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Purpose

There are currently many diabetes apps available, but 
there is limited evidence demonstrating clinical impact. 
The purpose of this study is to evaluate the impact of a 
diabetes mobile app with in-app coaching by a certified 
diabetes educator on glycemic control for individuals 
with type 2 diabetes.

Methods

A 12 week-long single-arm intent-to-treat trial evaluated 
the impact of a diabetes mobile app and coaching pro-
gram (One Drop | Mobile With One Drop | Experts), 
which facilitated tracking of self-care and included an 
in-app diabetes education program, on A1C for individu-
als with type 2 diabetes and an A1C ≥7.5% (58 mmol/
mol). An online study platform (Achievement Studies, 
Evidation Health Inc, San Mateo, CA) was used to 
screen, consent, and enroll participants; collect study 
data; and track participants’ progress throughout the 
study. Baseline and study end A1C measurements as well 
as questionnaire data from participants were collected.

Results

Participants (n = 146) were 52 ± 9 years old, 71% female, 
25% black or Hispanic, diagnosed with diabetes for 11 ± 
7 years, and with a mean baseline A1C of 9.87% ± 2.0 (84 
mmol/mol). In adjusted repeated measures models, mean 
A1C improved by −0.86% among study completers  
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(n = 127), −0.96% among active users of the app and 
coaching program (n = 93), and −1.32% among active 
users with a baseline A1C ≥9.0% (75 mmol/mol) (n = 53).

Conclusions

This program was associated with a clinically meaning-
ful and significant reduction in A1C and can potentially 
increase access to effective diabetes self-management 
education and support for individuals with diabetes.

O
ver 29 million individuals in the United 
States have diabetes, of which 90% to 
95% have type 2 diabetes mellitus 
(T2DM).1 Diabetes is a chronic metabolic 
condition that can be associated with 

severe and costly long-term complications, such as reti-
nopathy, nephropathy, and neuropathy, if not managed 
adequately.2,3 Individuals with diabetes can improve gly-
cemic control (A1C) and help prevent these serious com-
plications by actively monitoring and controlling the 
condition and adopting self-management techniques such 
as frequent blood glucose testing, adhering to a specified 
medication regimen, healthy eating, and regular exercise.2

Diabetes self-management education and support 
(DSMES) programs are often offered to individuals with 
diabetes to help them learn about and adopt self-care 
techniques that can improve their A1C.4 These programs 
can also address psychosocial aspects of diabetes such as 
psychological and diabetes distress that may interfere 
with successful diabetes management5,6 and impact gly-
cemic control.7,8

Traditionally, individuals with diabetes participate in 
these types of programs in physician office settings or at 
community health centers, where they work with a clini-
cian, certified diabetes educator (CDE), or qualified 
coach.4 More recently, however, mobile- and Internet-
based diabetes self-management and support programs 
with and without direct coaching components have been 
introduced, and program uptake is increasing.4,9 Recent 
reviews suggest that technology-based programs (eg, 
mobile smartphone applications, Internet-based pro-
grams) can be convenient and potentially effective plat-
forms to disseminate diabetes self-management education 
and increase access to care.9-11

Globally, there are an estimated 1500 commercially 
available diabetes management apps,12 but evidence 
demonstrating the clinical impact of these new programs 
is limited.10,13 The goal of this study was to measure the 
impact of one such program, a diabetes mobile app with 
in-app coaching by a CDE (One Drop | Mobile and One 
Drop | Experts, Informed Data Systems, Inc, New York, 
NY), on glycemic control for individuals with T2DM.

Research Design and Methods

Study Overview

This 12 week-long, prospective, intent-to-treat, single-
arm trial aimed to evaluate the impact of a diabetes mobile 
app with in-app coaching on A1C for individuals with 
T2DM and A1C ≥7.5% (58 mmol/mol). Given that A1C 
provides an average level of blood glucose over the past 3 
months, conducting a single-arm study and comparing 
baseline and week 12 (study end) A1C data allowed us to 
examine a pre-intervention period (baseline A1C) against 
an intervention period (study end A1C). There were 2 
groups of participants in this study, enrolled sequentially. 
In the first group, Group 1, study participants were given 
access to the base intervention: the diabetes mobile app 
with in-app coaching. After Group 1 was fully enrolled, 
new study participants were enrolled in Group 2. This 
group received a smartwatch (Apple Watch, Cupertino, 
CA) in addition to the diabetes mobile app with in-app 
coaching. In this paper, the results and findings from the 
Group 1 study population are presented.

Given recent advances in technology and digital 
health, many traditional clinical trial processes can now 
be conducted virtually.14 In this study, an online study 
platform (Achievement Studies, Evidation Health Inc, 
San Mateo, CA) was used to screen, consent, and enroll 
study participants from across the United States. 
Participants accessed the online study platform from any 
web-enabled device to track their progress through the 
study and complete various study-required procedures. 
Although all study participants participated in the study 
remotely, they were able to email or call the research 
staff at any time before, during, or after the study with 
questions or other support needs.

Recruitment and Screening

An online strategy was used to recruit potential par-
ticipants by advertising the study to relevant online 



Impact of a Diabetes App and Coaching Program on A1C

Kumar et al

3

communities (eg, online support forums, diabetes-related 
groups, and forums on social media) and individuals who 
recently (defined as <14 days) downloaded the diabetes 
mobile app but had not yet started the coaching program 
(as identified by the app manufacturer, who sent targeted 
recruitment emails). Potential participants were first 
asked to go through a series of online screener questions 
on the online study platform to assess their eligibility.

Individuals between 18 and 75 years of age with self-
reported T2DM and an A1C ≥7.5% (58 mmol/mol) who 
indicated that they were motivated to use a daily diabetes 
self-management coaching program were eligible to par-
ticipate in this study. Potential participants also had to 
own an iPhone with a compatible iOS operating system 
and have experience downloading and using a smart-
phone application. Individuals were excluded if they 
were concurrently using a smartphone app or self- 
management education or coaching program to manage 
their diabetes (other than recently downloading One Drop | 
Mobile), had changed their diabetes treatment regimen in 
the past 3 months, had a history of serious mental illness 
or dementia, had any severe diabetic complications (eg, 
severe diabetic retinopathy, severe diabetic neuropathy), 
were pregnant, did not understand English, or did not 
live in the United States with a valid mailing address.

All inclusion and exclusion criteria were assessed 
using the online screener. Potential participants answered 
13 individual screener questions 1 at a time on the online 
study platform. If they were deemed ineligible, they 
received a notification on the platform that said they were 
not eligible to participate in the study. If they met all eli-
gibility criteria assessed by the online screener, they were 
able to proceed with the procedures outlined in the fol-
lowing “Enrollment and Study Procedures” section.

Prior to enrollment, each potential study participant’s 
A1C was verified to be ≥7.5% (58 mmol/mol) using an 
at-home, mail-in A1C test kit (DTI Laboratories, Clinical 
Laboratory Improvement Amendments No. 881001-3).

Enrollment and Study Procedures

Individuals who were deemed eligible through the 
online screener completed electronic informed consent 
on the online study platform and were then asked to com-
plete a baseline assessment consisting of questions on 
demographic characteristics, diabetes status, symptoms, 
treatment regimen, and co-morbidities. The baseline 
assessment also included questions from the Diabetes 

Distress Scale (DDS-17) and Diabetes Empowerment 
Scale-Short Form (DES-SF) to measure diabetes-related 
distress and diabetes-related psychosocial self-efficacy, 
respectively.15,16 Upon completion of this baseline assess-
ment, individuals were asked to submit their baseline 
A1C measurements using an at-home A1C test kit that 
was mailed to them. If the potential participant’s A1C 
reading was confirmed as being ≥7.5% (58 mmol/mol), 
the participant was asked to download the diabetes 
mobile app and enroll in the coaching program. Potential 
participants were considered enrolled in the study once 
they started the coaching program (defined as creating an 
account, accepting the coaching program invitation, and 
receiving an initial welcome message from their coach). 
If an individual’s verified A1C reading was <7.5% (58 
mmol/mol), they were excluded from the study.

Throughout the study, participants could use the app 
and coaching program as they found necessary. At the 
end of 12 weeks, participants were asked to submit a 
final A1C measurement using another at-home A1C test 
kit that was mailed to them and to complete a final 
assessment. The final assessment included questions on 
treatment regimen, diabetes symptoms, and overall satis-
faction with the app and program. It also included ques-
tions from the DDS-17 and the DES-SF.

Intervention

This program aims to provide users with effective 
DSMES via a mobile app with an in-app coaching com-
ponent. The diabetes mobile app contains various fea-
tures; users can actively and passively (via HealthKit) log 
and track their self-care behaviors (eg, medications taken, 
carbohydrates consumed, minutes of activity, and blood 
glucose readings) and their health data (eg, weight and 
A1C test results) (Figure 1). The app also includes an 
analyses section, which summarizes data and displays 
actionable statistics, and a newsfeed section, which deliv-
ers content such as health tips, recipes, and diabetes- 
relevant articles. Users receive data-driven tailored 
reminders via app notifications and have access to the 
app’s community section, which allows them to view and 
share data to learn from and support one another.

The mobile app’s coaching program is the only digi-
tally delivered diabetes education program recognized by 
the American Diabetes Association. The program was 
designed in accordance with the National Standards for 
Diabetes Self-Management Education and Support. There 
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are 12 lessons delivered in-app over a 9-week period. The 
lessons cover diabetes self-care behaviors including 
monitoring blood glucose, medication adherence, healthy 
eating, physical activity, reducing stress, and problem 
solving. Lessons contain clinical content, behavioral tools 
addressing diabetes-related psychosocial concerns, and 
strategies for integrating self-care into daily life.

All participants of the coaching program have access to 
a live coach, who is a CDE. The CDE delivers supplemen-
tal content (eg, additional health tips, recipes, and diabetes-
related articles) on an as-needed basis, answers questions, 
and provides support, encouragement, and accountability, 
all in-app (Figure 1). The CDE reaches out to the partici-
pant approximately 5 days a week via the in-app messaging 
tool and aims to respond to all participant messages with 24 
hours. The CDE also views a user’s app-collected data to 
give individualized feedback and insights.

Once participants completed the 12-lesson program, 
they continued to have access to their CDE, who contin-
ued to check in with them intermittently and was available 

to answer questions anytime, on an as-needed basis. As 
part of the program, all participants were also mailed a 
blood glucose meter and a supply of test strips to test their 
blood glucose levels.

Study Outcomes

The primary outcome of this study was change in A1C 
from baseline to study end, calculated as the 12-week 
study end A1C minus the baseline A1C value. Secondary 
outcomes included the percentage of individuals who 
lowered their A1C to <7% (53 mmol/mol), satisfaction 
and user engagement with the app and coaching program, 
and change in DDS-17 and DES-SF between baseline and 
study end. The DDS-17, which measures diabetes-related 
distress, has been shown to have reliability and validity, 
indicating the test’s generalizability, and to be associated 
with changes in A1C.17,18 The DES-SF, which is a shorter 
form of the 38-question Diabetes Empowerment Scale, 
measures psychosocial self-efficacy for individuals with 

Figure 1. Screenshots of diabetes mobile app with in-app coaching program.
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diabetes and has also been shown to have reliability and 
validity, but changes in DES-SF have not been shown to 
be associated with changes in A1C.15

Exploratory analyses incorporated additional metrics 
captured in the participant assessments, such as demo-
graphic characteristics, weight, body mass index (BMI), 
and diabetes symptoms, and how they related to change 
in A1C, if at all.

Sample Size

Sample size was estimated with respect to the primary 
outcome: change in A1C over 12 weeks. Given the lack of 
a concurrent control arm, sample size was powered to com-
pare change in A1C and the corresponding 95% confidence 
interval to a hypothesized control group under no interven-
tion. With 151 participants at baseline, this study had 90% 
power to detect a difference of –0.4% (–20 mmol/mol) 
between the study participants and a counterfactual control, 
with a standard deviation of 1.5% and an alpha of 0.05.19

Analyses

Frequencies and distributions for sociodemographic 
characteristics and relevant health histories were calcu-
lated for all participants at baseline. Absolute mean per-
cent change in A1C from baseline to study end was 
calculated overall and stratified by sex and BMI to quan-
tify change in strata of known determinants of A1C.

To assess the primary outcome, whether use of the 
diabetes mobile app with in-app coaching was associated 
with a change in participants’ A1C values over time, a 
2-tailed paired t test and a nonparametric signed-rank test 
compared mean and median change in A1C from base-
line to study end. A 1-sample t test compared the mean 
change in A1C in this sample to a hypothetical control 
(ie, a comparable group without access to the diabetes 
mobile app with in-app coaching) to assess whether the 
observed change in A1C was greater than what one 
would expect to see in the absence of the diabetes mobile 
app with in-app coaching intervention (in other words, to 
rule out the possibility that any observed change in A1C 
is just the change one would expect to see over time 
without intervention).

Unadjusted and adjusted multivariable linear repeated 
measures models with robust standard errors and time as a 
within-subject variable were used to assess change in A1C 
values over the study period. Adjusted models accounted 
for a priori selected covariables: age, sex, education (less 

than college vs college or higher), insulin use, years since 
diagnosis, and centered BMI. All models tested for evi-
dence of nonlinearity in continuous covariables and first-
order interactions between main terms and time.

All primary outcomes were calculated on 3 study 
cohorts: (1) participants with complete data, (2) partici-
pants who used the diabetes mobile app with in-app 
coaching for at least 1 additional day after enrolling in 
the program and messaged their coach at least 1 addi-
tional time after first initiating the coaching program 
(active users), and (3) active users who had a baseline 
A1C value greater than or equal to 9.0% (75 mmol/mol). 
Participants who used insulin were also analyzed in sub-
group analysis.

In secondary analyses, the percentage of participants 
who lowered their A1C to <7% (53 mmol/mol) during 
the 12-week period was calculated. Paired t tests were 
used to assess whether participants experienced changes 
in their responses to the DDS-17 and DES-SF scales 
from baseline to study end overall and specifically 
among those classified as experiencing “high distress” 
by the DDS-17 at baseline.

Exploratory analyses assessed change in patient-
reported outcomes from baseline to study end, including 
weight, frequency of symptoms of hypoglycemia (blood 
glucose <70 mg/dl) and hyperglycemia (blood glucose 
>180 mg/dl), and medication use as well as whether 
these changes were associated with change in A1C. 
Frequencies and distributions around participant engage-
ment levels with the app and coach were also calculated.

Sensitivity analyses used multiple imputation to 
explore the influence of missing A1C data at study end on 
model outcomes and assessed whether results differed 
after excluding 1 individual with a greater than expected 
change in A1C. The imputation model included age, sex, 
education, years since diagnosis, insulin use, and BMI to 
guide the selection of appropriate imputed study end A1C 
values for each individual.20 Multiple imputation with 
predictive means matching and a kernel of 5 generated 20 
imputed data sets. Results were pooled across data sets.

All analyses were conducted in Stata version 14.2, 
with an alpha of 0.05 for assessment of statistical sig-
nificance.

Study Oversight

This study was approved by Solutions IRB (Little Rock, 
AR) and is registered with clinicaltrials.gov (NCT02827669).
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Results

Participant Characteristics

Figure 2 depicts the flow of study participants through 
assessment to enrollment for both Groups 1 and 2. 
Overall, 151 individuals were enrolled in Group 1 
between July 4, 2016, and October 4, 2016, and 146 indi-
viduals were included in the analysis set (5 individuals 
withdrew from the study because they no longer wished 
to participate). Of these 146 participants, 127 (87%) 

submitted week 12 (study end) A1C measurements, and 
119 (82%) completed the final assessment.

Baseline characteristics are presented in Table 1. 
Study participants (N = 146) were, on average, 52 ± 9 
years old, 71% were female, 25% were black or Hispanic, 
82% had completed at least some postsecondary educa-
tion, 47% were on insulin, and 80% were obese or very 
obese (Table 1). Average duration since T2DM diagnosis 
was 11 ± 7 years, and average baseline A1C was 9.87% 
± 2.0% (85 mmol/mol).

Figure 2. Study diagram.
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Table 1

Baseline Characteristics of Study Participants

All Participants 
n = 146

Active Usersa 
N = 100

Active Users With  
Baseline A1C ≥9%a 

N = 57

Baseline A1C, % ± SD (mmol/mol) 9.87 ± 2.0 (84) 9.69 ± 1.9 (82) 10.86 ± 1.8 (96)
Age, mean y ± SD 52 ± 9 51 ± 9 50 ± 9
Sex, n (%)
 Female 103 (71) 71 (71) 40 (70)
 Male 43 (30) 29 (29) 17 (30)
Race/ethnicity, n (%)
 Caucasian/white 107 (73) 78 (78) 39 (68)
 African American/black 27 (19) 15 (15) 12 (21)
 Hispanic 9 (6) 6 (6) 5 (9)
 Other 3 (2) 1 (1) 1 (2)
Education, n (%)
 Did not finish high school, no diploma 2 (1) 2 (2) 1 (2)
 High school graduate or GED 13 (9) 6 (6) 3 (5)
 Trade/technical/vocational training 11 (8) 7 (7) 4 (7)
 Some college, no degree 45 (31) 34 (34) 19 (33)
 College graduate, associate’s or BA 50 (34) 32 (32) 18 (32)
 Graduate degree 20 (14) 17 (17) 12 (21)
 Doctorate degree 5 (3) 2 (2) 0 (0)
Duration of diabetes diagnosis, mean y ± SD 11 ± 7 12 ± 7 12 ± 8
Taking oral diabetes medication, n (%) 117 (80) 79 (79) 44 (77)
Number of oral diabetes medications, mean ± SD 2 ± 1 2 ± 1 2 ± 1
Taking insulin, n (%) 69 (47) 47 (47) 32 (56)
BMI, n (%)
 Underweight, <18.5 0 (0) 0 (0) 0 (0)
 Healthy weight, 18.5-24.9 10 (7) 9 (9) 8 (14)
 Overweight, 25.0-29.9 19 (13) 10 (10) 4 (7)
 Obese, 30-34.9 41 (28) 27 (27) 15 (26)
 Very obese, 35+ 76 (52) 54 (54) 30 (53)
Insurance coverage for ≥4 glucose test strips per day, n (%) 98 (67) 68 (68) 39 (68)
Smoking history, n (%)
 Never smoked 94 (64) 67 (67) 38 (67)
 Previous smoker 35 (24) 23 (23) 13 (23)
 Current smoker 17 (12) 10 (10) 6 (11)
Medical history, n (%)
 Cancer 7 (5) 7 (7) 4 (7)
 Heart attack 7 (5) 3 (3) 2 (4)
 High cholesterol 78 (53) 51 (51) 25 (44)
 Hypertension 88 (60) 61 (61) 35 (61)

 Stroke 2 (1) 2 (2) 1 (2)

aActive users include all individuals who were active in the diabetes mobile app for at least 1 day and messaged a coach at least once.
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App and Coaching Program 
Engagement and Satisfaction

On average, participants actively used the app on 55 
days (SD = 30) over the 84-day (12-week) study period. 
An active day was defined as a day where the participant 
interacted with the app (eg, logged a medication taken, 
sent their coach a message) at least once throughout the 
day. Five percent of participants used the app on less than 
5 days, while 25% used it every day during the study. 
Overall, study participants sent an average of 14 messages 
(SD = 11) to their coaches over the study period. Coaches 
sent an average of 70 messages (SD = 20) to each partici-
pant over the study period. Sixty-eight percent (100/146) 
of study participants were considered active users of the 
program, defined as having used the app and coaching 
program for at least 1 additional day after enrolling in the 
program and having messaged their coach at least 1 addi-
tional time after first initiating the coaching program. 
During the study, participants logged an average of 376 
activities (meals, medication, etc) in the app.

Of the participants who completed the final assess-
ment, 94% reported that the diabetes mobile app with 
in-app coaching helped them manage their diabetes mod-
erately, very, or extremely well. Approximately 78% of 
the participants who completed the final assessment 
found the educational content and lessons helpful, and 
73% reported that they thought their coach was motivat-
ing and provided useful strategies. Seventy-three percent 
of participants who completed the final assessment 
thought tracking and logging their blood glucose, medi-
cations, food, and activities helped them manage their 
diabetes.

Primary Outcome: Glycemic Control

Among the 127 participants who submitted a final 
A1C measurement, mean A1C was 9.91% (85 mmol/
mol; SD = 2.00%) at baseline and 9.01% (75 mmol/mol; 
SD = 1.85%) at study end (Table 2). The unadjusted mean 
A1C change of –0.90 (SE = 0.10) was statistically signifi-
cantly different from zero at the alpha = 0.05 level (P = 
.0003). This unadjusted mean change was also greater 
than what might have been observed in a counterfactual 
control group under no intervention that experienced a 
hypothesized mean change of –0.4% at 12 weeks (P value 
from 1-sided t test < .001).19 After adjusting for potential 
confounders, the mean change in A1C at 12 weeks was 
–0.86% (95% CI, –1.04 to –0.68; Table 3).

Among participants using insulin, mean A1C was 
10.31% (89 mmol/mol; SD = 2.09%) at baseline. The 
unadjusted mean change in A1C at 12 weeks for this 
group was –1.06% (SE = 0.13, P ≤ .001; Table 2). After 
adjustment for a priori covariables, the mean change in 
A1C was –1.01% (95% CI, −1.26 to −0.76; Table 3).

Among active users, the unadjusted mean change in 
A1C at 12 weeks was –1.00% (95% CI, −1.23 to –0.77, 
P < .001). After adjustment for a priori covariables, the 
estimate was slightly attenuated to −0.96% (95% CI, 
−1.20 to −0.73; Table 3). For active users with a baseline 
A1C ≥9.0% (n = 57), both unadjusted and adjusted mean 
change in A1C was estimated to be −1.32% (95% CI, 
−1.73 to −0.91, P < .001; Table 3).

Secondary Outcomes: Improvement in 
Diabetes Distress, Self-Efficacy, and 
Symptoms

Nine (7%) participants reduced their A1C to <7% (53 
mmol/mol) over the 12-week study period. Participants 
who completed both baseline and study end assessments 
(n = 119, 82% of analysis set) experienced less diabetes 
distress (mean difference in DDS-17 score = –0.40, SE = 
0.08, P < .001) and greater psychosocial self-efficacy at 
study end (mean difference in DES-SF score = +0.39, SE = 
0.08, P < .001). The mean DDS-17 score decreased from 
2.79 at baseline to 2.39 at 12 weeks, while the mean 
DES-SF score increased from 3.43 at baseline to 3.82 at 
12 weeks. Among individuals classified as having high 
distress by the DDS-17 at baseline (DDS ≥3, n = 49), 
participants experienced a mean change in DDS-17 score 
60% greater than the full sample. The mean DDS-17 
score for this highly distressed subset decreased from 
3.64 at baseline to 3.00 at study end (mean difference = 
–0.64, SE = 0.14, P < .001).

Over the 12-week study period, participants’ weight 
and BMI both decreased slightly, but this change was not 
statistically significant. Eighteen percent of study par-
ticipants reported a medication change over the course of 
the study. Those reporting a medication change experi-
enced a mean change in A1C of –1.03% (SD = 0.78), 
while those not reporting a medication change experi-
enced a mean A1C change of –0.87% (SD = 1.22; P value 
for difference = .56).

The number of participants reporting never or almost 
never having hyperglycemic symptoms doubled from 
baseline to study end (14% to 28%, P = .04), and those 
reporting frequent symptoms declined from 26% to 14% 
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(P = .02). There was no change in the frequency of hypo-
glycemic symptoms reported from baseline to study end.

Sensitivity Analyses

Nineteen participants (13%) did not submit a final 
A1C measurement. Missingness of final A1C was not 
associated with baseline A1C. Under the assumption that 
data were missing at random with respect to measured 
variables in the data set, missing final A1C values were 
imputed. When results from the complete case were com-
pared to the multiple imputation analyses (Table 3), it 
was found that the point estimates varied slightly, but the 
interpretation remained unchanged. The second sensitiv-
ity analysis excluded 1 individual who experienced a 
larger than expected decrease in A1C of nearly −8.0%. 
Interpretation of the findings again remained unchanged, 
even with a slight decrease in the adjusted mean A1C 
change to −0.81% (P < .001).

Discussion

Overall, the study population was very engaged with the 
diabetes mobile app with in-app coaching. A total of 68% 
of participants were considered as active users, and 25% of 

participants interacted with the app on a daily basis. The 
diabetes mobile app with in-app coaching was not only 
associated with high participant engagement, it was also 
associated with lowering A1C in a 12-week period, with an 
average reduction in A1C of −0.9%. Even though partici-
pants on insulin had on average a higher baseline A1C than 
the overall study population, they also experienced an aver-
age reduction in A1C of −1.0% at study end.

Additionally, all active users in this study as well as 
active users with a baseline A1C ≥9% (75 mmol/mol) 
experienced an even greater improvement in A1C during 
the study period. After conducting various sensitivity 
analyses and comparing the improved change in A1C of 
our population to the improved A1C of a hypothetical 
control arm, the findings remained statistically significant. 
Study participants also reported high satisfaction with the 
program as almost the entire study population (94% who 
completed the final assessment) thought the diabetes 
mobile app with in-app coaching helped them manage 
their diabetes moderately, very, or extremely well.

A recent systematic review on the impact of tradi-
tional in-person and remote DSME programs on glyce-
mic control for individuals with T2DM found that of 118 
self-management interventions examined, approximately 
62% reported statistically significant changes in A1C.19 

Table 2

Change in A1C Over 12 Weeks Overall and by Participant Characteristics

All Participants 
N = 127

Insulin Users 
N = 61

Active Users 
N = 93

Active Users With 
Baseline A1C ≥9% 

N = 53

Mean A1C, % (SD)

 Week 0 9.91 (2.00) 10.31 (2.09) 9.69 (1.94) 10.86 (1.81)

 Week 12 9.01 (1.85) 9.25 (1.73) 8.69 (1.55) 9.54 (1.53)

 Change, % (SE) –0.90*** (0.10) –1.06*** (0.13) –1.00*** (0.12) –1.32*** (0.19)

Mean change in A1C by characteristic, % (SE)

 Female –0.85*** (0.12) –1.01*** (0.15) –0.96*** (0.15) –1.30*** (0.25)

 Male –1.01*** (0.16) –1.17*** (0.25) –1.11*** (0.19) –1.36*** (0.26)

 BMI <25 –2.16 (0.92) –1.45 (0.54) –2.16 (0.92) –2.31 (1.05)

 BMI 25-29.9 –0.44 (0.27) –0.64* (0.23) –0.54** (0.15) –0.45* (0.29)

 BMI 30-34.9 –0.85*** (0.13) –1.06** (0.28) –0.86*** (0.17) –1.12*** (0.26)

 BMI >35 –0.88*** (0.12) –1.10*** (0.18) –0.97*** (0.13) –1.29*** (0.19)

*P ≤ .05. **P ≤ .01. ***P ≤ .001.
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This review found that these interventions were able to 
reduce A1C on average by –0.57%. This review also 
noted that there was an association between high contact 
hours (≥10 hours) between the diabetes educator and the 
individual with diabetes and significant reductions in 
A1C. Another recent systematic review examined 
mobile-based diabetes self-management programs and 
found that mean reduction in A1C was −0.49%.21 In 
comparison, the diabetes self-management app with in-
app coaching examined in this study was able to decrease 
A1C in active users by almost −1.0%. The magnitude of 
this reduction could potentially be attributed to the fact 
that participants had access to a coaching program and 
CDE and had an undefined number of contact hours with 
their CDE—they could message and interact with their 
coach and the education materials as needed.

It was also found that the diabetes mobile app with 
in-app coaching was able to modestly but statistically 

significantly improve the participants’ diabetes-related 
distress and diabetes-related psychosocial self-efficacy 
as measured by the DDS-17 and the DES-SF. The 
improvement in these domains may be modest from a 
clinical perspective because on average, participants 
only had a moderate level of distress at baseline (DSS-17 
total item score <3) and scored moderately on the 
DES-SF at baseline.15,16 Despite participants reporting 
only moderate distress levels and moderate self-efficacy 
levels at baseline, on average, participants did still expe-
rience a statistically significant reduction in A1C. This 
suggests that this program may not only be beneficial for 
individuals who believe they need help managing their 
diabetes or are experiencing a substantial amount of 
diabetes-related distress, it may be also beneficial to a 
broader population of individuals who may think they 
already have the necessary tools and support to ade-
quately manage their condition but still have high A1C.

Table 3

Coefficients and 95% Confidence Intervals From Multivariable Linear Repeated Measures Analysis Assessing 
Associations Between Selected Characteristics of Study Participants and A1C Values Over 12 Weeksa

All Participants: 
Multiple Imputation 

N = 143

All Participants: 
Complete Case 

N = 127

Insulin Users: 
Complete Case 

N = 68
Active Users 

N = 97

Active Users With 
Baseline A1C ≥9% 

N = 54

Characteristics

Adjusted 
Coefficient  
(95% CI)

Adjusted 
Coefficient 
(95% CI)

Adjusted 
Coefficient 
(95% CI)

Adjusted 
Coefficient 
(95% CI)

Adjusted 
Coefficient 
(95% CI)

Time (12-week span) –0.75***
(–0.98 to –0.53)

–0.86***
(–1.04 to –0.68)

–1.01***
(–1.26 to –0.76)

–0.96***
(–1.20 to –0.73)

–1.32***
(–1.73 to –0.91)

Centered age, in years –0.03
(–0.07 to 0.00)

–0.03
(–0.07 to 0.01)

–0.01
(–0.06 to 0.04)

–0.01
(–0.06 to 0.03)

0.02
(–0.04 to 0.08)

Female (reference: male) 0.37
(–0.30 to 1.03)

0.46
(–0.19 to 1.10)

0.49
(–0.36 to 1.35)

0.16
(–0.56 to 0.87)

–0.01
(–0.90 to 0.87)

Education (reference: high 
school or less)

–0.25
(–1.09 to 0.59)

–0.16
(–1.00 to 0.68)

–0.24
(–1.22 to 0.75)

0.34
(–0.36 to 1.03)

0.57
(–0.60 to 1.75)

Duration of diabetes 
diagnosis

0.01
(–0.04 to 0.05)

0.01
(–0.04 to 0.05)

–0.03
(–0.09 to 0.03)

0.01
(–0.04 to 0.06)

–0.04
(–0.11 to 0.03)

Insulin use 0.46
(–0.20 to 1.12)

0.40
(–0.26 to 1.06)

— 0.76*
(0.08, 1.44)

0.39
(–0.40 to 1.18)

Centered BMI –0.01
(–0.05 to 0.04)

0.00
(–0.50 to 0.04)

–0.01
(–0.07 to 0.05)

–0.02
(–0.06 to 0.03)

–0.01
(–0.06 to 0.05)

aThree individuals excluded due to implausible BMI values (BMI < 5)
*P ≤ .05. ***P ≤ .001.
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When individuals with high diabetes-related distress 
(DDS-17 ≥3) were examined, distress decreased on aver-
age from high distress levels (DDS-17 score of 3.64 at 
baseline) to borderline high to moderate distress (DDS-17 
score of 3.00 at study end) in the 12-week study period. 
This change could be even more substantial and clinically 
meaningful in studies with a longer follow-up period and 
could potentially reduce the risk of individuals develop-
ing diabetes-related mental health illnesses.22,23

There were limitations to this study. First, this study 
was a single-arm pre-post study that did not include a 
control arm for comparison. In an effort to address this 
limitation, our results were compared to the change in 
A1C that would be expected in a hypothetical control 
arm, and our results remained statistically significant. A 
real control arm, however, would have allowed us to 
measure the actual change in A1C in a comparable group 
that did not use the app. Another limitation of this study 
was that most data on patient health characteristics (eg, 
comorbidities, treatment regimen) were self-reported, 
potentially impacting the reliability of some of the 
changes and associations found in our analyses. However, 
there is little evidence regarding the robustness of self-
reported data, especially more basic and simple data such 
as height, weight, and medical diagnoses, and more 
research needs to be conducted to evaluate this topic. The 
results may also not be generalizable to everyone in the 
United States with T2DM since all participants were 
required to own an iPhone, have experience download-
ing and using an app, and be motivated to use a diabetes 
self-management mobile app. However, the real-world 
target population for technology-based diabetes interven-
tions, such as this diabetes mobile app with in-app coach-
ing program, is likely to be similar to our study population 
(ie, a population that is experienced using mobile apps 
and is motivated to use a technology-based solution).

On average, the study population had high A1C at 
baseline, and with a −0.9% reduction in A1C in 12 
weeks, they were still considered to have high A1C at 
study end (with an average study end A1C of 9.01%). 
The sustainability of this A1C reduction was also not 
examined in this 12 week–long study. Given that a 1.0% 
reduction in A1C in individuals with diabetes has been 
shown to be associated with a reduction in long-term 
diabetes-related complications and deaths,2 further 
research should be conducted to measure the long-term 
sustainability and magnitude of impact of this program 
on glycemic control. If results are sustained, this diabetes 

mobile app with in-app coaching may potentially be able 
to reduce long-term diabetes-related complications.

Conclusion and Implications

Although there are over 1500 diabetes apps currently 
available,12 few are based on proven DSMES methods, 
and few have substantial evidence supporting their ability 
to significantly impact glycemic control. In addition, not 
many programs aim to provide individuals with diabetes a 
similar level of support and care that they would expect in 
an in-person setting. The diabetes mobile app with in-app 
coaching assessed in this study gave individuals access to 
a CDE in a virtual setting and provided individuals with a 
multitude of ways to monitor and engage with their diabe-
tes health and was associated with a statistically signifi-
cant improvement in A1C. The program was based on 
proven diabetes self-management methods but also deliv-
ered personalized care—participants received user- 
specific data-driven insights based on their daily logs, and 
CDEs actively monitored and tracked daily logs and pro-
vided personalized feedback and coaching. Given that this 
program can be accessed remotely, it may be an effective 
way to widely disseminate evidence-based DSMES, 
increasing access to self-management programs and 
improving glycemic control for individuals with T2DM.
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