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Obesity and Type 2 diabetes 



Korean Adolescents Physical Activity 

(KAPHA) study  

• Three year follow up study

– From 1st year to 3rd year high school students

• Total 504 students (Varies each year)
– First year 225

– Second 324

• Physical activity questionnaire • Physical activity questionnaire 

• Dietary record

• Physical fitness (6 different tests)

• Body composition

• HOMA, Blood lipids, IGF-1, IGFBP-3

• Cardiovascular disease risk score 

• Intima media thickness



Obesity increased insulin resistance and CVD risk 

factors among adolescents (2nd year) 

Variables Normal 

(N=211)

At risk of 

overweight (N=95)

Overweight 

(N=18)

BMI (kg/m2) 20.26±1.62 24.61 ±1.1* 29.89 ±2.32**

Body fat(%) 16.29 ±3.74 23.15 ±3.28* 30.64 ±4.01**

Glucose (mg/dl) 72.36 ±7.91 71.37 ±8.2 69.72 ±13.56

HOMA-IR .85 ±.52 1.18 ±.66* 1.82 ±.78**

TG (mg/dl) 85 ±39 94 ±47 117 ±47**

TC (mg/dl) 148±24 149±26 161 ±22**

HDL-C (mg/dl) 47 ±8 43 ±8* 41 ±9*

Hs-CRP .15 ±.42 .11 ±.22 .11 ±.13



Obesity increased the CVD risk score

• CVD risk score

– Z-score for TC, HDL-C, TG, HOMA, and MAP 

were calculated.  Z-score for HDL-C was 

multiplied by -1.  Then all scores were added to 

make CVD risk score.make CVD risk score.

Variables Normal 

(N=211)

At risk of 

overweight 

(N=95)

Overweight 

(N=18)

BMI (kg/m2) 20.26±1.62 24.61 ±1.1 29.89 ±2.32

CVD risk score -1.15±2 1.62±2.5* 4.72±2.9**



Effects of level of fitness on insulin resistance and 

cardiovascular disease risk factors among Korean youth

본 연구의 결과는 총 516명의 청소년을 3년간 추적하여 저들의 신체활동과, 심혈관질환
위험요인을 조사한 Korean Adolescents Physical Activity (KAPHA) Study 의 1년
차 연구 데이터임 제갈윤석 (2008) 한국체육학회지 47:485-493



Effects of Fatness and Cardiovascular Fitness 

on CVD risk Score

a,b

a,b,c

High Fit High Fit Low FitLow Fit

LOW FAT HIGH FAT

a





본 연구는 초등학교 4-6학년 어린이를 대상으로 7일간의 비만 치료 프로그램이 만성질환
위험요인과 인슐린 저항성 그리고 Vaspin 에 미치는 영향을 분석한 총 2년에 걸친 연구
이며 이중 1년차 연구의 결과이다.



본 연구는 초등학교 4-6학년 어린이를 대상으로 7일간의 비만 치료 프로그램이 만성질환
위험요인과 인슐린 저항성 그리고 Vaspin 에 미치는 영향을 분석한 총 2년에 걸친 연구
이며 이중 1년차 연구의 결과이다.



Is fitness better predictor than fatness for 

increased mortality?

Xui X et al. 2007 298:2507-2516 JAMA





Both fatness and fitness good 

predictors for IFG and type 2 DM 

Lee DC et al. 2009 32:257-262  Diabetes Care



Both fatness and fitness good 

predictors for IFG and type 2 DM 

Kodama et al. 2009 301:2024-2035 

JAMA

1-MET higher level of fitness was associated with 

13% and 15% decrements in risk of all-cause 

mortality 



Both fatness and fitness good 
predictors for IFG and type 2 DM 

Kodama et al. 2009 301:2024-2035 JAMA

A minimal CRF of 7.9 METs may be important 

for significant prevention of all-cause 

mortality and CHD/CVD.



• 1-MET higher level of fitness was associated with 13% 

and 15% decrements in risk of all-cause mortality 

and CHD/CVD, respectively.

• A minimal CRF of 7.9 METs may be important for • A minimal CRF of 7.9 METs may be important for 

significant prevention of all-cause mortality and 

CHD/CVD.

Age CRF level

40 years old 9 and 7 METs

50 years 8 and 6 METs

60 years 7 and 5 METs



Effects of cardiorespiratory fitness on survival 

rates among patients with type 2 DM

Mckauley et al. (2007) Diabetes Care 30:1539-1543



Effects of fatness on glucose and 

HbA1c among healthy adults
Variable Male Female

1st Group

(N:161)

2nd Group

(N:168)

3rd Group

(N:159)

1st Group

(N:169)

2nd Group

(N:179)

3rd Group

(N:171)

Under 23.6 23.7~25.7 Up 25.8 Under 21.4 21.5~24.0 Up 24.1

Height(cm) 170.21±.40 170.11±.39 169.77±.40 158.85±.42 157.94±.40 158.95±.42

Weight(kg) 62.94±.57 71.62±.56* 79.77±.57 *# 50.46±.45 56.64±.43* 66.90±.45*#

Waist(cm) 77.56±.38 84.99±.37* 90.45±.38 *# 67.78±.38 72.96±.36* 82.25±.38*#

SBP (mmHg) 121.43±.92 124.82±.90* 128.08±.92 *# 116.90±1.02 119.89±.97* 126.49±1.02*#SBP (mmHg) 121.43±.92 124.82±.90* 128.08±.92 *# 116.90±1.02 119.89±.97* 126.49±1.02*#

DBP (mmHg) 74.68±.64 77.74±.66 80.22±.67 69.99±.72 71.67±.68 74.95±.72*#

Glucose(mg/dl) 104.17±1,88 102.89±1.84 106.12±1.89 91.89±1.13 95.87±1.07* 97.93±1.13*

HbA1C(mg/dl) 5.82±.07 5.70±.06 5.81±.07 5.50±.04 5.60±.04 5.63±.04*

TC (mg/dl) 183.30±2.51 189.70±2.45 198.42±2.52 *# 189.74±2.54 193.08±2.39 193.29±2.53

TG (mg/dl) 128.02±7.43 145.96±7.25 187.15±7.43 *# 96.00±5.02 104.81±4.75 126.45±5.00*#

LDL-C (mg/dl) 113.52±2.28 122.23±2.23* 129.06±2.28 *# 113.96±2.31 120.92±2.18* 121.78±2.30*

HDL-C (mg/dl) 49.17±.84 45.01±.82* 42.67±.84 *# 57.34±.94 53.15±.89* 50.06±.94*#

본 연구는 경기도 소재 M 병원에 내원한 건강검진 환자 1020명의 건강검진데이타와
체력 측정데이타를 분석한 연구임.  Jeon et al. 2010 Unpublished Data
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Effects of fitness on glucose and 

HbA1c among healthy adults
Variables Male Female

1st Group

(N:164)

2nd Group

(N:160)

3rd Group

(N:162)

1st Group

(N:174)

2nd Group

(N:172)

3rd Group

(N:169)

Up 94 83~93 under 82 Up 98 87~97 Under 86

Height(cm) 170.21±.40 170.13±.40 169.81±.40 157.±.41 158.47±.41 158.29±.42

Weight(kg) 71.39±.47 71.90±.47 70.97±.47 57.75±.31 58.18±.30 58.04±.31

Waist(cm) 85.02±.28 84.33±.29 83.66±.29* 74.34±.27 74.30±.27 74.16±.28

SBP (mmHg) 126.28±.91 123.59±.92 125.22±.91 122.49±.96 120.01±.95 119.97±.99SBP (mmHg) 126.28±.91 123.59±.92 125.22±.91 122.49±.96 120.01±.95 119.97±.99

DBP (mmHg) 78.18±.66 76.97±.66* 76.41±.66* 73.54±.70 71.20±.69* 71.53±.72*

Glucose (mg/dl) 111.21±1.83 102.31±1.85* 99.60±1.84* 97.08±1.10 94.50±1.09 94.14±1.13

HbA1C(mg/dl) 6.03±.06 5.72±.06* 5.58±.06* 5.60±.04 5.59±.04 5.53±.04

TC (mg/dl) 192.33±2.51 190.94±2.54 188.01±2.52 196.15±2.46 191.47±2.44 188.50±2.52*

TG (mg/dl) 157.29±7.39 162.14±7.35 140.90±7.34# 106.66±4.87 114.51±4.80 104.22±4.99

LDL-C (mg/dl) 124.34±2.30 122.45±2.29 118.34±2.29 122.52±2.26 117.99±2.22 116.21±2..31

HDL-C (mg/dl) 44.41±.83 44.43±.82 48.12±.82*# 54.40±.92 53.40±.91 53.02±.94

본 연구는 경기도 소재 M 병원에 내원한 건강검진 환자 1020명의 건강검진데이타와
체력 측정데이타를 분석한 연구임.  Jeon et al. 2010 Unpublished Data
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Relative risk of Metabolic Syndrome among Korean 

male adults according to their fatness and fitness
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were stratified into tertile (33.3%)
Jeon et al. 2010 unpublished data



Relative risk of Metabolic Syndrome among Korean 

Female  adults according to their fatness and fitness

20

25

30

17.81

20.1

29.5

6.95

CRF: Cardio-respiratory Fitness, Fitness and BMI  

were stratified into tertile (33.3%)
Jeon et al. 2009 unpublished data
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Effects of fatness during high school on 

metabolic disease risk factors during adulthood

본 연구는 고등학교 시기의 비만도와 체력이 성인기 비만도와 만성질환에 미치는 영향을 분석한 연구로서 총
3993명의 데이터를 분석하였으며, 22년 Follow up 데이터 이다.   Jekal et al. 2010 34:1-9 
Korean Diabetes Journal 



Effects of Fitness during high school on metabolic 

disease risk factors during adulthood

본 연구는 고등학교 시기의 비만도와 체력이 성인기 비만도와 만성질환에 미치는 영향을 분석한 연구로서 총
3993명의 데이터를 분석하였으며, 22년 Follow up 데이터 이다.   Jekal et al. 2010 34:1-9 
Korean Diabetes Journal 
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본 연구는 고등학교 시기의 비만도와 체력이 성인기 비만도와 만성질환에 미치는 영향을 분석한 연구로서 총
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Effects of Fitness during high school on metabolic 

disease risk factors during adulthood

Low Fat High Fat

RR (95%CI) High Fit Low Fit High Fit Low Fit 

BP (SBP, 130≧

DBP, 85≧)
1.00 0.87  (0.61-1.24) 1.09 (0.26-4.65) 2.12 (0.70-6.46)

본 연구는 고등학교 시기의 비만도와 체력이 성인기 비만도와 만성질환에 미치는 영향을 분석한 연구로서 총
3993명의 데이터를 분석하였으며, 22년 Follow up 데이터 이다.   Jeon et al. 2010 
Unpublished Data

Glucose (110≧) 1.00 1.37 (0.81-2.31) 1.32 (0.16-11.09) 4.11 (1.19-14.14)

MS 1.00 0.92 (0.60-1.41) 0.60 (0.07-4.98) 3.60 (1.17-11.12)



Inha University 당뇨병센타 연구 (Pilot Data)

Model 1. Model 2. Model 3.

Glucose -.558* -.496* -.360

HbA1C -.652* -.594* -.567*

Insulin -.202 -.259 -.227

HOMA -.252 .219 -.258

LDL-C -.228 -.500* -.306

Association between cardiorespiratory fitness and metabolic parameters

HDL-C .366 .329 .446

TG .196 .093 -.086

ABI R .246 .428 .129

ABI L -.479* -.484* -.366

PWV L .482* .505* .382

PWV R -.126 -.059 .064

Model 1. Gender controlled, Model 2. Gender and age 

controlled, Model 3. Gender, age, and BMI controlled
본 연구는 현재 인하대학교 당뇨병 센터에서 12주 운동프로그램의 효과 분석 연구
에 참여하고 있는 환자 33명의 결과를 분석한 결과임.



Intervention Strategy (Inha University)

Supervised 
Exercise

Unsupervised
Exercise

Unsupervised
Exercise

Supervised 
Exercise

Supervised 
Exercise

Supervised 
Exercise

Supervised 
Exercise

Unsupervised
Exercise

Unsupervised
Exercise

Unsupervised
Exercise

Unsupervised
Exercise

Physical 
Activity

Physical 
Activity

Physical 
Activity

Physical 
Activity

Dietary 
Intervention

Dietary 
Intervention

Dietary 
Intervention

Energy 
Restriction

Energy 
Restriction

Medication



Exercise (N=13) Control (N=8)

Age (year) 49.90±7.80 48.41±8.14

Height (cm) 165.91±9.70 164.65±9.41Height (cm) 165.91±9.70 164.65±9.41

Weight (kg) 77.86±14.61 76.33±11.43

BMI (kg/m2) 28.10±3.31 28.12±3.41

Percent fat (%) 32.21±5.71 32.95±7.00



Intervention program (Pilot data)

Intervention program

Supervised exercise Unsupervised exercise

Type Core, Circuit Resistance and 

Aerobic Exercise

Aerobic Exercise

Duration 12 week 12 weekDuration 12 week 12 week

Frequency 3 time/week 2-3 time/week

Intensity 50%10RM, 15~20 repetition, 3 sets 60 % of VO2peak

Time Warm up /Core exercise: 15~20min

Circuit exercise : 30 min

Cool down : 5~10  min

30~40 min



0 week 6week 12week 12-0 diff P-value

Body weight (kg) 77.86±17.54 76.04±13.88* 74.66±16.62** -3.20±2.34 < .001

BMI (kg/m2) 28.15±3.67 27.46±3.15 27.01±3.67* -1.14±0.72 < .001

Muscle mass(kg) 51.05±12.31 52.12±11.39* 51.55±12.46 +0.50±0.94 .081

WC (cm) 91.15±10.07 88.31±8.60* 85.62±9.23** -5.54±3.99 < .001

HC (cm) 99.54±6.23 97.69±5.17* 96.54±5.78* -3.00±3.58 .011

SBP (mmHg) 127.85±16.61 116.52±12.4* 113.77±12.99* -14.08±7.85 < .001

DBP (mmHg) 81.85±11.34 74.29±9.17* 73.46±8.96* -8.38±0.94 .001



0 week 6week 12week 12-0 diff P-value

Fat mass (kg) 24.55±5.71 21.52±5.88 21.33±5.79 -3.23±2.67 .002

Muscle mass (kg) 51.05±12.31 52.12±11.39 51.55±12.46 +0.50±0.94 .081

Percent fat(%) 32.19±3.71 29.77±6.10 28.99±5.04 -3.20±2.63 .001

Abdominal fat (%) 41.95±3.05 37.49±6.30 37.82±5.29 -4.12±4.37 .005



0 week 6week 12week 12-0 diff P-value

Dumbbell Press(kg) 9.58±6.30 12.24±7.02 15.50±14.86 +5.92±9.58 < .001

Lateral Raise(kg) 4.00±1.65 5.71±3.07 6.33±3.31 +2.33±2.31 .004

Leg Extension(kg) 48.33±25.61 59.51±26.25 65.42±32.22 +17.08±16.85 < .001

Pull Down(kg) 35.83±14.90 42.38±16.33 48.33±19.46 +12.50±10.77 .001

Triceps Extension

(kg)

5.79±3.04 7.52±4.26 8.42±4.29 +2.63±2.04 < .001

Biceps Curl(kg) 6.67±2.81 8.76±3.58 8.92±4.34 +2.25±1.91 < .001

Squat(kg) 24.10±23.22 34.76±22.50 41.14±30.89 +17.05±11.23 < .001

Push Up(회) 12.83±10.36 21.25±17.40 32.75±16.21 +19.92±12.92 .037

Sit Up(회) 12.27±14.18 19.45±16.99 19.91±19.28 +7.64±6.56 < .001

VO2max 30.03±5.07 30.90±5.48 31.96±5.93 +1.92±2.10 < .001



0 week 6week 12week 12-0 diff P-value

Glucose(mg/dl) 134.57±17.93 126.95±21.76 117.00±31.29 -17.57±30.87 .05

HbA1c 7.51±0.71 7.01±0.75 6.69±0.60 -0.83±0.41 < .001

TG(mg/dl) 167.14±99.57 110.19±43.32 126.36±65.80 -40.79±82.57 .087TG(mg/dl) 167.14±99.57 110.19±43.32 126.36±65.80 -40.79±82.57 .087

TC(mg/dl) 158.93±27.97 148.81±23.13 153.43±28.24 -5.50±19.27 .305

HDL(mg/dl) 47.71±8.70 45.48±9.14 47.50±10.54 -0.21±6.91 .909

LDL(mg/dl) 85.38±19.67 84.00±22.00 84.00±27.56 -1.38±20.19 .809



0 week 6week 12week 12-0 diff
P-

value

AST(units/L) 23.43±12.57 22.81±7.97 21.00±4.57 -2.43±9.94 .377

ALT(units/L) 32.43±16.35 29.05±13.56 22.71±8.44 -9.71±12.14 .010

GGT(units/L) 41.36±29.00 27.67±18.43 25.93±18.86 -15.43±17.99 .007



On going research 

�Mechanism of exercise associated improvement in 

glucose control and type 2 diabetes 

� Adipocytokine (NF-kb, Vaspin), liver insulin sensitivity (Fatty 

liver, Pentraxin-3 etc)

� Visceral fat vs Fatty liver 

� Effects of musculoskeletal fitness on type 2 diabetes 

and glucose control

� Finding minimal fitness levels for Korean adults 

� Development of easy, reliable, and valid fitness 

measurements



운동은 자율적이어야 한다.  즐겁게 하자

운동이 쥐의 수명에 미치는 영향을 조사한 연구에서 강제로 운동시킨
(Treadmill) 쥐는 운동을 하지 않은 쥐보다 더 수명이 짧았다.  반면
자율적으로 운동한 쥐는 운동을 하지 않은 쥐 보다 수명이 길었다.
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