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1  | INTRODUC TION

Adolescence is a critical period for cultivating and practising health 
behaviours that promote future health and well- being (Patton 
et al., 2016). Weight control is a health behaviour of major sig-
nificance to adolescents, regardless of their weight (Boutelle 
et al., 2007). Many adolescents misperceive their body weight, 
including one- fifth of American adolescents (Dues et al., 2020), 

one- third of French adolescents (Deschamps et al., 2015) and 44.5% 
of Chinese adolescents (Qin et al., 2019). Dues et al. (2020) found 
that body weight misperceptions were associated with unhealthy 
diet and physical inactivity in adolescents. Even normal- weight 
adolescents are likely to engage in unhealthy weight control be-
haviours, such as fasting, using food substitutes and skipping meals 
(Deschamps et al., 2015; Leal et al., 2020). Therefore, adolescents 
should learn and practise healthy weight control behaviours based 
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Abstract
Aim: This study examined the effects of a 12- week school- based “We Fit” weight 
control programme.
Design: A nonequivalent control group was used, with a non- synchronized pretest– 
posttest design.
Methods: In total, 109 Korean high school adolescents participated. The programme 
comprised exergaming, diet diary and counselling, health education, and social 
networking service- based group discussions. Anthropometric factors, physiologi-
cal factors and physical activity (daily steps and sitting time) were measured in the 
intervention and the control groups before and after the intervention. Programme 
satisfaction was assessed post- intervention. Data were analysed using descriptive 
statistics; the chi- square, Mann– Whitney U and t tests; and generalized estimating 
equations.
Results: The intervention group showed a significantly decreased waist circumfer-
ence, increased skeletal muscle mass, increased high- density lipoprotein cholesterol, 
decreased low- density lipoprotein cholesterol and reduced weekend sitting time.
Conclusion: This study adds to the evidence for the applicability and effectiveness 
of healthy weight control programmes using exergames for adolescents in school 
settings.
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on correct body perceptions to maintain a healthy lifestyle and pre-
pare for health in adulthood. School nurses can play a significant role 
in providing adolescents at school with professional health advice 
and helping them practise healthy weight control behaviours.

2  | BACKGROUND

The key principle of weight control is energy balance between intake 
and expenditure. Healthy weight control— achieved through physical 
activity and a healthy diet— helps prevent chronic illnesses, such as 
cardiovascular and metabolic diseases, and improves quality of life 
(Sparling et al., 2013).

Adolescents, regardless of their weight status, often engage 
in unhealthy dietary behaviours due to misperceptions of their 
body weight (Deschamps et al., 2015; Dues et al., 2020; Leal 
et al., 2020). Physical inactivity and sedentary behaviours of ado-
lescents are also a substantial health concern worldwide. A recent 
study (Wang et al., 2019) reported that Taiwanese adolescents en-
gaged in moderate- to- vigorous physical activity for 22.8 ± 15.7 min 
per day, whereas their sedentary time was 8.2 ± 2.7 hr per day. 
Systematic reviews have shown positive associations of physical 
activity in adolescents with health- related quality of life and men-
tal health, whereas sedentary behaviour was associated with lower 
psychological well- being (Marker et al., 2018; Rodriguez- Ayllon 
et al., 2019). Adolescents’ unhealthy weight control behaviours, in-
cluding unhealthy diets and physical inactivity, may result in serious 
medical or psychosocial consequences, including eating disorders, 
nutritional imbalances and substance use (Nagata et al., 2018). 
Therefore, healthcare professionals, including school nurses, 
should support adolescents to learn and practise healthy weight 
control behaviours.

School is a promising setting to implement health interven-
tions for adolescents in terms of accessibility and usability of the 
peer group. Previous studies have found that school- based obesity- 
prevention interventions, even without family support, were effec-
tive for improving adolescents’ physical activity, dietary behaviours 
and body weight (Bauer et al., 2011). In addition to the accessibility 
of the school setting, peers at school could play a pivotal role for ad-
olescents regarding weight control. In their review of empirical stud-
ies, Salvy and Bowker (2014) suggested that using peer networks 
could be an efficient way to promote healthy eating and physical 
activity in children and adolescents. Therefore, given the feasibil-
ity and effectiveness of programmes for adolescents at school, a 
school- based weight control programme would be helpful. A study 
reviewing the effects of lifestyle modification interventions to pre-
vent and manage adolescent obesity reported that combined inter-
ventions (e.g. diet and exercise or exercise and behavioural therapy) 
were effective (Salam et al., 2020). According to the US Centers for 
Disease Control and Prevention, classroom physical activity during 
the school day should be provided both to improve students’ learn-
ing outcomes and to promote physical activity (Centers for Disease 
Control & Prevention, 2018).

Exergaming shows considerable promise as a way to motivate ad-
olescents’ participation in school- based weight control programmes. 
Exergaming, a portmanteau of exercise and gaming, refers to playing 
video games that involve physical activity. The physical effects of ex-
ergaming a highly similar to those of traditional methods of exercise, 
as exergaming increases participants’ energy expenditure and heart 
rate (Maddison et al., 2007; Unnithan et al., 2006). Exergaming also 
has positive social effects, as adolescents who engaged in exergam-
ing with their friends showed strong friend relationships and a lower 
risk of social isolation (Staiano & Calvert, 2011). Sheehan and Katz 
(2012) suggested that exergaming at school might both increase ad-
olescents’ physical activity level and help introduce them to other 
types of physical activities. However, little has been reported on ad-
olescents’ use of exergaming at school for weight control.

The purpose of this study was to examine the effects of a school- 
based We Fit weight control programme for adolescents on physical 
activity, anthropometric factors and physiological factors, and inves-
tigate programme satisfaction.

3  | METHODS

3.1 | Study design

A nonequivalent control group was used, with a non- synchronized 
pretest– posttest design.

3.2 | Participants

Adolescents in the 10th and 11th grades of a high school in Seoul, 
South Korea, were eligible to participate. Participants were recruited 
using convenience sampling when the researchers visited their class-
rooms during school recess and explained the study purpose and 
procedures. Only adolescents who met the inclusion criteria volun-
tarily participated in the study. The inclusion criteria were students 
who were in 10th or 11th grade, were able to understand Korean and 
perceived themselves as healthy. The exclusion criteria were those 
who were receiving medical treatment for physical and/or mental 
illnesses. The study site was a private high school located in Seoul, 
South Korea, with approximately 1,100 male and female students 
enrolled. Figure 1 shows the flow of study participant recruitment.

The sample size for this study was calculated using G- Power 3.1 
with an effect size of 0.5 (medium), a significance level of 5% and 
a power of 80%, and a required sample size of 102 was obtained. 
Considering the potential for dropout, five classes with a total of 127 
students were recruited using simple cluster sampling and randomly 
assigned to two groups. Two classes with 60 students were assigned 
to the intervention group and three classes with 67 students to the 
control group. Eighteen students dropped out, yielding 50 partici-
pants in the intervention group and 59 in the control group. The rea-
sons for dropping out were loss or breakdown of the activity tracker 
(N = 6), poor compliance with wearing the activity tracker (N = 11) 
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and changing schools (N = 1). The final study participants consisted 
of 109 adolescents: 50 males (45.9%) and 59 females (54.1%). Their 
ages ranged from 15 to 17 years. Fifty- four were in the 10th grade 
(49.5%) and 55 were in the 11th grade (50.5%).

3.3 | Data collection procedures

The researchers shared information about the study and invited 
adolescents to participate. The students were given packets con-
taining informed consent and assent forms at school to take home 
for obtaining parental permission. In total, 127 students returned 
the consent and assent forms. To prevent intervention diffusion, 
data were collected first from the control group during the first 
semester of 2015 and then from the intervention group during the 
second semester of 2015. The intervention group received the in-
tervention for 12 weeks, and the control group received no treat-
ment. Anthropometric data, physiological data and physical activity 
levels were measured in both groups pre-  and post- intervention. 
Programme satisfaction was also examined in the intervention group 
after programme completion. We used the TREND reporting guide-
lines (Des Jarlais et al., 2004).

3.4 | Ethical considerations

The study was approved by the Institutional Review Board of the 
first author’s university (No. 1405/002- 009). The principal of the 

high school also gave permission to conduct the study. Parental in-
formed consent was obtained prior to the beginning of the study. 
Assent was also obtained from the adolescents. In order to prevent 
weight- related bias, we recruited interested adolescents regardless 
of their body weight, with no separate approach to recruit subjects 
according to their body weight. The data collected from participants 
were coded anonymously for privacy protection.

3.5 | Intervention: We Fit weight control programme

The 12- week We Fit programme was developed through the follow-
ing steps: exploring adolescents’ needs regarding weight control at 
school using focus groups (Chae et al., 2017), conducting a literature 
review, identifying the associations of weight control behaviours 
with body mass index in adolescents (Chae et al., 2018) and con-
sulting with school health professionals, including a school principal, 
physical education teachers, a school nurse and a school dietician. 
The adolescents suggested a school- based weight control pro-
gramme wherein all students are encouraged to participate regard-
less of their weight to prevent stigma associated with overweight or 
obesity (Chae et al., 2017). In the programme development process, 
the school health professionals reviewed and provided feedback on 
the programme content, especially physical activity, healthy dietary 
behaviours and health behaviours of adolescents.

The We Fit programme was developed using the transtheoretical 
model, which is an integrative framework used to assess an individu-
al’s state of health behaviour and to provide strategies to encourage 

F I G U R E  1   Flow of recruiting study 
participants

Excluded (n=7) 
Unwilling to participate: n=7

Allocation Allocated to the control group 
(3 classes); baseline measure (n=67)

Allocated to the intervention group 
(2 classes); baseline measure (n=60)

Analysis (n=59)

Lost to follow-up (n=8, 12.0%)
Tracker breakdown: n=1
Insufficient tracker record: n=7

Intervention group: School-based 
Nintendo Wii sport game, health 
education (SNS), dietary diary 
feedback for students from a nurse 
and school nurse

Enrollment

Control group: As usual

Final assessment: Anthropometric 
factors, physiological factors, physical 
activity

Final assessment: Anthropometric 
factors, physiological factors, physical 
activity

Follow-up

Lost to follow-up (n=10, 16.7%)
Tracker breakdown: n=4
Lost tracker: n=1
Insufficient tracker record: n=4
Changed schools: n=1

AnalysisAnalysis (n=50)

Recruited from one high school (N=134)

After 12 weeks
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transitions to healthy behaviours (Prochaska & DiClemente, 2005). 
The adolescents were assessed to identify their stage of change for 
weight control pre- intervention and were provided with different 
interventions accordingly. The adolescents in the stages of pre- 
contemplation (no intention to control weight) and contemplation 
(planning to control weight within the next 6 months) were grouped 
together, and those in the stages of action (actively trying to control 
weight or having succeeded in weight control for less than 6 months) 
and maintenance (success in maintaining the desired weight for more 
than 6 months) were allocated to another group.

The We Fit programme included exergaming (playing active video 
games), a diet diary and counselling, health education and small group 
discussions via social networking services (SNS). The topics of health 
education and the small group discussions were targeted to improve 
processes of change for weight control (Prochaska et al., 1992).

The adolescents played the recommended types of exergaming 
according to their stage of change for 30 min three times weekly 
during their lunch break and two times weekly in the regular physical 
education class. The programme used Nintendo® Wii Sports (bowl-
ing, boxing, tennis, cycling, table tennis and basketball). The pre- 
contemplation/contemplation group played low- intensity sports, 
such as bowling, tennis and table tennis, while the action/mainte-
nance group played high- intensity sports, such as boxing and basket-
ball. They also kept a 24- hr diet diary twice a week (one weekday and 
one weekend day) and received individual nutritional counselling by 
the research team members using text messages every week. Health 
education on lifestyle factors was provided according to the stage of 
change groups, including one classroom lesson by the school nurse 
for 50 min and weekly interactive small group discussions via SNS 
on aspects of healthy lifestyles or health topics. The SNS discus-
sion groups included 6– 11 adolescents, and one research assistant 
assigned to each group facilitated the discussions and provided an-
swers and information that the adolescents requested.

3.6 | Measurements

3.6.1 | General characteristics

Sociodemographic variables were self- reported using a question-
naire including sex, school year, age, socioeconomic status and aca-
demic performance. The stage of change for weight control (O'Connell 
& Velicer, 1988) was measured using a Korean translation (Chae 
et al., 2010). This measurement assesses respondents’ intent and recent 
activities for weight control, and consists of four items with “yes” or “no” 
responses. Based on the results, participants were categorized as being 
in the pre- contemplation, contemplation, action or maintenance stage.

3.6.2 | Anthropometric and physiological factors

As anthropometric measures, height, weight, skeletal muscle mass, 
body fat and body mass index (BMI) were measured using InBody 

J10 (Biospace Co., Ltd., Seoul, South Korea). Waist circumfer-
ence was measured using a Tanita retractable ruler. The following 
physiological factors were measured using the Cholestech LDX® 
Analyzer, which has shown acceptable performance for measuring 
lipids (Panz et al., 2005): high- density lipoprotein (HDL) choles-
terol, low- density lipoprotein (LDL) cholesterol, total cholesterol, 
triglyceride and glucose levels. The participants were asked to 
fast after breakfast or lunch for at least 4 hr before the blood test. 
Capillary blood samples were obtained using a capillary tube after 
a fingerstick. All measurements were performed in a designated 
room at school by qualified research assistants who were licensed 
registered nurses.

3.6.3 | Physical activity

Physical activity was assessed in terms of adolescents’ daily step 
counts and daily sitting time. The daily step counts were measured 
using a Fitbit Zip, a pedometer that is considered to be relatively 
accurate in a school environment (Mooses et al., 2018), for an 8- day 
period at the baseline and 12- week follow- up. Daily sitting time was 
also measured by asking the participants how many hours they spent 
sitting per day.

3.6.4 | Programme satisfaction

Programme satisfaction was assessed in the intervention group 
three weeks after programme completion, using five open- ended 
questions: (i) What changes have occurred in your dietary behav-
iours after participating in the programme? (ii) What changes have 
occurred in your physical activity after participating in the pro-
gramme? (iii) What is your plan for maintaining healthy weight con-
trol? (iv) What was the most helpful thing in this programme? and (v) 
What was the most disappointing thing in this programme?

3.7 | Data analysis

All statistical analyses were performed using STATA v14.0. The 
Kolmogorov– Smirnov test was performed to assess the normal-
ity of the variables. Some variables were not normally distributed. 
Descriptive parameters, including mean, standard deviation and 
percentage, were used to describe the distributions of demo-
graphic data. The chi- square and Mann- Whitney U tests for cat-
egorical variables and the Student’s t test for continuous variables 
were used to test for homogeneity between the intervention and 
control groups. The effects of group, time and group- by- time inter-
actions between the groups were verified using generalized esti-
mating equations (GEEs) to examine the effect of the intervention 
on the outcomes. A GEE model is designed to analyse repeatedly 
measured outcome variables in longitudinal data (Ballinger, 2004). 
After adjusting for age, the patterns of the variables over time 
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between the control group and the intervention group were ana-
lysed. Data of dropouts were excluded from the analysis. Missing 
data for physical activity were processed by individual- centred 
data replacement to avoid significantly changing the characteris-
tics of the group data. After classifying a student’s weekday step 
counts and weekend data, missing data were replaced with the 
average of the student’s weekday or weekend step counts, as ap-
propriate (Rowe et al., 2004). A p- value <.05 was considered to 
indicate statistical significance.

To analyse the qualitative data on programme satisfaction, we 
also conducted matrix analysis, which is useful for a more inte-
grated understanding of a wide range of qualitative data (Miles & 
Huberman, 1994). A matrix is a data display method that visualizes 
data systematically using the set of terms arranged in rows and col-
umns. The matrix in this study included the questions and their re-
sponses in rows and columns, respectively, and results were drawn 
from the matrix.

4  | RESULTS

4.1 | General characteristics of the participants

Of the 109 adolescents who participated in this study, 59 (54.1%) were 
females and 50 (45.9%) were males, with a mean age of 15.7 years 
(standard deviation [SD] = 0.61) and 16.0 years (SD = 0.71), respec-
tively. Fifty- four (49.5%) were 10th- grade students and 55 (50.5%) 
were 11th- grade students (Table 1).

4.2 | Homogeneity of the two groups

Homogeneity testing of the general characteristics between the ex-
perimental and control groups only showed a statistically significant 
difference in age (t = −2.53, p = .013) (Table 1). Accordingly, age was 
adjusted as a covariate for further analysis. Homogeneity testing of 
the study variables at baseline showed significant between- group 
differences in BMI (t = 2.56, p = .012), triglyceride levels (t = 2.44, 
p = .016), weekday steps (t = 2.45, p = .016) and weekday sitting time 
(U = 1042.00, p = .008) (Table 2).

4.3 | Summary of the study variables at baseline and 
post- intervention

Table 2 summarizes the anthropometric and physiological factors 
and physical activity in both groups. Waist circumference increased 
in the control from 71.40 cm (SD = 10.36) to 75.85 cm (SD = 11.38) 
after 12 weeks, while it decreased to 70.88 cm (SD = 7.56) from 
72.32 cm (SD = 7.63) in the intervention group. Skeletal muscle 
mass increased in the intervention from 24.42 kg (SD = 5.93) to 
24.88 kg (SD = 5.96), while it decreased in the control group to 
25.01 kg (SD = 6.09) from 25.44 kg (SD = 6.07). HDL- cholesterol 

in the control group decreased to 49.53 mg/dl (SD = 15.95) from 
52.04 mg/dl (SD = 12.09), whereas it increased from 53.26 mg/dl 
(SD = 20.96) to 58.12 mg/dl (SD = 15.32) in the intervention group. 
LDL- cholesterol in the control group also steeply increased from 
73.28 mg/dl (SD = 20.53) to 84.28 mg/dl (SD = 17.97).

The daily step counts on weekends were remarkably lower 
than on weekdays in both groups. The weekend steps increased 
from 5,656.78 (SD = 2,383.88) to 7,711.60 (SD = 3,729.99) steps/
day in the intervention group and from 6,360.35 (SD = 3,418.64) to 
7,619.71 (SD = 3,607.68) steps/day in the control group. Weekend 
sitting time increased in the control group from 639.15 (SD = 253.78) 
to 738.98 min/day (SD = 269.62), whereas it decreased in the inter-
vention group from 662.69 (SD = 234.65) to 601.80 (SD = 235.71) 
min/day.

4.4 | Effects of the We Fit weight control 
programme on the study variables

The post- intervention changes in each group are shown in Table 3. 
The GEE analysis revealed significant differences between the 
groups over time in skeletal muscle mass (β = 0.90, p = .030), waist 
circumference (β = −5.89, p < .001), HDL- cholesterol (β = 7.14, 
p = .037), LDL- cholesterol (β = −9.54, p = .014) and weekend sitting 
time (β = −158.80, p = .003) (Table 3, Figure 2).

Significant group and time interactions were found for skeletal 
muscle mass (β = 0.90, p = .030) and waist circumference (β = −5.89, 
p < .001). For HDL- cholesterol and LDL- cholesterol, group and 
time interactions were also significant. HDL- cholesterol increased 
over time in the intervention group, while it decreased in the con-
trol group, with a significant between- group difference (β = 7.14, 
p = .037). There was no significant change in LDL- cholesterol in the 
intervention group over time, but LDL levels increased in the con-
trol group, with a significant between- group difference (β = −9.54, 
p = .014). Weekend daily sitting time significantly decreased over 
time in the intervention group compared with the control group 
(β = −158.80, p = .003).

4.5 | Programme satisfaction

Of the 60 adolescents in the intervention group, 59 (excluding one 
student who transferred to another school) answered the pro-
gramme satisfaction survey. Forty- three respondents (73%) re-
ported positive changes in their eating habits. They stated that they 
ate three meals a day more regularly, chose a nutritionally balanced 
diet and increased their vegetable and fruit consumption. The ado-
lescents also described less consumption of greasy or flour- based 
foods and snacks after participating in the programme than before. 
Thirty- one adolescents (53%) answered that they would try to avoid 
unhealthy eating habits, such as having night- time snacks, and stated 
that they would practise healthy diet behaviours. “Starving is not a 
good method of losing weight, so I will try to exercise more. Also, I will not 



6  |     CHAE Et Al.

have late- night snacks (ID 58).” “I became more conscious of my eating 
habits, and now I eat instant noodles less often (ID 9).”

Thirty- four adolescents (58%) reported a recent increase in the 
time and effort they spent on physical activity, while 27 adoles-
cents (46%) reported increased physical activity levels after par-
ticipation in the programme, “Our high school life prevents us from 
exercising much, but when we played Nintendo Wii during the lunch 
break, I felt that my stress was relieved and my physical activity level 
increased (ID 49).”

The adolescents reported that playing Nintendo Wii Sports (37%, 
N = 22) and wearing a Fitbit (29%, N = 17) were the most helpful ac-
tivities that motivated them to be physically active at school. “It was 
fun to play Nintendo with friends at lunch (ID 55).” “I didn't do anything 
after lunch before (participating in the program), but when I played Wii 
Sports, I became more active. Now I regularly run on the track with my 
friends after lunch (ID 57).”

Despite the advantages of Wii Sports, some adolescents de-
scribed its limitations. Approximately 20% of the adolescents 
(N = 13) pointed out the low intensity of Wii Sports exercises and 
were doubtful about its effectiveness. They also reported that lim-
ited numbers of sports games were available and that a short time 
was allocated for playing Wii. “I felt like Wii Sports could be used only 
for upper body movements, especially the arms. So it would be a little 
insufficient to do 'exercise' with only Wii Sports (ID 31).”

5  | DISCUSSION

The 12- week We Fit programme resulted in decreased sitting time 
on weekends, increased HDL- cholesterol levels, decreased LDL- 
cholesterol levels, decreased waist circumference and increased 
skeletal muscle mass. These findings suggest that the We Fit 

Control group 
(N = 59)

Intervention group 
(N = 50)

χ2 or t
(p- value)

N (%) or mean 
(SD) N (%) or mean (SD)

Sex

Female 32 (54.2) 27 (54.0) .00
(.980)

Male 27 (45.8) 23 (46.0)

School year

10th grade 29 (49.2) 25 (50.0) .01
(.930)

11th grade 30 (50.8) 25 (50.0)

Age (years)

15.7 (0.61) 16.0 (0.71) −2.53
(.013)

Socioeconomic status

Low 4 (6.8) 2 (4.0) .41
(.814)

Middle 40 (67.8) 35 (70)

High 15 (25.4) 12 (24)

Academic performance

Low 3 (5.1) 3 (6.0) 3.08
(.545)

Middle- low 15 (25.4) 13 (26.0)

Middle 15 (25.4) 18 (36.0)

Middle- high 12 (20.3) 10 (20.0)

High 14 (23.7) 6 (12.0)

Stages of Change

Pre- contemplation 29 (49.1) 24 (48.0) 3.56
(.313)

Contemplation 17 (28.8) 11 (22.0)

Action 4 (6.8) 9 (18.0)

Maintenance 9 (15.3) 6 (12.0)

Abbreviations: N, number of respondents; SD, standard deviation.

TA B L E  1   General characteristics of the 
participants (N = 109)
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programme caused positive changes in adolescents’ sedentary 
and dietary behaviours. In particular, an individualized approach 
to the adolescents through SNS was helpful as a way to give feed-
back and information on participants’ diet and health behaviours, 
as well as to reward them for keeping diet diaries. A previous study 
also reported that using SNS for a nutritional intervention was ef-
fective in adolescents and early adults (Chau et al., 2018). SNS 
offers a unique and meaningful method of reaching out to adoles-
cents (Park & Calamaro, 2013). Our results provide evidence that 
SNS can be useful for boosting the effectiveness of school- based 
weight control interventions in adolescents. The programme satis-
faction survey showed that the We Fit programme changed dietary 
behaviours and increased adolescents’ levels of physical activity, 
as 73% of adolescents reported dietary behavioural changes and 

58% reported increased physical activity. The adolescents re-
ported that they learned how to maintain a healthy diet through 
feedback on their diet diary. They also came to understand that 
healthy weight control involves both engaging in exercise and con-
suming a healthy diet, not fasting or restricting their food intake 
to lose weight.

The We Fit programme showed positive effects on physiological 
indicators and anthropometric measurements, demonstrating that it 
effectively promoted healthy weight control. HDL- cholesterol levels 
and skeletal muscle mass in the intervention group increased after 
participation in the programme, while they decreased in the control 
group. Increased HDL- cholesterol levels indicate reduced cardio-
vascular disease risk (Di Angelantonio et al., 2009; Lee et al., 2017). 
Adolescents with hyperlipidaemia are at risk of developing 

TA B L E  2   Comparison of the study variables between the two groups

Time variables

Mean (SD)

t or U
(p- value)

Control
(N = 59)

Intervention
(N = 50)

Anthropometric factors

Body mass index (kg/m2) Baseline 22.79 (3.81) 21.17 (2.60) 2.56 (.012)

Post- intervention 22.70 (3.88) 21.52 (2.69)

Body fat (%) Baseline 16.55 (7.81) 14.32 (5.60) 0.84 (.403)

Post- intervention 16.96 (8.08) 14.92 (5.81)

Skeletal muscle mass (kg) Baseline 25.44 (6.07) 24.42 (5.93) 1325.00 (.362)

Post- intervention 25.01 (6.09) 24.88 (5.96)

Waist circumference (cm) Baseline 71.40 (10.36) 72.32 (7.63) 1298.50 (.283)

Post- intervention 75.85 (11.38) 70.88 (7.56)

Physiological factors

Blood glucose (mg/dl) Baseline 94.83 (11.06) 96.63(25.13) 1259.00 (.250)

Post- intervention 98.32 (16.67) 97.20 (10.78)

Total cholesterol (mg/dl) Baseline 154.51 (27.53) 157.36 (32.70) 1410.00 (.693)

Post- intervention 161.40 (28.70) 160.00 (25.71)

Triglyceride (mg/dl) Baseline 149.48 (95.19) 110.26 (66.70) 2.44 (.016)

Post- intervention 130.96 (77.53) 100.84 (42.06)

HDL- cholesterol (mg/dl) Baseline 52.04 (12.09) 53.26 (20.96) −0.38 (.074)

Post- intervention 49.53 (15.95) 58.12 (15.32)

LDL- cholesterol (mg/dl) Baseline 73.28 (20.53) 81.25 (24.45) 901.00 (.054)

Post- intervention 84.28 (17.97) 82.60 (22.34)

Physical activity

Weekday steps/day Baseline 10,522.52 (2,353.53) 9,213.59 (3,218.35) 2.45 (.016)

Post- intervention 8,602.95 (3,067.03) 7,789.00 (3,265.10)

Weekend steps/day Baseline 6,360.35 (3,418.64) 5,656.78 (2,383.88) 1.13 (.262)

Post- intervention 7,619.71 (3,607.68) 7,711.60 (3,729.99)

Weekday sitting time (min/d) Baseline 875.42 (207.51) 813.8 (144.09) 1042.00 (.008)

Post- intervention 814.75 (189.99) 807.6 (180.80)

Weekend sitting time (min/d) Baseline 639.15 (253.78) 662.69 (234.65) −0.50 (.621)

Post- intervention 738.98 (269.62) 601.80 (235.71)

Abbreviations: HDL, high- density lipoprotein; LDL, low- density lipoprotein; SD, standard deviation.
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cardiovascular disease or metabolic syndrome in adulthood (Daniels 
et al., 2011; Stewart et al., 2020). Muscle mass is also associated with 
metabolic risk in adolescents. Muscle mass plays a critical role in sys-
temic glucose metabolism, and increased muscle mass reduces the 
risk of obesity (Kim et al., 2016).

The daily step count was used as an index of physical activity in 
this study. Increasing daily steps is easier than following an exercise 
regimen as a way to increase overall physical activity in adolescents 
(Woo, 2008). According to the 2010 World Health Organization 
recommendations, adolescents should spend more than 60 min 
daily performing moderate- to- vigorous physical activity (Kantanista 
et al., 2015), which is reported to be equivalent to an average of 
10,000– 11,700 steps/day (Tudor- Locke et al., 2011). Other studies 
have also recommended 12,000 steps/day (Colley et al., 2012) and 
10,000 steps/day (Kim et al., 2005; Parra Saldías et al., 2018) for ado-
lescents. In the present study, adolescents’ daily step count was much 
lower than 10,000 steps/day. Furthermore, their daily sitting time was 

10 hr or higher per day during the weekend and 13 hr or more on 
weekdays. The Physical Activity Guide for Koreans recommends less 
than 2 hr per day of sedentary behaviour for adolescents (Kim, 2012). 
However, Korean high school students spend most of their time sitting 
as they study for the college entrance examination (Shin et al., 2016). 
An intense focus on studying for college entrance examinations is also 
common in other Asian countries (Chen & Glaude, 2017). In addition, 
the high school curriculum in Korea generally focuses on the courses 
needed to prepare for the college entrance examination, and physical 
education is commonly neglected (Lee & Cho, 2014). Governmental 
support for adolescents should be developed to increase their physical 
activity as recommended by the guidelines (Kim, 2012). Adolescents’ 
physical activity should be highlighted as they study for the college 
entrance examination, and sufficient time for physical activity should 
be maintained in the school curriculum.

In this study, the weekend step count in the control group was 
lower than their weekday step count; similarly, Shin et al. (2016) 

TA B L E  3   Effects of the intervention on the study variables

Variables

Post- intervention
difference

Generalized estimating equations
coefficient (p- value)

Control
(N = 59)

Intervention
(N = 50) Time Group Time × Group

Anthropometric factors

Body mass index (kg/m2) −0.09 0.35 −0.09
(.733)

−1.46
(.032)

0.45 (.260)

Body fat (%) 0.41 0.60 0.41
(.362)

−1.80
(.204)

0.18 (0.781)

Skeletal muscle mass (kg) −0.43 0.46 −0.43
(.122)

−1.02
(.405)

0.90 (.030)

Waist circumference (cm) 4.45 −1.44 4.45
(<0.001)

1.57
(.416)

−5.89 (<.001)

Physiological factors

Blood glucose (mg/dl) 3.49 0.57 3.49
(.208)

2.70
(.415)

−2.92 (.477)

Total cholesterol (mg/dl) 6.89 2.64 6.34
(.052)

3.38
(.560)

−3.70 (.438)

Triglyceride (mg/dl) −18.52 −9.42 −18.50
(.020)

−38.39
(.011)

9.08 (.435)

HDL- cholesterol (mg/dl) −2.51 4.86 −2.28
(0.328)

0.82
(.801)

7.14 (.037)

LDL- cholesterol (mg/dl) 11.00 1.35 11.03
(<.001)

7.65
(.087)

−9.54 (.014)

Physical activity

Weekday steps/day −1919.57 −1424.59 −1919.57
(<.001)

−1329.51
(.026)

494.99 (.440)

Weekend steps/day 1259.36 2054.82 1250.64
(.039)

−375.60
(.598)

810.43 (.360)

Weekday sitting time (min/d) −60.67 −6.20 −60.68
(.056)

−70.84
(.051)

54.48 (.245)

Weekend sitting time (min/d) 99.83 −60.89 99.83
(.005)

24.31
(.628)

−158.80 (.003)

Abbreviations: HDL, high- density lipoprotein; LDL, low- density lipoprotein.
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reported that Korean high school students had significantly higher 
weekday step counts (12,837 ± 3,653) than weekend step counts 
(6,661 ± 4,937). In contrast, the weekend step count of the interven-
tion group in this study was approximately the same as their week-
day step count (i.e. 7,800 steps) after participation in the programme. 
Furthermore, the intervention group showed a greater increase in 
their weekend step count and significantly less sitting time on the 
weekends after programme completion, compared with the control 

group. These results indicate that We Fit programme was effective for 
changing participants’ sedentary behaviour at home on the weekend. 
These findings also imply that school- based interventions could im-
prove participants’ health behaviours at home, as well as at school.

Wii Sports was included in the intervention during lunchtime 
and physical education classes to increase adolescents’ awareness 
of and interest in physical activity. Even though six different types 
of sports were provided based on participants’ stages of change, no 

F I G U R E  2   Changes of the variables over time in intervention and control groups
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difference in daily steps was found between the control and inter-
vention groups. As shown by the satisfaction survey results, active 
video games like Wii Sports are helpful to motivate adolescents to 
participate in physical activity; however, their effects on physiolog-
ical factors may not persist over time. A systematic review of the 
effectiveness of physical activity interventions using active video 
games reported that three out of 13 studies showed an effective 
increase in physical activity, while the others demonstrated incon-
sistent results, with no differences between the control and inter-
vention groups or slightly increased physical activity in the control 
group (Peng et al., 2013). Some adolescents in this study stated that 
the exercise intensity of Wii Sports was insufficient. This is consis-
tent with a previous study (Haddock et al., 2009; Roopchand- Martin 
& Nelson, 2016) reporting that children perceived the intensity of 
physical activity interventions using active video games as low, and 
university students perceived the intensity of treadmill running 
significantly higher than that of active video games (Roopchand- 
Martin & Nelson, 2016). Active video games may encourage par-
ticipants to exercise but are not as vigorous as the treadmill (Xian 
et al., 2014). Nonetheless, the adolescents in this study enjoyed 
playing Wii Sports with their peers at school. A systematic review 
on active video games in children and youth reported that active 
video games offer opportunities for group play, helping to increase 
the acceptance and enjoyment of physical activities (Biddiss & 
Irwin, 2010). Therefore, active video games could be incorporated 
at the beginning of a school- based physical activity intervention to 
shift participants’ sedentary lifestyle towards active participation in 
physical activity.

5.1 | Limitations and recommendations

The generalizability of these results is limited because the study 
was conducted at a single high school in South Korea. To confirm 
the effectiveness and sustainability of school- based weight control 
programmes, further studies should be conducted in various school 
settings. Another limitation of the current study is the reliance on 
self- report measures, with a possibility of recall and social desirabil-
ity bias. A further limitation is the low- intensity exercises offered 
by Wii Sports; therefore, a physical programme with higher- intensity 
activities should be considered in the future.

This study used a non- synchronized design to prevent experi-
mental treatment diffusion, testing the control group first and 
the intervention group later. Due to the long intervention period 
(12 weeks), it was not possible to examine both groups in the same 
semester. A previous study reported that college students’ daily step 
count was affected by the timing of the survey in terms of season 
and semester (Suh, 2006), implying that this study’s findings should 
be confirmed through research that would test both groups at the 
same time point. Lastly, this study did not use percentiles or Z- scores 
of growth parameters, since it examined changes in the study vari-
ables between the groups over time. We recommend that future 

studies should consider using percentiles or Z- scores of growth pa-
rameters in children in order to interpret their growth status.

6  | CONCLUSIONS

The We Fit programme, a school- based weight control programme, 
resulted in a significant decline in weekend sitting time, increased 
HDL- cholesterol, decreased LDL- cholesterol and increased muscle 
mass in adolescents. A school- based programme can be an effec-
tive way to improve adolescents’ healthy weight control. This study 
also provides evidence supporting the applicability and effective-
ness of exergaming and SNS in a school setting. School nurses 
could consider using these technological devices or services to 
deliver healthcare or health education. Teachers, including school 
nurses, should also recognize the importance of this programme 
and encourage students to participate in order to improve their 
healthy weight control behaviours. To successfully deliver a school- 
based weight control programme, schools need to prepare appro-
priate equipment, space and time for participation. Governmental 
support may be a crucial factor in implementing this intervention 
at schools.
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