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Purpose: The purpose of this study was to investigate the relationships of physical 
fitness and obesity with metabolic risk factors in children and adolescents. 
Methods: This cohort study was conducted in Chungju city, South Korea. Total 843 
subjects were enrolled, including 193 elementary school 4th grade male (E4M), 189 
elementary school 4th grade female (E4F) and 461 male-middle school students 
(M1M). The subjects were also classified into 2 groups by body mass index; normal 
weight (NW) group and overweight included obesity (OW/OB) group. Physical 
fitness was measured by shuttle run (cardiorespiratory fitness, CRF), sit and reach 
(flexibility), handgrip strength (muscular strength) and stand long jump (agility). 
Results: The prevalence of OW/OB was respectively 33.7% (65 of 193) among E4M, 
28.6% (54 of 189) among E4F, and 28.0% (129 of 461) among M1M. Hematocrit, 
white blood cell, triglyceride, low-density lipoprotein, insulin, homeostasis model 
assessment of insulin resistance, systolic and diastolic blood pressure were higher, 
while high-density lipoprotein were lower in the OW/OB group than in the NW 
group. The OW/OB group presented significantly lower CRF (P<0.01) and lower 
agility, but higher muscular strength compared with NW group. CRF was negatively 
correlated with obesity indices and metabolic risk factors. After adjustments for 
potential confounders, odds ratios for 4th–5th grade CRF of OW/OB compared 
NW in the E4M, E4F, M1M, were 7.38 (95 % CI, 3.24–16.83), 4.10 (95% CI, 1.83–9.18), 
16.06 (95% CI, 8.23–31.00) (P<0.01).
Conclusion: Our study has shown that CRF has negative correlation with OW/OB 
in children and adolescents of Chungju city. We suggest that improvement of CRF 
through regular physical activity would be an important method for reducing the 
metabolic risks of childhood obesity.
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Introduction

The prevalence of childhood obesity has been rapidly increasing worldwide for the past 
30 years and considered as a serious public health issue1,2). In Korea, Oh et al.3) reported the 
prevalence of childhood obesity, by using data from the National Growth Survey conducted 
in 1997 and 2005, that was increased 1.7 folds from 5.8% in 1997 to 9.7% in 2005. Also, the 
prevalence of childhood overweight or obesity was increased 1.5 folds from 13.0% in 1997 
to 19.0% in 2005. Childhood obesity is a risk factor for cardiovascular disease and metabolic 
syndrome (MS) in adulthood and thus affects morbidity and mortality in later life2,4-8). Up to 
80% of obese children continued to become obese and thus affects morbidity and mortality in 
adult life1). 

Recently, reduced physical activities were considered as one of the primary causes of 
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the childhood obesity1,9). Physical fitness is defined as "the 
ability to carry out daily tasks without fatigue." Health-related 
components include cardiorespiratory fitness (CRF), muscular 
endurance, muscular strength, and flexibility. Motor-related 
fitness includes power, agility, and balance10-12). Several studies 
have reported the negative association of physical fitness with 
childhood obesity10,13-15). Also, evidence from previous studies 
suggests that low CRF is a major risk factor of metabolic 
abnormalities, and also known as an independent and 
strong predictor of MS16,17). In Korea, some studies have been 
reported the negative association between obesity and physical 
fitness18). However, there are a few reports which examined 
the association befigtween metabolic risk factors and physical 
fitness. The purpose of the present cohort study is to determine 
the association of CRF with obesity and metabolic risk profiles 
in Korean elementary and middle school students.

Materials and methods

1. Subjects

This study included 404 elementary school 4th grade school 
students, aged 9–10 years (203 males and 201 females) and 480 
male-middle 1st grade school students, aged 12–13 years from 
Chungju city, South Korea. The study subjects were recruited 
from 3 elementary and 2 middle schools. The data collection 
was carried out between April 2014 and May 2014 in the 
participated schools. The inclusion criteria were (1) both the 
parent or guardian and children gave their written informed 
consent; (2) the child had to participate in physical activity test; 
(3) having ≥5th percentile of body mass index (BMI), according 
to the age- and gender-specific reference values of the 2007 
Korean National Growth charts. Of these 884 subjects, 41 were 
excluded due to incomplete information or having below 5th 
percentile of BMI according to age and sex. Ultimately, our 
study population included 382 elementary school 4th grade 
students (193 males, 189 females) and 461 male-middle school 
1st grade male students. Among them, only 227 students, 
which composed of 88 elementary school student (35 males, 53 
females) and 139 male-middle school students, gathered from 
2 elementary and 1 middle school, were performed laboratory 
examination. Approval for this study was obtained from the 
Catholic University of Korea, College of Medicine’s Institutional 
Review Board.

2. Measurements

Height to the nearest 0.1 cm using a BIKI 200 (Jawon Medi
cal, Daejeon, Korea). Weight and body fat percentage were 
assessed using bioelectrical impedance analysis method (IOI353, 
Jawon Medical). Both height and weight were measured with 
participants in light clothing and without shoes. BMI was 
calculated as the weight in kilograms divided by height in 
meters squared. Waist circumference (WC) and blood pressure 

(BP) measurement were performed by trained nurses. WC was 
measured between the lowest rib and the middle of the iliac 
crest to the nearest 0.1 cm in a standing position with his/her 
both feet close. Waist to height ratio (WHtR) was calculated as 
the waist (kg) divided by the height (cm) from obtained data19). 

BP was measured while subjects were in a sitting position 
following a 5-minutes rest period. Systolic and diastolic BP 
were measured, by a mercury sphygomomanometer (CL4114, 
Young-Pung Medical, Seoul, Korea) with a proper sized cuff 
that covers two-thirds of the upper arm. BP was measured 2 
times, average was used in the analysis. To assess serum levels 
of biochemical markers, blood samples were obtained from 
the antecubital veins of the subjects following an overnight, 10 
hours fast. Blood specimens were sampled by trained nurses. 
Complete blood count (CBC) were measured with an XN-9000 
(Sysmex, Kobe, Japan): XN 10×8 (CBC+differential count) and 
serum levels of fasting blood sugar (FBS), total cholesterol (TC), 
triglyceride (TG), high-density lipoprotein (HDL) cholesterol, 
and low-density lipoprotein (LDL) cholesterol were measured 
using an enzymatic method with an Cobas 8000 C702 (Roche, 
Mannheim, Germany). Insulin levels were measured with an 
Cobas 8000 e602 (Roche) with a electrochemiluminescence 
immunoassay. All laboratory examinations were performed by 
Seegene medical foundation, Korea.

3. Study criteria

The subjects were classified in 2 groups: (1) normal weight 
(NW, 5th–85th percentile); (2) overweight (OW, 85th–94th 
percentile,) and obesity (OB, ≥95th percentile,) according 
to the age- and gender-specific reference values of the 2007 
Korean National Growth charts7,20). According to International 
Diabetes Federation criteria, adolescents with abdominal 
obesity (WC≥90th percentile for age and sex) and 2 or more of 
the following criteria: TG≥150 mg/dL; HDL≤40 mg/dL; fasting 
glucose≥100 mg/dL; and systolic BP≥130 mmHg; or diastolic 
BP≥85 mmHg were diagnosed with MS21). Insulin resistance was 
determined using the homeostasis model assessment of insulin 
resistance (HOMA-IR=fasting glucose [mmol/L]×fasting 
insulin [μU/mL]/22.5).

  
4. Physical fitness measurement

Physical fitness was assessed using the physical activity 
promotion system (PAPS) of the Ministry of Education in Korea 
for the purpose of evaluation and exercise prescription for the 
increasing obesity prevalence and declining physical fitness 
among Korean students22). This test is a reliable instrument to 
measure physical fitness in children and is a commonly used in 
Korea since 2009. PAPS consists of 5 tests that measure different 
components of fitness: 15-m (for elementary school students) 
and 20-m (for middle school students) shuttle run for CRF, 
sit and reach for flexibility, handgrip strength for muscular 
strength, stand long jump for agility, body fat percent for fatness. 
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The physical fitness tests mentioned above have shown to be 
reliable and valid in adolescent population23,24). The physical 
fitness tests were measured 2 times, the best result was used in 
the analysis. 

The measurements were calculated by PAPS scoring system. 
The body's ability is scored total 100 points, calculated by 
summing the scores of the five components of 20 points by 
PAPS scoring scale. Each component is categorized 5 grades, 
and the higher point, which means superior fitness ability, 
corresponds to the lower grade. Grade 5 was matched 0–3 
points, grade 4 was matched 4–7 points, grade 3 was matched 
8–11 points, grade 2 was matched 12–15 points, grade 1 was 
matched 16–20 points22). Physical fitness test was performed in 
gymnasium of each school and measured by Welltizen (Seoul, 
Korea).

5. Statistical analysis

All statistical analyses were carried out using IBM SPSS Statis
tics ver. 20.0 (IBM Co., Armonk, NY, USA). Continuous variables 
were expressed as the mean±standard deviation by frequency 
analysis. Independent t-test was used for anthropometric and 
laboratory data analysis. Pearson correlation analysis was used 
for metabolic correlation of components and CRF. Simple 
logistic regression analysis was used for causality of OW/OB 
and 4–5 grades of CRF, and multiple logistic regression used 
for it with adjustment of height, SBP. Odds ratio (OR) and 95% 
confidence interval (CI) values for having recorded and in all 
statistical analysis, P-values of less than 0.05 were considered 
statistically significant.

Table 1. Anthropometric characteristics of study subjects in 3 groups (n=843)
Variable E4M (n=193) E4F (n=189) M1M (n=461) P-valuea) P-valueb)

Age (yr)      9.4±0.5     9.4±0.5   12.3±0.5 NS <0.01
Height (cm) 140.0±6.2 138.2±6.4 158.7±8.0 NS <0.01
Weight (kg)      37.5±10.0   36.0±8.3     54.3±13.2 NS <0.01
BMI (kg/m2)   19.5±3.9   18.7±3.3   21.4±4.2 <0.05 <0.01
Overweight 35 (18.1) 30 (15.9) 69 (15.0)
Obesity 30 (16.1) 24 (12.7) 60 (13.0)
Body fat (%)   13.6±8.0   21.1±5.6   16.2±8.7 <0.01 <0.01
WC (cm)      65.4±10.7   62.2±8.5     72.9±12.0 <0.01 <0.01
WC>90th percentile 31 (16.1) 28 (14.8) 71 (15.4)
WHtR      0.5±0.1    0. 5±0.1     0.5±0.1 NS <0.01
Metabolic syndrome 0 (0) 0 (0) 8 (1.7)
Values are presented mean±standard deviation or number (%).
Overweight was defined as the 85th–95th percentile gender-specific BMI for age in the 2007 Korean National Growth charts; Obesity was 
defined > the 95th percentile.
E4M, elementary school 4th grade male students; E4F, elementary school 4th grade female students; M1M, male-middle school 1st grade 
students; NS, not significant; BMI, body mass index; WC, waist circumference; WHtR, waist to height ratio.
a)Comparison of male and female in elementary school 4th grade students. b)Comparison of elementary school 4th grade students and 
male-middle school 1st grade students.

Table 2. Clinical characteristics of 3 groups classified as normal weight and overweight including obesity (n=843)

Variable
E4M E4F M1M

Normal OW/OB P-value Normal OW/OB P-value Normal OW/OB P-value
No. of patients 128 (66.3) 65 (33.7) 135 (71.4) 54 (28.6) 332 (72.0) 129 (28.0)
Height (cm) 136.2±5.5 141.4±6.3 <0.01 136.8±6.3 141.9±5.6 <0.01  157.9±8.1 161.0±7.4 <0.01
Weight (kg)   32.0±4.8   48.5±8.6 <0.01   32.1±4.7   46.1±6.8 <0.01    48.3±8.4     69.9±10.3 <0.01
BMI (kg/m2)   17.1±1.8   24.0±2.6 <0.01   17.1±1.6   22.9±2.8 <0.01    19.2±2.2   26.8±2.8 <0.01
Body fat (%)     9.0±4.8   22.8±4.3 <0.01   18.5±4.3   29.2±3.7 <0.01    11.8±5.7   27.4±3.8 <0.01
WC (cm)   59.3±5.3   77.4±8.3 <0.01   58.1±4.9   72.4±6.8 <0.01    67.0±6.9   87.9±8.6 <0.01
WHtR     0.4±0.0     0.5±0.1 <0.01      0.4±0.0     0.5±0.1 <0.01      0.4±0.0      0.5±0.1 <0.01
SBP (mmHg) 109.0±9.8   121.2±11.5 <0.01   109.0±10.3   122.6±10.6 <0.01    113.0±10.8   123.7±16.9 <0.01
DBP (mmHg)   69.4±6.9   77.3±9.4 <0.01   70.1±9.0   79.5±9.3 <0.01    69.7±7.9     72.7±11.0 <0.01
Values are presented as number (%) or mean±standard deviation.
E4M, elementary school 4th grade male students; E4F, elementary school 4th grade female students; M1M, male-middle school 1st grade 
students; OW/OB, overweight and obesity; BMI, body mass index; WC, waist circumference; WHtR, waist to height ratio; SBP, systolic blood 
pressure; DBP, diastolic blood pressure; CRF, cardiorespiratory fitness; NS, not significant. 
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Results

The clinical characteristics of the study subjects are listed 
in Table 1. The prevalence of OW/OB was respectively 33.7% 
(65 of 193) among the E4M, 28.6% (54 of 189) among the E4F, 
and 28.0% (129 of 461) among the M1M. The prevalence of 
abdominal obesity was 16.1% (31 of 193) among the E4M, 
14.8% (28 of 189) among the E4F, and 15.4% (71 of 461) among 
the M1M. The prevalence of MS was 1.7% (8 of 474) among 
the M1M, whereas none of the elementary school students 
satisfied the MS criteria. In elementary school students, BMI 
(19.5±3.9 kg/m2 vs. 18.7±3.3 kg/m2, P<0.05), WC (65.4± 10.7 cm 
vs. 62.2±8.5 cm, P<0.01) were significantly higher in male than 
female. However, body fat percentage was significantly lower in 
male than female (13.6%±8.0% vs. 21.1%±5.6%, P<0.01). There 

were no significant differences in the mean age, height, body 
weight and WHtR of the sex. In male students, height (158.7±8.1 
cm vs. 140.0±6.2 cm, P<0.01), weight (54.3±13.2 kg vs. 37.5±10.0 
kg, P<0.01), BMI (21.4±4.2 kg/m2 vs. 19.5±3.9 kg/m2, P<0.01), 
body fat percentage (16.2%±8.7% vs. 13.6%±8.0%, P<0.01), and 
WC (72.9±12.0 cm vs. 65.4±10.7 cm, P<0.01) were significantly 
higher in middle school than elementary school students.

The comparison of clinical characteristics between the OW/
OB and NW groups are shown in Table 2. The OW/OB group 
showed significantly higher levels for height, weight, BMI, body 
fat percentage, WC, WHtR, and systolic and diastolic BP than in 
the NW group. 

The comparison of laboratory data between the OW/OB and 
NW groups are shown in Table 3. The OW/OB group showed 
significantly higher levels for hematocrit in M1M, white blood 
cell count in the E4M and M1M; TG in the M1M; LDL in the 
M1M; serum insulin level in the E4M and M1M; HOMA-IR in 
the M1M than the NW group. HDL cholesterol was significantly 
lower in the OW/OB than in the NW group for E4F and M1M. 
No significant difference was shown in hemoglobin, FBS, TC in 
comparison of the OW/OB and NW groups. 

The comparison of physical fitness data between the OW/
OB and NW groups are shown in Fig. 1. The OW/OB had a 
significantly lower CRF and agility, but higher muscular strength 
compared with NW group. There were no significant differences 
in the flexibility. 

The Pearson correlation between CRF and the components 
of MS was shown in Table 4. In the E4M, E4F, and M1M 
groups, BMI (R=−0.57 vs. R=−0.40 vs. R=−0.54), WC (R=−0.57 
vs. R=−0.35 vs. R=−0.54), and WHtR (R=−0.59 vs. R=−0.31 
vs. R=−0.59) were significantly inversely correlated with CRF. 
Among the E4M and E4F, SBP (R=−0.20 vs. R=−0.28) and DBP 
(R=−0.16 vs. R=−0.29) were significantly inversely correlated 
with CRF (P<0.01). TG level showed significant negative 
correlations only in the females (R=−0.36, P<0.01), whereas 

Table 3. Laboratory data of 3 groups classified as normal weight and overweight including obesity (n=227)

Variable
E4M E4F M1M

Normal OW/OB P-value Normal OW/OB P-value Normal OW/OB P-value
No. of patients 23 (65.7) 12 (34.3) 37 (69.8) 16 (30.2) 104 (74.8) 35 (25.2)
Hb (g/dL) 13.9±0.7 13.7±0.6 NS 13.9±0.7 13.8± 0.6 NS 14.4±1.0 14.5±0.8 NS
Hct (%) 42.0±2.1 41.3±1.4 NS 42.0±2.1 42.0±1.7 NS 42.7±2.5 43.7±2.4 <0.05
WBC (109/L) 5.5±1.0 7.2±1.2 <0.01 6.6±2.1 6.7±1.7 NS 6.3±1.4 6.9±1.3 <0.05
FBS (mg/dL) 87.9±5.6 86.3±3.9 NS 86.8±7.7 83.3±5.7 NS 88.1±5.5 89.8±7.6 NS
TC (mg/dL) 166.2±27.6 181.0±33.7 NS 172.2±19.5 157.3±26.3 NS 153.8±24.2 160.4±27.9 NS
TG (mg/dL) 77.8±39.2 101.8±42.0 NS 84.5±32.7 91.0±38.1 NS 71.7±33.9 105.7±49.4 <0.01
HDL (mg/dL) 60.7±8.6 58.1±12.2 NS 63.2±13.9 51.8±13.2 <0.01 56.1±11.0 47.0±11.0 <0.01
LDL (mg/dL) 90.4±28.3 102.4±27.3 NS 92.1±18.4 87.4±21.3 NS 83.4±22.5 92.4±21.9 <0.05
Insulin (μU/mL) 7.7±4.4 11.7±5.1 <0.05 9.8±4.8 13.3±6.6 NS 11.1±6.8 24.6±25.8 <0.01
HOMA-IR 1.7± 1.1 2.5±1.2 NS 2.2±1.2 2.8± 1.4 NS 2.4±1.6 5.7±6.8 <0.01
Values are presented as number (%) or mean±standard deviation
E4M, elementary school 4th grade male students; E4F, elementary school 4th grade female students; M1M, male-middle school 1st grade 
students; OW/OB, overweight and obesity; Hb, hemoglobin; Hct, hematocrit; WBC, white blood cell; FBS, fasting blood sugar; TC, total 
cholesterol; TG, triglyceride; HDL, high-density lipoprotein; LDL, low-density lipoprotein; HOMA-IR, homeostasis model assessment for 
insulin resistance; NS, not significant.

Table 4. Correlation between cardiorespiratory fitness and 
metabolic risk factors

Variable
E4M (n=193) E4F (n=186) M1M (n=461)
R P-value R P-value R P-value

BMI (kg/m2) –0.57 <0.01 –0.40 <0.01 –0.54 <0.01
WC (cm) –0.57 <0.01 –0.35 <0.01 –0.54 <0.01
WHtR –0.59 <0.01 –0.31 <0.01 –0.59 <0.01
SBP (mmHg)a) –0.20 <0.01 –0.28 <0.01 –0.09 NS
DBP (mmHg)a) –0.16 <0.05 –0.29 <0.01 –0.02 NS
FBS (mg/dL)a) –0.36 NS 0.08 NS –0.16 NS
TG (mg/dL)a) –0.24 NS –0.36 <0.01 –0.39 <0.01
HDL (mg/dL)a) 0.46 <0.01 0.29 <0.05 0.23 <0.01
E4M, elementary school 4th grade male students; E4F, elemen
tary school 4th grade female students; M1M, middle school first 
grade male students; BMI, body mass index; WC, Waist circum
ference; WHtR, Waist to height ratio; SBP, systolic blood pressure; 
DBP, diastolic blood pressure; FBS, fasting blood sugar; TG, 
triglyceride; HDL, high-density lipoprotein; NS, not significant.
a)Laboratory data were analyzed for only 227 subjects whereas 
total subject was 843.
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HDL cholesterol showed a significant positive correlation only 
in the male students (R=0.46, P<0.01). There were no significant 
differences in the FBS. In the M1M, TG (R=−0.39, P<0.01) 
were significantly inversely correlated with CRF, whereas 
HDL (R=0.23, P<0.01) levels had shown significantly positive 
correlation with CRF.

The results of the logistic regression analyses between 4th–5th 
grade CRF and obesity was shown in Table 5. After adjustments 
for height and BP, the OR of the OW/OB for 4th–5th grade 
CRF in the E4M, E4F and M1M were 7.38 (95% CI, 3.24–16.83; 
P<0.01), 4.10 (95% CI, 1.83–9.18; P<0.01), 16.06 (95% CI, 8.32–
31.00; P<0.01), respectively. 

Discussion

We examined the association between physical fitness and 

obesity with metabolic risk factors among elementary and mid
dle school students from the city of Chungju. Current clinical 
guidelines indicate a role of physical activity in the management 
and prevention of childhood obesity1). CRF, an objective marker 
of recent physical activity patterns, is stronger than other 
physical fitness test as a predictor of health outcomes17). 

Interestingly, findings from our study demonstrate that almost 
30% of elementary and middle school students in Chungju city 
measured above the 85th percentile of BMI. This result was 
much larger proportion than the known value of almost 20% 
for 2 previous studies based on Korea Nutrition Examination 
survey from 10–19 and 12–19 years of age group25,26), but a 
similar rate compared to a few studies from elementary school 
4th grade students alone (32.8% in male, 24.7% in female)27) and 
middle school 1st grade male students alone (26.4%)28). Because 
of the different ranges of sex and age and diagnostic criteria 

Table 5. Logistic regression analysis for overweight/obesity with 4–5 grades of cardiorespiratory fitness 

Variable
Model 1a) Model 2b)

OR 95% CI P-value OR 95% CI P-value
E4M (n=56) 6.70 3.39–13.28 <0.01 7.38 3.24–16.83 <0.01
E4F (n=59) 4.77 2.41–9.42 <0.01 4.10 1.83–9.18 <0.01
M1M (n=241) 11.64 6.39–21.17 <0.01 16.06 8.32–31.00 <0.01
OR, odds ratio; CI, confidence interval; E4M, elementary school 4th grade male students; E4F, elementary school 4th grade female 
students; M1M, middle school first grade male students.
a)Not adjusted. b)Adjusted for height and systolic blood pressure.
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Fig. 1. The average score of components of physical fitness in normal weight vs. overweight 
including obesity according to each groups (E4M, E4F, M1M). (A) Cardiovascular fitness. (B) 
Flexibility. (C) Muscular strength. (D) Agility. NW, normal weight and obesity; E4M, elementary 
school 4th grade male students; E4F, elementary school 4th grade female students; M1M, middle 
school 1st grade male students. *P<0.05.
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for obesity used in these studies, cross-comparison would be 
challenging. However, these results suggest that further studies 
are necessary to demonstrate that higher prevalence of obesity 
in school aged children compared to overall children and 
adolescents.

In the present study, we observed that CRF was lower and 
muscular strength was higher in the OW/OB group in com
parison to the NW group. After adjustments for potential 
confounders, odds ratios for 4th–5th grade CRF of OW/
OB compared NW in the E4M, E4F, M1M, were 7.38 (95% 
CI, 3.24–16.83), 4.10 (95% CI, 1.83–9.18), 16.06 (95% CI, 
8.23–31.00) (P<0.001). These findings were consistent with the 
several previous reports such as 9,414 Belgian girls 6 to 18 years 
of age29), 209 Scotland adolescents 15 to 17.5 years of age30), 
726 Korean college male students11), 2,474 Spain adolescents31). 
It has been suggested that these lower performance in obese 
children are probably due to the fact that their excess body fat is 
an extra load to be moved when they perform weight-bearing 
task (shuttle run, sit-up, standing long jump, and bent-arm 
sling)10). In another suggestion, obese children and adolescents 
have a greater tendency to avoid weight-bearing activities than 
the NW, thus the deficiency of this experience can lead to poor 
performance32). The reason why muscular strength is high in 
obese children and adolescents would be explained as their 
increased fat-free mass. Fat-free mass increases as amount of 
excessive adiposity, and this supports the extra load10). In other 
studies that the separate assessment for muscular strength in 
the upper and lower extremities was done, muscular strength 
for upper extremities was greater whereas lower extremity 
explosive strength was lower in the OB group in the comparison 
to the NW group25,33). Reduction in trunk and lower extremity 
strength cause musculoskeletal fatigue and can increase the risk 
of injury during activities34). 

CRF was lower in male middle school students than elemen
tary school students in this study. This finding suggests that 
increasing age is likely to be associated with decreased CRF. 
Further studies will be necessary to investigate the influence of 
age on the CRF.

Regular physical activity affects weight loss and maintenance 
in OW/OB group; increases energy capacity; controls blood 
glucose level, and increases insulin sensitivity by forming a 
channel to facilitate the inflow of blood glucose to the inside of 
the cells by transferring insulin-dependent glucose transport 
(GLUT-4) to the cell surface according to the change of insulin 
signaling during muscle contraction; and contributes to the 
normalization of metabolic risk profile12,35). Moreover, regular 
physical activity increases CRF36) and both physical activity and 
CRF independently increases insulin sensitivity37). 

Several studies have reported an inverse association of 
CRF with obesity and MS. Buchan et al.38) reported a negative 
association between CRF and cardiometabolic risks such as 
HDL-C (inverse), LDL-C, HOMA-IR, systolic BP, and levels 
of TG, interleukin-6, C-reactive protein, and adiponectin. 
Ekelund et al.39) reported a negative association between CRF 
and metabolic risk factors (WC, BP, and levels of fasting glucose, 

insulin, TG, HDL-C). In addition, LaMonte et al.17) reported a 
negative association between CRF and the incidence of MS. The 
result of our study also showed a negative association between 
CRF and obesity variables such as BMI, WC, and WHtR (all 
P=0.00). Although the statistical significance varied in each 
group, we observed a negative association of CRF with BP, FBG, 
and TG but a positive association with HDL. Thus, higher CRF 
may be considered as helpful in preventing obesity and MS. 

This study has a few limitations. First, since the study subjects 
were recruited from only elementary school 4th grade male and 
female and male-middle school 1st grade students. Thus they 
do not represent the entire Korean children and adolescents. 
Second, blood test was performed in 18% (35 of 193), 28% (53 
of 189), and 30% (139 of 461) of the students in the E4M, E4F, 
and M1M, indicating only 27% (227 of 843) of the total study 
population. Third, the pubertal status was not measured in all 
subjects. Assessment taken at an accurate state of puberty would 
have allowed a more precise analysis of the metabolic risk 
factors and obesity in this study.

In conclusion, the findings of the present study support 
previous findings showing the inverse association between 
CRF and obesity and metabolic risk factors in children and 
adolescent. Further studies are needed to establish the relation
ship between the CRF and obesity across different ages, 
genders and regions. Also longitudinal or prospective study 
for relationship between physical fitness and MS risk factor 
would be needed. Therefore, we suggest that improvement in 
CRF through regular physical activity would be an important 
method for reducing the metabolic risks of childhood obesity.
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