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ARTICLE INFO ABSTRACT

Received August 23, 2020 This study examined the relationship between chronic kidney disease (CKD) and the homeostasis
Revised 1:; August 30, 2020 model assessment of insulin resistance (HOMA-IR) and beta-cell function (HOMA-B) in non-
XE\C’;S;Z; Seﬁfnﬁtj{ 22%22% diabetic Korean adults. This study included 4,380 adults aged 20 or older (50.32+16.14) using the

' 2015 Korea National Health and Nutrition Examination Survey (KNHANES) data, which represents the
national data in Korea. The present study had several key findings. First, in terms of HOMA-IR, after
adjusting for the related variables (Model 4), the HOMA-IR (M+ SE, 95% confidence interval [Cl]) in
group 1 (G1; estimated glomerular filtration rate [eGFR], 290 mL/min/1.73 m?), group 2 (G2; eGFR,
60~89 mL/min/1.73 m?), group 3a (G3a; eGFR, 30~59 mL/min/1.73 m?, and >group 3b (>G3b;
eGFR, <30 mL/min/1.73 m?) were 1.78+0.03 (1.73~1.83), 1.87+0.03 (1.81~1.93), 2.16+0.13

Key words (1.91~2.42), and 2.59+0.24 (2.12~3.06), respectively. The HOMA-IR was positively associated
Beta cell function with the progression of CKD (P<0.001). Second, in terms of the HOMA-B, after adjusting for the
Chronic kidney disease related variables (Model 4), the HOMA-B (M+SE, 95% CI) in G1, G2, G3a, and >G3b were
Insulin resistance 87.46+1.21 (85.08~89.84), 89.11+1.38 (86.40~91.81), 104.82+5.91 (93.23~116.42), and
Non-diabetes 123.97+10.87 (102.66~145.29), respectively. HOMA-B was positively associated with the

progression of CKD (P<0.001). Both insulin resistance and the beta—cell function were positively
associated with CKD in non-diabetic Korean adults.
Copyright © 2020 The Korean Society for Clinical Laboratory Science. All rights reserved.
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1. A7
2 A= AT EE o g AIgH A|57] w1733
FFAH2015) 2] A75 o1-85Th FAF oA = 7,380
go| AL, o] FollA] 204 o Q1 5,85578°1 Lt = A+
A= 5,855 5 Aol E5ES SH(302E)%
Aot 2 AISFFEANT86) 52 A7t rEto] Eofql=
A= 1,148780130 F7H 02 A 19 Fieigo] A, &
30] 126 mg/dL oV E= Qled =5 vk TR} 3279
% ALlet F 4,380 AN IA= A A57]
I SR I URA A AR AET 4
AE3]9] Aol Y F21& vt nstitutional Review Board
No, 2015-01-02-6C).

2. ITLCHAIRIO| QALK EAT} QIAISISIZIAL

A5 AR B s, 82 dYE sk 4l
AASS A ZA] —r(body mass index, BMI), 3]2}&3|(waist
circumference WC), =718 (systolic blood pressure,

SBP) ¥ o]27 18X diastolic blood pressure, DBP)2] &%
S ARE5I9t) dASIsEAAR= & S| AHIE(total chole-
sterol, TC), &3 A triglycerides, TG), U= AcHi=d]|
2H|E(high-density lipoprotein cholesterol HDL-C), &
E&H(fasting blood glucose, FBG), & 34ZA(blood
urea nitrogen, BUN), creatinine (Crea) ‘3-! =4 AHA| o
TE(estimated glomerular filtrationrate, eGFR)2] 4%k

2 A1gateict

3. =TNYY, HEHZE7|s & ThdLlEet

H A5Lof|A], & A (homeostasis model assessment
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of insulin resistance, HOMA-IR)Z} HIEZ715-E ho-
meostasis model assessment of beta cell function,
HOMA-B)E th32] 2] 0 & Aklst3irt.:
HOMA-IR=[fasting insulin (uU/mL)xfasting blood
glucose (mg/dL)l/405; HOMA-B=360 x fasting insulin
(uWU/mL)/[fasting blood glucose (mg/dL)—63] [9]

24 ALA| o 7H-8{eGFR, mL/min per 1.73 m?)<& th
I} 22 A0 2 ALISIATHMDRD).

eGFR—175 x 8 Crea "™ x 8 B x[0.742, 449
A9]x[1.2, 3919] 499).

U AIABRS. The T} Zho] HEs9iT)

% 1(G1; eGFR, =90 mL/min/1.73 m?), 1& 2(G2:
eGFR, 60~89 mL/min/1.73 m?%), 1& 3a (G3a: eGFR,
30~59 mL/min/1.73 m%, >1& 3b (G3b; eGFR, <30
mL/min/1.73 m? [1]

4. M=xe H SAEY

A7.9] BEAX 2= SPSS WIN version 18.0 (SPSS Inc.,
Chicago, IL, USA) EAZE 1L o] 8319t} iAo &
Ao] gigt Bx= ol mirg e LRy og_:oa X}ﬁb
Yot BEHALR EABIAC eGFRE| &0 W&

A7} analysis of variance (ANOVA)S 01%0}04 —15’91 0}
31, analysis of covariance (ANCOVA)OIA U] 71X]9]
Model & AAJ519] Q1&d, HOMA-IR Y HOMA-B7}FRHgAL
Agto] Yol =YHor FFE FAE DorEUh
Model 1= A7 dES EASI31AL, Model 2+=Model 19
2710 a 59 o= 729 =2 HAIAC} Model
32 Model 291 712 2.2 SBP, DBP, WC 4 BMIE Hg5t
17, Model 4+=Model 3 9| 722 TC, TG €L HDL-C &
RS Hs BAG] 7o P<0.05% WEsISIH

ER

1. ARCRRI) QAT S 4

-1 o

B APIRRe] QAHEAIL Table 13- 2t} B Ao
AF=9] BUN, Crea, FBG ¥ Insulin®] B+ #EHAR= 212}
14.48+4.79 mg/dL, 0.84+0.35 mg/dL, 94.99+9.77

mg/dL ¥ 7.64+5.68 nU/mLe|212l, HOMA-IR ¥ HOMA-B
O] Hgk2 742 1.83+£1.47 4 88.78 £64.6901t}. £ A



Table 1. Clinical characteristics of research subjects
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N (%), M+SD

Variables Category Total (N=4,380) Men (N=1,873) Women (N=2,507) P

Age (years) 50.32+16.14 50.18+16.53 50.43+15.85 0.611

20~39 1,220 (27.9) 543 (29.0) 677 (27.0) 0.112

40~59 1,817 (41.5) 744 (39.7) 1,073 (42.8)

260 1,343 (30.6) 586 (31.3) 757 (30.2)
Drinking Current drinker 2,341 (53.4) 1,322 (70.6) 1,019 (40.6) <0.001
Smoking Current smoker 739 (16.9) 629 (33.6) 110 (4.4) <0.001
Exercising Regular exerciser 438 (10.0) 192 (10.3) 246 (9.8) 0.632
SBP (mmHg) 118.50+17.00 121.38+15.36 116.34+17.83 <0.001
DBP (mmHg) 75.39+10.07 77.83+9.92 73.57+9.80 <0.001
BMI (kg/mz) 23.79+3.41 24.34+3.27 23.38+3.46 <0.001
WC (cm) 82.14+9.74 85.99+8.79 79.26+9.42 <0.001
TC (mg/dL) 191.70+35.00 189.26+35.07 193.51+34.83 <0.001
TG (mg/dL) 131.34+100.95 156.81+126.92 112.31+70.21 <0.001
HDL-C (mg/dL) 51.56+12.91 47.55+11.44 54.56+13.13 <0.001
BUN (mg/dL) 14.48+4.79 15.21+£2.50 13.94+4.38 <0.001
Crea (mg/dL) 0.84+0.35 0.99£0.40 0.73+0.27 <0.001
eGFR (mL/min/1.73 m?) 93.05+18.57 90.53+17.38 94.93+19.20 <0.001

G1 (eGFR >90) 5,405 (54.9) 946 (50.5) 1,459 (58.2) <0.001

G2 (eGFR 60~89) 1,849 (42.3) 864 (46.1) 985 (39.3)

G3a (eGFR 30~59) 98 (2.2) 50 (2.7) 48 (1.9)

>G3b (eGFR <30) 28 (0.6) 13 (0.7) 15 (0.6)
FBG (mg/dL) 94.99+9.77 96.79+10.03 93.64+9.36 <0.001
Insulin (WU/mL) 7.64+5.68 7.87+6.52 7.47+4.96 0.023
HOMA-IR 1.83+1.47 1.92+1.68 1.77+1.29 0.001
HOMA-B 88.78+64.69 86.94+75.29 90.15+55.44 0.104

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; WC, waist circumference; TC, total
cholesterol; TG, triglycerides: HDL-C, high density lipoprotein cholesterol; BUN, blood urea nitrogen: Crea, serum creatinine; eGFR: estimated
glomerular filtration rate; FBG, fasting blood glucose; HOMA-IR, homeostasis model assessment of insulin resistance; HOMA-B, homeostasis

model assessment of beta—cell function.

TR S G, G2, G3a E >G3bo] WIS 7217+ 5,405
(54.9%), 1,849%(42.3%), 98H(2.2%) X 2878(0.6%)°] LY.

2. BHSAIEIBIO] TIgo| TI2 ITCHAKIS) QATEY

THIAASH] 3ol W AR AFHELS
Table 22} 2t} THgAEIgto] ZIgiHof whet A, SBP (<
0.001), DBP (2<0.001), BMI (7<0.001), WC (2<0.001),
TC (P<0.001), TG (P<0.001), BUN (2<0.001), Crea
(P<0.001), FBG (<0.001), Insulin (7<0.001), HOMA-IR
(P<0.001) ¥ HOMA-B (P<0.001)7} Z7F5+3a HDL-C
(P<0.001)= Aot

3. TR EE| T M2 e, HOMA-IR &

TgAPgEgo] Hagol mE k&, HOMA-IR % HOMA-B
2 Table 3, 49+ At} T34} Q&) Teisto], A
g, JE, &%, &5 1332 5, SBP, DBP, WC, BMI,
TC, TG ¥ HDL-CE EAg $9] Aulol|A], THdAaslo]

Z1eggol] ot Ql&do] Batgtol S7FeHArH,<0.001)
(Table 3). THJAIRAISH} HOMA-IRS}F eisto], s
£ 2% 5.9 AnolM(Model 4), G1, G2, G3a D >G3b2]
HOMA-IR B2 M=SE, 95% confidence interval [CI])}&
217} 1.78+0.03 (1.73~1.83), 1.87+0.03 (1.81~1.93),
2.16+0.13 (1.91~2.42) ¥ 2.5940.24 (2.12~3.06)°%
TAPgESo] AggEo] wet HOMA-IRS S718HeH( <
0.001). T3k, wHdAAsla HOMA-Bo} #eislo], el
S5 BHA9 5o] AFfofA(Model 4), G1, G2, G3a ¥ >G3b
°] HOMA-B B##H{M=SE, 95% CI)} 22t 87.46+1.21
(85.08~89.84), 89.11+1.38 (86.40~91.81), 104.82+5.91
(93.23~116.42) @ 123.97+10.87 (102.66~145.29) 0%
T34 ASo] X1g)Eo] wet HOMA-BE S716Hlth <
0.001) (Table 4).

£ A= 20159 FRIAZRARE ol8ste] Gt glis o
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Table 2. Clinical characteristics of subjects according to the progression of CKD (N=4,380)
eGFR (mL/min/1.73 m?)
Variables G1 (eGFR, 290) G2 (eGFR, 60~89) G3a (eGFR, 30~59) >G3b (eGFR, <30) P
(N=2,405) (N=1,849) (N=98) (N=28)

Men 946 (39.3) 864 (46.7) 50 (51.0) 13 (46.4) <0.001
Current drinker 1,369 (56.9) 930 (50.3) 37 (37.8) 5 (17.9) <0.001
Current smoker 466 (19.4) 260 (14.1) 11 (11.2) 2 (7.) <0.001
Regular exerciser 259 (10.8) 171 (9.2) 6 (6.1) 2 (7.1) 0.201
Age (years) 44.86+15.56 56.08+14.05 70.79+9.13 66.79+11.99 <0.001
SBP (mmHg) 115.85+16.21 121.48+17.34 127.48+16.59 129.68+18.95 <0.001
DBP (mmHg) 74.59+9.93 76.52+10.03 73.67+11.92 75.82+10.87 <0.001
BMI (kg/m?) 23.45+3.52 24.16+3.19 24.42+3.31 26.35+4.68 <0.001
WC (cm) 80.83+9.87 83.49+9.23 86.48+9.28 89.95+12.82 <0.001
TC (mg/dL) 188.92+33.59 195.48+35.76 190.57+44.95 183.68+40.89 <0.001
TG (mg/dL) 125.46+102.88 137.79+£97.15 140.99+91.41 177.00+£162.02 <0.001
HDL-C (mg/dL) 52.76+12.71 50.43+12.96 46.26+12.59 41.48+11.87 <0.001
BUN (mg/dL) 13.34+3.83 15.40+4.03 20.11+5.28 32.50+24.01 <0.001
Crea (mg/dL) 0.74+0.13 0.92+0.15 1.22+0.19 3.06+3.19 <0.001
eGFR (mL/min/1.73 m? 105.65+13.562 79.59+7.42 55.02+3.81 32.37+13.94 <0.001
FBG (mg/dL) 93.70+9.48 96.42+9.85 08.83+9.92 97.93+11.63 <0.001
Insulin (uU/mL) 7.49+5.50 7.71+5.85 8.82+5.30 12.39+8.30 <0.001
HOMA-IR 1.77+1.39 1.88+1.55 2.20+1.43 3.08+2.25 <0.001
HOMA-B 91.32+69.07 84.73+58.49 90.54+54.18 130.33+75.54 <0.001

Abbreviations: "see Table 1."

Table 3. Comparisons of insulin according to the progression of CKD (N=4,380)

Insulin (uU/mL)
Variables ~ Category
Model 1 Model 2 Model 3 Model 4
CKD G1 7.33%£0.12 (7.09~8.56) 7.33+£0.12 (7.09~7.56) 7.45+0.11 (7.25~7.66) 7.45+0.10 (7.25~7.65)
G2 7.88+0.14 (7.61~8.14) 7.88+0.14 (7.62~8.15) 7.76+0.12 (7.53~7.99) 7.77+0.12 (7.54~8.00)
G3a 9.44+0.58 (8.30~10.58) 9.42+0.58 (8.28~10.56) 9.17+0.51 (8.17~10.17)  9.02+0.50 (8.04~10.01)

2G3b 12.90+1.07 (10.80~15.00) 12.79%£1.07 (10.69~14.89) 10.95%£0.94 (9.11~12.79) 10.74+0.92 (8.93~12.55)

P <0.001 <0.001

<0.001 <0.001

Abbreviations: "see Table 1”. Model 1 (M*SE, 95% ClI), adjusted for age and gender; Model 2 (M+SE, 95% Cl), Model 1 further adjusted
for smoking, drinking, and regular exercising; Model 3 (M+SE, 95% Cl), Model 2 further adjusted for SBP, DBP, WC, and BMI; Model

4 (M+SE, 95% ClI), Model 3 further adjusted for TC, TG, and HDL-C.

RS tVde = wdAbdagla HOMA-IR 2 HOMA-B
O] et gof ato] RALSHI AL THgAEISto] 213 w2t
HOMA-IRE} of2t HOMA-BX: Z71519tt

CKDE} Ql&dixg/dol gt A= A AlAIZ 02 o]Fo]
AL Qlet. o] A9 A= Qe AT/ 57H= CKDLF &
o] Qitka B 15kl 9k Srivastava 511012 Q1= Q1S o
Ayo g2 A 9ALof| 4] CKD= HOMA-IRS] 5712} idto]
ek 5k 31(2=0.001), Chen S{11]2 n]=2lS tiit
O 7 AAJGH Aol A CKD= HOMA-IRQ] 5719} ¢to] 2l
Tk B skt 2=0.001). o]o] ¥tstod, Trirogoff S{121&
B2 o2 HAIgE ¢4 eGFR-2 HOMA-IRT} A
FHgo] Qickar Hrsioict. & Aol AxjoA= CKD7F XIS
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3ol w2} HOMA-IRO] $7FFa(P<0.001), Srivastava &
% Chen 59| At FARIATH1L, 12]. JdedAIHe=
QR I JIEUEZE CKD $AolA 2] 34 QLo 414 7]
= A7l A2 Tl dEA Qi dedAd/d
712 QIR A ledET2 A v 5l A IRINES;, o]
FARES A 1EGT, HH-A QB - A= AHE AL

(renin-angiotensin-aldosterone system)2] &3} 22 o]
AUZOE QIsto] 417159 A5k F4AIE &= SITH13,
14]. £3], T2DM}F Z-2 X[&2Q1 1 d AJeollA, af Q1=
Ao 57 k= ARHA| vA E3 S A S0 = Qg
CKD2J X184 7153k 4= UTH15].

$219] AtollA= CKDS} lediAR /] /gyt o
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Table 4. Comparisons of HOMA-IR and HOMA-B according to the progression of CKD (N=4,380)
HOMA-IR
Variables Category
Model 1 Model 2 Model 3 Model 4
CKD G1 7.75+0.03 (1.69~1.81) 1.75+0.03 (1.69~1.81) 1.78+0.03 (1.73~1.84) 1.78+0.03 (1.73~1.83)
G2 1.90+0.04 (1.83~1.97) 1.90+0.36 (1.83~1.97) 1.87+0.03 (1.81~1.93) 1.87+0.03 (1.81~1.93)
G3a 2.27+0.15 (1.97~2.57) 2.26+0.15 (1.97~2.56) 2.20+0.13 (1.94~2.46) 2.16+0.13 (1.91~2.42)
>G3b 3.14+0.28 (2.59~3.68) 3.12+0.28 (2.57~3.67) 2.65+0.25 (2.17~3.13) 2.59+0.24 (2.12~3.06)
P <0.001 <0.001 <0.001 <0.001
HOMA-B
Variables Category
Model 1 Model 2 Model 3 Model 4

86.37+1.34 (83.75~89.00) 86.39+1.34 (83.77~89.00) 87.55+1.23 (85.15~89.95) 87.46+1.21 (85.08~89.84)

G2 89.97+1.52 (86.99~92.95) 90.02+1.52 (87.04~92.99) 88.91+1.39 (86.18~91.63) 89.11+£1.38 (86.40~91.81)

CKD G1
G3a 109.18+6.52
(96.39~121.97)
>G3b 150.00+12.00
(121.48~168.51)
P <0.001

108.68+6.50
(95.93~121.43)
142.51£11.97
(119.05~165.97)
<0.001

106.07+5.96
(94.38~117.76)
125.21£10.97
(103.71~146.72)
<0.001

104.82+£5.91
(93.23~116.42)
123.97+10.87
(102.66~145.29)
<0.001

Abbreviations: "see Table 1

" Model 1 (M+SE, 95% Cl), adjusted for age and gender; Model 2 (M*SE, 95% ClI), Model 1 further adjusted

for smoking, drinking, and regular exercising; Model 3 (M£SE, 95% Cl), Model 2 further adjusted for SBP, DBP, WC, and BMI; Model
4 (M+SE, 95% ClI), Model 3 further adjusted for TC, TG, and HDL-C.

Yt W 2752 Aegol disto] 2ARHI AL, CKD7HA
Yho]| wg HOMA-BE 2718199t H P<0.001). Yukdo g,
o] 7P 1 B AotAl7]7] i pd2] Hep 2]
A QTS Ergict. T, Yol thARS S 22 AR
ofFgto] Q)= tiARIoAE Fgo] ZTTslElEtE 2142 OJ %ﬂ
o] S71a Qleto] HERA| 2] ot 7| 54512 Qlsted Q1
EH)71 A 4= Qlek. QlexgH gy} HetA| 27|50 Eﬂo}
2 APATo A= AeTATA A 7T Q= o=}
oflA] ¥fle} A|x Aeke] kA Uepdtia B sk a[16, 17],
52 0|9k T2 Fo] Qe FA oA Pl HEt
7} MlZAFHapoptosis) E AZEI|AR] F71= QIsto] LEht
R A = ‘ﬂl G Rloal= R At
7HbE 5= Itk Pham S11812 B/t §le 4US dides
AR ALof|A] eGFRO] ‘;%—%f?i [Ro] Z7F51AAL (7=0.004),
HEA| 27]55(P<0.00) = S7FFA L 92 1] Axjet &
AbsliTt. 2 o al= g4l %-JQH Z15§o] WW]EWE
7154 Z710] digt et IAUZS @_ ot I
AeA A2 T2 Qleto] CKDA o] ‘%E’rUrZF‘P =8
3:7} 4431 430l A= lebA| 2] otk 71%01 gAol7] thE
of Qle AP0 2 gt CKD7} Aegsto] wha} <] wet
AN Ege] AGE FAI51] Slote] HEM 715
72 = Qi wEkA, G SRollA HEH 27152 A
}\c}i RIS 22 CKD2] o} CKDE] A3 =4

HOMA-IR ¥ HOMA-BE A&t Q& A3 A He} Al
I 75= B7IeIh et A E HlEtA 252 57
of|A, URFAR] i 1]l 1‘41 7ol A= HOMAA]
o Wo] AL&3}3 QIARH19], I Q& 3-89 ST AS

el 2 A 2 7] Sl ik 3, B AT
1

Jﬁ

(hyperinsulinemic—euglycermc clamp test) ¥ 189
A A3 (hyperglycemic clamp test)2} 22 "SE=HZH)
(gold-standard method)"2 HOMA A|$=Et} o A3st
o2 IA rH20]. LF A7-= HOMAZ|S7H 2 714] 3HA
2 O]OH CKDOﬂ/ﬂ EE'J A= F517100 E% doict=
= ARKAEH21]. wpA, 3% AtollA "EE

/\FQ“O]'OE] CKD2}RI} H[E} A2 75 ’\}014 A ]’% L?'QQ
87} it} A, FUNAFFGFRARE o83t T Ao]7
2ol CKDE} QA 9 HetA| 37| 52] A=t Q1
AS BT 7t gl WA, 9 A FARE 55l CKD2F
=AY E HEMA| 27|50l thet TS EATE AL &
UTHH o 52] Q1A thgt oJn] Sl= 7 E AR 7]
o

_>im§mmn&

£
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£ 7] B2 gkl 204 oPd(50.324£16.1441)2
FAglo] gli= AJlolx] THdAPdERhY Qe A3 d(ho-
meostasis model assessment of insulin resistance,
HOMA-IR) ¥ HEM|Z715(homeostasis model assessment
of beta cell function, HOMA-B)2] #=1/do]| tlisto] AFsH
At 2 A= 20159 FUAFIFRA AR S o851
T Ago] gli= 204 o] thehil= 4321 4,380 = T2
= 515tk £ A2 olA F83 Al ohaat A A4,
THgAPdEgh} HOMA-IRQF FHAsto], THAMSE B &
9] Aol A(Model 4), 71E 1 (G1; estimated glomerular
filtrationrate [eGFR], =90 mL/min/1.73 m®), 1% 2 (G2;
eGFR, 60~89 mL/min/1.73 m?), 71E 3a (G3a; eGFR,
30~59 mL/min/1.73 m?), =715 3b (>G3b; eGFR, <30
ml/min/1.73 m*)2] HOMA-IR a#gHM=SE, 95% confi-
dence interval [CI)2 2+ 1.78+0.03 (1.73~1.83),
1.87+£0.03 (1.81~1.93), 2.16+0.13 (1.91~2.42) ¥
2.5940.24 (2.12~3.06) 22 THdAAdgto] Zeggof what
HOMA-IR2 S7FI9THP<0.001). &4, THdAAskt
HOMA-BS} #isto], #AWSLE HATH F9o] AlofA
(Model 4), G1, G2, G3a ¥ >G3b2] HOMA-B Btk
(M*SE, 95% CI}> Z¥zZ} 87.46+1.21 (85.08~89.84),
89.11+1.38(86.40~91.81), 104.82+5.91 (93.23~116.42)
9 123.97+10.87 (102.66~145.29) 0 2 vHgA2glo] X1
ol whzt HOMA-BE S7FFAEH 2<0.001). thetel=t -
Aglo] Q= AR1oNA R4 glo] XIgde] whet oladl
A@/do] S710IAL, HIEM| 27 |5 T3t 71T
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