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Table 1. Descriptive characteristics of the study sample

20th 30th 40th

Age group F F

(n = 216) (n = 244) (n = 1,275) (n = 949) (n = 2,192) (n = 1,287)
Age (years) 256 + 2.8 256 + 2.6 357 £ 25 3529 £ 2.6 446 + 2.8 446 + 2.8
Weight (kg) 722 + 11.8 545 + 8.2 732 + 11.0 555 £ 175 715 £ 9.1 588 + 7.3
Height (cm) 175.1 + 5.6 161.0 + 4.6 1724 + 2.5 161.3 + 48.0 170.8 + 2.8 158.1 + 4.7
BMI (kg/m’) 235 £ 34 21.0 + 3.0 24.5 = 3.1 2172 + 29 244 £ 2.7 227 £ 2.7
BF (%) 1892 + 54 280 + 5.0 21.1 + 49 273 £ 5.0 21.1 + 4.4 285 + 4.6
OBF, n (%) 86 (39.8) 92 (37.7) 770 (60.4) 295 (31.1) 1,329 (60.6) 520 (40.4)
FBS (mg/dL) 87.7 £ 7.6 835 + 7.6 934 £ 202 869 + 8.3 96.9 + 20.3 90.2 + 13.1
TG (mg/dL) 103.0 £ 67.3 67.3 £ 36.0 143.4 + 98.1 76.7 + 53.7 145.5 + 98.2 80.0 £ 51.4
HDL-C (mg/dL) 563 + 12.7 659 = 13.7 512 + 11.19 619 + 129 519 + 11.5 61.6 + 13.8
LDL-C (mg/dL) 88.8 £ 26.4 849 + 248 106.1 + 29.3 90.1 £ 25.5 1109 + 303 1025 + 282
SBP (mmHg) 117.4 + 119 1062 + 11.0 1204 + 132 1093 + 114 1199 + 13.6 1139 + 142
DBP (mmHg) 72.6 £ 10.2 66.6 + 8.5 78.6 £ 10.6 69.3 + 8.5 80.16 = 10.5 72.4 + 10.5
Wc (cm) 82.1 £ 93 732 + 74 854 * 8.74 756 £ 7.5 85.8 £ 7.40 776 + 72
Ex(-) n (%) 148 (68.5) 193 (79.1) 882 (69.2) 694 (73.1 1,170 (53.4) 676 (52.5)

50th 60th 70th

Age group F F

(n = 1,127) (n = 857) (n = 467) (n = 449) (n = 81) (n = 90)
Age (years) 53.6 £ 2.8 539 £ 2.7 63.7 £ 28 639 + 2.7 725 £ 22 728 + 2.5
Weight (kg) 69.8 + 8.6 582 £ 75 67.7 £ 8.7 573 £ 74 644 + 8.4 55.8 + 8.0
Height (cm) 168.6 + 5.4 1559 + 48 1669 + 5.5 1537 £ 52 1652 + 5.0 1509 + 5.0
BMI (kg/m’) 245 + 2.6 239 £ 28 242 £ 2.6 242 £ 29 235 £ 2.6 244 £ 29
BF (%) 21.7 £ 4.4 30.7 £ 4.7 22.8 £ 4.4 319 + 4.8 240 £ 6.3 331 £ 53
OBF, n (%) 743 (65.9) 528 (61.6) 343 (73.4) 309 (68.8) 63 (77.8) 62 (68.9)
FBS (mg/dL) 101.2 + 249 94.8 + 20.6 102.3 £ 26.2 98.8 + 222 1025 + 27.1 101.8 + 254
TG (mg/dL) 142.6 + 93.1 114.3 = 81.7 1435 + 103.3 128.6 + 93.6 1155 + 639  127.6 + 59.2
HDL-C (mg/dL) 522 + 12.0 59.5 + 13.6 524 + 13.0 57.7 £ 14.1 55.1 £ 15.0 57.6 £ 129
LDL-C (mg/dL) 1112 + 303  116.6 + 32.0 106.6 + 304 1182 + 343 106.4 + 32.1 118.0 + 354
SBP (mmHg) 1215 + 13.6 1212 + 14.6 1254 + 14.3 1275 + 16.3 1292 + 16.6 1319 + 152
DBP (mmHg) 81.3 £ 9.9 76.7 £ 10.6 80.7 £ 9.2 77.5 £ 10.6 80.0 + 10.8 77.1 £ 10.0
We (cm) 865 £+ 7.2 81.8 £ 7.6 86.8 £ 7.5 844 £ 79 858 + 8.7 855 £ 85
Ex(-) n(%) 558 (49.5) 464 (54.1) 233 (49.9) 267 (59.5) 40 (49.4) 59 (65.6)

BMI, Body mass index; BF, Body fat percentage; OBF, Over body fat; which means BF > 20% in men or BF > 30% in
women, FBS, Fasting blood glucose; TG, triglyceride; HDL-C, High density lipoprotein-cholesterol; LDL-C, Low density

lipoprotein-cholesterol; SBP, Systolic blood pressure; DBP, diastolic blood pressure; We, Waist circumference; Ex(-), defined as

not participating in form of light exercise (walking, cycling) for at least 30 minutes per week; M, Male; F, Female. Data are

expressed as means * SD.
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Table 2. Odds ratios of metabolic syndrome using multiple regression according to gender in all age groups

Age group Variables B SE OR P
20s (M) BF(+) -19.061 4,082.594 0.000 0.996
Ex(-) 0.647 1.123 1.909 0.565
20s (F) BF(+) 18.507 4,331.701 109,050 0.997
Ex(-) -0.256 1.271 0.774 0.840
30s (M) BF(+) 2.172 0.277 8.772 < 0.001
Ex(-) 0.099 0.189 1.104 0.599
30s (F) BF(+) 2.831 0.760 16.958 < 0.001
Ex(-) -0.520 0.531 0.594 0.327
40s (M) BF(+) 2232 0.214 9.323 < 0.001
Ex(-) -0.071 0.128 0.932 0.580
40s (F) BF(+) 2.172 0.349 8.774 < 0.001
Ex(-) 0.371 0.270 1.449 0.169
50s (M) BF(+) 1.976 0.263 7.215 < 0.001
Ex(-) 0.335 0.162 1.397 0.039
50s (F) BF(+) 1.261 0.238 3.529 < 0.001
Ex(-) 0.605 0.198 1.831 0.002
60s (M) BF(+) 1.669 0.366 5.307 < 0.001
Ex(-) 0.203 0.225 1.225 0.367
60s (F) BF(+) 1.221 0.288 3.391 < 0.001
Ex(-) 0.115 0.226 1.122 0.611
70s (M) BF(+) 20.044 9,445.476 50,675 0.998
Ex(-) -0.416 0.614 0.660 0.499
70s (F) BF(+) 0.836 0.534 2.308 0.117
Ex(-) 0.190 0.482 1.209 0.693

BF(+), Over body fat percentage, which means BF

> 20% in men or BF >

30% in women; Ex(-), defined as not participating

in form of light exercise (walking, cycling) for at least 30 minutes per week; BF(-), Body fat pecentage which are M < 20%

or F < 30%; Ex(+), defined as participating in form of light exercise for at least 30 minutes per week; M, Male; F, Female;

OR, Odds ratio.

* Reference variable : BF(-), Ex(+).

Table 3. Odds ratios of metabolic syndrome in male and female according to exercise and body fat percentage in the

50s group using multiple regression

Male B SE OR P
Ex(+)BF(-) 1

Ex(+)BF(+) 1.724 0.349 5.624 < 0.001
Ex(-)BF(-) -0.134 0.504 0.875 0.791
Ex(-)BF(+) 2.117 0.343 8.304 < 0.001
Female B SE OR P
Ex(+)BF(-) 1

Ex(+)BF(+) 1.588 0.425 4.894 < 0.001
Ex(-)BF(-) 1.007 0.464 2.739 0.030
Ex(-)BF(+) 2.095 0.408 8.127 < 0.001

Ex(+) means doing exercise, Ex(-) means not doing exercise, Ex(+)BF(-); Normal body fat group with doing exercise,
Ex(+)BF(+); Over body fat group with doing exercise, Ex(-)BF(-); Normal body fat group with not doing exercise, Ex(-)BF(+);

Over body fat group with not doing exercise, OR; Odds ratio.
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Fig. 1. Odds ratio of metabolic syndrome in men and women according to exercise and body fat percentage in 50~59 age group
(Reference variables: Ex(+)BF(-)). Comparing with normal body fat group with doing exercise (Ex(+)BF(-)), over body fat group with
not doing exercise (Ex(-)BF(+)), over body fat group with doing exercise (Ex(+)BF(-)) and normal body fat group with not doing
exercise (Ex(-)BF(-)) were showed the increased odds ratio of metabolic syndrome in 50th, respectively, OR = 8.304, P < 0.05 OR
= 5.624, P < 0.05 OR = 0.875, P = 0.79 in male, OR = 8.127, P < 0.05 OR = 4.894, P < 0.05 OR = 2.739, P = 0.03 in female.

Table 4. Pearson chi-square between exercise and body fat percentage in the 50s group

Male BF (< 20%) BF (> 20%) OR P
= 384 = 743
Ex(+), n (%) 213 (55.5) 356 (47.9) 0.739 0.019
Female BF (< 30%) BF(= 30%) OR P
= 329 = 528
Ex(+), n (%) 168 (51.1) 225 (42.6) 0.712 0.019
OR, Odds ratio.
W Zo]tt. £ Horh
B o] Eo|t ukal AL 50t YA =S )
~ o odZiHt 2=} HX|E=Ene
* E?m SOME! RISZUM =50 MXISBHA g o) e Agiol £ @ s Aol
Lo
- 788 Aol vlal] 2 tAS$e Helvkes Aol o]
Table 4% 50~594112] d&dFollA] g.zg)r AR u-E3}2] L 7re o] oJAAE 7+ AntE Holr) o9 7+
WAE HolFam gl el Qloldl 5 S BF A 2 Avke $ES oA gk Aur A YEe] B2 7
AEol 27% BE(P = 0.019) AL °1W°ﬂ R4 & S7F ES ) o 2 AP ek Aol w50t

< 5= A9 AAHIEo] 28% AE(P = 0.019) At

[

il

20401141 79A7kA1] A ZAE thdeg 3t
I 3T oA B 20the} 70TH ARgTe- Al 30l
Al 60th7kA| 9] AT tollA] AAEe] =2 7 A
T Z7lell Zlofsle Ao g vepton] $-52] 7<= 50t
o] QAgdollAut A o Eelld] 52 sl ¥
o] Ee F7iet o] gle ZeE Utk o]
€ olAe] dtEellA Hole unkt tAlsFT o] ok
ARpAI} LAJsE v 50tHellA Rk Ko7l sIIAE
2 AT o AREAE Hole A3 43k
Zhu 592 AALES] SR dASETe] SEAARlE
EO] AT Stewart 50 o] AZETY Y-S

Urhs A4S B9tk W3 Roussel 5708 F5 5
o S5el UAZET JLNES U A7

g AT

RuA

Lo

AT 55 s 735 ARAEo] BT oAl
A B A9l ol et A Ak dvle ol
P EoZ Q3 ARES] A 5 5 vk o]
E AAel= AFATFESE Wol 96 Holcomb 52 Al
Al go] ke TAAZrhs Ak Bl o]
579 ) QAT E 20thE tltoE S w) AlA] &
5] zﬂ?‘%ﬂ#ﬂ AAAE Hrh w3t o|xod TP
HAPAAFE o2 3k 5] Aol = Al A} A
ZIHPBH o] A Auks Bolck oleidt Al &
A7) 7R dhdellAe E3E]A] 2k3AI4F DuBose 57
o] o1zt 7AlellA 9 e Z g dololX = EC’I—L—HI
50 AAEA T e Fol tAEITTe] gl
& U ZloE Uehch

3hd, BT 58 sk vlg &% AIZks BH 20
o, 30tH, 40tH, 50tH, 60tH, 70tHollA] 2+t 24.6%, 32.0%,
48.3%, 49.3%, 44.2%, 39.1% (Al AX=A ek
13] 35 Al HiF 614, 6158, 68%, 728, 69, 61F(Z}

h_

- 142 -



- 5 4 AR

o= AXEA gk o2 50tellA 7H £ -5 vlE 2
+& AlZke Holed o]H3k At % AollA] 50tHell A
aF 5 el whE AT Bl XelE Kol
olfE U AHE F IS 740]‘4. , 50thellA] EF I
T3} vl b U s e s Al TRl s
A ST Aol 34S HolAl 3 AtE sk
SEAE B dollA AR 139 -5 A7 B AR T3t
wol xpo7} A ¢k= 7% e, adel® B elar
SOEH"ﬂ/ﬂ‘“P ﬂ*]w—?—'?ﬂ 59 dgo] U= & uwl 50
o] F9 5 3TE T2 T vk A3
WFLPH % 04-? AIAY E52 A o 7 AR
9 Z7iet Bad aAe e VP 52 A §H
e AR AR Al Hlal FH*H‘—?‘EEM] o &
A F T dos AR 7 o S ke et
= $ESE U AR Wb £58 she 7L A
ke ool T 2 oJge . gdka 23 &
Atk ol FEoE I3k 7o :r““*‘ﬂJ w3tk S AR
o] MME 7H e IR QI ATt s ddo]
v FAAM, "t 5o WIkE Zalslel tiASSET A
= FAPIE Zler Agdrt ol tigt FHegE ¥
o7 ol Z5ET9 Ao g o3t x v} Atk =7}
7} Fe3t Y AeE AZE A gl I FoKE
GLUT4Ake] <dte] Fodt Zlog A=y gtk =
Ren 579 9179} Dohm 579 75 Wl &5 F
AMP-activated kinase7} A3} Elo] GLUT49] AALE =
FHAIe] olZle] Aol EETHE Melshs Fodt 7
o7 AgE I F Ak =3 +F T IEY
NEFA (non-esterication fatty acid)& oA A-83}
£ ololl gt 7o EE Seip 52 ATl 2l %
o] LPL (lipoprotein lipase)2] ¥F&-g Z7}A|7]™ Malkova
9 A W 34 A Sk 2] e Aael
A WAt tolerance) & AR Ao HIsIgle,
olgfgt o] &2 & AT R 5o] AT A &
s 7 e vk diAs3T whe Al Ao
Z AgEdh
2 Q7o ARbeRE A, £5 $5E A7/
A 24l &Ll At s i VIR B s
o ARt Hrt gldels Aelok siAt 7€ =l o
TolAle 3 dE ActollAe] ARAdRRS dste] 4
HPERl ARS =l vl gHAde] A v 2 o
T2 2040114 79AlEE vhelRt e the® o] o3
I A7 AR 7|E At} Wk wiiell 5 3
AR o] dAgSTell viXle AEE & U 9ut &
T Al PR o 8ol gt HHI} glo] 2005
d NCEP-ATP 19| tMS$T 7158 2galA Fet A
ok, whehA tiAEFTe] FHES thh AYsiA] ok

¥

N

g} opEETIe] B -

+ ok

npARte Z, B AT AvE wighe g 50th ofsle] #-
ARFE] Bkl $hAle] 5 A ©Ed 2% sl
X Zlo] oy} 502 Q3 ARES] HlE 7HA
= 5 AR AEHR] Aelrt Desielar spc w3t ok
oge] e ol Ao Ewt vt oj= HE Al
Aol wXleAlell g A= Hded Zog Agst

ABSTRACT

Relationship Between Exercise, Body Fatness
and Metabolic Syndrome

Background: Increased body fat was associated with
insulin resistance, glucose and lipid metabolism, and
blood pressure and non-exercise is risk factor for
metabolic syndrome. But, the studies considering both
body fat and exercise were lacking in Korea. We,
therefore, studied relationship between exercise, body fat
and metabolic syndrome among Korean.

Methods: In this study, the subjects included 9,234
(Male; 5,358 Female; 3,876) who had visited one health
promotion center from March, 2007 to February, 2008
and their age range is 20~79 years. Following an
overnight fasting, blood samples taken from antecubital
vein were used for the determination of the blood TG
(Triglyceride), HDL (High density lipoprotein), LDL (Low
density lipoprotein). Body mass index (kg/m?), body fat
percentage, and waist circumference were measured as
obesity indices.

Results: Over body fat (Male > 20%, Female > 30%)
was independently risk factor for metabolic syndrome,
from 30" to 60[}', and both over body fat and non-exercise
were independently risk factor for metabolic syndrome in
50" (Male; non-exercise, OR = 1.397, P = 0.039, over
body fat, OR = 7.215, P < 0.001; Female; non-exercise,
OR = 1.831, P = 0.002, over body fat, OR = 3.529, P <
0.001). As based on normal body fat group with doing
exercise, over body fat group with not doing exercise,
over body fat group with doing exercise and normal body
fat group with not doing exercise were showed the
increase of metabolic syndrome in 50", respectively, OR
= 8.304, P < 0.001; OR = 5.624, P < 0.001; OR = 0.875,
P = 0.791 in male, OR = 8.127, P < 0.001; OR = 4.894,
P < 0.001; OR = 2.739, P = 0.030 in female. In pearson

chi-square, exercise was showed to decrease 27% of body
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fat percentage in male (P = 0.019) and 28% of that in
female (P = 0.019).

Conclusion: Body fat was more contributed to metabolic

syndrome than exercise.

Key words: Exercise, Body fat, Metabolic syndrome
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