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Table 1. Changes of Metabolic syndrome-related factors after follow-up period in study subjects

o Men Women
Characteristic
(N=4,995) (N=1,800)
Baseline Follow—up AChange Baseline Follow-up AChange
Age (yr) 42.8+8.8 43.2+9.1 39.9%+9.9 40.3£10.2
Weight (kg) 71.6%£9.7 71.7£9.7 0.16£2.35 55.9+7.9 56.1+7.9 0.21+£2.28
BMI (kg/m?) 24.312.8 24.31£2.8 0.01+0.81 21.8+3.0 21.94+3.0 0.04£0.94
Waist circumference (cm) 83.9x7.7 85.2+7.6" 1.27£3.99 72.3£7.9 74.4+8.2" 2.12+4.58
SBP (mmHg) 120.1£12.5 120.7+12.4" 0.53+12.55 110.0+£13.3 110.2£13.0 0.18+12.62
DBP (mmHg) 76.41£9.5 77.5+8.9" 1.08+9.49 69.5+9.3 70.3£9.0" 0.86%9.35
Total cholesterol (mg/dL) 190.6+£31.5 194.7+32.2" 41212412 181.0+£30.3 186.5+£32.6" 5.51+24.34
Triglyceride (mg/dL) 157.7£97 1 156.0£99.2 -1.66x£76.46 97.8%£57.7 96.91+56.6 -0.83%+45.39
Fasting glucose (mg/dL) 90.2+20.0 94.2+19.8" 3.95+14.49 83.9+11.6 87.4+11.8" 3.50+£10.73
HDL-cholesterol (mg/dL) 48.317.7 48.4+9 .1 0.13£8.14 55.9+8.7 57.7+£10.7" 1.78+10.14
AST (U/L) 25.0+16.1 25.0£15.1 0.01+18.26 19.5%£5.7 20.0£13.9 0.48%+13.62
ALT (U/L) 28.9123.4 29.6120.4 0.66+22.91 16.2+8.6 17.6+19.8" 1.46+18.95
y=GTP (U/L) 46.0+51.2 47.2+58.8 1.16+£39.36 18.3112.1 19.1+15.3 0.81+11.86
Smoking status Never 1456(29.2) 1689(93.8)
N(%) 1465(29.3) 52(2.9)
Current 2074(41.5) 59(3.3)

Drinking  N(%) 4339(86.9) 902(50.1)

amount(g/d) 19.6£23.6 6.2+11.0

P p-value<0.05,

SBP; Systolic blood pressure, DBP; Diastolic blood pressure, HDL-cholesterol; High

Alanine aminotransferase, ¥-GTP; Gamma-glutamyl transpeptidase

_12_

density lipoprotein cholesterol, AST; Aspartate aminotransferase, ALT;



2. A S EFZ O

Baseline®} Follw-updl Al WAL FH E o]

188%= < 4.0%7} =73t ch(Figure 1).
High-waist= 21.5%°14 263%% %7}3l913, Low-HDLS 12.8%°l A
14.8%, High-FBSS 16.2%° A 22.7%

242y F7 ek A T o Ake
A5 dAS

S Eo] 63%4 8.0%% °F 1.7%7 Z7}+3}% th(Figure

[SE=1

_‘Sr:
2). HALS & 84

Z o4 High-waiste 16.2%°14 24.3% =%

S 7bek
High-FBSZ 6.0%°1 A 9.0% =% Z7}3st At

Baseline®} Follw-upol Al WALZFT 84 Fo 2 dxe 24 17
ol 317%A 295%E =oEJUIL, &4 200 TS 21.6%0A
23.0% 2 %7}3}% th(Figure 3). 24

3N, AN FolNE oF 298 F7ts)
At AR M E WS

$FS B At (Figure 4).

_13_



Figure 1. Frequency of

follow-up in men.
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Figure 3. Frequency of clustering of metabolic component of the metabolic

syndrome in baseline and follow-up in men.
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Figure 4. Frequency of clustering of metabolic component of the metabolic

syndrome in baseline and follow-up in women.

70

60 Baseline

Follow-up

50

40

30

20

10

18 18

03 06

_15_



Table 2. Correlation between the change of Metabolic syndrome-related
variables in men. (Adjusted for age)

AWC ABMI AWT ASBP ADBP ATC ATG AHDL AFBS

AWC 1.00

ABMI 0.46" 1.00

AWT 0.47" 0.94" 1.00

ASBP 0.05" 0.09" 0.11" 1.00

ADBP 0.03 0.05" 0.07" 0.60" 1.00

ATC 0.10" 0.12" 0.14" 0.05" 0.01 1.00

ATG 0.12" 017" 0.19" 0.09" 0.08" 0.19" 1.00

AHDL -0.06" -0.07" -0.08" 0.04" 0.04" -0.04" -0.15" 1.00

AFBS 0.06" 0.01 0.01 0.03" 0.03 0.09" 0.03 0.03" 1.00

*; p-value<0.05,

WC; waist circumference, BMI; body mass index, WT; weight, SBP; systolic blood
pressure, DBP; diastolic blood pressure, TC; total cholesterol, TG; triglyceride, HDL; high
density lipoprotein cholesterol, FBS; fasting blood sugar
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Table 3. Correlation between the change of Metabolic syndrome-related

variables in women. (Adjusted for age)

AWC ABMI AWT ASBP ADBP ATC ATG AHDL AFBS
AWC 1.00
ABMI 0.44" 1.00
AWT 0.45" 0.95 1.00
ASBP 0.03 0.02 0.03 1.00
ADBP 0.02 0.01 0.02 0.67" 1.00
ATC 0.10" 0.12" 0.14" 0.01 0.02 1.00
ATG 0.08" 0.18" 0.20" 0.05" 0.04 0.15" 1.00
AHDL -0.03 -0.03 -0.05" 0.04 0.03 0.08" -0.18" 1.00
AFBS 0.09" 0.03 0.04 0.08" 0.05" 0.04 0.03 0.02 1.00

*; p-value<0.05,

WC; waist circumference, BMI; body mass index, WT; weight, SBP; systolic blood
pressure, DBP; diastolic blood pressure, TC; total cholesterol, TG; triglyceride, HDL; high
density lipoprotein cholesterol, FBS; fasting blood sugar

_17_
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Table 4. Changes of Metabolic syndrome-related factors by tertiles of waist

circumference change in men.

Waist circumference tertiles, cm

T1 T2 T3
(<-0.19 ) (-0.19 - 2.86) (>2.86 ) p-value
N 1637 1665 1693
ABMI ~0.40%0.81 0.0140.64 0.4240.76 <.001
AWeight ~1.06+2.36 0.14+1.78 1.35+2.23 <.001
ASBP 0.03+12.79 0.32£12.62 1.00412.21 0.017
ADBP 0.76+9.83 0.93+9.40 1.52+9.23 0.052
ATC 1.34425.77 4.73+23.45 6.21+22.83 <.001
ATG ~11.00479.96  —1.29+74.51 7.00+73.78 <.001
AHDL 0.62+8.61 0.05+7.89 ~0.28+7.90 0.006
AFBS 3.00+14.16 3.79+14.67 5.03+14.57 <.001

BMI; body mass index, WT; weight, SBP; systolic blood pressure, DBP; diastolic blood
pressure, TC; total cholesterol, TG; triglyceride, HDL; high density

lipoprotein
cholesterol, FBS; fasting blood sugar

Table 5. Changes of Metabolic syndrome-related factors by tertiles of waist

circumference change in women.

Waist circumference tertiles, cm

T1 T2 T3
(<0.01) (0.01 -380) (>3.80) p-value
N 629 553 618
ABMI ~0.36+0.98 0.04+0.72 0.45+0.89 <.001
AWeight ~0.78+0.36 0.24+1.78 1.2142.15 <.001
ASBP ~0.40+12.21 0.31413.04 0.65+12.65 0.327
ADBP 0.47+9.31 1.02+9.56 1.1349.19 0.408
ATC 3.51+24.48 5.49+24 13 7.55+24.25 0.014
ATG ~3.00+46.80  —1.51+42.29  2.89+46.42 0.028
AHDL 2.23+11.00 1.2849.90 1.77+9.41 0.277
AFBS 1.97410.20 3.92+11.34 4.69+10.51 <.001

BMI; body mass index, WT; weight, SBP; systolic blood pressure, DBP; diastolic

blood pressure, TC;

total cholesterol,

TG; triglyceride,

lipoprotein cholesterol, FBS; fasting blood sugar

_19_
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Table 6. Odds ratios (95% CI) for each incident metabolic syndrome

component risk by tertiles of waist circumference change. (adjusted for age,

ex-smoker, current smoker and drinking amount in baseline)

Waist circumference tertiles, cm

T T2 T3
Men
(change range) (<-0.19) (-0.10 — 2.86) ( >2.86 )
TG=150mg/dl 1.00 1.04(0.82-1.32) 1.33(1.06-1.68)
BP=130/85mmHg 1.00 1.10(0.90-1.34) 1.16(0.96-1.42)
HDL<50 1.00 0.96(0.75— 1 24)  1.12(0.87-1.43)
FBS=100mg/dl 1.00 1.34(1.06- 4 ) 1.68(1.34-2.10)
Metabolic syndrome 1.00 1.34(1.02-1.76) 2.52(1.97-3.24)
Women
(change range) ( <0.01 (0.01 —3.80) ( >3.80)
TG=150mg/dl 1.00 1.23(0.71-2.13)  1.82(1.09-3.03)
BP=130/85mmHg 1.00 1.20(0.72-1.98) 1.32(0.81-2.16)
HDL<40 1.00 0.99(0.69-1.43) 0.84(0.58-1.22)
FBS=100mg/dl 1.00 1.14(0.69-1.89) 1.26(0.77-2.05)
Metabolic syndrome 1.00 1.80(0.89-3.63) 3.91(2.09-7.33)

TG; triglyceride, BP; Systolic blood pressure/diastolic blood pressure, HDL; high density

lipoprotein cholesterol, FBS; fasting blood sugar
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5. BMI(A 2 & X[ ) Hatol| E YASFZo 2

@2te] A9, Follow-up 7I1ZF &<t BMIZF 5ot #(T3)LF= 3
g, As, #5711 8, ol47E4,
%718t th. HDL-Z @ 2822 BMIZE Eold #(T3)LFE ZoE500
(Table 7). &J#+2] 7§, Follow-up 717+ 5<¢F BMIZF £l #(T3)LF=

e Ed, A, FFdUzdUE, FAAW] F713 A tH(Table 8).

FAA nFPARS 28 f¥ == BMIZL FolE w(T1)oll HI&)
T27} 15681 (95%CI:1.22-2.01), T37} 2.04¥}(95%CI:1.63-2.63) =}th T
o ZE $¢3d== BMIZI FolE F(THl  HIsl T27F 1.314)
(95%CI:1.04-1.66), T37} 1.6791(95%CI:1.34-2.09) *=<stt}. BMIZ} 713 &
(T3) =ole (Tl Hlis| tArASFTod 22 =7 1.7891(95%CI:
1.40-2.26) =3tk Azl A BMIZE S7kgE (T3)> =ol= +(T1)ol HIs|
DFAALS 2 I =7 1.908] (95%CL: 1.11-3.23) =% Th E3, BMI
7V F7FE S(T3)2 Fole H(ThOll Hl&] diAEsFaed 28 H3=7)

=

2.394) (95%CI:1.33-4.27) =t}
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Table 7. Changes of Metabolic syndrome-related factors by tertiles of BMI

change in men.

Body Mass Index(BMI) tertiles, kg/m?

T1 T2 T3
( <-0.30 ) (-0.30 - 0.33) (>0.33) prvalue
N 1678 1647 1670
AWaist ~0.66%3.61 1.06+3.40 3.03+3.94 <.001
AWeight ~2.0041.70 0.16+0.80 0.42+1.68 <.001
ASBP ~0.84%13.04 0.91412.00 1.53+12.46 <.001
ADBP 0.53+10.03 1.17+9.37 1.53+9.02 0.008
ATC 1.09+25.53 4.374£22.73 6.92423.63 <.001
ATG ~15.59+80.16 ~0.68+68.71 11.37+77.56 <.001
AHDL 0.67+8.50 ~0.06%7.75 ~0.2348.14 0.003
AFBS 3.23+£14.33 4.00+12.14 4.53+16.61 0.031

Waist; waist circumference, WT; weight, SBP; systolic blood pressure, DBP; diastolic
blood pressure, TC; total cholesterol, TG; triglyceride, HDL; high density lipoprotein
cholesterol, FBS; fasting blood sugar

Table 8. Changes of Metabolic syndrome-related factors by tertiles of BMI

change in women.

Body Mass Index(BMI) tertiles, kg/m?

T T2 T3
(<-0.24 ) (-0.24 - 0.37) (>0.37) p-value
N 616 575 609
AWaist 0.07+4.16 2.32+4.13 4.00+4.54 <.001
AWeight -1.86+1.84 0.24£0.72 2.29+1.65 <.001
ASBP -0.50£12.35 0.17£12.90 0.87+12.61 0.164
ADBP 0.63£9.09 0.92+9.60 1.0549.36 0.721
ATC 4.05+24.40 4.30+28.84 8.12+24.58 0.005
ATG -8.05+45.36 1.18+45.61 4.56+44 .34 <.001
AHDL 2.47+10.81 1.0749.37 1.76£10.11 0.060
AFBS 2.82+12.54 3.90+9.61 3.81149.68 0.151

Waist; waist circumference, WT; weight, SBP; systolic blood pressure, DBP; diastolic
blood pressure, TC; total cholesterol, TG; triglyceride, HDL; high density lipoprotein

cholesterol, FBS; fasting blood sugar
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Table 9. Odds ratios (95% CI) for each incident metabolic syndrome component risk
by tertiles of Body mass index change. (adjusted for age, ex-smoker, current smoker and

drinking amount in baseline)

Body Mass Index(BMI) tertiles, kg/m?>

T1 T2 T3
Men

(change range) ( <-0.30 ) (-0.30 - 0.33) ( >0.33)
TG=150mg/dl 1.00 1.56(1.22-2.01) .07(1.63-2.63)
BP=130/85mmHg 1.00 1 06(0.87-1.30) .23(1.01-1.50)
HDL<50 1.00 .96(0.75-1.22) .82(0.64-1.05)
FBS=100mg/dl 1.00 .31(1.04-1.66) 1 67(1 34-2.09)
Waist=90cm 1.00 .81(1.35-2.42) 3.03(2.30-3.98)
Metabolic syndrome 1.00 1 22(0 95-1.57) 1.78(1.40-2.26)

Women

(change range) (<-0.24) (-0.24 - 0.37) ( >0.37 )
TG=150mg/dl 1.00 1.48(0.85-2.58) .90(1.11-3.23)
BP=130/85mmHg 1.00 1.09(0.67-1.79) .10(0.67-1.81)
HDL<40 1.00 0.89(0.61-1.29) .01(0.69-1.44)
FBS=100mg/dl 1.00 1.57(0.94-2.62) 1 58(0 94-2.64)
Waist=80cm 1.00 2.16(1.34-3.47) 4.49(2.88-7.01)
Metabolic syndrome 1.00 1.25(0.66-2.37) 2.39(1.33-4.27)

TG; triglyceride, BP; Systolic blood pressure/diastolic blood pressure, HDL; high density
lipoprotein cholesterol, FBS; fasting blood sugar
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Figure 5. Odds ratios (95% CI) for metabolic syndrome between tertiles of
waist circumference change and BMI change in men.

(adjusted for age, ex-smoker, current smoker and drinking amount in baseline)

Figure 6. Odds ratios (95% CI) for metabolic syndrome between tertiles of
waist circumference change and BMI change in women.

(adjusted for age, ex-smoker, current smoker and drinking amount in baseline)
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Appendix Table 1. Baseline characteristics of study population according centers.

Characteristic Men Women
(N=4,995) (N=1,800)
MERtA olch KMI MEZtA ol CH KMI
(N=779) (N=495) (N=3,721) (N=334) (N=154) (N=1,312)
Age (yr) 49.7+£9.3 44.2+7.8 41.2+8.1 50.5+9.6 43.31£8.4 36.9+8.0
Weight (kg) 71.61£8.9 72.319.1 71.5£9.9 57.4+6.9 56.91£6.7 55.4+8.3
BMI (kg/m?) 24.7+2.4 24.7+2.7 24.1+2.9 22.912.6 22.6x2.7 21.5+£31
Waist circumference (cm) 84.717.0 86.6+7.2 83.4%7.8 74.9%17.3 75.417.2 71.317.8
SBP (mmHg) 121.3112.3 126.0£13.0 119.1+12.2 116.3£14.0 117.5112.4 107.5£12.3
DBP (mmHg) 81.6+10.4 75.8+10.0 75.41£8.8 74.1+£10.5 70.7£9.0 68.1+8.6
Total cholesterol (mg/dl) 183.2+31.4 194.0+£29.1 191.6+31.6 182.8+31.5 181.0+£32.3 180.5+29.7
Triglyceride  (mg/dl) 151.2+£90.3 134.6+85.4 162.1£99.5 110.3+56.4 7411427 97.4+58.6
Fasting glucose (mg/dl) 93.2+17.9 99.2+17.6 88.4+20.3 86.3+11.4 91.1+£10.6 82.5+11.4
HDL-cholesterol (mg/dl) 49.8t11.4 49.7£10.7 47.8%£5.9 58.8+12.3 59.4+11.6 54.816.7
AST (U/L) 23.5+8.2 24.8+24.6 25.3+15.8 20.8+6.0 19.4£7.0 19.2+5.4
ALT (U/L) 26.3+15.8 28.1+32.1 29.6+23.3 17.7£8.0 15.2+8.1 15.9+8.8
y=GTP (U/L) 41.4+40.4 46.6+40.2 46.9+54 .4 19.0£13.0 18.9119.8 18.0£10.5
Smoking status(%) Naver 23.5 26.9 30.6 95.2 95.5 93.3
Ex 48.5 28.9 25.4 2.1 1.3 3.3
Current 28.0 44 .2 44.0 2.7 3.2 3.4
Drinking (%) Yes 73.0 97.6 88.3 14.7 77.3 56.0
amount(g/d) 18.4£25.1 20.8+23.4 21.1+£23.4 13.24£29.8 2.5%+4.1 6.3£9.1

SBP; Systolic blood pressure, DBP; Diastolic blood pressure, HDL-cholesterol; High density lipoprotein cholesterol, AST, Aspartate aminotransferase, ALT;
Alanine aminotransferase, ¥-GTP; Gamma-glutamyl transpeptidase
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Appendix Figure 1. Prevalence of obesity (BMI>25kg/m’) : Korea National Health &

Nutrition examination survey(2007) vs Our study
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Appendix Figure 2. Prevalence of obesity (Wasit circumference >90(M), 85(F)cm) : Korea
National Health & Nutrition examination survey(2007) vs Our study
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=ABSTRACT=

A Short-term change of metabolic syndrome among Korean

populations with health examinations

Heeyeon Lee
Graduate School of Public Health

Yonsei University, Seoul, Korea

(Directed by Professor Sun Ha Jee, PhD, MHS)

Background : There are few studies on the short term change of obesity
status in regards to the incidence of metabolic syndrome in Asian population.
This prospective study was to examine the effect of change in waist
circumference and body mass index on metabolic syndrome incidence during a
shorten period of time.

Methods: The study included 6,795 Koreans who participated at repeated
examination at health care centers in Seoul,Korea.The mean period of
follow-up was 11.8 months in men and 12.1 months in women, respectively.
Metabolic risk factors, including waist circumference and BMI, were segregated
into tertiles. Metabolic syndrome was defined by NCEP-ATPII. All analyses
were conducted using SAS statistical software, version 9.0.

Results: Compared with prevalence of MS at baseline, those of metabolic
syndrome increased from 14.8% to 18.8% in men and 6.3% and 8.0% in
women. For the risk of metabolic syndrome, the highest tertile of WC had a
2.52-fold increase in men and 3.91-fold increase in women when compared to
the lowest tertile of WC. The highest tertile of BMI showed increased risk of
metabolic syndrome by 1.78 in men and 2.39 in women, respectively, compared

to the lowest tertile of BMI. Metabolic syndrome incidence in the highest
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tertile of both WC and BMI was 3.26 among men and 6.17 among women,
using the lowest tertile as a reference for the waist circumference and BMI.

Conclusion: This study showed that the risk of metabolic syndrome increased
with increasing WC, causing metabolic syndrome risk factors to deteriorate
during the 12 month follow up. Therefore, active management should be
required as obesity 1s 1identified as a significant risk factor for metabolic

syndrome and cardiovascular diseases.
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