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2 JAoA AFA|claHgat FRULE Fol
oA et u]gre] ATy

T —

1t CKD9] #H/d2 & HH29 d+52 CKDE GFR ®&= Wiz A9os}
1 Qlch webd 2 A3 GFR# ACRZ CKDE B& % Aolsto] stz A9l
olAMef wlghat CKDO] A#/dS LotE At shL.

2 A4te =Y 54 diawske aUAddIYRAL AS7T (2011, 2012)
et A67] (2013, 2014) At=&E o]-&eh D dFo|tt. RUAGYIEAL AAIA}
2= B3 EA7A (complex sampling design)o]B 2 ZXl, 7170 A& Atg9]
ey oy BAS slglon] a7t ERMEA AEWYe ALgsd
estimated GFR (eGFR) 60 (mL/min/1.73m”) ©0|gteg #Aojst CKDZ
CKDgrr2 E7|5199 1, ACR 30 mg/g ojAto 2 Aolst CKDE CKDacr®E H7|
5ttt eGFRY} ACR 1502 E=35F CKD 939 dIdre Hx A} 25r 0]
ol Y182 CKD= 7d9Jstal CKDpige= #Z|SHATH 8|9} CKDO] H/d=
0% 2ZA|AH JHPEA (Multivariate logistic regression analysis)S &5l
AR

wANARE 194 ol 4l & dAlL o #¥E, £5 2 52 (MW



AL

o] ¥4, B4 dAxY 4

8,709%9, oA} 10,622%) o]

o] e BF &= ALs F 19,3319 (At
o}

w4 Azt fajuzte] eGFR 60 (mL/min/1.73m% ojgte] CKD (¥ &2
2.2%% o Urine ACR =30 mg/g ©]A9] CKD SHEL2 6.7%%C}t. CKD o
9] 55% ol HIETY RHES 8.1%I.

e

52

CKDgrroll ®iSh HHE5-2A| 25 2404 o], 594, 554, &54,
Y, FetEM A (HbAlc), HDL Zo|2HE, S4AYS Bt &, G4 4
2 R Fw2t vlisto] BMI 25 kg/m® 0]/f9] 8|92 CKDgrr@] @ Z=H]7}
1.884f (95% CI, 1.261-2.797; p-value = 0.002)2 GostA =%, X}
© BMI: CKDgrplt Z9E QIAP7} ohjQir}. stx| eGFRZ} ACRZ 9]
CKDpigeOf theh 5 2A A FAA Edvies2 B4 2, gAY 4
& BASTt ¥lwsto] v]ThEo] CKDgi® @z=8]7F 1.658] (95% CI,
1.289-2.115; p-value <0.001), ofxfe] 749 1.38df (95% CI, 1.088-1.754;
p-value = 0.008)2 8-9l51A =9ttt Tl EAte] A A&+ (23< BMI
(kg/m?) <25)2 73S0l Blsl CKDpgo] <zu]7F 0.748F (95% CI,
0.569-0.957; p-value = 0.022)2 8-2]51A IFct.

2] AFolAl BMI 25 kg/m? o]4fo] v]ghe g wRolA A AlF
ofl CKDpisx B EE oo %00, eGFR 1t ACRS &7 AR&sto] CKD
S B7HE ™ ARoA CKDo HP QAR BITS vtag7bshA]l 2

ox.

S
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[a—y

Aol vjP ¢ HeXH

0t d AR S (chronic kidney disease, ©]g} CKD)2 A AAIAOCZ 1 A3

FAA BEo] Frrstal e Agoln (Levey AS, 2007), f2jue} =9137%}
ZAF 2007-20108 Halof =W, 20A4] o4 AdloA CKDe f¥EE

o)

2.6-7. 7%= 421X 2t (Shin et al., 2014). Al7|50] X|&AO0 2 FAGHH
A% =Aol} oAl £ AthAeye Wee skt WIARA (end stage
renal disease, ©|st ESRD)2z Alsfstt] Al Ao s LA 2ol
=OMX| 1 5 AEES 60~70%2 Horxlch 53]
712 Qs B4 A - F7IShe FACIH, 20143 =W YWYIAEA AL
o] FH¥E2 80,674%0l| ol=25lon o]= v]=9] ESRD &4 fHES 70%,
A Ho] 50% Ao £xlolt} (Jin et al., 2015).

CKD9 AoJet &7/ 72 20029=0] ZHad 04T (National
Kidney Foundation, NIF)2] Kidney Dialysis Outcomes Quality Initiative
(K/DOQI) A3} (guideline)s ¥vrs o=z Tro] o2t} o] Ao 2} CKD&
A &9 ArE sty ol ZHAIAL AY AR g (glomerular
filtration rate, o]} GFR)o] 60 mL/min/1.73 m? 0]9Ql ArEf7} 370 oAt
A& = Aoz Aosta ot (2002 K/DOQI clinical practice guidelines).
SHAIRE  2012¢  AMAIAAStel o] A& AR NS 71491 Kidney Disease
Improving Global Outcome (°]st KDIGO)= CKD7} £Q ZAlgts5o] dhxy dl
AFGER Adud g2 st A1 o5 vrgdY 4 UA=E CKDY 77
4 Hol= ¢ AMEgstYtt (KDIGO 2012 Clinical Practice Guideline).



KDIGO X|&S 1,555,332%2 mEst 457 3 ES w73 oz Uyt QoA
AR AMGE, Y AIYE, 2714 ]
st Ai9lal =7t GFRY} 2%
ratio, olst ACR)9| @2} xpo]S Holz ZS Hustlon], CKDE s
GFRTFe 2 7Aost= 7o gt ZAIA

o
=
N
ol
o)
38,
L
i
o
rl:l
l:r‘
r|r
e,
rII.
i)
|o
hu

QAAE (urine loss rate)2 HIFHT AdEHUl vH|EE (albumin excretion
rate, AER)o|L ACRZ2 FA &0, Ui Wit ARLA| £ab/d o] Hgto] § £o]
Aol gizkstct (KDIGO 2012 Clinical Practice Guideline). 2] A&
dH0y7F CKD o &9} #HAES ¥ ust v Qlt; (Gansevoort et al.,, 2011;

Matsushita et al., 2010; Hallan et al., 2009; Brantsma et al., 2008).

=2 LI =2 d = 22 LI a2« =
Se grgamsel ARel ¥ UAE ool g WASR god o

(Kidney Disease Improving Global Outcomes 2012 Clinical Practice
Guideline). 53], H|2r2 1dY, T, 43 A& W 2 R AT
5719 ¥Rlo] =}t (Guh et al., 2009). A MAAOC=Z 1980 o]& H|TF &
S8 28} 7P7to] &7tstgl o (World Health Organization, 2016), &2 20
d Afolo]l juete] vgt SEL FAI 42 7ol 30~35%0] olF FE=
(B72A|R, 2011-2020) 8|2 AIZHeE BFRIASHA 2Aolct.

ESF H|Rh2 tiARS 2] £ AR a0l st, ZU EHA Aot =
A W A5 S5l HARS S EAtoA CKD 2AEolu R8&0] A<l
=0}y Hu%Edp 9tk (Song, Sung and Lee, 2015: Kang et al.,
2014). 2|9l =z L3 E A+ Ao m=d, Ao AAstete vl
QI Z% CKD9 $&o] 1.388 § =qfou| vigto] oflHA AP O = o]4)

o] 9= AL 7 A =7} 1.3782 =Uth (Jung et al., 2015). Framingham



Ade Ao tjsh BMIS| ==
2004). = ZIE AN UAS 52 H|Th ALY F&, dAS ST &
ot #AIQol CKDO Yol ztzh 1.318, 23982 o =t (Cao et al,
2015).

offspring studyE ©o]-&sto] AIZAgH WAYO] o FQIALS H AL GHEH ALofA
1 (

sl dickpe] B75L CKDE GFR ®i& @2 ojsin gick. meiA
¥ e7E 201219 KDIGO A|AolA me} GFR7} ACRE 3 ALglol CKDE
Aolshi g ololA Blet CKDO| g ofs uxt gtk

ol
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Figure 1. Research model of the study.



2N A7 IFRAL (Korea National Health and Nutrition Examination
NHANES)= =919 A7fajel, stdast s, Alg 9 9

FAF Aol TSt HAY ZALRZA] 1998 HH AJAFE| o] 20079 ©]% Ofd AlA]
st 9tk £ A7E oNRULt S5 A5y] 28R (2011), 3APAE

)]
c
5
<
(]
=
o
ol
ok
=

2012)9} M67] 1AbdE (2013), 2APE = (2014) At=5 o] &5to] T 194] o]4f

HAS toR stk AA FolAt 2o o AL

i)
o

O,
l‘ll‘
o

KNHANES V, VI (2011-2014)
HA| A 30,4478

!

20114 &= EO{At 2012 & EO{ A} 20134 = AHO{ &} 201414 £ XHOI X}
8,055 7,645 7,580 7,167
l I ®2l: 6759
194 O] & 42l 19A] 02t
23688 4
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AL, oF GHH,
=5 HEe, 718,
AFOILHIE, €5
2 Ore|Hl, O/ M2
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Figure 2. Flowchart of study participants.
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(mL/min/1.73m?% 0]+ CKDZ 795t CKDgrrZ H7|3FSICEH

eGFR . )

category eGFR (mL/min/1.73m*) Terms

Gl >90 Normal or high

G2 60—89 Mildly decreased

G3a 45—59 Mildly to moderately decreased
G3b 30—44 Moderately to severely decreased
G4 15—29 Severely decreased

G5 <15 Kidney failure

Table 1. GFR categories in CKD

*source: Kidney Disease Improving Global Outcomes 2012 Clinical Practice Guideline
for the Evaluation and Management of chronic kidney disease. Kidney Int Suppl 2013

(3).

71&9] MDRD (Modification of Diet in Renal Disease) &A1& H+ eGFR
40 (mL/min/1.73m?)9] TPJAIAS SALSS o= ghEoldl Zloz A4
oAU FAoll 77tz eGFRES Holx= Ffol= Ag=rt Bold 4 A (Shin
et al., 2014). TtA] 2 ARA = eGFR S4& ol 20129 KDIGOOA A|
Alst CKD-EPI (Chronic Kidney Disease Epidemiology Collaboration) 54l

2 ol gsfyrt.

e CKD-EPI &2
(1) EA: sCr < 0.9, 141 X ((sCr/0.9) %) X (0.993%°)
sCr > 0.9, 141 X ((sCr/0.9)"%%) X (0.993%°)

(

(
(2) o473: sCr < 0.7, 144 X ((sCr/0.7)%%*) X (0.993%°)
sCr > 0.7, 144 X ((sCr/0.7)"%%) X (0.993%)



9] B](urine albumin-creatinine
ratio, urine ACR)Z A9Jst¥ o, &= mg/ge = UERIATE Urine ACR
<30 mg/gQl A7t dFoln, 30-300 mg/g o WS 5= 57F >300

TolA= ACR 30 mg/g ©]d= CKD=

S
qz
rl:l
l:r.
rr
ko
o
S
qr
=
&
ko
o of
|u
v
)
m
rC

mg/gs 5% 57tz =53t

7Je]5tal CKDacrz E7]|3IY

L iz
rte
re.

AER ACR
Category ) ) Terms
(mg/24 hours) (approximate equivalent)

(mg/mmol) (mg/g)

Normal to mildly

Al <30 <3 <30 .

increased
A2 30—300 3—30 30—300 Moderately increased
A3 >300 >30 >300 Severely increased

Table 2. Albuminuria categories in CKD

*source: Kidney Disease Improving Global Outcomes 2012 Clinical Practice Guideline
for the Evaluation and Management of chronic kidney disease. Kidney Int Suppl 2013

(3).



GE WINRA, FH ALY AR A et ABES A,
SE99, 1YY, ANYWOR LRIl WS Ui Heat map2 HAISHY

%
Ct (Table 3). & AFoM= AYFFLS no CKD, 5% o9 LS

CKD& Aolst1l CKDgig 2 HE7]5IGCT.
o2t CKDgige= eGFR 60 (mL/min/1.73m?) 0]9to]A1}+ ACR 30 mg/g ©]
c}.

gol B9 B3

rOl‘

Persistent albuminuria categories
Description and range
Al A2 A3
Prognosis of CKD by GFR
and Albuminuria Categories: Normal to Moderately Severely
KDIGO 2012 il increased increased
<30 mgfy 30-300 mg'g =300 ma/g
=3 mgimmol 3-30 mg/mmol =30 mg/mmol

G1 Normal or high =90

G2 Mildly decreased 60-89

Mildly to moderately 45.50

ade decreased

Moderately to 3044

S severely decreased

G4 Severely decreased 15-29

G5 Kidney failure <15

GFR categories (ml/min/ 1.73 m?)
Description and range

Green: low risk (if no other markers of kidney disease, no CKD); Yellow: moderately increased risk; Orange: high risk; Red, very high risk.

Table 3. Prognosis of CKD by GFR and Albuminuria Categories

*source: Kidney Disease Improving Global Outcomes 2012 Clinical Practice Guideline

for the Evaluation and Management of chronic kidney disease. Kidney Int Suppl 2013

(3).
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4. 53us

A Z A 4(body mass index, ©°]d} BMI)+= A& (kg)&
Uie o2 OofAol-EjE Y 71EE AR&stol ohgaf o]

expert consultation, 2004).

Al AF

1. O

o HlEm)ez

]_
W

e BMI 5o & A9
A A %: BMI <18.5 kg/m?,

A AE
e ige]

A% 18.5< BMI <23 kg/m?
WA 5 23< BMI <25 kg/m?,

v]gk: BMI =25 kg/m?

2571 st

HAHZ (High density

3ot
o

&

A ZE ’

(
(Hemoglobin Alc, ©]st HbAlc), 1= AT

o A &

ﬂ.I

v

=

=
=

g}t

lipoprotein-cholesterol, ©o|s} HDL-C), &A1&

oS A8

(Triglyceride, ©]3} TG)&
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D
A,
(0]
E

(Kstrata), H7F&AlS o8¢ Survey procedures ¢t 7|8 EAA=E
SPE TG

B AT At APeHE, ARIAAISE R QA Abzo) QU S
Proc Surveymeanss 0|85t 7|=57|=F (Mean + Standard error, N (%))
o2 AAlstF O, BFQRA= Taylor series?] linearization variance
estimation method2 AAE|ITH A& W0 FAA & HH {19 Ato]=
T-test, Al AT ol 9 Aol= FAREA (ANOVA) d748= #sil Proc
Surveyregs o]&stct WAEd M4+ Proc Surveyfreqs ©o]&sto] gl=
et HlaZS AFESHaL, Bl=o] et F9)/d2 Rao-Scott chi-square W2

o|-gsto] AAsttt. BMI ®&o] mE CKDe] @=H] (Odds ratio, OR)2t

©
a1
x
>
i)
Y
rN

confidence interval, CI)& H7}5taA} Proc SurveylogisticS
0] 85t EHHLAES HASH tfx 2X|AE JYPEA (Multivariate logistic
regression analysis)S Asisttt 239, HbAlc, TG, AST (aspartate
aminotransferase), ALT (alanine aminotransferase), Urine ACRE 924

l:‘i

231 (skewed distribution)E B oA 27 WHelsto] p-valued AF&EsHIT]
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2 242 SAS 9.2 version (SAS Institute Lnc, Vary, Nc, USA)E A}

gston] SR 9o AL Gol4E 0058 71E0R shlck,
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m. d1ZAx

1 A7 hgAte] Aurs 54

9alzt 4ele] winka} SRYAIREE (CKD)R By A7 oabRte] QA
=/32 Table 49 AAIstAT &4 A= & 19331902 A= 8,709
, 9A= 1,806 ol
A et 44.074], oAt Gt 46.97M|2 AT ofAto]l BlsH 2.90M] H
ofFth (p <0.001). 71i= GAPE ofAtol| Hlsli 13.72 cm ¢ ZioW, A& &
AP7F 13.39 kg o WAH (24 p <0.001). AEZAS= GAE ofAto] vs|
0.92 kg/m? T =9It} (p <0.001). 3jal=d= E ZZF 84.21 cm, 77.81
cmz {2k Xpo]S Bt (p <0.001). GAte] #5719 ole7] U2 oA}
of v]df Z+ZF 452 mmHg, 5.23 mmHg § =9ttt (p <0.001). &% TJAIA
RS 243 2 @5 F2U2HE, LDL ZHAHE2 oAl 7935
=oton SR FAOIA o =tk AST, ALT, sl2Z=24l, Hg
PRl 25 GRIA 9§ =9t (p <0.001). CKD-EPI &Aof ofgt
eGFRE GAl9] 749 oxt¥c} 3.88 mL/min/1.73m? ¢ 9o £ gt
(p <0.001). Urine ACRE of#AF9] A% EAEC 0.42 mg/g H =4 (
<0.001). Y=, 1EY F¥e A 4% 242 9.82%, 27.25%= oA

uls golshl wTH ARAM se 5@y AR 9Wse Wy Aol

of

_14_



Table 4. Clinical characteristics

of study participants

Variables Men Women p-value
(N = 8,709) (N = 10,622)

Age (years) 44.07 + 023 46.97 £ 0.24 <0.001
Heigh (cm) 171.11 £ 0.10 157.39 + 0.09 <0.001
Weight (kg) 71.09 + 0.16 57.70 + 0.13 <0.001
Body mass index (kg/m?®) 2423 + 0.05 23.31 + 0.05 <0.001
Waist circumference (cm) 84.21 + 0.14 77.81 + 0.15 <0.001
Systolic BP (mmHg) 119.31 £ 0.21 114.79 + 0.24 <0.001
Diastolic BP (mmHg) 78.33 £ 0.16 73.10 = 0.14 <0.001
Fasting glucose (mg/dL) 99.42 + 0.28 96.29 + 0.27 <0.001
HbAlc (%) 5.75 + 0.10 5.72 + 0.01 0.011
Total cholesterol (mg/dL) 187.43 £ 0.52 189.61 + 0.44 0.001
Triglyceride (mg/dL) 158.32 + 1.68 114.04 + 1.19 <0.001
HDL-cholesterol (mg/dL) 49.18 £ 0.16 55.66 + 0.16 <0.001
LDL-cholesterol (mg/dL) 108.38 + 0.44 111.49 + 0.37 <0.001
AST (IU/L) 24.03 £ 0.17 20.15 £ 0.11 <0.001
ALT (IU/L) 26.53 £ 0.30 17.69 + 0.17 <0.001
Hemoglobin (g/dL) 15.40 + 0.02 13.13 + 0.01 <0.001
WBC (thous/uL) 6.52 + 0.02 5.83 £ 0.02 <0.001
Vitamin D (ng/mL) 17.63 + 0.14 16.12 + 0.12 <0.001
BUN (mg/dL) 14.69 + 0.05 13.45 + 0.05 <0.001
Creatinine (mg/dL) 0.97 + 0.00 0.72 + 0.00 <0.001
eGFR (mL/min/1.73m?) 95.06 + 0.22 98.95 + 0.24 <0.001
Urine ACR (mg/g) 17.39 + 145 17.81 + 1.45 <0.001
Diabetes mellitus (%) 1,025 (9.82) 952 (7.82) <0.001
Hypertension (%) 2,774 (27.25) 2,916 (22.99) <0.001
Cardiovascular disease (%) 232 (3.46) 233 (3.38) 0.842
Hypercholesterolemia (%) 1,052 (11.41) 1,811 (15.13) <0.001
Current/ex-/non-smoker (%) 43.97/29.17/23.86 6.08/3.99/89.93 <0.001
Alcohol (=2-3/wk, %) 38.68 12.27 <0.001
Regular exercise (=>3/wk %) 41.30 33.71 <0.001
Family income (low, %) 37.80 44.07 <0.001
Education (low, %) 19.89 33.57 <0.001

Data, mean + standard error or n (%).
BP, blood pressure; AST and ALT, aspartate and alanine aminotransferase; ACR,

albumin creatinine ratio.
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2. AR BMIo] TpE Ay £

(1) E=t
FAF CiAFAL] BMIO] mE UubAl EAJ S Table 5, 60 A|Alstict. BMI

gaol o2 2Rt 549 4¥/42 p for Trend2 AAISIRAL, AT

Uole AdAIEwol s 2AlSToA 2.434] o Eetew BMIO| o
T2 7SR gt sld=Edl, Y. 55283 HbAle, SZHAHE, &
A

AR, LDL 2 AHE, AST, ALT, Hb, WBC, urine ACR2 BMI 37}

o

HJAE| 21} eGFRE BMI #Zx7
Trend <0.001). B]E{Ql D £X]= BMI &0 o2t [o)5h JFds Wolx|l &
orct (p for Trend = 0.419).
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(2) A%}
oA} i/ gAte] BMIo| mg dvtd 5742 Table 7, 80l A|AI5HICt. BMI

gaol o2 2Rty 549 4742 p for Trend2 AAISIRAL, AT

=

oAz Uo7} Z7sle AL WAL (p for Trend <0.001). &]2]%
A, BY., 5T HbAle, SE2HE, S/4A1Y, LDL = 2HE, AST,
ssobslol et 9olshA 7ot

B} (p for Trend <0.001). HDL ZYAH =1 eGFRE BMI HE7}
=oAL s ZhAastHs 4TS BT (p for Trend <0.001). HIEFY] D $A|+=

BMI %7} eobslol ofe} §oshA S7bste A% 2ot (p for Trend =

FeY, 12, ASY2HEES, A28M 2 518 AAEY R8ES
BMIPt S7tgoll met S7tste 432 2R (p for Trend <0.001). A=t
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Table 5. Clinical characteristics of male participants according to BMI categories

BMI (kg/m®) category

Variables <18.5 18.5—22.9 23.0—24.9 >25.0 fr’refgg
(N = 219) (N = 3,008) (N = 2,309) (N = 3,173)
Age (years) 41.67 + 1.55 4338 + 0.38 45.81 + 037 43.68 + 0.30 0.243
Waist circumference (cm) 66.90 = 0.40° 77.09 + 0.12 83.92 + 0.14 9220 + 0.17°  <0.001
Systolic BP(mmHg) 11223 = 1.04 116.15 + 0.31 119.25 £ 0.39° 122.77 = 0.30°  <0.001
Diastolic BP (mmHg) 72.24 + 0.78" 75.07 + 0.23 78.24 + 0.26" 81.83 + 0.23°  <0.001
Fasting glucose (mg/dL) 91.20 + 1.17° 96.52 + 0.48 99.44 + 0.45" 102.66 + 0.44°  <0.001
HbA 1¢c(%) 552 £ 0.04" 5.66 £ 0.02 575 £ 0.02° 584 £ 0.02°  <0.001
Total cholesterol (mg/dL) 161.88 + 2.06° 179.67 + 0.80 188.89 + 0.85° 19537 = 0.82°  <0.001
Triglyceride (mg/dL) 87.11 + 3.51° 120.71 + 2.01 161.65 + 3.18" 19581 + 3.16°  <0.001
HDL-cholesterol (mg/dL) 55.79 + 1.03" 52.87 + 0.28 48.54 + 0.25" 4573 + 021" <0.001
LDL-cholesterol (mg/dL) 88.66 + 1.94 103.35 + 0.69 110.19 + 0.78" 113.16 + 0.71°  <0.001
AST (IU/L) 21.09 + 0.77" 22,67 + 0.32 23.27 + 0.29" 2601 + 027" <0.001
ALT (IU/L) 15.45 + 0.64" 20.76 + 0.31 2431 + 0.35 3419 £ 0.66°  <0.001
Hemoglobin (g/dL) 14.85 + 0.117 1520 + 0.03 15.39 + 0.03" 1563 + 0.02°  <0.001
WBC (thous/L) 599 + 0.14" 6.32 + 0.04 6.43 £ 0.04° 6.81 £ 0.04"  <0.001
Vitamin D (ng/mL) 16.47 + 0.62" 17.73 + 0.20 17.97 + 0.20 17.37 + 0.17 0.419
eGFR (mL/min/1.73m2) 101.50 = 1.50 96.63 + 0.36 93.81 + 0.38" 94.03 + 0.33"  <0.001
Urine ACR (mg/g) 16.15 + 4.55 15.45 + 2.61 13.62 + 2.21 2190 + 2.64°  <0.001

"p-value <0.05 vs Normal weight



Table 6. Clinical characteristics of male participants according to BMI categories

BMI (kg/m?®) category

Variables <18.5 18.5—22.9 23.0—24.9 fr’refgfi
(N = 219) (N = 3,008) (N = 2,309) (N = 3,173)

Diabetes mellitus (%) 2.42 8.17 9.85 11.88 <0.001
Hypertension (%) 9.90 17.95 25.83 38.18 <0.001
Cardiovascular disease (%) 3.17 2.78 3.93 3.77 0.173
Hypercholesterolemia (%) 2.61 7.16 10.81 16.47 <0.001
Smoking (%)

Non-smoker 29.63 29.75 25.76 24.73

Ex-smoker 18.60 25.68 32.82 30.63

Current-smoker 51.77 44.57 41.42 44.64 <0.001
Alcohol (= 2-3/wk, %) 29.69 35.46 38.91 42.14 <0.001
Regular exercise (= 3/wk %) 27.72 42.14 43.51 40.81 0.335
Family income (low) 48.79 40.93 37.22 34.56 <0.001
Education (low) 22.58 19.57 22.53 18.17 0.133
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Table 7. Clinical characteristics of female participants

according to BMI categories

BMI (kg/m®) category

Variables <18.5 18.5—22.9 23.0—24.9 >25.0 fr’refgg
(N = 550) (N = 4,552) (N = 2,359) (N = 3,161)
Age (years) 33.66 + 0.69° 44.07 + 0.30 50.85 + 0.40" 51.62 £ 0.37°  <0.001
Waist circumference (cm) 63.73 = 0.20° 72.16 + 0.12 79.63 = 0.15" 88.49 + 0.19°  <0.001
Systolic BP(mmHg) 105.72 + 0.61° 111.09 + 0.31 116.96 + 0.43" 121.03 + 040"  <0.001
Diastolic BP (mmHg) 69.52 + 0.39" 71.50 £ 0.19 73.66 + 0.24" 76.00 = 0.24°  <0.001
Fasting glucose (mg/dL) 88.05 + 0.51° 9229 + 0.27 98.03 + 0.63" 103.12 + 0.57°  <0.001
HbAlc (%) 541 £ 0.02" 5.57 £ 0.01 5.76 £ 0.02° 598 £ 0.02°  <0.001
Total cholesterol (mg/dL) 170.27 + 1.60° 18531 + 0.59 193.60 + 0.84° 197.74 + 0.84°  <0.001
Triglyceride (mg/dL) 78.06 + 2.26" 95.33 + 1.06 120.96 + 2.02° 14636 + 3.23°  <0.001
HDL-cholesterol (mg/dL) 61.51 = 0.58" 58.29 + 0.24 54.01 + 0.317 5143 + 026" <0.001
LDL-cholesterol (mg/dL) 93.24 + 1.38" 108.10 + 0.51 115.72 + 0.76 117.76 + 0.69°  <0.001
AST (IU/L) 17.85 + 0.24 1891 + 0.14 20.49 + 0.23" 22.35 + 024" <0.001
ALT (IU/L) 12.85 + 0.34" 14.96 + 0.19 18.22 + 0.39" 22,67 + 040"  <0.001
Hemoglobin (g/dL) 13.04 + 0.05 13.04 + 0.02 13.15 + 0.03" 1327 + 0.03"°  <0.001
WBC (thous/uL) 5.66 = 0.08 5.66 + 0.03 5.77 + 0.04" 6.18 + 0.04"  <0.001
Vitamin D (ng/mL) 1491 + 0317 15.95 + 0.15 16.65 + 0.20" 16.26 + 0.16 0.000
eGFR (mL/min/1.73m?) 108.78 + 0.81" 101.47 + 0.33 95.81 + 0.42" 95.10 £ 0.39"  <0.001
Urine ACR (mg/g) 2467 + 15917 1137 + 0.77 17.57 + 2.16" 2662 + 3100  <0.001

"p-value <0.05 vs Normal weight
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Table 8. Clinical characteristics of female participants according to BMI categories

BMI (kg/m?®) category

Variables <18.5 18.5—22.9 23.0—24.9 fr’refgfi
(N = 550) (N = 4,552) (N = 2,359) (N = 3,161)

Diabetes mellitus (%) 1.20 4.47 7.86 14.46 <0.001
Hypertension (%) 4.09 14.35 26.68 38.21 <0.001
Cardiovascular disease (%) 0.43 1.72 4.16 6.30 <0.001
Hypercholesterolemia (%) 3.11 10.27 17.56 23.79 <0.001
Smoking (%)

Non-smoker 86.82 89.91 90.68 90.12

Ex-smoker 4.86 3.91 4.07 3.86

Current smoker 8.32 6.18 5.25 6.02 0.232
Alcohol (=2-3/wk, %) 11.33 13.27 9.61 12.84 0.700
Regular exercise (=3/wk %) 20.68 34.35 36.30 33.70 0.013
Family income (low) 36.59 38.88 46.86 51.84 <0.001
Education (low) 10.07 24.21 41.09 48.11 <0.001
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3. KDIGO 2012 A|Ao] & A Ast SHE

Table 92 20123 KDIGOO|A ¥rESt eGFRY ACRof 29]$t CKD o=
nE vtger 2 A9 FAGIYAL 19,331 Be] CKD R &5 UEHH o]
ot L2Jyate] eGFREZE E&3SF stage 3 ©0]5t9] CKD S§HEL 2.2%% o0
Urine ACR 30mg/g ©]Ate] CKD S¥ &2 6.7%% ).

CKD ol29] = F/Y AT, s=Hdw, LHdT, 21 dTY
282 7F7F 91.9%, 6.5%, 1.2%, 0.4%%c}t. wetA eGFR 60 mL/min/1.73m?
o]t =2 ACR 30mg/g ©ld9 S5=HdT ool sligshe CKDe fHE

T o=
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Table 9. Prevalence of CKD defined by eGFR and ACR in Korea population

Albuminuria categories
(ACR, mg/g)

<30 30-300 >300
G1 >90 65.3 3.0° 0.3 68.6
G2 60-89 26.6° 2.3° 0.3° 29.2
GFR categories  G3a 4559  12° 0.4° 0.1 1.7
(mL/min/1.73m%) G3b  30-44  0.2° 0.1 0.1 0.4
G4 1529 0.0° 0.1 0.0° 0.1
G5 <15 0.0° 0.0° 0.0° 0.0
93.3 5.9 0.8 100.0

“Low risk (if no other markers of kidney disease, no CKD); "Moderately increased risk;
‘High risk; “Very high risk.
Gray color represents CKD defined by eGFR and ACR.
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4. BMI ¥Z0] nj2 At7AoldE R 23 wgAdste) gus

rlot

(1) =t

RS2 BEAIEE, BAS<, vTZolA eGFR 60 mL/min/1.73m’ 0]
9to] CKDgrr SHE2 247 2.53%. 1.99%, 2.02%. 2.64%=2 A A|F1} v]gt
oA dHideR T gro] w2 UA PEiE 2t CKD stage 3bgt 49] 2

=2 AASTolA 7P =Tt (Figure 3).

(2) oixt

MRS, BAASE, RS, BehtolA eGFR 60 mL/min/1.73m” 0]
0Fo] CKDgrr GHES Z12F 1.40%, 1.52%, 2.49%, 3.45%= BMI HZ7} 57}
ol @t =obrl= AY¥S Bt CKD stage 59 &2 AAlSolA
0.31%=2 7t =9t} (Figure 3).
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5. BMI ¥%0] ©}2 ACRZ B3 gtgAlAs
(1) 'g=t
ACR 30 mg/g ©|49] CKDacr SHEL AXNZE. AYAFL. AAZL, H]

Tho Al ZH2ZE 6.78%, 4.80%, 4.64%, 8.63%= AA|Ewut H|ThoA AJTHA
o7 =9t} (Figure 4).

(2) ofxt

ACR 30 mg/g °I’d%] CKDack S8 ES AlAIZT, BHAIZE, AIE, b
QoA Z82E 4.40%, 5.0%, 7.74%, 11.51%= BMI ®Z7} Z713o]| wha}
OtA|= A2 HWitt (Figure 4).

B
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Figure 4. Prevalence of CKDxcr classified by ACR according to BMI categories.
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6. BMI %0 ©t2 GFR¥} ACRZ H7}¥l CKDe ¥ &

232] H1= 2012¥ KDIGO A& w2t eGFRY ACRZ E=3F CKD 9=
o] Y= EFA 55k ol YFA+LS CKD= AJostil CKDpgz H7|5H
A} Figure 5= CKDrigOllA S, LY, 2UYIALY &5
BMI ® %o wret Lepd Zojot.

(1) =t

AAE, AgAE dAET, vTrolA CKDrig #8E2 242 7.95%,
6.05%, 5.93%, 10.19%2 AA|ZF1} v]ehoA] ATjRoz w=och AHE 2
oAl 2o 280] 1.06%=2 7H =kt

(2) o=}

AR, AT, dAST, vl CKDrw 7852 242 5.07%,

5.97%, 9.47%, 13.61%= BMI 37} S7ieho] e} =olX]l= dFS X
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Figure 5. Prevalence of CKDgis classified by eGFR and ACR according to BMI categories.
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sfo] BMI ®H#8} CKDerr A S HIUA OF =2A2H  IHEA
(Multivariate logistic regression analysis)& 5ttt (Table 10).

ol BAstS o (Model 1), GAte] 3¢ BEAIE+1 vlusto] BMI
25 kg/m* o]Aro] H|QES CKDgrr Q. 7H|7} 2.364) (95% CI, 1.674-3.329:
p-value <0.001), ofAte] 74 1.598f (95% CI, 1.171-2.153; p-value =
0.003)2 {25t =T Model 1o &5 (898, 59, #AAAd &
So1R)2 F7IE BASIAS U (Model 2), GRS 42 BEAST2 ¥lus
o] H|TH2S CKDgr] Q@ Z=H|7} 2.298] (95% CI. 1.566-3.335: p-value
<0.001), oJ&te] 72 1.56HH (95% CI, 1.039-2.344: p-value = 0.032)2 -]
A =9ttt Model 2014 Z7t2 2%7] &< HbAlc, HDL-C, TGS EAs}
¥2 ™ (Model 3), GAre] 3% /A5 w2 v]sto] ¥]gto] CKDgrr2l 2
=H]7} 1.884] (95% CI, 1.261-2.797: p-value = 0.002)2 S-°J5}7 =9tom,
oxte] 7% BMIx= CKDgrrd} R Q= AR ofY it

ol
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Table 10.

Multivariate-adjusted odds raitos of BMI for chronic kidney disease

defined by eGFR (CKDggr)

Variable Men ‘Women
Odds ratio (95% CI) Odds ratio (95% CI)
Model 1
<18.5 0.770 (0.370—1.601) 1.835 (0.694—4.849)
BMI 18.5—22.9 1.0 (ref) 1.0 (ref)
(kg/m’) 23—249 1.156 (0.798—1.673) 1.186 (0.834—1.686)
>25 2.360" (1.674—3.329) 1.588" (1.171—2.153)
Model 2
<18.5 0.476 (0.172—1.319) 2.144 (0.580—7.921)
BMI 18.5—22.9 1.0 (ref) 1.0 (ref)
(kg/m’) 23—249 0.969 (0.651—1.442) 0.764 (0.464—1.257)
>25 2.285" (1.566—3.335) 1.560" (1.039—2.344)
Model 3
<18.5 0.620 (0.218—1.766) 2.388 (0.613—9.301)
BMI 18.5—22.9 1.0 (ref) 1.0 (ref)
(kg/m’) 23—249 0.868 (0.575—1.312) 0.693 (0.415—1.156)
>25 1.878" (1.261—2.797) 1.372 (0.904—2.084)

*p-value <0.05

Model 1 was adjusted for age. Model 2 was adjusted for
smoking, drinking and exercise habits. Model 3 was adjusted for the variables in model 2, plus
systolic blood pressure (SBP), HbAlc, high-density lipoprotein cholesterol (HDL-C), triglyceride

(TG).
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8. ACRE 7o|3t THAIAsto] Tt x| AElRA

ACR 30 mg/g od% A5 WAlAS (CKD)ez A9l5t ot CKDack
= H7|5t9ct. BMI (kg/
5to] BMI ¥ 59} CKDacrd WS BUA tbF 2ZX|AH 3RS & 519
C} (Table 11).

Holz HAstYS o (Model 1), EAte] 4% &4AISw 2t vluste] BMI
25 kg/m” 0]A}9] H]Rtto] CKDacg2l Q@ =H]7} 2.128] (95% CI, 1.683-2.669;
p-value <0.001), oAFS] HFL 1.948f (95% CI, 1.554-2.418; p-value
<0.001)2 Fo5tAl =AUt Model 104 ofAte] F& HAlS (23< BMI
(kg/m”) <25)7o| A Aol w]s] CKDacr®l Q@=u]7p 1.288) (95% CI,
1.011-1.610: p-value = 0.040)2 £-°J51A =94}t Model 19| F712 <5
T (F9Y, 258, A8 259 8)s EASIS © (Model 2), G419 4
& BEAlISTol Blsi B]9bto]  CKDacg® @=B]7F 1.998] (95% CI,
1.553-2.541; p-value <0.001), oAte] 4L 1.918] (95% CI, 1.476-2.475;
p-value <0.001)2 {OJ5HA =Tt Model 2004 F7t2 »%7] @9,
HbAlc, HDL-C, TGS BAs5I¥S ©f (Model 3), ©At9] e AAASo
H]5]] H]9F#0] CKDacr® 2 =H]|7} 1.584} (95% CI, 1.207-2.069; p-value =
0.001), of&}Q] 4L 1.408f (95% CI, 1.082-1.814; p-value = 0.011)=2 {9
SHA =3ttt EAMY] B8 wAlF oA CKDacr®] @=8]7F 0.748] (95% CI,
0.551-0.994: p-value = 0.045)2 8-9]51A Ikct.
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Table 11. Multivariate-adjusted odds ratios of BMI for chronic kidney disease
defined by ACR (CKDacr)
Variable Men ‘Women
Odds ratio (95% CI) Odds ratio (95% CI)
Model 1
<18.5 1.368 (0.720—2.599) 1.301 (0.819—2.066)
BMI 18.5—22.9 1.0 (ref) 1.0 (ref)
(kg/m’) 23—249 0.919 (0.708—1.192) 1.276" (1.011—1.610)
>25 2.120" (1.683—2.669) 1.939" (1.554—2.418)
Model 2
<18.5 1.303 (0.614—2.766) 1.064 (0.595—1.901)
BMI 18.5—22.9 1.0 (ref) 1.0 (ref)
(kg/m’) 23—249 0.808 (0.608—1.073) 1.273 (0.955—1.697)
>25 1.986° (1.553—2.541) 19117 (1.476—2.475)
Model 3
<18.5 1.922 (0.862—4.285) 1.133 (0.632—2.033)
BMI 18.5—22.9 1.0 (ref) 1.0 (ref)
(kg/m’) 23—249 0.740" (0.551—0.994) 1.088 (0.815—1.453)
>25 1.580" (1.207—2.069) 14017 (1.082—1.814)

“p-value <0.05

Model 1 was adjusted for age. Model 2 was adjusted for the variables in model 1, plus

smoking, drinking and exercise habits. Model 3 was adjusted for the variables in model 2, plus

systolic blood pressure (SBP), HbAlc, high-density lipoprotein cholesterol (HDL-C), triglyceride

(TG).
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9. Ab7A|ol 2T ACRZ A oI AR tjgt A ALEA

2] A4+ 20129 KDIGO A|Alof| wret GFR ACR=2 £535F CKD o 9]
A= 27 S5 oY HE8wS CKD= Y5t CKDpi2 E7]5HAT
BMI (kg/m?)7} 18.501% 230]9tQl /JAES 71% AT R sto] BMI HE
CKDpigx®] AT/dS FOIEIA OF 2X|AE o242 3ttt (Table 12).

Loz BAstRe ™ (Model 1), G4t 4 AISw BluLsto] BMI
25 kg/m* o]Aro] H]gtio] CKDgig® Q=H]7} 2.168) (95% CI, 1.741-2.689,
; p-value <0.001), ox}9] 4L 1.828] (95% CI, 1.492-2.224; p-value
<0.001)2 FoJstA =9ttt oxte] F FAST (23< BMI (kg/m’) <25)2
A St v]asto] CKDgig@] Q=H]7F 1.248) (95% CI, 1.001-1.526;
p-value = 0.049)2 FOJ5HA &0ttt Model 1o &7tz S (599, &
=g, FAIARQI &50jH)S BASIYS T (Model 2), GAI] 72 AAR|E T
ut 8]w3to] BMI 25 kg/m” o]A4r9] H]uh#o] CKDgig2 @ =H]7} 2.078] (95%
Cl, 1.646-2.612; p-value <0.001), ofAte] 7492 1.808f (95% CI,
1.415-2.283; p-value <0.001)2 $-9]5tH =Tt Model 2004 F7IE &
7] @<, HbAlc, HDL-C, TGE B7st2S © (Model 3), G#te] Z% A7Al
Z-1F vl sto] v|9kgto] CKDgig®] @ =H|7}F 1.658) (95% CI, 1.289-2.115;
p-value <0.001), ofAte] 749 1.388]f (95% CI, 1.088-1.754; p-value =
0.008)= #ostAl =t EA B% HAlSToIM BRSOl dlsh
CKDgix® @ =H|7} 0.748] (95% CI, 0.569-0.957; p-value = 0.022)2 £&-9]
SHAI =ttt
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Table 12. Multivariate-adjusted odds ratios of BMI for chronic kidney disease
defined by eGFR and ACR (CKDgjs)

Variable Men ‘Women
Odds ratio (95% CI) Odds ratio (95% CI)
Model 1
<18.5 1.211 (0.659—2.224) 1.455 (0.945—2.241)
BMI 18.5-22.9 1.0 (ref) 1.0 (ref)
(kg/m?) 23-24.9 0.940 (0.746—1.185) 1.236° (1.001—1.526)
>25 2.164" (1.741—2.689) 1.821" (1.492—2.224)
Model 2
<18.5 1.150 (0.549—2.409) 1.213 (0.702—2.094)
BMI 18.5-22.9 1.0 (ref) 1.0 (ref)
(kg/m’) 23-24.9 0.813 (0.633—1.043) 1.180 (0.902—1.543)
>25 2.074" (1.646—2.612) 1.797" (1.415—2.283)
Model 3
<18.5 1.640 (0.759—3.544) 1.323 (0.763—2.294)
BMI 18.5-22.9 1.0 (ref) 1.0 (ref)
(kg/m’) 23-24.9 0.738" (0.569—0.957) 1.030 (0.785—1.351)
>25 1.651" (1.289—2.115) 1.382" (1.088—1.754)

“p-value <0.05
Model 1 was adjusted for age. Model 2 was adjusted for

the wvariables in model 1, plus

smoking, drinking and exercise habits. Model 3 was adjusted for the variables in model 2, plus

systolic blood pressure (SBP), HbAlc, high-density lipoprotein cholesterol (HDL-C), triglyceride

(TG).
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V. 14

2 A4e FUATIEEAL Al 571 2, 3RbA = (2011, 2012)°F Al67] 1, 2
APAE (2013, 2014) A5 o]&sto] 2juet g 194] o4 19,3319 (A}
8,709%, o9&t 10,622%)2 Ao 2 eGFRZ} ACRE A 9E CKDggl} H]TH)]
Adg BAskrh g 2RolA A5 vlwsto] BMI 25 kg/m” ©]
o] vlght2 CKDriso] YA=7F =400, eGFRRIC2 CKDE 79lstl&
o, oj&te] 73 vlgk} CKDgrrAtolQ] ROJgt wed/d2 eidch

Ol

=
l:r‘
r o
o|r
1o
>
eba)
BA
i)
=
Ao
i)
n
r|r
S
o
r o
i)
ol
ok
4%
)

Mount et al., 2015;
Kume et al., 2007). 2APA0|Z st FoflA ApA|7detey Tl 7} WAY51Y]

O, plasminogen activator inhibitor-1 (PAI-1), vascular endothelial

o\

growth factor (VEGF), type IV collagen, fibronectin =2} AlA} €r3io]
713hS &QIstYth (Jiang et al., 2005). M|Z=U =3t free fatty acid (FFA)
7} fatty acylCoA, diacylglycerolyt #Z2 =7 tiAl2d] A U A2 &
}

AN
oxygen species (ROS) A4, AzY Ao ws, A5

=13

1} AA =49 Z=Q QX2 UdHA Qon, 2 7|XO =2 reactive

ol
r|r

—

_IC_IJ_
(proinflammatory) =2 7473} (profibrotic) QAAFEQ] 24|, A& o]gh
NIZAHE (lipoapoptosis) =©] Qth (Bobulescu, 2010). 3t 1101=asd S0
9]t renin-angiotensin system?®| Z/ds}r} ARLAQ] whojubel W HQY, Wim
N 7]% o] &2 gurstYitt (Rutkowski et al., 2006).

Othman £(2009)& H|gxY 3HAtoJA CKD X188 (>1 ml/min/1.73
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m*/year) Y127t BMIAT AAA|SwolA 44.7% Qo] wisl, apA|Swtolut v]gh
oAl ZZF 62%, 79.5% = U =rty Y 15HTH YFH, Brown S(2012)& H]
Tty AMOA] eGFR Wtz oIt CKD %lgjo] BMIQF S-9fst AHiat/do] QL

BMI 30 kg/m’ o]4fo] H|gto] CKDQb iitgo] Qlglont gk, 1t &9
5 AEWES YdaclES BASE Fole RSt AF
(Foster et al., 2008). =U9] gF £HA A4+ WASS2 oty A9k BMIZE
25 kg/m” o]Alol 7L CKDO Q=u]|7} 2.034} =cty ¥ 1u3st¥on (Song,
Sung and Lee, 2015), & O& U AfoAe thapA oz 2475t v]gkelo
X CKD 9*jo] 1.3vf ©] =9ttty W15ty (Jung et al., 2015). &|Lof ut
ad FU9 gt AFA FAsE AFoA BMIPt F7td4SE eGFR 60
mL/min/l .73 m® 0]gte] CKD 32 RS04 3.58), b]ghof|A] 6.74)
o =9ttt (Chang et al., 2016). 92| LollA] BMI 25 kg/m” o]’o] ©]9te
EUHSES 2] Hole g 2FoA eGFR 60 mL/min/l .73 m” 0]
gte] CKD (CKDgrr)9] HA=E =oy, s (5948, 2538, AN
&), =571 €9, HbAlc, 34X 22|12 HDL ZAHES 25 BASH &
o= FAtIA T folgt o] dedS B

ofAlolelZ tjd e s BTty CKDO Au/dS & A= F= JAIA 2

3

SE AN WAoIARE BMI 21 kg/m® 0|3 ESRD A% Aolol fold
oFo] HAMNE HITh (Iseki et al., 2004). A7tz =

% =2 H|gty} eGFR 60 mL/min/l .73 m? o]gte
Atof A gt 9-9]stA Tt (Shankaret al., 2008). ofalo

P Fo, DEY B YFY A $Yo| Yt TYFFS YYo= F 3

—|~_L

SE A0l eGFRE FAPIAY BMIOH o3t 2o TS BT} (Nagel
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Acharya and Silbiger, 2000). o]gist A3 Zits3+= T2 L9 OJofx}7]
& 710 A|99] FSE AFOJA= CKD7f ofd 1,50699] E14 4212 10

Komura et al., 2013). o]A2}o] ¢F ¥ A-LofAx H|That

ro | GAto| vl ofxp OS] ~7F Aovz FAA
2 7]=3519th (Cohen et al., 2013). TtA] &
THollA] ¥]gtt CKDgrpl] A¥/do]l EAIATE Foleh A2 gicyo] At ZAuf

N

d4°] CKD Algg9] #tolg AYst= F 7HA] 7180l . &=, A=
dZ Boll dAEZHE (estradiol)o] T|AHA]E M| (mesangial cel)E %

A 712 224 (collagen)?] AL ZHAA|ZIOC 2H AFEA|AEEHY] AsiS

rr

=)

N
22w

B

L 7oz golgoon, HAEAHZ (testosterone)2 o]2|3t A&t B35

fol

= Ho|A] &oktt (Kwan et al., 1996). st Qt= 271 (androgen) Al

=

kW AS5E 577U Hd-QR] LEIAIA] (renin-angiotensin system)
5 BYSAPORA APA DT LS SUsts oz Leld ot
(Reckelhoff and Granger, 1999). & T2 ¢ 1= Testosteroneo| Atgo]
AT MEAN AEAE (apoplosis) FRE FUAA A4S S
Z1o g Yustyct (Verzola et al., 2004). 1 dho = dAdo] ofdoj 8Bls| &
£0| =11 (Stengel et al., 2013; Stengel et al., 2000), TEiAl °o]S ] o]

AR oty estradiolo] 7St dFANSE d3hS 5= phenolic hydroxyl group<
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nalshi QoA ofRfolA Aldato] thEt W Ahg
(Silbiger and Neugarten, 1995).

}

Ao dein ot

o
ol
ol

OFA|QFQI2- HHQlo] H|sf ARQULT} ¢ @o] WSt (Fischbacher et al.,
2003), ¥y S Z8ist A Z (proteinurince diabetic kidney disease)
9] 9¥gw ¢ =2 Zlozg Ad#HA 9} (Chandie Shaw et al., 2002;
Bhalla et al., 2013). 22] oA eGFR 60 mL/min/l .73 m? ©0]gte] CKD
+B8ES 22%%¥ey, o A =Y FUHGILEAR  (NHANES)
1999-2006'd A= oA 18,0265 titoez BEist CKD stage
5 6.7%0 dlsl @2 Aot ACR 30 mg/g ]9 C
84 6.7%= 0]t Ao FASt XS BT} oot @2 Aup= ofAlojQlo]
A 2Rolo] £4o] CKDE Wrbshed] 528 a9lo] 22 AAshET,
ARYLL BH 6ok

(South Asian)g tjito =z

re

i

Aol ke oz Leid 9los, Wobiorel
AqolA F2l-Qdo] EY vt F4E UB
o] oA erE 4.18|2 =ttt (Chandie shaw et al., 2007). =9 gt
25E 7E 2R ulEE ACR 30 me/g o] F¥lwel ozt g W
Pde 2Ug ot ook (Lin et al, 2012). $29 £ 042 ApolA: BMI
28.0 ke/m” olfoldA] la]-go] So vz =
2 ACR 439 @=z=H|7} 1.822 =90t} (Du et al., 2014). &

TONE G 2E BMI 25 kg/m’ ol4fo] gk 22 s 4 AR5

A9 CKDxx®] 9I8E2 9olol] wgon, ol ool C}2 op

2

O
v

e
rn

28 uohe SAlo] o

/—\

l‘lo

9 BMI (kg/m?) 2304 2501919 #A]%52 CKDgisk
o YA=rt It Est A B AAETolA CKDe] 50| gdolyt
1 HEREA] ASoA CKD ghxt
Agst vF Ay (Ahmadi et al.,
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K]

2015; Lu et al., 2014). &, CKD 2txtQ] AL AA|ZSoA AlYE0] ¢ =
TR FOI AL ORF BlRel HolA 93]2] AWEoLt CKD Ajgo] o W
Che Zlolc}. mhebd Q2] @7 Azke 71E A9 obesity paradoxe] e}
UYuALESHE BRA 2% 9irk slA|Y 2008—2011'9 KNHANES A}22 o] &
gt 22 2 AqoA CKDE 20450 oo dTge BYon 22450

2

al., 2008). E17]9] A 28 B TAE tidez ot A-olA 24A1%F Urine
albumin excretion rate= 3]
creatinine clearance®} o] AWAHS Hct 3HX|TH A EH
BMI= Al7]5at #/do]l et (Afsar et al., 2011). 2] A-LolA AR
8% 3 4 AREHSY SsYEdE, AR AR 4 AREHESY siEEdle
CKDacr, CKDgisk®} S-9J5t ko] Ad-S Wttt (Supplement Table 5, 6).

=
SHAIRE BMI®F opi7HA| 2 sl2)gdlls & Was Bf B 48, dRolA

HDL 2282 2 exadmbs 9o Amds B, oxte] A$ o,
1

HbAlcet QFo] H=HAd-S Wt (Supplement Table
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V. 48

w A= eh=dd AdRlolA eGFRY} ACR=z Zgofeh CKDet vlRhe] Ad/dS
Astdct. dd RrolA A E -t Wlistel BMI 25 kg/m? o]4fe] wlgt
w2 CKDpi® HE=7F whon, gate] 4% HASZolA CKDria® ¥
L7t ity ShA]gE eGFREYH CKDE 7ostfE © (CKDgrg), H]Ttaf
CKDgrr®l A¥ g2 HAtoIA R Folatit. Tt eGFR #1F ofy2t ACRZ
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Supplement 1. Multivariate-adjusted odds raitos of BMI for CKD defined by

H =2
T

eGFR (CKDGFR)

Men

‘Women

Odds ratio (95% CI)

Odds ratio (95% CI)

0.620 (0.218—1.766)

2.388 (0.613—9.301)

1.0 (ref)

1.0 (ref)

0.868 (0.575—1.312)

0.693 (0.415—1.156)

Variable
<18.5
BMI 18.5—22.9
(kg/m’) 23—24.9
>25

1.878" (1.261—2.797)

1.372 (0.904—2.084)

Age (years)

1.139" (1.119—1.160)

1.133" (1.102—1.164)

Alcohol (=2-3/wk)

0.654" (0.449—0.952)

0.666 (0.315—1.405)

Non-smoker

1.0 (ref)

1.0 (ref)

Ex-smoker

1.105 (0.701—1.741)

0.581 (0.260—1.299)

Current-smoker

0.865 (0.494—1.513)

0.797 (0.341—1.864)

Regular exercise

1.261 (0.923—1.724)

0.793 (0.521—1.206)

Systolic BP (mmHg)

0.999 (0.990—1.009)

0.996 (0.980—1.012)

HbAlc (%)

1.406" (1.257—1.573)

1378 (1.204—1.577)

HDL-cholesterol (mg/dL)

0.972" (0.954—0.991)

0.986 (0.965—1.007)

Triglyceride (mg/dL)

1.000 (0.999—1.001)

1.001 (0.999 —1.002)

“p-value <0.05
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Supplement 2. Multivariate-adjusted odds ratios BMI for CKD defined by ACR

Men

‘Women

Odds ratio (95% CI)

Odds ratio (95% CI)

1.922 (0.862—4.285)

1.133 (0.632—2.033)

1.0 (ref)

1.0 (ref)

0.740" (0.551—0.994)

1.088 (0.815—1.453)

(CKDacr)
Variable
<18.5
BMI 18.5—22.9
(kg/m?) 23249
>25

1.580" (1.207—2.069)

1.401° (1.082—1.814)

Age (years)

1.041" (1.032—1.050)

1.012° (1.003—1.021)

Alcohol (=2-3/wk)

1.050 (0.841—1.311)

0.976 (0.664—1.435)

Non-smoker

1.0 (ref)

1.0 (ref)

Ex-smoker

0.977 (0.679—1.406)

1.232 (0.726—2.089)

Current-smoker

1.059 (0.750—1.495)

1.084 (0.674—1.743)

Regular exercise

0.957 (0.768—1.194)

0.767" (0.604—0.975)

Systolic BP (mmHg)

1.034" (1.028—1.041)

1.0317 (1.024—1.038)

HbAlc (%)

1.576" (1.452—1.711)

1.346" (1.204—1.505)

HDL-cholesterol (mg/dL)

1.007 (0.996—1.019)

0.997 (0.987—1.007)

Triglyceride (mg/dL)

1.001° (1.001—1.002)

1.001 (0.999 —1.002)

“p-value <0.05
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Supplement 3. Multivariate-adjusted odds ratios of BMI for CKD defined by

eGFR and ACR (CKDgisx)

Men

‘Women

Odds ratio (95% CI)

Odds ratio (95% CI)

1.640 (0.759—3.544)

1.323 (0.763—2.294)

1.0 (ref)

1.0 (ref)

0.738" (0.569—0.957)

1.030 (0.785—1.351)

Variable
<18.5
BMI 18.5-22.9
(kg/m?) 23-24.9
>25

1.651" (1.289—2.115)

1.382° (1.088—1.754)

Age (years)

1.059" (1.050—1.069)

1.031" (1.022—1.040)

Alcohol (=2-3/wk)

0.964 (0.786—1.183)

0.998 (0.694—1.435)

Non-smoker

1.0 (ref)

1.0 (ref)

Ex-smoker

0.997 (0.722—1.376)

1.166 (0.697—1.952)

Current-smoker

1.017 (0.740—1.399)

1.120 (0.713—1.759)

Regular exercise

0.986 (0.809—1.203)

0.773" (0.617—0.969)

Systolic BP (mmHg)

1.027° (1.021—1.033)

1.024" (1.018—1.031)

HbAlc (%)

1.549" (1.430—1.678)

1.326" (1.190—1.476)

HDL-cholesterol (mg/dL)

1.002 (0.992—1.013)

0.996 (0.986—1.005)

Triglyceride (mg/dL)

1.001° (1.001—1.002)

1.001 (0.999 —1.002)

“p-value <0.05
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Supplement 4. Multivariate-adjusted odds raitos of waist circumference for CKD

defined by eGFR (CKDggr)

Variable Men ‘Women
Odds ratio (95% CI) Odds ratio (95% CI)
Model 1
) Q1 0.669 (0.420—1.065) 0.894 (0.525—1.521)
Cira}?’ﬂj}esrtence Q2 1.0 (ref)) 1.0 (ref)
(cm) Q3 1.274* (0.838—1.937) 0.987* (0.635—1.536)
Q4 1.8927 (1.269—2.822) 15117 (1.038—2.200)
Model 2
) Q1 0.658 (0.382—1.133) 0.830 (0.394—1.749)
Circt}?’n%itence Q2 1.0 (ref)) 1.0 (ref)
(cm) Q3 1.219* (0.754—1.970) 0.928 (0.518—1.663)
Q4 1.913° (1.227—2.981) 1.344 (0.784—2.305)
Model 3
) Q1 0.793 (0.455—1.383) 0.869 (0.400—1.890)
Circt}?’n%itence Q2 1.0 (ref)) 1.0 (ref)
(cm) Q3 1.156* (0.709—1.884) 0.868 (0.490—1.538
Q4 1.693 (1.076—2.663) 1.123 (0.660—1.910)

“p-value <0.05

Model 1 was adjusted for age. Model 2 was adjusted for the wvariables in model 1, plus
smoking, drinking and exercise habits. Model 3 was adjusted for the variables in model 2, plus
systolic blood pressure (SBP), HbAlc, high-density lipoprotein cholesterol (HDL-C), triglyceride
(TG). Q1 (men, <78.6 cm; women, <71.6 cm), Q2 (men, 78.7—84.5 cm; women, 71.7—78.0 cm),
Q3 (men, 84.6—90.2 cm; women, 78.1—84.8 cm), Q4 (men, >90.2 cm; women, >84.8 cm).
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Supplement 5.

Multivariate-adjusted odds ratios of waist circumference for CKD
defined by ACR (CKDacr)

Variable Men ‘Women
Odds ratio (95% CI) Odds ratio (95% CI)
Model 1
, Q1 0.972 (0.704—1.341) 0.936 (0.703—1.248)
Cira}?’ﬂj}esrtence Q2 1.0 (ref)) 1.0 (ref)
(cm) Q3 1.538 (1.170-2.023) 1.220 (0.937—1.588)
Q4 2.593" (1.963—3.425) 2.212" (1.713—2.858)
Model 2
, Q1 0.981 (0.693—1.389) 0.973 (0.690—1.370)
Circt}?’n%itence Q2 1.0 (ref)) 1.0 (ref)
(cm) Q3 1.563 (1.164—2.100) 1.215 (0.887—1.664)
Q4 2.494" (1.837—3.385) 2.363" (1.754—3.185)
Model 3
, Ql 1.162 (0.803—1.682) 1.099 (0.774—1.561)
. Waist Q2 1.0 (ref) 1.0 (ref)
Clrcugrfrf)re“"e Q3 1.517° (1.122-2.051) 1.039 (0.760—1.420)
Q4 2.165 (1.570—2.984) 1.786" (1.328—2.401)

“p-value <0.05

Model 1 was adjusted for age. Model 2 was adjusted for

the wvariables in model

1, plus

smoking, drinking and exercise habits. Model 3 was adjusted for the variables in model 2, plus

systolic blood pressure (SBP), HbAlc, high-density lipoprotein cholesterol (HDL-C), triglyceride
(TG). Q1 (men, <78.6 cm; women, <71.6 cm), Q2 (men, 78.7—84.5 cm; women, 71.7—78.0 cm),
Q3 (men, 84.6—90.2 cm; women, 78.1—84.8 cm), Q4 (men, >90.2 cm; women, >84.8 cm).
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Supplement 6. Multivariate-adjusted odds ratios of waist circumference for CKD

classified by eGFR and ACR (CKDg;s)

Variable Men ‘Women
Odds ratio (95% CI) Odds ratio (95% CI)
Model 1
, Ql 0.919 (0.698 1.210) 0.947 (0.725—1.237)
Cira}?’ﬂj}esrtence Q2 1.0 (ref) 1.0 (ref)
(cm) Q3 1,508 (1.172-1.942) 1127 (0.886—1433)
Q4 2.502" (1.9453.218) 19937 (1.587—2.503)
Model 2
, Ql 0.921 (0.682—1.243) 0.982 (0.708—1.361)
. Waist Q2 1.0 (ref.) 1.0 (ref)
m“;gfg;e“ce Q3 1.506° (1.147—1.977) 1.144 (0.8491.540)
Q4 2.427 (1.841-3.201) 2.129" (1.608—2.820)
Model 3
, Ql 1.087 (0.791— 1.492) 1.105 (0.791—1.543)
. Waist Q2 1.0 (ref) 1.0 (ref)
m“;gfg;e“ce Q3 1.440° (1.091—1.901) 1.005 (0.747—1.352)
Q4 2.109" (1.582—2.812) 1.680° (1.272-2.219)

“p-value <0.05

Model 1 was adjusted for age. Model 2 was adjusted for

the wvariables in model

1, plus

smoking, drinking and exercise habits. Model 3 was adjusted for the variables in model 2, plus

systolic blood pressure (SBP), HbAlc, high-density lipoprotein cholesterol (HDL-C), triglyceride
(TG). Q1 (men, <78.6 cm; women, <71.6 cm), Q2 (men, 78.7—84.5 cm; women, 71.7—78.0 cm),
Q3 (men, 84.6—90.2 cm; women, 78.1—84.8 cm), Q4 (men, >90.2 cm; women, >84.8 cm).
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Abstract

The association of obesity with chronic kidney
disease defined by glomerular filtration rate and
albuminuria in Korean adults
: The 5™ (2011, 2012) and 6™ (2013, 2014) Korea National

Health and Nutrition Examination Survey

Yoon Ji Kim
Graduate School of Public Health

Yonsei University

(Directed by Professor Sun Ha Jee, PhD)

Obejectives: The increasing rates of obesity and Chronic Kidney
Disease (CKD) have become a global public health burden. The 2012
KDIGO guidelines highlight the need to define CKD with cause,
glomerular filtration rate (GFR) category, and albuminuria category.
However, most studies that have examined the link between obesity
and CKD defined CKD with GFR or proteinuria. The aim of this study
was to examine the association between obesity and CKD defined with

GFR and albuminuria in Korean adults.

Methods: This study was based on the data obtained from 5% (2011,
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2012) and 6™ (2013, 2014) Korea National Health and Nutrition
Examination Survey (KNHANES). It is a nationwide cross-sectional
survey of nationally representative non-institutionalized civilians in the
Republic of Korea. A stratified, multistage probability sampling design
was used to select household units. Because KNHANES is a complex
sampling design, we used SAS SURVEY procedure for statistical
analysis.

CKD defined as estimated GFR (eGFR) <60 mL/min/1.73m? was
designated as CKDgrr, while CKD defined as ACR =30 mg/g was
designated as CKDacr. Moderate to very high risk groups in the
classification of CKD prognosis were presented as CKDgisx. Multivariate
logistic regression analysis was used to estimate the odds of BMI for

CKD.

Results: We analyzed 19,331 participants over the age of 19 years
(8,709 males, 10,622 females), excluding the pregnant and persons with
a history of cancer, advanced liver disease or history of liver
cirrhosis, and missing essential data.

The prevalences of CKDgrr, CKDapcr, and CKDgigx were 2.2%, 6.7%, and
8.1%, respectively. Men with BMI >25 kg/m? had 1.88 times greater
risk of CKDgrr than normal BMI group in multivariate adjusted model
(95% CI, 1.261-2.797. p = 0.002). In women, BMI was not associated
with CKDgrr in adjusted model. Obese men had 1.65 times greater risk
of CKDgisk than those with normal weight (95% CI, 1.289-2.115: p

<0.001), and obese women was 1.38 times greater risk of CKDgig than
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those with normal weight (95% CI, 1.088-1.754; p = 0.008). While, the
odds ratio for CKDgisxk among men with overweight was 0.74 times less

than those with normal weight (95% CI, 0.569-0.957: p = 0.022).

Conclusions: Our study found that obesity was significantly associated
with an increased risk of CKD, defined by eGFR and ACR. But when
CKD was only defined by eGFR, obesity as a CKD risk factor could be
overlooked in women. Future longitudinal studies and experimental
research investigating the role of overweight and obesity in CKD

progression will be beneficial.

Key words: obesity, chronic kidney disease, glomerular filtration rate,

albuminuria
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