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We used data from the 7th Korea National Health and Nutrition Examination Survey (KNHANES)
(2016~2018) to investigate an association between high sensitivity C-reactive protein (hsCRP) and
uric acid in the obese. Obesity was defined as a body mass index (BMI) of 25 kg/m? or more, severe
obesity as a BMI of 30 kg/m? or more, and morbid obesity as a BMI of 35 kg/m? or more. In the
complex samples multiple logistic regression, despite adjustment by adding major risk factors, the
odds ratio (OR) for obesity was higher in the group with high levels of both, hsCRP and uric acid than
the reference group at all stages (obesity, OR 1.89, £<0.001 vs. severe obesity, OR 5.04, £<0.001
vs. morbid obesity, OR 8.20, £<0.001). The association between hsCRP and uric acid in obese
patients increased from 1.89 to 8.20 as the obesity level increased, suggesting that participants with
increased BMI were significantly affected by hsCRP and uric acid. Moreover, the interaction between

hsCRP and uric acid was statistically significant even in the model corrected for major confounding
factors (Pfor interaction=0.009).
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I CHESA] Thillhigh sensitivity C-reactive protein,
hsCRP)}2 B50|uH A Ao] b o 11eillA] AAito] S7Fsk=
7371 ¥k T gole), EXL X} A| 3ol A hsCRP] A4 2
20| Tofslr] wfiZo] Al HIREESS BF hsCRP= AT
20 2 =oRRItH4]. hsCRP= H|9hE} 22 A5a 24V B
(low-grade systemic inflammation)2] W719F FAR}2 4
FEH5]. TE3E hsCRP= & A1, S5 W74e)s, 18,
ARG, AE Fel #o] Qltkal HarEItHol.

82Kuric acid)2 F29 ek E(nucleotide)?] 74 A
% oitel oFdld(adenine)¥t Fobd(guanine) 2] Z5TiAH
AREO|EHTI. A1 22 2RI wET| LER|EERE A
H 5 YARE, TR A Al Ea7H = wA] /g vl
J 2 QEtO| S0l Rttt fA4te] thgt 4] A A0l
Aasto] g4to] FESH HiEEA] oAU AP AlASR
o} QAlo] go| A ElH FHojA] 11 QA4S hyperuricemia)
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T, AT HRlAgo] ikl A= FHS]. 55 84t
2 HTRS 27 WA 5= = 7= Et= d=FH9, 101

H|gto]| gt hsCRP2} 849 ZF7Fo] ke dof ket A+t7}
HEQlouH4, 9, 10, HIHE A5} A+toflA] HFkS: 54
= 5lo] hsCRP2} 8A4F] A4S 218 1= glis A 02 Helr:,
=== H|gto] gt 733k a5t M-S HAsto] hsCRP2E
BAR| AT 2R8-& FAGHIAL S}, wEbA] hsCRP2}F 841
glolel7}-sAloll EAfck= A77] =93 ddEA K the seventh
Korea National Health and Nutrition Examination Survey,
KNHANES VII) At=E o]-&5to] H|gto]| gt hsCRPL} 84k
o] FAT} A5 ARG A5
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1. SR

77] FOARGFRAE A7 F2A) AT} FE
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o, SR DB AFS 7SS A
AI5lo] HgHd BYREAAL] SEWFo) HAYHo] k]
e Y 4 Qi FROR 75T 5 Urk 7] F0AYY
QR Aol A 311 24 hAR= 24,2690190ek. oFS Ty
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9] 491 AR R= 15,9350 K Figure 1) [11].
e AR A S D -SHARTR] AR A2 AllS
of| tet =77+ A S35 PIol =¥ok= o]l sidsto]
A8 A998 (Institutional Review Board, IRB) A19]
HEA] o431 58Sk 4= Q17| wizof] AR} 22016, 20179%
of] A1) HB] AelA] eitet. 1= 2018 R <1
A e o, PR AR A 6= 12 Ata2e] A
7§SFATH2018-01-03-P-A). °J¢h= B & £ A=
S AEE 4291 93]9] AoHA] S2US 2 & 3=
THIRB approval number: 1044297-HR-202109-010-01).

2. hsCRP2} Q4+ 12|11 HIZH Bi=0] FHO|

7 A o/d2 5.8 mg/dL oY= 11 HEe] AR 2 H
P, AT w7 F o482 7.1 mg/dL oVdZ 1 el 8
Ab A& ERoIgion, YA Mol A dEE Rt
[12]. T3 v|=A333)(American Heart Association, AHA)
9} uj=t AHEACHPAIE|(Centers for Disease Control and
Prevention, CDC)°lA £573t 7|5-& w2t hsCRP7F 1.0 mg/L
HkE A 2, 1.0~3.0 mg/LY W S2FME, 3.0 mg/L oVdY
off 37 A= gofstHrH13).

i |9ts}s]|(Korean Society for the Study of Obesity,
KSSO)ellA A2l u[ete] #1 @ I ZHcut-off value)S Falz2
Slo] E o)A v]THobesity)S AAHEA|4Ybody mass
index, BMI) 25 kg/m* oJi}o.& A5t v|9l(severe obesity)
2 BMI 30 kg/m” o0&, ¥Z9l v]¥Kmorbid obesity)&
BMI 35 kg/m’ o140 AolalirH14].

24,269 participants in
KNHANES 2016-2018
2016 (N=8,150)
2017 (N=8,127)
2018 (N=7,992)
11,071 men
13,198 women

l_

17,395 participants
eligible for inclusion
2016 (N=6,046)
2017 (N=5.848)
2018 (N=5,501)
7,837 men
9,558 women

6,874 participants who were not attend
interviews or health examinations

Figure 1. Flow diagram of the present study.
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3. A} g
SR AAFRAC) AFRRZA} AUFARE o5 AT

e AAIsoc AZIEZAS] 78 2 AABE, o]

31, oz o} 3. o

Apsiglon, A ARRA} 3

d 5 Ut b et B SHAE A =olol sidshie
Bt =0I(FA 83 cm, 9481 cm)E 7= A ol
=AY 2 1 em$ 0.7 mmHgE 7Riste] A6k
o 242|9} B AR et dYsts] 2 3 514 ARrle
T AL AESIAL, EY S AN T
AlE Tl St 542 29K Sl

A AAL SR Z HDL SYAHIEL v|= AEEAAE0
A 9 320 A #2729 T2 T3(lipid standardization

program, LSP)°l| fofste] 43S B7HtaL Qe i
Y71 Aol A5 WA 1] Sk kol 571
A3l AL S =S Al

6. 7|Ef =

WS 52 2ZF oo elementary school or lower), &

(middle school), 77Z(high school), & o(college or
higher) 0 & E535}9ict. 25 Hle=-25 9 $K(non-drinking),
€ 13] 17K <1 times/month), & 18] AX=(>1 times/month),
18] H=(=1 times/week), /2] | L(Daily) = E-F5I3ct.
S vid vle= A9E A MY A current smoker,
everyday) 0=, Uj 1]-9= 797} ohd 2 197 FAsk=
o] ke A= AA| 718 &A(current smoker, sometimes)
o7 A= wHoy A meA| g AeE A FA
(former smoker)2&, 8 3 o] gli= F9E HIEA
(non-smoker) = FFo13t AEHIA QIR Hr= A9| L7
A 2F=tHlow stress awareness), Zo L7]= Ho|tHbelow
average stress awareness), 10| 7= Ho|tHabove

average stress awareness) OJgte] @o] =7Itkhigh stress
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awareness) 0 & 25519t

IARIASEAEA](International Physical Activity Que-
stionnaire, IPAQ)E 7|& 0.2 AAE5-S AR ZTA7A
FERAL A= E o]-8ole] 15597t 41 a3 Aaslot
ArH15]. ARAF sigR](metabolic equivalent of task,
MET)= &4 A 52 3ck= 57t Doy AU 50
A R340 R ofu|gITH16].

=9 FEAEE 5 T2 79 4J91 A= v 11T (National
Cholesterol Education Program Adult Treatment Panel
11, NCEP ATP III) 712{171°] et 571 35 EHelevated
fasting glucose), 18U hypertension), Z7Fd SR
(elevated triglyceride), A% HDL-Z|AHIE(reduced
HDL cholesterol)& goJsigitt. & EX5 H|THabdominal
obesity)Z {15l T 5] 2=d 4te] 7|%o| 2B = thgh]
Tre}3|(KSSO)ollA g2t 712 &2 A ofstirH2l.

7. Xt2 2

H = SPSS/WIN 24.0 (IBM SPSS Statistics, Chicago,
IL, USA)®} GraphPad Prism 9 (GraphPad Software, San
Diego, CA, USA)E o833t} SUAGITEAE 294
SRS E A (two-stage stratified cluster sampling)
2 QI3 F429] EE APt HEko] gl7] flIsiA 2016|A
2018 Ao]9] 7|57t Bt 7R A9 A7) At 3% Al
A A TSRS ARESlo] EATSI AT 1), Bt w
£ 7RIS 1Hoto] BEHE wARES(complex samples
chi-square)¥} ESMHE t}F A AE 3]AEA(complex
samples multiple logistic regression) 181l E3MHE
HEAEEA(complex samples general linear model)& A
gYoto] FAJ5II. ofnf] Eotai Am S A FHAY
Hepo| gt 4= glot g W= BN A& AR = R8s 3t
O = Aolitt. T3 EHHE ts EAAE SR ERY
F2 AHHFRA Ao Hol(age), d(sex), W{education),
71+ AE(household income), 2 AE(drinking status),
A AEl(smoking status), 2~EZ|A Q12 (stress awareness),
ot = AlZHaverage sleep time), AIA| 5(physical
activity), 3715 3= @d(elevated fasting glucose), TEYL
(hypertension), 71 53 A elevated triglyceride), #4
= HDL-C (reduced HDL cholesterol), £+ B2 abdominal
obesity)& B75to] BAo9Ith. Siee} 2ol £9
At 2 ARPE FRH ARG B E Foto] oA

2 Rl
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1. hsCRP2t Q410] =X|0f| [IE F7HAIS| LEHEIQI

hsCRPS} 84F 23to]| w2 672] T1:20] w2 BMI, hsCRP,
QAL o], 71 25, Wt S AIZE 5-9Jgt [0 7} Q1 9IA]
THP<0.001), AIA EE-2 F2lgt o7t IATH~=0.196,
Table 1). Yo, 8-S B4 BoIE ARbAFEAof|A 11
51£.9] hsCRP9} 529] 84le] BAlof| Q= I5FC] BMI=
59 hsCRPOF A51e2] 84k0] Al Q= IFHTE5.3
km/m’ &2 A7E B Y31(P<0.001, Figure 2), T3H 27+
5£9] hsCRPe} I'5e0] QAlo] FAl9f Q= TIFHET 1.2
km/m?* =& A31E B ,<0.001).

hsCRPS} 84+ 23jo]| wh2 6719] 25 whet uigkgA|, 4
H 08, A, SAAH, TV B8 g, 18Y, F1
= F494%, £71 HDL 488, BR v|ve] vl &2 5
AR oz goJ5t 2Jo]7} 9IT(P<0.001, Table 1), AEHA

=
=y

(A)

—
T
P<0.001
S
< 60
& E
S
“
s
gz
=2 B
SE
2
> 2
L=
£ E
> 20
32
2 T
e

o

/ghuric acid (N=1,927)
Low uric acid (N=15,468)

12568)
cRP (N o -~

Low hs e (N=34 . um\\/

Moder? igh hsORP

©

Prevalence of morbid obesity
(Body mass index > 35 kg/mz) (%)
EY

/
High uric acid (N=1,927)

o

=12,568) Low uric acid (N=15,468)
Low nsCRP (N p (N340

High nsCRP

(N=t 420

woderate NS
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P <0.001
307 P <0.001 L
1
28.4
- 27.2
s
5 25.1
2 - 25.0
£ 259
= 24.5
&
£
z 23.1
=]
-]
3 2 2 2
S Fo Fo & o S
N N i i N ¥ T
& & & & & G§ & s S
PO S & & S S
§ Ve e & ¢ e
N N NG RNE N4 Nd

Figure 2. The adjusted mean of BMI among the concurrent status
of 6 groups marginally stratified by hsCRP, uric acid. Calculated by
complex samples general linear model was applied, with adjusting
for age, sex. Bonferroni correction factor=0.05/6=0.008.

(B)

40

20

Prevalence of severe obesity
(Body mass index > 30 kg/mz) (%)

e

igh uric acid (N=1,927)

o

Low uric acid (N=15,468)

=12,568)
LownsORP 157 - 40T

wigh I

<CRP (V=1 420

Moderate hsC

Figure 3. Comparisons of (A) the obesity (BMI=25 kg/m?), (B)
severe obesity (BMI>30 kg/m?) and (C) morbid obesity (BMI>35
kg/m?). Calculated by complex samples chi-square test.
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Al ThE HF HepETh W2 47 SAFES HIA & ARHHITHBMI>30 kg/m’)2] Q2= a3t Wt QS 1B
AR 0 F FOIBIHTH20.015). %t Bl(model 2)o4] 15T=9] hsCRPL}F 752 Q4l0] &

559 hsCRP}F W5 w0] QAlo] FAlo Q= TJFoA  Alof| Q= T580] 7% IEHT 5.0481(95% AlZEtt 3.32~
HIEHBMI>25 kg/m?)2] SHEL 73.0%01Q3(P<0.001,  7.65, P<0.001) &qton], Zn|EA %, 2ol HgBMI>
Figure 3), 413t HJTHBMI=30 kg/m")9] -FHE2 35.5%0] 35 kg/m)olA1Q] ©2H}=8.2081(95% AlZ73L, 3.74~17.98,
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2. H|2t0f| CHot hsCRP2F Q419 Sk X0 [HE
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Lo], S HARN & BARE B iR ALY 3l7RA =4
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Table 2. Adjusted odd ratios for the risk of obesity according to combination of hsCRP and uric acid

Obesity Severe obesity Morbid obesity
hsCRP® Uric acig® ~ (BMI=25 kg/m?, N=6,042)  (BMI>30 kg/m? N=934) (BMI235 kg/m? N=131)
OR P-value OR P-value OR P-value
Adjusted  Low Low (N=11,396) 1.00 (reference) <0.001 1.00 (reference)  <0.001 1.00 (reference)  <0.001
model 1°  (N=12,568) High (N=1,172) 2.17 (1.88~2.89) 3.22 (2.40~4.32) 3.91 (1.45~10.55)
Moderate Low (N=2,893) 2.61 (2.35~2.89) 5.16 (4.21~6.32) 11.17 (5.90~21.16)
(N=3,407)  High (N=514) 5.69 (4.51~7.18) 13.41 (9.96~18.05) 27.00 (13.37~54.48)
High Low (N=1,179) 2.32 (1.99~2.70) 7.34 (5.71~9.43) 20.92 (10.41~42.03)
(N=1,420)  High (N=241) 7.53 (5.37~10.54) 25.09 (17.79~35.38) 68.90 (32.30~147.00)
Adjusted  Low Low (N=11,396) 1.00 (reference) <0.001 1.00 (reference)  <0.001 1.00 (reference)  <0.001
model 2°  (N=12,568) High (N=1,172) 1.55 (1.27~1.89) 1.63 (1.17~2.27) 1.59 (0.61~4.13)
Moderate Low (N=2,893) 1.71 (1.48~1.98) 2.10 (1.67~2.65) 3.03 (1.58~5.82)
(N=3,407)  High (N=514) 2.16 (1.64~2.85) 3.35 (2.40~4.67) 4.70 (2.37~9.34)
High Low (N=1,179) 1.59 (1.31~1.94) 3.41 (2.56~4.54) 5.63 (2.63~12.06)
(N=1,420)  High (N=241) 1.89 (1.15~3.10) 5.04 (3.32~7.65) 8.20 (3.74~17.98)

®Low hsCRP was defined when 1.00 mg/L or less, moderate hsCRP was defined when 1.00~3.00 mg/L was present, and high hsCRP was
defined when 3.00 mg/L or more was present.

®For premenopausal women, the low uric acid is 0.9~5.7 mg/dL and the high uric acid is 5.8~13.6 mg/dL. For men and postmenopausal
women, the low uric acid is 0.9~7.0 mg/dL and the high uric acid is 7.1~13.6 mg/dL.

“Calculated by complex samples multiple logistic regression was applied, with adjusting for age, sex.

dCalculated by complex samples multiple logistic regression was applied, with adjusting for age, sex, education, household income, drinking
status, smoking status, stress awareness, average sleep time, physical activity, elevated fasting glucose, hypertension, elevated triglyceride,
reduced HDL cholesterol, abdominal obesity.

Abbreviations: See Table 1.
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Table 3. Adjusted mean in BMI for association between hsCRP and uric acid

Low hsCRP®
(N=12,568)

Moderate hsCRP®
(N=3,407)

High hsCRP°
(N=1,420)

P for

P-value . .
interaction

Adjusted model 1°  High uric acid® (N=15,468) 24.6 (24.4~24.8)
Low uric acid® (N=1,927)  23.0 (23.0~23.1)
Adjusted model 2°  High uric acid® (N=15,468) 25.5 (25.3~25.7)
Low uric acid® (N=1,927)  25.0 (24.8~25.1)

27.2 (26.8~27.7)
25.0 (24.8~25.1)
26.7 (26.4~27.0)
25.8 (25.6~26.0)

28.3 (27.6~29.0)
25.0 (24.6~25.2)
27.3 (26.7~27.9)
25.9 (25.6~26.1)

<0.001 <0.001

<0.001 0.009

®Low hsCRP was defined when 1.00 mg/L or less, moderate hsCRP was defined when 1.00~3.00 mg/L was present, and high hsCRP

was defined when 3.00 mg/L or more was present.

®For premenopausal women, the low uric acid is 0.9~5.7 mg/dL and the high uric acid is 5.8~13.6 mg/dL. For men and postmenopausal
women, the low uric acid is 0.9~7.0 mg/dL and the high uric acid is 7.1~13.6 mg/dL.
“Calculated by complex samples general linear model was applied, with adjusting for age, sex.
“Calculated by complex samples general linear model was applied, with adjusting for age, sex, education, household income, drinking status,
smoking status, stress awareness, average sleep time, physical activity, elevated fasting glucose, hypertension, elevated triglyceride, reduced

HDL cholesterol, abdominal obesity.
Abbreviations: See Table 1.
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Figure 4. Interaction effect of the hsCRP and uric acid in complex
samples general linear model. Adjusted for age, sex, education,
household income, drinking status, smoking status, stress awareness,
average sleep time, physical activity, elevated fasting glucose,
hypertension, elevated triglyceride, reduced HDL cholesterol, abdominal
obesity.

o

fuak

w]glo] et i hsCRPO] Tl M st 2410) el
K9S B 2] 7SS go] Btslglont, BRI ojet
Q1704 Mk A 5Jof hsCRPS} RAIR] 415 24 gl
Q= Ao oItk R B wgke BAste] walo] thet
hsCRPS} 2419] A1 2. ehe HollA] ofw]7h aicka Ajz
3}, 2 Q170 5] hsCRPE} 1522 4lo] HAJo] &
Ashe TLES the vl 5ol W) BAH0E ol BMI
7HEgkom), Tt ujglo] Q] Hgko R T} olds
Tk 5o u]8) Ao R 8ol obpiek. Uel, 4, i

8 7K 45, 543, FA4H, 25
2L AR 8%, 74 3R Y, 1Y,
HDLiEﬂ/\EﬂE )7 %4

e Q) B 4 A]

P 9_317} 2ok % 24 o
] HITHBMI=>25 kg/m?)olx12] @ =H]= 1,890, Al5tH]

J(BMI >30 keg/m)oIA 2] Q=H|=

5.040]13L, &R0 IRt

(BMI=35 kg/m?)9] £24]%=8.200]3t}. o= BMI7} 5718
AFEAS4E hsCRP2} 84| TR/do] Arf= Z& LRI
AE9] 96,8632 A A-H cross-sectional study)©l|
Al AR ER vgbr g w0l
3h A70] w=d Thoho 2 wu|oke. QAL AJAL. T gl Zhe

] 4ok P 4

2 AEAAE GEITHIL

oF R3] gk} Lt Pl

Ukl HEACH8].

W 522 A F5)o] DEREo}o] 413}
ol RAlo] Th=gt Ze] 47
e AT, F7 9

pis=n=1

| Z¢ glo|g E-A(longitudinal data analysis)ollA] A8}

BAQIo] Tk QAL H]Tke] 2191

A%k ARE TR

ofFEal QIHH20]. E3] 84k vk 270 2 sz W3

e ke 2

7| 4

Q= Zeint w7 deizcho

10]. T3k Ao] Sttt 4] ek S| A|7to] Ao w4
WA E (adipocyte)”t S7FoFA H
AN|ZAPE A  apoptosis)7} Ao,

TAIEZ}F S7FskaL &

215 hsCRPE 5710521
O B et LA BES

$uH0E APEL A
ol AEAEA} w4y
3 5.9J0]4] 25o] AGH=I7] o] <y
24 THEZL AR 954 Ao]Ert
AHPAES] B7He A 2
B, olof] wrek A 2]

} Aol A BA| 22}

AN+ e o] 11—0% ‘dAVd B skl hsCRP| &
£ 571 *EH22]. 5= A9 AollA ke AR

www.kjcls.org



350 Sang Shin Pyo. The Interaction of High Sensitivity C-Reactive Protein and Uric Acid on Obesity

Altered energy balance

!

Weight gain

!

Abdominal obesity

¥ 1

hsCRP

Uric acid

v ¥

Complement activation
Liver damage
Insulin resistance
Metabolic syndrome
Obesity

Figure 5. Interaction of hsCRP and uric aicd in activating inflammatory
processes leading to increased risk of obesity.
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