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Association Between Serum Uric Acid and High-Sensitivity
C-Reactive Protein in Adults with Diabetes mellitus
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Department of Laboratory Medicine, St. Mary’s Hospital, Daejeon Catholic University

2 o ¥ ATE Py 93 BAETRA BSR4 AL Sohuud A77] FNAFIGRA A2E BEto]
194 o1 49l gu 261382 BYOR FFRAE he-CRPO] AWPS BAsGT Fude FuYY
126mg/dL ooz Hosli, TQAEZ2 534 5% EA 7mg/dL, 94 6mg/dL ooz oot

hs-CRP= $=x]of w}g} 37 Level-1 ({1.0), Level-2 (1.0~3.0), Level-3 (ZS.O)E THEET QA Ao
w2 g5 UHE (95% AFFHS FotuA ALY JARESE AASHGTh BF8ARE Img/dL SFESE
hs-CRP Level-3°14 2.314] (95% CI 2.041-2.613), L 2ArdZ0] Q= H$ 2.26HH (95% CI 1.995-2.552) 9%
g o] 7189, BAoAE 1.798 (95% CI 1.503-2.135), oi4dolAE 2.88H0 (95% CI 2.410-3.433) 57151
t} B3] 1Q4MZ0] 9 AL YL 1714 (95% CI 1.438-2.036), o442 2.87H] (95% CI 2.401-3.418)Z &
S YEY Aolg EAUth. ZEHCE 4l FolA FF 84 F71H= hs-CRPY dF Y& Aol AN
3, ATEL AAGA o =Sk

Abstract This study aimed to investigate the suitability of serum uric acid (SUA) as an inflammatory
assessment tool for diabetes. Utilizing data from the 7th Korea National Health and Nutrition
Examination Survey (KNHANES), we analyzed the relationship between SUA and high-sensitivity
C-reactive protein (hs-CRP) in 2,613 adults aged 19 years and above with diabetes. Diabetes was defined
as fasting blood sugar (FBS) level of 126mg/dL or higher, hyperuricemia was defined as a SUA
concentration of 7mg/dL or higher for males, and 6mg/dL or higher for females. The hs-CRP was divided
into three levels: Level-1 ({1.0), Level-2 (1.0-3.0), and Level-3 (=3.0). We conducted a logistic regression
analysis to determine the inflammation rates (IR) (95% CI) based on the SUA levels and gender of the
subjects. The results showed that for each 1mg/dL increase in SUA, the IR in Level-3 increased by 2.31
(95% CI 2.041-2.613). In the presence of hyperuricemia, the IR increased by 2.26 (95% CI 1.995-2.552).
In males, the IR increased by 1.79 (95% CI 1.503-2.135), and in females, it increased by 2.88 (95% CI
2.410-3.433). Particularly, in cases of hyperuricemia, males showed an increase in IR of 1.71 (95% CI
1.438-2.036), while females showed an increase of 2.87 (95% CI 2.401-3.418). In conclusion, there was
an association between increased SUA and the occurrence of inflammation in adult patients with

diabetes, with a stronger association observed in females.
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2. A7 oAt
E d7E= A77] (2016~2018Y) FWIAFIFRAL
of YAARE YBAIE. AL T 104 oo o
AL, T 20109 vFFEHF S04 AARE 2
©@7]1E28]°] ZAste] FEEE 126 mg/dL odo R
st 1 A 194 4% Bt S
2,613%801%10H, ol T AFNYAE AAsto]
AGT g, AEFASBMD, sFEA(WO), S}
25, AAEEE AR &9 O’]HL B4
°4°l RO FAE WL E= THE ¥
ol R = B4 25 9ol oA T ‘i"ioﬂ UW%
Fgo] 1~2%F olRl A= AolsiaL, AAEES
ol SAE ol Arr AAREE sk F2E
Bojstitt. EHPA FES FEIGTH GeEAL,
FEUAHE, TLEAGH SHAHE, ADEA T
ZEAEE, A, 25718, ol271ES) hs-CRP,
WP, FF Q4R 45190t hs-CRPE 4] w2t
370 Level2 EFSHAEH, "=43E3(American
Heart Association, AHA)?} vl=r A EA|=AIH
(Centers for Disease Control and Prevention,
CDO)NA E73t 7120l w2t Level-1 (<1.0 mg/L),
Level-2 (1.0~3.0 mg/L), Level-3 (=3.0 mg/L)= &
oSterH20]. FNARIFEAE B A EE
g5 flsf FPsk= Aol sigste] ABeH A2x
A1s 9 5 ¥ A 2 Az A28 Az w2t 2016
W 201792 A9E WA g3 9519137, 20183
AR AR AT 5= Esto] AR A+
=] AoYs]o] SA(SRIHS: 2018-01-03-P-A)
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oA} X%

I 9 do do ot

Aol EFol IestAl S7HE ABH

£ Ittt 1 8AEFY 7|2 AFmitt Atolrt glo
U, dutd oz YA dF 94 7 mg/dL oA, 998
6 mg/dL ooz FE3ITH30,31]. olof] & AollA
T o] 7|&E EYE AT 1848302 JLESHo
EA51 o
SAEM
EAEAHL IBM SPSS Statistics for Windows,

ver. 26.0 (IBM Corp., Armonk, NY, USA)& AR85
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ot AFHAAEY B BE s HESE A6
, 9% dlolEe BEEAF e

iAo A hs-CRP Hdlla} QA0 S]] w2
3 FroAIE(x2) ¥ SHAQ -APOE ARSI
I(Table 1), @584 %o W= hs-CRPQ] 9%
AEO5% At gEo] wE 584 F=ot
hs-CRP9] ¥% HAE(95% A= 22X~ 3]
A4S AAIsto] AESHth (Table 2, 3). 2E A
oJglo] digt 59 &2 p %ol 0.05 HTRI HL=E
o5ttt

qm SRl 3R

3. Zu

ALHPIAES] hs-CRPS} EF QAL x| I
EAL g3 Z9ktHTable 1). hs-CRPY} %2419
Z3olA FAPC0.157), S7(p<0.182), AAZE A4
(p€0.090), FIEMA(p<0.409)E ATt AU=AT
) FHAHE(p(0.009), TEEZ(p<0.003), A%, Al
A, s, SEd2EHE, S84, 5718,
ol EY, WA= TAHCE [F5FATHp<0.000).
TEEG2 hs-CRP}F @5 84k0] A &2 Level-3

Table 1. Characteristics according to the levels of hs-CRP and uric acid

hs-CRP (mg/L)

Level-1 ({1.0)

Level-2 (1.0~3.0)

Level-3 (=3.0)

Variable (n=1539) (n=713) (n=361) D
Low UA High UA Low UA High UA Low UA High UA
(n=1351) (n=188) (n=591) (n=122) (n=283) (n=78)
UA (mg/dL) 47+1.0 7.4£0.9 49%1.0 7.5£0.9 4.9%1.0 75%1.1 .000
0.47+0.2 1.65 0. 6.16%3.
hs-CRP (mg/dL) 7 5£05 37 .000
0.45%0.2 0.52+0.2 1.63+0.5 1.71£0.6 6.1943.7 5.97+3.5
Age (years) 473219 453120 52.2+18 47.9420 52.4%19 49.2420 .000
Men 754(86.2) 121(13.9) 337(83.9) 65(16.2) 137(77.4) 40(22.6) .000
Women 597(89.9) 67(10.1) 254(81.7) 57(18.3) 146(79.3) 38(20.7) .000
(ng;r)“ficemia 1351(87.8) 188(12.2) 591(82.9) 122017.1) 283(78.4) 78(21.6) .000
&aﬁges mellitus 1349(87.9) 186(12.1) 589(82.8) 122(17.2) 281(78.3) 782L7) 000
Fasting glucose 99+21 99+16 10529 104+21 106433 107227 .003
(mg/dL)
HbAlc (%) 5.620.7 5.6£0.6 5.940.9 5.840.7 5.9%1.0 6.0£0.9 409
?kogc/ifngms index 23.043.2 24.7+3.4 24.943.7 27.044.0 24.8+4.2 27.6+46  .000
z’s;t circumference 79.1+10 84.9%10 85.3%10 90.9£10 84.9+11 92.4+10 .000
Current smoker (%) 261(88.8) 33(11.2) 152(87.9) 21(12.1) 59(75.6) 19(24.4) 157
Alcohol intake (%) 829(87.0) 124(13.0) 379(82.8) 79(17.2) 180(78.6) 49(21.4) 182
Regular exercise (%) 56(84.8) 10(15.2) 31(79.5) 8(20.5) 17(70.8) 7(29.2) .090
(Tn‘z;ldf)h‘)le“eml 188.3+36.6 191.7440.5 194.5+38.4 200.4+40.8 190.6+41.5 196.9+40.2  .000
LDL-C 11414351 11614368 12174345 12404358  118.0439.5 1244412  .009
(mg/dL)
HDL-C 52.9+12.4 47.4%11.8 48.2%10.9 445+9.9 48.0£12.4 427102 .000
(mg/dL)
Triglyceride 118.8+88 169.2+135 148.1+112 196.4+158 140.0+125 184.7+169  .000
(mg/dL)
Systolic BP 116.5+16.3 121.2+15.9 120.6+16.2 123.2+16.7 121.4+18.1 124.6+£165  .000
(mmHg)
?iamhc BP 73.9+10.0 77.0411.3 75.8+10.4 78.6+12.4 75.610.8 7844126  .000
mmHg)
WBC (/mm’) 6.0£1.6 6.4%1.6 6.6£1.9 7.0£1.7 7.242.2 7.6£2.0 .000

hs-CRP Level-1 was adjusted for age and sex. Level-2 was adjusted for age, sex, body mass index, waist circumference, current smoking,
alcohol intake, and regular exercise. Level-3 was adjusted for age, sex, body mass index, waist circumference, smoking status, alcohol
intake status, and regular exercise, fasting glucose, systolic BP, diastolic BP. For women, the low uric acid is <5.9 mg/dL and the high
uric acid is =6.0 mg/dL. For men, the low uric acid is <6.9 mg/dL and the high uric acid is =7.0 mg/dL. "p<0.05
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Table 2. Odds ratio of hs-CRP according to serum uric acid
hs-CRP (mg/L)
Category Level-1 Level-2 Level-3
(1.0 (1.00~3.0) (=3.0)
Uric acid 0.96(0.927-0.984) 1.86(1.689-2.040) 2.31(2.041-2.613)
P 0.003 0.000 0.000

Hyperuricemia

No 1
Yes 0.79(0.651-0.948)
p 0.012

1
1.82(1.654-1.997)
0.000

1
2.26(1.995-2.552)
0.000

hs-CRP Level-1 was adjusted for age and sex. Level-2 was adjusted for age, sex, body mass index, waist circumference, current
smoking, alcohol intake, and regular exercise. Level-3 was adjusted for age, sex, body mass index, waist circumference, smoking
status, alcohol intake status, and regular exercise, fasting glucose, systolic BP, diastolic BP. "p<0.05

oA F2 Level-1 Bt} 8mg/dL, Level-2 Hth=

3mg/dLe]  #=A RAFE ST laf’— Level-30A4 12

[AEET Fieo] 7MY H2 Big Bt
%?ﬁ*}oﬂ 2 hs-CRPO| 95 YAES B4t 4

A 2A2E SFEA(Table 262 F 711 WHo=
SARAE Aiaten, A WAL FFRALE A4
HJTE s, ¥ WA 1RAEE AR WRde
SRTIol BT nAMeRE AT 9
m:}x]T seled, g o5, AALE ofn, T2

g9, +5718Y, ol ]“‘?J‘é‘—g_ Z3etont. 89 &
oA FF84ES HFE SI9E W, ¥F84to]
1mg/dL $7FE hs-CRPY 5 HIE2 Level-1

ol ]84 Level-201A4] 1.868 (95% CI 1.689-2.040),
Level-3°1A4] 2.318 (95% CI 2.041-2.613)& hs-CRP
9] gF Aol FUIHALE 18AES0| e AS
oMz Level-19] BI3}A] Level-201A 1.828] (95% CI
1.654-1.997), Level-391A4 2.268] (95% CI 1.995-2.552)
Z hs-CRPY] €% WAE0] 57}o}°ﬂt}(p<0 000).
‘8ol w2 EAolx=(Table 3), @/ BFRAM]
Img/dL S7}&E hs-CRPY] 93 E'af%%ol Level-3
(hs-CRP=3.0)°l141 1.798] (95% CI 1.503-2.135) &
7Vt 18AFESol Qe A 1.71¥] (95% CI
1.438-2.036) 57}6}%1%@ 000). “J*3ollA= hs-CRP
9] ¥= THEL Level-3 (hs-CRP>3.0)0l4] 2.88H]

Table 3. Odds ratio of hs-CRP according to serum uric acid levels in Male and Female

hs-CRP (mg/L)

Category Level-1 Level-2 Level-3
(1.0) (1.00~3.0) (=3.0)

Male
Uric acid 0.73(0.699-0.761) 1.68(1.477-1.906) 1.79(1.503-2.135)
P 0.000 0.000 0.000
Hyperuricemia
No 1 1 1
Yes 0.67(0.579-0.781) 1.60(1.409-1.814) 1.71(1.438-2.036)
§2) 0.000 0.000 0.000
Female
Uric acid 1.15(1.083-1.212) 2.00(1.731-2.302) 2.88(2.410-3.433)
§2) 0.000 0.000 0.000
Hyperuricemia
No 1 1 1
Yes 1.81(1.507-2.163) 2.00(1.733-2.303) 2.87(2.401-3.418)
P 0.000 0.000 0.000

hs-CRP Level-1 was adjusted for age and sex. Level-2 was adjusted for age, sex, body mass index, waist circumference, current
smoking, alcohol intake, and regular exercise. Level-3 was adjusted for age, sex, body mass index, waist circumference, smoking
status, alcohol intake status, and regular exercise, fasting glucose, systolic BP, diastolic BP. "p¢0.05
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(95% CI 2.410-3.433) 37F5F9aL, 1 84FES0] =
79 2.874 (95% CI 2.401-3.418) Z7IsPaA] YAR
o} o =2 d= HES HYHp<0.000).

It ©TOo

g=
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Z7totitt. §5] 584} hs-CRP
£ I500A EF TAES o F76Ie
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