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Abstract

Background: The prevalence of overweight and obesity among adolescents increases risks of developing type 2 diabetes. A diabetes education 
program based on dieting, exercise and psychosocial supporting is effective for weight reductions. However, little information is found about the 
effect of such intervention program specifically designed for adolescents.

Purpose: To evaluate youth diabetes prevention program in improving health-related outcomes in overweight male adolescents.

Methods: A quasi-experimental research design was used. A total of 50 participants aged 16-18 years with body mass index (BMI) ≥ 24 were 
recruited into either the intervention group (n = 25) or control group (n = 25). Intervention group received program included school general exercise 
training program plus youth diabetes prevention program for 8 weeks. Control group received school general exercise training program. The primary 
health-related outcomes included mean body weight (kilograms), BMI (kg/m2), percentage of body fat (%), visceral fat (%), waist circumference 
(centimeters) and secondary outcome was cardio-respiratory endurance test (minutes). Data were collected two group at baseline (T1), four weeks 
(T2), and eight weeks (T3). Independent t-tests were used to summarize demographic data and measure group differences in T1. The generalized 
estimating equations (GEEs) statistical test were used for analyzing interval outcome variables between groups overtime.

Results: There were 45 out of 50 participants completed the study. Significant interaction effects between three time points and two different 
groups in body fat (Waldχ2 = 16.99), visceral fat scores (Waldχ2 = 216.60), waist circumference (Waldχ2 = 969.72), and cardio-respiratory endurance 
(Waldχ2 = 492.79) were found. However, no significant results found in the body weight and BMI.

Conclusions: Results provided evidence to support the efficacy of the youth diabetes prevention Program in weight reductions. The findings 
suggested future implications could consider such programs using face-to-face, dietary modification, peer support and aerobic plus resistance 
exercise to assist adolescents in managing their health-related outcomes.
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Introduction
The prevalence of overweight and obesity rise dramatically 

globally, with 39% accounted for being overweight and 13% being 
obese [1]. Childhood obesity is associated with premature death, 
disability, and increased risks of diabetes, cardiovascular disease, 
hypertension and several types of cancer in adulthood [2]. The 
prevalence of overweight in age 5-19 was 18% of girls and 19% of 
boys, and 6% of girls and 8% of boys were obese [2]. Among Asian 
populations, Taiwan has the highest prevalence of overweight and 
obesity with 26.7% in elementary school, 25.2% in junior high 
school (33.3% for boys; 25.2% for girls) and 26.7% are in high 
school [4, 51, 52].

Overweight is defined as the Body Max Index (BMI) range of 
24-27kg/m2; and > 27 kg/m2 as obesity [3]. In Taiwan, almost half 
of adults (45.4%) are either overweight or obese [4 , 51, 52] which 
is accounted for approximately 32.4% of the adult population com-
pared with other areas in Asia and the Pacific regions. Children with 
overweight or obesity are the primary predictors to become obesi-
ty in adolescents [5,6]. These adolescents are at risks of developing 
type 2 diabetes [7,8]. Therefore, there is an urgent need to prevent 
overweight or obesity-induced diseases [9,10].

Overweight is a complex issue resulting from the interactions of 
multiple genetic, metabolic, social, behavioral and cultural factors 
[11,12]. Contributing factors include increased use of devices, such 
as a smart phone, tablet, declined regular exercise and vigorous 
activity, as well as increasing consumption of fatty food and high 
sugar contents drinks [13,14]

Lifestyle modifications have been proven to reduce risks of 
type 2 diabetes in adulthood [15]. A systematic review on obesity 
prevention and intervention programs for adolescents with weight 
issues showed no conclusive evidence in a specific approach [16]. 
It is however recommended the needs of extreme precautions on 
using dangerous weight control medications or behaviors, such as 
diet pills, self-induced vomiting, laxatives, diuretics, or combina-
tions [17]. Safe and effective interventions to address adolescent 
overweight and obesity should embed diet modification and incor-
porated physical exercise into creative activities and group social 
interactions [11,18]. 

Adolescents often value the importance of social interac-
tions with peers, and food is an important part of the interactions 
[19,20]. However social interactions were diminished by obesi-
ty-associated low self-esteem, negative self-evaluation, decreased 
self-image, interpersonal problems, social discrimination, and de-
pression [21,22]. In some cultures, including Taiwan, overweight 
adolescents are stigmatized by their peers, especially as they ma-
ture [23]. Because social networks are important to adolescents, 
prevention and treatment programs should have taken account of 
family and peer group, as well as considering the program in the 

schools for accessing necessary support [20]. Exercise with a peer 
group is more effective has been reported to have more uptake than 
traditional exercise programs [24-26] as it is perceived to be more 
fun, hence promoting adherence to exercise regimes and improving 
physical and psychosocial health in adolescents [25-29]. 

Traditional high school physical exercise programs have limit-
ed time to address diet and exercise activity, adolescents often feel 
bored and frustrated during these programs [30,31]. Literature 
showed that these programs has limited effects on behavior chang-
es, and suggested understanding uncooperative problems [16,32]. 
Aerobic plus resistance training is effective for weight reductions, 
aiming in increasing lean body mass, muscle strength and physical 
fitness components [32,33].

Aim

The aim was to evaluate the effects of a youth diabetes preven-
tion program for male adolescents. 

Materials and Methods

Study design

A quasi-experimental research design was used due to absence 
of the randomization. Participants in the intervention group re-
ceived youth diabetes prevention program that included aerobic 
plus resistance exercise for male, modify dieting and peer support 
for 8 weeks in additional to standard school general exercise train-
ing weight reduction program (control group). The standard pro-
gram included 30-minute (5-minute warm-up, 20- minute jogging, 
and 5-minute cooldown) exercise three times a week, delivered by 
the school’s physical teacher [30]. The primary outcome included 
body weight, body mass index, body fat, visceral fat, waist circum-
ference. Secondary outcome was cardio-respiratory endurance.

Participants

A total of 50 students who met the inclusion criteria from par-
ticipating male senior high school in Southeastern Taiwan were 
recruited. Fifty students were randomly allocated to either the ex-
perimental group (n = 25) or the control group (n = 25) using the 
random numbers. Five adolescent students had withdrawn from 
the study due to personal time commitments, leaving 22 partici-
pants in the experimental group and 23 participants in the control 
group. There were no significant differences in baseline character-
istics between withdrawn and completed participants (Figure 1).

Inclusion criteria were adolescents aged 16 to 18 years, BMI ≥ 
24 kg/m2. Exclusion criteria were adolescents have already had a 
pre-existing disease, any orthopedic or joint problems restricting 
physical exercise, and on weight loss medications (Figure 1).
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Figure 1: Diagram of the participants enrolled statement.

Sample size calculations

The sample size using the Statistical Software Sample Power 
2.0 was calculated based on previously reported in weight changes 
and BMI in male adolescents [32]. With an effect size of 0.80 (power 
= 0.95; alpha = 0.05), at least 21 adolescents in each group were re-
quired to detect any statistically significant difference. An addition-
al 20% attrition rates were anticipated, therefore 50 adolescents 
for two groups were needed.

Intervention – youth diabetes prevention program

The youth diabetes prevention program delivered by certified 
diabetes educator, consisted three key components: 1) one-hour 
structured face-to-face dietary modification sessions, 2) 20-minute 
peer support activity after the education, and 3) three 10-minute 
daily aerobic plus resistance exercise for eight weeks.

Face-to-face dietary modification session: The one-hour 
face-to-face session focused on dietary modification, was delivered 
by a certified diabetes educator and peer discussion. In the week-
ly dietary modification session, the educator provided behavior 
strategies and a food diary to participants, as well as introducing a 
new dietary modification topic daily. The dietary modification top-
ic included less caloric and fat food selections, for example, more 
fruit and vegetable consumptions, choosing healthy beverage and 
snacks. The dietary also included demonstration of healthy home 
meals and highlighting the relationships between health and nu-
trition. Additional topics included managing junk food temptation 
through cognitive restructuring and problem-solving skills. All ses-
sions were accompanied by approximately 20-minute peer support 
group discussions. During the peer discussion, the adolescents 
shared their own experience in challenges and success of food dia-
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ries, aerobic plus resistance exercise, issues relating to food choices 
and exercise regimes.

Aerobic plus resistance exercise: The exercise component 
consisted of three 10-minutes of concurrent aerobic plus resistance 
training for body composition program [33]. The aerobic plus resis-
tance exercise included four minutes of vigorous body movement, 
three minutes of stretching and upper and lower muscle strength 
using isotonic and isometric exercises, two minutes of strengthen-
ing visceral muscles using 10-second intervals of holding different 
positions, and one minute of cooldown. Rock music with a strong 
beat accompanied exercise. A notebook was provided to individual 
student for recording participant’s own journey involving all pro-
gram activities. 

Measures and data collection

The health related outcomes included primary outcomes of 
mean body weight (kilograms), BMI (kg/m2), percentage of body 
fat (%), visceral fat (%), waist circumference (centimeters) were 
collected at baseline (T1), four weeks (T2), and eight weeks (T3) for 
intervention and control groups. The secondary outcome of com-
pletion time for the 1600-meter cardio-respiratory endurance test 
(minutes) was also collected at T1, T2 and T3. Data collection was 
undertaken by a trained research assistant who is blinded to the 
study protocol.  

Body weight was measured. Height was measured in bare feet 
and without hair ornaments to the nearest 0.5cm using a HW-3050 
stadiometer (Super-View Medical Co.). Waist circumference was 
measured to the nearest 0.1cm.the BMI was calculated by dividing 
weight (kg) by height squared (cm2). An HBF-370 meter (Omron 
Healthcare Co., Ltd.) measured visceral fat and body fat percentage. 
A digital stopwatch timer (Marathon Adanac 3000) measured in 
minutes and seconds the 1600-meter cardio-respiratory endurance 
as a physical fitness test. The physical education teacher told the 
adolescents to run as fast as they could around the school’s field 
track.

The activities for both the intervention and controls groups 
began approximately after collecting baseline measures. To ensure 
consistency and accuracy of the research protocol, one research as-
sistant with a clinical background recorded data for the three time 
periods. If the attendance rate at any one session was≤ 50% (n=3), 
it was deleted from the study.

Data analysis

Data were analyzed using IBM®SPSS® version 22 statistical 
software. Descriptive statistics and Independent t-tests were used 
to summarize demographic data and measure group differences in 
T1. The generalized estimating equations (GEEs) statistical test was 
used for analyzing interval outcome variables such as weight, BMI, 
body fat, visceral fat, waist circumference, and cardio- respiratory 
endurance, correcting within-subject correlations, and conducting 
repeated measurement analysis. The GEEs detected body weight, 
BMI, body fat, visceral fat, waist circumference, and cardio- respi-
ratory endurance on which time and group had interaction effects. 
For those variables on which time and group had interaction effects, 
GEEs were performed to analyze the differences among three time 
points within each group, and two groups at T2 and T3 controlling 
for T1. A p-value <.05 was set for a statistical significance.

Ethical considerations

Full ethics approval from University Hospital Institutional Re-
view Board (IRB) of the human research ethics committees (ap-
proval number: 102056) and agreement from the participating 
school were obtained. Informed consent was acquired from indi-
vidual adolescent’s guardian that explained the study’s purposes 
including the adolescents’ involvement in general activities related 
to exercise and education sessions about diet and assessment of 
physical measures. They were also told potential risks and benefits. 
Adolescents signed assent to participate. Privacy, confidentiality, 
and voluntary to participation were ensured in both of parents and 
adolescents. Data were kept in a secured university drive, protect-
ed by password, and only authorized research team member has 
access to the data. 

Results and Discussion

Results
Table 1: Demographic Characteristics in Baseline.

Variable
all IG(n=22) CG (n=23)

t p
Mean(SD) Mean(SD) Mean(SD)

Age (year) 17.02(0.79) 16.91(0.72) 17.11(0.83) -0.87 0.38

Body high (cm) 173.56(4.76) 173.63(4.66) 173.50(4.92) 0.09 0.92

Body weight (kg) 84.18(3.24) 83.38(3.31) 84.80(3.10) -1.55 0.12

BMI (kg/m2) 27.92(1.25) 27.63(1.15) 28.14(1.30) -1.45 0.15

Body fat (%) 24.16(1.44) 23.85(1.24) 24.40(1.55) -1.36 0.17

Visceral fat (%) 11.96(0.82) 11.91(0.90) 12.00(0.77) -0.39 0.69
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Waist circumference 
(cm) 94.18(1.47) 94.20(1.59) 94.17(1.40) 0.06 0.94

Cardiorespiratory 
(min) 10.50(1.09) 10.67(1.05) 10.36(1.12) 0.97 0.33

IG: intervention group; CG: control group

Demographical profiles: A total of 45 subjects completed the 
study, experiment (n = 22) and control (n = 23). The average age 
for this sample of adolescents was 16.91years (SD= 0.72) in exper-
imental group and was 17.11 years (SD=0.83) in control group. All 
of them was male and study in senior high school. The mean body 
high of the experimental group was 173.63 cm (SD=4.66) and that 
of the control group was 173.50 cm (SD= 4.92). All the demographic 
profiles of the participants were no significant differences between 
experimental and control group on age, body high, body weight, 
BMI, percentage of body fat, visceral fat, waist circumference, and 
cardio-respiratory endurance test in baseline (Table 1). 

Interaction Effects of Health-Related Outcomes Between 
Different Time Points and Different Groups: There were signifi-
cant interaction effects between three time points and two different 
groups in the body fat score (Waldχ2 = 16.99, p < 0.01), visceral fat 
score (Waldχ2 = 216.60, p < 0.01), waist circumference (Waldχ2 = 
969.72, p < 0.01), cardio-respiratory endurance (Waldχ2 = 492.79, 
p < 0.01). However, there were not significant in the body weight 
and BMI.

The Differences of Health-Related Outcomes Between the 
Two Groups at Each Posttest: Controlling for baseline measure, 
two-group differences in each posttest indicated that interven-
tion and control groups had significant differences in body weight 
scores (T2 mean: IG = 81.50, CG = 83.07) and also in T3(IG = 79.90, 
CG = 81.51); body fat scores (T3mean: IG = 23.50, CG = 24.37) but 
it was not significant in T2. Visceral fat scores had significant dif-
ferences after 4 weeks (T2 mean: IG = 11.15, CG =11.96) and 8 
weeks (T3 mean: IG= 10.14, CG = 11.95) of the study. There also 
had significant differences in waist circumference scores after 4 
weeks (T2 mean: IG = 91.45, CG =94.35) and 8 weeks (T3 mean: 
IG= 88.50, CG = 94.16); cardio respiratory endurance after4 weeks 

(T2 mean: IG = 9.30, CG =10.33) and 8 weeks (T3 mean: IG= 8.57, 
CG = 10.35) of the study. The body weight scores of participants 
in the intervention group were significantly lowered than those in 
the control group at T3 (Waldχ2 = 5.39, p<0.05); body fat scores 
at T3 (Waldχ2 = 7.44, p<0.05). Body fat scores of participants in 
the intervention group were also significantly lowered than those 
in the control group at T3 tests (Waldχ2 = 7.44, p < 0.05); visceral 
fat scores at T2 (Waldχ2 = 146.57, p < 0.01) and T3 tests (Waldχ2 = 
195.87, p<0.01); waist circumference scores at T2(Waldχ2 =38.88, 
p<0.01) and T3 tests (Waldχ2 = 341.81, p<0.01); cardio respiratory 
endurance at T2(Waldχ2 = 419.21, p<0.01) and T3 tests (Waldχ2 = 
528.65, p<0.01), respectively. There were not significant in BMI at 
T2 and T3 (p > 0.05).

The Difference Among Three Time Points Within Each 
Group: Results indicated that body weight scores among three 
time points were statistically significant in the intervention group 
(Waldχ2 = 253.72, p<0.01); BMI (Waldχ2 = 286.06, p<0.01); body 
fat (Waldχ2 = 30.25, p < 0.05); visceral fat (Waldχ2 = 313.64, p < 
0.01); waist circumference (Waldχ2 = 2357.12, p<0.01); cardio re-
spiratory endurance (Waldχ2 = 617.64, p<0.01). There also signifi-
cant in the control group in body weight (Waldχ2 = 296.75, p<0.01); 
BMI (Waldχ2 = 209.57, p<0.01). The scores in the posttests were 
all smaller than the pre-test scores (Table 2). The results were 
found in the control group, the body fat mean scores decreased at 
T2 (24.35±1.60) but increased slightly at T3 (24.37±1.59). Similar 
in cardio-respiratory endurance, the mean scores decreased at T2 
(10.33±1.18) but increased slightly at T3 (10.35±1.18). However, 
the control group participants showed no significant differences 
in body fat scores across three waves of time (Waldχ2 = 1.78, p > 
0.05); visceral fat (Waldχ2 = 1.83, p > 0.05);waist circumference 
(Waldχ2 = 2.50, p > 0.05);cardio respiratory endurance (Waldχ2 = 
1.21, p > 0.05) (Table 2). 

Table 2: Comparisons of Mean Levels Between Groups at Different Posttests and Across Three Waves of Times in Individual Groups.

Time/Group T1 M (SD) T2 M (SD) T3 M (SD) Waldχ2,b Bonferroni’s Post 
hoc test

Body weight

Intervention 83.38(3.31) 81.50(2.92) 79.90(2.68) 253.72*** T1>T2>T3

Control 84.80(3.10) 83.07(2.76) 81.51(2.54) 296.75*** T1>T2>T3

Waldχ2,a 5.71* 5.39*

BMI

Intervention 27.63(1.15) 27.00(1.12) 26.48(1.08) 286.06*** T1>T2>T3

Control 28.14(1.30) 27.59(1.34) 26.99(1.36) 209.57*** T1>T2>T3

Waldχ2,a 1.52 0.07
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Body fat

Intervention 23.85(1.24) 23.60(1.31) 23.50(1.29) 30.25* T1>T2>T3

Control 24.40(1.55) 24.35(1.60) 24.37(1.59) 1.78 n.s.

Waldχ2,a 2.98 7.44*

Visceral fat

Intervention 11.91(0.90) 11.15(0.88) 10.14(1.09) 313.64*** T1>T2>T3

Control 12.00(0.77) 11.96(0.81) 11.95(0.78) 1.83 n.s.

Waldχ2,a 146.57*** 195.87***

Waist circumference

Intervention 94.20(1.59) 91.45(2.62) 88.50(2.02) 2357.12*** T1>T2>T3

Control 94.17(1.40) 94.35(1.68) 94.16(1.24) 2.5 n.s.

Waldχ2,a 38.88*** 341.81***

Cardiorespiratory endurance

Intervention 10.67(1.05) 9.30(0.95) 8.57(0.78) 617.64*** T1>T2>T3

Control 10.36(1.12) 10.33(1.18) 10.35(1.18) 1.21 n.s.

Waldχ2,a 419.21*** 528.65***

T1: baseline test, T2: 4-week test, T3: 8-week test

*p < .05, **p <.01, ***p < .001; n.s.: non-significant (p > .05)

aGEE of the differences between the two group at each posttest (controlling for baseline)

bGEE of the difference among four time points within each group

Discussion 

The results show that the program is an effective approach 
for improving health-related outcomes in adolescent males who 
are  overweight and /or obese. Participants’ body fat, visceral fat, 
waist circumference, and cardio-respiratory endurance had signif-
icant improvements at Week 4 which were sustained throughout 
the 8-week study. This study provides evidence that a youth diabe-
tes prevention program is feasible and can substantially improve 
diabetes and cardiovascular risk factors of greater BMI, body fat, 
visceral fat, waist circumference and poor cardio-respiratory en-
durance. The results are similar to previous literature indicating 
that diet modification with physical exercise incorporated into 
creative activities and group social interactions were important for 
adolescents to manage their weight [11,29,31,34]. The risk factor 
reductions have shown great value in reducing risks of obesity-re-
lated disease such as type 2 diabetes, metabolic complications and 
dyslipidemia. Changes in body fat, visceral fat, waist circumfer-
ence, cardio-respiratory endurance in adolescents are predictors 
of changes in risk for obesity-related disease at adulthood [7,8 , 9, 
10]. Specifically, changes in waist circumference lead to better body 
shape and body image. 

Further, the weight reduction program consisted of aerobic 
plus resistance exercise, dietary modification and incorporating 
peer support discussion demonstrated great benefits in loosing 
weight. Weight reduction may be attributed by physical activity 
levels among aerobic plus resistance exercise and jogging lessons. 

Additionally, participants who were more physically competent at 
aerobic plus resistance exercise  may have been more motivated to 
take part or have exerted more effort, which may have resulted in 
expending more energy  and subsequent decreased waist circum-
ference. Group cohesion in the aerobic plus resistance exercise 
intervention may also have supported and fostered overweight 
adolescents who rarely engage in traditional sports due to weight 
criticism [15]. Peer support groups promote social cohesion and 
have been known to be effective for weight reduction due to social 
reinforcement. Dietary modifications however are more associated 
with family support [19-40].

Traditional aerobic exercise has been reported to reduce body 
weight, visceral fat, waist circumference in some but not all stud-
ies [36-50]. The aerobic plus resistance program in this study was 
specifically designed to accommodate reduced body flexibility ex-
perienced by adolescents. Through the gradual progression of ar-
ranging static physical postures, and stretching to improve joint 
flexibility and muscular strength , participants reported decreased 
body weight, visceral fat and waist circumference [51-70]. 

Limitations: The intervention was designed for male adoles-
cents, which could mean that different results would be found for 
female adolescents. Thus, the generalizability of the results is lim-
ited. The lack of correlations between attendance and weight re-
duction suggests that future investigation on the dose-effect of the 
intervention is needed. 
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Conclusions
This study revealed the effect of the youth diabetes prevention 

program on visceral fat, waist circumference, and the cardio-respi-
ratory endurance. It is recommended that the program should take 
account for gender differences of adolescents’ needs. 
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