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Objectives :

metabolic abnormalities among Korean

Methods :
We used a modified form of the

The subjects with clustering of meta

mg/dl, triglycerides >110 mg/dl and H
mg/dl. We calculated the odds ratios to

spent in inactivity.

This study was performed to assess the
association between physical activity and the clustering of

of substituting moderate to vigorous physical activity for the
time spent in inactivity was examined as well.

The study subjects were comprised of 692
(354 boys, 338 girls) 4th grade elementary school students.

questionnaire that was developed in the Five-City Project.
were defined as having two or more of the following five

characteristics: waist circumference >90 %, systolic or
diastolic blood pressure >90 %, fasting glucose >110

substituting moderate to vigorous physical activity for time

in Children

Results :

children. The effect

physical activity 1.01).
Conclusions :

bolic abnormalities

DL cholesterol <40
assess the effect of

The Relationship between Physical Activity and Clustering of Metabolic Abnormalities

Hyun Jin Son, Mi Kyung Kim, Hyun Ja Kim, Ho Kim", Bo Youl Choi

Department of Preventive Medicine, Hanyang University College of Medicine;
Seoul National University Graduate School of Public Health”

The risk of clustered metabolic abnormalities
was inversely correlated with the increased time spent on
moderate to vigorous physical activity, but the correlation
was not significant. The odds ratio for clustering of
metabolic abnormalities that represented the effect of
substituting moderate to vigorous physical activity for
30minutes of sedentary activity was 0.87 (95% CI=0.76-

These findings suggest that substituting
moderate to vigorous physical activity for sedentary activity
could decrease the risk of clustered metabolic abnormalities.

J Prev Med Public Health 2008;41(6):427-433

Key words : Cardiovascular disease, Children, Metabolic
syndrome, Physical activity

R
i

e

rl

2upele] o} ik £ 19804
ol 30%ol o]l Zlo] 1980Ie] ¥
3%z F7FsF3 2 [1] 2005\ = 1A
Fz Aol A o} 115%, ofo} 97%
9T} [2]. 20}e) AESE 8B
o oA ER R 4 2

QlH]Rko] o] A 7] Zofel A AA

o
T
L
.

i

o M=

o

e
o

oX
N to 2
(T D 17

Om oot

N
i
o
o
tll
p:
o,
Ke)
&
>~
oy

T

oy

i
e
sl

>
¥

ofX

N

_‘\-g

=

e o

D

=

i

s

,

oY oo it oX —ob ofN ot Ao rlo i o) = O
2o}

O_>L FE
o> 1o
‘—Oo
. 12 Ho oo

N
-
>
=
.o}

b
g
=
>
ofN

rlo tlo

M oz
ox 01N
ro,
N
N
N
b g
il

o
D
2
o,
o,
o %o

= offt
=

ok
oft rlr

KY)
o2l
L5
rot
b

O
IS
)

J
r
R

i,

o o

=

>

ofN

ko

P,L

)

o R
2L o 3O > kg ok

R w3
o
ol v,
=
2
= r
rD
gz
I ofy
e oy
=2
o

~

(modifier) of] %3} [8], 0] &
B2 AT Aa2o] At
F& Yu oA WA EE
ghobx st A7k
T g5s 2d. e ST
F 0 ATE A AN E B
Tk 3, = Az, ekl A

L
s

o

& -*(The European Youth Heart Study,
CASPIAN Study) [9,10] % <2 & 4= Q).
ol ATolME T FEda RS AL

B2 hrol ¥ 2%

Zh A ] 99
i A E Hol T
%9 T ik
I1EA B Aot £ 2
d& & 4 9tk vl

ofd

Y

2 o >
N
N2

>
o2 d

=
ox ™

fo

S

o
o
1o
>

o

2,

R
NI
i
—T‘—l' 01'(1 oy
o b
o > 2
N R

by o2
> e
. ol
ofy M
oX

o X

2
i)
=

o

=)
o 2
ol

—_

>,

o

Q.

lo

o

-

>~
ol
ob
o

TollA Al

. oft 42 % 2 o ot e at



N
\S)
o
b
o
™
oY
i
ol
o
o
X
offt

T3t ks AHE o F
13 15]. AR, okoba] AEsR= A7t
7}7} A ST 919 % S7HA7

Aolnk H1%}E AL &
10}1\1 A Zsh= A 7ko] BAL,

A% ,\]7}0] % A %}5
G o7 gAE
= A 43

2L o\ —Q‘ oEi
r1r HI

=)
jns)
L

rlr
o

[
olN ru]o
f Ay =

M F
Erz
o
9(_1

f
i
> o ©f

7
FA

N

rum
filo

o

¥ o\ oft 1@ L rlr 1o ¥9 ol
}_,\-1

)
>
=

> B

it

2,

N

ot

N 2
o

)
ol

o
%

e ofN Lo

14
1
o,

v

O
ot o
ot o
1o

o
Ay
o
re.
ox 4 -

=

=

ofN

b, ob
Moo
z 2 lo X

oft ofr mok

o > oY oY oft ki
N TR TS V- N
o >
. - [‘E
)
=1
s
<y rlr
32
R
o,
N

o
i)
5=
=
>

ik
offl
1o
2, ofX
N
o
N2 b oplo e off

fr o

O

oy

[

fols

o H
ofN r2

off
aily
o

b
S
ox

o
[
S

ok

{1

lo
ofN
R
>,
)
=2
offl
>

:I_‘ Of
B o
>
Yy
o
_E

o|r
C oL
oy
g
ol fr oy 1E =

=l
_>|~I_,
_OL
2
o
=
)
I
r_{
>
2
e
01-(1 l:o[r
o
ol oly m o >

o)A} X|(outlier) & X3 ¥-A] TH’“ of| 4] Xﬂﬁl
33, HF 69272 w4 ol SIS Tk

S8 SHolth. 4o) 2ARE A 8%
Mo oA S} 3] 47 A7)
AAHES stelon, A 25 o)
R E X DARENE LT
stof nglo] Wad A9 AR HES
sheltt. o] ZAK: e 22
2 Computer aided nutritional analysis
program (CAN Pro) version 305 ©]¢-3}¢]
1] ek m ofok Al 2kS B4 5jol u),
A4 2 of| #5t 2H--2- Five-City Project
ollA] 7t A (18]S WM& aho] AHg-st
% t}. Five-City Project o] A A48+ A F-2
Aol oz A dFd e 2

& T TR TR FAe A3
7 AR EE MRS 5] Qlo] Ak
F Hojgl ot o] Aol M FEE £
E ANE 2T A v,
AR o S e dn 2 o Ak
&t Avetglon, A At &
E A5 B AT gket] 1870 5
AE RS ol th 7hH ¥ AA 2

—~

1.0~29 METs (Metabolic Equivalents)) o] =
271, 718 A, AR 8 AR A e &
A 2 AA o]'MJ—7 Te X AAEE
(3059 METs)Oﬂ FAL 24 L F
F7), AT @7
METs 0] 2ol =

AN %zi—Er ul%a uh e
T T AR F AR s A
3H AJZRE okobA] Kol A zE
B 24N 7S S A7, 7hEe A A)E
B AL FEE A BE AZL AEE A
A% A 7F grobd HulE A 710 7 A
T BEe] B4 of o] 2-5}9) )
2) A AZ Y SH HA
71, &, sl eEd, dPeolEd, EY
S =AYt gA 7 g8 n 5
MONICA Manual [19]o] w2} 27 5} o
7)= A ARe] W %), o o], =90 A
Yol AAAo] DR Gy B E 2
o]l HHF &40 © A =7 A of|A] 2
A AR A em3I R St &
A AAAE S ol &-3to] Hulj gk 7k
& XA R 2] #2774 kg ]
Z 348500 deed e v& 7HHA
W Adejel A 71 ool 91X 5=

ok o,
il
olr

S
>
=
(o]
1o
ol
=

o2 —m

Mo ¥2
4 K
T e
-,
Eh!
=
r 1!‘

N

R
¥ o
RuATY

o oo Il ox g
wn
A
=2
i
>,

>
B
2

%L ?s x—]uﬂ gou_o‘ ilH O}
7] AI(ADVIA 1650, Bayer, USA)
Alﬂ o7 ga

ar
"2 20 25 24 90}

=22 71

A2 o>

A

O

T
2

£
ofo
rSL‘ F

] A
Z)\—] X]HO]-7 ,T_,.

A=A

b
3

F

Zob tabES9] Feld 4o Sl
A7 0= [20] o] A-FefA] = Cook o]
200313 NCEP ATP 19 9] & 2o} 2 3
o) A gate] A A AF A= A}

EFSITH21). o] o] of] w2 H o] Ee
90829 5 o), £57) o] 9h] &

S

T ol ¥ @ 110 mgldl
, 24378 110 mg/dl 0] 4,
o) 527 A 240 mg/dl o)} 5714 &
3744 o)} dllddke 55 diAbE
o7 AogtaL ek o AoA =
=9 9 Feke) A9 -2 et 20074
of - Fad BFE YRR 2219 4,
52 2 <) 0919 A A3,
H, A e 91 9ke] 90U 9]
ke ARkt

995 o1& =] A olA Lo} o
o o) 23%~84% % [2324]

1=¢)
EEE

ox

U]\:x]

ofy <=

4> 2 2 B Q4 o i R
ofl oftt ooy

o
N

Moo
1o
o)
L
B
ok
S
o 3
o
_ﬁ,
B
L
o
2
oft
ofr
ol

Al AFA I 7B A9, FR 1
A G A Y F(FE T E o]
ZE wdetoly g B #o] 9)
A5 E o gle Aol wE duE
EE TS, AR 1D 4F Y
UYEF AAFY s sl ek
U] Es 1 AR ekobA] Ko
= ]ﬂ,%’dzﬂg A ZFO R -Eetol

2 Huls Al AR



Table 1. General characteristics, average time of activities and average value of metabolic syndrome

components of subjects by gender

Boys (N=354) Girls (N=338) Total (N=692)
General characteristics
Region
Town 154(435) 147 (435) 301 (435)
Others 200 (56.5) 191 (565) 391 (565)
Parental” hypertension
Yes 20(57) 18(53) 38(55)
No 334(944) 320 (94.7) 654 (94.5)
Parental’ diabetes
Yes 13(37) 9(27) 22(32)
No 341(963) 329(973) 670 (96.8)
BMI (kg/m?) 184+34 177+28% 18.1+3.1
Total energy intake (kcal/day) 1826 +673 1,687+ 6938 1,758 +686
Total sodium intake (mg/day) 3824 +1847 362441517 3,726 +1696
Average time of activity
Sleeping time (hours) 84 +10 84 +1.1 84 +1.1
Sedentary activity (hours) 142420 144+18¢ 143+19
Total physical activity (minute) 854 +1063 702 +8728 780 +977
Moderate to vigorous (minute) 451 +64.7 382 +543 417 +599
Light (minute) 404 +636 320 +462¢ 363 +559
Moderate (minute) 175 +359 169 +305 172 +333
Vigorous (minute) 276 +362 214 +3528 245 +358
Average value of metabolic syndrome components
Systolic blood pressure (mmHg) 1055 +223 1034 +109 1045 +177
Diastolic blood pressure (mmHg) 643 +103 635 +110 639 +106
Fasting glucose (mg/dl) 845 +6.7 819 +57 832 +64
Triglyceride (mg/dl) 823 +395 845 +36.1 834 +379
HDL cholesterol (mg/dl) 509 +106 495 +99 502 +103
Waist circumference (cm) 615 +90 588 +73 602 +83
Values are N(%) or mean +SD

“mother or father

1Sum of light, moderate and vigorous physical activity, tSum of moderate and vigorous physical activity
§p<0.05 by independent samples t-test between boys and girls, 'p<0.01 by independent samples t-test between boys and girls.

Asle W thatel 4 A9 A4
1) S8l g etolx 2ol =
& (substitution model) [25.26]& 443
‘] ] 52 (multiple
oﬂ _LELQ

B, F AN BE AR F B9
W8 B TG F AALE A
oM AABE, FEE A DF, 4
49 A5 02 T3] 2240l it
& A0 FE5EG D A
BREE B BHEEE o A4
F AT A T o] AT A
OS2 ol 2 o
7 el Bok 3% 89 24
L R dﬂgﬂJ%ﬂ
4 y7e T

24 o
m‘:l

!

square tes) & o] §3ko] #A5}g] o, 4]
AAS, 19 9% D UHEF 43 3

=

(independent samples t-

et

ZF NAGF A7 A A7 ekobA

1oy LA

Bl AL 7H R A AR Al o

T =
AEE

ALY

At} ©]

L N

regression) & 028k 710
a*Aﬂﬂ@@@

SEpE
ob Bl AT 2

—1% A1A| 2

m*°*'

O do 2 ofy Hi 2

22 ol b 4w

o XY oot rE

=20 F%‘
E/] b‘l) o7
o]—Uil 24/\]

>~

Y

)

{0

-

Of

|d
o > [ @

ool

3 5

_.HU

T
[
i=h
o\ o -|—'
a2
b

“-
e
- o ofl rir
do o @ >

b o

o f
=
" fo If
H >
N

oﬁ,

Okﬂ
mlo
I

(

i

>

ol
offl
>

2

dr ol
>
__)&(
s

4
offl
N
ol Y

o okt

[e]
2oy > M2 o ol (L o8 A b

L

QL
3

H
o

ofr
>, -
o~
R
>,

el 1S
of rlo flo = o

offt o2

2

é‘

i

wy & fE o
o

gk

s

Bl

>~

N

_

ol

'r9|l4‘

¢ A8 a0

> =
=
[e3

Roae o

o oy oy
F{F o (o
Mo =
N

)

X
=

L o> o

W A7k 9

~~
N

)

")

> 5o & o

Zeobe] A A HE 3} Patoly 24 429

A A &g AZbo] & A7 F7hE ke
AL i AR grobA] MUl AlRE
SEAASF AT WFoglong
A Bede] LA L 7R AlA|
5 A RIS AR A EF A
7 A9 2 giA sk A 22 Kol ¥
t}. o] Aol &= 3 T S 3080 7 3
o] B-Askelon, £ A7k 72 A A
T AOZ A A, gobA By
T AZE A A E giAs
A S A S S55 oA
9 NAZFO T hAlsE 442 3714
RPo R FAFSIT 7 BN &
5= WAHH)(Odds ratio) = £ &%-2 v}
2 g5z At 3¢ dhafold 4
Q3lo] st g3tz A 5 9lon, w
AHE o] g5te] 9189 A AEE W
B-& 2 AAkard oh26).

7 A7) = SAS (ver. 9.1)E o] £-3}9] &
o, 9 F5& =005 Z 33t

A J
sk Ao] 184(+
2&mm‘§%ﬂ@ﬂ7pwm1 %q
(Table 1).

T AAEE A3 3
854(£106.3)%, of sk AJo] 7
2 e o] wJo}ﬂl %

o] Wekow, 7 Z 7S Al
Y3 A A EE A b A FEAY
&7 Bl

i 9 it W Yo) 845(16.7)
mg/dl, oJ&+A¥o] 81.9(£5.7) mg/dl R,
25 9 FFE 8] 61.5(+9.0)
mg/dl, o] 84 o] 58.8(£7.3) mg/dl 2 F &
3 s s BF de Y Hatol
o Zitt.

2. UMY L Tk ORY 7 QS
AR o] S 9ahe A9 oy
o] 2278(62%), ©18+AYo] 16 3(4.7%), 7%
3874(5.5%)°]3) tf (Table 2). thAFold 7]
o Age AFE Bl 67



430 == -

AvA 2%

et

% 5.

Table 2. Prevalence of metabolic abnormalities by gender

Number of metabolic abnormality Boys (N=354) Girls (N=338) Total (N=692)
0 168 (47.5) 151 (44.7) 319(46.1)
1 120(339) 120(35.5) 240 (34.7)
2 44(124) 51(15.0) 95(13.7)
3 17(48) 12( 36) 29( 42)
4 5(14) 4(12) 9(13)
5 0( 00) 0(00) 0( 00)
>2 (Clustering of metabolic abnormality) 66 (18.6) 67(19.8) 133(192)
>3 (Metabolic syndrome) 22(62) 16(47) 38( 55)

Values are N(%)

Table 3. Differences of general characteristics, average time of activity and average value of metabolic
syndrome components between clustering of metabolic abnormalities group and normal group

Clustering of
Normal group metabolic .
(N=559) abnormality group pvalue
(N=133)
General characteristics
Gender
Boys 288 (814) 66(18.6) 069
Girls 271(802) 67(19.8)
Region
Town 256 (85.1) 45(150) 001
Others 303 (775) 88(225)
Parental hypertension
Yes 30(78.6) 8(21.1) 0.76
No 529(80.9) 125(19.1)
Parental diabetes
Yes 17(773) 5227) 067
No 542 (80.9) 128 (19.1)
BMI (kg/m?) 174 +24 21.1+38 <001
Total energy intake (kcal/day) 1,775 £699 1,688 £620 0.19
Total sodium intake (mg/day) 3,724 +1,703 3,737 +1671 093
Average time of activity
Sleeping time( hours) 84 +1.1 84 +10 0.70
Sedentary activity (hours) 142 +20 145+15 0.14
Total physical activity (minute) t 80.1 +1020 69.1 +764 0.16
Moderate to vigorous (minute) * 435 +633 341 +422 004
Light (minute) 366 +562 350 +54.8 077
Moderate (minute) 183 +359 124 +184 001
Vigorous (minute) 252 +36.7 217 +318 031
Average value of metabolic syndrome components
Systolic blood pressure (mmHg) 103.1 +189 1102 +9.6 <001
Diastolic blood pressure (nmHg) 620 +99 718 +102 0.65
Fasting glucose (mg/dl) 832 +62 832 +70 009
Triglyceride (mg/dl) 732 £281 1264 +432 <001
HDL cholesterol (mg/dl) 523 +99 415 +69 <001
Waist circumference (cm) 584 +66 679 +10.1 <001
Values are N(%) or mean +SD

*by chi-square test or independent samples t-tes

 Sum of light, moderate and vigorous physical activity, *Sum of moderate and vigorous physical activity
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Substitute each physical activity for sleep (30 minites)*

Total physical activity’ —— p=0.70

Moderate to vigorous physical activityt I r— p=015

Light physical activity® — p=0.29

Moderate physical activity! 1p=0.16

Vigorous physical activitys p=0.60

Substitute each physical activity for sedentary activity (30 minites)’

Total physical activity! —=— p=0.41

Moderate to vigorous physical activity™ — p=0.07

Light physical activity™ —_—t p=0.23

Moderate physical activity™ p=0.13

Vigorous physical activity™ — p=0.53
Substitute each physical activity for light physical activity (30 minites)™

Moderate to vigorous physical activity’? L E— p=0.07

Moderate physical activity !l p=0.09

Vigorous physical activity ! p=0.27

-60 -40 -20 0 20 40 60

Change in risk (%)

Figure 1. Estimated percent changes in the risk of clustering of metabolic abnormalities by substituting

one activity for another.
The [ bars represent 95% confidence intervals.

* The multivariate logistic model included sex, BMI, sedentary activity time, time of physical activity( *=total; *=light,

moderate to vigorous; =light, moderate, vigorous).

The multivariate logistic model included sex, BMI, sleeping time, time of physical activity(*=total; “=light, moderate to

vigorous ; *=light, moderate, vigorous).

*The multivariate logistic model included sex, BMI sleeping time, sedentary activity time, time of physical

activity(®=moderate to vigorous; ' ' =moderate, vigorous).
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