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Purpose: This study aimed to develop a mobile-based self-management health alarm (MSHA) program for modifying obese 
children's lifestyle based on the information-motivation-behavioral skills (IMB) model and to test its feasibility. Methods: A 
methodological study for the development of the MSHA program and pilot study with a one-group pretest-posttest design for 
feasibility testing was conducted. The MSHA program was designed to provide obesity-related information (I), monitor daily diet 
and exercise, provide motivational text messages (M), and enhance healthy diet and exercise skills (B) via a mobile-based web 
platform. In the feasibility test, six obese children participated in the 4-week program, and the number of days per week that they 
achieved their goals and differences in metabolic components were assessed. Data were analyzed using descriptive statistics and 
the Wilcoxon signed-rank test. Results: Participants successfully achieved their diet and exercise goals≥5 days per week. Body 
mass index (z=-1.99, p=.046), waist circumference (z=-2.20, p=.028), and triglyceride levels (z=-2.21, p=.027) significantly 
decreased. Conclusion: The MSHA program showed positive effects on health behaviors and metabolic syndrome risk. The 
program may be effective in improving metabolic syndrome in obese children by promoting self-health management behaviors.
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INTRODUCTION

Childhood obesity is one of the most serious global public 
health challenges of the 21st century, and its prevalence is in-
creasing [1]. The number of children with obesity worldwide 
has increased more than tenfold, from 11 million to 124 mil-
lion in just 40 years [1]. In Korea, where this study was con-
ducted, the prevalence rate of obesity in children and adoles-
cents increased from 11.2% in 2008 to 17.3% in 2017 [2]. This 
steady increase in prevalence requires an active and effective 
intervention plan to decrease obesity in children.

Childhood obesity is a health concern because it leads to 
adulthood obesity and increases the risks of metabolic syn-
drome, in which factors such as abdominal obesity, hyper-
tension, dyslipidemia, and glucose intolerance are com-
pounded [3]. Previously, metabolic syndrome was considered 
a health problem confined only to adults. However, a study 
conducted on obese children in 195 countries from 1980 to 2015 
showed that early diagnosis and prevention through screen-
ing for metabolic risk factors in childhood helped reduce mor-
bidity and mortality of type 2 diabetes mellitus and athero-
sclerotic cardiovascular disease at a younger age in adults [4]. 
This previous study suggested that early interventions for 
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childhood obesity will play an extremely important role in the 
prevention of metabolic syndrome in adulthood. Hence, eval-
uating the impact of interventional programs on the manage-
ment of metabolic components in cases of childhood obesity 
will be meaningful for efforts to decrease the prevalence of 
type 2 diabetes mellitus and atherosclerotic cardiovascular 
disease in adults. 

Studies on therapeutic approaches to childhood obesity 
management have suggested that reducing the intake of calo-
ries and increasing exercise are the best steps for the pre-
vention and primary treatment of obesity [5]. Moreover, it 
was found that persistent self-management to maintain 
healthy behaviors was the most important factor for prevent-
ing obesity [5]. Considering that obesity in childhood is close-
ly related to obesity-related complications in adulthood, such 
as type 2 diabetes mellitus and atherosclerotic cardiovascular 
disease, promoting self-management among obese children is 
the most important task of the current era and in the future [3]. 
While many interventions for childhood obesity management 
have been developed and their effectiveness has been demon-
strated, it has been found that the most important factor in 
lifestyle management interventions to reduce obesity is that 
interventions be theory-based [6].

Various theories have been proposed to explain human 
health behavior. In particular, the information-motivation- 
behavioral skills (IMB) model, which was developed as a the-
oretical basis for promoting health behavior, has been shown 
to be a useful theoretical framework and has been widely used 
to explain complex health behaviors such as human immu-
nodeficiency virus prevention, breast self-examination, and 
diabetes self-care in adults [7,8], as well as obesity manage-
ment, smoking cessation, and diabetes self-care in childhood 
and adolescence [9-11]. The IMB model presents a clear causal 
relationship between behavior-related factors, including in-
formation (knowledge necessary for behavior change), moti-
vation (individual beliefs or attitudes that induce behavior 
change), and behavior skills (confidence in performing the 
changed behavior) [8]. It has been proven to be effective in 
helping children with chronic diseases to modify their life-
style and sustain healthy behaviors [9,10]. However, only one 
study conducted in the USA has used the IMB model to devel-
op an intervention program for self-management of obese 
children, who require persistent diet management and ex-
ercise [11]. It is therefore meaningful to develop and evaluate 
a self-management program for childhood obesity manage-
ment based on the IMB model, which has proven its theoret-
ical strength in persistent health behavior among children.

In particular, late school-age is a period in which school 
health education begins to promote health behavior through 
the acquisition of health-related knowledge, values, and skills 

[12]. Effective interventions based on the IMB model would 
provide the information, motivation, and behavioral skills for 
obesity management needed to change self-health behaviors 
in an easy and simple manner for children. However, many 
interventional programs for childhood obesity management 
have focused on providing a large amount of information on 
obesity-related health issues to children or on raising child-
ren's awareness of their health status [6,13]. These interven-
tional programs have usually consisted of one-way inter-
actions, from health care providers to children, limiting child-
ren's active participation and motivation to change [6]. There-
fore, if obese children directly report their diet and exercise 
behavior to health care providers, and health care providers 
provide the necessary information and motivation according 
to the children's reports, it will be easier for children to form 
healthy diet and exercise behavior through a two-way inter-
action between children and health care providers.

Rapid technological advancements have led to innovative 
changes in the provision of healthcare services and infor-
mation. Mobile-based healthcare interventions have been ac-
tively developed worldwide since 2007, when the iPhone, a 
breakthrough smartphone technology, was released [14]. 
Newly developed mobile-based intervention programs for 
children have been innovative in that they not only easily pro-
vide information of interest to the user at a tremendous speed, 
but also allow health care providers and patients to easily in-
teract with each other [14]. Additionally, the development of 
wearable devices that measure the number of steps a person 
takes and mobile-phone apps has expanded the possibilities 
for users' self-monitoring and self-management of their life-
style anytime, anywhere, and at a low cost [14,15]. Moreover, 
recent statistics showed that more than 91.4% of children and 
adolescents use a smartphone in Korea, which has led them to 
being called the "mobile native generation"[16]. This suggests 
that mobile-based intervention programs have great potential 
for positively influencing self-health management practices 
for childhood obesity.

Therefore, the authors intended to develop and test the 
feasibility of a mobile-based self-management health alarm 
(MSHA) program based on the IMB model in a simple and 
easy manner that would be suitable for late school-age chil-
dren to monitor and manage their health behaviors using mo-
bile devices. The MSHA program focused on enhancing obe-
sity self-management knowledge, motivational attitudes, and 
health behavioral skills in children by having them self-mon-
itor and manage their diet and exercise using mobile-based 
educational materials and supportive mobile text messages. 
We hypothesized that the MSHA program would serve as an 
effective self-management tool for children to monitor and 
manage childhood obesity.
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Figure 1. Conceptual framework of the mobile-based self-management health alarm (MSHA) program based on the information- 
motivation-behavioral skills (IMB) model.

1. Purpose

The purpose of this study was to develop and pilot-test the 
feasibility and effectiveness of the MSHA program based on 
the IMB model. The MSHA program was developed as a web 
platform aimed at giving children the ability to perform daily 
self-monitoring and management of their diet and exercise be-
havior to provide health behavior information, motivation, 
and skills. The authors also evaluated the program's final ef-
fectiveness in changing and maintaining children's health be-
havior and improving their metabolic components as result of 
persistent health behavior. 

METHODS

This study consisted of two phases. Phase I was a methodo-
logical study focused on the development of the MSHA pro-
gram based on the IMB model using a wearable pedometer 
and a mobile-phone diet application (app) for obese children. 
Phase II was a pilot study using a one-group pretest-posttest 
design to evaluate the feasibility and effectiveness of the 
MSHA program. 

1. Phase I: Development of the Mobile-based Self-man-

agement Health Alarm Program

1) Information-motivation-behavioral skills model as a theoret-
ical framework
The MSHA program was based on the IMB model, The IMB 

model provides a clear causal relationship between factors 
promoting health behaviors in patients with chronic diseases 
and successful self-management, which plays an important 
role in behavior change. The IMB model provides the in-
formation necessary for changing health behaviors through 
successful self-management and induces motivation for the 

establishment of behavioral skills, resulting in behavior change. 
It is suitable for promoting health behaviors of patients with 
chronic diseases [8]. The conceptual framework of the MSHA 
program developed for obese children is shown in Figure 1. 

2) Mobile-based self-management health alarm program devel-
opment process
To develop the MSHA program, the authors (1) reviewed 

and appraised the existing interventional programs for the 
management of obesity in children, (2) constructed the specif-
ic strategies of the program based on the IMB model, (3) eval-
uated the content validity of the developed program using a 
group of experts (three nursing professors and one medical 
professor), and (4) revised the program based on the experts' 
recommendations and implemented it as a mobile-based 
program.

2. Phase II: Feasibility Test 

1) Participants and recruitment
The number of participants required in this pilot study was 

calculated using the effect size of a similar previous study that 
aimed to assess the effectiveness of an obesity management 
program developed for school-age children [17]. Using the 
G*Power 3.1.9.2 program, the Wilcoxon signed-rank test for 
one sample was selected as our statistical method, and an ef-
fect size of 1.38, significance level of .05, and power of .80 were 
input as parameters. Finally, a sample size of six participants 
was calculated. 

The authors individually contacted school nurses who 
wished to participate in this study based on the explanation of 
the research presented to the Elementary School Nurse Asso-
ciation in W City in Korea. Three school nurses who under-
stood the purpose of the study and assisted with participants' 
recruitment responded that they would like to join. The se-
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lection criteria for participants in this study were children 
aged ≥10 years with a body mass index (BMI) ≥95th percen-
tile as defined by the 2017 Korean National Growth Charts 
[18] who could use mobile devices, wearable pedometers, and 
diet phone apps by themselves. Using the results of a school 
health examination, the school nurses recruited suitable parti-
cipants. The authors then contacted the legal guardian of each 
study participant and explained the purpose and process of 
the study. Six students (two each aged 10, 11, and 12 years) 
were recruited and enrolled in the study with their legal 
guardian's permission for study participation. Children who 
met the following conditions were excluded from the study: 
current medical treatments related to obesity, diabetes, meta-
bolic syndrome, and others; a medical history of congenital 
heart disease, diabetes, or hyperthyroidism; or a request by 
the participant or legal guardian to discontinue study partic-
ipation during the study period. All study participants con-
tinued participation until the end of the study. 

2) Data collection and measurements
Maintenance of diet and exercise health behavior, as well as 

levels of metabolic components, were evaluated to determine 
the effectiveness of the MSHA program. All data were col-
lected from June 11, 2019 to July 19, 2019. 

Based on the finding of a systematic review of online obe-
sity prevention programs that interventions in childhood re-
quired at least 4 weeks to show their effectiveness [13], daily 
intake of calories and number of daily steps were collected via 
the MSHA platform through the daily uploading of infor-
mation by participants for 4 weeks. Participants' daily intake 
of calories was calculated using a free public-use diet-diary 
phone app (DASHIN), in which the type and amount of con-
sumed food are selected and the calories consumed are auto-
matically calculated. Daily steps were calculated based on the 
number of steps measured by a wearable pedometer (Xiaomi 
Mi band 3, Xiaomi Corporation, Beijing, China), which partic-
ipants were required to wear during all waking hours. 
Maintenance of health behavior was evaluated by the mean 
value of the number of days per week that diet and exercise 
goals were achieved. 

The following variables were analyzed as metabolic com-
ponents: BMI, waist circumference (WC), systolic blood pres-
sure (SBP), diastolic blood pressure (DBP), triglyceride (TG) 
level, high-density lipoprotein-cholesterol (HDL-C) level, and 
fasting plasma glucose (FPG) level. Metabolic outcome data 
were collected twice: immediately before and immediately af-
ter the 4-week MSHA program. After all of the anthropo-
metric variables (BMI, WC, SBP, DBP) were measured twice 
by two trained research assistants, the mean value of the dou-
ble-measured data was used. BMI was calculated as weight 

divided by height squared (kg/m2). For BMI calculations, 
body weight was measured to the closest 0.1 kg on a medical bal-
ance scale, and height was measured to the closest 0.1 cm with a 
portable stadiometer. WC was measured at the midpoint be-
tween the lowest margin of the rib and uppermost lateral border 
of the iliac crest during expiration, using a flexible tape measure 
during minimal respiration. SBP and DBP were measured on the 
right arm after the subject had rested for 5 minutes in a seated po-
sition, using a mercury sphygmomanometer. Biochemical varia-
bles (TG, HDL-C, and FPG levels) were analyzed from a blood 
specimen that was collected by trained medical personnel af-
ter overnight fasting at the laboratory at the study director's 
affiliated university hospital. The specimens were analyzed 
within 1 hour after blood collection. 

The general characteristics of the study participants (age, 
gender, sitting hours per day, numbers of days that partic-
ipants exercised for over 60 minutes per week, and perceived 
health status) were surveyed before study participation. 
Parental medical history of diabetes, hypertension, and hy-
perlipidemia was surveyed through a simple parental medi-
cal history questionnaire that was provided to parents with 
the study consent form.

3) Data analysis
The collected data were analyzed using SPSS for Windows 

version 23.0 (IBM Corp., Armonk, NY, USA). The general 
characteristics of the subjects were analyzed using descriptive 
statistics. The maintenance of participants' health behavior 
was analyzed using the mean and standard deviation of the 
number of days per week that the goals were achieved. Im-
provement of metabolic components was analyzed using the 
Wilcoxon signed-rank test to compare the differences in meta-
bolic components (BMI, WC, SBP, DBP, TG, HDL-C, and FPG) 
between the pretest and posttest results. 

4) Ethical considerations
This study was approved by the Research Ethics Commit-

tee of the study director's affiliated university (Institutional 
Review Board number: CR319025). After potential partic-
ipants were provided information about the purpose of the 
study, guarantees of anonymity and credibility, assurances 
that their participation was voluntary, and an explanation 
of the full process of the intervention study, written in-
formed consent was obtained from the children and their le-
gal guardians for participation in the study. As a reward for 
participation in this study, the wearable watch (Xiaomi Mi 
band 3, Xiaomi Corporation, Beijing, China) used in the 
study was provided to study participants at the end of the 
study. 
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Table 1. Summary of the Mobile-based Self-management Health Alarm Program Based on the Information-Motivation-Behavioral Skills 
Model

IMB model 
components

Program strategy

Information Facts: Education provided by mobile-accessible material 
․ Obesity in childhood
․ Complications of obesity 
․ Health behavior for self-health management of obesity 

- Diet: Provided individual goals for daily calorie intake and an overview of the benefits of a nutritionally 
balanced diet

- Exercise: Provided individual goals for daily steps and an overview of the benefits of exercise

Motivation Before dinner ․ Attitude: Self-monitoring and uploading to the developed platform
- Upload calculated calorie intake using the dietary application
- Upload measured number of steps using wearable device

․ Support: Motivation provided via mobile text message as a health alarm
- Achievement status for calorie intake and steps
- Encouragement for self-health behavior in terms of calorie intake and steps

Before sleep ․ Attitude: Self-monitoring and uploading to the developed platform
- Upload the final daily calorie intake calculated using the dietary application
- Upload the final daily number of steps measured using wearable device

․ Support: Motivation provided via mobile text message as a health alarm 
- Final goal achievement status for calorie intake and steps
- Encouragement to continue engaging in self-health behavior the next day

Behavioral skills ․  Objective skills: Healthy diet and exercise skills provided by mobile-accessible material
- Nutritionally balanced menu planning skills
- Recommended walking speed and posture skills

IMB, information-motivation-behavioral skills.

RESULTS

1. Phase I: Development of a Mobile-based Self-man-

agement Health Alarm Program

1) Step 1
Review and appraisal of existing obesity management in-

terventions A search for literature on existing obesity manage-
ment interventions for children was conducted using the 
terms "child", "children", "obesity management", "mobile in-
tervention", and "mobile health". The previous and existing 
intervention programs that were found included the weight- 
management elements of diet and exercise, nutritional educa-
tion and counseling, behavioral treatments, psychological in-
terventions, information sharing via social network services 
(SNS), and individual weight management counseling as major 
components [6,14,19]. These mobile-based interventions were 
effective in providing mediation anytime, anywhere, and at a 
lower cost than on-site interventions. However, although 
school-age children have the capacity to manage daily diet and 
exercise by themselves, there was no program providing im-
mediate feedback or motivational messages to participants on 
whether their daily goal amount was achieved. Additionally, 

the interventions in reviewed studies were developed without 
a theoretical background or conceptual model. Therefore, we 
developed an innovative theory-based, two-way interactive, 
simple, and convenient intervention program that enables 
obese children to self-manage by providing information and 
immediate feedback or motivation related to obesity manage-
ment using a mobile device. 

2) Step 2
Construction of the mobile-based self-management health 

alarm program based on the information-motivation-behavioral 
skills model Based on the results of step 1, the authors devel-
oped the MSHA program based on the IMB model. The entire 
content of the developed intervention was provided only to 
study participants via the developed mobile accessible 
web-based platform and SNS text message. A summary of the 
MSHA program is presented in Table 1. The "Information: 
Facts" section of the program was provided to participants as 
mobile-accessible educational material. It covered character-
istics of childhood obesity, obesity complications, self-man-
agement of obesity through diet (including a goal for daily 
calorie intake and an overview of the benefits of nutritionally 
balanced diet), and exercise (including a goal for daily steps 
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Table 2. Samples of Motivational Mobile Text Messages before Sleep as Health Alarms

Categories Condition Motivational mobile text message

Diet ≤Goal for daily calorie intake
 (goal met) 

You are so cool.
You did a great job with today's diet.
See you tomorrow with good results. 
We are with you and support you.

＞Goal for daily calorie intake
 (goal not met)

You exceeded your calorie intake goal.
Did you find it difficult to adjust your diet?
Let's try to reduce your calorie intake a little more tomorrow.
I hope that you achieve your goal tomorrow. You can do it.

Exercise ≥Goal for daily steps
 (goal met)

You have achieved your goal today.
You did well and we are proud of you.
Tomorrow you will be able to achieve your goal, again.
See you tomorrow with good results.
We are with you and support you.

˂ Goal for daily steps
 (goal not met)

You didn't walk a lot today. 
Did you find it difficult to adjust your exercise habits?
Let's try to increase your steps a little more tomorrow.
10,000 steps per day! You can do it.

and an overview of the benefits of exercise) based on clinical 
practice guidelines or recommendations for childhood obe-
sity interventions [5,20]. The recommended goal for daily calo-
rie intake of each child was calculated using the estimated en-
ergy requirements (EER) formula, which considers the child's 
age, height, weight, and activity level [21]. The formula for 
children aged 9-18 years was as follows: EER for boys=88.5 - 
(61.9 × age) + physical activity × (26.7 × weight + 903 × height) 
+ 25; and EER for girls=135.3 - (30.8 × age) + physical activity 
× (10 × weight + 934 × height) + 25. In the formula, a physical 
activity level of "1" was applied, corresponding to the value of 
sedentary physical activity, considering the low physical ac-
tivity level of obese Korean children [5]. The daily step goal 
was set at 10,000 steps for all participants, based on literature 
recommendations, which is equivalent to 60 minutes of mod-
erate to vigorous physical activity [22,23]. The "Motivation: 
Attitude" section of the program was indirectly induced by 
the children uploading their self-monitored calorie intake and 
total number of daily steps to the MSHA mobile-accessible 
platform. This section was intended to stimulate an attitude 
within the participants to maintain healthy behaviors through 
self-monitoring and self-reporting their diet and exercise. 
"Motivation: Support" was provided twice per day (8 PM and 
10 PM) by study facilitators (research assistants), who sent 
simple motivational text messages to participants via SNS as 
health alarms. The messages were based on each child's daily 
goal achievement status. The first health alarm was intended 
to encourage the child's self-monitoring and their catching-up 
on daily diet and exercise goals, and the second health alarm 

was intended to promote self-reflection on that day's achieve-
ment of health behavior and to encourage the child to con-
tinue engaging in self-health behavior the next day. Before 
providing the simple motivational text messages as a health 
alarm, children were asked to monitor and upload their meas-
ured calorie intake using the free public-use diet-diary phone 
app (DASHIN) and the number of steps they had taken, as 
measured by a wearable pedometer (Xiaomi Mi band 3, 
Xiaomi Corporation, Beijing, China). The data were uploaded 
to the online MSHA platform using a mobile device. A sample 
of the second motivational mobile text messages as a health 
alarm is shown in Table 2. The "Behavioral skills: Objective 
skills" section of the program was provided as mobile-acces-
sible educational material regarding a nutritionally balanced 
diet plan, including a well-balanced array of foods and 
healthy alternative foods (e.g., drinking water instead of soda 
or eating more vegetables instead of meats), and walking 
skills, including good posture, stride, and speed. 

3) Step 3
Evaluation of content validity and implementation of the 

mobile-based self-management health alarm program The 
content of the developed program was evaluated using the 
content validity index (CVI) (Likert scale; 1=very inappro-
priate, 4=very appropriate) by experts (three nursing pro-
fessors and one medical professor). The mean value of the CVI 
ranged from 3.00 to 3.75. Hence, the authors decided to imple-
ment the developed intervention program as a mobile-based 
program. However, two of the evaluators thought it would be 
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Table 3. General Characteristics of Study Participants (N=6)

Variables Categories n (%) or M±SD Min-Max

Age (year) 11.2±1.0 10-12

Sex Male
Female

4 (66.7)
2 (33.3)

Sitting hours per day (hour) 11.83±2.48  9-15

Numbers of days of exercising over 
60 minutes per week (day)

 1.33±1.03 0-3

Perceived health status Unhealthy
Moderate
Healthy

2 (33.3)
3 (50.0)
1 (16.7)

Family medical history* Diabetes mellitus (yes)
Hypertension (yes)
Dyslipidemia (yes)

2 (33.3)
1 (16.7)
4 (66.7)

*Duplicate answer allowed; Max, maximum; Min, minimum.

more convenient for the children to change the fixed time for 
data monitoring and uploading from 8 PM to "before dinner" 
and from 10 PM to "before sleep", considering possible varia-
tions in the children's daily situations. In response to these rec-
ommendations, the times for self-monitoring and uploading 
the data and providing the motivational text messages were 
modified to "before dinner" and "before sleeping" to allow 
flexibility. The confirmed intervention program was developed 
by a specialized information technology (IT) company as a mo-
bile accessible web platform (http://mshealthyalarm.online/). 
The developed MSHA platform was constructed in a sim-
ple and convenient manner with (1) a page explaining how 
the program operated; (2) an educational page for provid-
ing the "Information" and "Motivation skills" sections of 
the program, dealing with topics such as obesity and its 
complications, checking one's daily diet and exercise rec-
ommendations, and diet and exercise management skills; (3) a 
data monitor and upload page for diet and exercise amounts; 
and (4) an inquiry page. The "Motivation" page was built to 
automatically send mobile text messages based on the up-
loaded diet and exercise data, with specific messages accord-
ing to whether participants had or had not achieved their 
goals for the day, as shown in Table 2.

2. Phase II: Feasibility Test for Metabolic Outcomes

1) General characteristics of study participants 
The study participants were four boys (66.7%) and two girls 

(33.3%). The mean age of the study participants was 11.2 years. 
The mean sitting hours per day was 11.83 hours, the mean 
number of days per week when participants exercised for over 
60 minutes was 1.33, and two (33.3%) perceived their health as 
"unhealthy", three (50.0%) as "moderate", and one (16.7%) as 

"healthy". Regarding the medical history of their parents, two 
had diabetes(33.3%), one had hypertension (16.7%), and four 
had hyperlipidemia(66.7%) (Table 3). 

2) Mean number of goal-achievement days per week for diet and 
exercise 
The mean number of days that participants achieved their 

goals of diet and exercise in each week (0-7 days) during the in-
tervention was 5.3-6.0 for diet and 5.0-5.3 for exercise. In the 
4-week period, the mean value of goal-achieved days for diet 
was 5.7±0.30, and this value increased from 5.3 at week 1 to 6.0 
at week 4. For exercise, the mean number of days where goals 
were achieved was 5.2±0.17, and it fluctuated between 5.0 and 
5.3 as time passed from the first to the fourth week.

3. Effects of the Mobile-based Self-management Health 

Alarm Program on Metabolic Outcomes

Among metabolic components, BMI (Z=-1.99, p=.046), WC 
(Z=-2.20, p=.028), and TG levels (Z=-2.21, p=.027) signifi-
cantly decreased; thus, metabolic outcomes significantly im-
proved from before the intervention to after the intervention. 
The other variables showed no significant differences (Table 4).

DISCUSSION

This study was conducted to develop an MSHA program 
based on the IMB model and to test its feasibility. The authors 
carried out a pilot study using a one-group pretest-posttest 
design to evaluate feasibility and effectiveness before apply-
ing the developed intervention program to a large population 
of obese children; thus, there are currently limitations in gen-
eralizing the results of this study to the general population. 
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Table 4. Effects of the Mobile-based Self-management Health Alarm Program on Metabolic Outcomes (N=6)

Variables
Pretest Posttest Z

(Post-Pre)
p

M±SD M±SD

BMI (kg/m2)  30.91±4.83  30.49±4.84 -1.99 .046

WC (cm)   94.50±10.98  89.17±9.67 -2.20 .028

SBP (mmHg) 117.33±7.26 115.83±7.76 -0.94 .345

DBP (mmHg)   68.33±14.87   71.17±11.97 -1.29 .197

TG (mg/dL)  149.50±47.53  118.33±50.35 -2.21 .027

HDL-C (mg/dL)   48.50±10.73   48.33±11.47 -0.32 .750

FPS (mg/dL)  101.50±23.89  95.50±3.56 -0.74 .461

BMI, body mass index; DBP, diastolic blood pressure; FPS, fasting plasma glucose; HDL-C, high-density lipoprotein-cholesterol; SBP, systolic blood 
pressure; TG, triglycerides; WC, waist circumference.

Nevertheless, this study has significance in that it presents the 
development of a mobile-based intervention that helps chil-
dren perform diet and exercise self-management for obesity 
management by themselves, without help from their parents, 
under the coordination of health care providers. 

Similar to this study, a study by Bartholmae [11] using the 
IMB model to improve the eating, exercising, and fruit and 
vegetable consumption behavior of American children dem-
onstrated that the components of the IMB model effectively 
influenced the practice of the targeted health behaviors. In 
particular, the knowledge and motivation components of the 
IMB model were shown to be the most powerful factors in the 
model for changing children's health behavior [11]. In this 
study, the MSHA program to strengthen children's knowl-
edge, motivation, and behavioral skills for obesity self-man-
agement may have resulted in successful goal achievement on 
more than 5 days per week and maintenance of their daily 
health behaviors. In particular, based on the IMB model's the-
oretical assumption that providing motivation is important 
for behavior change, the successful completion of the pro-
gram by all participants without dropout indicates that in-
tensively providing motivation in the form of health alarms 
was effective in changing these obese children's behavior.

Some previous studies have identified the effectiveness of 
mobile-based interventions for obese children [14,19]. The 
identified advantages of mobile-based interventions were 
that subjects could easily access the information provided by 
the healthcare provider anytime, anywhere, and without a 
wait time or cost, and they could immediately check whether 
they were achieving their targeted health behavior. In this 
study, the uploaded health educational materials, which in-
cluded diet and exercise skills, on the MSHA platform could 
be browsed at any time using mobile devices. In addition, the 
platform allowed children themselves to easily check their 
goal achievement status. This process assigned responsibility 

to the children and motivated them to take care of their health 
on a regular basis. Additionally, mobile-based interventions 
provide several advantages compared to in-person healthcare 
providers for maximizing the effectiveness of interventions 
by monitoring patients' data and providing planned inter-
ventions anytime and anywhere [6,14]. This study had those 
advantages. It was also convenient for the researchers to eval-
uate the status of participants' daily goal achievements ac-
cording to the uploaded data on the MSHA platform and to 
immediately provide constructed motivational text messages 
of what steps the child should take next for their self-manage-
ment behaviors on that day or the following day. This ability 
to manage the health of many subjects with a small number of 
healthcare providers could also be considered a benefit of the 
program in terms of cost-effectiveness. 

Moreover, a systematic review suggested that providing 
text messages is strongly effective in reducing the dropout 
rate of study participants [14]. Similar results were confirmed 
in this study; all study participants were fully engaged and 
successfully completed the 4-week program, and the mean 
number of goal achievement days per week was more than 5 
days for both diet and exercise. In particular, before the inter-
vention engagement, the mean number of days per week 
when the participants exercised for over 60 minutes was only 
1.33. This finding may be interpreted as indicating that the 
study participants were motivated to maintain health behav-
ior through the motivational text messages that were auto-
matically provided twice per day. Moreover, mobile-based in-
terventions can be an extremely effective method if a child 
does not want to receive treatment because of fear of treat-
ment or social stigma [6]. With these advantages, the MSHA 
program may be a user-friendly and beneficial program for 
children who repeatedly fail to attend other intervention pro-
grams or who do not receive active treatment due to peer bul-
lying or low self-esteem caused by obesity. 
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Another notable benefit of the MSHA program was the im-
provement of metabolic outcomes. Among the measured met-
abolic components in this study, BMI, WC, and TG levels sig-
nificantly decreased by the end of the intervention. According 
to a previous study [24], obese adolescents with a BMI more 
than the 95th percentile had 3.5-fold higher adult cardio-
vascular mortality than adolescents with a BMI in the 5-24th 
percentiles. That study verified the importance of childhood 
BMI as an important index for predicting cardiovascular dis-
ease in adulthood, and confirmed the urgent need for inter-
ventions to reduce BMI in obese children. From this per-
spective, the MSHA program, which led to a significant de-
crease in children's BMI, could be effective in reducing the 
prevalence of metabolic syndrome in adulthood by reducing 
BMI in childhood. Therefore, a future study with a larger sam-
ple is needed to evaluate the long-term effectiveness of the 
MSHA program. Moreover, in this study, the mean WC sig-
nificantly decreased from 94.50 cm at the pretest to 89.17 cm at 
the posttest. WC is the best indirect predictor of visceral fat ac-
cumulation in children and is associated with increased in-
sulin resistance [25-27]. According to a study by Morrison et 
al. [28], the risk of developing metabolic syndrome in girls 
aged 9-10 years increased by 7.4% over a 10-year period when 
their WC increased by 1 cm for every 2 years. Our findings 
showed that the MSHA program could be effective in re-
ducing the prevalence of metabolic syndrome through a re-
duction in WC. Lastly, the mean TG level significantly de-
creased from 149.50 mg/dL to 118.33 mg/dL in the children in 
the MSHA program study. According to previous studies, the 
risk of metabolic syndrome increased by 1.3% when TG levels 
increased by 1 mg/dL in children [28], and the incidence of 
cardiovascular disease in adulthood increased 5 times when 
hypertriglyceridemia developed in childhood, as compared to 
in adulthood [29]. These results confirmed that the reduction 
in TG levels could contribute to reduction in the incidence of 
metabolic syndrome and cardiovascular disease in the future, 
especially when TG levels decrease following reduced intake 
of simple sugars and saturated or trans fats [29]. The decrease 
in TG levels in this study could have resulted from the MSHA 
program helping children monitor and maintain their daily 
calorie intake for 4 weeks with a low-sugar and low-fat diet. 
Therefore, the MSHA program was feasible and effective in 
engaging and maintaining obese children's self-management 
health behavior and improving metabolic outcomes.

However, this study has limitations. First, the small sample 
size limited our ability to examine potential covariates and 
generalizability of the findings to all children. Second, due to 
the lack of a control group and randomization as an experi-
mental study, the results should be interpreted with caution, 
and causality could not be established. Future randomized 

controlled trials with larger samples and consideration of in-
fluencing factors are needed. Third, the data of daily exercise 
and diet levels were collected solely by the child's self-reports, 
so care must be taken about the objectivity of the collected 
data. Fourth, long-term effects could not be examined in this 
study. The effectiveness of the MSHA program was examined 
through the number of days per week when children achieved 
their goals for diet and exercise and improvements metabolic 
outcomes for only 4 weeks. The lasting effects of the MSHA 
program were not evaluated. Considering the findings of a 
previous study [13] that an online intervention for obesity pre-
vention showed significant weight loss up to the first 6 
months, but no significant difference was observed at fol-
low-up after 2 years, further research is needed to evaluate 
possible long-term effects after the intervention. Lastly, the di-
rect effect of each component of the IMB model on children's 
knowledge, motivation, and behavioral skills was not eval-
uated, but only assumed in light of the final outcomes in this 
study. Determining which component of IMB has the stron-
gest influence on children's behavior could inform tailored in-
terventions for this population with higher effectiveness. 
Therefore, a future study should consider evaluating the ele-
ments of the IMB model to improve the effectiveness of the de-
veloped interventional program.

The clinical significance of this study was that the MSHA 
program developed herein allows nursing health care pro-
viders to monitor and provide motivation for children's diet 
and exercise without situational restrictions, targeting late- 
school-age obese children who are sufficiently familiar with 
the use of mobile devices to be called the "mobile native gene-
ration." Furthermore, the theoretical significance of this study 
lies in its application of the IMB model to the development of 
a nursing intervention program aimed at maintaining the 
health behavior of obese children. 

CONCLUSION

To change and enhance obese children's diet and exercise 
self-management health behavior, the MSHA program was 
developed based on the IMB model and evaluated for its effec-
tiveness and feasibility. The IMB model was well suited as a 
conceptual framework to develop a self-management inter-
ventional program for obese children. The MSHA program 
showed positive effectiveness for reducing metabolic syn-
drome risk and improving self-health management behavior 
in obese children by themselves. Based on the results of this 
pilot study, the MSHA program could be applied to a large 
population of late-school-age children. Furthermore, in view 
of the effectiveness of the program for improving metabolic 
outcomes, future studies that apply the MSHA program could 
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be expected to prevent metabolic syndrome. 
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