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This study assesses the urine microalbumin to urine creatinine ratio (UACR) with uric acid and the
association with the high—-density lipoprotein cholesterol (UA/HDL-C) ratio in Korean adults. Data
from the 2019 Korean National Health and Nutrition Examination Survey was procured and included
5,845 adults aged 20 years or older. Several key findings were obtained in the present study. After
adjusting for the related variables (age, gender, hypertension, obesity, type 2 diabetes mellitus, and
chronic kidney disease), the uUACR was found to be positively associated with the quartiles of the
UA/HDL-C ratio (£=0.002). Moreover, after adjusting for related variables, the odds ratio (OR) of
Key words albuminuria (UACR>30.0 mg/g) was not significant in quartile 2 (Q2) (OR, 1.015; 95% confidence
Albuminuria interval [Cl], 0.757~1.361) and Q3 (OR, 1.090; 95% Cl, 0.811~1.465) but was significantly higher in
HDL-C Q4 (OR, 1.416; 95% Cl, 1.044~1.921) as compared to Q1 of the UA/HDL-C ratio. We conclude that
UA/HDL-C ratio since the UA/HDL-C ratio is positively associated with albuminuria in Korean adults, an increased
Uric acid UA/HDL-C ratio could be applied as a useful measure to assess albuminuria in Korean adults.
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2 A QUeH7, 8] WEkA UA/HDL-C ratio= CVD %
CKDE} -2 /g Age] M3 E-S Yehfi= X317 E 4= Q7]
w50l UA/HDL-C ratio= CVD ¥ CKDE 9I&5 4= Q1=
2 AHZ 7S a1 QITHI).

=

AAH O o]Fo| R 2L IA|TE A 9l A1e] St o] &
Aol thgt 27] 991 YRR O] A of] Thfgh A= EET
wEhA], 2 Ao A= tieel=-E tHiEsk= A= 5 20199
SUAGZRARAER(2019 Korean National Health and
Nutrition Examination Survey, KNHANES VIII-1)E H}&
© 2 UA/HDL-C ratio 2+ 511 0] /o] thsto] ZALSH
= AE SHE S

Tz 2

1. GO

2 A AR R o 2 AIE AI87] =17
FRAH20199) AEE o853t 2ARAG==8,1107
0]4al, o] Fof|A] 204 oV 43R 6,542780130t . = At
AR 60,5427 T A EEoN ESE SEH EY R A
ZFA|4(body mass index, BMI) 59| AAIEA T} @3 UA,
HDL-C 52 @Hs)FgAL 8 5 nA|gER] 9 ok d 5
9 QolebHAE9] A7t eto] Hoj Q= VA 6978 = Al
o3t & 5,845 = HSEANIAIE A5t #1871 13+
A AT GE2A A AT ER dAa24le] 9
23]9] Aol 9l &91 W KInstitutional Review Board

No, 2018-01-03-C-A).

2. THAIRIO] QUAPE| SiTt SHOISIZIAL

Jog FEsint AAAISS 5718 U systolic blood
pressure, SBP), °]27|@%¥(diastolic blood pressure, DBP)
9 GRS S ARESISITh BRI 55
A] @(fasting blood glucose, FBG), & Z3|2AHE(total
cholesterol, TC), &A4X| %M triglycerides, TGs), HDL-C,
UA, @5 8438 4(blood urea nitrogen, BUN), % Ao}
E]Y(serum creatinine, CREA)2] 2472 A8 4
H AFEA T {estimated glomerular filtration rate,
eGFR)}2 CKD-EPI (Chronic Kidney Disease Epidemiology
Collaboration) W4l &85} Alklel3ial, CKD-EPI]
ARFALL TRt ATk eGFR = 141 X min (Ser/x, 1)* X max
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(Ser/x, 17 x 0.993% x 1.018 [if female] x 1.159 [if
black]. Scr= @% CREACI}. k= EARSE, 94442 0.7
ot F4L2 0.9 o|tH10]. H]TES BMIZ} 25.0 kg/m?olA}
Q1 H= EForAcH11l. A2% Y(type 2 diabetes
mellitus, T2DM)-= 2JAte] &fste] T2DM O & XIS A,
A&d Fi= 7|8 X Ao} OFE0] AR ARSSHIAM, FBG
FA7F 126 mg/dLeldRl A2 EF5IItH11]. CKD=
eGFRO] 60 mL/min/1.73 m* B|Fto] AL} CKDO] that ok
AFE 9 QAU SAte] o] Qi A2 ERalYct
[11]. YL Ko ofsto] &Lt = A=| AL, SBP>
140 mmHg %= DBP>90 mmHgo| A}, 71 &Y kS &
831 Q= A2 BRairi12].

3. uUACR % UA/HDL-C ratio

8 F AR 5= HEPHS ol-8sle] S5, 8
% Aot dss S o]-&sto] Z7sISitkHitachi
Automatic Analyzer 7600; Hitachi). UA+= S4AH-E o]-85}
o] 27519911, HDL-G=uricaseH 02 =751 Labospect
008AS; Hitachi). 8 & HIA|ZFRIZ} Feoted 5k Hl&
& uACRS AWISHAIL mg/g T2 EAISHIT G Rl
UACR>30 mg/g 2 & 2573t tH1]. UA/HDL-C ratio®] H
St AR I(cut-offs)7} OF7HA] ESHA] 7] whzol
UA/HDL-C ratio> AHE42 E55013th

4. =2 H SAEY

Z4=.2] BAA 2]+ SPSS WIN version 18.0 (IBM Corp.)
BAZE IS o] 85ttt A E4do] et E2= Rl
Lof wiEew Py A%y Ams B #B2EAd
(meanzstandard error, mean+SE)Z HA[SIICE EHHl
St} H] AR to]] TS A dARe] B3 WA
E=HIEE t-testE B0 HTable 1). UA/HDL-C ratio®]
ARSIl whE AR S92 AR A ulR] 2
A2 X (analysis of variance test, ANOVA test)& 0125}
45151 K Table 2). o], A4, 11ES, H|vk T2DM %
CKDE HA%H 5, UA/HDL-C ratio®] ARE-9j4o]l k2 uACR
4Z(mean=SE, 95% confidence interval [Cl])& ZHARE
A(analysis of covariance test, ANCOVA test)E °]-8-51]
EA51ITKTable 3). @91 (odds ratios [ORs], 95% con-
fidence interval [95% CI])2} UA/HDL-C ratio2] 582431
AT Lok 7] flste] 47H4] Hd(Model)2 2-85lo] =
A 2E 3] HEA(logistic regression analysis)= AAISFATH
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Table 1. Clinical characteristics according to the albuminuria

Variable Category (N():\é?gg) NOQNiIE%%gu”a Al?ﬁglg%na P-value
Age (yr) 51.87+16.77 50.91+16.59 61.37+£15.56 <0.001
Gender Men 2,649 (45.3) 2,400 (45.2) 249 (46.4) 0.320
SBP (mmHg) 119.85+16.49 118.65+15.66 131.71+19.50 <0.001
DBP (mmHg) 75.68+9.74 75.52+9.45 77.26+12.14 <0.001
BMI (kg/m?) 23.97+3.57 23.81+3.52 25.20+3.82 <0.001
FBG (mg/dL) 101.563+23.50 99.65+19.47 120.08+43.42 <0.001
TC (mg/dL) 192.93+37.98 193.46+37.32 187.75+43.72 0.001
TGs (mg/dL) 131.91+100.74 128.76+96.88 163.09+129.04 <0.001
HDL-C (mg/dL) 52.81+12.87 53.15+12.84 49.38+12.69 <0.001
BUN (mg/dL) 15.57+4.84 15.37+£4.53 17.48+6.95 <0.001
CREA (mg/dL) 0.81+0.21 0.80+0.18 0.89+0.38 <0.001
eGFR (mL/min/1.73 m?) 96.55+19.98 97.29+19.12 89.25+25.94 <0.001
Urine microalbimin (ug/dL) 28.89+134.69 10.89+9.82 206.77 +402.41 <0.001
Urine creatinine (mg/dL) 147.00+83.53 149.64+83.33 120.97+81.01 <0.001
uACR (mg/g) 24.90+129.30 7.59+5.27 196.07+386.90 <0.001
UA (mg/dL) 5.19+1.41 5.17+1.38 5.46+1.62 <0.001
UA/HDL-C ratio 10.61+4.48 10.48+4.34 12.04+5.56 <0.001
Hypertension 1,920 (32.9) 1,559 (29.4) 361 (67.2) <0.001
Obesity 2,010 (34.4) 1,750 (33.0) 260 (48.4) <0.001
T2DM 484 (8.3) 339 (6.4) 145 (27.0) <0.001
CKD 173 (3.0) 104 (2.0) 69 (12.8) <0.001

Non-albuminuria, uUACR<30; Albuminuria, uUACR2>30; Hypertension, SBP>140 mmHg or DBP>90 mmHg or medication; Obesity, BMI>25
kg/m?; T2DM, FBG=126 mg/dL or medication; CKD, eGFR=60 mL/min/1.73 m”.

Mean+SD or n (%).

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; FBG, fasting blood glucose; TC, total
cholesterol; TGs, triglycerides; HDL-C, high density lipoprotein cholesterol; BUN, blood urea nitrogen: CREA, serum creatinine; eGFR,
estimated glomerular filtration rate; uACR, urine microalbumin to urine creatinine ratio; UA, uric acid; T2DM, type 2 diabetes mellitus; CKD,
chronic kidney disease.

Table 2. Clinical characteristics according to the UA/HDL-C ratio
UA/HDL-C ratio (N=5,845)

Variable Quartie 1 (7207, SaMe 2 oo S Quartle 4 13.112) Frvalue
(N=1.462) (N=1,465) (N=1,456) (N=1.462)

UA/HDL-C ratio 5.84+1.04 8.55+0.72 11.27+0.95 16.79+3 51 <0.001
Age (y) 50.35+16.00 52.57+16.22 53.12+17.25 51.4617.47 <0.001
Men 188 (12.9) 460 (31.4) 840 (57.7) 1,161 (79.7) <0.001
Hypertension 380 (26.1) 447 (30.5) 520 (35.8) 573 (39.3) <0.001
Obesity 259 (17.7) 418 (28.5) 533 (38.0) 780 (53.4) <0.001
T2DM 89 (6.1) 103 (7.0 147 (10.1) 145 (9.9) <0.001
CKD 11 (0.8) 23 (1.6) 42 2.9) 97 (6.6) <0.001
Albuminuria 102 (7.0) 114 (7.8) 137 (9.4) 184 (12.6) <0.001
UACR (mg/g) 17.32£74.13 19.35+96.89 24.88+128.93 38.07+187.50 <0.001

Non-albuminuria, UACR<30; Albuminuria, UACR2=30; Hypertension, SBP=140 mmHg or DBP=90 mmHg or medication; Obesity, BMI=25
ka/m% T2DM, FBG>126 mg/dL or medication; CKD, eGFR>60 mL/min/1.73 mZ,

Mean=SD or n (%).

Abbreviation: UA, uric acid; HDL-C, high density lipoprotein cholesterol; T2DM, type 2 diabetes mellitus; uACR, urine microalbumin to
urine creatinine ratio.

(Table 4). Model 1> =45 HASHA] 249k, Model 2 k. Model 4= Model 301 714 2= CKDE EAst3ir
£ A8 AJEE BT Model 32 Model 20 571 4 W= BAFY Frolras £<0.058 TSI
© = & hypertension), H[¥Hobesity), T2DMZ H7g5}k
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Table 3. Comparisons of UACR and the quartiles of the UA/HDL-C ratio

uACR (mg/g) (N=5,845)

Category

Model 1 Model 2

Model 3 Model 4

UA/HDL-C ratio

Quartile 1 18.45+3.36 (11.86~25.05) 18.10+3.60 (11.04~25.17)

Quartile 2 18.83+3.36 (12.25~25.41) 18.68+3.40 (12.02~25.35)

Quartile 3 23.96+3.37 (17.35~30.56) 24.09+3.41 (17.42~30.77)

Quartile 4 38.38+3.36 (31.79~44.97) 38.74+3.62 (31.65~45.83)
P-value <0.001 <0.001

19.58+3.58 (12.56~26.60)

19.96+3.38 (13.35~26.58)

23.29+3.38 (16.67~29.91)

36.91+3.60 (29.86~43.96)
<0.001

19.10£3.63 (11.98~26.21)

19.80+3.38 (13.17~26.43)

23.39+3.38 (16.76~30.02)

37.46+3.66 (30.28~44.64)
0.002

Model 1, adjusted for age; Model 2, Model 1 further adjusted for gender; Model 3, hypertension, obesity, and T2DM; Model 4, Model 3
further adjusted for CKD. Non-albuminuria, uACR<30; Albuminuria, UACR2=30; Hypertension, SBP=140 mmH% or DBP=90 mmHg or
medication; Obesity, BMI>25 kg/m% T2DM, FBG>126 mg/dL or medication; CKD, eGFR>60 mL/min/1.73 m’.

Mean*standard error (95% confidence interval).

Abbreviation: UACR, urine microalbumin to urine creatinine ratio; UA, uric acid; HDL-C, high density lipoprotein cholesterol.

Table 4. Comparisons of albuminuria and the quartiles of the UA/HDL-C ratio

Albuminuria (N=5,845)

Model 3 Model 4

Category
Model 1 Model 2
UA/HDL-C ratio
Quartile 1 1 1
Quartile 2 1.123 (0.851~1.482) 1.052 (0.792~1.397)
Quartile 3 1.383 (1.059~1.807) 1.286 (0.968~1.709)
Quartile 4 1.919 (1.489~2.473) 1.972 (1.480~2.628)

1 1
1.033 (0.771~1.385) 1.015 (0.757~1.361)
1.145 (0.854~1.536) 1.090 (0.811~1.465)
1.649 (1.224~2.221) 1.416 (1.044~1.921)

Model 1, non-adjusted; Model 2, adjusted for age and gender; Model 3, Model 2 further adjusted for hypertension, obesity, and T2DM;
Model 4, Model 3 further adjusted for CKD. Non-albuminuria, uUACR<30; Albuminuria, uACR2>30; Hypertension, SBP>140 mmHg or DBP>90
mmHg or medication; Obesity, BMI>25 kg/m% T2DM, FBG>126 mg/dL or medication; CKD, eGFR>60 mL/min/1.73 m?.

n or odds ratios (95% confidence interval).

Abbreviation: UA, uric acid; HDL-C, high density lipoprotein cholesterol.

SRR o] whE A4 E/4JE Table 13 2t} 2 A4
AAFE9] 4RI O] BRIE-L2-9.2% (53778)°] 11, uACR
T} UA/HDL-C ratio®] Btgk 242} 24.90+129.30 mg/g
7} 10.61+4.48 mg/gel3itt. 9%, SBP, DBP, BMI, FBG,
BUN, CREA, TGs, 8 % 1N+, UA, 9 UA/HDL-Cratio
O] Htghe: B] RN o] H|SHo] BRI keof A FA A
o2 FoloA| & }1(all, £<0.001), TC (2=0.001), HDL-C
(P<0.001), eGFR (£<0.001), & % F&oFElI(,<0.001)

< BARCE FoJsHA Wolth. 1ESY, vl9h T2DM 9
CKDE &2 H] &dH o] H|5}o] el FoA &
A& FolsHA &=tHall, £<0.001).

2. UA/HDL-C ratio®| A2

OIAIME XM
oo==o

UA/HDL-C ratio2] ARE9J<=0]| mh2 Ao ARkl 44

F=0 TE SRS
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£/dL2 Table 22}t UA/HDL-C ratio®] A7 57}
°‘°ﬂtq%} et HRH A CKDO| MY E0] SAR 0= folst
A Z7¥81%9Hall, £<0.001). E3H UA/HDL-C ratio®] AR
75713kl w2t uACRY] Be#aH(2<0.001) E Tl

O FAYE(P<0.001)°] BAX 2 FolsHA S8t

3. UA/HDL-C ratio2} uACR £=& L =0

UA/HDL-C ratio?} uACR 4& @ ¢l o] AL
Tables 3, 49} 2t} FAHLE HAG5H9S wf, UA/HDL-C
ratio®] AREQJ71 Z71tol| Wk uACR $5(P<0.001)S 5
AR 0 & -FoJolA| F7 51T Table 3). L4512} UA/HDL C
ratio®] AREIE]| thet 2A|AE SjARA A, WARSE
2% BA%E 59] Aik= UA/HDL-C ratio IAFEHE 71&
O 2 2AE9Y(OR, 1.015; 95% CI, 0.757~1.361)2} 3ARE]
(OR, 1.090; 95% CI, 0.811~1.465)2] 45111 o HYEL
BAFCE FolokA] AkANE 4ERI(OR, 1.416; 95% CI,
1.044~1.921)0l4 LHRI=O] WSS FooHA =3t
(Table 4).
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371 2 HDL-CQ] 42 RIstod UA/HDL-C ratio<=0] &
7¥t 4= Q1A ol= A4l B3 A E A WA 7] 5
o2 QIste] CVD ¥ CKDY &S = 4= k. %99
Aol M= UA/HDL-C ratio®] 489157} 5713kl whet 1
A, H9E 2 CKDEAEO| 5 3716t Table 2).

UA/HDL-C ratio Kocak 5{19]1°] 2l A3 AF=A
t}. Kocak 51912 tAsS TABEQ] oS0 3loiA,
UA/HDL-C ratio®] Y141 9 Eo| =7} 9<=5lt}al H1ls}e]
t}. o]%, T LA}=0] UA/HDL-C ratio¥} 4133 Ago]|
gt 7 A7 3= T Zhu 512012 =90 o
= UA/HDL-C ratio®} H] =4 AX%7Hnonalcoholic fatty
liver disease, NAFLD)9] &3-S FA}6193a1, UA/HDL-C
ratioZ} NAFLD '#of| thet Agletal A= = = ol
AL 2763tk Cheng 51211 $=%1ol4 UA/HDL-C
ratiox= eGFRI}32] A7} 213, UA/HDL-C ratio®] 4
ARER] TR 1 ARES] dVd Ak CKD #igle] wi¢- &
1 HI15E931(0R=9.28, P<0.001), 7F UA/HDL-C
ratio= A DAPIA CKD 91382 B71oh= f-823 7t
4 okl =gt 3L Aktas 512212 §7191S A
o3& UA/HDL-C ratio®} T2DM®] #HAGES AL
UA/HDL-C ratio2 3==Z=%] Alc (hemoglobin Alc) ¥
FBG &3 2Aget d=do] Q7] whzel T2DM= 7Hd =3¢l
ity 20| tffsto] FERL ASRAA=AY] AkS o = 3l
ol 4519 & AolAl UA/HDL-C ratio”} 5718t
T2} uACR $20] 57151511 2 UA/HDL-C ratio®] 4 AR
oA IR0 TAYEO] =Tt & ¢A5tol|4 UA/HDL-C
ratio?t YFO] IAE oA 8L = ANL
UA/HDL-C ratio®} @591 9] Ao 4 UA/HDL-C ratio
2 ARa 7} 25 CVD Y CKDRF 2 HA7 Q)7 ] w0l
2}l Al

AEHOoR H A5=20199% FAGRIGERAE ol
sto] tfghel=r 4491 5 UA/HDL-C ratio®t @51 o] =4
of tete] FARBIALL, UA/HDL-C ratio®] ARG} 571
ool Tt uACR o & R S] WAEC] S76I3ith
UA/HDL-C ratio= 7 TYES &5k AR AL
2 0S 7o AlmeEnt T3y, 2 A= Ao Qict
2 Ao SRS HiAIGHA] Sl Alo] 59| Y=
TEHER] k7] wiizo] o]of thet TAE & 57t QiR o] %
AellA= ol thet -8 F71sliof dotar A7 TS,
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2 ZAE E54 UA/HDL-C ratios= E5-H1kof tiet 25
EATE AT 4= it o529 JAIE Eklskr] 91t
2 5 e Zo VEnh

£ A= g ARloA QA o) T Al F A
E(uric acid to high density lipoprotein cholesterol,
UA/HDL-C) Hl&3} 8 F Hio|A =4+ o F&oted Hi&
(UACR)?] A< B7Fel7] Slell -3 =iet. 20199 =714
FRYRAF AR o]-8510] 204 o1 4391 5,845 T o
& S Ssl) = AtollA 2 7HA] S 83t o] Rl9)
o}, A, B A, AJE, ek ek A2Y e 2
T AP AehE 2743 ¥, UA/HDL-C ratio®] ARERI7}
37 Fdll weh uACRT 20| S7FIATH ~=0.002). =4, =
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