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Purpose: Obesity among children from low-income families is becoming a social problem.
The aim of this study was to evaluate the effectiveness of an obesity prevention program
that included physical activity, nutrition education, behavioral modification, and primary
caregiver participation components among children from low-income families. Methods:
The study analyzed a nonequivalent control group using a pretest-posttest design. A total
of 77 children were recruited from six community childcare centers using purposive
sampling. For the intervention group (n=40), the pretest was administered before the
combined intervention program involving the participants' primary caregivers was
conducted for 8 weeks. The posttest was conducted immediately after the program and
again four weeks after the program. Results: Flexibility (F=4.64, p=.020), muscular
endurance (F=11.22, p<.001), nutritional knowledge scores (F=4.79, p=.010), body image
satisfaction scores (F=4.74, p=.012), and self-esteem scores (F=3.81, p=.029) showed
significant differences and interactions between group and time for the intervention and
control groups. Conclusion: Strategies to actively engage the primary caregivers of
low-income families in children's obesity programs are needed. Obesity prevention
programs for children based on the program in this study should be routinely developed,
and continuing attention should be given to children from low-income families.
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INTRODUCTION

An association has been found in children between being
from low-income families and overweight/ obese status [1]. In
the United States, the obesity rate of children aged 2-19 years
old from families in the lowest income range was 18.9%,
whereas the obesity rate of children from families in the high-
est income range was 10.9%[1]. In South Korea, according to a
survey of third and sixth-grade elementary school students
(n=4,327), while the obesity rate of children from high-income
families was 3.5%, it was 6.1% for children from low-income
families nearly twice that of high-income families [2]. Child-
ren with unmanaged obesity are more likely to develop chron-
ic diseases in adulthood than non-obese children [3]. Manag-
ing chronic diseases often entails an economic burden and
thereby contributes to a vicious cycle of poverty in which both
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chronic diseases and poverty are exacerbated [4]. Children
from low-income families are less likely to participate in phys-
ical activity programs and maintain healthy diets due to their
low economic status [1,3]. In addition, both parents from
low-income families tend to have to work and thus eat out fre-
quently and eat prepared foods that are easy to cook [5]. Low-
income children have also been found to be more likely to eat
meals or snacks while watching TV than children of other
classes, which is one of the reasons for their increased risk of
obesity [3]. Therefore, overweight/obese children from low-
income families require support.

There are three main approaches for managing obesity in
children. The first approach is to conduct exercise interven-
tions to enhance children's physical activity, the second ap-
proach is nutrition education to improve children's eating
habits, and the last approach is behavior modification for im-
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proving children's overall lifestyles [6]. These approaches can
be implemented alone or together to design obesity manage-
ment programs for children. A previous meta-analysis found
that childhood obesity was most effectively managed when
physical activity and nutrition education were implemented
together [7]. Bleich et al. [8] also examined the effects of com-
munity-based programs for obese children in a meta-analysis
and found that these programs were most effective when they
included both physical activity and nutrition education. More-
over, conducting multiple simultaneous intervention programs
that include behavior modification has also been recommended,
since cultivating a healthy lifestyle and self-management is es-
sential for managing child obesity in the long term [9].

An important consideration for obesity prevention in chil-
dren is their surrounding environment. Existing health pro-
grams mainly deal with internal factors associated with health
issues, such as a lack of knowledge and improvement of one's
lifestyle. However, it is necessary to consider the various envi-
ronments that children inhabit when developing intervention
programs intended to change children's behavior [10]. Within
these environments, parents have the greatest impact on child-
ren's lifestyles [5]. In the home environment, parents have the
greatest influence on the nutritional and behavioral habits of
children. For example, if parents are knowledgeable about nu-
trition, children tend to consume more fiber, low-fat foods,
vegetables, and fruits [11]. On the contrary, if parents are in-
active and frequently watch TV at home, children naturally
tend to imitate those living patterns [3].

In addition, parents can encourage their children to form
healthy eating habits and lifestyle habits, as well as to actively
participate in programs [5]. Parents can help their children
shape their eating habits by providing them with healthy
meals [1]. In addition, parents can support their children by
encouraging them to participate in obesity management pro-
grams and monitoring their children's eating habits and ex-
ercise levels with appropriate reinforcement so that their chil-
dren maintain healthy lifestyles [1,5].

However, very few obesity intervention programs that in-
volve parents or primary caregivers have been conducted in
South Korea [10]. Although Kim et al. [12] examined news-
letters and text messages sent to parents about managing their
children's obesity, this method is still limited when it comes to
actively encouraging parents' participation and helping pa-
rents to monitor their children's obesity. Park et al. [10] found
that only 17.7% of programs conducted from 1996 to 2015 in
South Korea incorporated participation by caregivers. Al-
though primary caregivers are aware of the importance of
their role in managing obesity in their children, there are still
only a few programs that reflect this awareness in South
Korea. Therefore, in this study, we aimed to develop a com-
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bined obesity prevention program for children from low-in-
come families that includes primary caregiver participation
and examine its effects on body mass index (BMI), physical
strength, nutritional intake, nutritional knowledge, body im-
age satisfaction, and self-esteem. The following hypotheses
were investigated:

Hypothesis 1. There will be significant differences in BMI
between the groups and at different times in the intervention
group and control group.

Hypothesis 2. There will be significant differences in phys-
ical strength (flexibility, muscular endurance, agility) be-
tween the groups and at different times in the intervention
group and control group.

Hypothesis 3. There will be significant differences in nutri-
tional intake (fruit, vegetable, and dairy intake) between the
groups and at different times in the intervention group and
control group.

Hypothesis 4. There will be significant differences in nutri-
tional knowledge scores between the groups and at different
times in the intervention group and control group.

Hypothesis 5. There will be significant differences in body
image satisfaction scores between the groups and at different
times in the intervention group and control group.

Hypothesis 6. There will be significant differences in
self-esteem scores between the groups and at different times
in the intervention group and control group.

METHODS

Ethics statement: This study was approved by the institutional re-
view board of Inje University (No. 2018-07-002). Informed consent

was obtained from the participants.

1. Study Design

This is a quasi-experimental study that used a nonequiva-
lent control group pretest-posttest design to examine the ef-
fectiveness of a combined obesity prevention program aimed
at children from low-income families that incorporated pri-
mary caregiver participation.

2. Setting and Samples

Community childcare centers (CCCs) in South Korea pro-
vide after-school care services for children from low-income
families. CCCs are available to children from low-income
families based on Korean household income standards as well
as to other children who require community protection and
support such as children with disabilities and single-parent or
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grandparent-led families. According to data on the economic
status of children who use CCCs, only 7.6% of children came
from families whose income exceeded 100% of the median,
38.2% of children were from families with an income of 50% to
85% of the medium, and 25.3% of children were from families
with an income of less than 50% of the median [13]. Consider-
ing these characteristics, CCC users were selected as a target
group since CCCs are a key environment for low-income fam-
ilies in South Korea. First, we met with the directors of CCCs
and explained the objective and methods of this study. As a
result, six centers that agreed to participate were selected for
this study. To avoid the effect of interactions during the course
of the study, the six centers were divided into three inter-
vention centers, where the program would be conducted, and
three control centers based on geographic proximity using
purposive sampling. The specific selection criteria for partic-
ipants in this study were as follows. First, the participants had
to be elementary school students enrolled in a CCC. Second,
children with chronic diseases, such as diabetes and hyper-
tension, were not included. Third, the children and primary
caregivers had to agree to participate in the study. Fourth,
the children had to be from low-income families according to
South Korean household income standards. Fifth, the children
had to be able to answer a self-reported questionnaire.

The required sample size was calculated using G*Power
version 3.1.2. In total, 70 participants were needed for this
study with an effect size of .23, which was determined based
on a previous meta-analysis of a childhood obesity program
in Korea [6], a significance level of .05, a statistical power of
.90, a nonsphericity correction ¢ of .50, two groups, three
measurements, and two-way repeated-measured analysis.
Accounting for an expected attrition rate of 20%, 42 students
were recruited for the intervention group and the control
group. In the control group, two students dropped out of this
study due to moving elsewhere, and three students did not
complete the follow-up test 1 month after the study had
ended (11.9% dropout rate). In the intervention group, two
students did not complete the follow-up test 1 month after
the study had ended (4.8% dropout rate) (Figure 1). As a re-
sult, data from 40 participants in the intervention group and
37 participants in the control group were included in the final
analyses.

3. Ethical Considerations

This study was approved by the institutional review board
(No0.2018-07-002). A pamphlet was prepared to explain the ob-
jectives and procedures of the study to children and primary
caregivers. It also explained that participants could withdraw
from the study at any time without repercussions and that in-
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formation about participants would remain confidential and
would not be used for purposes other than research. A re-
searcher then called the primary caregivers via phone to again
explain the purpose and procedure of the study and obtained
verbal consent. Written consent forms were then sent to the
primary caregivers who had given verbal consent, and they
were signed by the primary caregivers and given to the chil-
dren to bring to the CCC. Verbal consent was obtained from
the children before both data collection and the start of the
program.

To avoid any stigma from being classified as a low-income
family, we avoided using descriptions that could add to that
stigma such as "low-income families" or "single-parent fami-
lies" in all educational materials, and the educators also fully
recognized this problem before conducting research.

4. Measurements

Pretest data collection took place at the introductory ses-
sion (the day before the program), and posttest data collection
took place at the concluding session (the day after the pro-
gram). One month after the end of the program, the research
assistants made an appointment to visit the CCC to conduct
data collection. The same research assistants performing data
collection were blinded with regard to the group assignment.

1) Body mass index

BMI was measured using an Inbody analyzer (Inbody 3.0,
Biospace co., Seoul, Korea), an automatic measuring tool, in
kilograms per meter squared. To minimize errors, the same
qualified researcher measured the BMI of all children at the
same time before meals while they wore light clothes and no
shoes.

2) Physical strength evaluation

The Physical Activity Promotion System (PAPS) [14] has
been a commonly used method for measuring children's
physical strength in elementary schools in South Korea since
2009. Using the specific manual for the PAPS [14], strength
evaluations were taken by the one trained researcher who had
majored in physical education.

(1) Flexibility

Flexibility was measured using trunk flexion, which is a
test that measures the degree to which subjects can bend their
body in a sitting position with their legs straight. The subjects
maintained a bent posture for more than 2 seconds to ensure
that their knees did not rise, and the distance on the ruler at
the stop point of both fingers was measured in centimeters.
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Figure 1. Flow diagram for participants. BMI, body mass index; CCC, child care center.

(2) Muscular endurance

Muscular endurance was measured using sit-ups. Children
were asked to lie down with their fingers interlocked behind
their heads and then raise their upper body when a researcher
said the word "start," touching both elbows to both knees,
then returning to their original lying position. The fingers
should not separate during the exercise, and the researcher re-
corded the number of repetitions the subject could perform
within 1 minute.

(3) Agility

Agility was measured using a standing long jump. A meas-
urement was recorded at the point where the subject's two feet
landed, taking care not to fall over the line. After two repeti-
tions, with distances measured to 0.1 cm, the higher of the two
measurements was selected.
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3) Nutritional assessment

Based on the Fourth National Health Plan Obesity Index
[15], the nutritional status of the children was assessed accord-
ing to their weekly and daily intake of fruits, vegetables, and
dairy products.

4) Nutritional knowledge

Based on the Fourth National Health Plan Obesity Index
[15], five nutrition-related survey questions were answered
by the children. Questions were asked about the recom-
mended number of vegetables one should consume per day,
what nutrients were in fruits and vegetables, which foods
were rich in calcium, which foods were good as snacks, and
which foods to avoid so as not to gain weight. The answers to
all the questions were averaged out of 100 points.

5) Body image satisfaction

www.e-chnr.org
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A body image satisfaction scale was developed by Franzoi
and Shields [16] to measure satisfaction with each part of the
body, and Shin [17] redesigned the scale specifically for chil-
dren in elementary school. The scale consisted of 24 questions,
with answers measured on a 5-point Likert scale (1=very dis-
satisfied to 5=very satisfied). A higher score indicated a more
positive body image. Cronbach's was .91 in Shin's study [17]
and .96 to .97 in this study.

6) Self-esteem

The Self-Perception Profile developed by Harter [18], which
was translated and modified by Lee and So [19], was used in
this study. This instrument included 27 items which subjects
rated using a 4-point Likert scale (1=strongly disagree to 4=
strongly agree). A higher score indicated higher self-esteem.
Cronbach's was .87 in Lee and So's study [19] and .93 to .96 in
this study.

5. Combined Obesity Prevention Program

In this study, a combined obesity prevention program that
included components on nutrition, physical activity, behavior
modification management, and primary caregiver participa-
tion was developed by organizing a research team consisting
of experts in related fields and reviewing previous studies
and literature related to child obesity management. Subse-
quently, three external consultants from the research team
who specialized in physical education, nutrition, and pedia-
tric nursing were invited to enhance the validity of the pro-
gram's curriculum. After that, the program's applicability to
the children targeted in this study was evaluated by asking
CCC managers, employees, and social workers to assess the
difficulty and scope of the program. In addition, the role of
each researcher and research assistant was classified, and the
same curriculum was taught repeatedly to increase the reli-
ability and validity of the study. During the course of the pro-
gram, progress was confirmed through weekly meetings with
the program operators and center instructors. The program
was conducted for 8 weeks from July 30 to September 20,
2018, and consisted of four interventions. After the 8-week
program ended, the same program was provided to the con-
trol group. An outline of the program is shown in Table 1.

1) Behavior modification

The behavior modification component was conducted by a
researcher who specialized in pediatric nursing with experi-
ence in childhood obesity management. The goal of the be-
havior modification component was to analyze factors that
led to obesity and encourage the children to adopt a healthy
lifestyle, under the assumption that obesity is caused by over-
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eating and lack of activity, based on the five phases of behav-
ior modification among obese children shown in a study by
Saelens et al. [20].

(1) Self-monitoring

Using a self-behavioral diary, the children maintained and
managed healthy lifestyles on their own to further under-
stand what habits, behaviors, and attitudes led to their
obesity. The children monitored 20 healthy lifestyle habits
each day and checked them daily with their primary care-
givers and teachers in the center.

(2) Goal setting

Based on the children's obesity measurements and ques-
tionnaire answers, one researcher in charge of operating the
program spoke with each child to establish specific goals for
individualized eating habits, lifestyles, and weight loss that
each child could achieve.

(3) Problem-solving

The factors that prevented children from achieving their
goals were identified and discussed with children and pri-
mary caregivers to resolve the impediment using telephone
counseling.

(4) Stimulus control

In order to control the children's environment, the center
provided physical activity and nutrition education classes. At
home, primary caregivers allowed the children to control
their environment.

(5) Rewarding

Small gifts were provided to the children who achieved
their weekly goals and faithfully completed their self-behav-
ioral diaries. After the completion of the program, one child
was rewarded for the most regular participation, and a certifi-
cate was given to all of the students who participated.

2) Primary caregiver involvement

Primary caregivers participated in behavioral modification
and cooking classes, based on the understanding that children
for whom ideal weight, healthy eating, and physical activity
are modeled by their primary caregivers have a significantly
lower chance of becoming obese when they reach adulthood
[12,20]. The subjects' current eating habits, lifestyles, weight,
and obesity levels were provided and possible solutions to the
problems were discussed during recurring telephone inter-
views that took place at least once per week. Primary care-
givers were also provided with weekly educational materials
that could be used at home to help the children achieve their
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Program

Main contents

Introductory session (120 minutes)

Session 1

Session 2

Session 3

Session 4

Session 5

Session 6

Session 7

Session 8

Session 1-8

PA 1 (50 min)
PA 2 (50 min)
NE 1 (50 min)
PA 3 (50 min)
PA 4 (50 min)
NE 2 (40 min)
CC 1(90 min)

PA 5 (50 min)
PA 6 (50 min)
NE 3 (50 min)

PA 7 (50 min)
PA 8 (50 min)
NE 4 (50 min)

CC 2(90 min)

PA 9 (50 min)
PA 10 (50 min)
NE 5 (50 min)
PA 11 (50 min)
PA 12 (50 min)
NE 6 (50 min)
CC 3(90 min)

PA 13 (50 min)
PA 14 (50 min)
NE 7 (50 min)
PA 15 (50 min)
PA 16 (50 min)
NE 8 (50 min)
CC 4 (90 min)

Behavior
modification
(30 min)

Concluding session (120 min)

Post-program survey (1 month later)

- Distribution and retrieval of the applications for the program

-Program guide for primary caregivers of participating children

- Pre-program survey of measurement variables

- Final goal and weekly goal setting after individual questionnaire analysis

- Understanding and practicing boxing

-Muscle strengthening exercise 1

- Balanced diet (class): Food balance wheel, balanced eating

- Basic postures in boxing (hook, switch)

- Muscle strengthening exercise 2

-Balanced diet (practice): Practicing a balanced meal (tortilla), one serving size for one person

- Cooking class with primary caregiver
- Try a balanced meal: Tofu sushi

- Basic postures in boxing (weaving)
- Muscle strengthening exercise 3

- Healthy snacks (class): Learn about healthy snacks, compare healthy snacks with unhealthy snacks

(learn about your sugar intake), choose healthy snacks

- Basic postures in boxing (ducking)
-Muscle strengthening exercise 4

- Healthy snacks (practice): Making healthy snacks (rice cake skewers), committing to eating healthy

snacks

- Cooking class with primary caregiver
- Healthy snacks: Fruit punch

- Music boxing using boxing training, section 1

-Muscle strengthening exercise 5

- Understanding food label (class): How to read food labels, how to use food labels
- Music boxing using boxing training, section 2

Muscle strengthening exercise 6

- Cooking with nutrients in food balance wheel: Making spring rolls

- Cooking class with primary caregiver

-No picky eating: Sandwiches

- Music boxing using boxing training, section 3

- Muscle strengthening exercise 7

-Food diary: How to write in and use it

-Music boxing using boxing training, section 4

- Muscle strengthening exercise 8

- Cooking with nutrients in the food balance wheel (practice): Making kimchi-vegetable rice balls

- Cooking class with primary caregiver
-5 major nutrients: Kimbap

- Inspection of food and exercise diary

-Set weekly objectives and evaluate

- Establishing a goal attainment plan

- Issue education materials about obesity management at home, weight, BMI, and children's weekly

goals

- Encourage management of child obesity at home through telephone counseling once per week with

primary caregiver

- Training on the importance of follow-up guidance and sustainability management
- Post-program survey of measurement variables

- Evaluation of program, compensation, and completion ceremony

- Tracking children's participation in the program

- Post-program survey of measurement variables after one month

BMI, body mass index; CC, cooking class; NE, nutrition education; PA, physical activity.
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goals. Additionally, caregivers were informed of the child-
ren's progress in the program to encourage cooperation at
home and the children's participation. Primary caregivers al-
so participated in the cooking class so that they could practice
a healthy diet together with their children.

3) Physical activity

To attract the interest of the children, we conducted a phys-
ical activity that combined music boxing and muscle strength-
ening exercise. Music boxing was conducted once a week for
50 minutes. A professional instructor provided training re-
garding boxing's basic movements and then trained the chil-
dren in those movements along to K-pop music. Muscle-
strengthening exercises were conducted once a week for 50
minutes, with classes being conducted by a professional
weight trainer. Push-ups (against the wall, kneeling on the
floor), squats, a tug game, and resistance exercise using body
weights or resistance bands were included to increase muscle
strength and bone health. The exercises mentioned were
adapted into games with group activities to keep the children
interested.

4) Nutrition education

Nutrition education was conducted by a professional in-
structor for 50 minutes each week. To increase the effective-
ness of the program, we conducted a cooking class with chil-
dren based on what we learned during the previous week.
After learning about the five nutrients included on the Korean
"food balance wheel", children made tortillas to help teach
them about eating a balanced meal. Having learned to choose
healthy snacks, the children made rice cake skewers that were
low in salt, sugar, and fat. In addition, in order to encourage
the children to increase their consumption of vegetables, spring
rolls and rice balls were made using vegetables that children
did not typically eat enough of. In addition, a cooking class
with children and their caregivers was offered to help chil-
dren become familiar with the nutritional properties of food
ingredients and reduce their resistance to foods by participat-
ing in fun cooking activities such as making tofu sushi, fruit
punch, sandwiches, and kimbap. By conducting cooking classes
with caregivers every 2 weeks, we tried to foster family ties
and closeness while also promoting good eating habits.

6. Data Analysis

Data analysis was conducted using SPSS version 25.0 (IBM
Corp., Armonk, NY, USA). Homogeneity of variances was de-
termined by conducting the Levene test. Homogeneity testing
for general characteristics and outcome variables was perfor-
med using the independent t-test and x” test. Repeated-
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measures analysis of variance was used to compare the dif-
ference between dependent variables. The Greenhouse- Geis-
ser correction was used when the variables did not fulfill the
sphericity assumption. Comparison of the changing variables
between groups was performed using the t-test.

RESULTS

1. Homogeneity of Variance Test for Outcome Variables

The equality of variance of dependent variables such as
BMI (F=0.01, p=.939), flexibility (F=0.08, p=.773), muscular
endurance (F=3.66, p=.060), agility (F=0.10, p=.758), fruit in-
take (F=0.01, p=.946), vegetable intake (F=0.06, p=.807), dairy
intake (F=0.06, p=.803), nutritional knowledge scores (F=3.24,
p=.076), body image satisfaction scores (F=3.65, p=.060), and
self-esteem scores (F=3.40, p=.069) were confirmed using the
Levene test.

2. Homogeneity Test for General Characteristics and
Outcome Variables

There were no differences in the general characteristics and
outcome variables between the two groups (p >.050) (Table 2).

3. Hypothesis Testing

1) Hypothesis 1

Regarding BMI, there were no statistically significant dif-
ferences between the groups (F=3.56, p=.063) or interaction
between group and time (F=1.11, p=.318). There was a sig-
nificant difference across the time points (F=16.50, p <.001)
(Table 3). Therefore, hypothesis 1 was rejected.

2) Hypothesis 2

In terms of flexibility, there were no statistically significant
differences between the groups (F=0.11, p=.739) or across the
time points (F=1.47, p=.235). There was a statistically sig-
nificant interaction between group and time (F=4.64, p=.020).
The flexibility of the intervention group increased by 1.63+
4.31 cm 4 weeks after the intervention (t=2.34, p=.002) (Figure
2-A, Table 3).

In addition, for muscular endurance, there was no signifi-
cant difference between the groups (F=3.09, p=.083). There
were statistically significant differences across time points
(F=14.02, p <.001) and an interaction between group and time
(F=11.22, p<.001). The muscular endurance of the interven-
tion group increased by 13.83117.99 number of repetition per
minute immediately after the intervention (t=3.23, p=.002)
and by 18.18£22.68 number of repetition per minute 4 weeks
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after the intervention (t=4.03, p <.001) (Figure 2-B, Table 3).

Regarding agility, there were no statistically significant
differences between the groups (F=1.33, p=.253), differences
across time points (F=0.90, p=.383), or interaction between
group and time (F=2.84, p=.078) (Table 3). The intervention
group showed improved flexibility and muscular endur-
ance, but not agility. Therefore, hypothesis 2 was partially
supported.

3) Hypothesis 3

For fruit intake, there were no statistically significant differ-
ences between the groups (F=0.27, p=.605), differences across
time points (F=1.30, p=.276), or interaction between group
and time (F=0.32, p=.730) (Table 3).

For vegetable intake, there were no statistically significant
differences between the groups (F=1.30, p=.258), differences
across time points (F=2.73, p=.081), or interaction between
group and time (F=0.34, p=.664) (Table 3).

For dairy intake, there were statistically significant differ-
ences between the groups (F=5.10, p=.013) and across time
points (F=5.05, p=.013). However, the interaction between
group and time was not statistically significant (F=0.24, p=.734)
(Table 3). Therefore, hypothesis 3 was rejected.

4) Hypothesis 4

For the nutritional knowledge scores of the children, there
were statistically significant differences across time points
(F=23.69, p <.001) and a significant interaction between group

Table 2. Homogeneity Test for General Characteristics and Outcome Variables (N=77)

Intervention Control
Variables Characteristics Categories (n=40) (n=37) t p
n (%) orMxSD n (%) or M£SD

Children's Age (year) 10.15+1.17 10.54%1.19 1.45 151
gﬁ“eral . Sex Male 14 (35.0) 15 (40.5) 0.25 616
characteristics Female 26 (65.0) 22 (59.5)

Weight status Low weight 5 (12.5) 2(5.4) 3.25 .355
Normal 29 (72.5) 27 (73.0)
Overweight 6 (15.0) 6 (16.2)
Obese - 2(5.4)

Primary Relationship Father 6 (15.0) 8 (21.6) 426 119
caregiver's Mother 33 (82.5) 24 (64.9)
general Grandparent 1(2.5) 5 (13.5)
characteristics 5o (vear) 4138+6.78 44.70£9.04 184 070

BMI (kg/m?) 22.30£3.38 22924317 0.83 412
Weight status Low weight 5 (12.5) 2(54) 1.56 .668
Normal 25 (62.5) 25 (67.6)
Overweight 9 (22.5) 8 (21.6)
Obese 1(2.5) 2 (5.4)
Perceived economic Very low 3(7.5) 4 (10.8) 422 .239
status Low 12 (30.0) 7 (18.9)
Average 24 (60.0) 21 (56.8)
High 1(2.5) 5 (13.5)

Children's BMI (kg/m?) 17.91£3.03 19.18+3.38 1.75 .085
°utF°g‘1“e Physical strength Flexibility (cm) 6.98+6.82 8.26+6.28 0.85 397
varables evaluation Muscular endurance (reps/min) 36.60+26.20 36.86116.30 0.53 .958

Agility (cm) 119.39+25.63 124.02+21.52 0.85 .396

Nutritional assessment  Fruit intake 3.70+1.76 4.01+1.73 0.89 376
(days/week) Vegetable intake 5.16+1.57 473+1.48 1.28 .205
Dairy intake 410%+1.74 443+1.64 0.86 392

Nutritional knowledge 62.00+25.14 71.35+19.17 1.82 072
Body image satisfaction 89.10+16.24 93.38+12.54 1.29 202
Self-esteem 75.03+£6.42 75.11+£12.38 0.04 971

BMI, body mass index; reps, repetitions.
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Table 3. Effects of Combined Obesity Prevention Program Including Primary Caregiver (N=77)

CHNR

Posttest after
Pretest Posttest
Variables Group 4 weeks Source F (p)
M=£SD M=£SD M=£SD
BMI (kg/m?) Int. (n=40) 17.91£3.03 18.02+3.06 18.13+2.98 G 3.56 (.063)
Cont. (n=37) 19.18+3.38 19.40£3.27 19.55%3.30 T 16.50 (<.001)
G'T 1.11 (.318)
Physical strength evaluation
Flexibility (cm) Int. (n=40) 6.98+6.82 7.49+6.44 8.61£5.90 G 0.11 (.739)
Cont. (n=37) 8.26+6.28 8.3816.36 7.8516.72 T 1.47 (.235)
G'T 4.64 (.020)
Muscular endurance Int. (n=40) 36.601+26.20 50.431+31.68 54.78+30.91 G 3.09 (.083)
(reps/min) Cont. (n=37) 36.86£16.30 39.324+21.43 37.19+21.84 T 14.02 (<.001)
G*T 11.22 (<.001)
Agility (cm) Int. (n=40) 119.39425.63 118.03+26.50 119.524+26.96 G 1.33 (.253)
Cont. (n=37) 124.02+21.52 128.51+20.11 128.99+27.33 T 0.90 (.383)
G*T 2.84 (.078)
Nutritional assessment (days/week)
Fruit intake Int. (n=40) 3.70£1.76 4.03£1.85 4.3311.64 G 0.27 (.605)
Cont. (n=37) 4.01+1.73 411+1.71 4.27+1.52 T 1.30 (.276)
G*T 0.32 (.730)
Vegetable intake Int. (n=40) 5.16+1.57 470+1.83 4.90+£1.61 G 1.30 (.258)
Cont. (n=37) 4.73+1.48 449+1.71 4.46+1.52 T 2.73 (.081)
G'T 0.34 (.664)
Dairy intake Int. (n=40) 410+1.74 4.25+1.97 4.68+1.77 G 5.10 (.013)
Cont. (n=37) 4.43+1.64 4.86+1.62 5.22+1.44 T 5.05 (.013)
G'T 0.24 (.734)
Nutritional knowledge Int. (n=40) 62.00+25.14 84.00+19.85 85.00+21.60 G 0.08 (.781)
Cont. (n=37) 71.35+19.17 75.68123.16 87.031£20.12 T 23.69 (<.001)
G*T 4.79 (.010)
Body image satisfaction Int. (n=40) 89.10+16.24 100.95+14.08 103.25+14.05 G 0.05 (.825)
Cont. (n=37) 93.38+12.54 100.57+16.03 97.49+15.56 T 21.76 (<.001)
GT 4.74 (.012)
Self-esteem Int. (n=40) 75.0316.42 87.031£9.19 92.63+12.79 G 5.35 (.023)
Cont. (n=37) 75.11+12.38 79.89+14.33 85.92+12.10 T 47.37 (<.001)
G'T 3.81 (.029)
Posttest-Pretest Posttest after 4 weeks-Pretest
Variables Group
M=£SD t(p) M=£SD t(p)
Flexibility (cm) Int. (n=40) 0.51+2.36 0.78 (441) 1.6314.31 2.34 (.022)
Cont. (n=37) 0.13£1.87 -0.41+3.23
Muscular endurance Int. (n=40) 13.83+17.99 3.23 (.002) 18.18+22.68 4.03 (<.001)
(reps/min) Cont. (n=37) 2.46+12.01 0.32+15.84
Nutritional knowledge Int. (n=40) 22.00+27.85 3.31 (.001) 23.00+31.88 1.23 (.225)
Cont. (n=37) 4.32+18.34 15.68+19.51
Body image satisfaction Int. (n=40) 11.85+12.39 1.64 (.105) 14.15%+16.33 2.71 (.008)
Cont. (n=37) 7.19+12.50 411+16.21
Self-esteem Int. (n=40) 12.00+10.68 2.84 (.006) 17.60+14.04 2.01 (.048)
Cont. (n=37) 4.78+11.59 10.81+15.56

BMI, body mass index; Cont., control group; G, group; Int., intervention group; reps, repetitions; T, time.
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Figure 2. Effects on the outcome variables over time in both groups, based on the repeated-measures analysis. (A) Flexibility.
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and time (F=4.79, p=.010). There was no significant difference
between the groups (F=0.08, p=.781). Therefore, hypothesis 4
was supported. The nutritional knowledge of the intervention
group increased by 22.00%27.85 points immediately after the
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intervention (t=3.31, p=.001) (Figure 2-C, Table 3).

5) Hypothesis 5
With regard to the body image satisfaction scores of chil-
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dren, there was no statistically significant difference between
the groups (F=0.05, p=.825). However, there were statistically
significant differences across the time points (F=21.76, p <
.001) and an interaction between group and time (F=4.74,
p=.012). Therefore, hypothesis 5 was supported. Four weeks
after the intervention, the mean body image satisfaction score
of the intervention group increased by 14.151+16.33 points
(t=2.71, p=.008) (Figure 2-D, Table 3).

6) Hypothesis 6

Regarding the self-esteem scores of the children, there were
statistically significant differences between the groups (F=5.35,
p=.023), differences across the time points (F=47.37, p <.001),
and an interaction between group and time (F=3.81, p=.029).
Therefore, hypothesis 6 was supported. Immediately after the
intervention, the average self-esteem score of the intervention
group increased by 12.00£10.68 points (t=2.84, p=.006). Four
weeks after the intervention, the average self-esteem score of
the intervention group increased by 17.60+14.04 points (t=
2.01, p=.048) (Figure 2-E, Table 3).

DISCUSSION

We found that this program was effective at improving the
children's flexibility and muscle endurance in terms of the
physical activity component. Since obesity control should
combine anaerobic and aerobic exercise, the program im-
plemented in this study combined muscle strengthening ex-
ercises with boxing to balance the physical activities of the
children. As a result, the program confirmed the lasting ef-
fects of enhanced muscular endurance. While aerobic exercise
is good for range of motion, continued muscle exercise im-
proves muscle potential [21]. The program was determined to
have no effect on agility, as agility tends to be affected by
learning through experience [22].

The effects of the combined exercises performed by the chil-
dren were not clear. In Europe, combined exercise, which in-
cludes muscle strength training, improved the muscle strength
of obese children aged 6-18 years [21]. A meta-analysis of the
effects of combined exercise on obese adolescents in Korea al-
so found that combined exercise helped improve muscular
endurance [23]. World Health Organization guidelines for
children's physical activities also recommend muscle-strength-
ening activities, as well as aerobic activities, for children [24].
However, a recent study found that aerobic exercise alone
showed similar effects on overweight and obese children aged
12 to 17 years old to combined exercise [25]. While studies
have repeatedly found that providing a combined exercise
program that includes both anaerobic and aerobic exercise is
effective for obesity control in adults, the effects of combined

www.e-chnr.org

intervention programs on children remain unclear [25]. In the
future, it will be necessary to verify the effects of combined ex-
ercise across multiple studies by observing its effects on chil-
dren according to numerous different variables in diverse
environments.

Considering that interventions experienced in person by
students are more effective than didactic nutrition education,
we designed a practical program (cooking class) for the fol-
lowing week based on the educational contents of the pre-
vious week. In addition, since the children's home and living
environments had a great effect on their eating behavior [5],
we gave pamphlets to primary caregivers or gave them time
to cook together with their children. The program was devel-
oped so that children could be taught individual nutritional
knowledge with which to cultivate healthy eating habits, and
parents were also taught nutritional knowledge so they could
provide healthy meals for their children with proper encour-
agement and guidance. As a result, however, although the nu-
tritional knowledge of the children improved, actual behav-
iors did not change, and no increases were observed with re-
gard to children's intake of fruits, vegetables, and dairy. This
is likely because the interventions aimed at primary care-
givers, such as only providing a nutritional pamphlet, were
somewhat passive. Parents with a high level of nutritional
knowledge have been found to be more likely to influence
their children to consume high-fiber foods, low-fat foods, veg-
etables, and fruits and maintain an overall healthy diet [11].
Thus, more specific interventions to enhance parents' nutri-
tional knowledge should be explored.

Moreover, given that there were no significant differences
in fruit, vegetable, and dairy intake, we found that actual eat-
ing habits are hard to improve through education and nutri-
tional knowledge alone. The best method for influencing
children's actual eating behaviors is to ensure that their sur-
rounding environment provides them access to free fruits or
vegetables [26]. Since children from low-income families have
limited access to quality foods, programs that provide fruits
and vegetables directly to low-income families are gaining in-
creased attention. Ridberg et al. [27] found that children's con-
sumption of vegetables and fruits improved after implement-
ing a program that directly provided tokens and coupons for
purchasing fruits and vegetables to children from low-income
households. In addition, in-person participation in gardening
and cooking programs for children can help them to gain
knowledge about ingredients and help them maintain healthy
eating habits over the long term [26]. When providing nu-
trition education in CCCs, in-person, participatory programs
for children should be developed rather than straightforward
nutrition education.

This study found that the program improved children's
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body image satisfaction four weeks after the end of the inter-
vention. Body image is a feeling and attitude toward one's
body. If a child has a positive body image, it decreases their
level of stress when participating in physical activities [28].
According to prior studies, participation in exercise positively
affects children's body image [29]. Since body image is an im-
portant factor for influencing eating behaviors and habits re-
lated to physical activity, children should spend time in envi-
ronments that enhance their body image. In addition, school-
aged children experience rapid physical and physiological de-
velopments and develop a growing interest in their bodies
[10]. Therefore, it is necessary to provide obese children with
an environment in which they can cultivate a positive body
image, since perceived body image in this period is an im-
portant factor for the formation of eating behaviors and habits
regarding physical activity. Therefore, future programs de-
veloped for obese children should include interventions that
can provide them with a positive body image.

We confirmed that our program improved children's self-
esteem after the intervention, which is a similar finding to that
of Lee and Oh [29], who conducted a 26-week obesity control
program for children. Lowry et al. [30] also observed positive
changes with regard to self-esteem when families were in-
volved in weight management programs for children in their
review of 21 articles. Children's self-esteem improved as a
result of acquiring self-control and cultivating better habits
through the behavior modification component of the program
from this study. Since obesity has diverse effects on children's
psycho-social development, mental health problems caused
by obesity should be taken as seriously as physical health [8].
Low-income families may not have the means to protect and
educate their children at home after school due to parents' ab-
sence or economic status [3]. As a result, children from low-in-
come families are often neglected or ignored and thus are so-
cially and psychologically vulnerable. In this regard, psycho-
social approaches to developing obesity management pro-
grams for children from low-income families should be con-
sidered.

Since the program did not specifically target obese chil-
dren, a significant change in BMI was not observed. However,
numerous variables related to children's obesity still showed
improvements as a result of the program. Since school-aged
children are at an especially important period in their devel-
opment during which their habits are in the process of being
formed, efforts should be made to encourage children to
adopt a healthy lifestyle and eating habits through routine
health management. In addition, the factors that affect child-
ren's obesity are diverse and include physical, psychological,
mental, and environmental components. Hence, controlling
children's obesity requires a multidisciplinary approach in-
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volving experts in various areas [7,8,10]. Since this program
included groups of experts in physical education, nutrition,
nursing, and social welfare, similar programs could provide a
professional and systematic solution to addressing obesity in
children. A multidisciplinary approach is also needed for con-
trolling childhood obesity in the future.

Children from low-income families have limited access to
programs that promote physical activity due to economic dif-
ficulties [3]. As a result, prior studies have found that children
from low-income families typically ate heavy dinners and
watched TV for longer periods of time than children from
middle and high-income families [3,5]. As such, it may be dif-
ficult to provide children from low-income families with a sta-
ble environment in which to promote physical activities in the
home. Thus, CCCs, where many children from low-income
families spend much of their time, should offer programs to
children from low-income families to promote regular phys-
ical activity.

This study successfully encouraged children to monitor
their daily living habits so that they could develop healthy
lifestyles, set specific goals, and manage their eating habits,
lifestyles, and weight loss. Although this study did not use
computers or the internet, which children tend to prefer ac-
cording to a study by Saelens et al. [20], it instead provided
tailored interventions that included counseling with the chil-
dren to set individualized goals. In addition, parents were in-
formed of their children's goals and the contents of the pro-
gram so that they could help to manage their children's goals
in the home environment.

Behavioral modification systematically corrects people's
diets, exercise habits, and other behaviors. While behavior
modification therapy results in a lower weight loss rate than
other obesity control methods, it has few side effects, a low
rate of attrition, and is effective at helping people to maintain
their weight loss [9]. Since school-aged children are in the
process of forming various behaviors, a behavioral modifica-
tion component should be included in obesity control pro-
grams to encourage school-aged children to cultivate healthy
lifestyles and control obesity during adolescence and adult-
hood in the long term.

The primary caregiver participation component inspired
parents to become more interested in their children's behav-
iors by encouraging them to pay closer attention to their child-
ren's eating and exercise habits [1]. Parents also tended to be
more careful about their own eating and exercise habits as a
result of the program. Since the family environment is a cru-
cial factor for influencing children's formation of habits
through behavioral modeling, parental involvement is essen-
tial for obesity control in the future [5]. In addition, commun-
ity-based programs that include a participatory element for
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primary caregivers are essential and have been found to have
a significant effect on children under the age of 13 years old
[7,8]. Primary caregivers from low-income families tend to be
diverse in terms of age and occupation, so many may find it
difficult to participate in programs due to economic con-
straints. Therefore, efforts should be taken to enable primary
caregivers from low-income families to actively participate in
children's obesity management programs.

Although primary care providers participated in the pro-
gram in this study, the variables related to primary care pro-
viders were not measured. In the future, variables such as the
number of fruits, vegetables, and dairy products consumed
by the children should be confirmed by primary caregivers for
accuracy and to verify the effectiveness of the program. While
our program strengthened the connection between children,
their homes, and a local CCC, it still did not incorporate learn-
ing in schools, where children spend most of their time. In the
future, children's health management will show improve-
ment if they are supported in their home environments,
schools, and CCCs and if programs include the cooperation of
school health teachers and homeroom teachers. In addition,
since our program was conducted for a short period (only 8
weeks), and since most programs for obese children in Korea
are 12 weeks long [10], it may be necessary to extend the dura-
tion of the program in the future to verify longer-term effects
through further research.

CONCLUSION

This study examined the effects of a program that incor-
porated physical activity, nutrition education, behavioral mo-
dification, and primary caregiver participation components to
prevent obesity in children from low-income families. As a re-
sult, we found that children's flexibility, muscle endurance,
nutritional knowledge, body image satisfaction, and self-es-
teem improved. Composite interventions should be routinely
offered in the future, and interventions should be developed
that include participation by children's primary caregivers. In
addition, programs should be developed for children from
low-income families that consider psychological factors.
Based on the results of this study, we recommend that further
comparative studies be conducted that extend the length of
the program to identify long-term educational effects. It is also
necessary to use various indicators to confirm the effective-
ness of the program.
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