Z). Theresultsrelated to the identification of igible
studies were summarized according to the PRISMA (Preferred

Zheng et a

Reporting Items for Systematic Reviews and Meta-Analyses)
guidelines (Figure 1). The searchesyielded 2070 citations, and
after removing duplicates, 1705 (82.37%) titles and abstracts
were screened for digibility. After full-text retrieval of 334
potentially relevant papers, 326 (97.6%) were subsequently
excluded, leaving 8 (2.4%) papersthat applied NLP to identify
hypoglycemiaand reported the rates of hypoglycemiathat were
eligiblefor inclusion in the analyses. The reference sections of
the relevant articles were searched manually, but no further
relevant articles were found. Studies were summarized based
on the following categories. authors and country, sample size
and characteristics, medical conditions, antihyperglycemic
medication, study design, data source, definition of
hypoglycemia, method used to identify hypoglycemia, NLP
algorithm (eg, rule-based or machine learning), NLP algorithm
validation, and outcomes (Tables 1 and 2).

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart. In the case of Google Scholar, the first 100
results based on relevancy ranking is suggested to identify additional articles, and in the case of ACL Anthology, all the citations found were added to

theirrelevant set (excluded based on title and abstract) [30]. NLP: natural

PubMed (n=961)
Web of Science (n=494)
CINAHL (n=282)
PsycINFO Ovid (n=24)
IEEE Xplore (n=70)
Google Scholar (n=100)
ACL Anthology (n=139)
N=2070

language processing.

h 4

Duplicates removed (n=365)

Titles and abstracts
screened (n=1705)

Irrelevant studies (n=1371)

Full-text
screened

studies
(n=334)

Studies excluded (n=326):

o Only predict hypoglycemia levels (n=101)

* Wrong outcomes (n=81)

o Unreported hypoglycemia outcomes
(n=46)

* No applications of NLP (n=43)

« Commentary paper, perspective, editorial,
book chapter, or conference papers (n=17)

o Full-text article unavailable (n=17)

* Review articles (n=11)

* Wrong patient population (n=4)

» Duplication of another article (n=3)

o No sample characters reported (n=2)

o Non-English (n=1)

Studies included (n=8)
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Table 1. Summary of studies on natural language processing (NLP) and hypoglycemia.

Zheng et a

Author, year, coun-
try

Sample characteristics

Medical conditions

Nuneset al, 2016
[31], United States

Nunes et al 2017
[29], United States

Loughlin et al, 2018
[32], United States

Pettus et al, 2019
[33], United States

N=844,683; age (years; n[%)]): <30:
10,138 (1.20), 30 to 39: 38,491
(4.56), 40 to 49: 105,476 (12.49),
50to0 59: 196,494 (23.26), 60 to 69:
232,885 (27.57), >69: 261,199
(30.92); female (n [%]): 433,322
(51.30); White (n [%]): 655,474
(77.60); T2D? (n [%]): 844,683
(100); baseline measures, mean
(SD): BMI (kg/m?): 31.8 (10.2),
HbA 12 (%): 7.0 (1.9), blood glu-
cose level (mg/dL): 139.0 (82)

N=143,635; age (years; n[%0]): <30:
1333 (0.93), 30 to 39: 5420 (3.77),
40 to 49: 15,645 (10.89), 50 to 59:
32,796 (22.83), 60 to 69: 39,852
(27.75), >69: 48,491 (33.76); female
(n [%0]): 69,879 (48.65); White (n
[%4]): 116,701 (81.25); T2D (n[%y]):
143,635 (100); baseline measures
(median [IQR]): BMI (kg/m?): 32.3
(28.1-37.6), HbA 1 (%): 7.1 (6.5
8.1), blood glucose level (mg/dL):
146.0 (116.0-191.0)

N=6024; EQW® cohort (n [%]):
2008 (33.33%); age (years): —d;
female (n[%]): 1004 (50); White (n
[%]): 1630 (81.17); T2D (n [%]):
2008 (100); baseline measures. —;
BI€ cohort (n [%]): 4016 (66.67%);
age (years): —; female (n [%]):
2036 (50.70); White (n [%]): 3277
(81.60); T2D (n [%]): 4016 (100);
baseline measures: —

N=831,456; Bl switchers (n=3920
to 19,256); age (years): range 58.2-
60.1; female (%): range 49.8-52.0;
White (%): —; T2D: (831,456,
100%); baseline measures: BMI
(kg/m?): range 33.8-35.0; HbA 1
(%): range 8.91-9.02; blood glucose
level (mg/dL): —; smoking (%): —.
Insulin naive (n=2279 to 47,085);
age (years): range 58.8-60.4; female
(%): range 48.6-52.1; White (%):
—; T2D (n[%]): (100); baseline
measures. BMI (kg/mz): range 34.0-
34.6; HbA 1 (%): range 9.39-9.64;
blood glucose level (mg/dL): —;
smoking (%): —

Atrial fibrillation (n [%)]): 60,773
(7.19); hypertension (n [%0]):
555,482 (65.76); hyperlipidemia (n
[%0]): 510,944 (60.49); cerebrovas-
cular disease (n[%)]): 54,336 (6.43);
chronic kidney disease: retinopathy
(n [%]): 10,356 (1.23), neuropathy
(n[%)): 44,352 (5.25), nephropathy
(n [%]): 26,498 (3.14); ischemic
heart disease (n [%0]): 154,049
(18.24); congestive heart failure (n
[%0]): 59,438 (7.04)

N=143,635; cerebrovascular disease
(n[%)]): 11,903 (8.29); retinopathy
(n[%]): 3091 (2.15); neuropathy (n
[%]): 12,961 (9.02); nephropathy (n
[%]): 8338 (5.80); ischemic heart
disease (n [%]): 33,570 (23.37)

Bl switchers: hypertension: 63.4-
73.4, hyperlipidemia: 68.1-77.8,
microvascular complication: 44.7-
55.7, macrovascular complication:
44.2-63.5. Insulin naive: hyperten-
sion: 56.8-74.2; hyperlipidemia:
61.5-77.8, microvascular complica-
tion: 25.3-34.6, macrovascular
complication: 32.7-63.5

Antihyperglycemic medica-  Study design

tion

Not specified Retrospective cohort
study

N=143,635; sulfonylureas  Retrospective cohort

(n [%0]): 143,635 (100) study

N=6024; insulin (n [%]): Retrospective cohort

6024 (100) study

BI switchers: sulfonylureas.  Retrospective cohort

24.5-28.3; any OAD': 63.6- Study
75.2. Insulin naive: sulfony-
lureas: 47.6-56.6;
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Author, year, coun-  Sample characteristics

Medical conditions

Antihyperglycemic medica-  Study design

try tion
Lietal, 2019 [34], N=38,780; age (years), mean: 57.0; N=38,780; coronary artery disease N=38,780; long-actingin-  Retrospective cohort
United States female (n [%]): 21,716 (56); White (n [%)]): 2021 (5.21); chronic heart g jipy (LAI9): 615 (1.59); study
(%): 18,226 (47); T2D (%): —; failure (n[%]): 1582 (4.08); diabetic sulfonylureas: 8727 (22.50)
basaline measures: BMI (kg/mz), neuropathy (n [%]): 1414 (3.65)
mean (SD): 35.7 (9.8); HbA 1 (n
[%]): <6.5%: 5321 (13.72), >6.5%
to <7%: 1840 (4.74), 27% to <8%:
3155 (8.14), 8% to <9%: 1773
(4.57),29%: 3977 (10.26), missing:
22,714 (58.57)
Misra-Hebert et al, N=204,517; the values provided n=46,302; cardiovascular disease (n  n=46,302; insulin (N [%]):  Retrospective cohort
2020 [35], United  herein are from a subsample: [%0]): 13,372 (28.9); congestive 8050 (17.4); glucagon-like  study
States (n=46,302); age (years): 61.48; fe- heart failure (n [%)]): 2195 (4.7); peptide-1 receptor agonist
male (%):22,633 (48.90); White chronic kidney disease (n [%)]): (n[%]): 1781 (3.8); dipep-
(%):34,004 (73.40); T2D (n 2460 (5.3) tidyl peptidase 4: 4437 (9.6);
[%6]):46,302 (100); baseline mea- sodium-glucose cotrans-
sures: BMI (kg/m?): 32.2; HbA 1. ggfltf(ffl-%i”higfmf (n [%]):
s .7); metformin:
Er:%/;j EOOd glucoselevel 28,851 (62.3); sulfonylureas
(n[%]): 10,098 (21.8); a-
pha-glucosidaseinhibitor (n
[%]): 107 (0.2)
Uzoigw et al 2020  N=359,087; T2D (n[%]): 317,399 T2D: N=317,399; hypertension (n  T2D: N=317,399; insulin (n  Retrospective cohort
[36], United States  (88.39); age (years), median (IQR):  [%]): 257,093 (81); hyperlipidemia [%]): 174,569 (55); sulfony-  study
68.0 (18); female (n [%)]): 154,512 (n[%]): 193,616 (61); cardiovascu- lureas (n[%]): 55,710
(48.68); White (%):121,468(38.27); lar disease (n [%]): 158,699 (50).  (17.55); metformin (n [%)]):
baseline measures: BMI (kg/m?): ~ T1D: N=41,688; high blood sugar  114,263(36). T1D:
— HbAse 04 — bood oo |98t Sebliyetoaitsn - N-dLe, (0106
L. : 6]): 14, .74); cancer (n , .42); sulfony-
level (mg/dL): —; S'“Ok'”gh(” [%]): 6752 (16.20): stroke (n [%]): Iureas (n [%]): 1846 (4.43);
[76]):106,760 (33.63). TID™ (n 7377 (17.70); substance use or metformin (n [%]): 5059
[%]): 41,688 (11.61); age (years):  gpyse (n [96]): 4917 (11.79) (12.14)
median (IQR) 55.0 (30); female (n
[9%]): 21,034 (50.46); White (n[%)]):
16,072 (38.55); baseline measures:
BMI (kg/m?): —; HbA 1 (%): —;
blood glucose level (mg/dL): —;
smoking (n [%]): 9174 (22)
Ganz et al 2014 N=7235; HbA ¢ (%): —; blood T2D (n[%]): 7235 (100) Insulin: glargine (%): 77.24; Retrospective cohort
[37], United States  glucoselevel (mg/dL): —; smoking neutral protamine Hagedorn  study

(%): —; T2D (n [%)]): 7235 (100);
age (years), mean (SD): 60.82
(11.65); female (n [%]): 3668
(50.70); White (n [%]): 4576
(63.25); baseline measures. BMI
(kg/m?): —; HbA 1 (%): —; blood
glucoselevel (mg/dL): —; smoking
(%): —

insulin (%): 5.86; detemir
(%): 16.90. Sulfonylureas
(%): 38.06; metformin (%):
36.66; other OADs (%):

25.82

&72D: type 2 diabetes.

bH bA 1 glycated hemoglobin.
CEQW: exenatide once weekly.
dNot available.

®BI: basal insulin.

fOAD: oral antidiabetic drug.
9LAL: long-acting insulin.
PT1D: type 1 diabetes.
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Table 2. Summary of studies on natural language processing (NLP) and hypoglycemia.

Zheng et a

Author, Data source Definition of hypo- ~ Methodusedto ~ NLP agorithm: NLP agorithm Outcomes
year, coun- glycemia identify hypo- rule-based or ma-  validation
try glycemia chinelearning
Nunes et Optum Humedica Serious 1CD-9Piden- 'CD-9agorithm  Rule-based Thefina agorithm Period prevalence (%):
al, 2016 EHR?®database, which tified events were (structured diag- wasvalidated by  any conditions: ICD-9:
[31], Unit-  jncorporatesEHRs ~ characterized asseri-  Nostic codes on- manual review: 12.37,NLP: 25.11, com-
edStates  from35largemedical  ousor nonseriousif  1Y); NLPago- precision bined: 32.19; serious:
provider organizations the diagnosiswas  fithm (NLPof (PPV9=0.77,re-  |CD-9:11.93, NLP
(induding>195 hospi-  identified withina ~ clinical notes); call (sensitivi- 10.71, combined: 18.72,
tals), >25,000 physi-  problem list; NLP- ~ combined algo- ty)=0.67 mild to moderate: |CD-9:
cians, and >25 million  identified categories  Tithm (&ither 0.00, NLP: 0.76, com-
patients, makingup  included serious (eg, ' CD-9diagnostic bined: 0.78. Incidence
the largest EHR serious, acute, severe, Ccodesor NLP of rate (per 100 person-
database withinthe  and profound); mild ~ clinical notes) years): any conditions:
United States (January  to moderate: NLP- 'CD'93 2.25,NLP: ‘_1-781
2009 to March 2014)  identified categories combined: 6.28. Serious:
included mild to mod- ICD-9: 2.12, NLP: 1.72,
erate (eg, mild, moder- combined: 3.19; mild to
ate, slight, and minor) moderate: 1CD-9: 0.00,
NLP: 0.09, combined:
0.08. Event rate (per 100
person-years): any condi-
tions: ICD-9: 6.92, NLP:
10.03, combined: 16.12;
serious: ICD-9: 6.63,
NLP: 3.06, combined:
8.90; mild to moderate:
ICD-9: 0.00, NLP: 0.20,
combined: 0.19
Nuneset ~ Optum EHR database ggqrigus 1D and ICD codesand ~ Rule-based Thefinal algorithm  Incidence rate (per 100
al, 2017 (January 2009 to De- CPT® evidence of NLP wasvalidatedby  person-years; 95% Cl):
[29], Unit- cember 2014) o . manual review: any conditions: overall:
od States medical intervention precision 11.76 (11.49-12.04), sul-

or abstracted descrip-
tors suggestive of seri-
ous event; NoNserious,
mild to moderate: No
ICD or CPT evidence
of medical interven-
tion but with abstract-
ed descriptors sugges-
tive of mild to moder-
ate event; nonserious,
unspecified: no ICD
or CPT evidence of
medical intervention
and no descriptors of
event seriousness

(PPV)=0.77, recall
(sensitivity)=0.67

fonylureas use: 12.77
(12.40-13.15), sulfony-
lureas nonuse: 10.39
(10.00-10.79). Serious:
overall: 5.06 (4.88-5.24),
sulfonylureas use: 5.77
(5.52-6.03), sulfony-
lureas nonuse: 4.09
(3.84-4.34). Nonserious,
mild to moderate: over-
al: 0.14(0.11-0.17), sul-
fonylureas use: 0.17
(0.13-0.22), sulfony-
lureas nonuse: 0.09
(0.06-0.13). Nonserious,
unspecified: overal: 6.57
(6.37-6.78), sulfony-
lureas use: 6.83 (6.56-
7.11), sulfonylureas
nonuse: 6.21 (5.91-6.52)
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Author, Data source Definition of hypo- Method usedto  NLP agorithm: NLP algorithm Outcomes
year, coun- glycemia identify hypo- rule-based or ma-  validation
try glycemia chinelearning
Loughlinet Optum EHR database Documented blood Hypoglycemia Rule-based Thefinal agorithm Incidence rate (per 1000
al, 2018 (January 2012 to Jan-  glucose level <3.9 and gastrointesti- wasvalidated by  person-years; 95% ClI):
[ePSZ]S,tgtJnit- uary 2015) n“tl]mqll!_ or eLne:gdmdcy ?al syipptoms man_ugl review: EQWf cohort; 52.5 (44.4-
es physician—char i- (vomiting, nau- precision .
agnosis of hypo- sea, diarrhea, or (PPV)=0.77, recall 6;961)_'73& czhort.aZSJ )
glycemia constipation) (sensitivity)=0.67 ( . -7). Any gastroin
were identified testinal symptoms: EQW
by using both cohort: 225.5 (206.8-
ICD-9 Clinical 245.5), Bl cohort: 191.0
Modification diag- (179.1—203.6). Partici-
nostic codes pants with at least one
within structured event (N [%]): EQW
fields and NLP cohort: 149/2008 (7.42),
dlinical notes; hy- BI cohort: 368/4016
poglycemiawas (9.16). Any gastrointesti-
identified using nal symptoms (/N [%]):
an algorithm de- EQW cohort: 534/2008
veloped by Op- (26.60), BI cohort:
tum, incorporated 946/4016 (23.56)
diagnostic codes,
and NLP of clini-
cal notes
Pettusetal, Optum Humedica Hypoglycemia: ICD- ICD-9and ICD- Rule-based Thefind dgorithm  Any hypoglycemia (%):
2019[33], EHRdatabase (Jan- g gnd1cD-10" codes 10 codes; plasma wasvdidated by Bl switchers: 42.2-46.2.
United uary 1, 2007, to for hypoglycemia; glucose measures manual review: Insulin naive: 22.8-28.8.
States March 31, 2017) plasmaglucoselevel <70 mg/dL; 1M precision Severe hypoglycemia Bl
measures <70 mg/dL ; glucagon adminis- (PPV)=0.77,recall switchers: 8.2-17.4, in-
tration; NLP (sensitivity)=0.67  sulin naive: 2.7-8.6

IM' glucagon adminis-
tration; NLP: mention
of hypoglycemia; se-
vere hypoglycemia:
ICD-9 and ICD-10
codes for hypo-
glycemiathat is se-
vere by default or
ICD-9 and ICD-10
codes for hypo-
glycemiaand hypo-
glycemiaisreason for
care on discharge or
admission or hypo-
glycemiaindex date
on same day as emer-
gency department vis-
it or inpatient diagno-
sison admission (all
related to hypo-
glycemic coma); plas-
maglucoselevel mea-
sures <54 mg/dL; IM
glucagon administra-
tion; NLP: mention of
hypoglycemiawith ei-
ther a descriptor of
hypoglycemia severi-
ty, including severity
terms (eg, severe) and
attributes (eg, emer-
gency), or emergency
department visitor in-
patient admission on
same day as medical
record was written
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Author, Data source Definition of hypo- Method usedto  NLP agorithm: NLP algorithm Outcomes
year, coun- glycemia identify hypo- rule-based or ma-  validation
try glycemia chinelearning
Lietal, Regenstrief Medical  Plasma or point-of- Laboratory tests; Rule-based — A 1-year window for pri-
2019[34], Record System,which careglucosevaueof diagnostic codes; or episodes of hypo-
United isan urban safety-net  at least 5mg/dL and NLP glycemia: overal preva-
States medical institutionin  <70mg/dL, document- lence (n/N [%]):
Indianapolis, Indiana, ed inthe medical 8182/38,780 (21); non-
United States. In record; ICD-9 code: LAH and sulfonylureas
2012, Eskenazi Health  251.1 or 251.2; ICD within 90 days (%):
had 1081 physicians  code 250.8 without 42.92; sulfonylureas
on staff and serviced  any of the following without insulin (%):
950,592 outpatient codes: 259.8, 272.7, 23.82: noinsulin, no sul-
visits, including 681.xx, 682.x, 686.9, fonylureas (%): 17.85%;
234,637 community  707.1x, 707.2x, 707.8, blood glucose value be-
health center visits 707.9, 709.3, 730.0x, tween 5 mg/dL and 70
(January 1, 2004, to 730.1x, 730.2x, 731.8; mg/dL (/N [%)]):
December 31, 2013)  text note indicating 7070/38,780 (18.23);
hypoglycemia, includ- blood glucose value<54
ing a blood glucose mg/dL (/N [%]):
value 4784/38,780 (12.34);
NLP (/N [%]):
3751/38,780 (9.67), with
539/38,780 (1.39), identi-
fied only by NLP
Misra- Cleveland Clinic Hypoglycemia: blood NLP; ICD-9 Rule-based Compared with Prevalence: among
Hebertet  Health Systempatient glucose level <70 codes: 251.0, clinicianchartre- 204,517 patients with no
a, 2020 records (2005 to mg/dL; severehypo-  251.1, 251.2; view manually, codesfor nonsevere hypo-
[35], Unit-  2017) glycemia: patients |CD-10 codes: PPV=93% glycemia, evidence of
ed States with T2DK require E08.641, nonsevere hypoglycemia
hospitalization or E11.641, was found in 7035
emergency depart- E11.649, E13.64, (3.4%) using NLP. Num-
ment visit: nonsevere E13.641, ber of nonsevere hypo-
hypoglycemia does ~ E13.649, E16.0, glycemiaevents: ICD
not require assistance E16.1, E15, codes (n/N [%]):
for recovery E16.2 10,205/204,517 (4.99),
NLP: 14,763/204,517
(7.22), with overlap of
only 5 events. Incidence
proportion of patients
from 2005 to 2017 ICD
codes (%): severe hypo-
glycemia: 0.3t0 1.7,
nonsevere hypoglycemia:
0.4t01.3; NLP+ICD
(%): nonsevere hypo-
glycemia: 0.8t0 2.6
Uzoigw et Amplity Insights Nonsymptom-based:  ICD codes; NLP  Rule-based — Prevalence during 2
a, 2020 database, unstructured  mention of hypo- years (%): T2D: ICD: 52
[36], Unit-  health records, gener- glycemia, low blood (<0.1); combined symp-
ed States  ated from provider glucoselevel or blood tom and nonsymptom-

notes as transcribed
from verbal to written
form (January 1,
2016, to April 30,
2018)

glucose value<70
mg/dL ; symptom-
based: keywordsiden-
tified by endocrinolo-
gists, used by patients
to describe hypo-
glycemia

based: 11.4; nonsymp-
tom-based: 7.59; symp-
tom-based: irritable or
anxious: 14.50; cognitive
issues: 12.14; elevated or
irregular heart rate:

10.21. T1D": ICD codes:
30 (0.1); combined
symptom and nonsymp-
tom-based: 20.4; non-
symptom-based: 18.12;
symptom-based: irritable
or anxious: 16.00; cogni-
tiveissues: 8.17; elevated
or irregular heart rate:
8.17
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Author, Data source Definition of hypo- Method usedto  NLP agorithm: NLP algorithm Outcomes
year, coun- glycemia identify hypo- rule-based or ma-  validation
try glycemia chinelearning
Ganzeta, Humedicarea-time  Severehypoglycemia: |CD-9 codes Rule-based Thefinal algorithm Posttitration follow-up
2014 [37], longitudinal clinical  blood glucose lev- 251.0x, 251.1x, wasvalidated by  period (1.8 years): inci-
United data patient-level el<40 mg/dL 251.2x, or 250.3x manual review: dence rate (per 100 pa-
States EHR database (Jan- on different days; precision tient-years; 95%
uary 2008 to Decem- NLP (PPV)=0.77,recall Cl)=4.63 (4.59-4.67); to-
ber 2011) (sensitivity)=0.67  tal severe hypoglycemia

rate (per 100 patient-
years)=9.69 (9.64-9.75).
Incidence rate for pa-
tients with history of se-
vere hypoglycemia
events (95% Cl)=5.91
(5.76-6.06). Total severe
hypoglycemiarate for
patients with history of
severe hypoglycemia
events (95% CI1)=9.00
(8.87-9.12)

8EHR: electronic health record.

B1CD-9: International Classification of Diseases, Ninth Revision.
PPV positive predictive value.

94CD: International Classification of Diseases.

€CPT: Current Procedures Terminology.

fEQW: exenatide once weekly.

9BI: basal insulin.

PCD-10: International Classification of Diseases, Tenth Revision.
IIM: intramuscular.

ILAI: long-acting insulin.

kT2D: type 2 diabetes.

IT1D: type 1 diabetes.

Results

Description of Included Studies

All included studies (n=8) were conducted in the United States
[29,31-37]. The sample sizes were large, ranging from 6024 to
844,683. Of the 8 studies, 6 (75%) included only T2D
[29,31-33,35,37], 1 (13%) included both T1D and T2D [36],
and 1 (13%) did not specify the type of diabetes [34]. The
participants varied in age from 57 to 68 years, and 48.7% to
56% were women. Among the studies (7/8, 88%) that reported
on ethnicity, the percentage of non-White participants ranged
from 18.8% to 62%. Mean BMI ranged from 31.8 (SD 10.2) to
35.7 (SD 9.8) kg/m?, and mean HbA ;. ranged from 6.6% to
9.64%. Varied comorbidities were reported; for example,
hypertension, hyperlipidemia, ischemic heart disease, and heart
failure. Of the 8 studies, 4 (50%) provided diabetes-related
complications, including retinopathy, neuropathy, and
nephropathy [29,31,33,34]; 6 (75%) reported that 1.6% to 100%
of the participantsinjected insulin [32-37]; and 6 (75%) reported
4.4% to 100% sulfonylureas use [29,33-37].

All the included studies (n=8) were retrospective cohort study
designs, with the observational durations of the cohort ranging

from 2 to 12 years. Population samples were obtained from
varied EHR databases such as Optum Humedica[29,31-33,37],

https://diabetes.jmir.org/2022/2/e34681

Regenstrief [34], Cleveland Clinic Health System patient records
[35], and Amplity Insights[36].

Methods of I dentifying Hypoglycemia

All included studies used acombination of ICD codesand NLP
toidentify hypoglycemia; other methodswere applied, including
laboratory testsfor plasmaglucose measures<70 or <54 mg/dL
[33,34] and glucagon administration [33]. ICD-9 and ICD-10
codes used to identify hypoglycemia were described in detail
by Misra-Hebert et a [35]. Of the 8 studies, 3 (38%) reported
both serious (level 3) and mild or moderate hypoglycemia(levels
1 and 2) [29,31,35], 1 (13%) reported both overall unspecified
and severe hypoglycemia [33], and 3 (38%) reported data on
unspecified hypoglycemia[32,34,36], whereas 2 (25%) studies
aso reported symptom-based and nonsymptom-based
hypoglycemia[32,36].

NLP Algorithms Applied to | dentify Hypoglycemia

All included studies applied rule-based algorithms (Table 3).
The study by Misra-Hebert et al [35] described in detail the
NLP steps, including splitting clinical notesinto sentences and
phrases, filtering sentences and phrases to those containing
referencesto ahypoglycemia-related Unified Medical Language
System [38] concept, identifying temporal phrases (identifying
when the event occurred), and clarifying polarity (assertion or
negation) into no, nonsevere, or severe event using both
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rule-based algorithms. Li et a [34] identified hypoglycemia
using aformally defined pattern (regular expression) [39] such
as ablood sugar word, followed within 5 words by what could
be a low blood sugar value represented by a number ranging
from 10 to 69. Uzoigwe et a [36] identified keywords or
concepts of interest related to both symptom-based and
nonsymptom-based hypoglycemic events. The remaining studies
(5/8, 63%) applied the same NLP agorithms to identify
[29,31-33,37] (1) terms or concepts (eg, hypoglycemia),
including alternative or incorrect spellings and abbreviations,
(2) descriptive attributes of the hypoglycemia mention (eg,

Zheng et a

seriousness, duration, and frequency); (3) sentiment of the
mention (eg, denial, affirmation, and discussion); and (4) other
contextual information (eg, note section headers and neighboring
text).

Manual review of clinical notes was used as the gold standard
to validate the NLP algorithms in 63% (5/8) of the studies. Of
the 8 studies, 2 (25%) did not report validation of the algorithm,
whereasin the 6 (75%) reporting studies, the precision (positive
predictive value) for the hypoglycemia algorithm was 0.77%
to 93% [29,31-33,35,37]. Of these 6 studies, 5 (83%) reported
that the recall (sensitivity) was 0.67 [29,31-33,37].

Table 3. Natural language processing (NLP) algorithms applied in the reviewed studies.

Identify terms consistent with hypoglycemia (including alternative or incorrect spellings and
Identify descriptive attributes of the hypoglycemia mention (eg, seriousness, duration, and

Identify sentiment of the mention (eg, denia and affirmation, including “has,” “diagnosed,”

Study NLP agorithmtype Details of NLP agorithms
Ganz et a, 2014 [37]; Rule-based .
Nunes et al, 2016 [31]; abbreviations)
Nunes et al, 2017 [29]; .
Loughlinet al, 2018[32]; frequency)
Pettus et al, 2019 [33] .

and “present”)

« ldentify contextua information (eg, note section headers and neighboring text). Sections such
as“history of presentillness,” “assessment,” “hospital course,” “reason,” “review of symptoms;”
and “chief complaint” generally reflected occurrence of hypoglycemia

Lietal, 2019 [34] Rule-based .

A formally defined pattern (regular expression), which identified clinical reports mentioning

a“blood sugar word” followed within 5 words by what could be alow blood sugar value rep-
resented by a number ranging from 10 to 69

Misra-Hebert et al, 2020 Rule-based .
[39] .

Split clinical notes into sentences and phrases
Filter sentences and phrases to those containing a hypoglycemia-related Unified Medical

Language System concept
« ldentify temporal phrases (when the event occurred)
« Classify polarity (assertion or negation) into no, nonsevere, and severe event

Uzoigweet a, 2020 [36] Rule-based .

events

Identify keywords or concepts of interest: symptom-based and nonsymptom-based hypoglycemic

«  Symptom-based terms: neuroglycopenic and adrenergic symptomol ogy associated with hypo-

glycemia.

«  Adrenergic symptomology: elevated or irregular heart rate, sweating, tremor, trembling, tingling,
or shaking, and vision impairment

«  Neuroglycopenic symptomology: cognitive issues, irritable or anxious, mood or behavior
change+NOT substance abuse or alcohol, slurred speech+NOT stroke+NOT substance abuse

or alcohol

«  Nonsymptom-based definition:

«  Mention of “hypoglycemia’
«  Relevant medical ontology such as*“low glucose”
« A blood glucose laboratory value <70 mg/dL documented

Prevalence or Incidence of Hypoglycemia

The prevalence or theincidence of hypoglycemialargely varied
acrossstudies. All studies used acombination of NL P and other
approaches (eg, |CD codes) to identify hypoglycemia. Overall,
the prevalencerate of any condition of hypoglycemiawas 3.4%
t0 46.2%, asreported by 50% (4/8) of the studies[31,33,34,36],
and the incidence rate was 6.28% to 65.7%, as reported by 38%
(3/8) of the studies[29,31,32]. The prevalencerate of nonsevere
hypoglycemiawas 0.1% to 3.4% [29,31,35] and that of severe
hypoglycemia was 5.1% to 18.7% [29,31,33,37]. Of the 8
studies, 4 (50%) compared the prevalence or incidence of

https://diabetes.jmir.org/2022/2/e34681

hypoglycemia identified by NLP and ICD codes. In the study
by Nunes et a (2016) [31], the prevalence rates of any
hypoglycemiawithin the study period were 12.4%, 25.1%, and
32.2% for the ICD-9, NLP algorithm, and combined algorithm,
respectively. Similarly, Misra-Hebert et al [35] found that NLP
identified higher nonserious hypoglycemia events than ICD
codes (14,763 vs 10,205 events) during the study period from
2005 to 2017; among 204,517 patients with no ICD codes for
nonsevere hypoglycemia, evidence of nonsevere hypoglycemia
wasfoundin 7035 (3.44%) using NLP. Li et al [34] also showed
that hypoglycemia was identified in 21% of the participants,
with 9.67% identified only by NLP agorithms. In addition,
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Uzoigwe et a [36] found that the prevalence rates of
hypoglycemia were 11.4% and <0.1% using NLP agorithms
and ICD codes, respectively, in T2D; the prevalence rates were
20.4% and 0.1%, respectively, in T1D.

Using the combination of NLP and other approaches (eg, ICD
codes) identified the highest prevalence or incidence of
hypoglycemia compared with either method alone. Nunes et al
[31] found that the prevalence rates of hypoglycemia were
12.4%for ICD codes, 25.1% for NLP algorithm, and 32.2% for
combined algorithms; the incidence rates per 100 person-years
were 2.3%, 4.8%, and 6.3% using ICD codes, NLP, and
combined algorithms, respectively. Similarly, Misra-Hebert et
al [35] identified that the incidence proportions of patients in
the period from 2005 to 2017 were 0.4% and 1.3% for nonsevere
hypoglycemiawhen using only ICD codes, whereaswhen NLP
was added, the incidence proportions increased to 0.8% and
2.6%.

Discussion

Principal Findings

This systematic review aimed to synthesize theliterature on the
application of NLPto extract hypoglycemiafrom EHR clinical
notes. Of the 8 studies, 4 (50%) reported that the prevalence
rate of any level of hypoglycemiawas 3.4% to 46.2%. Overall,
the use of NLP to analyze clinical notes improved the capture
of hypoglycemic events that may have been undocumented or
missed using laboratory testing or ICD-9 and ICD-10 codes.
The combination of NLP and other approaches significantly
increased the identification of hypoglycemic events compared
with individual methods. All reviewed studies applied rule-based
NL P methods to identify hypoglycemia.

Previous reviews of the prevalence and incidence of
hypoglycemia using NLP are limited. Our study found that the
prevalence rate of any condition of hypoglycemiawas 3.4% to
46.2%, whereas a previous review study reported that the
prevalence rate of any condition of hypoglycemia ranged from
1% to 19% for studies using EHR as a data source [8]. In
addition, 13% (1/8) of the studies in our review reported that
symptom-based hypoglycemia—the estimated prevalence rate
of hypoglycemia using combined symptom-based and
nonsymptom-based definitions—was 20.4% (T1D) and 11.4%
(T2D) [36], which is more prevalent than previous analyses
without applying NLP for data extraction [40,41].

All included studies (n=8) applied rule-based NLP to identify
hypoglycemia. The main aim of our paper focused on
the application of NLP agorithms to identify hypoglycemia
and not on the method for developing algorithms. Published
articles have reported developing machine learning or deep
learning algorithms to identify hypoglycemia, but they did not
report the incidence of hypoglycemia; therefore, we did not
include such papersin our review. For example, Chen et al [42]
incorporated 3 machine learning algorithms to detect
hypoglycemia, including logistic regression, linear support
vector machines, and random forest. The result showed that
single cross-validation logistic regression with cost-sensitive

https://diabetes.jmir.org/2022/2/e34681
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learning achieved the best performance with sensitivity of 0.693
and specificity of 0.974. In addition, Jin et a [43] developed
and evaluated deep learning—based NLP systems to
automatically detect hypoglycemiaeventsfrom EHR narratives,
they found that the convol utional neural network model yielded
a promising performance with precision of 0.96 and recall of
0.86 in a10-fold cross-validation setting. Furthermore, none of
our reviewed studies applied the currently dominant method
(eg, transformer models and transfer learning) in NLP research
toidentify hypoglycemiafrom EHR data. Our review indicated
that the applications of NLP to identify hypoglycemia mainly
use the rule-based system. Although machine learning— and
deep learning—based a gorithms have been devel oped, they have
not been applied in clinical research.

A limitation of this review is the heterogeneity of the reported
results. This heterogeneity preventsthe estimation of the pooled
incidence and prevalence of hypoglycemia in diabetes using
NL P agorithms. In addition, excluding conference proceedings
reduced the number of papers included. However, medical
literature does not take conference proceedings into much
consideration when making clinica decisions; therefore,
conference proceedings are usually not included in a review
paper in medical literature. However, in terms of clinical
impacts, findings from the excluded conference proceedings
would have moreimpact regarding the clinical decision of using
NLP as a clinical algorithm, which can help patients or
physicians to better identify high-risk hypoglycemia. To the
best of our knowledge, this is the first systematic review to
synthesize the preval ence and incidence of hypoglycemiausing
NLP in individualswith diabetes. All reviewed studies applied
the combination of NLP with ICD codes and |aboratory testing
and identified higher incidence of hypoglycemia when using
EHR data sources. Thishas significant clinical implicationsfor
the prevention and management of hypoglycemia; with the
widespread use of EHRs, leveraging clinical notes significantly
improves the identification of individuals with hypoglycemia.
The preferred strategy is to use structured data (ICD codes),
followed by using NLP to synthesize the unstructured data to
pinpoint those at highest risk for hypoglycemia.

Conclusions

In conclusion, our findings provided evidence that the
application of NLP to analyze clinical notes improved the
capture of hypoglycemic events, particularly when combined
with ICD-9 and |CD-10 codes and |aboratory testing. Identifying
such patients with diabetes is important and necessary for
characterizing treatment and unmet needs, thus preventing the
adverse events and mortality associated with hypoglycemia.
The current application of NLP in the identification of
hypoglycemiastill relies on the traditional rule-based methods;
although machinelearning—and deep |earning—based algorithms
have been developed, they have not been applied in clinical
research. Future research should explore comparison of the
rule-based systems, machine learning approaches, and deep
learning—based NLP methods (eg, transformer models and
transfer learning) to improve NLP efficiency.
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Abstract

Background: Diabetesisone of the leading noncommunicable chronic diseases globally. In people with diabetes, blood glucose
levels need to be monitored regularly and managed adequately through healthy lifestyles and medications. However, various
factors contribute to poor medication adherence. Smartphone apps can improve medication adherence in people with diabetes,
but it is not clear which app features are most beneficial.

Objective: This study aimsto systematically review and evaluate high-quality apps for diabetes medication adherence, which
are freely available to the public in Android and Apple app stores and present the technical features of the apps.

Methods: We systematically searched Apple App Store and Google Play for apps that assist in diabetes medication adherence,
using predefined selection criteria. We assessed apps using the Mobile App Rating Scale (MARS) and calculated the mean
app-specific score (MASS) by taking the average of app-specific scores on 6 dimensions, namely, awareness, knowledge, attitudes,
intention to change, help-seeking, and behavior change rated on a 5-point scale (1=strongly disagree and 5=strongly agree). We
used the mean of the app’s performance on these 6 dimensions to calculate the MASS. Apps that achieved atotal MASS mean
quality score greater than 4 out of 5 were considered to be of high quality in our study. We formulated atask-technology fit matrix
to evaluate the apps for diabetes medication adherence.

Results: Weidentified 8 high-quality apps (MASS score4) and presented the findings under 3 main categories: characteristics
of theincluded apps, app features, and diabetes medication adherence. Our framework to evaluate smartphone appsin promoting
diabetes medication adherence considered physiological factorsinfluencing diabetes and app features. On eval uation, we observed
that 25% of the apps promoted high adherence and another 25% of the apps promoted moderate adherence. Finally, we found
that 50% of the apps provided low adherence to diabetes medication.

Conclusions:  Our findings show that aimost half of the high-quality apps publicly available for free did not achieve high to
moderate medication adherence. Our framework could have positive implications for the future design and devel opment of apps
for patients with diabetes. Additionally, apps need to be evaluated using a standardized framework, and only those promoting
higher medication adherence should be prescribed for better health outcomes.

(JMIR Diabetes 2022;7(2):€33264) doi:10.2196/33264
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Introduction

Diabetes is one of the leading noncommunicable chronic
diseases globally and poses a significant challenge to
individuals' physical and mental health and quality of life[1,2].
According to the International Diabetes Federation, in 2019,
approximately 463 million adults (9.3% of the global adult
population) aged 20-79 yearslived with diabetes[3,4]. By 2045,
the number of people with diabetesis projected to surge to 700
million [3,4]. Peoplewith diabetesface|ong-term disease burden
and financial costs [5], and an estimated 79% of adults with
diabeteslivein transitional countries[3]. In addition, morethan
1.1 million children and adolescents are living with type 1
diabetesmellitus (T1DM) [3], involving autoimmune destruction
of pancreatic 3-cells, resulting in insulin deficiency [6]. Aging,
urbanization, and lifestyle factors are causative factors of type
2 diabetes mellitus (T2DM) [4], which is a chronic metabolic
disorder characterized by insulin insensitivity as a result of
insulin resistance, declining insulin production, and eventual
pancreatic 3-cell failure[7]. Further, deaths dueto diabetes have
reached an alarming 4.2 million annually [3].

In patients with diabetes, blood glucose (BG) levels need to be
monitored regularly and managed adequately to maintain health
and well-being [8]. Nevertheless, almost half of the peoplewith
diabetes remain nonadherent to their prescribed medications
[9-11], leading to uncontrolled diabetes, poor outcomes, and
lower quality of life [10,12-14]. Nonadherence to medical
therapy also results in increased absenteeism, hospitalization
risk, and need for health care, which have an enormous
economic impact on individuals and society [15,16]. Several
factors contribute to poor adherence to medication, including
complex dosing regimens, clinical inertia, safety concerns,
socioeconomic issues, costs of medication, ethnicity, patient
education and beliefs, social support, and polypharmacy
[13,17-19]. The Prospective Urban Rural Epidemiology (PURE)
study showed that 26.9% and 63.0% of households in
low-income countries could not afford metformin and insulin,
respectively [20]. High adherence to diabetes treatment has a
beneficial impact on BMI, lipid and glycemic control, and
emotional and physical performance [21]. Younger age, higher
numbers of medications, and higher hemoglobin A, levelshave
been associated with lower medication adherence among patients
with T2DM [22].

The widespread applications of information and communication
technologies (ICTs) in the health sector have resulted in
significant improvements in the health care delivery system,
such as promoting patient-centered health care, improving
quality of care, and educating health professionals and patients
[23]. ICTs, including web-based, mobile phone-based, and
digital technologies for electronic capture, storage, processing,
and information exchange, have been used to prevent and
manage chronic disease and improve medication adherence
[5,24-27]. Severa studies have shown mobile health as an
effective and cost-effective approach for improving diabetes
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care [5,28-30]. The Global Observatory for eHeath, World
Health Organization, defines mobile health (mHealth) as
“medical and public health practice supported by mobile devices,
such as mobile phones, patient monitoring devices, personal
digital assistants, and other wireless devices” mHealth
capitalizes on mobile phones’ core utility of voice and SMS as
well asmore complex functionalities and applications, including
general packet radio service, mobile telecommunications, a
global positioning system, and Bluetooth technology [31].

Smartphone apps on diabetes management and self-management
are available for the public to download from major app stores,
including Google Play and Apple App Store [32,33]. Further,
several apps are available, which can collect health data,
providing clinical decision support systems and assisting with
medication adherence[34]. mHealthinterventionsare promising
for the treatment and management of diabetes [35]. Further,
there is strong evidence for the efficacy of apps for lifestyle
modification in patients with T2DM [36] and self-managed
tasks in improving health outcomes [37]. Apps have been
effectivein increasing treatment adherence among patientswith
various conditions, such as asthma, heart failure, hypertension,
and HIV [38]; medication adherence among patients with
depression, cardiovascular disease, Parkinson disease,
hypertension, and multimorbidity [39]; older adults with
coronary heart disease [40]; and essential hypertension [41].
Although afew recent reviews eval uated medication adherence
among individual s with diabetes[42-44], to our knowledge, no
systematic reviews have been undertaken to identify high-quality
apps and evaluate their features for diabetes medication
adherence. Hence, this study systematically reviews and
evaluates apps available for diabetes medication adherence and
presents the technical features of high-quality apps freely
available to the public in Google Play and Apple App Store.

Methods

Design

Thisstudy adopted the principles of asystematic review process
to identify and select apps, including using an app quality
assessment tool, a search strategy, predefined inclusion criteria
to screen apps, app rating and selection, and data extraction for
qualitative analysis.

App Selection and Assessment

Search Strategy

Globally, the dominating operating systemsin the smartphone
market are Android and iOS [45]. Hence, we searched Google
Play (Android) and Apple App Store (i0S) in May 2020 for
apps used for diabetes medication adherence without
country-specific restrictions. The key search terms used
“Diabetes OR Diabetic OR Diabetics OR blood glucose OR
blood sugar” AND “medication OR medicine OR drugs OR
medication adherence OR medication support.” The search
produced a list of apps for screening. Figure 1 illustrates the
process of app selection from the respective app stores.
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Figurel. App selection steps followed for Google Play and Apple App Store. MARS: Mobile App Rating Scale, T2DM: type 2 diabetes mellitus.
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App Screening

Two researchers (VM and MS) screened the app titles and
descriptions from the app stores, using the inclusion and
exclusion criteria as shown in Textbox 1. In cases of
disagreement, the third reviewer (SM Sl) intervened to evaluate
the situation and reach a consensus. We considered apps
available on both the Apple and Google platforms as single
apps. Further, we included apps with more than 100,000
downloads to identify the most common apps used in diabetes
medication adherence, following the approach of asimilar study
to assess the quality of apps and perform a content analysis of
apps targeting medical adherence [46]. We evaluated
high-quality apps using the Mobile App Rating Scale (MARS)

Textbox 1. App selection criteria.

[47]. Apps achieving a total mean quality score greater than 4
out of 5in our study were considered to be of high quality [48].
MARS is a vaidated tool that measures app quality across 5
multidimensional layers to assess the quality of apps. (1)
engagement, (2) functionality, (3) aesthetics, (4) information,
and (5) app subjective quality [47]. The MARS scale givesequal
weightage to all 5 dimensions and uses a 5-point rating scale
from 1 to 5 with 1=inadequate and 5=excellent. The maximum
score for each dimension is 25 for engagement, 20 for
functionality, 15 for aesthetics, 35 for information, and 20 for
app subjective quality. We calculated the total mean score by
determining the mean of the average score for the 5 dimensions

[47].

Inclusion criteria:

o Appsfor adults with type 2 diabetes
« Appsinthe English language

o Appsavailablefor free and not requiring a paid subscription

o  Appswith>500 user ratings

Exclusion criteria:

o  Appsnot updated since January 1, 2018

«  Appswith country restrictions

«  Appswith functionality supporting medication adherence or self-management features

« Appsintended only for use by health care professionals and not genera public

«  Appsproviding only diabetes education or suggestions for medication reminders

« Appsthat had any technical issues such as problems with downloading, logging in, and crashing

App Assessment

To determine which apps to include in this study, the apps
obtained after preliminary screening and application of theinitial
inclusion criteriawere downloaded and used by the two authors
(VM and MS) independently to test their functionality. After
discussion, the quality assessment was reported and in case of
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disagreements, input from the third author was sought. Further,
we calculated the mean app-specific score (MASS) by taking
the average of app-specific scores on 6 dimensions, namely,
awareness, knowledge, attitudes, intention to change,
help-seeking, and behavior change. These are also rated on a
5-point scale with 1=strongly disagree and 5=strongly agree.
We used the mean of the app’s performance on these 6
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dimensions to calculate the MASS [47]. We further assessed
the perceived impact of the app on the users knowledge,
attitudes, intentions to change, and the likelihood of actual
change on the target health behavior (diabetes medication
adherence in our case). Multimedia Appendix 1 presents an
app-specific evaluation and the MASS for the considered apps.

App Rating and Selection

We considered apps with a MASS greater than 4 to identify
high-quality apps for diabetes medication adherence.

Data Extraction

Two reviewers performed the data extraction. One reviewer
evaluated Apple App Store's apps, and the other reviewer
evaluated Google Play apps. Before reviewing the apps, the
reviewers conferred and decided to include all the critical
features that the apps provide. We specifically focused on
medication reminders and the adherence features that the apps
offer. The reviewers extracted information on the app features
using a predetermined Excel (Microsoft Inc) sheet. The Excel
sheet was developed on the basis of a pilot app assessment
exercise with 5 apps with extensive features; the Excel sheet
was refined for this study. We excluded apps that could not be
assessed owing to country-specific or other restrictions. We

Idam et al

included additional features of free apps that were available
upon subscription only.

Data Analysis

We grouped the apps on the basis of the operating system (ie,
Android and iOS), presented the mean MARS rating, and
summarized the main features. We also presented the MASS
and app-specific rating for medication adherence based on
awareness, knowledge, attitude, intention to change,
hel p-seeking, and behavior change.

Results

Overview

We identified 249 apps in Google Play and 209 apps in the
Apple App Store. The initial inclusion criteria resulted in 63
and 39 Appsfor Google Play and Apple App Store, respectively.
Finally, 8 appswith aMARS greater than 4 wereincluded. The
mean MASSfor theincluded appswas4.2, and the average app
rating by users was 4.7. Figure 2 depicts the app selection
methodology followed for both Apple App Store and Google
Play for selecting the relevant apps that satisfy the selection
criteria.

Figure2. Summary of app selection for review. MASS: mean app-specific score.
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Characteristics of the Included Apps

All 8 apps were available in the Apple Store [49-56], 7 were
available in Google Play [49-55], and one app had the option
to be accessed through a web application and Amazon Alexa
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[56]. Given that all the apps were available in the Apple App
Store, we extracted information for the apps from the App Store.
Table 1 presents an overview of the apps. In contrast,
Multimedia Appendix 2 presents detailed information for each

app.

JMIR Diabetes 2022 | vol. 7 | iss. 2 |€33264 | p.199
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR DIABETES Islam et a
Table 1. Overview of the apps.
Apps Operatingsys- Category Availablelan- Data privacy Seller In-app pur-
tem guages, n chases
Identified Deidentified
Diabetes:M [49] Androidand  Medica 8 Yes Yes Chronic disease Yes
i0S software devel op-
ment company
mySugr - Diabetes Androidand  Medical 24 Yes No Digita healthcom- Yes
Tracker Log [52] i0S pany
Health2Sync [51] Androidand  Medical 4 Yes No Digital healthcom- Yes
i0S pany
MyTherapy Pill Re-  Androidand  Medical 30 No Yes Hesdlth, wellness,  No
minder [53] i0S and fitness
OneDrop: Transform  Androidand  Heathandfit- 11 Yes Yes Software and Yes
Your Life [54] i0S ness Technology ser-
vices
Glucose Buddy Dia= Androidand  Medical 31 Yes Yes Individual Yes
betes Tracker [50] i0S
OneTouch Reved Androidand  Medica 14 Yes Yes Diagnosticsystems No
[55] i0S manufacturer
Sugarmate [56] i0S Medical 5 Required to pro- Requiredto pro-  Softwarecompany No

vide with the next
app update

videwith the next
app update

The Apple App Store apps were categorized as medical
[49-53,55,56] and health and fitness [54] apps. Including English
language, the apps were available in around 5 [51,56], 10
[49,54,55], 20 [52], and 30 languages [50,53]. Additionally, all
the apps had family sharing options (ie, the app could be shared
with and used by 6 family members) [49-56]. Apart from one
app [56], the apps defined their privacy policy explicitly,
defining the identified [49-52,54,55] and deidentified data
[49,50,53-55], although it differed between the apps. For
example, data such as health and fitness information, contact
information, identifiers, diagnostics, location, user content, and
usage data were considered “identified” data by one app [52].
In contrast, the same data were considered “deidentified” data
by another app [53]. Further, the apps were sold by software
companies [54,56], digital health companies [49,51,52,55],
health and fitness companies[53], and individual s[50]. Finally,
although all the apps were free [49-56], they had an in-app
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purchase option [49-52,54]; that is, users had the option to pay
a prescribed amount to access additional features, such as
premium subscription features [49-52] and access to a coach
[54].

The compatible operating system (OS) version for the apps
varied drastically between the apps. For the apps to run
smoothly, 9.0[49], 10.3[56], 11.0[51], 12.0[50], 13.0[53-55],
13.2[52] or later versions of the OS were required.

App Features

Overview

In this section, we discuss the saient features of the apps
evaluated against standard parameters. However, we have
considered the free app features for this analysis (and we have
not considered thein-app features). Figure 3illustratesthe apps
and their corresponding features.
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Figure3. Appsand their corresponding features. CGM: continuous glucose monitoring, DM: diabetesmellitus, TIDM: type 1 diabetesmellitus, T2DM:

type 2 diabetes mellitus.

Objective
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Health data

Device integration and reports

Assistance and reminder

Device Objective and Target Population

The primary objective of the apps was to manage diabetes
[49-52,55], manage diabetes and heart health [54], assist in
medication tracking [53], and function as a companion to a
continuous glucose monitoring (CGM) device [56]. Although
a few apps have been developed for the general population
irrespective of their medical condition [50,53,56], a few other
apps aimed to address the needs of patientswith T2DM [51,54].
In contrast, other apps had functionalities to address the health
and well-being needs of patients with TIDM, T2DM, or
gestational diabetes mellitus [49,52,55]. The apps had age
ratings of 4+ [50-54,56] and 17+ [49,55].

BG Reading

The apps had different methodologies and used varying
technologiesto capture the BG recordings. For example, some
apps could log into the recordings manually [50,53]. In contrast,
a few other apps could capture CGM recordings from the
integrated BG monitoring (BGM) devices[55,56]. Neverthel ess,
some other apps could manually log in the BG recordings and
CGM recordings from the integrated BGM devices
[49,51,52,54].

Health Data

In addition to recording BG readings, the apps had the option
to capture other health-related data, including food consumed
[49,50,52,54-56], blood pressure [50-54], weight [50-54], daily
activity and steps walked [52,54-56], and medication
[49,50,52,54]. Further, regarding food consumption, the apps
specifically considered the intake of carbohydrates
[49,50,52,55,56], protein [49], fats [49], and calories [49].

https://diabetes.,jmir.org/2022/2/e33264

Device I ntegration

TherearevariousBGM or CGM devicesavailablein the market,
and some apps could integrate and function with multiple
devices, such as Dexcom, OneTouch, and Accu-Chek
[49,51,54]. In contrast, other apps functioned exclusively with
a device, such as Accu-Chek [52] and Dexcom [49,50,54].
Moreover, an app developed by the seller of the OneTouch
device aimed to capture CGM recordings to perform analysis
tasks integrating other health parameters [55]. In contrast, a
seller not related to the Dexcom device developed an app to
capture the CGM readingsin real time and perform other tasks
[56].

Reports

The apps had features to generate reports on BG levels, taking
into consideration other factors including food consumed
[49,50,52,54-56], physical activity [49,54,55], medication
[49,50,52,54], and other vital recordings[50,51,53,54,56]. From
the reports generated, the apps provided an overview of short
durations of captured data such aswhenever the app islaunched
[51]; hourly [50], daily [49,52,54,56], weekly [49,52,54], and
fortnightly [55]; and longer durations such asmonthly [49,52,54]
and yearly [49]. Moreover, afew apps could alert individuals
when their BG levelsdropped below or increased past threshold
values through notifications [49,55], SMS text messaging
[51,56], or phone calls[56].

Reminders

Forgetting to take medication isasignificant cause of medication
nonadherence among patients[57]; hence, appswith reminders
could improve adherence. The apps had reminders to check
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glucoselevels[49], take meal s[49,54,55], medications[53,54],
exercise [53,54], and address other personalized medical needs
[51,55].

Adherence Mativation

To continuously support individualsin their journey of diabetes
medication adherence, apps have provided options to invite
clinicians, nutritionists, family, friends, and loved onesto view
their progress and accordingly assist them [51,53,54]; have
patient information for further support [49], providing
personalized tips [51,53,55]; and deliver an education plan
featuring 5-minute lessons [50]. In addition, a few apps had
gamification features (ie, elements of game-playing), such as
point-scoring, competition with others, and challenges to
encourage engagement [52,54-56].

Diabetes M edication Adherence

Among people with diabetes, optimum glycemic control is
essential, and good adherence is associated with alower risk of
all-cause mortality and hospitalization [58]. Many models have
been studied to explore the acceptance and use of technologies.
One such moddl istask-technology fit (TTF). TTF statesthat a
technology should be effective in completing the assigned task,
whichwill lead to anincreasein user performance and adoption
[59]. TTF rates the task characteristics and technology
characteristics of apps, which affects the effectiveness and
adoption of the apps by the user. Accordingly, in this section,
we used the TTF and quantified the effectiveness of apps in
diabetes adherence to evaluate whether the apps promote
adherence to diabetes medication [60,61]. A recent study used
TTF to evaluate the effectiveness of the mHealth app in
delivering health care services [62].

Table 2. The task-technology fit matrix for diabetes medication adherence.

Idam et al

Primary prevention and mitigating the severity of diabetes
revolve around regular BG checks, food consumed, physical
activity, other vital readings, and adherence to medication [63].
Hence, they are the primary factors considered in this study.
Although apps have been found to improve awareness of
medication adherence and reduce self-reported barriers to
medi cation adherence among medi cation-nonadherent patients
with diabetes [64], a study observed that alarge proportion of
diabetes self-management apps lacked features for enhancing
medication adherence and safety [65]. Consequently, among
the app features, we considered the overview (report generated
and graphically presented for aperiod), reminders (customized
alerts to perform tasks), notifications (alerts when BG shoots
up or drops below the threshol d), assistance (additional support
provided by various stakeholders), and motivation (assistance
from loved ones and challenges through gamification) as the
imperative app features needed to support an individual in
diabetes medication adherence.

Table 2 presentsa TTF matrix for diabetes medication adherence
to eval uate the apps against the defined primary factors and app
features. In the matrix, we have marked “yes’” when factorsand
features are available. We then totaled the score for primary
factors and app features separately. We defined a score of 5in
both primary factors and app features as apps assisting in very
high adherence, 4 and above in either primary factors or app
features as apps assisting in high adherence, and a score of 3
and above in either primary factors or app features as apps
assisting in moderate adherence. We further defined a low
adherence app as apps scoring 2 and above in either primary
factorsor app features and any score below 2 for primary factors
or app features as apps resulting in poor adherence.

App Primary factors App features
Blood Food Physical Medication Vital Score Overview Reminder  Notificaa  Assistance Motivation  Score
glucose Activity signs tion
Diabetes:M Yes Yes Yes Yes No 4 Yes Yes Yes Yes No 4
[49]
mySugr - Dia  Yes Yes No Yes No 3 Yes No No No Yes 2
betes Tracker
Log [52]
Health2Sync Yes No No No Yes 2 Yes Yes Yes Yes Yes 5
[51]
MyTherapy Pill  Yes No No No Yes 2 Yes No Yes Yes 3
Reminder [53]
One Drop: Yes Yes Yes Yes Yes 5 Yes Yes No No Yes 3
Transform Your
Life[54]
Glucose Buddy Yes No No Yes Yes 3 Yes No No Yes No 2
Diabetes Track-
er [50]
OneTouch Re-  Yes Yes Yes Yes No 4 Yes Yes Yes Yes Yes 5
veal [55]
Sugarmate [56] Yes Yes No Yes Yes 4 Yes No Yes No Yes 3
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According to our evaluation, none of the apps assists in very
high adherence, and there are no poor-adherence apps. In
addition, we found that 3 apps each assisted in high adherence
(25%) [49,55] and moderate adherence to diabetes medication
(25%) [54,56]. In contrast, 4 other apps were in the low
adherence category in assisting with diabetes medication
adherence (50%) [50-53].

Discussion

Principal Findings

In this systematic review, we identified 8 high-quality apps
publicly availablein the Apple App Store and Google Play free
of charge. The mean MASS of the apps was 4.2, while the
average user ratings was 4.7. Only 2 apps showed high
adherence and 2 apps showed moderate adherence, while half
of the apps showed low adherence. However, since the global
market is poised for rapid growth and could have widespread
implications in delivering personaized health care [66],
interoperable mHealth solutions available in the Apple App
Store and Google Play are generally designed and developed
for widespread adaptability. Our systematic review suggests
evaluating apps using a standardized framework before
prescribing them to patients with diabetes, and using behavioral
theories for improving medication adherence.

All the apps were available in English and more than 5 other
languages [49-56]. Moreover, bilingual English-speaking
patients expressed the need for language trandlation to
understand and communicate using the apps [67], and the
selected apps could address this concern through the
multilanguage option provided. However, globally, 79% of
adultswith diabeteslivein transitional countries[3]. Anincrease
in mobile phone subscriptions over the years, including in
transitional countries [68], and the constant technological
advancements in mobile phones [69] promote mHedth as
effective for use in transitional countries having barriers, such
as lack of infrastructure and equipment and technology gaps
[70]. Hence, if the selected apps have languages that
predominate in transitional countries with a higher prevalence
of diabetes, they might assist in diabetes management, reducing
the burden on the health care system and curbing mortality rates.

Deidentification is essentia for protecting patient privacy and
removing identifiersthat directly or indirectly point to aperson
[71]. However, there is variability in the definition of
deidentification [72]. For instance, among the considered apps,
health and fitness, contact information, identifiers, diagnostics,
location, user content, and usage datawere considered identified
data by one app [52]. In contrast, the same data were deemed
deidentified data by another app [53]. This discrepancy could
be due to differences in definitions and lega practice followed
in countries where the apps have been developed [72]. Hence,
health care apps developed in accordance with the guidelines
of legidation, such as the US Health Insurance Portability and
Accountability Act and the European General Data Protection
Regulation, could have uniformity in defining identified and
deidentified data[72]. Accordingly, following global regulatory
guidelines could bring uniformity in the use of identified and
deidentified data.
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In-app purchases permit the user to purchase added services
fromwithin an app, and 5 apps considered in this study had this
feature [49-52,54]. Remarkably, in-app purchase options work
well in promoting health apps wherein the essential functions
are offered freely [73]. However, the intention to upgrade to a
paid subscription is driven by the subscription features, benefits,
and price value [74]. Hence, developing free health apps with
in-app purchase options will be necessary to promote the app;
however, the content should provide sufficient value to retain
subscriptions [74].

A few apps described in this study could be used by all patients
with diabetes [50,53,56]. In contrast, other apps were
specifically targeted to patients with T2DM [51,54] or to those
with TIDM, T2DM, or gestational DM [49,52,55]. Neverthel ess,
apps with specific descriptions were sought more by users
compared to those with general descriptions [75]. Some apps
had an age rating of >4 [50-54,56] and =17 [49,55]. TADM
affects children [3], and although some apps were indicated as
suitablefor patientswith TIDM, the agerating was>17 [49,55].
Another app had an age rating of =4 and could be used by
patientswith TADM [52]. Hence, devel oping appswith specific
descriptions and appropriate age ratings could assist the
appropriate target population.

We have considered physiological factors influencing diabetes
and app features to develop and assess apps using the TTF
matrix.

Limitations of the Research

This review had certain limitations. First, in this study, we
included apps that had greater than 500 ratings. Therefore, we
could have eliminated several new apps with fewer than 500
reviews, but that might have had a higher MASS. Second, we
included only apps in the English language, possibly missing
effective appsin languages other than English. Third, our search
date was limited to May 2020. However, the constraints
associated with the severity of the COVID-19 pandemic could
have enabled the development and usage of apps that satisfied
our selection criteria. Finally, we limited our search to the apps
availablein the major app stores: Apple App Store and Google
Play. However, these stores account for 80% (4.41 million) of
the global apps as of May 2020 [76].

Implications and Future Research

Our findings provide guidelines for app developers to develop
an app that assists in diabetes medication adherence. Further,
several apps are very likely to be developed and prescribed
during the pandemic period [77,78]. Therefore, evaluating the
apps using our framework could help the apps to provide high
medication adherencefor better health and well-being of patients
with diabetes. With the advancement in smartphone technol ogy,
various health vitals could be captured and transferred in real
time for analysis[79-81]. The application of machine learning
and big data could provide a wealth of predictive information
to the patient and to headth care professionals [82-87].
Furthermore, high-quality apps coupled with evidence-based
ICT programs using user-centric designs, wearable device, and
machine learning approaches could be used to provide
personalized interventionsfor people with diabetes [84,87-93].
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Hence, our findings could have practicad and research factors influencing diabetes and app features. Therefore, our
implications for diabetes medication adherence. findings could have positive implications for the design and
. development of apps for patients with diabetes. Additionally,
Conclusions . . .

_ . the available apps could be evaluated in accordance with our
Our framework to evaluate smartphone apps in promoting  framework, and those apps promoting higher medication
diabetes medication adherence has considered physiological  adherence could be prescribed for better health outcomes.
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