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e AEF 71%5S 3= Solute Carrier Familiy 12 member 3(SLC12A3) # 4 A=
F53 whstth SLC12A3+= Al A o] Axwo] A8t Na %ol Cl
Solee AUz A o]lFA Y. SLCI2A3E  F&2  With No Lysine
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4 #AoAE HDL 29282 AYF b o2 HAF ool
freldow o ¥ Uedth HDL 2d2HEe B37dA o ¥4 deh,
sobsh olobel Aolm 2@ AHE e Aol Al A M R
EAA0R o249 Aelsh QAT AA A AL very Col Aol
A, debs F gdAsHB0l HAF o HTAN fAHoE HAFe] BT o

ob= ARwd HATT ol HF o] Feder Aoz Aol glodth

A A AE SLC12A3 FAAe] 3o = vrol GG FAAH I GA+AA
FAAF oz FEE vastH, AAASA L} dF A H A= UFE
GA+AA FAAGNA FeolFor =gton Yol AAs DBP, ool 32 E
gl e} SBP, DBP7} f9 2oz GA+AA TolA E¢vh UnxeE EAZdo=z
o gk zkeol= glAdrh HolxAbelAE A9 RE AFATF FolFl zolvt gl

Ak, ookl GA+AA FAAYELE & Ao diAFe] Fodoz Btk

BT FAARD BAE flste], AA vdAE BMI 85 WE9E w8k 5, thA|
SLCI12A39 FAAF o= F&3to] nlustgivt. BMI A3 #AF ool
Al R SLCI12A39) GA+AA #AAYE 717 welA SBP, DBP7} =4 345
Ko, AT GA+AA FAAHLS AT Zd o] Ak dole AN
DBPRE GA+AA welA T Zskow, ofole A A%, 3=, SBP,
DBP7} GA+AA el A t] Edch HAFodwoll A= GGarel AFe] vl %%
al, SBP9} DBPE GA+AA oA frelzoz FSkh AolxAl A= HA
A= A Fol o] GA+AAT A F A4, TEY La, UYEFEY HAF
, ol fAate] AdF ol foAdem Earh dole FHAFo TN GG

FAAES AN AFFel wAHom |ow, oote A F oA
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A EAE SLCI2A39 fAAd oz 33 ¥, BMI 8 W E = pwo] H
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3. SLC12A39] &7

SLC12A3% Solute Carrier familiy 12 member 39 <¢Fx2Z 4, NCC(Na'-Cl

cotransporter) ¥ NCCTZ %7371 58, 8 X7 9] ol ¢FEQ thiazide T
7+ transporter#t L= 3Ft} [33] ThiazideAl ©] = A= Clo]20] SLC12A3e A& 3}+=
Ae Walste] Cl o] o] Alx W Z oFstA] %3tA womA FAd YEFRE §H7
ol &3 A] H3lA FomA S S S HAAZIT[34] SLC12A3E A%
Y ZE o] 9 A x(distal convoluted tubule; DCT) A XZ 2o 9237 Na %ol

I Cl g0l g7 AXWR o5 AA AFoMe AgGF 7|e9 9ade
SLC12A3% 1,002901 4 1,03071 9] o}n] x4t A7) E 7Fx) 4, 2670 9] 907 F-A4 5 o
Qo #:7)|E= oF 48kbpo|th[35] wtl AFd FxE delx QA Ll

1) SLCI2A3 € AA9 #AdEw A

o

SLC12A39 34 Edwolrt A A9 FAAA 44 FHd NEW 5
(Gitelman's syndrome)¢] @ H3}=4), o] YEF A&F Fof, & g, AZEE
%, Avtadad s, AZ4FE A &2 8 E S (hypokalemic metabolic alkalosis) 2]
S-S Btk [36-38] ez Aol o3 Asjdo] AWow wiEYY +§ A
ol 3] ofzk, F7IA ARAI WA T 23kA Q1 Sl R E & v ol <l
Agolnz mtadg AA, AE AANE 235 AFHsa, AYE

A AxE AR Sdere Ads TEvh[39-401 EI Type

N

I
pseudohypoaldosteronism(PHA2, Gordon’s syndrome)< A A 258 714 Al ol Al A
NCCe &4-& T/ 7=, 8 7F 83 K 73 57H ZF &9 & 9 94
Hgd e A AbFol S = S4E Btk o]i= SLCI2A3 AHAle] =
2 A WNKIH WNK4] Ed®o]= <l
s Aol E SLCI2A39 % HAe #we] dvkar & & vk, 287] wfitdf,

rO
o
S
&
rlo
(03
o
X
=
g,
w
—
@
—
DO
o>
w
lo
N

PHA2 gk}l A= SLC12A3¢] 7]%5 S Al Al 7]3= Thiazide#d %F&ES A} &3l A&
Skl [41] o] E A SLC12A3+:= A A d &S 283l At 22 75l v T4
3, 1A Edwe] AWEY o= pol mEsty UHE #AHol e Ao

=
S

o



2) SLCI12A3 A= % 714

SLCI2A3¢ Alxwoez FFotes A QIbsH@E@ASHAI7|= 282 With No
lysine kinases(WNKs)ell 93] & d(Fig. 1). WNKsi= A oA o] d & 4
ol #AhEstE AR TAHd fASL dow, AHAHHEH F2 THHe=R
STK39(SPAK or Ste20/SPSl-related kinase)E 3o SLCI2A3E &43 Azl
th[42] WNKI12 STK39E @43 A]7|3, STK39%E DCTAX delA SLCI2A3E
IAbEF Al A A SLC12A39] &35 #=3hvh[43] B=3F, WNK4o] gholihd ARE &
3 degradation°o] FX & Ao 3] SLCI2A3:= A= =4, o]Jd RAAS
pathway (Renin-Angiotensin—-Aldosterone System)ell ¢ 8l+= Angiotensin 17}
WNK4Z5-H STK39E A=r3k7A ste] SLC12A39] Ao tj&3te Aoz A7+
t}.[44-45] z1¥]) a1 RAAS pathway 9] Aldosterone T3k SLC12A39 #AA &8-S &=

7FA1 7] aL[46], Ratel A13= Estrogen©] SLC12A39] @3-S F7A 7tk A7 Aae

ATt [47]

- -& inhibit e activate

Figure 1. The pathways of SLCI12A3 gene regulated by WNKs in DCT cell.
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Lot A7 3 A yArel

B 20089 Mg FRTE Rl 25w 3dAS Ho R Stk A
A AAE EF AVAA A4S FAHQeH, A 1,0738 (34 535

A 1
o olstAl 5389 )o] FAFEAUR 1,073W el R F He HEzog 93 FAA
A

$A e Ho] ARA w2 Fe Aol AR o] AskA mulshAY FEAW 3
A Fgol A4HA GRS A%, BMI 9] 5 olstzA AAF &t Bda
Dela o8] ol AZgel £AS: RAAL ALsth =@ 393 G4e)

7] a
Hat wF o]l 894 w A A FeAY 2aE Afek wpzvPA R A oA
AN AesArt. wElste] HEAo Yol4 3799, oA 373POE F T52W S
Aol o] &3}3l .

AA WFAANAN AAAZ NG, AF ), AR AA el U FFRS B
@39 7k A AA(AFHA @ FE 2dW F@ )9} fA% Bl S

= .



A& 2T 87 =S8, 10738 (do} 5357, oo} 538%3) A¥UA RF

< AT WA A D
FAA B4 e

2o] M- M Tinl B e
oA ol B3 AAE,
o9l Ak £ > A

v

HAE A7 AdA A3
wol 379, oo} 3739 (F 752%)

|- G TC, HDL, LDL
dg #ud ?l?‘]- +41: Insulin, HOMA-IR, FBS

2lo] M F-ZA}
24N 7 3 d&F oA & FF 2Y, FY 1Y
AF AF Ct‘%“‘ ‘ﬂ’“ Can-pro 3.0

SLC12A3 genotyping: SNaPshot assay
(Forward) 5° -CAATAAACCCTCCATGTGTC-3’
(Reverse) 5° ~AGCCCCAAAACAGAACTTA-3’

A ¥4: SPSS 19.0
Mean + SE or SD, chi-square test, t-test, anova, stepwise regression,
logistic regression

Figure 2. The Experimental design of this study.



B AAozidiey X P9E e IRBAS ¥ HA(IRBSUWIE SSWU
IRB 2012-003)5 o}l 2133} v},

1) A4 A= (Anthropometric Measurements)

zF A A" ZY F @ Ed(waist  circumference,  WC(cm))oF  Al#+
(height(cm)), #| = (weight(kg)), &Y (mmHg)S =A&Act. A3} A5 714
AP oz 2 A AAA AA AEAZ7(JENIX)E AFE3Ela, 2143 A
=& olg3te] AZFHA S (body mass index, BMI(kg/m*)E A&t 32 &4

Mo

= FAAEC] YE =7 NF 9 3emFHE FHSE 3o IFE =YA
FEE SAQsAY. oS FHAT O oY AL A FH F = wE A4
s dstuiel AV E Wi % 7] ¥ (systolic blood pressure, SBP(mmlg))3} ©]
2+7] &9} (diastolic blood pressure, DBP(mmHg))S =4 3} 4 tHNISSEI, Japan).

2) Hlwt= w4

O AdZFAFBMDE o] &35 vvte 34




B Aol olgd dxk s FA AAEF AST, ALT= &4W kit(WN 3
)5 A&l AE R4 7 (HITACHI 7600-110, Hitachi Ltd, Tokyo, Japan)® 7%

B#E xel &= F Y A" E(Total cholesterol, TC)¥ 24 % "W (Triglyceride,

TG), HDL-Zd 2~ ¥ = (High density lipoprotein—cholesterol, HDL)< |5 & o} #-

a
i

7] (Ekachem DTSC module, Johnson & johnson, USA)E o] &3} 3L, o] A=

ﬂJ

Ef®Z LDL-ZYU2HE2 Friedwald 32 [LDL-C=Total cholesterol-HDL
cholesterol-TG/5]e] <] & A AF&}d v}

[ S R = I P B s
T8 A d%F <9< W T+ ECLIA(Electro chemiluminescence immunoassay)

How AFHAEA7] Automated immunology analyzer Elecsys 2010(Roche
Diagnostics)& o] &3] A9t <d=d  AYY dA  F HOMA-IR
(homeostasis model assessment of insulin resistance)< Matthewa ¢ U233 72

= v o= ALEeSvh[48]



HOMA-IR = [fasting glucose(mmol/ ¢ )/22.5 x insulin(uU/mf)]
[fasting glucose, mmol/ ¢ = fasting glucose,mg/ml % 0.0555]

9 A5 dEY B

D DNA =

DNA %8 LaboPass™ Blood MiniKit(Cosmo genetech)E A}&3}51t}. protease
200 whole blood 200uE Y2 5 BL Buffer 200uE H7lste] 2 A& 35 5
6Tl A 2087t incubation?] At DNAE HZA A 7]17] 93] ethanol(99.9%) 200ulE
Y3l vortexdtal, spin down Al#, spin columnd] &7 & 8000rpmolA] 187 9
A&l 3. BW Buffer 70040 < NW Bufferb00ulE 153 5ol A 2tz 944
FEste] gdolde ¢Fde 43 AAGd & AE Buffer 2005 H7F3ko] 220

incubationd}3. 8,000rpmol A 183+ ¥4 #Edle] 2& A7A -80TCel

L

L

)
Do
riz
=

@ SLCI2A3 44 v& 4

SLC12A39] SNP 48 SNaPshot® assay & o] %319
5-CAATAAACCCTCCATGTGTIC-3 (Forward) 215 -AGOCCCAAAACAGAACTTA-3 (Reverse)-&

olg3tel SNPE ¥ FEEe FEGh PCR W & AF wsoe

o

template DNA 10ng, forward/reverse primer Z+Z} 0.5pM, 10X PCR buffer 1u¢,
dNTP 250uM, DNA Taq polymerase 0.25unitE %3l FEFHF 37} 107 H2s <
F4E Yol %3 & Dual 384-Well Gene Amp PCR System 9700& ©] &3} ¢
95C-10%, 1 cycle; 95C, 30%, TmT, 1+, 72C, 1+, 35 cycles; 72°C,10+,1 cycle
FoF WS A7l & AAE PCRS 4339 th.Primer extension reactiong 93] & Al
Az PCR A 1ul-& 0.15 pmol genotyping primer
(5-CTCCCTCTATAAATCCAAAACAAACTTACTCTCACC-3)°] 2 &% SNaPshot
Ready Reaction mixtureo] o] 96TC-10%, 50TC-5%, 60TC-30x¢°] 3¢AES 25

cycles =33t 29 fluorescent dye terminatorsE A 713817 9 3le] W&AHE

_10_



o] 37C 75%, 72°C 15
o] 95Cel| 5%k

1
ABI Prism® 3730x] DNA Analyzer(Applied Biosystems, USA)

KeN
=

o] SAP(Shrimp Alkaline Phosphatase) lunit

A AT

1
o

=
=
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3. A &

2

BooAG 25 = SPSS 19.0 statistical package(SPSS Ine, Chicago, IL, USA)-S ©]
&3to] 2AstR o, ZF e & 3 BE SAHAAE H(Mean) £ ET 2

2H(Standard  Error; SE) 58 ZE & AHStandard Deviation; SD)E  AF&3F ).
SLC12A39] genotype? 3o #3 2L chi-square tests AF&3Fc}h. zZF W<
S 7Fe] A3 A= partial pearson’s correlation coefficents(r)9} chi-—square test@®
AT A EAdY HFH AL, BF AR Y HEAA ATE
&l @Az A8 37 B (stepwise regression)¥ EAAE 37 B (logistic
regression analysis)g &3 H| ¥ FEE F3lal FoHd AT A= 95%

Fxol A Algstlvh et e 7o A2 p0.05F T A H T
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B oA 250w 38tdA S e ol 3799, ofof 3713WoR F ThoHoR
3]

FHE AT WEAEL] AAAS D BAe] At F4] A= Table 10 YE
WA A el F-op g aolas] oA W e 20079 EF A= 2005
LR R R A RTAT e

Yol AF Hir2 31.68+6.54 kg2 &-9A4 ol HTAQd 2781 kgHvl =3, AW
WS 132614554 emP EE Q) 129.05 cmBtl 94 E gkl ool AF HEe
29.44+5.33 kgl Z 8-94] oo} FEAA 2693 kg ko, AF Hre

FFEAQ 127.76 emBth % 9kTHTable 1). D822 wol, ojo}
5 BMI A$E ZEA¢ 1697, 165150 =7 UeEbdTh S EA(WOE Hol
o) 7% 8-94] ol 50 WE (588 cm)B T} oFzk B e A, oot A%
50 WES RGBT cm)B T Oz e £XE wAd. uaxe AAAS Ay Al
4 A= slelEd, BMI 25 wolst ojolela] S oz delrt Ze Ao

EF 5t

hu
i
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Table 1. General characteristic of baseline subjects

Total Boy Girl
(n=752) (n=379) (n=373) P
value
Variables Mean + SD Mean + SD Mean + SD
Anthropometric Measurements
Height (cm) 131.86£5.56 132.61+£5.54 131.14£5.48 <0.001
Weight (kg) 30.57+6.07 31.68+6.54 29.44+£5.33 <0.001
WC (cm) S71.97+7.12 59.92+7.88 56+5.62 <0.001
BMI (kg/m?) 17.47+£2.58 17.89+£2.74 17.05£2.34 <0.001
Lipid profiles
AST (IU/L) 24.41+5.25 24.87£5.26 23.94+5.2 0.014
ALT (IU/L) 21.16£6.95 21.99+£7.43 20.31£6.33 0.001
SBP (mmHg) 110.57£18.05 112.48+17.9 108.64£18.01 0.003
DBP (mmHg) 70.89+14.93 71.79+15.05 69.97+14.78 NS
TC (mg/dL) 179.06+£31.31 177.84+30.37 180.29+32.23 NS
TG (mg/dL) 72.84+37.16 68.82+36.63 76.93+37.3 0.003
LDL (mg/dL) 107.82+29.29 106.71+£28.45 108.95+£30.12 NS
HDL (mg/dL) 56.67+10.5 57.37+10.32 59.96+10.65 NS
Blood sugar related profiles
FBS (mg/dL) 75.1£6.72 76.3+6.81 73.89+6.4 <0.001
Insulin (uIU/mL) 7.2+6.8 7.35+7.51 7.04+6 NS
HOMA-IR 1.35%1.36 1.41+1.53 1.29+1.14 NS

U boy vs girl
NS; non-significant
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2) Ao Wakery Axe] 54

oo A= A A 243 89 #d AdxEo] FAH A Table 1). 57 &
mHgZ oo} 108.64+18.01 mmHgH vt} 9@ oz t

} 71.79£15.05 mmHg, oo} 69.97£14.78 mmlig=
A4 Aol A T T4 & o} 688243663 mg/dl, oo}
6.93+37.3 mg/dLZ ofol7t feold oz =A uvewrh FAACR FoAQl Aol
UAARE Foluty ofolrt AT ZH2H
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A=A JEY A FostA = AR Holruh ool A FH o]
HltH(Table 2).

alel & =etal, ofobe] "ol A Al #E A E (2 €<% TC, LDL =
e 2 e HDL ZdlAH )9 A= Mol dolrtl ofoloAlA vjwk Ze

AP 5o me] By vheAde] dvkal B o5 it
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o
o
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Table 2. Nutrient intake of baseline subjects

Total Boy Girl
(n=752) (n=379) (n=373)
value”
Variables Mean + SD Mean + SD Mean = SD

Energy (kcal) 1582.43+347.93  16068.15+346.32  1505.49+£332.78  <0.001
Carbohydrates (g) 219.54+£50.76 228.44+50.01 210.49+£49.98 <0.001
Protein (g) 64.34+15.12 67.86+15.72 60.77+£13.59 <0.001
Animal Protein 35.92£11.37 38.19+12.07 33.61£10.12 <0.001
Vegetable Protein 28.44+7 .91 29.68+7.93 2718771 <0.001
Fat (g) 51.34+15.12 54.38+15.42 48.26+14.18 <0.001
Animal Fat 27.89+10.97 29.64+11.54 26.11+10.06 <0.001
Vegetable Fat 23.46+£9.27 24.74+£9.55 22.17+8.81 <0.001
Cholesterol (mg) 331.76+142.19 351.01+146.2 312.2£135.41 <0.001
Total fatty acid (g) 30.1£11.72 31.99£12.1 28.18+11.01 <0.001
Saturated FA (g) 11.65+5.22 12.42+5.47 10.87+4.85 <0.001
MUFA (g) 10.67+4.68 11.44+4.83 9.89+4.39 <0.001
PUFA (g) 7.81+£3.03 8.19+3.12 7.42+2 .88 0.001
Fiber (g) 15.21+4.15 15.71+4.04 14.7£4.2 0.001
Calcium (mg) 567.54+192.35 595.79+200.55 538.83+179.4 <0.001
Animal Ca 342.98+163.23 362.98+173.33 322.65+149.8 0.001
Vegetable Ca 224.62+75.86 232.83£78.94 216.27+71.75 0.003
Fe (mg) 11.21£4.29 11.35+3.11 11.06+5.22 NS
Animal Fe 3.17+1.72 3.36+1.3 2.97+2.05 0.002
Vegetable Fe 8.04+3.82 7.99+2.64 8.1+4.73 NS
Phosphate (mg) 954.2+235.39 1001.39+242.93  906.26£217.54  <0.001
Zinc (mg) 7.58+1.82 7.92+1.86 7.23+1.72 <0.001
Folate (ug) 234.53%£90.8 241.66£88.35 227.29+92.79 0.030
Na (mg) 3562.51+£966.18  3711.86+£963.73  3410.76+946.05 <0.001
K (mg) 2296.9£594.41  2397.69+608.85  2194.49+561.92  <0.001
Retinol (ug) 182.83£109.58 191.57£118.67 173.95+98.87 0.027
B-carotene (ug) 3472.08£1764.2  3486.99+1538.97 3456.93+1968.82 NS
Vit A (zg RE) 805.04+346.07 818.17+323.44 791.69+367.6 NS
Vit Bl (mg) 1.11+£0.46 1.14+0.34 1.08+0.56 NS
Vit B2 (mg) 1.22+0.4 1.27+0.38 1.16+0.41 <0.001
Vit B6 (mg) 1.68+0.48 1.75+0.48 1.62+0.47 <0.001
Niacin (mg) 13.52+3.84 14.2+3.89 12.83+3.67 <0.001
Vit C (mg) 86.43+£47.96 87.18+45.33 85.67£50.54 NS
Vit E (mg) 13.81+4.9 14.33+5.01 13.28+4.73 0.003

YU hoy vs girl
NS; non-significant
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AT hAAFe]l wjek A F(BMI) % SLCI12A3 4% 3 Add o2

=
EA

g AE AEER ofyel BMI ME9 5= dAse] 8 NESF v 4
G 85 WMESF o2 AAFTOoRE FEIAT. E3 SLCIZA3 F+HAE S
major allele?] GE 7|22 wild types! GG minor allele$dl AE 713
hetero type¥ mutant types T 3te] GA+AAZR FE3Fo] doly 48 34
. AA FAXRE LS AA A T 5 HeE o F7F v FY] uiEel A
allele2 714 hetero type(GA)¥ mutant type(AA)S 3172 3 ).
7t AR vl H wAAe] nFE o et 2 vk (Table 3). A A oA 7529
Hobe= 3799, oot 373" olw dol & BMI 85 HES VlE A ES 304
, AT ol 5 OoE HAFT o AT A WAAAIE oF 49 AR B
th. ofotol A= BMI 8 WS 7+ AYS 3199, dAFT o4 b4B o=
ol HAFolFEr o 6¥] Amolvk. Zrgfar ol A4S (304 )l
A SLC12A3 F+dx9 GG FdAHS 7HA 2 A& dHdAE 26278, GA+AA
FAAE S A e A AE 429 otk Hobe] HA FolA (75 W)l A
SLCI2A3 GG #FAAH S 7IA tdAE 578, GA+AA FAAF S 717 dy
A= 18" ok, 1gar oole] A (319 W)olA SLCI12A39 GG A
S 7H W AE 268" ol al, GA+AA FAARE S JHA Ul A= 518 ot of
olo] A|F o] (54 W)olA SLCI2A3 GG FAAFS 7IA did A= 41
H, GA+AA FAAEE 7H2 dgAE 139 otk EE, Table 2014 B35l
A e AE A7 B AEFAY AolvF AV wWEed HIFH dHoE F<
2 AAZFS BAGA.
w3l chi-square A A Ao XA, Total A A= FAF o<
AAe] SLCI12A3 #FdAd 9 wl&o] GGH2 15.6%0°] 3L, GA+AATY A

ol of)

o,

O

=

iy

25.0% % © =4 YewtH(Table 4). &3, A4S vrol A ol ool A
T2 B, dole HAF ol GGHol 17.9%, GA+AAZH o] 30.0%=E %
Al GA+AA TS 45 BMI o= AAHY HAFT o ¥l vleol =

ot 2y oot A AT oY W GGHol 13.3%°)H GA+AAF ]
203% 2 ol Y Aom HOAY {FodAE Ut 2z AA

b
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Table 3. Frequency of classifying each parameter

el BMI ¥4 SLCI12A3 A A3
GG
Ak (n=262)
(n=304) GA+AA
= (n=42)
(n=379) GG
3} 2 o] A (n=57)
(n=75) GA+AA
2 A (n=18)
(n=752) GG
Ak (n=268)
(n=319) GA+AA
B (n=51)
(n=373) GG
oA % 0] 4 (n=41)
(n=54) GA+AA
(n=13)

Table 4. Chi-square test performed between BMI 85 percentile and SLC12A3

genotype by sex.

Total Boy
A AT A AT A%
GG 530(84.4)"  98(15.6) 262(82.1)  57(17.9) 268(86.7)
GA+AA 93(75.0)  31(25.0) 42(70.0)  18(30.0) 51(79.7)
P-value 0.011 0.030

V"N(%)
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1) BMI 7|50 & uu Ao s =4

0079 ko Fad EF A TEF ol&s] UdAd W & /EOE BMI

85 WES] mue A, 85 M9 o] 4e WAF o] HOoE relv)
D AA AZ L dwrge 54

A A A AA AE FAe AR waFol 4 wolA feHown

2
=7 YEhdtH(Table 5). A=z dpojr HE, dolold AL AR LollA
ko

131.7£5.18 cm& 20074 Zol-Fad BF A =He vws] By, 50-75 WE9 A}
olol §AH&= grola, AT o)A oA = 136314543 cmZ 90 W99} w5z
FEoz etk AlFEe AN oA 2923+£39 kgE 50-75 W Aloo] 93}
i, HAF o)A T2 4164565 kg 95 WEYE sl W fAEE Aoz
et s Edls AN o A= 57352554 cm® 50 WE R wgton] wA S
o]} wollAE 70.31£7.43 cm® 90 E 9 ol e® yEruth Leal BMIE A I

o A 168+1.522 50 W9 °ofzt of#folar, HA|F o el A 2232+203% 95 W
9 ol WA Aot A= AFLS AN wellA] 130724548 cm®E 75 W9 HLv)
oF7F olgfolar, HAF o)A wollAi= 133.33+4.99 cmz 75-90 WE-9 Apoltl. AF
Ay ol Al 28.04+3.92 kgZ HA] 75 WEQ KT} oF7F ofFolarl, HA|F o]
oA 37.75¢5 kg °F 95 wWEo|dltt. dElEd= AN wollA 54552433 cmE
25-50 W Alolo]ar, FHAF o] wol A 64.56+4.66 cmE 75-90 W E-9 2] Fho|tl.
BMI= A7 oA 16.35+1.53% 50 W9 X olv, #AlF o] FollAl= 21.18+2
95 WES ol s vERAATL

71E& BMI 8 W#9 2 3fo] FRIAAR, Hol} oo} BFoA HAF o) o

ol &= AA Az 3=, BMI AF 25 ujghst 7]5(95 Wi oAb t©l 717t

flo
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Table 5. General characteristic of subjects sorted by BMI &85 percentile

Total Boy Girl
(n=752) (n=379) (n=373)
A% A5 ol 'y A5 ol A% Ao
(n=623) (n=129) P (n=304) (n=75) P (n=319) (n=54) P
Mean = SD Mean = SD Mean = SD

Anthropometric Measurements

Height (cm) 131.2+5.36 135.06+5.44  <0.001  131.7+#5.18 136.31+5.43  <0.001  130.72+5.48 133.33£4.99  0.001

Weight (kg) 28.62+3.95 39.99+5.7 <0.001 29.23+3.9 41.6+5.65 <0.001  28.04%£3.92 37.75£5 <0.001

WC (em) 50.92+5.15 67.9+7 <0.001  57.35x554 70.31£7.43  <0.001  54.556+4.33 64.56+4.66  <0.001

BMI (kg/m? 16.57+1.54 21.84+2.09  <0.001 16.8£1.52 2232203 <0001  16.35%1.53 21.18+2 <0.001
Lipid profiles

AST (IU/L) 24.42+5.09 24.35+597 NS 24.85+5.06 24.96+6.05 NS 24.01+5.1 23.5%5.81 NS

ALT (IU/L) 20.16£4.72 2598+12.14 <0.001  20.66x4.72 27391241 <0.001  19.68%4.67 24.02£11.57  0.009

SBP (mmlg) 108.9+16.82 118.67+21.36  <0.001 110.15+16.68 121.93£19.61 <0.001 107.71+16.89 114.13+£23.01 NS

DBP (mmHg) 69.73+14.49 7651581  <0.001  70.05+14.43 78.84+15.53 <0.001 69.42+14.57 73.24+15.76 NS

TC (mg/dL) 177.93+£31.31 184.49+30.88  0.030  176.77+30.01 182.19+£31.63 NS 179.04£32.5 187.69£29.81 NS

TG (mg/dL) 69.84+34.09 87334691 <0.001 66.35+35.16 78.83+40.8 0.017  73.17x32.74 99.15+52.4 0.001

LDL (mg/dL) 106.41+29.19 114.6+2893  0.004 105.3£27.78 112.41+30.52 NS 107.47£30.47 117.64£26.55  0.022

HDL (mg/dL) 57.55+10.52 52.42+938  <0.001  582+10.32 54.02+£9.73 0.002  56.93+10.69 50.21£8.46  <0.001
Blood sugar related profiles

FBS (mg/dL) 74.92+6.7 76£6.73 NS 76.38+6.92 75.95+6.38 NS 73.52%6.19 76.07+7.24 0.017

Insulin (IU/mL) 6.7+6.38 9.61+£8.16 <0.001 6.957.77 8.98+6.18 0.036 6.46£4.69 10.49£10.31  0.007

HOMA-IR 1.25£1.28 1.82+1.61 <0.001 1.33£1.59 1.7£1.24 NS 1.17+0.87 1.98+2.02 0.006

NS; non-significant
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AA ogAre] Ao A4 AR B4 BFEdAE ASTS HDL FH~HES
ALstiE BF fodom AAF o wolA L F£AE YEPHTHTable 5).
HDL Z# 222 A4 oA 5755:1052 mg/dLE A Fol ¥e] 52.42+9.38
mg/dL W.vh o] & o2 ok
wWolE BMI 85 W92 o] nlad ZAaoA = HDL Zd2~HZ3% FBSE A9
g UH A REE2 HAF ol ol froletA wekow, HDL S22 84
ol A 58.2+10.32 mg/dLEA], IFAF o] At 54.0249.73 mg/dLE.th f23HA =9kl
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AA tgARe] Aol dF-Ee dEaTt AF ol w4l Zolrk fidh
# Vitamin C2] Fol= BMI A oA 921244644 mg= HAF o]
81.27+39.91 mg B frejd ez gol HFHSUtHTable 6). HlELR C= #itstes
7FR A v dazA, ol xRy Ao JA#AA ' CRP(c-reactive

T

= o

protein)2} 99 HAAAE 7HA M [56,57] w2 HEY C F=& w9 AW gs
I AAZE ATE[58]

AR AN BE) ol A AT o]l o] ¥ FuElAHES HdAHFel A
A 345.94+120.52 mg Rt 377.44+126.09 mg= A o2 Bt oolo s B
T FU¥aoA AHZFY TAAE T4 Aot AT
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Table 6. Nutrient intake of subjects sorted by BMI 85 percentile

Total Boy Girl
(n=752) (n=379) (n=373)
2 AAZE  p 3 #AFE p 3 #AFE
(n=623) (n=129) (n=304) (n=75) (n=319) (n=54)
Mean + SD Mean + SD Mean + SD
Energy adjusted nutrient

Carbohydrates (g) 231.55+20.06 228.11+18.76 NS 230.95+21.15 226.12+18.54 NS 232.12+18.97 230.88+18.89 NS
Protein (g) 67.2+8.05 68.34+8.31 NS 68.57+8.47 69.97+8.76 NS 65.9+7.4 66.08+7.12 NS
Animal Protein 37.09+8.95 38.12+9.37 NS 38.05+9.45 39.42+9.84 NS 36.17+8.36 36.32+8.42 NS
Vegetable Protein 28.7315.45 29.08+6.08 NS 30.52+5.31 30.56+5.92 NS 27.03+5.04 27.03+5.75 NS
Fat (g) 53.79+8.36 54.58+7.94 NS 54+8.81 55.34+8.02 NS 53.59+7.91 53.52+7.78 NS
Animal Fat 29.26£8.76 30.71+9.43 NS 30.39+9.3 31.56%10 NS 28.19+8.07 29.53+8.54 NS
Vegetable Fat 25.34+6.88 24.83+7.29 NS 25.3+7.24 25.46£7.8 NS 25.38+6.54 23.95+6.48 NS
Cholesterol (mg) 343.15+121.31 365.37+121.79 NS 345.94+120.52 377.44+126.09 0.045  340.49+122.19 348.6+114.6 NS
Total fatty acid (g) 32.02+9.31 33.32+9.53 NS 32.69+9.65 34.0519.88 NS 31.39+8.95 32.3219.02 NS
Saturated FA (g) 11.58+4.37 12.1+4.49 NS 11.8+4.63 12.17+4 .53 NS 11.38+4.11 12.01+4.48 NS
MUFA (g) 11.81+3.86 12.34+4.14 NS 12.11+3.96 12.89+4.28 NS 11.52+3.74 11.58+3.83 NS
PUFA (g) 8.64+2.47 8.83+2.73 NS 8.79+2.58 8.91+2.96 NS 8.49+2.36 8.72+2.4 NS
Fiber (g) 15.86+3.14 15.96+3.53 NS 15.99+3.22 15.97+3.52 NS 15.74+3.06 15.96+3.57 NS
Calcium (mg) 590.54+159.79 588.2+164.92 NS 598.12+163.74 600.99+177.96 NS 583.32+155.85 570.43+144.62 NS
Animal Ca 355.09+150.33 356.23+147.81 NS 362.59+157.26 369.19+162.06 NS 347.95+143.28 338.23+124.62 NS
Vegetable Ca 234.55+62.55 230.89+68.92 NS 233.93+65.73 230.18+75.27 NS 235.14+59.46 231.86+59.67 NS
Fe (mg) 11.64+3.17 12.26+6.35 NS 11.42+2.59 11.21+2.54 NS 11.84+3.63 13.72+9.2 NS
Animal Fe 3.2+1.82 3.3+1.21 NS 3.78+1.18 3.82+1.09 NS 2.64+2.13 2.58+0.97 NS
Vegetable Fe 8.44+2.83 8.96+6.46 NS 7.65+2.39 7.39+2.33 NS 9.2+3.01 11.1349.22 NS
Phosphate (mg) 992.86+145.1 1010.26+147.08 NS 999.77+151.17 1026.41+159.61 NS 986.27+138.99 987.84+125.66 NS
Zinc (mg) 7.67+1.16 759+1.12 NS 7.33+1.1 7.27+1.05 NS 8+1.13 8.04+1.07 NS
Folate (ug) 245.53+76.64 240.34+98.79 NS 243.08+72.36 240.63+102.64 NS 247.883+80.55 239.93+94.14 NS
Na (mg) 3689.79+741.32 3799.2+867.36 NS  3702.13+744.92 3821.44+913.4 NS  3678.03+738.86 3768.31+800.45 NS
K (mg) 2388.53+447.06 2376.35+506.27 NS = 2409.02+466.55 2396.284553.88 NS 2369+427.49 2348.661435.12 NS
Retinol (ug) 189.42+93.71 200.84122.18 NS 188.4+98.28 209.12+139.92 NS 190.4+89.28 210.75+93.34 NS
B-carotene (ug) 3626.4+1662.53 3505.72+1791.2 NS  3515.59+1374.1 3424.02£1772.3 NS 3732+1893.24 3619.2+1827.68 NS
Vit A (ug RE) 840.84+315.35 834.34+319.15 NS 823.09+286.22 814.46+313.95 NS 857.76+340.4 861.95+327.17 NS
Vit Bl (mg) 1.75+0.43 1.75+0.25 NS 1.72+0.26 1.78+0.27 NS 1.78+0.55 1.71+0.2 NS
Vit B2 (mg) 1.78+0.28 1.81+0.5 NS 1.73+0.28 1.75+0.3 NS 1.83+0.26 1.91+0.67 NS
Vit B6 (mg) 1.91+0.36 1.88+0.37 NS 1.95+0.36 1.92+0.39 NS 1.87+0.34 1.84+0.33 NS
Niacin (mg) 13.59+2.86 13.47+2.82 NS 13.55+3 13.45+2.89 NS 13.64+2.73 13.49+2.75 NS
Vit C (mg) 92.12+46.44 81.27+39.91 0.014 88.88+44.48 78.05+39.78 NS 95.21+48.1 85.73+40.04 NS
Vit E (mg) 14.85+3.84 14.74+4.56 NS 14.55+4.04 14.38+4.84 NS 15.14+3.63 15.26+4.12 NS

NS; non-significant
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2) SLC12A3 %A} genotype®] W& 54

Ul AE SLC12A3 FA 9ol vistel GG(wild)d 3 GA(hetero)+AA(mutant) ¥ 2. =2
ol vkl AAl uiAd ARl A GG FAAE S 628 ¥, GA+AA FAAHLS
124 & olth. AR yiFo] gold e GG FAAE ] 319 H, GA+AA FHAF
o] 60 ®oliL, oot = GG Al 309 B, GA+AA FAAH ] 64 Folth

A tidatel A alde oAl zol7t g ARE, AFolAs GG FHA <]
30.3246.01 kg, GA+AA f-A A& o] 31.8346.27 kg & 9207 GA+AA FAA
o)A ©l ESktH(Table 7). g E#d ®£3, GG FAAFS 57.72+7.16 cm ©] i
GA+AA FAAE L 59.2326.82 cm® T2 3tA] GA+AA FAXAHAA o =Skt
A A T gEe] frol Al Aol vt gl SR Esal, BMIE GG AR ol
Al 17.38+2.57, GA+AA FAAA A 17.97+2582 943l 2ol E vEr=d], o
v AT dFgor e

AR oA B, gold A A A= fol 2l Aok gl FE =
¢ BMIE #9420 ztole glddth A5 GG APl 31.3546.37 kgolil
GA+AA FAAHL 33412722 kg & FA oz 1 Zgtl ooloaE AF A
4, BMIx= fF94¢1 2ozt gllAw, slglEd s GG

al, GA+AA FAA AN A= 57338533 cm® Fr9 A o2 o kv
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Table 7. General characteristic of subjects sorted by SLCI12A3 genotype

Total Boy Girl
(n=752) (n=379) (n=373)
GG GA+AA GG GA+AA GG GA+AA
(n=628) (n=124) P (n=319) (n=60) P (n=309) (n=64) P
Mean + SD Mean = SD Mean = SD

Anthropometric Measurements

Height (cm) 131.7+5.47 132.68+£5.97 NS 132.38+£5.38 133.87+6.23 NS 131+5.48 131.55£5.54 NS

Weight (kg) 30.32+6.01 31.83+6.27 0011  31.356+6.37 33.41+£7.22 0025  29.26+542 30.35+4.82 NS

WC (cm) o7.72+7.16 D59.23+£6.82 0031  59.66+7.91 61.26+7.65 NS 00.72+5.65 07.33+5.33  0.037

BMI (kg/m?) 17.38+2.57 17.97£258 0020  17.78£2.72 18.48+2.8 NS 16.96+2.35 17.48+2.27 NS
Lipid profiles

AST (IU/L) 24.5%5.26 23.94£5.18 NS 24.97+5.2 24.32+5.59 NS 24.01+5.29 23.58+4.78 NS

ALT (IU/L) 21.17+7.29 21.11+£4.94 NS 22.01+7.81 21.9+5 NS 20.29+6.61 20.38+4.81 NS

SBP (mmHg) 109461758  116.19+19.37 <0001 111.76+x17.66  116.3£18.85 NS 107.09+£17.21 116.08+19.99 <0.001

DBP (mmHg) 69.85+14.43 76.15£16.35 <0001 70.88+14.62 76.60+£16.4  0.006 68.79+£14.17 75.69£16.42  0.001

TC (mg/dL) 178.58+£30.47  181.48+35.3 NS  177.71£2994 17852+£3284 NS  179.47£31.03  184.25£37.5 NS

TG (mg/dL) 71.44+35.26 79.93£45.12 0.050  67.4%£32.74 76.33+52.43 NS 75.61+£37.27 83.3+37.1 NS

LDL (mg/dL) 107.64+£28.41  108.71+£33.49 NS 106.8+27.86  106.22+31.63 NS  10851+2899 111.03£35.23 NS

HDL (mg/dL) 06.656+10.2 06.78+£11.98 NS 07.44+9.99 07.03+£12.06 NS 00.83£10.37 06.56+11.99 NS
Blood sugar related profiles

FBS (mg/dL) 75.07+6.75 75.24+6.55 NS 76.3+6.77 76.3+7.1 NS 73.81£6.51 74.25+5.87 NS

Insulin (IU/mL) 7.04+6.86 8.02+6.49 NS 7.1£7.62 8.67+6.81 NS 6.97+5.97 7.41+£6.17 NS

HOMA-IR 1.32+£1.36 1.61£1.31 NS 1.36%£1.56 1.65=1.37 NS 1.27+£1.12 1.38+1.25 NS

NS; non-significant
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AA ARl AE FE7] dstel GG A AAENAl 109.46+£17.58 mmHgo] 3,
GA+AA FAAF A 11619+19.37 mmHgZ 22 o2 %¢tH(Table 7). o|¢7] &
gt wE GG FAAFNA 69.85+14.43 mmHg, GA+AA FAAEA 76.15+16.35
mmHge 2 foHoz FA Yeurh dF F4 ALS GG FHAFAA
71.44£35.26 mmHg, GA+AA A& A 799344512 mmHg® -84 =gkl =2
9lo] AST, ALT= GG FAAFAA ZAAR F9421 2pol= g, 5 F 24
2HZ3 HDL Fd2HE, LDL F82HE2 GA+AANA =AY 9A 942
Aol YA

AEE Urola] B, doldlAl= o] el ARt GG A AE o] 70.88+14.62
mmHgo] 3, GA+AA FHAHNA= 76.65+164 mmHHg= 94 zFo] 7k Q) Sl T,
U A AST, ALT, LDL Zd2HZ, HDL Fd2HZS GG FAAHAA =k

rO

SBP, & ZHU2HZ, TAAAWS GA+AA FAAFAAN Z=UdAT ZF BAHCR &
o) &Fx] @kt ofofe Hi= FE7] ko] GG Al A 107.09+17.21 mmHgo] L,
GA+AA  FAAHA  116.08+19.99 mmHg, o7l "ol GG FHAAHNA
68.79+14.17 mmHg, GA+AA F-AA & A 7560+1642 mmHg o2 F57] &g, o]
7] "t R GA+AA FAAHEN A FeojA oz EodtHTable 13). ASTE Al9jdh &

A7 GA+AA ARG A AR Fe] 4l Aole gidvh B3 A A

4
N

A 28 9 | RS A9 25 d9dd =< FBS, Insulingn HOMA-IR®]

m U

A o)Al zkol= YUl ot GA+AA FHAH A =& AFS HArh
o] A& SLCI2A32] 1sbR047} rs23044K3, rs8063291, rs6499857H.tf Aty #AA 7} 2
o, 53] rsb804°] C allele® 1L8Ste $13& =0l A Aol vt 2 A+

oF fFAbstth[59] 2 A9 Ao A= SLCI2A3(rs11643718)9] A alleles: 743l 9l

o &glo] TolxlE Ao = Helth
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AA Aol A= GG FRAAF T GA+AA FAAF 2holl HF FEAhTe] EAA
o2 fogk xol7t gl tHTable 8). AHE Folx %S d, o
A GA+AA FTHAAE 3bel A FELTFY SAFoRE Fogh Aolrt fAA W
ofotel A= Aol GG

Aoz uetpd. dad UEESE Wz dde ZAaATlE e dFa[30],

12-1741 Had7] dUWE ez fAEd dste] aAE

_H
kS
>
L
D
)
do
2

e
-
rol
s
i
g
2
=
o

B AToAE GAAA 849 A oote] L4 AAwo FoHon S84
golm B7ela, 08 GG fAARE 71 olofur) st Tvle ARE 14
T o] A& SLCI2A3 49 faAde] fE oz uols, A alleled 717 ofo}

© EZae ol AflsldE dos Wae 2 gl Ao e
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Table 8. Nutrient intake of subjects sorted by SLCI12A3 genotype

Total Boy Girl
(n=752) (n=379) (n=373)
GG GA+AA P GG GA+AA P GG GA+AA P
(n=628) (n=124) (n=319) (n=60) (n=309) (n=64)
Mean + SD Mean + SD Mean + SD
Energy adjusted nutrient

Carbohydrates (g) 231.13+19.82 230.08+20.17 NS 229.98+20.88 230.06+20.09 NS 232.32+18.63 230.1+20.41 NS
Protein (g) 67.44+8.16 67.17+7.81 NS 68.89+8.64 68.61+8 NS 65.95+7.35 65.81+7.44 NS
Animal Protein 37.3319.05 36.95+8.95 NS 38.36+9.66 38.13+89 NS 36.2618.25 35.85+8.93 NS
Vegetable Protein 28.79+5.52 28.81+5.79 NS 30.53+5.34 30.48+5.89 NS 26.99+5.12 27.24+5.28 NS
Fat (g) 53.87+8.21 54.21+8.7 NS 54.36+8.74 53.74+8.34 NS 53.36%7.61 54.65+9.08 NS
Animal Fat 29.52+8.88 29.46+8.98 NS 30.72+9.5 30.12+9.18 NS 28.29+8.01 28.84+8.81 NS
Vegetable Fat 25.19+6.89 25.54+7.28 NS 25.33+7.23 25.3+7.95 NS 25.0516.52 25.77+6.65 NS
Cholesterol (mg) 347.99+121.64 341.73+121.78 NS 352.93+120.76 348.13+130.12 NS 342.80+122.53 335.74+114.12 NS
Total fatty acid (g) 32.08+9.37 33.09+9.3 NS 32.68+9.74 34.46+9.41 NS 31.46+8.94 31.81+9.09 NS
Saturated FA (g) 11.59+4.38 12.06+4.47 NS 11.75+4.6 12.5+4.64 NS 11.43+4.15 11.66+4.3 NS
MUFA (g) 11.85+3.93 12.15+3.79 NS 12.17+4.06 12.79+3.86 NS 11.52+3.77 11.55+3.66 NS
PUFA (g) 8.64+2.52 8.84+2.53 NS 8.76+2.69 9.11+2.49 NS 8.51+2.33 8.612.56 NS
Fiber (g) 15.83+3.2 16.13+3.26 NS 15.94+3.21 16.24+3.61 NS 15.72+3.18 16.02+2.92 NS
Calcium (mg) 586.07+160.58 610.78+159.57 NS 597.66+166.92 604.18+165 NS 574.1+153.13 616.97+155.36  0.043
Animal Ca 352.09+150.03 371.46+148.15 NS 363.11+158.25 368.07+158.1 NS 340.72+140.4 374.64+139.37 NS
Vegetable Ca 233.05+63.45 238.36+64.75 NS 232.95+67.44 234.49+69.24 NS 233.15+59.17 241.98+60.57 NS
Fe (mg) 11.67+3.58 12.13+5.25 NS 11.33+2.56 11.64+2.71 NS 12.02+4.38 12.58+6.82 NS
Animal Fe 3.22+1.8 3.21+1.36 NS 3.77+1.17 3.88+1.14 NS 2.64+2.13 2.58+1.23 NS
Vegetable Fe 8.45+3.33 8.91+5.25 NS 7.57+2.33 7.76+2.64 NS 9.37+3.91 10+6.7 NS
Phosphate (mg) 994+148.6 1005.18+128.78 NS 1005.62+156.11 1001.93+136.69 NS 982+139.66 1008.22+121.91 NS
Zinc (mg) 7.64+1.17 7.72+1.05 NS 7.32+1.12 7.29+0.95 NS 7.98+1.14 8.13+0.99 NS
Folate (ug) 243.48+78.89 250.55+90.1 NS 240.03+73.53 256.19+103.67 NS 247.03+84.04 245.27+75.67 NS
Na (mg) 3703.54+762.08 3733.96+781.73 NS 3715.29+780.36 3781.32+790.44 NS 3691.42+743.82 3689.57+777.07 NS
K (mg) 2387.28+467.8 238215140252 NS 2410.26+492.03 2386.52+444.37 NS 2363.56+440.92 2378.06+£362.43 NS
Retinol (ug) 194.39+101.66 185.47+86.95 NS 195.18+109.73 178.27+97.25 NS 193.58+92.75 192.22+76.2 NS
B-carotene (ug) 3577.95+1690.23 3746.21+£1655.88 NS 3442.91+1416.97 378754+1649.7 NS  3717.37+£1924.68 3707.47£1673.75 NS
Vit A (ug RE) 837+316.95 853.51+310.82 NS 816.65+290.23 846.52+299.41 NS 858.01+341.56 860.07+323.38 NS
Vit Bl (mg) 1.75+0.43 1.73+0.24 NS 1.73+0.26 1.73+0.26 NS 1.77+0.56 1.73+0.22 NS
Vit B2 (mg) 1.79+0.33 1.8+0.27 NS 1.73+0.28 1.75+t0.3 NS 1.84+0.37 1.85+0.23 NS
Vit B6 (mg) 1.91+0.36 1.89+0.34 NS 1.94+0.37 1.95+0.37 NS 1.87+0.35 1.84+0.3 NS
Niacin (mg) 13.59+2.91 13.5+2.55 NS 13.55+3.03 13.4+2.66 NS 13.62+2.79 13.61+2.46 NS
Vit C (mg) 91.18+46.56 85.6+39.83 NS 87.39+44.48 83.26+39.81 NS 95.09+48.38 87.8+40.03 NS
Vit E (mg) 14.8+3.96 14.99+4.01 NS 14.41+4.19 15.07+4.28 NS 15.2+3.69 1491+3.77 NS

NS; non-significant
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3) BMI 7] "% 4 2 SLCI2A3 4=} genotypeel

I
Jm
.

ol A= BMI 85 WE-9)9} SLCI2A3 FAAgE oz 27t o] ujwgla, BMI 7|
= A FAF Yol A SLCI2A3 §dA e e 2polE x7|9ste] 7zt Ao
A GG GA+AA, WA Fol 4ol A GG GA+AAR T-H3to] v s}

O AA A= L dergel

J
i
o,

AA Al A= BMI 85 W9 71 Al ol A SLCI12A39] GA+AA 34
o] GG FAAHS 71 wHY AFo] fodez =kow,
o A= SAASZ FoAl Aol7t gl th(Table 9). Holol XX AlA
AZA A 7 SAACE folg 2ol7t Y H(Table 10), oletolA= BMI 7]
o] GG FAXE L 27.84+38 kg, GA+AA FAAH-& 29.06x4.4

(Table 11), g Ed =3 GG AT 54.32+4.32

cm, GA+AA FAE 2 55.7524.25 cm= freld o= o Edvh AT o] ¥l ol

ofl
o
N
N
N
K
32,
rir
=Y

MN
o,
o
rO
M
=
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2
of

kgo® o408 o RO

A AFo] GG FAAY 9 3849537 kgolil, GA+AA AR o] 3541£258 kgl
2 fFAo R ] gk oA oJolo A4 SLCI2A3¢] GG FAAFEY GA F2
AA FAAEHE 71X E, BMI 34 o5 AU &stow B4ala, AFE719 3
e SR SRRk f13o] FUHE Qe TheAd S HoEth

SLCI2A3 2% Wl A2l BMI 7]l whe xtolE w7] st zbzF GG FdA
P GA+AA 449 dlelA BMI 8 W29 7oz A4y fAFo| g v s}
ik,

AA dgAe] SLC12A39 GG A AE & 712 Aof 5, BMI 8 Wi 9] 7|Eo
2 Ay A FoldS vadS w(Table 9), 2732 A4 131.09+5.32 cm, A
% °]4 135.02+5.07 cmol i, AT 7H7} 28.48+3.88 kg, 40.26+5.72 kg, 3 &=
55.7845.21 cm, 68.23£7.17 cm 2 wi-¢ frolA oz FHA FoldolA S FAE K
Aok ZE =z BMI 3 A4 16524152, AF o 22+21502 wj$ £ 49
2ol E Hrt 3 GA+AA FAAHS 7R Lofox

i

217e] A2 131.83+5.56
cm, ¥AF o] 135214654 cm, A5 27 29.39+4.26 kg, 39.14+5.63 kg, 3¢
=9 44 56.69+4.75 cm, 66.87t6.44 cml. 2 ¢ Feld o w zolrt yhvh. BMI
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T A 16.85+1.66, BAF o] 21.33+1.82 o= Wl FojAd o7t glAr),
GG #FAAEE 7h gdob mI Al%o] A4 13164521 cm, IHAFT o]

135.77+4.84 cm, A5 7H7F 29.14+3.86 kg, 41.53+5.67 kg, 3 & =9 7H7 57.28+5.61

o

cm, 70.63+7.73 cm= "¢ FA o7t S a(Table 10), BMIE= A
16.76£1.5, #HAF o4 2246+2.11= #9221 ztol7F AATh GA+AA FHAH &
ZEZL wob Aol A4 132.0945.06 cm, HAF o] 138.04£6.85 cm, AFS Z
7y 29.8+4.11 kg, 41.84+5.74 kg, sl&]lEd = 247} 57.82+£5.11 kg, 69.3+6.51 kg, BMI
Zy7y 17.03£1.67, 21.88+1.742 w9 oA < ol 7F AT}

GG #FAAES 7] ofol= AAeA A4 1830554538 cm, HAF ]

1_4

J

N
o

—

133.9845.26 cm, AF<S 747 278438 kg, 38.49+5.37 kg, dEEHUE 77
54.32+4.32 cm, 64.9+4.64 cm, BMI&= Zt7} 16.29+1.5, 21.37+2.072 v-¢ F94<]
o) 7 A tH(Table 11). GA+AA FAAEE 7F2 Aoto A e Aol = F94
ol ztol7t UAA R AT A 29.06+4.4 kg, FAF o] 3541+258, e B =
247} 55.75+4.25 c¢m, 635+4.73 cm 2¥] 3l BMI= Z+7F 16.7+1.66, 20.56+1.692 34

Fo) oA feH oz ] okt
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Table 9. General characteristics of Total subjects sorted by BMI 85 percentile and
SLC12A3 genotype

Total
<K 34 % 0) 4
(n=623) (n=129)
GG GA+AA GG GA+AA PV
(n=530) (n=93) (n=98) (n=31)
Mean + SD Mean + SD

Anthropometric Measurements

Height (cm) 131.09+5.32"  131.83#556°  135.02+5.07°  135.21+6.54" <0.001
Weight (kg) 28.48+3.83"  29.39+4.26" 40.26+5.72" 39.14£5.63"  <0.001
WC (cm) 55.78+5.21° 56.69+4.75° 68.23£7.17 66.87£6.44"  <0.001
BMI (kg/m?) 16.52+1.52" 16.85+1.66" 224215 21.33+1.82"  <0.001
Lipid profiles

AST (IU/L) 24.46+5.01 24.17+£5.53 24.7+6.46 23.23£3.95 NS
ALT (IU/L) 20.18+4.79 20.04+4.3 26.5+13.57 24.3245.42"  <0.001
SBP (mmHg) 108.15+16.59" 113.13+17.58" 116.55+20.9" 125.35#21.78"" <0.001
DBP (mmHg) 6891+14.02" 74.41+16.22" 749515577 81.39+15.84" <0.001
TC (mg/dL) 17763+30.38  179.62+36.26  183.68+30.59  187.03+32.16 NS
TG (mg/dL) 68.87+31.81"  75.33+44.74°  85.32+47.8"  93.71x44.17 <0.001
LDL (mg/dL) 106.47+28.32" 106.11+33.88 114+28.2° 116.5+£31.54  0.036
HDL (mg/dL) 57.39+10.18" 58.45+12.3 52.62+£9.39"  51.79£947" <0.001
Blood sugar related profiles

FBS (mg/dL)  74.87+6.75 75.18+6.46 76.18+6.69 75.42+6.92 NS
Insulin MIU/ml)  6.52+6.27 7.72+6.93" 9.82+8.96™ 8.92+4917  <0.001
HOMA-IR 1.22+1.25 1.45+1.41° 1.86+1.77" 1.68+0.94""  <0.001

NS; non-significant (p>0.05)
p-value was compared each parameter

* Significantly differences between SLC12A3 genotype separating by BMI 85 percentile (p<0.05)
" Significantly differences between same SLCIZA3 genotype (p<0.05)
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Table 10. General characteristics of boy subjects sorted by BMI 85 percentile and
SLC12A3 genotype

Boy
44 34 %01 4
(n=304) (n=75)"
GG GA+AA GG GA+AA PV
(n=262) (n=42) (n=57) (n=18)
Mean + SD Mean + SD

Anthropometric Measurements
Height (cm) 131.64+5.217  132.09+5.06°  135.77+#4.84"  138.04+6.85" <0.001
Weight (kg) 29.14+£3.86" 29.8+¢4.117 41.5345.67 41.84£5.74"  <0.001
WC (cm) 57.28+5.61" 57.82+5.11" 70.63+7.73" 69.3£6.51"  <0.001
BMI (kg/m?) 16.76£1.5" 17.03+1.67 22.46%2.117 21.88+1.74"  <0.001
Lipid profiles
AST (IU/L) 24.9+4.89 24.5%6.03 25.3£6.46 23.89£4.54 NS
ALT (IU/L) 20.68+4.81° 20.55+4.17 28.12+13.87" 25.06+5.45"  <0.001
SBP (mmHg) 109761658 112.6+17.32° 120.98+19.59" 124.94£19.92" <0.001
DBP (mmHg) 69.3£13.877  74.76£16.94"  78.14+15.89" 81.06+14.56  <0.001
TC (mg/dL) 176.78£29.4  176.69+33.97 182+32.23 182.78+30.53 NS
TG (mg/dL) 65.19+29.98" 73.55+57.91 77.56%42.09 82.83+37.26  0.027
LDL (mg/dL) 105.55+27.36  103.74£30.62  112.53£29.64 112.01£34.06 NS
HDL (mg/dL)  58.19+9.73" 58.24+13.55"  53.96+10.48" 54.2£7.08"  0.019
Blood sugar related profiles
FBS (mg/dL)  76.24+6.86 77.29%7.35 76.56+6.41 74+6.07 NS
Insulin (IU/ml)  6.68+7.82° 8.61£7.28 9.0316.35" 8.81+5.76 NS
HOMA-IR 1.28+1.61° 1.65+1.49 1.72+1.3 1.63+£1.07 NS

NS; non-significant (p>0.05)

p-value was compared each parameter
* Significantly differences between SLC12A3 genotype separating by BMI 85 percentile (p<0.05)
" Significantly differences between same SLCIZA3 genotype (p<0.05)
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Table 11. General characteristics of girl subjects sorted by BMI 85 percentile and
SLC12A3 genotype

Girl
44 3} 501 4
(n=319) (n=54)
GG GA+AA GG GA+AA PV
(n=268) (n=51) (n=41) (n=13)
Mean + SD Mean + SD

Anthropometric Measurements
Height (cm) 130.55+5.38" 131.62+£5.98 133.98+5.267 131.3£3.44  0.002
Weight (kg) 27.84+£3.8" 29.06+4.4" 38.49+5.37" 3541258  <0.001
WC (cm) 54.32+4.32"  55.75+4.25" 64.9+4.64" 63.5+4.73"  <0.001
BMI (kg/m?) 16.29+1.5 16.7+1.66" 21.37+2.07 20.56+1.69"  <0.001
Lipid profiles
AST (IU/L) 24.03£5.1 23.9+£5.12 23.88+6.46 22.31£2.87 NS
ALT (IU/L) 19.69+4.73" 19.63+4.47 24.24+12.98" 23.31+5.42°  <0.001
SBP (mmHg) 106.59+16.48" 113.57+17.95" 110.39+#21.33" 125.92+24.96"" <0.001
DBP (mmHg) 6852+14.18"  74.12+#1578"  70.51+14.13"  81.85+18.07° 0.002
TC (mg/dL) 178.47+31.35  182.04+£38.2  186.02+28.39  192.92+34.65 NS
TG (mg/dL) 724743317 76.8+30.47 96.1£53.44"  108.77+49.73" <0.001
LDL (mg/dL) 107.36%29.26  108.06£36.53  116.03+£26.29  122.71+27.78 NS
HDL (mg/dL) 56.61+10.56°  58.62+11.31° 50.77+7.33° 48.46+11.52° <0.001
Blood sugar related profiles
FBS (mg/dL)  73.53+6.38" 73.45+5.08 75.66+7.11" 77.38+7.76  0.043
Insulin (U/ml)  6.36%4.247 6.98+6.62 10.93£11.67 9.08+3.66  <0.001
HOMA-IR 1.15+0.75" 1.28+1.33 2.05£2.29" 1.75x0.77  <0.001

NS; non-significant (p>0.05)

p-value was compared each parameter
* Significantly differences between SLC12A3 genotype separating by BMI 85 percentile (p<0.05)
" Significantly differences between same SLCIZA3 genotype (p<0.05)
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BMI 85 W9 7|50 2 o] SLCI2A3 FAAd 3+e] zolE wd AA i
Aol Al Aol A 57 A9 GG AP ] 108.15+16.59mmHg o] 31, GA+AA
FAAGNA 113.13+17.58 mmigZ © %%k, ol¢hr] "9k GG FAAH o]
68.91+14.02 mmHg, GA+AA FAAHAE 7441£1622 mmHgZ © =t}
(Table 9). #AF olFTelAE F=H7] stol GG FHAAF A 116.55£20.9
mmHg, GA+AA A3 o)A 12535+21.78 mmHgo & © ¥, o]¢r] dghe
GG 4238 oA 74.95+1557 mmllgo]il, GA+AA FAA3 e 81.39+1584 mmlg
2 o EUth o)dE ARwd gAFoINT BT FF7] HSH ol¢hy] At
GG FHAAFHT} GA+AA FAAZHAA Foldoz v % ZRE el &
ofol A= Aol ofghy] "ty GG FHdAE 69.3£13.87 mmHHg o2 GA+AA
AR 7476£16.94 mmHgol A o = SktH(Table 10). ool A A<, HAF o

B B FE7] 89, okl el GG FAAE R Y GA+AA FAAFAA T

2
_>|i
ot
flo
—
—
w
t
ﬂ
+
—
~
o
i
8

8

T
[tje]

o
f
ing
B
32,
H

oJg7] "ete GG HAAH ol
68.52+14.18 mmHg, GA+AA
Seh(Table 11). HAlF olgold +%7] #Ahe GG FAAHo] 110392133

A o] 70.51£14.13 mmHg, GA+AA 328 o] 81.85+18.07 mmHgZE ©
Adats el AA g Rkl A AR AT ol gl =7 sk, ol

7] dekell Aozt AW AL FoluuhiE ofole] gFgFor Moy, HoluuriE of
ofell Al GG FAAFHET GA &2 AA AP o] Astel v A= o] v & A
oz Mol

Z& SLCI2A3 #4129 kel BMI #4d wE Hols ww, AA A F
SLCI2A39] GG FHdAE & 7Fd Aofel A= ALT7F A4 20.18+4.79 TU/L, A% ©]

A 2656+1357 IU/L, +%7] @92 247 108.15£16.59 mmHg, 116.55+20.9 mmHg, ©]$7]
g 27 68.91+414.02 mmHg, 749515657 mmHg, @5 FTAAZL 22k 68.87+31.681
mg/dL, 85.32+47.8 mg/dL, LDL Z#=H&& Z+7 106.47+28.32 mg/dL, 1144282 mg/dL=
HAF ol FelA FolH o o Edvh(Table 9). 12yt HDL Z#l = E2 A7 57.39£10.18

mg/dL, A FTolA 52621939 mg/dlL® fFYFon Yoty dF Adud FA= AN
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6.52+6.27 WU/mL, A F oY 9824896 ulU/mL, HOMA-TRS Z}7} 1.22+1.25, 1.86+1.772
2 BAZF) NN FYgHez o =dv GGrGA FAAEE JH LoleE ALTE AY
2004243 TU/L, #AFo12 2432+542 1U/L, F%7] d¢< ZzF 113131758 mmHg,
125.35¢21.78 mmHg, ©] 7] &sHe 7b7b 744141622 mmHg, 81.39t1584 mmHg, % =
AR AL ZyZy 753344474 mg/dL, 93.71+44.1 mg/dLZE FA Fo] gl A ¢ Fed o
2 1 Eskou, HDL ZFd~"HES A4 5845+123 mg/dL, ZAZFo]d 51.79£9.47
mg/dLE A Fol gl A Fold oz vkt

GG FAAE S 7Fd dolE ALTZE A% 20.68+4.81 TU/L, THAFo]d 28.12+13.87
IU/L, %7 dsto]l 242 109.76+16.58 mmHg, 120.98+19.59 mmHg, ©]¢7] &gt
747y 69.3+13.87 mg/dL, 78141589 mg/dL, FF FTAAZL 77t 65.19+29.93
mg/dL, 77.56+42.09 mg/dLo. 2 A Fo] Aol A mj$ fFelFow Egkow HDL 2
Al =S A4 53.96+£1048 mg/dL, IHAF ol 5819+9.73 mg/dLe2 fFodowz
A Fol ol B ETHTable 10). GA+AA FAAHE 713 ol ALTZE A4
20.55+4.17 TU/L, @A) 25064545 TU/L, 57] d¢be] 27t 112.6+17.32 mmlHg,
1249441992 mmHg= Fo)d o2 x| Fo| gol A Eokth.

GG fFrAaA3-g 7k ofoli= ALT7F A4 19.69+4.73 TU/L, #AF ©]4 24.24£12.98
IU/L, 8% F4A 40 7}7} 724743317 mg/dL, 96.1£53.44 mg/dLO.Z 3}A 5 o] ol
A Fodoer ki, HDL FUAHES AY 5661:1056 mg/dLOZ, IHA|F o4
50.77+7.33 mg/dLE ¢ fFejF oz v ErHTable 11). % Jdadd B4
6.36+4.24 pIU/mL, ¥}AFo]4 1093+11.67 ulU/mL, HOMA-IRS Z+7+ 1.15+0.75,
2.05£2.290. % HAF o) Fel A FolF oz Eoth FAHS & HoAAARt THEH
(FBS)%= A2 7353+638 mg/dL, #AFold 75.66+7.11 mg/dLo.2 © E=h
GA+AA FAAES 717 ololi= ALTZF A4 196344 IU/L, HAF oA
23.31+542 TU/L, 7] dgto]l Z+2; 11357+17.95 mmHg, 125.92+24.96 mmHg, &%
FTAAAL 47t 76843047 mg/dL, 108.77+49.73 mg/dLo.2 Fold oz A5 oA
o] 4] ZY2H2e AN 5862+11.31 mg/dL, A F o]
48461152 mg/dLo.2 AxolA Fodez 1 =9}
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BMI 85 W9 7|50 2 o] SLCI2A3 FAAd 3+e] zolE wd AA i
Aol Al A G o) Arol e Lol GG FAAEN A 564.77£160.88 mgo] AL,
GA+AA FAAFAA 662.28+157.8 mg= ¥, 53 ZHF + =8 ZFol GG
FAAF A 339.41£148.51 mg, GA+AA A oA 409.41£134.39 mg® © =
tHTable 12). T3 YEHO] GG +AAF A 3712.01£862.56 mg, GA+AA 4
A 4074.85£837.2 mgo.® U A WEtEvh AA AR HAF o)Ll A=
F57), ol¢ty] st w3 FUtstded, ol UEFS AHHAY wEoz Holth
2010 =9l Qgdok AFH v)Fel wEw, 8-94 Aole UYEH B HIHFL 1Y
1.2-13ge 2, 2 A3 IHAF

3712.01+862.56 mg, GA+AA A A2 4074.85£837.2 mgs T+ A3 39 3u] o]
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o}, A allele& 7FA 3 gl 4o A SLCI12A39] YEF] e we-g ExHs)
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ojole] Afelm, YEF AHFHFo] A4TY GG F4AF 3693.59+741.85 mg,
GA+AA FAAY 3596.26¢724.61 mg o]z, IFHAF oldwe GG FAAH
3677.22+765.72 mg, GA+AA FAAF 40556489457 mg o2& AT A5 o
el 7 7 Wl fdAde] hE Y=g 43w frol g Aol
91 tH(Table 14). L&y, A3 34 22z
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Exl et wbgs =48 dte dof Ao Vel 9Fs vAe Ao A4

Z& SLCI2A3 #2443 kel BMI #tAo] wi AolEs B, WA iAo re

FAAEE 717 2ot A F FEo] A4 231.84+19.81 g, HAF 227.31+19.57
gO 2 AwollA fFejHo R wol AN, $EAH 9uide A 37.01+887 g,
HAF 39.0249.84 g, ¥ Ful~HELS 7M7)} 342.96+120.95 mg, 375.22£122.39 mgo.
2 HAT o)l Fedoez v Bol AF et Table 12). g Cx Aol
A 93.24+47.64 mg, A Fo)4 80.03+3861 mg MUt frodeE © wol HFHFY
th GA+AA F3ARE 7H Aok Zgo] A 593.62+157.26 mg, IHAF 0]
662.28+157.8 mg, YtEFo| 27} 3620.33+732.29 mg, 3620.33+732.29 mgo. & H}AF
ol el Al FrelA oz v wWol AHATE o I YERF A o] 8-94 Aot
UES 3 AFAFHY 29435t 439 o= Table 239 0] GA+AA F4#
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4538 mg, 76.25+3851 mgl ® FoH o=
Aol A o Bol AAIAAL, T AW AN 53.89+8.89 g, HA|FT ol 56.56£7.7
g, & ZHLHELS 77} 346.25+118.64 mg, 383.64+126.64 mgl = A F o] ol A
Fojdoz v ol 433U HTable 13). GA+AA FAAF S 717 ol

S A4 978.09+13725 mg, FHAFTolY 1057.56+1214 mg, HEFS 44
3649.56+749.26 mg, 4088.75+£819.45 mgl &2 HA|Fo| el A v ol A H 3T
GG FdAYGe 7IX ofolel = A=A AW A3 wFol A/4J25.35+6.62 g, A
o] 23.03#552 go = HA TGN FoHer T EhoH, vhE dFa A3
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Table 12. Nutrient intake of Total subjects sorted by BMI 85 percentile and
SLC12A3 genotype

Total
A% A F o]
(n=623) (n=129)
GG GA+AA GG GA+AA pY
(n=530) (n=93) (n=98) (n=31)
Mean = SD Mean = SD

Energy adjusted nutrient
Carhohydrates (g)  231.84+19.81" 229.80+21.47 227.31+19.57 230.66+15.96 NS
Protein (g) 67.19+8.07 67.29+7.94 68.83+8.53 66.8+7.51 NS
Animal Prot 37.01+8.87" 37.52%9.46 39.02+9.84" 35.26+7.08 NS
Vegetable Prot 28.81+5.48 28.28+5.31 28.67+5.78 30.39+6.9 NS
Fat (g) 53.66+8.27 54.55+8.82 55.02+7.79 53.18+8.39 NS
Animal Fat 29.19+8.58 29.65%9.73 31.29+10.19 28.89+6.27 NS
Vegetable Fat 25.28+6.88 25.64+6.9 24.69+6.92 25.25+8.44 NS
Cholesterol (mg) 342.96+120.95"  344.23+124.05  375.22+122.39"  334.24+11635 NS
Total fatty add (g) 31.89+9.27 32.8+9.55 33.12+9.84 33.96+8.59 NS
Saturated FA (g) 11.54+4.36 11.82+4.45 11.88+4.49 12.81+£4.51 NS
MUFA (g) 11.76£3.85 12.08+£3.92 12.34£4.35 12.36£3.45 NS
PUFA (g) 8.6£2.46 8.87+2.53 8.86+2.8 8.76x2.55 NS
Fiber (g) 15.86£3.17 15.86£2.95 15.66£3.33 16.92+4.01 NS
Calcium (mg) 590£160.37 593.62+157.26°  564.77+160.88"  662.28+157.8"  0.033
Animal Ca 354.44+150.34  358.81£151.03  339.41+14851°  409.41+134.39" NS
Vegetable Ca 234.67+63.54 233.88+56.89 224.28+62.57 251.77+83.76 NS
Fe (mg) 11.63£3.21 11.7£2.93 11.9£5.16 13.41£9.18 NS
Animal Fe 3.19+1.9 3.22+1.36 3.34%1.16 3.18+1.37 NS
Vegetable Fe 8.43+2.84 8.48+2.82 8.56+5.26 10.22£9.3 NS
Phosphate (mg)  992.91+147.33  992.57+132.44  999.91+155.92 10429911061 NS
Zinc (mg) 7.65%1.17 7.75+1.09 757+1.17 7.65+0.95 NS
Folate (ug) 245.66+77.36 244.85+72.82 231.69+86.18 267.68+128.9 NS
Na (mg) 37019874291 36203373229  3712.01+86256°  4074.85+837.2" 0.038
K (mg) 2391.79£450.38 23699337072 23629151278 2418.83+x490.87 NS
Retinol (xg) 191.59+£96.19 177.05+77.38 2095112674  210.73x10841 NS
B-carotene (ng)  32LI8L170242 3606144142172 3344.17+1611.01 40164322322 NS
Vit A (zg RE) 843£323.94 8285626228  804.59+275.36 028.4+421.2 NS
Vit Bl (mg) 1.75£0.46 1.73£0.24 1.75£0.24 1.75£0.26 NS
Vit B2 (mg) 1.78+0.28 1.78+0.25 1.8£0.54 1.86£0.32 NS
Vit B6 (mg) 1.91£0.37 1.9£0.28 1.89£0.33 1.86£0.47 NS
Niacin (mg) 13.58£2.96 13.66£2.28 13.6£2.68 13.03£3.22 NS
Vit C (mg) 93.24+47.64" 85.74+38.51 80.03+38.61" 85.19+44.22  0.036
Vit E (mg) 14.81+£3.88 15.09£3.63 14.77£4.42 14.66£5.03 NS

NS; non-significant (p>0.05)

b p-value was compared each parameter

* Significantly differences between SLC12A3 genotype separating by BMI 85 percentile (p<0.05)
" Significantly differences between same SLCI2A3 genotype (p<0.05)
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Table 13. Nutrient intake of boy subjects sorted by BMI 85 percentile and
SLC12A3 genotype

Boy
A% A F o]
(n=304) (n=75)
GG GA+AA GG GA+AA pY
(n=262) (n=42) (n=57) (n=18)
Mean = SD Mean = SD

Energy adjusted nutrient
Carbohydrates (g)  231.28+21.13" 228.85+21.41 223.99+£18.68" 232.88+16.84 NS
Protein (g) 68.6+8.47 68.33+8.58 70.2£9.38 69.26+6.62 NS
Animal Prot 37.94+9.4 38.76+9.84 40.29+10.64 36.65+6.16 NS
Vegetable Prot 30.67+5.32 29.57+5.18 29.91+5.44 32.61+7.01 NS
Fat (g) 53.89+8.89" 54.72+8.38 56.56+7.7" 51.46+8.01" NS
Animal Fat 30.36+9.18 30.58+10.16 32.36+10.8 29.05+6.46 NS
Vegetable Fat 25.21+7.16 25.82+7.76 25.89+7.6 24.09+8.46 NS
Cholesterol (mg) 346.25+118.64"  34398+133.18  383.64+126.64" 357.81+12585 NS
Total fatty add (g) 32.4+9.55 34.5+10.23 33.95+10.59 34.35+7.4 NS
Saturated FA (g) 11.69+4.59 12.45+4.87 12.02+4.66 12.62+4.17 NS
MUFA (g) 12£3.92 12.81£4.17 12.94+4.61 12.73+¥3.12 NS
PUFA (g) 8.73+2.61 9.18+2.41 8.91+£3.06 8.93+2.73 NS
Fiber (g) 16.02+£3.22 15.82£3.22 15.57+£3.17 17.23£4.34 NS
Calcium (mg) 600.95+164.83  580.48+157.58  582.53£176.93  659.48+173.13 NS
Animal Ca 364.7+157.36 349.42+157.94 355.8+163.53 411.6+154.02 NS
Vegetable Ca 234.65+66.52 229.44+61.14 225.11+71.6 246.26+86.1 NS
Fe (mg) 11.4£2.56 11.55+2.8 11.01£2.53 11.84+2.54 NS
Animal Fe 3.76x1.18 3.9+1.21 3.82+1.13 3.85+0.99 NS
Vegetable Fe 7.65%2.35 7.66%2.69 7.2%2.23 8+2.58 NS
Phosphate (mg)  1003.24+15324  978.09+137.25"  101658+169656  1057.56+121.4" NS
Zinc (mg) 7.34+1.12 7.22+0.97 7.2x1.09 7.47+0.91 NS
Folate (ug) 243.6x72.91 239.83+69.61 223.66+74.8" 294.35+153" 0.011
Na (mg) 37105674532 3649.56+749.26°  3737.03x931.88  408875+819.45° NS
K (mg) 24171147734 235856+£39382 23787755817 24517355212 NS
Retinol (xg) 191.5£99.39 169.04£89.77 2120614827 1998111264 NS
B-carotene (ng)  3AR7HM+137046 36308140083 32HB161083 40196321619 NS
Vit A (ug RE) 8231629118  R22.65+256.29  786.76+286.46  902.19+384.74 NS
Vit Bl (mg) 1.72£0.26 1.72£0.25 1.78+0.27 1.77£0.29 NS
Vit B2 (mg) 1.74£0.29 1.71£0.25 1.72£0.27 1.84£0.39 NS
Vit B6 (mg) 1.95£0.37 1.94£0.29 1.9£0.34 1.96£0.53 NS
Niacin (mg) 13.54£3.09 13.59£2.42 13.61£2.8 12.93+£3.19 NS
Vit C (mg) 89.81+45.38" 83.04+38.33 76.25+38.51" 83.77+44.24 NS
Vit E (mg) 14.42+4.1 15.36£3.56 14.37£4.59 14.4£5.69 NS

NS; non-significant (p>0.05)

p-value was compared each parameter
* Significantly differences between SLC12A3 genotype separating by BMI 85 percentile (p<0.05)
" Significantly differences between same SLCI12A3 genotype (p<0.05)
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Table 14. Nutrient intake of girl subjects sorted by

SLC12A3 genotype

BMI 85 percentile and

Girl
A% A F o]
(n=319) (n=54)
GG GA+AA GG GA+AA pY
(n=268) (n=51) (n=41) (n=13)
Mean = SD Mean = SD

Energy adjusted nutrient
Carbohydrates (g)  232.39+18.44 230.74£21.69 231.92+20.07 227.6x14.75 NS
Protein (g) 65.8+7.42 66.43+7.35 66.93+6.85 63.4+7.58 NS
Animal Prot 36.11£8.23 36.49+9.1 37.26+8.41 33.35+8.05 NS
Vegetable Prot 275,01 27.21+5.24 26.94+5.85 27.33+5.65 NS
Fat (g) 53.43+7.64 54.42+9.25 52.88+7.48 55.55+8.64 NS
Animal Fat 28.05£7.81 28.89+9.4 29.81+9.2 28.656.25 NS
Vegetable Fat 25.35+6.62" 25.49+6.17 23.03+5.52" 26.86+8.47 NS
Cholesterol (mg)  339.74+12329  344.44+117.35  36351+116.75 301.6+97.02 NS
Total fatty add (g) 31.38+8.99 31.4+8.81 31.97+8.68 33.42+10.32 NS
Saturated FA (g) 11.39£4.13 11.3£4.05 11.68+4.28 13.06£5.1 NS
MUFA (g) 11.52+£3.77 11.48+3.63 11.49£3.85 11.84+£3.92 NS
PUFA (g) 8.47+2.31 8.622.62 8.79+2.43 8.52+2.38 NS
Fiber (g) 15.71£3.12 15.89£2.74 15.78+3.57 16.51£3.65 NS
Calcium (mg) 579.3+155.46 604.44+157.74  540.08+133.65"  666.15+140.58"  0.044
Animal Ca 344.41+142.72  366.56+146.21  316.62+123.01"  406.38=107.37° NS
Vegetable Ca 234.68+60.61 237.54+53.48 223.13+48.11 259.41+83.25 NS
Fe (mg) 11.85+3.74 11.82£3.06 13.13£7.28 15.57+£13.88 0.025
Animal Fe 2.63+2.26 2.66£1.21 2.68+0.83 2.27+1.31 NS
Vegetable Fe 9.2£3.06 9.162.76 10.44£7.35 13.29£13.75 0.006
Phosphate (mg)  932.81+140.86  1004.5+12848  976.75+133.09 1022.81+94.6 NS
Zinc (mg) 7.96+1.15 8.19+0.99 8.09+1.1 7.89+0.99 NS
Folate (ug) 247.67+81.56 248.97+75.8 242.85+99.78 230.74+76.38 NS
Na (mg) 3693.59+741.85  3596.26+724.61 367722£760.72 4055689457 NS
K (mg) 2367.04x440.6  237928+35426 23408644789  237328+40826 NS
Retinol (xg) 191.68+£93.14 183.65£65.66 205.97+90.3 225.84+104.78 NS
B-carotene (ug) 3MLMUF1N768  BN0HH206  349466+161901 4011.99+24075 NS
Vit A (ugg RE)  862.39+35251 8334126956  829.38+260.58 964.68+481 NS
Vit Bl (mg) 1.78+0.59 1.74£0.23 1.7£0.19 1.72£0.23 NS
Vit B2 (mg) 1.83£0.26 1.85£0.23 1.91£0.77 1.88+0.21 NS
Vit B6 (mg) 1.87£0.36 1.87£0.28 1.88£0.32 1.73£0.35 NS
Niacin (mg) 13.63£2.83 13.71£2.19 13.59£2.55 13.18+3.39 NS
Vit C (mg) 96.59+49.6 87.96+38.89 85.28+38.61 87.17+45.92 NS
Vit E (mg) 15.19£3.62 14.88+3.7 15.33£4.16 15.01£4.16 NS

NS; non-significant (p>0.05)

p-value was compared each parameter
* Significantly differences between SLC12A3 genotype separating by BMI 85 percentile (p<0.05)
" Significantly differences between same SLCI12A3 genotype (p<0.05)
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Table 15. Effects of blood profile and nutrient intake on BMI by SLCI12A3
genotype in total subjects.

Total GG GG+GA
B B P B B P
SBP 0.028 0.192 <0.001 0.035 0.263 0.001
HDL -0.046 -0.184 <0.001 -0.078 -0.362 <0.001
TC 0.013 0.153 <0.001 0.017 0.232 0.006
FBS 0.044 0.116 0.002
Insulin 0.094 0.251 <0.001 0.076 0.192 0.018
Cholesterol 0.002 0.092 0.012
Vit C -0.004 -0.077 0.034
P value <0.001 <0.001

Table 16. Effects of blood profile and nutrient intake on BMI by SLCIZ2A3
genotype in boys.

Boy GG GG+GA
B B P B B P
SBP 0.034 0.218 0.000 0.049 0.332 0.008
HDL -0.055 -0.203 0.000
TC 0.011 0.122 0.029
TG 0.018 0.338 0.007
Insulin 0.075 0.211 0.000
Cholesterol 0.003 0.130 0.015
Folate -0.005 -0.146 0.005
P value <0.001 0.003

Table 17. Effects of blood profile and nutrient intake on BMI by SLCI12A3

genotype in girls.

Girl GG GG+GA
B B P B B P
DBP 0.032 0.233 0.022
HDL -0.101 -0.534 0.022
LDL 0.037 0.458 0.006
TC -0.025 -0.337 0.042 0.018 0.290 0.004
TG 0.014 0.223 0.000
Insulin 0.131 0.333 0.000 0.134 0.364 0.000
P value <0.001 <0.001
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Table 18. Odds ratio was bhetween anthropometric & blood chemistric factors and
BMI changes of total subjects.

Total GG GA+AA
partition (range) Odds Ratio (95% CI) Odds Ratio (95% CI)
SBP L (<100) 1 1
M (100-119) 0.861 (0.377-1.963) 2.762 (0.244-31.218)
H (>120) 1.717 (0.681-4.327) 11.627 (0.801-168.668)
DBP L (<60) 1 1
M (60-77) 1.064 (0.443-2.556) 1.038 (0.026-42.214)
H (>78) 1.775 (0.637-4.945) 0.577 (0.012-27.197)
TC L (<£164) 1 1
M (164-192) 0.778 (0.320-1.892) 0.418 (0.045-3.914)
H (>193) 0.858 (0.233-3.164) 0.317 (0.013-7.722)
TG L (<52) 1 1
M (52-79) 0.905 (0.487-1.680) 0.247 (0.037-1.664)
H (>80) 0.943 (0.491-1.811) 1.242 (0.260-5.922)
LDL L (<91.85) 1 1
M (91.85-121.35)  3.879 (1.561-9.643)* 4.801 (0.535-43.092)
H (>121.36) 2.751 (0.752-10.059) 21.727 (0.702-672.839)
HDL L (<51.92) 1 1
M (51.92-60.34) 0.623 (0.341-1.137) 0.563 (0.152-2.087)
H (>60.35) 0.378 (0.182-0.785)* 0.177 (0.032-0.972)*
FBS L (<72) 1 1
M (72-77.99) 1.260 (0.668-2.380) 0.183 (0.040-0.836)*
H (>78) 2.035 (1.069-3.873)* 1.022 (0.210-4.979)
Insulin L (<4.41) 1 1
M (4.41-7.34) 2.698 (1.350-5.394)* 2.595 (0.388-17.366)
H (>7.35) 4.610 (2.345-9.062)* 3.950 (0.591-26.378)
Cholesterol L (<288.48) 1 1
M(288.48-387.55) 1.650 (0.885-3.073) 5.523 (1.134-26.887)*
H (>387.56) 1.959 (1.045-3.671)* 0.757 (0.175-3.277)
Folate L (<206.54) 1 1
M(206.54-266.11)  0.527 (0.279-0.993)* 0.415 (0.076-2.283)
H (>266.12) 0.603 (0.302-1.203) 1.149 (0.223-5.907)
Vit C L (<£65.99) 1 1
M (65.99-97.05) 1.027 (0.568-1.857) 0.410 (0.090-1.859)
H (>97.05) 0.681 (0.342-1.355) 0.562 (0.116-2.727)
Na L (<£3326.73) 1 1
M (3326.73-3955) 0.976 (0.536-1.778) 8.969 (1.523-52.818)*
H (>3955.01) 0.817 (0.427-1.565) 15574 (2.192-110.654)*
Ca L (<£521.10) 1 1
M(521.10-639.11) 0.778 (0.431-1.404) 1.890 (0.359-9.954)
H (>639.12) 0.648 (0.351-1.194) 3.810 (0.708-20.503)

* p<0.05, Low; L, Middle; M, High; H.
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Table 19. Odds ratio was bhetween anthropometric & blood chemistric factors and

BMI changes of boys.

Boy
partition (range)

GG

GA+AA

Odds Ratio (95% CI)

Odds Ratio (95% CI)

SBP L (<100) 1
M (100-119) 1.326 (0.355-4.955) -
H (>120) 2.747 (0.664-11.363)
DBP L (<60) 1 1
M (60-77) 1.147 (0.304-4.329) 0.180 (0.004-7.823)
H (>78) 2.349 (0.530-10.417) 0.072 (0.001-4.712)
TC L (<164) 1 1
M (164-192) 0.614 (0.171-2..206) 0.120 (0.006-2.444)
H (>193) 0.835 (0.130-5.351) 0.164 (0.002-14.390)
TG L (<52) 1 1
M (52-79) 1.051 (0.464-2.380) 2.096 (0.191-22.985)
H (>80) 0.644 (0.261-1.587) 10.564 (0.988-112.962)

LDL L (<91.85)
M (91.85-121.35)

1
3.032 (0.855-10.756)

1
1.672 (0.090-30.939)

H (>121.36) 1.707 (0.270-10.806) 12.088 (0.124-1179.37)
HDL L (<£51.92) 1 1
M (51.92-60.34) 0.379 (0.159-0.903)* 0.871 (0.105-7.259)
H (>60.35) 0.481 (0.185-1.249) 0.406 (0.026-6.383)
FBS L (<72) 1 1
M (72-77.99) 1.110 (0.422-2.921) 0.218 (0.023-2.031)
H (>78) 1.590 (0.614-4.114) 0.226 (0.031-1.635)
Insulin L (<4.41) 1 1
M (4.41-7.34) 2.834 (1.130-7.106)* 2.701 (0.154-47.423)
H (>7.35) 4441 (1.784-11.057)* 1.089 (0.052-22.649)
Cholesterol L (<288.48) 1 1
M(288.48-387.55) 1.347 (0.543-3.341) 24.188 (1.921-304.489)*
H (>387.56) 2.138 (0.908-5.035) 4.046 (0.648-25.266)
Folate L (<206.54) 1 1
M(206.54-266.11)  0.336 (0.130-0.865)* 0.155 (0.016-1.530)
H (>266.12) 0.620 (0.254-1.510) 1.116 (0.124-10.035)
Vit C L (<£65.99) 1 1
M (65.99-97.05) 0.894 (0.406-1.968) 0.479 (0.083-2.761)
H (>97.05) 0.548 (0.203-1.477) 0.199 (0.018-2.249)
Na L (<£3326.73) 1 1
M (3326.73-3955) 0.964 (0.407-2.284) 54.013 (3.133-931.166)*
H (>3955.01) 0.813 (0.327-2.023) 22.343 (1.565-333.469)*
Ca L (<£521.10) 1 1
M(521.10-639.11) 0.678 (0.282-1.626) 0.410 (0.053-3.171)
H (>639.12) 0.717 (0.316-1.628) 4.465 (0.520-38.312)

* p<0.05, Low; L, Middle; M, High; H.
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Table 20. Odds ratio was bhetween anthropometric & blood chemistric factors and

BMI changes of girls.

Girl GG GA+AA
partition (range) Odds Ratio (95% CI) Odds Ratio (95% CI)
SBP L (<100) 1 1
M (100-119) 0.466 (0.138-1.576) 0.783 (0.035-17.725)
H (>120) 1.253 (0.305-5.148) 0.832 (0.038-18.028)
DBP L (<60) 1
M (60-77) 1.161 (0.303-4.452) -
H (>78) 1.392 (0.275-7.057)
TC L (<£164) 1 1
M (164-192) 1.097 (0.256-4.698) 0.985 (0.039-24.791)
H (>193) 0.968 (0.114-8.256) 2.102 (0.010-426.401)
TG L (<52) 1 1
M (52-79) 0.879 (0.283-2.678) 0.071 (0.003-1.746)
H (>80) 1.490 (0.465-4.778) 0.145 (0.006-3.582)
LDL L (<91.85) 1
M (91.85-121.35) 4.805 (0.991-23.304) -
H (>121.36) 4.663 (0.552-39.414)
HDL L (<51.92) 1 1
M (51.92-60.34) 1.037 (0.403-2.668) 0.148 (0.008-2.730)
H (>60.35) 0.179 (0.044-0.724)=* 0.078 (0.006-1.093)
FBS L (<72) 1 1
M (72-77.99) 1.430 (0.555-3.682) 0.457 (0.052-3.987)
H (>78) 2.919 (1.014-8.402)* 2.048 (0.190-22.052)
Insulin L (<4.41) 1 1
M (4.41-7.34) 2.813 (0.847-9.336) 1.294 (0.068-24.655)
H (>7.35) 6.659 (2.064-21.480)* 8.212 (0.417-161.835)
Cholesterol L (<288.48) 1 1
M(288.48-387.55) 2.217 (0.841-5.849) 1.140 (0.177-7.331)
H (>387.56) 1.581 (0.552-4.528) 0.356 (0.051-2.465)
Folate L (<206.54) 1 1
M(206.54-266.11) 0.740 (0.274-2.001) 1.509 (0.252-9.032)
H (>266.12) 0.612 (0.183-1.987) 0.574 (0.082-4.042)
Vit C L (<£65.99) 1 1
M (65.99-97.05) 0.977 (0.338-2.827) 0.436 (0.051-3.739)
H (>97.05) 0.718 (0.236-2.182) 1.671 (0.260-10.719)
Na L (<£3326.73) 1 1
M (3326.73-3955) 1.138 (0.433-2.987) 4.964 (0.547-45.008)
H (>3955.01) 0.997 (0.342-2.905) 9.320 (1.262-68.817)*
Ca L (<£521.10) 1 1
M(521.10-639.11) 0.753 (0.299-1.899) 3.276 (0.416-25.789)
H (>639.12) 0.379 (0.130-1.103) 4.423 (0.446-43.856)

* p<0.05, Low; L, Middle; M, High; H.
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Figure 3. Correlation with sodium intakes and BMI.
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Figure 4. Odds ratio between sodium intakes and BMI of total subjects(A), boys(B)
and girls(C) according to SLCI12A3 polymorphism.
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Figure 5. BMI described by the interaction between sodium intakes and
SLC12A3 polymorphism in total subjects(A), boys(B) and girls(C).
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ABSTRACT

Association of BMI with obesity related factors in children

aged 8-9 years old according to SLC12A3 polymorphism.

Jung, Joohyun
Department of Food and Nutrition

Graduate School of Sungshin Women’s University

Overweight and obesity in childhood can lead to a metabolic disorder that is
causing the risk of various chronic diseases. This is likely to be held in adult,
preventing obesity in childhood is extremely important. In particular, excessive
intake of sodium generates a high blood pressure induced by the increase in
blood pressure, hypertension is a major risk factor for various chronic diseases,
because the regulation of sodium intake is required since childhood. So because
of the re-absorption of sodium by the kidneys in metabolism associated with
blood pressure controled Solute Carrier Familiy 12 member 3 (SLC12A3) gene.
SLC12A3 i1s present in the cell membrane of renal distal tubule and is moved
along the Na cations and Cl anions into the cell. SLC12A3 is mainly active by
phosphorylated With No Lysine kinases (WNKs). If the function fails, SLC12A3
did not worked and resorption of sodium didn’t occured, so result in blood
pressure increasing.

The subjects were targeted in students of eight school in Guro-gu, Seoul. The
total subjects were 1,073 people, excluding subjects by missing data that in the
study conducted with a total of 752 people (boys 379, girls 373). Full study
subjects were performing anthropometric measurements and blood gathering,
same day. And dietary survey with 24h-recall methode(two days during the
week, one day of weekend), and biochemical analysis were investigated. This

research was taught by a trained professional researchers, and complied with the



research ethical standards{IRB Approval Number SSWU IRB 2012-003).

1. The subjects were significantly boy Thigher than girl whole body
measurements, biochemical analysis of blood levels in ALT, AST, SBP, FBS
was significantly higher. However, serum TG showed a significantly higher
value in girls. The dietary survey were significantly more boys consumed

than most girls.

2. When dividing the total subjects with BMI 85 percentile divided into normal
group compared with overweight, body measurements were significantly
higher in both the overweight group, the serum biochemical analysis, most of
the remaining, except for HDL cholesterol levels significantly in overweight
typically were higher. HDL cholesterol was higher in the normal group. In the
case of boys and girls showed similar results. The dietary survey, the total
subjects did not show statistically significant differences in the normal group,
most of vitamin C, total cholesterol were the remains of a significantly intake
in overweight. Girls did not differences on nutrient intakes significantly

between normal and overweight group.

3. If the divide the total subjects with genotype of the SLC12A3 gene, separated
by a GG genotype compared with the GA + AA genotype, body
measurements and blood biochemical analysis, the most values GA + AA
genotype was higher significantly in boys kidney and DBP, Girls waist
circumference and SBP, DBP were significantly higher in the GA + AA
group. The remaining had no statistically significant difference. The dietary
survey did not show significant differences in almost all nutrients, GA + AA

genotype of girls was the intake of total calcium were significantly.

4. For a more detailed comparison, after that divides the whole subjects as BMI
85 percentile, compared with of re-coded genotype SLCI12A3. BMI in both

groups with the GA + AA genotype of SLC12A3 in normal and overweight



SBP, DBP has been measured higher, GA + AA genotype of the normal
weight group was also higher. The boy was higher in the GA + AA group
only DBP of normal group, the girls of the control group height, waist
circumference, SBP, DBP was higher in the GA + AA group. The higher the
weight, the overweight GG group, SBP and DBP was significantly higher in
the GA + AA group. Dietary survey the whole subjects is the total calcium
in the GA + AA group of overweight, animal calcium intake of sodium, boys
are significantly higher intakes of folate. GG genotype was higher in the
overweight group of remaining fat intake significantly, GA + AA genotype
was higher in the overweight group of girls intake of total calcium and

animal calcium.

. After identify the total subjects with genotype SLC12A3, compared to divided
by BMI 85 percentile, the value of all physical measurements and blood
biochemical analysis, except for HDL cholesterol was significantly higher
when more than overweight in both GG and GA + AA genotype. This was
also true for boys and girls. Dietary survey results are normal group with GG
genotype intake of carbohydrates and vitamin C, overweight, this intake of
animal protein and total cholesterol were significantly higher. The overweight
group of GA + AA genotype were more total calcium and sodium intake. The
boys are carbohydrates and vitamin C intake in normal subjects with GG
genotype, total fat and total cholesterol intake was higher significantly in
overweight group, intake of phosphate and sodium of GA + AA genotype was
significantly much more. Girls were more significant intake of vegetable fats

of the GG genotype in the control group.

. The investigation of the correlation between BMI and the intake of nutrients,
serum biochemical analysis element by Stepwise regression analysis. Results
of the total subjects were SBP, TC, FBS, insulin, total cholesterol, the
correlation between the intake amount, HDL cholesterol and vitamin C is

negative showed a correlation. Boy was SBP, TC, TG, insulin, a positive



correlation of total cholesterol intake, HDL cholesterol and folate intake
showed a negative correlation. Girl is DBP, LDL, TG, insulin is positively
correlated, HDL cholesterol showed a negative correlation. TC is negative in
the GG genotype, GA + AA genotype showed the positive correlation between
BMI with.

7. For investigating the factors affecting the change of BMI performed the
logistic regression analysis. The GG genotype of the total subjects were
serum LDL, HDL, FBS, Insulin, total cholesterol intake, folate intake, GA +
AA genotype were HDL, FBS total cholesterol intake, sodium intake has an
effect. The GG genotypes of boys influenced by serum HDL, Insulin, folate
intake, GA + AA genotype was found to affect cholesterol intake and sodium
intake. The GG genotype of girls were effected by serum HDL, FBS, Insulin,

GA + AA genotype were affected by the sodium intake.

In conclusion, GA or AA genotype of SLC12A3 was shown to have a highly
relevant and high blood pressure, in particular, GA, AA genotype with the A
allele react specifically to sodium thought to increase the risk of overweight.
Therefore, we need to study the relationship with environmental factors
according to the genotype of the SLC12A3 through a follow-up study in a larger

population.
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