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Abstract

Background Low-grade inflammation plays a role in the pathogenesis of metabolic syndrome (MetS), and
measuring levels of inflammatory molecules, such as high-sensitivity C-reactive protein (hs-CRP), may indicate Mets
progression. Serum uric acid (SUA) has also been identified as an independent risk factor for MetS. This study aimed to
investigate the association between MetS components and levels of serum hs-CRP and SUA using representative and
reliable data for the Korean population.

Methods This study used the data of the Korea National Health and Nutrition Examination Survey 2016-2018,
a cross-sectional and nationally representative survey performed by the Korean Centers for Disease Control and
Prevention.

Results We analysed the data of 13,454 individuals. High hs-CRP levels were observed in 1,164 (8.7%) subjects while
3,296 (24.5%) subjects had high SUA levels. Moreover, hs-CRP was negatively correlated with serum high-density
lipoprotein (HDL) (OR, 1.703; 95% Cl, 1.431-2.027). When stratified by sex, this trend remained, but the correlation was
stronger in women than in men. Furthermore, high SUA levels were significantly associated with hypertension (HTN)
(OR, 1.399; 95% Cl, 1.210-1.616), hypertriglyceridemia (OR, 1.735; 95% Cl, 1.486-2.026), and low HDL (OR, 1.257; 95%
Cl, 1.106-1.429), but not with diabetes mellitus (DM) (OR, 0.478; 95% Cl, 0.382-0.597). When grouped by sex, this trend
remained, however, all MetS components were found to be more prevalent in women with high SUA.

Conclusions Our findings showed that low HDL was more prevalent in subjects with high hs-CRP, and high SUA
levels were observed in subjects with HTN, hypertriglyceridemia, and low HDL. However, the prevalence of high SUA
was lower in diabetic subjects.
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Background

Metabolic syndrome (MetS) is a cluster of metabolic
abnormalities that include abdominal obesity with high
waist circumference (WC), increased blood pressure
(BP), increased fasting blood glucose (FBG) and triglyc-
eride (TG) levels, and decreased high-density lipoprotein
(HDL) cholesterol levels [1-3]. These abnormalities are
the well-known classical risk factors for type 2 diabetes
mellitus (DM) and cardiovascular diseases (CVDs) [2, 3].
Worldwide, the prevalence of MetS has rapidly increased
over the past several decades, and it is estimated that
about one-quarter of adults have MetS, although its
prevalence differs in different geographical regions [4-9].
Thus, it is crucial to identify early risk factors for MetS
that could ultimately help in preventing abnormal condi-
tions leading to chronic diseases.

Previous studies suggest that MetS is a chronic condi-
tion with low-grade inflammation and is influenced by
the interaction between genetic and environmental fac-
tors [10, 11]. Although the precise role of inflammation
in MetS pathogenesis remains unknown, the rate of dis-
ease progression could be indirectly estimated by mea-
suring the circulating levels of inflammatory molecules
such as high-sensitivity C-reactive protein (hs-CRP) [10,
11]. Mirhafez et al. reported that serum hs-CRP level
increases in a step-wise manner with the increase in the
number of MetS components [1]. Similar association was
observed in another study conducted by Wang et al. [12].

Increased level of serum uric acid (SUA), the end prod-
uct of purine metabolism, is considered as one of the
independent risk factors for MetS [13-15]. High SUA
levels might contribute to the development of MetS by
enhancing the levels of circulatory inflammatory mol-
ecules, such as hs-CRP, and increasing the erythrocyte
sedimentation rate by activating nuclear factor kappa-
light-chain-enhancer of activated B cells (NF-kB), a
protein complex that plays a role in the transcription of
several cytokines and inflammatory molecules [14]. Thus,
it is possible to predict the development of hypertension,
obesity, and DM by monitoring the levels of serum hs-
CRP and SUA.

The independent risk factors of hs-CRP and SUA levels
may have a significant impact on evaluating the preva-
lence of MetS components in both men and women.
Moreover, research has shown that there is a correlation
between BMI and the increase in SUA and hs-CRP lev-
els in adults [13, 16]. Nevertheless, there have been lim-
ited investigations into these relationships among Korean
adults. Hence, the aim of this study was to explore the
associations between the levels of hs-CRP and SUA
and the prevalence of MetS components among Korean

adults, categorized by sex and BMI subgroups, using rep-
resentative and reliable data for the Korean population.

Methods

Study population

This study used data from the seventh Korea National
Health and Nutrition Examination Survey (KNHANES
VII) conducted during 2016-2018 by the Korean Cen-
ters for Disease Control and Prevention (KCDC). The
KNHANES data were obtained annually from randomly
selected 3840 individuals of 192 regions in Korea using
a stratified multi-stage probability sampling design. The
KNHANES included a health interview, health exami-
nation, and a nutrition survey. The data were collected
through household interviews, and standardized physi-
cal examinations were conducted at mobile examina-
tion centers. All survey procedures were approved by
the institutional review board of the KCDC, and writ-
ten informed consent was obtained from all participants
before initiating the surveys. All study participants were
aged>19 years. Individuals with data on WC, BP, FBG,
TG, HDL, hs-CRP, and SUA were included in our study.
Finally, 13,454 out of 24,269 adults were eligible for this
study (Fig. 1).

Definition of metabolic syndrome components

Serum levels of glucose, TG, and HDL cholesterol were
measured after 8- or 12-hour fasting period. The hexo-
kinase UV method with the Hitachi Automatic Analyzer
(Hitachi, Japan) and Pureauto S GLU reagent (Sekisui,
Japan) was used to measure glucose levels. TG levels
were measured using the enzymatic method with the
Hitachi Automatic Analyzer (Hitachi, Japan) and Pure-
auto S TG-N reagent (Sekisui, Japan). HDL cholesterol
levels were measured with the Cholestest N HDL reagent
(Sekisui, Japan) and homogeneous enzymatic colorimet-
ric method using the Hitachi Automatic Analyzer (Hita-
chi, Japan). Normal fasting glucose level was considered
as <100 mg/dL, impaired fasting glucose or prediabe-
tes was considered if the fasting glucose level was 100—
125 mg/dL, and DM was considered if fasting glucose was
2126 mg/dL [17]. Individuals with DM who were receiv-
ing antihyperglycemic agents and/or insulin, regardless
of the fasting glucose level, were also included in the DM
group. Hypertriglyceridemia was defined as fasting TG
level>200 mg/dL, and individuals were assigned to high
or very high groups according to the National Cholesterol
Education Program Adult Treatment Panel III (NCEP
ATP III) guidelines [2, 18]. This decision was made to
better reflect the actual clinical setting and to better cap-
ture the increased risk of cardiovascular diseases such as
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Excluded subjects who aged < 19 years (n = 4,880)

\ 4

Excluded subjects without waist circumference (n = 898)

\ 4

Excluded subjects without blood pressure (n = 59)

\ 4

Excluded subjects without FBG (n = 1,182)

\ 4

Excluded subjects without fasting triglycerides (n = 3,234)

\ 4

Excluded subjects without fasting HDL (n = 9)

\ 4

Excluded subjects without hs-CRP (n = 547)

\ 4

Excluded subjects without uric acid (n = 6)

v
Final analysis set (n = 13,454)

Fig. 1 Flow chart of selecting study subjects from the Korea National Health and Nutrition Examination Survey 2016-2018

heart attacks and strokes. In addition, this decision was
made based on the assumption that using this thresh-
old would demonstrate a more significant association
between hs-CRP, SUA, and high triglyceride levels. Low
HDL cholesterol level was defined as <40 mg/dL for men
and <50 mg/dL for women [18].

BP measurements were performed on the right arm of
the participants seated for at least 5 min using a standard
mercury sphygmomanometer. Three measurements were
performed for all participants at 5-minute intervals, and
the average of the second and third measurements was
used in the analysis. Hypertension (HTN) was defined
as systolic blood pressure (SBP)>=140 mmHg, diastolic
blood pressure (DBP)>90 mmHg, or use of antihyper-
tensive medications independently of BP [19].

WC measurement was taken to the nearest 0.1 cm in a
horizontal plane at the midpoint between the iliac crest
and the lower rib. High WC was defined as 290 cm for
men and =85 cm for women according to the criteria for
abdominal obesity defined by the Korean Society for the
Study of Obesity [20].

Hs-CRP and SUA measurements

Hs-CRP levels were measured by immunoturbidimetry
using the Cobas analyzer (Roche, Germany) and the Car-
diac C-Reactive Protein High Sensitivity reagent (Roche,

Germany) (detection range 0.1-20 mg/L). High and low
hs-CRP levels were defined as >3.0 mg/L and <3.0 mg/
dL, respectively [1]. SUA was measured by colorimet-
ric method using uricase and Uric acid reagent (Eiken,
Japan) on a Hitachi Automatic Analyzer (Hitachi, Japan)
(lower detection limit 1.0 mg/dL). High and low SUA lev-
els were defined as 26 mg/dL and <6 mg/dL, respectively
[10].

Other variables

Information on age, sex, socioeconomic variables (i.e.,
household income and educational level), and lifestyle
variables (i.e., smoking, alcohol consumption, and physi-
cal activity) were collected from all participants using a
self-reported questionnaire. The average monthly house-
hold income was categorized into four groups: low, lower
middle, higher middle, and high. Educational level was
categorized into four groups: elementary school gradu-
ation or lower, middle school graduation, high school
graduation, and college graduation or higher. Non-smok-
ers were defined as individuals who had never smoked
in their lifetime, past-smokers as those who had smoked
in the past but did not smoke at the time of conduct-
ing the survey, and current smokers as those who con-
tinued smoking daily or often at the time of conducting
the survey. Alcohol consumption was dichotomized into
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zero and non-zero consumption. Physical activity during
work, transport, and leisure time was estimated based on
the total time spent in physical activity per week and the
intensity of the physical activity. The following criteria
regarding physical activity for health were recommended
to achieve=600 MET-min/week: at least 150 min/week
of moderate-intensity physical activity, 75 min/week
of vigorous-intensity physical activity, or an equivalent
combination of moderate- and vigorous-intensity physi-
cal activity.

Body weight and height were measured to the nearest
0.1 kg and 0.1 cm, respectively, with participants wear-
ing light indoor clothing without shoes. BMI was cal-
culated by dividing weight (in kilograms) by the square
of height (in meters) (kg/m?). Underweight status was
defined as BMI<18.5 kg/m? normoweight as BMI
between >18.5 kg/m? and <25.0 kg/m? overweight as
BMI between >25.0 kg/m? and < 30.0 kg/m?, and obese as
BMI>30.0 kg/m? [21].

Statistical analysis

All statistical analyses were performed using SAS ver-
sion 9.4 (SAS Institute Inc., Cary, NC, USA). We applied
the complex sampling design and sampling weights
while analyzing the KNHANES data in order to provide
a national prevalence estimate. A P-value<0.05 was con-
sidered statistically significant. The subjects included in
the analysis were divided into groups based on hs-CRP
and SUA levels. Subgroup analyses were performed
according to sex and BMI. The chi-square test was used
to analyzed categorical variables (represented as fre-
quency and percentage (%)), whereas the independent
t-test was used to analyze continuous variables (repre-
sented as meanz*standard error). Multivariate logistic
regression analysis was performed to assess the impact of
hs-CRP and SUA (using low hs-CRP and low SUA as the
reference groups) on the prevalence of MetS components
by sex and BMI (<25.0 kg/m? and >25.0 kg/m?) sub-
groups. Results of the regression analysis are presented
as odds ratios (ORs) with 95% confidence intervals (CIs).

Results

We retrospectively analysed the data of 13,454 subjects.
Low and high hs-CRP levels were observed in 12,290
(91.3%) and 1,164 (8.7%) subjects, respectively. Moreover,
low and high SUA levels were observed in 10,158 (75.5%)
and 3,296 (24.5%) subjects, respectively. The characteris-
tics of the participants are summarized in Table 1. Com-
pared to subjects with low hs-CRP, the prevalence of high
WC (46.16% vs. 27.69%), HTN (36.30% vs. 27.57%), pre-
diabetes (25.14% vs. 22.87%), DM (16.10% vs. 10.18%),
hypertriglyceridemia (18.18% vs. 15.48%), and low HDL
(47.35% vs. 30.08%) was higher in those with high hs-
CRP. Similarly, compared to subjects with low SUA,
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the prevalence of high WC (40.41% vs. 24.98%), HTN
(33.91% vs. 26.17%), prediabetes (28.98% vs. 20.80%),
hypertriglyceridemia (26.92% vs. 11.45%), and low HDL
(32.10% vs. 31.31%) was higher in those with high SUA.
However, the prevalence of DM was lower in subjects
with high SUA compared to those with low SUA (8.87%
vs. 11.36%).

To determine the association between hs-CRP levels
and MetS components, we performed logistic regres-
sion analysis, and the results are presented in Table 2. A
significant negative correlation was observed between
HDL and hs-CRP (OR, 1.703; 95% CI, 1.431-2.027). In
subjects with BMI<25 kg/m?, the OR of high hs-CRP for
low HDL was higher than that for low hs-CRP. In sub-
jects with BMI>25 kg/m?, the OR of high hs-CRP as a
risk determinant factor for low HDL was higher than
that of low hs-CRP. However, the OR in subjects with
BMI<25 kg/m? was relatively higher than that in their
counterparts. High WC was significantly associated with
hs-CRP only in subjects with BMI>25 kg/m? When
stratified by sex, similar trends were observed.

Furthermore, logistic regression analysis was per-
formed to determine the association between SUA
levels and MetS components, and the results are sum-
marized in Table 3. A high SUA level was found to be
an independent risk factor for HTN (OR, 1.399; 95%
CI, 1.210-1.616), hypertriglyceridemia (OR, 1.735; 95%
CI, 1.486-2.026), and low HDL (OR, 1.257; 95% CI,
1.106-1.429), but not for DM (OR, 0.478; 95% CI, 0.382—
0.597). The ORs of high SUA for prediabetes and high
WC were similar to those for low SUA. Similar trends
were observed when the subjects were stratified by BMI
(<25 kg/m? vs. >25 kg/m?).

Finally, logistic regression analysis was implemented to
estimate the association between SUA levels and MetS
components for men and women separately, and the
findings are presented in Table 3. In the subgroup analy-
ses for men, the ORs of high SUA for HTN (OR, 1.272;
95% CI, 1.081-1.497), hypertriglyceridemia (OR, 1.735;
95% CI, 1.452-2.074), and low HDL (OR, 1.171; 95% CI,
1.002-1.368) were higher than those of low SUA. How-
ever, the ORs of high SUA for DM (OR, 0.339; 95% CI,
0.268-0.429) and prediabetes (OR, 0.845; 95% CI, 0.725—
0.984) were lower than those of low SUA. No significant
association was observed between SUA levels and WC.
In men, these trends remained even after stratification
according to BML In the subgroup analyses for women,
the association between SUA and each MetS component
was comparatively stronger than that in men. The ORs
of high SUA for HTN (OR, 1.906; 95% CI, 1.443-2.517),
DM (OR, 1.512; 95% CI, 1.081-2.114), prediabetes (OR,
1.431; 95% CI, 1.100-1.861), hypertriglyceridemia (OR,
1.752; 95% CI, 1.331-2.305), low HDL (OR, 1.483; 95%
CI, 1.189-1.850), and high WC (OR, 1.598; 95% CI,
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Table 1 Characteristics of the study population
Characteristic Low hs-CRP High hs-CRP p-value” Low SUA High SUA p-value”
(N=12,290) (N=1,164) (N=10,158) (N=3,296)
% (SE) Un- % (SE) Un- % (SE) Un- % (SE) Un-
weight- weight- weight- weight-
edN edN edN edN
Age (years), mean (SE) 47.77 (0.26) - 4992 (0.63) - 0.0005 49.03(0.28) - 4442 (0.36) - <0.0001
Gender
Men 48.53 (046) 5,232 4990 (0.21) 544 04459 34.12(046) 3,059 86.81(0.50) 2,717 <0.0001
Women 5147 (045) 7,058 50.01 (0.19) 620 65.88 (045) 7,099 13.19(0.18) 579
Household income
Low 16.04 (0.52) 2,387 23.61(0.14) 337 <0.0001 17.55(0.50) 2,117 14.36 (0.23) 607 0.0001
Lower middle 23.66 (0.57) 2,988 24.60 (0.14) 287 23.97 (0.50) 2,485 23.12(031) 790
Higher middle 2946 (0.61) 3,379 29.05(0.17) 289 29.50(0.52) 2,779 29.22(0.33) 889
High 30.84 (0.82) 3,500 22.75(0.14) 245 2898 (0.68) 2,744 33.30(0.39) 1,001
Educational level
< Elementary school 15.08 (046) 2,505 20.07(0.12) 319 0.0004 17.52(045) 2,305 10.14 (0.15) 519 <0.0001
Middle school 868 (0.30) 1,193 9.67(0.09) 115 9.27(0.29) 1,004 745(0.14) 304
High school 3442 (0.61) 3,731 32.16(0.17) 309 33.74(0.56) 3,022 3551(034) 1,018
> College 41.82(0.81) 4,446 38.10(0.18) 373 3947 (0.63) 3477 46.90 (045) 1,342
Smoking
Non-smoker 5821(0.51) 7,514 55.84(0.21) 652 0.0476 6664 (0.50) 6,994 3537(033) 1,172 <0.0001
Ex-smoker 21.64(0.39) 2,627 2034 (0.13) 260 17.85(0.33) 1,779 31.19(0.29) 1,108
Current smoker 20.15(0.48) 2,067 23.82(0.14) 235 15.51(0.37) 1,306 3344 (0.35) 996
Alcohol consumption
No 8.92(030) 1,386 11.24(0.10) 148 0.0296 10.80(0.29) 1,339 4.69(0.12) 195 <0.0001
Yes 91.08 (040) 10,830  88.76(0.26) 1,002 89.20(0.53) 8,749 95.31(0.50) 3,083
BMI (kg/m?)
<25 65.99 (0.56) 8,079 4830(0.19) 583 <0.0001 70.27(0.54) 7,009 4939 (040) 1,653 <0.0001
> 25 34.01(0.52) 4,180 51.70(0.21) 579 29.73(048) 3,121 50.61(0.40) 1,638
High waist circumference 2769 (0.52) 3,617 46.16 (0.19) 544 <0.0001 2498045 2,761 40.41(0.35) 1,400 <0.0001
Hypertension 27.57(0.52) 4,006 36.30(0.16) 485 <0.0001 26.17(047) 3,170 33.91(030) 1,321 <0.0001
Glucose metabolism status
Normal 66.95 (0.56) 7,807 5876 (0.22) 621 <0.0001 67.84(0.54) 6,573 62.15(0.45) 1,855 <0.0001
Prediabetes 22.87(0.40) 2,959 25.14(0.14) 326 20.80(0.37) 2,244 2898 (0.28) 1,041
DM 10.18(0.31) 1,524 16.10(0.12) 217 11.36(0.29) 1,341 8.87(0.15) 400
Hypertriglyceridemia 1548(0.36) 1,824 18.18(0.13) 196 0.0489 11.45(0.30) 1,138 2692 (0.27) 882 <0.0001
Low HDL cholesterol 30.08 (0.51) 4,027 47.35(0.20) 573 <0.0001 31.31(045) 3,448 32.10(0.30) 1,152 0.4404
Physical activity
< 600 MET-minutes/week 53.13(0.60) 6,692 56.31(0.21) 669 0.0835 54.85(0.58) 5673 49.55(0.39) 1,688 <0.0001
> 600 MET-minutes/week 46.87 (062) 5,174 43.69(0.19) 448 45.15(0.54) 4,133 5045 (0.40) 1,489
Number of MetS components
<3 71.71(0.55) 8379 5741(022) 616 <0.0001 74.07(0.56) 7,146 61.17(0.45) 1,849 <0.0001
>3 28.29(0.50) 3911 4259(0.17) 548 25.93(045) 3,012 38.83(0.32) 1447

hs-CRP, high sensitivity C-reactive protein; SUA, serum uric acid; SE, standard error; BMI, body mass index; DM, diabetes mellitus; HDL, high density lipoprotein; MET,

metabolic equivalents; MetS, metabolic syndrome

"Calculated by chi-square tests for categorical variables and independent t-tests for continuous variables

1.145-2.230) were higher than those of low SUA. In par-
ticular, a significant association between high SUA levels
and DM risk was observed only among women.

Discussion

Herein, we investigated the association of hs-CRP and
SUA levels with MetS components in Korean adults aged
19 years and above using the reliable and representative

KNHANES VII data. Our results showed that low HDL
was more prevalent in subjects with high hs-CRP levels.
This trend remained even when individuals were grouped
by sex and BMIL; however, the association was stronger in
women than in men. Moreover, the prevalence of high
SUA was higher in subjects with HTN, hypertriglyceride-
mia, and low HDL; however, it was lower in those with
DM. When grouped by sex, this trend was still observed



Kim and Yang BMC Endocrine Disorders (2023) 23:163

Page 6 of 11

Table 2 Odds ratios for the components of the metabolic syndrome according to hs-CRP levels

Metabolic syndrome Unadjusted OR (95% Cl) Adjusted OR (95% Cl) Adjusted OR (95% Cl) for Adjusted OR (95% Cl) for
components BMI <25 kg/m? BMI =25 kg/m?
Total

HTNP 1497 (1.296, 1.730 1.001 (0.835, 1.200 1.095 (0.854, 1.402 1.168 (0.916, 1.489

DM* 1.802 (1470, 2.208 1.091 (0.855, 1.392 0.991 (0.704, 1.396, 1.314(0.949,1.819

Prediabetes®

Hypertriglyceridemia® 1

( )
( )
1.253 (1.055, 1.488)
3(1.000, 1471)
( )
( )

(
(
0.923 (0.766, 1.111
(
(
(

Low HDL® 2.090 (1.791, 2.440 1.703(1.431,2.027
High waist 2.239(1.946, 2.576 0.989 (0.799, 1.223
circumferencef
Men"
HTNP 1.305 (1.064-1.600 0.931 (0.726-1.193
DM® 1576 (1.171-2.121 1.099 (0.785-1.538

Prediabetes®

Hypertriglyceridemia®

(1
(
1.186 (0.929-1.516
0.879 (0.672-1.148
(
(

(
(
0.938 (0.727-1.210
0.622 (0470-0.824
(1
(

Low HDL® 1.863 (1497-2318 1557 (1.235-1.962
High waist 1.794 (1.432-2.248 1.054 (0.774-1436
circumferencef
Women"
HTNP 1724 (1.414-2.102) 28(0.862-1.477)
DM* 2.066 (1.573-2.712) 1.050 (0.748-1.474)
Prediabetes® 6 (1.044-1.660) 0.897 (0.694-1.159)
Hypertriglyceridemiad 1.939 (1.463-2.569) 36 (0.821-1.573)
Low HDL® 2432 (1.971-3.000) 832( 1.442-2.326)
High waist 4(2.328-3.401) 0.977(0.725-1.316)

)
92)
)
0.772 (0.622, 0958)
)
)

( )
( )
0.994 (0.765, 1.292)
0.805 (0.577,1.124)
1.943 (1,532, 2.464)
1.066 (0.741,1.534)

0.891 (0.636-1.247)
0.930 (0.582-1.486)
1.102 (0.752-1.616)
0.654 (0.419-1.020)
1.709 (1.215-2.403)

( )

1.128 (0.650-1.957

1.401 (0.977-2.007)
1.063 (0.635-1.780)
0.841(0.593-1.192)
1.191 (0.723-1.962)
2.114(1.545-2.892)
1.014 (0.627-1.642)

0.961 (

0.782(0.595, 1.028
1.571(1.228,2.011
1.653 (1.243,2.199

1.149 (0.817-1.616
1403 (0.871-2.258
0.890 (0.620-1.276
0.611(0.433-0.862
1.532 (1.090-2.1

1.764 (1.139-2.732

1.182(0.835-1.674
1.198 (0.795-1.803
1.052 (0.742-1.491
1.100 (0.737-1.640
1632 (1.164-2.288
1.599 (1.092-2.342

)
)
0.746, 1.238)
)
)
)

)
)
)
)
55)
)

circumferencef

Odds ratios with adjustments using logistic regression models
HTN, hypertension; DM, diabetes mellitus

“Not adjusted for sex

?Not adjusted for BMI.

bAdjusted for age, sex, household income, educational level, smoking, alcohol consumption, BMI (continuous), DM, prediabetes, hypertriglyceridemia, low HDL,

high waist circumference, and physical activity

“Adjusted for age, sex, household income, educational level, smoking, alcohol consumption, BMI (continuous), hypertension, hypertriglyceridemia, low HDL, high

waist circumference, and physical activity

dAdjusted for age, sex, household income, educational level, smoking, alcohol consumption, BMI (continuous), hypertension, DM, prediabetes, low HDL, high waist

circumference, and physical activity

€Adjusted for age, sex, household income, educational level, smoking, alcohol consumption, BMI (continuous), hypertension, DM, prediabetes, hypertriglyceridemia,

high waist circumference, and physical activity

fAdjusted for age, sex, household income, educational level, smoking, alcohol consumption, BMI (continuous), hypertension, DM, prediabetes, hypertriglyceridemia,

low HDL, and physical activity

in men, but all MetS components were found to be more
prevalent in women with high SUA. These results sug-
gest that hs-CRP and SUA could be used as potential bio-
markers for identifying individuals at high risk for MetS
and cardiometabolic diseases.

Increased hs-CRP levels in individuals with possible
MetS could be explained based on the prevalence of low
HDL and high WC [22-25]. The inverse relationship
between hs-CRP and HDL levels in healthy individuals
and those with MetS has been reported in several studies,
suggesting that low HDL could be the main independent
determinant for high hs-CRP that favors inflamma-
tion [22, 24, 25]. Another study reported that the overall
prevalence of low HDL was approximately 1.703 times
higher in subjects with high hs-CRP than those with low

hs-CRP. Interestingly, higher prevalence of high hs-CRP
was observed in women than in men. This sex-associated
difference might be due to differences in the hormonal
profile and total body adipose tissue between men and
women [22, 26]. In women, estrogen might be involved
in the inflammatory process [22], and compared to men,
women generally have a higher percentage of total body
adipose tissue, which is known to secretes several pro-
inflammatory cytokines, such as tumor necrosis factor
(TNF)-«, leptin, and adiponectin [26, 27]. Additionally,
previous studies have shown that CRP gene expression
and levels are increased from adipose tissue of MetS
subjects, suggesting the significant association between
increased hs-CRP levels and high WC [28, 29].
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Table 3 Odds ratios for the components of the metabolic syndrome according to uric acid levels

Metabolic syndrome Unadjusted OR (95% Cl) Adjusted OR (95% Cl) Adjusted OR (95% ClI) for Adjusted OR (95% Cl) for

components BMI < 25 kg/m?? BMI = 25 kg/m?®

Total
HTNP 1.448 (1.307-1.605) 1.399 (1.210-1.616) 1479 (1.222-1.790) 1478 (1.235-1.769)
DM* 0.852 (0.734-0.989) 0478 (0.382-0.597) 9 (0.389-0.694) 0.499 (0.372-0.669)
Prediabetes® 1.521 (1.369-1.690) 0.937(0.817-1.074) 0.927 (0.765-1.123) 0.995 (0.822-1.204)
Hypertriglyceridemia 2.849 (2.534-3. 203) 1.735 (1.486-2.026) 1.920 (1.536-2.399) 1.579(1.293-1.927)
Low HDL® 1.037 (0.945-1.139) 1.257 (1.106-1.429) 1328 (1.115-1.581) 2(1.010-1.456)
High waist 2.038 (1.856-2. 237) 1.042 (0.887-1.225) 1.233(0.921-1.650) 1.298 (1.083-1.556)

circumferencef

Men"
HTNP 0.989 (0.866-1.128) 1.272 (1.081-1.497) 1.292 (1.050-1.589) 1.402 (1.118-1.757)
DM* 0.384(0.318- 0465) 0.339 (0.268-0.429) 0.396 (0.291-0.537) 0.326 (0.232-0.458)
Prediabetes® 0.953 (0.834-1.088) 0.845 (0.725-0.984) 0.866 (0.703-1.066) 0.858 (0.676-1.088)
Hypertriglyceridemiad 1.879 (1.611-2.191) 1.735 (1.452-2.074) 1.889 (1.490-2.393) 1(1.258-2.062)
Low HDL® 1.351(1.183-1.542) 71 (1.002-1.368) 1.247 (1.016-1.532) 1.159 (0.915-1.467)
High waist 1.586 (1.396-1 01) 0.933(0.770-1.132) 1.055 (0.756-1.471) 1.203 (0.954-1.517)

circumferencef

Women"
HTNP 3.225(2.613-3.981) 1.906 (1.443-2.517) 2.365 (1.631-3.430) 1.783(1.291-2.461)
DM* 3.405 (2.583-4.489) 1.512(1.081-2.114) 1.880 (1.176-3.004) 1425 (0.958-2.120)
Prediabetes® 2.606 (2.070-3.281) 1431 (1.100-1.861) 1.404 (0.953-2.070) 1.459 (1.035-2.057)
Hypertriglyceridemia 3.193 (2.478-4.115) 1.752 (1.331-2.305) 2.151 (1.409-3.283) 1.522 (1.082-2.142)
Low HDL® 2441 (2.009-2.967) 1.483 (1.189-1.850) 1454 (1.058-1.998) 1.428 (1.057-1.930)
High waist 3.900 (3.180-4.783) 1.598 (1.145-2.230) 1.697 (1.070-2.693) 1.731(1.209-2.478)

circumferencef

Odds ratios with adjustments using logistic regression models
HTN, hypertension; DM, diabetes mellitus

“Not adjusted for sex

?Not adjusted for BMI.

bAdjusted for age, sex, household income, educational level, smoking, alcohol consumption, BMI (continuous), DM, prediabetes, hypertriglyceridemia, low HDL,

high waist circumference, and physical activity

“Adjusted for age, sex, household income, educational level, smoking, alcohol consumption, BMI (continuous), hypertension, hypertriglyceridemia, low HDL, high

waist circumference, and physical activity

dAdjusted for age, sex, household income, educational level, smoking, alcohol consumption, BMI (continuous), hypertension, DM, prediabetes, low HDL, high waist

circumference, and physical activity

€Adjusted for age, sex, household income, educational level, smoking, alcohol consumption, BMI (continuous), hypertension, DM, prediabetes, hypertriglyceridemia,

high waist circumference, and physical activity

fAdjusted for age, sex, household income, educational level, smoking, alcohol consumption, BMI (continuous), hypertension, DM, prediabetes, hypertriglyceridemia,

low HDL, and physical activity

In this study, compared to overweight and obese
subjects (BMI>25 kg/m?), normal-weight subjects
(BMI<25 kg/m? showed a more significant negative
correlation between HDL and hs-CRP in both men and
women. This might be explained partially by the fact that
individuals with normal weight obesity (NWO), which
is defined as a state of normal weight (BMI<25 kg/m?)
but increased body fat percentage, are at a high risk for
cardiovascular disorders [30]. The NWO phenotype is
more prevalent in Asians compared to Westerners [31,
32]. Previous studies showed that Asians not only have
a high percentage of body fat but also a relatively high
prevalence of at least one risk factor for cardiovascular
disorders even at a low BMI [32]. Specifically, over 30%
of the general Korean population might be classified as

having NWO even if a lower cut-off (BMI<23 kg/m? for
the Asian cut-off point) is applied [33]. Individuals with
the NWO phenotype are likely to have increased levels
of adipocyte-derived proinflammatory cytokines due to
increased body fat mass [30, 34]. In people with NWO,
excessive body fat could affect the levels of HDL and TG
through various mechanisms, such as alteration of the
lipolysis process [30, 35]. Free fatty acid (FFA) and very
low-density lipoprotein-triglyceride (VLDL-TG) complex
are synthesized by the adipose tissue, and increased lysis
of TG leads to increased levels of FFA, which eventually
prevents the action of the enzyme lipoprotein lipase and
increases the production of VLDL and TG in the liver
[30, 36]. Increase in FFA, TG, and VLDL-TG levels can
further promote the activity of cholesteryl ester transfer
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protein, leading to increased synthesis of TG-rich HDL
particles, which are easily cleared and degraded, thereby
lowering HDL levels [30, 36].

Our results showed that the overall prevalence rate of
high SUA was higher in subjects with hypertriglyceride-
mia but not in those with high WC, a surrogate marker
of central obesity. Our results are consistent with those
of previous studies [37, 38]. A cross-sectional study in
Peru reported that high SUA levels are positively associ-
ated with hypertriglyceridemia but not with central obe-
sity [37]. Another longitudinal study in China reported
that individuals with higher triglyceride levels are more
likely to develop hyperuricemia than those with low tri-
glyceride levels [38]. The association between high SUA
and hypertriglyceridemia can be indirectly proved by
urate-lowering therapy, which improves serum choles-
terol and triglyceride levels [39]. Moreover, this associa-
tion between high SUA and hypertriglyceridemia could
be explained to some extent by alterations in the metabo-
lism of lipids, especially triglycerides, through the activa-
tion of mitochondrial NADPH oxidase and inhibition of
AMPK and AKT?2 [37, 40]. Thus, although central obe-
sity is a significant risk factor for the development of car-
diometabolic diseases and MetS, our results suggest that
hypertriglyceridemia due to high SUA precedes obesity.
Interestingly, differences in the sex-specific association
between high SUA levels and hypertriglyceridemia were
not observed in this study.

Consistent with previous studies, we observed signifi-
cantly higher SUA levels in men than in women, which
might be due to the urate-lowering effects of estrogen
in women [41-43]. However, it has been shown that
the association between high SUA and various diseases
including HTN is stronger in women than in men, which
suggests that SUA plays a sex-specific role in the progres-
sion of cardiometabolic diseases [41, 44]. This sensitiv-
ity of women towards SUA may be partially explained
by the positive association between mean platelet vol-
ume and SUA levels, which is observed only in women
[41, 45]. Mean platelet volume as a determinant of plate-
let activation and is correlated with several cardiometa-
bolic diseases including HTN [41, 46—48]. We observed
that the overall prevalence rate of high SUA is higher in
subjects with HTN. Specifically, the relationship between
high SUA and HTN was found to be stronger in women
than in men. These results are contrary with those of
previous studies. A study from Japan reported that high
SUA is strongly associated with HTN in men, but not in
women [49]. Conversely, another study from China found
that high SUA is positively correlated with HTN in men,
whereas a negative correlation was observed in women
[50].

We observed that the overall prevalence of high SUA is
lower in diabetic subjects, which is in line with the results
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of previous studies [51-54]. It has been reported that
SUA levels are inversely correlated with DM in a repre-
sentative sample of US adults [51]. This inverse correla-
tion between SUA and DM was also reported in studies
from Japan, India, and China [52—54]. This inverse corre-
lation might be due to the uricosuric effect of glucose on
uric acid. High glucose levels in diabetic individuals may
prevent uric acid from being reabsorbed and enhance its
excretion through the kidneys, thereby reducing the net
concentration of SUA [55-57]. Another possible mecha-
nism to explain the negative correlation between SUA
and DM is related to the reduced antioxidant action of
uric acid due to oxidative stress and increased free radical
production in diabetic individuals [58-60]. It is possible
that serum uric acid has a dual function in determining
health outcomes, with the ultimate effects depending on
the balance between these two functions [61]. At lower
levels, serum uric acid can act as a powerful endogenous
antioxidant with beneficial anti-oxidative effects [62, 63].
However, at higher levels, serum uric acid can act as a
prooxidant on vascular cells and adipocytes [64], and
promote the secretion of inflammatory mediators such as
C-reactive protein and monocyte chemoattractant pro-
tein-1 [65, 66]. This suggests that at higher levels, its pro-
oxidant function may outweigh its antioxidant function,
leading to endocrine disorders.

Interestingly, when stratified by sex, the negative asso-
ciation between SUA and DM became stronger in men;
however, a positive association was observed in women,
which is similar to findings of some previous studies [67,
68]. A 5-year retrospective cohort study conducted in
Korea reported a significant association between hyper-
uricemia and the risk for DM only in women but not in
men [67]. Another retrospective longitudinal study con-
ducted in Japan also reported similar association only in
women [68]. These sex-associated differences might be to
some extent due to differences in fat distribution and its
role in regulating SUA levels between men and women.
In women, low glucocorticoid receptor gene expression
and low glucocorticoid-binding were observed in visceral
preadipocytes compared to subcutaneous preadipocytes,
which may lead to decreased visceral fat mass in women
[69]. It has also been reported that subcutaneous-fat-
type and visceral-fat-type obesity may be implicated in
poor uric acid excretion and excess uric acid production,
respectively [70]. Moreover, changes in the transport of
uric acid in the kidney tubules may lead to insulin resis-
tance or hyperinsulinemia in individuals with reduced
uric acid excretion [71].

Our study has some limitations which have be con-
sidered when interpreting the results. The main limi-
tation of our study is the cross-sectional study design,
which makes it difficult to clearly determine the causality
between hs-CRP, SUA, and MetS components. Second,
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almost all variables measured at a single time point were
used to identify the effects of hs-CRP and SUA on the
prevalence of each MetS component, which might neg-
atively affect the data accuracy. Third, recall bias while
collecting the sociodemographic characteristics cannot
be ruled out due to the use of surveys. Finally, the overall
prevalence of MetS components might have been under-
estimated since we included subjects without complete
information on them. However, the data could be missing
at random; thus, the exclusion process is unlikely to sig-
nificantly affect the study findings.

Conclusion

Low HDL is more prevalent in individuals with high hs-
CRP levels, and this association between HDL and hs-
CRP is stronger in women than in men. Moreover, the
prevalence of high SUA is more in people with HTN,
hypertriglyceridemia, and low HDL; however, it is less in
diabetic individuals. When grouped by sex, this trend is
still observed in men, but all MetS components are more
prevalent in women with high SUA.
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