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F3HA A 27 $18l CT(Computed tomography) #3& T3 WAAW

A3 39-5¢ AAtdVIE §F YEF AFEFS SAHSNAH. HEF HAT
2 YA YEFZEMES A Fme)/F AF ¥ F@)E ALs3
o 2 A7y g 2L dAdTAdAdI A seds H2 F(RB
U3 HYUH 2014-01-020, HYUH 2012-02-003) Z &3l H o

‘l"T‘ﬂé%, UEF A#Z v E t-testd Chi-squareE o] &3 ¥t v
dm

g/g, 2.1-3.1 mg/g, =31 mg/g)el e TAH A

=3
v
Mroo2 o

&3 Y Y4¥EE Chi-square B 95 2A2¥ 37
e AHEetsn b 2428 24 B9 vel, AAEEAT, ¥

2

=]
L}
AR YEE 27t S7HEss ERHT 538 (0=0.037)3%
0.04

6)ol frolstAl F7rsd . Bk ofyE} oGl A

=
>
ofN
o
M
Jo
ok
o
Lo}
| |



=
A7k BRuw, FRAPG, WAZFEH 4Rl U FARA

£ AT oA DAHAT BRIYSG SPHO
g, IAEFE A9 Y F UE 209e FAskGh whea YAt

fu
s
I
=
rﬂ
ofd
s
nek

257 2 2d 9EATY AWL W37 A8 YEFR 4F nad W
A&AQ wdo] Waddn ARUDG EF FF ISE P B2 frT
ATE 53 nQHAT AAZET 2 BA YA Ee) HHoE 2AH



=EAL

- O O I~ I~ I 00 0 O O [V BN
- L A — -

14
16
-21
25
29
36

£y
Wi oF o

HE TR
B R N -
weoio b Ko N

ool R
o i oo

Timgew

&
g
Ak
- OOV

. ﬂ:}tﬁ}b}x}

I
I
1
2.
m
1

H
o
%
: ~
G : I
o mo T N IR AT
T "
3
il
n_AIO
[a\]

ol
=
H

—

A
g

=0

o ®
T oo M o i
S e

E
E
E
Z

xr
i)

1) QD HEAFBE ceorrerersrersseeentsesssttse st s e
3) 4 o) 2A}

5
QI HEALBE cererererennenisenees et s

.97
) WA
. 4723

CAE

_iv_

ABSTRACT



Table 1.

Table 2.

Table 3.

Table 4.

Table 5.

Table 6.

Table 7.

List of Tables

General Characteristics Of SubjeCtS ..................................................... 13

Comparison of metabolic risk factors indices and metabolic

Syndrome and SOdium intake level by QEIX reeerrreseseastttetatititiiii, 15

Comparison of metabolic risk factors indices and the number of
risk factors of metabolic syndrome according to sodium density

in TNGLE orerereerererererertntiiti ettt s sttt s e s ss e 17

Multivariate—adjusted comparison of metabolic risk factors
indices and the number of risk factors of metabolic syndrome

according to SOdium denSity in male ................................................ 18

Comparison of metabolic risk factors indices and the number of
risk factors of metabolic syndrome according to sodium density

in fem ale ................................................................................................... 19

Multivariate-adjusted comparison of metabolic risk factors
indices and the number of risk factors of metabolic syndrome

according to sodium density in female «--:rooerereerrerererresnrereecnnienaeenns, 20

Comparison of prevalence of metabolic risk factors and
metabolic syndrome by sodium density in male =---rswrereremenreees 22



Table 8. Comparison of prevalence of metabolic risk factors and

metabolic syndrome by sodium density in female e 23

Table 9. Multivariate-adjusted odds ratio of metabolic risk factors and

metabolic syndrome by sodium density in male =--r=-eeerererenreeens 26

Table 10. Multivariate-adjusted odds ratio of metabolic risk factors and

metabolic syndrome by sodium density in female -----ermeemeeees 27

_Vi_



List of Figures

Figure 1 Recruitment Of pal‘ticipants .................................................................... 6

Figure 2. Comparison of prevalence of metabolic risk factors and
metabolic syndrome by sodium density in female -==--wrereeerreeeees 24

Figure 3. Multivariate-adjusted odds ratio of metabolic risk factors and

metabolic syndrome by sodium density in female «-seeeevermeeene 28

- vii -



1.4 £

Powles 5(2013)¢] AFolA £4% 20108 AA YEF HAAZ
g/day(95% CI 3.89-4.01 g/day)elem =L 1RT % 5.
g/day(95% CI: 498-548 g/day)°lRtt. I RIAZQYLEEA AR HuF
19 YEF AF%FE A5Ed 2008-20108 27 46302 mg, 46454 mg,
48311 mgo=Z AF FUete FAIYYMinistry of Health and
Welfare/Korea Centers for Disease Control & Prevention 2013). 2013d 4
EF AAFE oFrRG AT 40275 mgolA T WHO(World Health
Organization) A3 %F Ht A3 w2 FFoth HEF AHZFL AU
wetA = W2rh Ak 2007-2009E S RIAZFERAL ARE ol &3d %
Al YEE AAGS A¥E" A9 20%9 &, of WA 474 dd
9803.6 mg, 7475.0 mg °]& AHdtL AU (Song T 2013). WHH 59
20%9 “YEF AFHFS F, 9 47 27421 mg, 17884 mg °lstE A A
Aot AU (Song 5 2013). ¢ HEFE dAFS Y2 wHAME
HA7E  EAsked 1998-2013d Tk EAY YEEF  AAZFS
5034.6-4706.1 mgel o™ Az= olBHT AL 4024.6-33479 mgol At
(Ministry of Health and Welfare/Korea Centers for Disease Control &

rlo
W
N O
[ o1

Mo

Prevention 2013).

JEE A% A #T9 H5pon B HAS Z/W &40
ZPEE A% A5 HAVTE AL T 5 Aok EE QAL 44

=

AN AXF, A, Aobd 53 2L A 42 SAYET Kim $(2013)
9 AT HFAY HEF HA B3 AYFLS BT 23}, “Wolu T
FRE FolW, T, FLFY FEL WA @87 202 AE B

A AF mede HEeE AA He HHE HFE HME dToAM=



At oz Xg Fo} ool 3t AH= A7t 71 Edt(iang T
2015). Jung 5(2014)9] @FA IYEEF A3 #HE HHE A& &
gk Ay T Moy mFoANEE Fol d4F ‘Foly K|, WF

T22 o HeFE, Aol Aol HFE BR HojHLFI, LI
4 Hu 9gtn =448 JEES d9ox AT APEst S8

E3] AZ, oJFo] 2 UJEF FY9 HJFoE B4 AT (Song 5 2013).
JAIS ST BERuv 3189 1FAXLES AHDLEH2HEI S

Zdge]l ALeNA sAGEHoz dojue A& A7 H(Meigs T
2000), AEHALSE AEFN ofFes F7/HANUH(Isomaa S 2001,
Lakka 5 2002). STHielA tiASFLd AaAE4S 2 g d4
< ®B7] 98 874 4 uF 3t

T AEEAAE AFE7 36 ol FUte Y. B ¥ AdEE

4
o

> ;8‘
£
T
g
QO
=)
ije]
S
3
4
it
::l_‘
o
£
td

(Statistic Korea 2014) B, L¥FE vzt AHEdd 69, 1098 A
2 8ka ¢l th(Statistic Korea 2014). A& #FA|4(Body Mass Index, BMDE
7o 2 g Hvk FHEY e 1998ddA 2001 Aloldl 25.8%°l A
30.3% 2 FA3NA F7tPon 2013@E7A B P FH &S] & HAAY ¢
o] 31-325% AtolE FX 3t A+ (Ministry of Health and Welfare/Korea
Centers for Disease Control & Prevention 2013). 3 = A7} g AdFA
A5 & o]&3t4 1998\, 2001, 20053, 2007 vk 204 o}F A<19 diA}



e A7+ Zavt o AtsdET
Chung (201002 YEFS ¥¢F dASFId FAHA 42 92
7hsdel de &de=2 AASALY Riaisanen F(2012)¢ AFAAME o
EFC dASEFTY 58 d5AAZ A& dASFIH 9gFa
AFel B3 APATES AR ASITTS 71 A7 AR
ot UEE HAFe #I¥02 EUh(Yoo 5 2008, Moon 5 2010).
Hoffmann 5(2009)2 7669 4de o= 24X &2 JHEF A%
o & tAlTFT 8¢9 FAE AHEJY F, o FFHoE HUAR
A AT -BMI- 3z FAAN FoHA STV AT e A
s FF719 ol9r] Edtol, A oy dstol Tt H. wWiEtA
Hoffmann 5(2009)< LAAFA7F HIW, 43 Ao dve AE @3y
ATH EF JASFL ARE BH AT BE UYEF MATFS F, o 44
o2 A3 gASFT AXE 3 £ I o] Ei3 Agre] AWdA
UYEE widFo] © BdH(Hoffmann% 2009). Baudrand %(2014)9] A+
AM A2FE o 3-9 g& AHGE AFEHT F 9 g 2H8d AHFAste 2
FolA nEY e, FAAY, dAFFT HlE, HOMA-IR(homoeostasis
model assessment of insulin resistance index)o] ¥ = ow HDL-ZF# &
HE FX5 o 23tk B3 £258& 9 g& 2389 AHss 45 S
T E=7F 3984 EolX+= RALoE A HSIUTH Hu F(2005)2 24A)7F
H O UEF WA Z BE A2Y dxH TAES AHEJEH, HEF

v dgo] Jhd @& IFo] A2¥ Iy d AA=7 2.058 =k

r-|m

22

2
i



YEE A9 v #AE AHE dFEAME BML s, A
F, AALFR 22 vwARE FoAA FBAAdol Ahxn BudAh Yi
5(2014)2 1841 o3 AlEs LR 24X 7 &AW YE
e Ed, AF, oA AAS AU & A3 A AL
A, 3 L8 A4F, dol, JF, A, MR A§5EFE AAZE S A
O A3 3F JEE HFF 1000 mg 5 S Hw SIF=7 1.264 =
Skth EF BMIF 057 kg/m” © Eon SFEUA+12 cm)d AF
(+1.90 k)= d#eo] A&S FAFHAT Yoon §(2013)2 HEF L=
g Hgk 2 ERAR AgFEEE 49 Ed, YEFE 2= MR
EL $(53-293 mg/g)ol 7HF ¥& F(0.1-21 mg/g)RY ¥ HFE7}
1.184(95% CIL: 1.04-1.35, p=0.002) =tk FFu|we] B¢ YEF 2&7}
F7tEE BRaw 9P wst Sukste AEE 2Ath

Higre] Zrz el TASA 249 Ao Fxet AR YA ¥R
#18l Yoon %(2013) ‘YEF TE(MIEF AAF(mg)/iud AFFA
(@& o]&std v g HERuT AI=E AHEgT. 2Rt HAATH

i)

|

0

.
Mo B ATE 2o 492 nAsid UEE UEd AL A
g3t AEFEH

7 ARE ol&sel UEF AASH FHAFL EHRRA Fh Yoon
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Aol d7rd ol 7 Qo] (Willett 2013), 19X AAd7|2 Ade JEF A
HAFS Hrrsrlole FE7F A9 FUd YEEFF b, dASE e
FAAC did 22 AFoA B3P A T Rhee 5 2014, Song 5 2013,
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B AFRAARE @ 204 ol AAS tHoem JYU o
gAY Y3|oA HeS e FZ(IRB F9wW3I: HYUH
2014-01-020, HYUH 2012-02-003) 2 &stgth. A F g ] SxBA

A

2 we A 14 mwel A%, HE 39 ol 9 & B GRA AdAE
e AW B ASE Assarh E@ E®, 43P, AgAoz 9
Ao FrHoZ Pl GBS 2

BN
N

4 otge Agde A4S, AFEZ

Mass Index, BMD ¢} 2o|xAtE T3 YEF HAHAF A57F e 138
ALt HAFH R F 214Ws ATFHEAE AASAH.

+o4 ool thol X RS WL A 14 vl
A2 39 o) 9] & =t A ARAL
248, 4343, A3A%0 2 FAd| 77|
Fi A Aol FacAd TS ASFHE AP

AFLLEE A BYE FH 0% Jol£2S I 4

| 2r971 22 =E 71, A%, BUIL Q= A 139 A9 |

«

[ w208l ol 9ot 21w |

Figure 1. Recruitment of participants
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2. A3
(1) At

A2 Al 4", AAEFAE, £F8F, @A FAAFE FA ¢
s

ek wEel me A X @, 129/F, 3U JY/FE 2RHY
ohoshFel 10% A BEFY AP AN A @, 1-39/F, 49 o/
2 BRetel 2AIAT $FAFE WY A 2,8 2ol 18 7
W, g go] 153, @ 2ol 53 oAz o] AANG. A4 §9
ARt AA BWE Y AL AHE ST RYAE WS 9L, B
Ade ot BAE A9A G &, I¢A G AE ASA Fgo
=

59
ERAGY SFAFE A HAA L, @ 2ol 13 v, & o
o3

QAAAS R dqg3 2

AAASE AzE 7], EFA, BML g Ed, £571 € R o7l €4
o2 FASRAT. 7], AT AT AFAE ol&3td FAHJeHW G
Ze FABMI=AZF (kg)/71 ()X 7] (m')oll & 3te] BMIE At ch &g
EdE 2AE o839 ¥F FFS(Y¥ 2479 §F H U2 wWrp #A4X
ERENY 1 =L BY vE 2cm 9F0 A4S Y 2 W4 A
A &R @9 01 cm7tA 71E89o. gL A
TEYAR FA3H AAE FHAA 0FE EX LS Yol FHINA
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B2 Sk AolzA A A& AJF, A 2
g, AAd7] dARlE 5& ol&3te] AAdUY] 7= vl tha A4l

ol

BHgdsty] 98 ‘YEF LE(Sodium density)E AHE3H o ol ‘UYEEF
AAF(me)/F AF vl F(g)eZ A4 A HYoon 5 2013).

PALFET 78 A7 w59 A 33 FH2EHE #FHAANCEP ATP
IM (National Cholesterol Education Program-Adult Treatment Panel I)<
NEe wgor 5744 MAESEE 498 F 3HA o 4e BRE A4S
fAEEF o8 AG39H(Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in Adults 2001). NCEP ATPII 7]
o wet ASFT AEedez ERHg AT HAYES, AHDLEH =



HE83, 318¢%, 189S AE39th(Expert Panel on Detection,
Evaluation, and Treatment of High Blood Cholesterol in Adults 2001). Z}+
Adede Adr|For w3 7|E(Lee 5 2006)3 /A2 NCEP
ATPII7] & (Grundy & 2005)& AH&3tdvh EFHTe] ¢ en w3
7= Wk (Lee 5 2006) & 90 cmolX, oAk 85 cmol A& EHu|glo]
g A, 2FAAALEF (=150 mg/dL), AHDLZ = & H & (H<40
mg/dL, <50 mg/dL), ZE(=130/85 mmHg), FTEHEZZZH(=100
mg/dL)2 7§14 € NCEP ATPM”|&(Grundy % 2005)°] @z} g3ttt
FTEEFZN ] H$ Z NCEP ATPIINIA >110 mg/dL& IA@7|Eo =
AR ey mEdad S3dA AAE ZiEe wE 2004d =100
mg/dLoZ WA HANH(Grundy § 2005). @A B dAT7dA MEE
NCEP ATPI”|&Ed <At T5EZo] =100 mg/dLd AF, ¥5EF
oz Agsdo

G ZALHA

o

7}

JAAHHZE Fr7E Y8 E5 CT(Computed tomography) HAAIZARE
AREEtR T BE CTeE 16 €8tol& o9 vyHE7] CT(multi-detector
CT, MDCT)E ol&3dth. F 12719 #A TG4 HU(Hounsfield Unit)
E SANA HIEHgE TR WAAAREA Y AdrELS obA g
Z1Eol AAA A= &oew A dEAAE HFALHAC] 100 carfol
4d wWE uHgtelgtz &gt (Examination Committee of Criteria for
'Obesity Disease’ in Japan; Japan Society for the Study of Obesity,
2002). Bl A 71E AY 47(Oh T 201094 = WAAYHH S o] &
sto] Adg vk A 7|EH BAS A, A 1025 of, 9A 91 aro]



Adstn wotth Wty o] 71%2e Agshe] WA TE vHe A
At

3. EAYH

dAA AFHF 42 Can—pro 4.0(Computer Aided Nutritional Analysis
Program, &= &3], 201z AAsgeh & A7 FAMHE SAS
9.2(Statistical Analysis System, SAS Institute, Cary, NC, USA)Z *] 33}
AL BE ZAH AAY FFEL 005904 HAAG. AEe ©E
o, BMI, AlS¥ 7 HAEX X A, dASET dEAE NF, YJEF A
ATEL ttest2 H A RY. A FTsd EXAAZFTAHE, o5 3T,
A FAddF)Yd HASFFT v &L Chi-square®2 Hlu E434t. UJE
F ¥R wWE vv Ad 93EE 24 d7oon T 2013)E HE S
=

JEF ¥9EE2 <21 mg/g, 2.1-3.1 mg/g, =3.1 mg/gd A ZFo=E 1}
=

Fol UER HEo W& ASTEE 2 3 AIARTY FaFA, +HE,

AAAREE ZAH3AY. YEF 5o & dASFT A3AE HEF

2 B E 93 Dunnett multiple comparison test® AAlsAc JEF 9

o ME gAEFFT AEAZE FHEE%) 2 dAEIFT FHE%)S

Chi-squareZ HlX EX43 3t YEEF dxo wE dASITT J4E8XE

G 2 gAEFEFE 35 Ad ¥ == Multivariate-adjusted E A A€
A

FARA S AA s AP =(0dds Ratio, OR)E A& 47 &4
o A o] (20-394, 40-49A1, 5041 °] ), AAZEH=(1E€FTH, TT& &
4, AZ3H), a+FIF(HY A &F, & 2o 18 "y, & 2@

3], 3 2ol 53] o), AFAAR(, ol )E BRARFTE AL AT
Aztel B @AFAATE BAAEFAA A AAEEHEE ‘2L
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1. Quraba

B AT F93 e dwrAeS Table 19 AASA. A7+
A F 2148 o2 FA 969, 94 118 oItk Aty Hiyols of
407%™ FA 9 4014, A4 oF 41342 AE 7 Yol HLI I
B A giaxe BMIE ¢ 260 kg/m oo FA o 271 kg/m? o
A oF 250 kg/m’o.® FA o] A RT © HEEY tH(p<0.001). AAEEA
L& BHFe 102 ol 27, ‘TR #8F, I1AE TR UFo &F
2t ‘shFol 108 ol B B H, o EF ‘F 43 ol
@3 " &) MY Egon ‘FEE Y, AR FFLE ‘WY
3HA] e EE SHIAY. AAETHEd wE AE T FYHA A
ol AT FAF A W A &g, 7 el 13 vrezr &
< A= &0l AAZdAN KA U W s
of 53 oA & YA $HEo] AHETG KA = RTHp<0.001). A
e BG4 354%, A 25%2 FA4Y FAuSo] JHRT
FosA ERTHE<0.001). BA FAFA FE dIRE FA 64.6%, o4
975%% Aol o E}OH(p<0.001) EES g4 A FId& A
&g At
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el
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Table 1. General characteristics of subjects

Total Male Female
P
(N=214) (N=96) (N=118)
Age 40.72+10667  40.07+1021 41.25¢11.03  0.4257
BMI(kg/m’) 2595447 27.12+4.05 2500+457 <0.001
Physical Walking Weekly frequency
activity more than 9(4.2)% 4(4.2) 5(4.2)
10minutes
a day 1-3 times 37(17.3) 13(135)  24(20.3) 0420
>4 times 168(78.5) 79(82.3) 89(75.4)
Moderate Weekly frequency
Physical 1o 128(59.8) 59(61.5) 69(58.5)
activity
1-2 times 43(20.1) 14(14.6) 29(24.6) 0.135
>3 times 43(20.1) 23(24.0) 20(17.0)
Heavy Weekly frequency
Physical
ysiea none 147(68.7) 62(64.6)  85(72.0)
activity
1-2 times 37(17.3) 19(19.8) 18(15.3) 0.502
>3 times 30(14.0) 15(15.6) 15(12.7)
Drinking none 41(19.3) 1010.4)  31(26.7)
Frequency  0-1 times/month 72(34.0) 24(25.0) 48(41.4) <0.001
1-4 times/month 68(32.1) 45(469)  23(19.8) ’
>5 times/month 31(14.6) 17Q17.7) 14(12.1)
Current Yes 37(17.3) 34(35.4) 3(2.5)
. <0.001
Smoking 17782.7)  62(64.6)  115(975)
1)MeanzSD
2)By t-test
3)N(%)

4)By Chi-square

_13_



93961054 cm, <A 84.17+1278 cm, p<0.001), FF7] YA (FH
129.00+14.70 mmHg, 14 119.60+14.63 mmHg, p<0.001), ©] 7] L (F4
78.20£10.40 mmHg, o4 72.29£8.87 mmHg, p<0.001), THAHFT=(FA
187.70+128.70 mg/dL, <4 110.00+91.68 mg/dL, p<0.001), TEI L (I
95.85+17.23 mg/dL, A4 87.14%22.54 mg/dL, p=0.002), WZAHHA(FA
152.20£56.73 crf, 914 104.40£58.96 crf, p<0.001)& FAo] AZET F<3}
A =3t HDL-Zd2HE2 94 4265 mg/dL, 944 4849 mg/dLE o
deol FARY fFostAl B Edoh(p<0.00D). HAISFT AJAE BF N
T "4 2077, o4 1782 dA40] AR Y dASET AIdAEE
Y ®ol Eista UAH(p<0.001). AASF F+HES EA 52.1%, 94
233%=2 949 dASFT AFAE BF A dASFT
3

v

FHEo] o
ARY foatA w2 Ao Uuyt ddAed & YEF HF HHZFLS
3937.57 mgeolom FA4 4310.00 mg, 44 363460 mgo® FAdo] 4A4R

4 UEES 937 o 2ol AT AR HP<0.001).
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Table 2. Comparison of metabolic risk factors indices and metabolic

syndrome and sodium intake level by sex

Total Male Female
Variable P
(N=214) (N=96) (N=118)

Waist(cm) 88.56+12.77" 93.96+10.54 84.17+12.78 <0.001”
SBP(mmHg) 123.82+15.35 129.00+14.70 119.60+14.63 <0.001
DBP(mmHg) 74.92+10.00 78.20+10.40 72.29+8.87 <0.001

Triglyceride(mg/dL) 144.98+116.29 187.70+128.70  110.00+91.68 <0.001

HDL-C(mg/dL) 45.86+10.92 42.65+8.01 48.49+12.24 <0.001

Fasting glucose(mg/dL) 91.08+20.73 95.85+17.23 87.14+22.54 0.002

Visceral fat(cr) 126.22+62.55 152.20+56.73 104.40158.96 <0.001

Number of component 2.07+1.32 2.42+1.27 1.78+1.30 <0.001
of the metabolic

syndrome
Prevalence of 77(36.3)° 50(52.1) 27(23.3) <0.001”

Metabolic syndrome
Sodium intake(mg/d) 3937.57 4310.00 3634.60 0.001
+1447.82 +1428.20 +1397.70

1)Mean+SD
2)By t-test
3IN(%)

4)By Chi-square

SBP: systolic blood pressure, DBP: diastolic blood pressure, HDL-C: HDL-Cholesterol
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1 mg/g ©l3f, 2.1-31 mg/g, 3.1 mg/g °lF o E Fo
SET A#FY HF FXE ¥wdt Table 3-Table 6
, 9 A7 ASEgt. @9 A= Table 3, Table 401
AR e ool AuE Table 5 Table 6°] A A3tA . Table 4,
Table 6914 & Ho], AAEFAE, 5F3F, @A FIHFE BAS A Y

Ef UEd e gAFET AE 48 wasgn. 49 2% aA
FARE AT o, AABEAE, $FI5FE wASAG 349
A% UEF 95 1F 2 ASFE AR B £A7 9402 g
A pgtor] el gelANT BAH felgel BANAL. BANA %
A% AAAN BEF AE} MY B T(231 mg/e)d FHAYEFE

__C')_
TEIY, dAISIET AF BH AF, WAALEAH] YEF =7
2.1 mg/g)dl Hl& FdA =& Aoz EAEHJTH(p<0.05). B
A% YEFHALEL M4 & F(>31 mg/g)ol YEF 2=/
S (<21 mg/g)ol v& FAAAR TS

’

Ae7b FostA 23w (p<0.05) WAEAALHAAM = Foldo] TAHA
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Table 3. Comparison of metabolic risk factors indices and the number

of risk factors of metabolic syndrome according to sodium density in

male
Sodium density
(sodium/total food consumption, mg/g)

Variable <21 21-31 >31

(N=11) (N=42) (N=43)
Waist(cm) 91.24+3.18 95.36+1.63 93.29+1.61
SBP(mmHg) 130.80+4.69 128.88+2.32 128.74+2.29
DBP(mmHg) 79.80+3.32 78.37+1.64 77.67+£1.62
Triglyceride(mg/dL) 191.09+39.12 197.43+20.02 177.14+20.02
HDL-C(mg/dL) 41.73+£2.44 42.57+1.25 42.98+1.25
Fasting glucose(mg/dL) 87.36%5.16 96.34+2.67 97.60+2.64
Visceral fat(cm) 148.89+17.26 155.57+8.94 149.85+8.73
Number of component of the 2.00+0.38 2.60+0.20 2.35+0.19

metabolic syndrome

1)*Significantly different at a 0.05 significance level from the group <2.1 by Dunnett
multiple comparison test
SBP: Systolic blood pressure, DBP: Diastolic blood pressure, HDL-C: HDL-Cholesterol
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Table 4. Multivariate-adjusted comparison of metabolic risk factors

indices and the number of risk factors of metabolic syndrome

according to sodium density in male

Sodium density

(sodium/total food consumption, mg/g)

Variable
<21 21-31 >3.1
(N=11) (N=42) (N=43)
Waist(cm) 94.30+3.37 96.10+1.96 93.48+1.86
SBP(mmlHg) 131.91£4.76 128.79+2.64 128.64+2.52
DBP(mmHg) 81.42+3.51 77.82£1.95 76.70£1.85
Triglyceride(mg/dL) 226.94+40.28 221.37+23.46 196.02+£22.90
HDL-C(mg/dL) 42.39£2.50 41.44+1.46 41.73£1.42
Fasting glucose(mg/dL) 91.91+4.93 97.90+2.90 96.70+2.76
Visceral fat(cr) 160.45+£18.52 157.58+10.84 147.37£10.25
Number of component of the 2.46+0.38 2.0810.22 2.20+0.21

metabolic syndrome

1)*Significantly different at a 0.05 significance level from the group <2.1 by Dunnett
multiple comparison test

2)Adjust for age(in year: 20=<age=<39, 40=<age=<49, 50=<age), physical activity(Low
physical activity, Middle physical activity, High physical activity) drinking frequency(in
times/week: none, 0-1, 1-4, =5), current smoking status(yes, no)

SBP: Systolic blood pressure, DBP: Diastolic blood pressure, HDL-C: HDL-Cholesterol
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Table 5. Comparison of metabolic risk factors indices and the number

of risk factors of metabolic syndrome according to sodium density in

female
Sodium density
(sodium/total food consumption, mg/g)
Venielble <21 2.1-3.1 >31
(N=33) (N=44) (N=41)
Waist(cm) 81.02+2.20 83.55+1.90 87.38+1.97
SBP(mmHg) 117.63+2.60 119.66+2.21 121.25+2.32
DBP(mmHg) 70.09£1.56 72.61+1.33 73.70+1.40
HDL-C(mg/dL) 49.28+2.18 47.79+1.88 48.61+1.93
Fasting glucose(mg/dL) 79.41+3.90 86.98+3.44 93.34+3.44=*
Visceral fat(cr) 82.82+10.03 107.98+8.89 119.12+9.35#
Number of component of the 1.28+0.22 1.81+0.19 2.12+0.20=*

metabolic syndrome

1)*Significantly different at a 0.05 significance level from the group <2.1 by Dunnett
multiple comparison test
SBP: Systolic blood pressure, DBP: Diastolic blood pressure, HDL-C: HDL-Cholesterol
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Table 6. Multivariate-adjusted comparison of metabolic risk factors

indices and the number of risk factors of metabolic syndrome

according to sodium density in female

Variable

Sodium density

(sodium/total food consumption, mg/g)

<21 21-31 =31
(N=33) (N=44) (N=41)

Waist(cm) 80.16+2.10 81.61+1.86 84.29+2.07

SBP(mmHg) 118.41+2.74 120.55+2.38 122.45+2.70

DBP(mmHg) 70.76+1.63 73.16+1.41 74.37+1.60

Triglyceride(mg/dL) 77.83+15.82 116.01+14.19  141.11+15.63*

HDL-C(mg/dL) 50.03+2.29 48.38+2.06 50.49+2.27
Fasting glucose(mg/dL) 82.40+3.56 90.63+3.25 95.44+3 52+
Visceral fat(cr) 82.07x9.31 101.97+8.31 106.30+£9.45
Number of component of the 1.31£0.22 1.76£0.20 2.00+0.22%

metabolic syndrome

1)*Significantly different at a 0.05 significance level from the group <2.1 by Dunnett

multiple comparison test

2)Adjust for age(in year: 20=<age=<39, 40=<age=<49, 50=<age), physical activity(Low
physical activity, Middle physical activity, High physical activity) drinking frequency(in

times/week: none, 0-1, 1-4, >5)

SBP: Systolic blood pressure, DBP: Diastolic blood pressure, HDL-C: HDL-Cholesterol
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Table 7. Comparison of prevalence of metabolic risk factors and

metabolic syndrome by sodium density in male

Sodium density
(sodium/total food consumption, mg/g)

Variable <21 21-3.1 >31 E
(N=11) (N=42) (N=43)
Abdominal obesity 6(54.6)" 29(69.1) 24(55.8) 0.402°
(=90 cm)
Hypertriglyceridemia 6(54.6) 23(54.8) 25(59.5) 0.895

(=150 mg/dL)

Low HDL-cholesterol 4(36.4) 16(38.1) 16(38.1) 0.994
(<40 mg/dL)
Impaired fasting glucose 2(18.2) 18(42.9) 16(37.2) 0.322

(=100 mg/dL)

Hypertension 4(36.4) 23(54.8) 20(46.5) 0.505
(SBP>130 mmHg or
DBP<80 mmHg)

Abdominal visceral obesity 10(90.9) 30(73.2) 30(69.8) 0.363
(Visceral fat>102.5 cr)

Metabolic syndrome 4(36.4) 25(59.5) 21(48.8) 0.333

1N(%)
2)By Chi-square
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Table 8. Comparison of prevalence of metabolic risk factors and

metabolic syndrome by sodium density in female

Sodium density
(sodium/total food consumption, mg/g)

Vaiklsle <21 2.1-3.1 >31 1
(N=33) (N=44) (N=41)
Abdominal obesity 11(33.3)" 22(50.0) 26(63.4) 0.037”
(=8 cm)
Hypertriglyceridemia 2(6.3) 8(18.6) 11(26.8) 0.076
(=150 mg/dL)
Low HDL-cholesterol 20(62.5) 28(65.1) 24(58.5) 0.823
(<50 mg/dL)
Impaired fasting glucose 2(6.3) 9(20.9) 11(26.8) 0.077
(>100 mg/dL)
Hypertension 7(21.2) 11(25.0) 15(36.6) 0.294
(SBP>130 mmHg or
DBP<80 mmHg)
Abdominal visceral obesity 12(36.4) 23(54.8) 24(63.2) 0.072
(Visceral fat=91 cr)
Metabolic syndrome 3(9.4) 10(23.3) 14(34.2) 0.046

1N(%)
2)By Chi-square
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LHEF 95 (mg/g)

<21 7 21-31 W =31

*P=0.037 *P=0.046

9.4%
Abdominal obesity Metabolic syndrome

P=0.076 P=0.077 P=0.072

Hypertriglyceridemia Imparied glucose tolerance  Abdominal visceral obesity
P=0.823 P=0.294
62.0% 58.5%
36.6%
21.2%
Low HDL —cholesterol Hypertension

Figure 2. Comparison of prevalence of metabolic risk factors

and metabolic syndrome by sodium density in female
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Table 9. Multivariate-adjusted odds ratio of metabolic risk factors and

the metabolic syndrome by sodium density in male

Sodium density

(sodium/total food consumption, mg/g)

Variable <21 21-31 >31 P trend
(N=11) (N=42) (N=43)
Abdominal obesity 1.00 1.26 0.61 0.239
(=90 cm) (0.25-6.34)  (0.12-2.98)
Hypertriglyceridemia 1.00 0.79 0.83 0912
(=150 mg/dL) (0.16-4.01) (0.17-4.12)
Low HDL-cholesterol 1.00 0.68 0.77 0.914
(<40 mg/dL) (0.13-3.67) (0.15-3.99)
Impaired fasting glucose 1.00 2.43 1.15 0.469
(=100 mg/dL) (0.28-21.31) (0.14-9.75)
Hypertensive 1.00 1.60 0.98 0.535
(SBP=130 mmHg or (0.26-9.79)  (0.17-5.83)
DBP <80 mmHg)
Abdominal visceral obesity 1.00 0.15 0.12 0.103
(Visceral fat=1025 cr) (0.02-1.60)  (0.01-1.26)
Metabolic syndrome 1.00 1.70 0.74 0.251
(0.28-10.37) (0.12-4.49)

1) Data are presented as OR(95% CI)
2) Adjust for age(in year: 20=<age=<39, 40=<age=<49, 50=<age), physical activity(Low
physical activity, Middle physical activity, High physical activity) drinking frequency(in

times/week: none, 0-1, 1-4, >5), current smoking status(yes, no)
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Table 10. Multivariate—adjusted odds ratio of metabolic risk factors

and the metabolic syndrome by sodium density in female

Sodium density

(sodium/total food consumption, mg/g)

Variable P trend
<21 2.1-3.1 >31
(N=33) (N=44) (N=41)
Abdominal obesity 1.00 1.80 3.10 0.049
(=85 cm) (0.61-5.28) (1.01-9.55)
Hypertriglyceridemia 1.00 3.29 459 0.076
(=150 mg/dL) (0.62-17.50) (0.86-24.66)
Low HDL—cholesterol 1.00 1.22 0.72 0.499
(<50 mg/dL) (0.45-3.29) (0.26-1.98)
Impaired fasting glucose 1.00 3.32 5.98 0.044
(=100 mg/dL) (056-19.63)  (1.01-35.25)
Hypertensive 1.00 1.32 2.62 0.103
(SBP>130 mmHg or (0.40-4.36) (0.78-8.72)

DBP<80 mmHg)

Abdominal visceral obesity 1.00 2.11 2.69 0.086
(Visceral fat>91 crf) (0.73-6.08) (0.87-8.31)
Metabolic syndrome 1.00 241 3.71 0.070

(0.56-10.37) (0.89-15.58)

1) Data are presented as OR(95% CI)
2) Adjust for age(in year: 20=<age=<39, 40=<age=<49, 50=<age), physical activity(Low
physical activity, Middle physical activity, High physical activity) drinking frequency(in

times/week: none, 0-1, 1-4, =5)
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Figure 3. Multivariate-adjusted odds ratio of metabolic risk factors

and metabolic syndrome by sodium density in female
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Rod WA FHEL AEHo2 FUsta Y& FA o] (Ministry of
Health and Welfare/Korea Centers for Disease Control & Prevention
2013). 2013\ 3= JYEF AHFH o] WHO AFF9 2v =5 3
UYEF AFA7E vivh AE8HA 23, dxW T ¥H A¥ESE =dde o
TFAI(Yi 5 2014, Yoon 5 2013, Hu % 2005, Tuomilehto % 2001)7} =+
Welol A&EAor Hugs 1 do YEF HFHS draSsIFo e
Ao dig A7 desida Alsdd. YEF AFS HTH dAS
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(Ministry of Health and Welfare/Korea Centers for Disease Control &
Prevention 2013). 2013 I RAZFEEA 4 A8E T3 & A7 #
A% A g B WAFET AYAE FX, YEE HAFY 2ol7}
FFAY 48 T GAFFE ABAE £A, HEF A ol Y

hYA
92 FU9% F g9k B AFNA g4 dAFET 4387 JASE
PN
T

T AEARE FEo] AGEG FA YEE=Y, ol 2 BMIS &F, ¥
a4, B F AT 9 ez Ardo dAZFEE APAF AR
& EH% IZE A7 (Kang 2015914 & BMIZF tAbEF3 24 99 d
% QAR EAHeH, BMIF 455 2d oy WASFT 29 #E

o] 1.367W F7F HAo & AFedAME FAhel 944 RT BMIZE #98HA
o G499 Hi BMI FX+ 27.12+4.05 kg/mZ B 7k £3l= FF
oAt EZ T AFNA AAFRF, FA, FF FTol dASIFTA I
S maA ¢ dee HudtdEdPark 5 2015, Sayuri 5 2010, Lee %
2010, OH 5 2005, Lee & 2005), ¥ A7l & 2o SF3571 13
2l Hl&o] FAdol AdET o 2d) o FAHEE HAo] ARG

371 98 WAA
WA ol A
=A% A
H(Fox % 2007, Kim %5 2006, Kobayashi & 2001, Carr 5 2004). Fox %
(2007)9] Ao A 93X ¥ (Subcutaneous abdominal adipose tissue,
SAT), W& A% (Visceral adipose tissue, VAT)¥} thrAlZ=EF 2499 &
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AAo] el BAE A7 VATY FEFHA7 1 71 dvit drAE332
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H

ARHE AF7t goey YEF AAHF SAEAE ol &
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77k 0.61-5.28), 3.1041(95% A= 77k 1.01-955)2 Folxl& A& #F
dfen YEF BWR7t 31 mg/g o3 aFAA SAHA Fode T
Astdch. WM GEF AV 2R SgHoR BEuivbe IS
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F Bt UYEF wWldFo] 289 4(34-41 g/day), 3%9 (4.1-5.0 g/day),
489 $#(52-65 g/day)dl &atE 2189 WAZFE 49 AU9d=s) &
ostA =Stk B AFAAME AAMAAAN FFHT oo AT I, F
Bg3gdqrt nddAd dHdel dve R Fldod AL E
T3 dAAE A9E F AT HEF 257 31 m

EF 2=7} 21 mg/g olstel &4 H3 FAAANEE, ¥5EFT FX
WASFT AL BR AT o], AAEEAST, F3ATE BT
FA% FosHA =4t HEF Bxd BE tAESFTE AFAXE 2 At
= 21 m

FHEd A EE FAALE F5A FAR St
t 2%& BT Rhee 5(2014)9 7oA E & A7 w7t =E A=
AAMT YEF HH T34 dATITLAY ZoAd da 4HE
ATH Rhee 5(2014)2 tiASF T AT LY Bi AFdd wE 2443 &
UEF WA= 244 &8 YEF w2 Zd mE dAasSFT f8E
@, o 42 vasdd. A7 23, ARSI A88d B AT 30
A IFY 24X HEF WA ZF] dASIFL Ad L B AT 20
IFEY Y8 2 FEUS AANAA 9T F AR T 244
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1 943 449 yole HxFew BMI= HAANAAN FoaA =34
(p<0.001). AABEHEE= GBI Aozt e FF3F ZEXAME
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ABSTRACT

Comparison of metabolic risk factors and metabolic

syndrome according to sodium intake levels

Kim, Hyun Jung
Department of Food & Nutrition
Graduate School

Sungshin Women's University

We conducted a cross-sectional study to investigate metabolic risk
factors and metabolic syndrome according to sodium intake levels in a
convenience sample of 214 Korean adults(male 96, female 118) aged over
20 years. We used 3-5 days of diet records to reflect routine sodium
intake. Sodium intake was recalculated to sodium density(sodium
intake(mg)/total food consumption(g)) to reflect diet's overall saltiness.
Metabolic risk factors including waist, visceral fat through computed
tomography(CT), SBP(Systolic Blood Pressure), DBP(Diastolic Blood
Pressure), triglyceride, HDL-cholesterol, and fasting glucose were also
measured. These metabolic syndrome risk factors and metabolic
syndrome were compared according to sodium density(<2.1 mg/day,
2.1-3.1 mg/day, =3.1 mg/day).

The prevalence of abdominal obesity, metabolic syndrome were found



to be significantly deteriorated as the sodium density increase in female.
In addition, multivariate-adjusted model showed that the highest sodium
density group were significantly associated with increased risk of
abdominal obesity(OR>3.1vs<21=3.10, 95% CI: 1.01-9.55, P trend: 0.049)
and fasting glucose tolerance(OR=>31vs<21=598, 95% CI:1.01-35.25, P
trend: 0.044). However we could not find that sodium density is
associated with metabolic syndrome risk factors and metabolic syndrome
in male. In conclusion, high sodium intake levels was associated with
abdominal obesity, fasting glucose tolerance and metabolic syndrome
independent of calorie intake in female.

The current study findings found that high sodium intake may be a
risk factor affecting impaired glucose tolerance and metabolic syndrome
negatively independent of calories in female. Therefore we need to have
sustained efforts on reducing sodium intake level to reduce the risk of

metabolic syndrome and metabolic syndrome risk factor.
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