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Effects of Short-term Mobile Application Use on
Weight Reduction for Patients with Type 2 Diabetes
Seung Eun Lee1, Su-Kyung Park2, Ye-Seul Park2, Kyoung-Ah Kim1, Han Seok Choi1, Sang Woo Oh2,*
Departments of 1Internal Medicine and 2Family Medicine, Dongguk University Ilsan Hospital, Dongguk University College of Medicine, Goyang, Korea

Background: The increasing prevalence of type 2 diabetes mellitus (T2DM) has led to a significant health burden. Technological advancements have highlighted the benefits of digital therapeutics for chronic diseases. In
this study, we aimed to investigate the effects of a mobile application on weight reduction in patients with
T2DM.
Methods: A total of 48 patients with T2DM was included in this single-center, randomized, controlled trial. In
addition to conventional treatment, participants in the intervention group used a mobile application-based selfmanagement system for diet, exercise, and medication adherence. The primary outcome of this study was
weight change after 3 months of intervention, and secondary outcomes were metabolic parameters.
Results: After 12 weeks, no significant differences in body weight change were observed between the intervention and control groups (P=0.229). However, a significant difference was found in waist circumference (WC)
between the two groups, wherein the control group showed an increase in WC (from 95.00±8.89 cm to 95.76±
9.72 cm), while the intervention group showed a reduction (from 91.93±6.25 cm to 90.75±6.01 cm) with a significant time by group interaction (P=0.016). Additionally, participants with good compliance exhibited a more
evident reduction in WC (P=0.037). However, no significant differences were found in other metabolic parameters between the two groups.
Conclusion: Lifestyle modification using short-term mobile applications effectively reduced WC, especially in
patients with good adherence to the application. However, weight reduction was not achieved.
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INTRODUCTION

newer classes of antidiabetic drugs exhibiting fewer side effects and
more favorable mechanisms.5 Nevertheless, the increase in T2DM

The increase in type 2 diabetes mellitus (T2DM) prevalence has
affected > 460 million people worldwide. The International Dia1

prevalence has led to a concomitant increase in vascular complications and increased mortality.6

betes Federation Diabetes Atlas predicted a continued increase in

Intensive lifestyle modification is known to effectively prevent

2

T2DM prevalence, reaching approximately 700 million by 2045.

T2DM when combined with ≥ 7% weight reduction.7 Early appli-

A 60% increase in mortality rate is observed in patients with T2DM

cation of lifestyle interventions in T2DM appears to be particularly

3

compared to healthy individuals. In addition to its high mortality

beneficial before loss of beta cell function and mass.8 However, im-

rate, diabetes is associated with an increased risk for a myriad of

plementation and maintenance of a healthy lifestyle present a sig-

complications. During the past decades, advances in the manage-

nificant challenge to patients with T2DM. A long-term follow-up

ment of T2DM have been achieved, leading to the availability of

study of a randomized clinical trial demonstrated body weight re-

4
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gain among participants in the lifestyle intervention group after

ceived conventional treatment consisting of an educational program

completion of the original study.

for diet, exercise, and medication adherence presented by a clinical

9

Digital therapeutics have been proposed for management of med-

research nurse at their first visit, and the intervention group (n= 25),

ical conditions through patient behavior modification. Compared

in which patients received the same conventional treatment plus

to clinical pharmacology, digital therapeutics are tailored to chronic

use of a mobile application managing diet, exercise, and medication

diseases wherein behavioral modification is essential.11 The man-

adherence. Assessments were performed at baseline and at 3 months

agement of chronic diseases in the hospital setting alone is ineffi-

between September 2019 and February 2020. The Institutional

cient as most chronic diseases develop outside healthcare settings;

Review Board of Dongguk University Ilsan Hospital approved this

therefore, effective outpatient programs using digital health thera-

study (IRB No. DUIH 2019-02-022-007), and all participants pro-

peutics are necessary.11

vided written informed consent.

10

Previous studies have investigated the effectiveness of mobile applications on weight loss. As expected, the greater was participant

Mobile application

engagement in the application, the higher was the achieved treat-

Participants in the intervention group received lifestyle manage-

ment effect. Unfortunately, use of the application decreased sub-

ment assistance using mobile applications. The LIBIT application

stantially 1 month after treatment initiation. Thus, it is important

(Huraypositive, Seoul, Korea) was used for dietary and exercise

to maintain long-term user engagement. Contrary to a previous ob-

management, while the Medilarm application (GST Korea, Seoul,

servation where a mobile application was beneficial only when

Korea) was used to improve medication adherence. The represen-

combined with behavioral counseling, a recent study showed that

tative user interfaces on a patient’s mobile application are presented

a mobile application with self-monitoring can be effective and has

in Supplementary Fig. 1.

12

12

13

a high engagement rate. In this study, we aimed to evaluate the ef12

fectiveness of mobile applications without in-person intervention
in the weight management of patients with T2DM and their implications on metabolic parameters.

LIBIT application
The LIBIT application calculated the calories participants needed
based on their height and weight (ideal body weight [IBW]× 25, if
the actual body weight [ABW] of the participant was ≥ 120% of

METHODS

the IBW, or IBW × 30 for an ABW < 120%).14 Participants were
instructed to either directly enter calories consumed into the appli-

Study design and population

cation or select foods from the nutrient database, which contains

This study was a single-center, prospective, randomized clinical

9,259 food types. When selecting food types from the database, a

trial of an exploratory nature. Participants were recruited from the

voice recognition system was used to improve compliance. The LI-

endocrinology outpatient clinic of Dongguk University Ilsan Hos-

BIT application then evaluated diet appropriateness, provided a

pital, located in an urban city in South Korea. We included T2DM

graph showing nutrient intake, and sent feedback messages to en-

patients with glycosylated hemoglobin (HbA1c) level ≥ 6.5% who

courage healthy dietary patterns.

were being treated with antidiabetic medications. Exclusion criteria

The exercise management service included 21 types of easy ex-

were (1) severe comorbidities preventing regular diet, exercise, or

ercises. The participants were instructed to input the type, duration,

sleep (e.g., gastrointestinal motility disorder, severe chronic obstruc-

and intensity of exercise. Consumed calories were calculated auto-

tive pulmonary disease), (2) recent history of myocardial infarction

matically based on the metabolic equivalent task (MET)15 using

or stroke (within the preceding 6 months), and (3) history of de-

the following equation: calorie consumption = (MET × duration of

mentia or drug/alcohol substance abuse.

exercise [min] × body weight [kg] × 0.0035)× 5.

A total of 50 participants was enrolled and randomly allocated
into two groups: the control group (n = 25), in which patients re346 | https://www.jomes.org
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Medilarm application
The patients input information regarding prescribed medications

lipid profile, blood pressure (BP), and continuous values of metabolic syndrome risk scores (cMetS).18

into the Medilarm application, which then sent reminders to take

cMetS is a standardized metabolic syndrome score that indicates

their medications at the appropriate time. If participants failed to

the severity of metabolic abnormalities as a continuous value. cMetS

record the dose taken, three additional messages were sent, one ev-

was computed as the sum of standardized residuals (Z-score) of

ery 20 minutes, to encourage medication adherence.

metabolic indicators, including mean arterial pressure (MAP), tri-

We divided the patients into good compliance and poor compli-

glycerides, FBS, WC, and HDL cholesterol multiplied by –1 ac-

ance groups according to data input. According to a previous study16

cording to a previous study.18 The 8th Korea National Health and

that reported up to 70% medication adherence to antidiabetic med-

Nutrition Examination Survey (2019) database was used as the

ications, we defined patients as having good drug adherence if they

reference population. MAP was calculated as follows: MAP = dia-

recorded ≥ 2/3 of their drug intake. Input frequencies of diet and

stolic BP+(1/3) (systolic BP–diastolic BP). The HDL cholesterol

exercise were much lower than those of medication adherence; the

value is associated inversely with metabolic risk and was multiplied

mean input was up to 50% and up to 10% for diet and exercise, re-

by –1 prior to being incorporated into the cMetS.

spectively. Thus, we defined cutoff values of good compliance for
diet and exercise as ≥ 1/2 nutritional information input and exer-

Comorbidities

cise at least once a week, respectively. Collectively, if patients re-

Participants were defined as having hypertension or dyslipidemia

corded ≥ 2/3 drug administration, ≥ 1/2 nutritional information,

if they had a relevant diagnosis in their electronic medical records

and exercise at least once a week, they were included in the good

or if their responses to the questionnaire reflected hypertension or

compliance group. Otherwise, the participants were included in

dyslipidemia. In addition, hypertension was defined as a systolic BP

the poor compliance group.

≥ 140 mmHg and/or diastolic BP ≥ 90 mmHg. On the other hand,
dyslipidemia was defined as a total cholesterol level ≥ 240 mg/dL.

Follow-up and outcomes

Metabolic syndrome was defined using the revised National Cho-

Prior to and 3 months after participation, height, body weight,

lesterol Education Program, with an Asian-specific WC threshold.19,20

and waist circumference (WC) were measured. Additionally, blood

Briefly, participants were defined as having metabolic syndrome if

samples were collected to examine the levels of fasting blood sugar

they met ≥ 3 of the following criteria: (1) abdominal obesity: WC

(FBS), HbA1c, total cholesterol, triglyceride, low-density lipoprotein

≥ 90 cm in men or ≥ 80 cm in women, (2) hypertriglyceridemia:

(LDL) cholesterol, and high-density lipoprotein (HDL) cholesterol.

triglycerides ≥ 150 mg/dL, (3) low HDL cholesterol: HDL choles-

Body mass index (BMI) was calculated as weight divided by height

terol < 40 mg/dL in men and < 50 mg/dL in women, (4) high BP:

squared (kg/m ). WC was measured by a trained nurse at the mid-

systolic BP ≥ 130 mmHg and/or diastolic BP ≥ 85 mmHg or use

point between the lower margin of the last palpable rib and the top

of antihypertensive agents, and (5) hyperglycemia: FBS ≥ 100 mg/dL

of the iliac crest, as recommended by the World Health Organiza-

or use of antidiabetic medication.

2

tion. To minimize measurement errors, the same examiner per17

formed WC measurement of the same participants at visits 1 and 2.

Statistical analysis

Venous blood was drawn after 12 hours of fasting, and all biochem-

Descriptive statistics were used to summarize baseline character-

ical tests were performed using an automatic analyzer (Cobas 6500

istics. To compare them, an independent t-test for continuous vari-

model; Roche, Basel, Switzerland) within the Department of Labo-

ables and a chi-square test for categorical variables were used. Pri-

ratory Medicine at Dongguk University Ilsan Hospital.

mary and secondary outcomes were analyzed using repeated-mea-

The primary outcome of this study was weight change after

sures analysis of variance (ANOVA) with age as the covariate. Re-

3 months of intervention compared to the control. Secondary out-

peated-measures ANOVA was conducted omitting subjects which

comes were associated metabolic parameters of WC, FBS, HbA1c,

have missing values. The within-subjects effect between time points
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was denoted as “time.” A significant P-value for “time” is defined by

68.3 kg to 69.7 kg in the control group and from 71.4 kg to 72.0 kg

overall significant outcome changes through the study period. On

in the intervention group), with no group difference (P = 0.229)

the other hand, a significant “time × group interaction” indicates a

(Fig. 1A). We investigated whether certain parameters had a signifi-

significantly different response throughout the study period between

cant correlation with body weight changes. Positive correlations

the two groups. All statistical analyses were performed using SPSS

were found between body weight change and baseline levels of tri-

version 18.0 (SPSS Inc., Chicago, IL, USA), and P< 0.05 was con-

glycerides (r = 0.329), LDL cholesterol (r = 0.329), and total cho-

sidered to be statistically significant.
Table 1. Baseline characteristics of the study population

RESULTS

Variable

The participants’ baseline characteristics are shown in Table 1.
During the study period, two patients in the intervention group
were excluded due to loss to follow-up and consent withdrawal,
yielding a final sample size of 48. The participants had a mean age
of 59.6 years (standard deviation [SD], 9.0 years) and a mean BMI
of 26.3 kg/m2 (SD, 3.3 kg/m2). Among the participants, 58.3%,
79.2%, and 93.8% had hypertension, dyslipidemia, and metabolic
syndrome, respectively. Patients in the intervention group were
younger (56.0 ± 8.1 years vs. 63.0 ± 8.5 years, P = 0.01) and less
likely to have hypertension (39.1% vs. 76%, P = 0.02) or diabetic
nephropathy (8.7% vs. 44.0%, P = 0.02) than the control group.
Other demographic profiles, including BMI, diabetes duration, and
sex, did not differ between groups.
During the study period, no major modifications in the initially
prescribed medications for diabetes, hypertension, or dyslipidemia
were performed, except in one patient in the intervention group
who underwent beta-blocker dose escalation. The patients in the
two groups experienced similar changes in mean body weight (from

Body weight (kg)

B

Time× group interaction
P= 0.229

90

Control
Intervention

70
60
50

Baseline

12 wk

Baseline

12 wk

P

63.0± 8.5
14 (56.0)
160.3± 9.4
68.3± 12.4
95.0± 8.9
26.5± 3.5
10.8± 8.0
9 (36.0)
11 (44.0)
7.6± 0.8
136.9± 39.0

56.0± 8.1
13 (56.5)
165.2± 8.0
71.5± 12.1
91.9± 6.3
26.1± 3.1
7.9± 6.3
5 (21.7)
2 (8.7)
7.4± 0.6
137.5± 22.5

0.005*
1.000
0.060
0.374
0.184
0.654
0.164
0.311
0.015*
0.401
0.944

8 (32.0)
4 (16.0)
6 (24.0)

8 (34.8)
5 (21.7)
3 (13.0)

1.000
0.890
0.548

19 (76.0)
20 (80.0)
24 (96.0)

9 (39.1)
18 (78.3)
21 (91.3)

0.022*
1.000
0.721

Time× group interaction
P= 0.016*

110

80

Intervention group
(n= 23)

Values are presented as mean± standard deviation or number (%).
*Statistical significance at the P< 0.05 level. An independent t-test for continuous variables and a chi-square test for categorical variables were used.
BMI, body mass index; HbA1c, glycosylated hemoglobin; FBS, fasting blood sugar;
SGLT-2i, sodium-glucose co-transporter 2 inhibitor; TZD, thiazolidinediones.

Waist circumference (cm)

A

Age (yr)
Women
Height (cm)
Body weight (kg)
Waist circumference (cm)
BMI (kg/m2)
Duration of diabetes (yr)
Diabetic retinopathy
Diabetic nephropathy
HbA1c (%)
FBS (mg/dL)
Antidiabetic drug
SGLT-2i
TZD
Insulin
Comorbidity
Hypertension
Dyslipidemia
Metabolic syndrome

Control group
(n= 25)

105

Control
Intervention

100
95
90
85
80

Baseline

12 wk

Baseline

12 wk

Figure 1. Changes in body weight (A) and waist circumference (B) from baseline to week 12. The changes in body weight and waist circumference during the 12 weeks
were analyzed by repeated-measures analysis of variance with age as the covariate. P-values indicate the time× group interaction. *Statistically significant difference.
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lesterol (r = 0.366). A negative correlation between body weight

ary outcomes except WC. As the proportion of patients with hy-

change and age was observed (r= –0.384). However, no correlation

pertension at baseline differed significantly, we additionally per-

was statistically significant (Table 2). With respect to WC changes,

formed repeated-measures ANOVA analyses with age and hyper-

the control group showed an increase in WC (from 95.00 ± 8.89

tension as covariates. The results were consistent regardless of ad-

cm to 95.76± 9.72 cm), while the intervention group showed a re-

justment for hypertension (data not shown).

duction (from 91.93 ± 6.25 cm to 90.75 ± 6.01 cm) with a significant time× group interaction (P = 0.016) (Fig. 1B).

We examined the influence of application compliance on changes in WC. The mean changes in WC were –3.0 cm, –0.7 cm, and

Table 3 describes the changes in mean secondary outcomes. No

0.8 cm among those with good compliance, poor compliance, and

significant time× group interactions were observed for any second-

without the application, respectively (P= 0.037) (Fig. 2). Conversely,

Table 2. Pearson’s correlation analyses and identification of covariates significantly associated with body weight change
Age (yr)
Body weight (kg)
FBS (mg/dL)
Triglyceride (mg/dL)
HDL cholesterol (mg/dL)
LDL cholesterol (mg/dL)
Total cholesterol (mg/dL)
SBP (mmHg)
DBP (mmHg)
Duration of diabetes (yr)
BMI (kg/m2)

Correlation coefficient

P

–0.384
–0.147
0.149
0.329
–0.090
0.329
0.366
–0.131
–0.269
–0.103
–0.177

0.078
0.512
0.509
0.146
0.699
0.145
0.103
0.571
0.238
0.647
0.431

FBS, fasting blood sugar; HDL, high-density lipoprotein; LDL, low-density lipoprotein;
SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index.

Waist circumference (cm)

Variable

No application
Application+good compliance
Application+poor compliance

95
94

P= 0.037*

93
92
91
Baseline

3 mo

Figure 2. Impact of compliance with mobile application on mean waist circumference change. *Statistical significance at the P< 0.05 level.

Table 3. Results of repeated-measures ANOVA testing with age as the covariate for changes in metabolic parameters from baseline to week 12
Variable
Body weight (kg)
BMI (kg/m2)
Waist circumference (cm)
FBS (mg/dL)
HbA1c (%)
Triglyceride (mg/dL)
HDL cholesterol (mg/dL)
LDL cholesterol (mg/dL)
Total cholesterol (mg/dL)
SBP (mmHg)
DBP (mmHg)
cMetS

Control

Intervention

P

Baseline

12 wk

Baseline

12 wk

Time

68.3± 12.4
26.5± 3.6
95.0± 8.9
136.9± 39.0
7.6± 0.8
147.4± 62.1
49.3± 12.2
88.4± 39.8
157.3± 46.1
135.2± 14.2
77.6± 8.1
3.7± 2.9

69.7± 12.8
27.1± 3.6
95.8± 9.7
142.2± 36.1
7.7± 1.0
175.4± 108.2
50.5± 16.5
76.6± 27.2
149.6± 40.0
138.7± 13.9
79.4± 9.1
3.3± 3.7

71.4± 12.4
26.0± 3.2
91.9± 6.3
137.5± 22.5
7.4± 0.6
163.7± 128.8
47.3± 9.4
72.6± 25.7
139.5± 39.8
127.2± 13.5
78.6± 7.3
3.5± 2.8

72.0± 12.3
26.3± 3.1
90.8± 6.0
138.4± 27.8
7.7± 0.8
156.0± 95.3
49.2± 7.6
77.7± 27.6
140.6± 36.8
133.9± 15.9
80.6± 7.7
3.6± 2.6

0.452
0.707
0.231
0.635
0.797
0.549
0.092
0.487
0.655
0.569
0.439
0.882

Time× group
0.229
0.239
0.016*
0.895
0.273
0.271
0.742
0.058
0.362
0.691
0.778
0.647

Values are presented as mean± standard deviation.
*Statistical significance at P < 0.05. P-values were analyzed using repeated-measures ANOVA with age as the covariate. Columns represent the effects of time, group, and
time× group interactions.
ANOVA, analysis of variance; BMI, body mass index; FBS, fasting blood sugar; HbA1c, glycosylated hemoglobin; HDL, high-density lipoprotein; LDL, low-density lipoprotein; SBP, systolic blood pressure; DBP, diastolic blood pressure; cMetS, continuous values of metabolic syndrome risk scores.
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application compliance did not affect changes in body weight (data

weight management of T2DM patients using mobile applications.

not shown).

Recently, Cai et al.31 conducted a meta-analysis of randomized controlled trials examining the use of a mobile application in patients

DISCUSSION

with T2DM. Contrary to our study, they found a modest but significant weight loss in patients with T2DM who used mobile appli-

In this study, we aimed to evaluate the effectiveness of self-moni-

cations; this finding was driven mainly by the studies of Orsama et

tored mobile applications in weight management of patients with

al.32 and Wayne et al.33 The latter performed a program comprised

T2DM. We found that short-term mobile application use for life-

of approximately 40 minutes per week of health coach interventions

style modification in patients with T2DM significantly reduces WC

provided for both control and intervention groups. On the other

but not weight. Additionally, more evident WC reduction was ob-

hand, Orsama et al.32 only included patients who voluntarily partic-

served in patients with good compliance, emphasizing the impor-

ipated in the study; thus, participants were likely highly motivated.

tance of adherence to digital therapeutics.

In addition, both studies conducted ≥ 6 months of lifestyle inter-

A previous study reported exercise-induced WC reduction with-

vention. Thus, the lack of effect of mobile applications on body

out body weight changes in which participants showed a signifi-

weight in our study might be due to differences in study population

cant WC reduction without weight loss after exercising for 14 weeks.

or interventional methods.32,33 Further studies are needed to inves-

Additionally, they found that the WC reduction (up to 3 cm) achieved

tigate the optimal approaches and the T2DM patient population

by exercise was comparable with that of a dietary weight loss group

that would most benefit from mobile applications.

21

wherein a up to 6% body weight reduction was achieved through

A positive association was found between obesity outcomes and

caloric restriction alone. Similarly, regular exercise without weight

lifestyle modification program compliance.34 In our study, we also

loss resulted in substantial WC reduction in patients with T2DM.22

found that patients who exhibited good compliance to the applica-

Mechanistically, exercise activates lipolysis in abdominal subcuta-

tion showed significantly greater WC reduction than those with

23

neous adipose tissue, resulting in whole-body fatty acid oxidation.

poor compliance. A previous meta-analysis examining the factors

Traditionally, BMI has been the most widely used marker of obe-

promoting compliance revealed that a supervised attendance pro-

sity. However, BMI cannot differentiate between abdominal and

gram was the most important factor, followed by social support.35

general obesity. Abdominal obesity has been shown to be strongly

Supervised attendance is defined as monitoring of participants’ at-

associated with cardiovascular outcomes. WC is a marker of ab-

tendance by a researcher. However, it is labor-intensive to monitor

dominal obesity, and previous studies have shown a stronger asso-

continually patient attendance in clinical practice. Recent studies

ciation of cardiovascular risk with WC than with BMI.

Consis-

have shown the promising utility of social media tools in enhance-

From

ment of adherence to various clinical entities.36-38 Thus, the combi-

these results, the International Atherosclerosis Society and Interna-

nation of mobile applications and social media tools can be helpful

tional Chair on Cardiometabolic Risk Working Group suggested

for continued lifestyle modification through induction of voluntary

the utility of WC as a treatment goal and reiterated the importance

participation.

24

25,26

tently, WC reduction exhibited cardiometabolic benefits.

25-28

of its routine measurement in addition to BMI. Thus, the WC re-

There are several limitations to this study. First, the small sample

duction observed in our study is clinically relevant despite the lack

size might have insufficient power to determine treatment effects.

of body weight reduction.

Second, the intervention duration was short. Thus, changes in cer-

29

Technological advances have prompted researchers to investigate

tain clinical endpoints were not addressed effectively. For example,

the effects of mobile applications on weight management; most

HbA1c level represents the average glucose level over the previous

have shown beneficial effects. Weight reduction enhances glucose

3 months39 and might not have reflected accurately acute changes

homeostasis; therefore, trials involving patients with T2DM merit

in glucose level due to the short duration of our study. Third, the

further investigation. However, there is a lack of studies involving

low effect size raises the possibility of measurement errors instead

30
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of clinically relevant changes in WC. However, each participant’s

sis: SEL and SKP; funding procurement: SWO; administrative,

WC was examined by the same examiner at both visits using a uni-

technical, or material support: SKP and YSP; and study supervi-

form measurement protocol to minimize measurement error. In

sion: SWO.

addition, the greater WC reduction in patients with good compliance further supports the reliability of WC measurements in our

SUPPLEMENTARY MATERIALS

study. Last, the single-center nature of the study limits its generalizability.

Supplementary materials can be found via https://doi.org/10.

Intensive glycemic control is known to mitigate the development

7570/jomes21047.

of microvascular complications.40 Future research should investigate
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