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Abstract
Background: Mobile health apps are increasingly used as early intervention to support behavior change for diabetes prevention
and control, with the overarching goal of lowering the overall disease burden.
Objective: This prospective cohort study conducted in Singapore aimed to investigate app engagement features and their
association with weight loss and improved glycemic control among adults with diabetes and prediabetes from the intervention
arm of the Diabetes Lifestyle Intervention using Technology Empowerment randomized controlled trial.
Methods: Diabetes and prediabetes participants (N=171) with a median age of 52 years, BMI of 29.3 kg/m2, and glycated
hemoglobin (HbA1c) level of 6.5% and who were being assigned the Nutritionist Buddy Diabetes app were included. Body weight
and HbA1c were measured at baseline, 3 months, and 6 months. A total of 476,300 data points on daily app engagement were
tracked via the backend dashboard and developer’s report. The app engagement data were analyzed by quartiles and weekly
means expressed in days per week. Linear mixed model analysis was used to determine the associations between the app
engagements with percentage weight and HbA1c change.
Results: The median overall app engagement rate was maintained above 90% at 6 months. Participants who were actively
engaged in ≥5 app features were associated with the greatest overall weight reduction of 10.6% from baseline (mean difference
−6, 95% CI −8.9 to −3.2; P<.001) at 6 months. Adhering to the carbohydrate limit of >5.9 days per week and choosing healthier
food options for >4.3 days per week had the most impact, eliciting weight loss of 9.1% (mean difference −5.2, 95% CI −8.2 to
−2.2; P=.001) and 8.8% (mean difference −4.2, 95% CI −7.1 to −1.3; P=.005), respectively. Among the participants with diabetes,
those who had a complete meal log for >5.1 days per week or kept within their carbohydrate limit for >5.9 days per week each
achieved greater HbA1c reductions of 1.2% (SD 1.3%; SD 1.5%), as compared with 0.2% (SD 1%; SD 0.6%). in the reference
groups who used the features <1.1 or ≤2.5 days per week, respectively.
Conclusions: Higher app engagement led to greater weight loss and HbA1c reduction among adults with overweight or obesity
with type 2 diabetes or prediabetes.
Trial Registration:
Australian New Zealand Clinical Trials Registry (ANZCTR) ACTRN12617001112358;
https://anzctr.org.au/Trial/Registration/TrialReview.aspx?ACTRN=12617001112358
https://diabetes.jmir.org/2022/3/e35039
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Introduction
Background
Globally, 374 million people are at an increased risk of
developing type 2 diabetes [1]. With the increasingly urbanized
and aging population, these numbers are expected to increase
to 700 million by 2045 [1]. In Singapore, diabetes accounts for
8.6% of the total disease burden [2]. The prevalence of diabetes
in Singapore increased from 8.2% in 2004 to 8.8% in 2017,
with the latest prevalence at 9.5% in 2020 [3]. Of greater
concern, 1 in 3 patients with diabetes has poor control of their
condition and is at increased risk of a host of diabetes-related
complications [4]. In addition, people with prediabetes who
make up 14.4% of the Singapore population have a one-third
chance of developing diabetes in the next 8 years [4]. Therefore,
preventing the progression from prediabetes to diabetes and
slowing the progression of diabetes are of utmost importance.
Weight reduction is associated with prevention and slowing of
diabetes progression in patients with overweight or obesity with
prediabetes or diabetes [5]. A 5% weight loss is associated with
improved insulin sensitivity, better glycemic control, and
reduced need for diabetes medications [5,6]. A 1% decrease in
glycated hemoglobin (HbA1c) has been found to decrease death
by 21%, myocardial infarction by 14%, and microvascular
complications by 37% [7].
Apart from receiving medical care from health care providers,
self-management (eg, monitoring of food intake, weight, and
blood glucose) is an integral part of diabetes management to
achieve sustainable health outcomes. In line with the
self-regulation theory, patients with good self-management
practices showed better management of their diabetes compared
with patients who were simply prescribed medications [8]. In
addition, good self-management practices can help patients to
lose weight and improve hypertension and hyperlipidemia,
which are key cardiovascular risk factors [9].
Numerous mobile apps have been developed to promote diabetes
self-management. A meta-analysis with follow-up periods of
approximately 6 months revealed a significant HbA1c reduction
(mean difference 0.49%, 95% CI 0.30-0.68) through diabetes
self-management via mobile phone interactions [8]. Similarly,
another meta-analysis of diabetes apps specifically designed to
improve self-management practices reported a statistically
significant reduction in body weight (mean difference 0.84 kg,
95% CI 0.17-1.51) among participants with diabetes [9].
There is limited research assessing users’ app engagement and
the association with weight and HbA1c changes in people with
diabetes. App engagement studies were not focused on diabetes
or had limited description on how engagement data were derived
[10]. The question remains as to which app engagement features
are associated with weight loss and improved glycemia to
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replicate similar findings in the real-world application. This
prospective cohort study would add insight to the effectiveness
of key app engagement functions associated with metabolic
benefits among a group of individuals with diabetes risk and
non–insulin-dependent diabetes.

Objective
The primary Diabetes Lifestyle Intervention using Technology
Empowerment (D’LITE) study has shown that both participants
with prediabetes or diabetes achieved significant weight loss
with a mean difference of −3.1 kg (95% CI −4.5 to −1.7;
P<.001) and −2.4 kg (95% CI −3.5 to −1.3; P<.001) at 6 months,
respectively, when compared with the control group [11,12].
The participants with prediabetes were 2.1 times likely to
achieve normoglycemia (defined as HbA1c<5.7%) than in the
control group (P<.018). Participants with diabetes also
experienced a significant decrease in HbA1c levels (mean change
−0.7%, SD 1.2% vs −0.3%, SD 1.0%; P<.01) [11]. This further
accentuates the need for investigating the various engagement
levels within the app and its association with weight and HbA1c
reduction.
Therefore, the primary aim of our study was to investigate the
association between participant engagement with a diabetes app
and weight change and glycemic control in adults with diabetes
and prediabetes. The findings of this study would provide
insights on how diabetes apps could be used effectively to
facilitate positive behavioral changes to improve health
outcomes.

Methods
Study Design
This prospective cohort study included prespecified subgroup
analysis of all participants from the intervention arm of the
D’LITE study (N=171) who were assigned the Nutritionist
Buddy Diabetes (nBuddy Diabetes) app [11,12]. A full
description of the D’LITE study and the intervention details for
both diabetes and prediabetes groups have previously been
published [11,12].
The conceptualization of the nBuddy Diabetes app was based
on behavioral science and the app was built with an extensive
local food database and culturally appropriate automated cues
[11]. In brief, the nBuddy Diabetes app comprises multiple
features intended to support a participant’s self-management
efforts including self-monitoring features of meal logging,
calorie (CAL) and carbohydrate (CHO) limit alerts, and step
tracking, which relies on the phone’s built-in pedometer and
syncing with the user’s mobile phone. CAL and CHO limits
were autocalculated by the app and individualized based on the
participants’ input of their current weight, age, gender, and
activity level in the app. When the CAL or CHO limit is reached
per meal or per day, the automated cues designed with
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behavioral science embedded in the app algorithm will send a
real-time prompt to remind participants to make a healthier meal
choice. In addition, the app provides outcome tracking features
such as weight charting and self-monitoring of blood glucose
(SMBG), fasting and random blood glucose (RBG), to be
inputted by the participants. A chat function involving 2-way
communication between the dietitian and participants to
facilitate individual lifestyle modification and coaching were
made available within the app. Educational videos were
uploaded onto the app and participants were notified upon
upload via the chat function. Automated suggestions of healthier
and culturally appropriate food alternatives and reminders for
participants to engage with the app were also included.
At baseline, participants were taught to download and use the
nBuddy Diabetes app to facilitate weight loss and glycemic
control. Participants were advised to track their food and
exercise daily while measuring their body weight twice weekly.
During the first 3 months, participants were advised to measure
their blood glucose 2 days per week. Participants were provided
with a glucometer (FreeStyle Optium Neo) and a digital
weighing scale (Omron HN-289). They were encouraged to
achieve daily step count goals starting with an initial 3000 steps
in the first week, 7000 in the second week, and 10,000 by the
third week. Participants were advised to keep within the
individualized CAL and CHO limits that were automatically
calculated by the app based on the users’ profile.

Setting and Participants
The study recruitment was conducted at government polyclinics,
general practitioner clinics, health screening facilities, and
hospital outpatient clinics in Singapore from October 2017 to
September 2019. The inclusion criteria were adults who were
21 to 75 years of age, were literate in English, had a diagnosis
of type 2 diabetes or prediabetes, had a BMI of ≥23 kg/m2, had
a smartphone, and had provided written informed consent.
Patients were excluded if they had been diagnosed with heart
failure, advanced kidney disease, type 1 diabetes, severe
cognitive
or
psychological
disabilities,
untreated
hypothyroidism, thalassemia, or blood disorders or were
pregnant. In addition, participants with insulin use,
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noncompliance to prescribed medications, and anemia were
also excluded.

Outcome Variables
Participants were assessed at baseline, 3 months, and 6 months
from enrollment. The outcomes of interest were percentage
changes in weight and HbA1c levels from baseline to 3 months
and 6 months. Body weight was measured using a calibrated
digital weighing scale (Omron HN-289) at the clinic, while
blood samples were obtained by a research assistant to determine
HbA1c levels following the standard methods of testing at
National University Hospital Department of Laboratory
Medicine and National Healthcare Group Diagnostics (both
accredited by the College of American Pathologists). Reductions
of 0.5% of HbA1c levels and weight loss of ≥5% are considered
clinically meaningful improvements associated with a decrease
in cardiovascular risk in patients with diabetes in 12 months
[13,14]. As such, the cut-offs of ≥5% weight loss and ≥0.5%
HbA1c reduction were chosen for use in interpretation of the
data.

Data Sources
App engagement data during the intervention period were
tracked via the app’s backend dashboard and developer’s report.
A total of 476,300 data points from the 171 participants were
extracted. To coincide with the outcome measurements, the data
were analyzed at 2 separate periods from baseline to 3 months
and baseline to 6 months.
App engagement was defined as actively using the individual
app features. For example, actively using the app features such
as entering a body weight value was considered an app
engagement while browsing or scrolling through the app was
not. With the exception of videos watched, engagement data of
all app features were tracked daily and the weekly mean days
were derived for baseline to 3 months and baseline to 6 months.
Videos watched, on the other hand, were calculated out of 22
videos that were uploaded via the app across 6 months. The
exact definitions and derivations of the respective app
engagements are presented in Table 1. The app engagement
data were categorized into quartiles for comparison and analysis
purposes.
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Table 1. App engagement definitions.
App engagement

Definitions

Complete meal log

Considered complete if breakfast, lunch, and dinner were logged for the day. However, during Ramadan
(Muslim fasting month), breakfast and dinner logged were considered the complete meal log for Muslim participants. The result is presented as the number of days participants had a complete meal log per week.

Any meal log (include incomplete
meal log)

Number of days participants keyed in at least 1 food entry per week.

Within carbohydrate limit

Number of days participants kept within their carbohydrate limit as set by the app (only among the participants
who had complete meal log) per week.

Within calorie limit

Number of days participants kept within their calorie limit as set by the app per week (only among the participants
who had complete meal log).

Choosing healthier food options

Number of days participants consistently selected food choices labeled as healthier choices by the app per week.

Fasting blood glucose measurement Number of days fasting blood glucose readings were recorded per week.
Random blood glucose measurement

Number of days random blood glucose readings were recorded per week.

Weight charting

Number of days weight was charted per week.

Achieving step count goal

Number of days participants achieved their step count goal per week.

Communication with dietitian

Number of days participants messaged the dietitian in the app per week.

Videos watched

Total number of videos watched during the 6 months.

Overall app use

Number of days participants actively use ≥1 features of the app per week.

App features with ≥75% uptake

App features (any meal log, within carbohydrate limit, within calorie limit, consistent healthier food choices,
fasting blood glucose measurement, random blood glucose measurement, weight charting, achieving step count
goal, communication with dietitian, and videos watched) with ≥75% uptake across 6 months.

The number of app engagement features with ≥75% uptake was
also calculated. With 75% being considered a common and
realistic uptake as reiterated by similar mobile health (mHealth)
studies in the literature, it was used as a cut-off for more
meaningful comparison of data with pre-existing literature [15].
On the basis of the cross-tabulation analysis, the results from 5
features and beyond rendered no additional effect and was taken
as the minimal cut-off point for the test of significance.

Statistical Methods
All analyses were performed using SPSS for Windows (version
26.0; SPSS Inc). Descriptive data for continuous variables were
presented as median (IQR) or frequencies and percentages for
categorical variables. Differences in continuous variables were
assessed using the 2-sample t test when normality and
homogeneity assumptions were satisfied; otherwise, the
Mann-Whitney U test was used. The chi-square or Fisher exact
test was used for categorical variables. The primary unit of
analyses was the percentage change in weight and absolute
HbA1c levels at months 3 and 6 from baseline. Associations
among app engagement behaviors, overall app use rate, and app
features with ≥75% uptake on the outcomes were assessed using
the Linear Mixed Model analysis to account for the clustering
effect of recruitment sources as a random factor, adjusting for
demographic and relevant covariates. Subgroup analyses of
participants with diabetes and prediabetes were performed to
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investigate the associations. The app engagement data were
categorized into quartiles for comparison and analysis purposes.
The lowest quartile of app engagement was used as the reference
category. Statistical significance was set at P<.05 (2-sided).
Data were analyzed using the on-treatment approach, with
missing data assumed as noncompliance to the intervention.

Ethics Approval
The study was approved by the National Health care Group
Domain Specific Review Board in Singapore (2017/00397),
conducted in accordance with the Declaration of Helsinki and
aligned with the Strengthening the Reporting of Observational
Studies in Epidemiology guidelines [16].

Results
Participants’ Descriptive Data
Table 2 describes the baseline characteristics of the participants.
A total of 171 participants were assigned to the mobile app
group. Of the 171 participants, there were 99 (57.9%)
participants with diabetes and 72 (42.1%) participants with
prediabetes. At 6 months, 5 participants from the prediabetes
group, 5 from the diabetes group, and an additional participant
from the diabetes group who missed his 6-month outcome
measurements were considered lost to follow up. Of 171, there
were 109 (63.7%) males.
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Table 2. Demographics of study participants at baseline (N=171).
Characteristics

All participants

Participants with DMa (n=99)

Participants with PreDMb (n=72)

Age (years), median (IQR)

52 (44-59)

52 (44-59)

52 (46-59)

Male

109 (63.7)

66 (66.7)

43 (59.7)

Female

62 (36.3)

33 (33.3)

29 (40.3)

Chinese

123 (71.9)

66 (66.7)

57 (79.2)

Malay

25 (14.6)

18 (18.2)

7 (9.7)

Indian

18 (10.5)

11 (11.1)

7 (9.7)

Others

5 (2.9)

4 (4)

1 (1.4)

Weight (kg)

82.6 (74.2-90.3)

82.6 (75.6-90.8)

82.0 (73.0-89.4)

BMI (kg/m2)

29.3 (27.1-32.4)

29.8 (27.4-32.4)

28.9 (26.9-32.4)

HbA1cc (%)

6.5 (5.9-7.5)

7.3 (6.6-8.0)

5.9 (5.7-6.2)

Fasting blood glucose (mmol/L)

6.8 (5.9-7.9)

7.8 (6.6-8.7)

6.0 (5.7-6.6)

Hypertension

119 (69.6)

62 (62.6)

57 (79.2)

Hyperlipidemia

120 (70.2)

62 (62.6)

58 (80.6)

d

5.2 (4.1)

2.3 (2.5)

Sex, n (%)

Ethnicity, n (%)

Clinical variables, median (IQR)

Comorbidity, n (%)

Years of diagnosis, mean (SD)
a

N/A

DM: diabetes.

b

PreDM: prediabetes.

c

HbA1c: glycated hemoglobin.

d

N/A: not applicable.

Engagement Rates of nBuddy Diabetes App Features
The overall app use was high for the first 3 months and
maintained throughout the 6 months (Table 3). Median overall
app engagement rate remained high at above 90% over the
course of the intervention. The most used features included step
tracking (95.6%), meal logging (76.6%), and communication
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with the dietitian within the app’s chat system (50%). The least
used features were RBG monitoring (18%), fasting blood
glucose monitoring (19%), and weight charting (26%). This
was anticipated owing to prior instructions given to the
participants on the frequency (twice a week) of weight charting
and SMBG. The trends in the app engagement were similar at
baseline to 3 months and 6 months.
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Table 3. Engagement rates of the nBuddya Diabetes app features (N=171).
App features engagement

Baseline to 3 months (%)

Baseline to 6 months (%)

Values, median (IQR)

97.8 (78.9-100.0)

91.7 (60.0-100.0)

Value, range

8.9-100.0

9.4-100.0

Value, median (IQR)

76.6 (54.0-98.0)

71.0 (30.0-94.0)

Value, range

10.0-100.0

6.0-100.0

Values, median (IQR)

95.6 (77.8-100.0)

90.0 (59.4-98.9)

Value, range

14.4-100.0

8.3-100.0

Values, median (IQR)

19.0 (8.0-30.0)

12.0 (4.0-19.0)

Value, range

0-86.0

0-69.0

Values, median (IQR)

18.0 (7.0-30.0)

11.0 (3.0-17.0)

Value, range

0-96.0

0-79.0

Values, median (IQR)

26.0 (16.0-68.0)

18.0 (11.0-54.0)

Value, range

3.0-97.0

2.0-98.0

Values, median (IQR)

50.0 (29.0-67.0)

43.0 (23.0-63.0)

Value, range

8.0-123.0

4.0-105.0

Values, median (IQR)

N/Ad

32.0 (5.0-64.0)

Value, range

N/A

0-100.0

Overall app use

Meal logging

Step tracking

FBGb monitoring

RBGc monitoring

Weight charting

Communication with dietitian

Videos watched

a

nBuddy: nutritionist buddy.

b

FBG: fasting blood glucose.

c

RBG: random blood glucose.

d

N/A: not applicable.

Associations Between App Engagement and Weight
Change
Figure 1 shows the association between app engagement and
weight reduction among all participants at 6 months. The top
quartiles of all app engagements achieved significantly greater
weight loss at 6 months. The same weight loss trend was
observed at 3 months, with the exception of RBG measurements
(Figure 2). Among all the app features, the highest quartiles of
within CHO limits and choosing healthier food options were
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associated with the greatest weight reductions of 9.1% and 8.8%,
respectively (mean difference −5.2, 95% CI −8.2 to −2.2;
P=.001; mean difference −4.2, 95% CI −7.1 to −1.3; P=.005;
Figure 1). The overall use of the app for >6.4 days per week
could elicit a weight loss of 6.7% (mean difference −4.8, 95%
CI −6.7 to −2.9; P<.001), as compared with using the app for
≤4.2 days per week. Similarly, engaging in ≥5 app features with
≥75% uptake was significantly associated with a weight loss of
10.6% from baseline (mean difference −6; 95% CI −8.9 to −3.2;
P<.001).
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Figure 1. Association between app engagement and percentage weight change from baseline for all participants at 6 months (n=171). *P<.05. **P<.01.
***P<.001.
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Figure 2. Association between app engagement and percentage weight change from baseline for all participants at 3 months (n=171). *P<.05. **P<.01.
***P<.001.

Among participants with prediabetes or diabetes, the highest
quartiles of app engagement for all the app features led to ≥5%
weight loss at 6 months (Multimedia Appendix 1). This trend
was observed as early as 3 months whereby the highest quartile
engagement levels of almost all the app features led to ≥5%
weight loss (Multimedia Appendix 2). Complete meal log,
keeping within CAL and CHO limits and choosing healthier
food options, elicited the greatest weight loss of ≥8% when
https://diabetes.jmir.org/2022/3/e35039
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these app features were used most frequently (Multimedia
Appendix 1).
In addition, overall use of the app for >6.4 days per week led
to a greater weight loss of 6.8% compared with 2.1% weight
loss for app use of ≤4.2 days per week (P=.009) among the
prediabetes group at 6 months (Multimedia Appendix 1). A
similar trend was observed in the diabetes group. Engaging in
≥5 app features with ≥75% uptake elicited an overall weight
JMIR Diabetes 2022 | vol. 7 | iss. 3 | e35039 | p. 8
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loss of 9.8% and 11.9% among the participants with diabetes
and prediabetes, respectively.

Discussion

Upon examining the app engagements efficiency, the app
features that stood out for weight loss among the participants
with prediabetes were complete meal log, within the CHO limit,
RBG measurement, achieving step count goal, and
communication with the dietitian (P<.05; Multimedia Appendix
1). Meanwhile, among the participants with diabetes, to attain
both weight loss and HbA1c reduction, the features that stood
out were complete or any meal log, RBG measurement, weight
charting, communication with dietitian, and videos watched
(P<.01; Multimedia Appendices 1 and 3).

Principal Findings

Associations Between App Engagement and HbA1c
Change
Multimedia Appendices 3 and 4 illustrate that the higher the
app engagement quartiles, the greater the HbA1c reduction. As
expected, HbA1c reduction was more pronounced among
participants with diabetes (P<.05) than participants with
prediabetes among all app engagement. Among the participants
with diabetes, all app engagements at the highest quartiles had
clinically meaningful HbA1c reduction of between 0.9% and
1.4% at 3 months and 6 months (P<.05 for all; Multimedia
Appendices 3 and 4). Among the app features, meal logging,
keeping within CAL and CHO limits, choosing healthier food
options, fasting blood glucose and RBG measurements, weight
charting, and achieving step count goal elicited the greatest
impact on HbA1c reduction of ≥1.2%, when used most frequently
(Multimedia Appendix 3).
Participants with diabetes who had a complete meal log for >5.1
days per week or kept within their CHO limit of >5.9 days per
week each achieved greater HbA1c reductions of 1.2% (SD
1.5%) versus 0.2% (SD 0.6%) in those who logged their meals
≤1.1 days or kept within CHO ≤2.5 days per week (Multimedia
Appendix 3). Overall app use of >6.4 days was associated with
greater HbA1c reduction (1.1% vs 0.3%) when compared with
using the app for ≤4.2 days per week.
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Our prospective study is significant in reporting the association
between a diabetes app engagement and weight loss and HbA1c
change in adults with diabetes and prediabetes. Engaging with
≥5 app features with ≥75% uptake was associated with a
substantial weight loss of 10.6% from baseline. Among
participants with diabetes, greater app engagements led to higher
improvement in glycemic control with HbA1c reduction of
between 1.0% and 1.4%. Our study results demonstrated that
diabetes self-management through mobile phone app
engagement was effective and sustainable at 6 months.
Past weight loss studies have reported better health outcomes
with higher app engagement [17], emphasizing that higher app
engagement is the primary determinant in successful weight
loss [10]. Our findings are consistent with Painter et al [17] who
found that a higher frequency of food log days, self-weighing
entry days, or higher step counts per week was significantly
associated with greater weight loss among participants with
overweight and obesity. Our study revealed that the higher
frequency of app use, the higher likelihood of achieving weight
loss and HbA1c reduction at 6 months. Moreover, the top
quartiles of overall app use among all participants were
significantly associated with a greater weight loss and HbA1c
reduction. We postulate that the more time spent on the app,
the participants are more likely to engage with learning,
self-monitoring, and health improvement behaviors that in turn
lead to better self-management capability and commitment [18].
The self-regulation theory also states that self-monitoring and
evaluation of one’s behaviors will lead to self-reinforcements,
which in turn support behavior change toward attaining better
health outcomes [17]. As the nBuddy Diabetes app was
conceptualized based on a theoretical behavioral model [11],
the results of this study provide evidence of the degree of app
engagement for achieving clinically meaningful weight and
HbA1c reduction within 6 months. Figure 3 describes how our
study findings align with the self-regulation theory to bring
positive changes in behavior and health outcomes.
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Figure 3. Effective behavioral treatment strategies in the nBuddy Diabetes App to optimize blood glucose control and weight loss (adapted from Lim
et al [11]).

Meal logging has been identified as a commonly used feature
among diabetes mHealth apps [19]. It is well-known that meal
logging and tracking facilitate healthy dietary modifications
[20]. Similarly, meal logging is one of the most used features
in this study. Our study findings further strengthened the
evidence of the link between meal logging via the app and
improvements in weight and glycemic control [21]. Finally,
Ingels et al [20] emphasized the importance of frequent and
https://diabetes.jmir.org/2022/3/e35039
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consistent dietary tracking for successful long-term weight loss.
Taken together, meal logging should be made part of routine
monitoring, similar to SMBG, not just to guide management
for patients with diabetes during clinic visits but also as an
important behavioral intervention.
It is also important to note that participants communicated with
the dietitian through the app every other day. This feature
provides an avenue for the user to clarify and ask questions
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pertaining to diabetes or weight control. It has been shown that
SMBG with education and proper feedback improves diabetes
control [22]. The 2-way communication with a dietitian could
empower participants to make immediate changes based on the
SMBG readings, meal log, and physical activity. Indeed, the
engagement with the dietitian through the app was associated
with a significant reduction in body weight and HbA1c levels.
Apart from being one of the most used features, step counting
was associated with clinically meaningful and statistically
significant weight and HbA1c reductions. Step counters with
predetermined goals have been effective in forming good
walking habits [5,23]. Our study findings agree with a
meta-analysis that highlighted the benefits of pedometer use on
weight loss among adults with overweight and obesity with
diabetes [23]. Contrary to our findings, a meta-analysis and
systematic review reported inconclusive glycemic effect and
relationship around step count goals among patients with
diabetes [24].
A study on diabetes apps found that inclusion of approximately
6 features led to both short- and long-term weight loss [25]. The
use of a combination of features is also akin to the concepts of
health care bundles consisting of 3 to 5 evidence-based practices
to manage health care conditions [26]. Moreover, this study
showed a greater HbA1c reduction with ≥75% uptake of ≥5 app
features at 3 and 6 months compared with using ≤5 features. In
addition, our study emphasized complete meal log, within CHO
limit, RBG measurement, achieving step count goal, and
communication with dietitian for attaining weight loss among
participants with prediabetes. On the other hand, complete meal
log or any meal log, RBG measurement, weight charting,
communication with the dietitian, and videos watched were
crucial for participants with diabetes. Furthermore, Painter et
al [17] highlighted the importance of self-monitoring features
for better outcomes, and Van Rhoon et al [27] recommended a
mixture of passive and interactive features. A recently published
meta-analysis and systematic review echoed a similar conclusion
as the authors concluded that the inclusion of an app to
multicomponent usual care leads to greater weight loss [28].
The decline in app use over time was expected and has been
commonly cited in mHealth app interventions [27]. However,
the overall high app use was sustainable in our study at 3 months
and 6 months. This could be attributed to the design features of
the app, such as prompts that served as reminders for participants
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to use the app, and the chat function that was among the most
used features in this study. The presence of a dietitian or health
coach support could have assisted in optimal health information
acquisition, learning, and application [29]. Moreover, the chat
function has the potential to address patient lapses through
reminders and deliver real-time tailored and dynamic behavioral
interventions to support patient compliance with dietary and
exercise recommendations [30]. This is also supported by past
studies that reported significant associations between
physician-patient communication and weight loss and HbA1c
reduction [29]. Several diabetes apps have not only echoed the
importance of the 2-way chat communication but also
highlighted its effectiveness in influencing behavior change
[25].

Strengths and Limitations
With the COVID-19 pandemic, the adoption of this locally
contextualized app-based intervention, such as the nBuddy
Diabetes app, could help practitioners facilitate better care and
improve patients’ self-management in diabetes at the population
level. The strengths of this study are the prospective tracking
of health outcomes and the large number of app engagement
data sets that enabled us to study the individual effect of specific
app features on achieving desirable weight loss and blood
glucose control. Similar to findings from the literature [28,31],
our low attrition rate also illustrated that facilitating
communication with a dietitian in the app could lead to greater
and sustained engagement in diabetes self-management.
A limitation of this study is that participants who were willing
to participate in this study displayed some degree of readiness
for change with digital health literacy, and hence, the effect on
unmotivated participants without digital health literacy remains
unexamined. Participants may have also sought external input
such as engaging in other health interventions or using other
health apps, making it difficult to attribute success in weight
loss and glycemic control solely to the app.

Conclusions
In conclusion, engagement with the nBuddy Diabetes
self-management app could elicit meaningful weight loss and
HbA1c reduction among individuals with overweight or obesity
with prediabetes or diabetes. The greater the engagement with
the app, the greater the weight loss and HbA1c reduction.

Acknowledgments
The study was funded by the Singapore Ministry of Health’s National Medical Research Council under its Health Services
Research Grant (NMRC/HSRG/0063/2016).

Authors' Contributions
SLL and CMK conceived the idea, developed the study design, and supervised the project. MHJT, JJ, KWO, and GKNY carried
out the project. QVY and YHC provided statistical expertise and contributed to the interpretation of the results. SLL took the
lead in writing the manuscript. AY cosupervised this project, contributed to the interpretation of results, and played an instrumental
role in drafting the manuscript. All authors provided critical feedback and approved the final version of the manuscript.

Conflicts of Interest
None declared.
https://diabetes.jmir.org/2022/3/e35039

XSL• FO
RenderX

JMIR Diabetes 2022 | vol. 7 | iss. 3 | e35039 | p. 11
(page number not for citation purposes)

JMIR DIABETES

Lim et al

Multimedia Appendix 1
Associations between app engagement and percentage weight change at 6 months for prediabetes or diabetes.
[DOCX File , 36 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Associations between app engagement and percentage weight change at 3 months for prediabetes or diabetes.
[DOCX File , 44 KB-Multimedia Appendix 2]

Multimedia Appendix 3
Associations between app engagement and glycated hemoglobin change at 6 months for prediabetes or diabetes.
[DOCX File , 36 KB-Multimedia Appendix 3]

Multimedia Appendix 4
Associations between app engagement and glycated hemoglobin change at 3 months for prediabetes or diabetes.
[DOCX File , 37 KB-Multimedia Appendix 4]

References
1.
2.
3.
4.
5.
6.
7.

8.

9.
10.

11.

12.

13.
14.

15.

International Diabetes Federation. 2021 Dec 9. URL: https://www.idf.org/aboutdiabetes/what-is-diabetes/facts-figures.html
[accessed 2020-11-09]
Disease burden. Ministry of Health Singapore. 2019. URL: https://www.moh.gov.sg/resources-statistics/singapore-health-facts/
disease-burden [accessed 2020-11-09]
National Population Health Survey 2020. Singapore: Epidemiology & Disease Control Division, Ministry of Health,
Republic of Singapore; 2020.
Information paper on diabetes in Singapore. National Registry of Disease Office. URL: https://www.nrdo.gov.sg/docs/
librariesprovider3/default-document-library/diabetes-info-paper-v6.pdf?sfvrsn=0 [accessed 2020-11-09]
American Diabetes Association. 8. Obesity management for the treatment of type 2 diabetes: standards of medical care in
diabetes-2020. Diabetes Care 2020 Jan;43(Suppl 1):S89-S97. [doi: 10.2337/dc20-S008] [Medline: 31862751]
Ryan DH, Yockey SR. Weight loss and improvement in comorbidity: differences at 5%, 10%, 15%, and over. Curr Obes
Rep 2017 Jun 28;6(2):187-194 [FREE Full text] [doi: 10.1007/s13679-017-0262-y] [Medline: 28455679]
Stratton IM, Adler AI, Neil HA, Matthews DR, Manley SE, Cull CA, et al. Association of glycaemia with macrovascular
and microvascular complications of type 2 diabetes (UKPDS 35): prospective observational study. BMJ 2000 Aug
12;321(7258):405-412 [FREE Full text] [doi: 10.1136/bmj.321.7258.405] [Medline: 10938048]
Hou C, Carter B, Hewitt J, Francisa T, Mayor S. Do mobile phone applications improve glycemic control (HbA1c) in the
self-management of diabetes? A systematic review, meta-analysis, and GRADE of 14 randomized trials. Diabetes Care
2016 Nov;39(11):2089-2095. [doi: 10.2337/dc16-0346] [Medline: 27926892]
Cai X, Qiu S, Luo D, Wang L, Lu Y, Li M. Mobile application interventions and weight loss in type 2 diabetes: a
meta-analysis. Obesity (Silver Spring) 2020 Mar 22;28(3):502-509. [doi: 10.1002/oby.22715] [Medline: 31965748]
Serrano KJ, Coa KI, Yu M, Wolff-Hughes DL, Atienza AA. Characterizing user engagement with health app data: a data
mining approach. Transl Behav Med 2017 Jun;7(2):277-285 [FREE Full text] [doi: 10.1007/s13142-017-0508-y] [Medline:
28616846]
Lim SL, Ong KW, Johal J, Han CY, Yap QV, Chan YH, et al. Effect of a smartphone app on weight change and metabolic
outcomes in Asian adults with type 2 diabetes: a randomized clinical trial. JAMA Netw Open 2021 Jun 01;4(6):e2112417
[FREE Full text] [doi: 10.1001/jamanetworkopen.2021.12417] [Medline: 34081137]
Lim SL, Ong KW, Johal J, Han CY, Yap QV, Chan YH, et al. A smartphone app-based lifestyle change program for
prediabetes (D'LITE Study) in a multiethnic Asian population: a randomized controlled trial. Front Nutr 2021 Jan 24;8:780567
[FREE Full text] [doi: 10.3389/fnut.2021.780567] [Medline: 35141265]
Little RR, Rohlfing CL. The long and winding road to optimal HbA1c measurement. Clin Chim Acta 2013 Mar 15;418:63-71
[FREE Full text] [doi: 10.1016/j.cca.2012.12.026] [Medline: 23318564]
Franz MJ, Boucher JL, Rutten-Ramos S, VanWormer JJ. Lifestyle weight-loss intervention outcomes in overweight and
obese adults with type 2 diabetes: a systematic review and meta-analysis of randomized clinical trials. J Acad Nutr Diet
2015 Sep;115(9):1447-1463. [doi: 10.1016/j.jand.2015.02.031] [Medline: 25935570]
Lim SL, Johal J, Ong KW, Han CY, Chan YH, Lee YM, et al. Lifestyle intervention enabled by mobile technology on
weight loss in patients with nonalcoholic fatty liver disease: randomized controlled trial. JMIR Mhealth Uhealth 2020 Apr
13;8(4):e14802 [FREE Full text] [doi: 10.2196/14802] [Medline: 32281943]

https://diabetes.jmir.org/2022/3/e35039

XSL• FO
RenderX

JMIR Diabetes 2022 | vol. 7 | iss. 3 | e35039 | p. 12
(page number not for citation purposes)

JMIR DIABETES
16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Lim et al

von Elm E, Altman D, Egger M, Pocock S, Gøtzsche PC, Vandenbroucke J, STROBE Initiative. The strengthening the
reporting of observational studies in epidemiology (STROBE) statement: guidelines for reporting observational studies.
Int J Surg 2014 Dec;12(12):1495-1499 [FREE Full text] [doi: 10.1016/j.ijsu.2014.07.013] [Medline: 25046131]
Painter SL, Ahmed R, Hill JO, Kushner RF, Lindquist R, Brunning S, et al. What matters in weight loss? An in-depth
analysis of self-monitoring. J Med Internet Res 2017 May 12;19(5):e160 [FREE Full text] [doi: 10.2196/jmir.7457] [Medline:
28500022]
Schoeppe S, Alley S, Van Lippevelde W, Bray NA, Williams SL, Duncan MJ, et al. Efficacy of interventions that use apps
to improve diet, physical activity and sedentary behaviour: a systematic review. Int J Behav Nutr Phys Act 2016 Dec
07;13(1):127 [FREE Full text] [doi: 10.1186/s12966-016-0454-y] [Medline: 27927218]
Böhm AK, Jensen ML, Sørensen MR, Stargardt T. Real-world evidence of user engagement with mobile health for diabetes
management: longitudinal observational study. JMIR Mhealth Uhealth 2020 Nov 06;8(11):e22212 [FREE Full text] [doi:
10.2196/22212] [Medline: 32975198]
Ingels J, Misra R, Stewart J, Lucke-Wold B, Shawley-Brzoska S. The effect of adherence to dietary tracking on weight
loss: using HLM to model weight loss over time. J Diabetes Res 2017;2017:6951495 [FREE Full text] [doi:
10.1155/2017/6951495] [Medline: 28852651]
Porter J, Huggins CE, Truby H, Collins J. The effect of using mobile technology-based methods that record food or nutrient
intake on diabetes control and nutrition outcomes: a systematic review. Nutrients 2016 Dec 17;8(12):815 [FREE Full text]
[doi: 10.3390/nu8120815] [Medline: 27999302]
Goyal S, Morita P, Lewis GF, Yu C, Seto E, Cafazzo JA. The systematic design of a behavioural mobile health application
for the self-management of type 2 diabetes. Can J Diabetes 2016 Feb;40(1):95-104. [doi: 10.1016/j.jcjd.2015.06.007]
[Medline: 26455762]
Cai X, Qiu SH, Yin H, Sun ZL, Ju CP, Zügel M, et al. Pedometer intervention and weight loss in overweight and obese
adults with Type 2 diabetes: a meta-analysis. Diabet Med 2016 Aug 25;33(8):1035-1044 [FREE Full text] [doi:
10.1111/dme.13104] [Medline: 26926674]
Hall KS, Hyde ET, Bassett DR, Carlson SA, Carnethon MR, Ekelund U, et al. Systematic review of the prospective
association of daily step counts with risk of mortality, cardiovascular disease, and dysglycemia. Int J Behav Nutr Phys Act
2020 Jun 20;17(1):78 [FREE Full text] [doi: 10.1186/s12966-020-00978-9] [Medline: 32563261]
Zhang Y, Li X, Luo S, Liu C, Xie Y, Guo J, et al. Use, perspectives, and attitudes regarding diabetes management mobile
apps among diabetes patients and diabetologists in China: national web-based survey. JMIR Mhealth Uhealth 2019 Feb
08;7(2):e12658 [FREE Full text] [doi: 10.2196/12658] [Medline: 30735147]
Lavallée JF, Gray TA, Dumville J, Russell W, Cullum N. The effects of care bundles on patient outcomes: a systematic
review and meta-analysis. Implement Sci 2017 Nov 29;12(1):142 [FREE Full text] [doi: 10.1186/s13012-017-0670-0]
[Medline: 29187217]
Van Rhoon L, Byrne M, Morrissey E, Murphy J, McSharry J. A systematic review of the behaviour change techniques and
digital features in technology-driven type 2 diabetes prevention interventions. Digit Health 2020 Mar 24;6:2055207620914427
[FREE Full text] [doi: 10.1177/2055207620914427] [Medline: 32269830]
Ang SM, Chen J, Liew JH, Johal J, Dan YY, Allman-Farinelli M, et al. Efficacy of interventions that incorporate mobile
apps in facilitating weight loss and health behavior change in the Asian population: systematic review and meta-analysis.
J Med Internet Res 2021 Nov 16;23(11):e28185 [FREE Full text] [doi: 10.2196/28185] [Medline: 34783674]
Saffari M, Ghanizadeh G, Koenig HG. Health education via mobile text messaging for glycemic control in adults with type
2 diabetes: a systematic review and meta-analysis. Prim Care Diabetes 2014 Dec;8(4):275-285. [doi:
10.1016/j.pcd.2014.03.004] [Medline: 24793589]
Chen J, Lieffers J, Bauman A, Hanning R, Allman-Farinelli M. Designing health apps to support dietetic professional
practice and their patients: qualitative results from an international survey. JMIR Mhealth Uhealth 2017 Mar 31;5(3):e40
[FREE Full text] [doi: 10.2196/mhealth.6945] [Medline: 28363882]
Meyerowitz-Katz G, Ravi S, Arnolda L, Feng X, Maberly G, Astell-Burt T. Rates of attrition and dropout in app-based
interventions for chronic disease: systematic review and meta-analysis. J Med Internet Res 2020 Sep 29;22(9):e20283
[FREE Full text] [doi: 10.2196/20283] [Medline: 32990635]

Abbreviations
CAL: calorie
CHO: carbohydrate
D’LITE: Diabetes Lifestyle Intervention Using Technology Empowerment
HbA1c: glycated hemoglobin
mHealth: mobile health
nBuddy: Nutritionist Buddy
RBG: random blood glucose
SMBG: self-monitoring of blood glucose
https://diabetes.jmir.org/2022/3/e35039

XSL• FO
RenderX

JMIR Diabetes 2022 | vol. 7 | iss. 3 | e35039 | p. 13
(page number not for citation purposes)

JMIR DIABETES

Lim et al

Edited by YK Lin; submitted 22.02.22; peer-reviewed by M Zheng, H Ranjani; comments to author 10.05.22; revised version received
04.07.22; accepted 15.07.22; published 30.09.22
Please cite as:
Lim SL, Tay MHJ, Ong KW, Johal J, Yap QV, Chan YH, Yeo GKN, Khoo CM, Yaxley A
Association Between Mobile Health App Engagement and Weight Loss and Glycemic Control in Adults With Type 2 Diabetes and
Prediabetes (D’LITE Study): Prospective Cohort Study
JMIR Diabetes 2022;7(3):e35039
URL: https://diabetes.jmir.org/2022/3/e35039
doi: 10.2196/35039
PMID:

©Su Lin Lim, Melissa Hui Juan Tay, Kai Wen Ong, Jolyn Johal, Qai Ven Yap, Yiong Huak Chan, Genevieve Kai Ning Yeo,
Chin Meng Khoo, Alison Yaxley. Originally published in JMIR Diabetes (https://diabetes.jmir.org), 30.09.2022. This is an
open-access
article
distributed
under
the
terms
of
the
Creative
Commons
Attribution
License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in JMIR Diabetes, is properly cited. The complete bibliographic information, a link
to the original publication on https://diabetes.jmir.org/, as well as this copyright and license information must be included.

https://diabetes.jmir.org/2022/3/e35039

XSL• FO
RenderX

JMIR Diabetes 2022 | vol. 7 | iss. 3 | e35039 | p. 14
(page number not for citation purposes)

