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Purpose: The relationship between serum uric acid (SUA) and Chinese characteristic 10-
year atherosclerotic cardiovascular disease (ASCVD) risk score has not been well evaluated
in Chinese populations. Aims of this cross-sectional study were to describe the correlation
between SUA level and clustering of prevalent cardiovascular risk factors (CRFs) including
overweight, central obesity, hypertension, diabetes and dyslipidemia, as well as the Chinese
10-year ASCVD risk score in adults from Jiangsu Province located in Eastern China.
Patients and Methods: A total of 7700 adults from 12 cities in Jiangsu Province were
selected through multi-stage stratified cluster random sampling method in 2015. Face-to-face
interviews, physical examinations and laboratory examinations were carried out to collect the
information of the participants. Multivariate logistic analysis was used to analyze the
relationship between SUA quartiles and various CVD risk factors. The nonlinear analysis
was conducted to evaluate the relationship between SUA levels and the China-PAR 10-year
ASCVD risk scores.

Results: The prevalence of hyperuricemia was 13.3% in all of the participants. By adjusting
potential confounders, significant correlations were found between the SUA level and the
overweight, central obesity, hypertension and dyslipidemia in both males and females. The
clustering of CRFs was different across SUA quantiles (x*=607.685, P<0.001). After Gamma
trend test (P < 0.001) and ordered logistic regression analysis, it was found out that with the
increase of SUA quantiles, prevalent CRFs gradually gathered in both males and females.
Furthermore, sex-specific difference was identified between SUA and 10-year ASCVD risk
scores.

Conclusion: The accumulation of CRFs increased with elevated SUA levels, whereas it was
different between genders in the relationship between SUA and 10-year ASCVD risk scores.
Tailored strategies should be taken when it came to males and females in managing SUA.
Keywords: serum uric acid, cardiovascular risk factors, clustering, China-PAR risk score

Introduction

Uric acid is an end product of purine metabolism in human liver, muscle and intestinal
tissues, mostly excreted through the urinary tract." Uric acid has a vital physiological
function due to its antioxidant ability and as potent mediator of type 2 immune response.”
However, the increase of uric acid in the blood often leads to potential pathogenic

consequences. It is generally recognized that hyperuricemia can cause gout.” In addition,
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more results from various researches showed that there existed
positive associations between hyperuricemia and hyperten-
sion, diabetes, metabolic syndrome and cardiovascular
diseases.* ! Serum uric acid (SUA) was positively associated
with carotid arterial stiffness and intima-media thickening,
suggesting it was the independent risk factor of early
atherosclerosis.'”> With varieties of different comorbidities
caused by hyperuricemia, the mortality of the entire population
will even rise.'>'* Besides, it has been reported that the pre-
valence of hyperuricemia is increasing globally and becoming
a health-threatening problem. According to the America
National Health and Nutrition Examination Surveys
(NHANES), the prevalence of hyperuricemia increased from
19.0% in 1988-1994 to 21.5% in 20072008, and remained
stable in the nearest decade.'” In China, the prevalence of
hyperuricemia was 8.4% among Chinese adults in 2009-
2010'° and rose to 17.4% in 2019."”

Cardiovascular risk factors (CRFs) include age, sex,
obesity (both overweight in BMI and central obesity in
waist circumference), hypertension, diabetes, dyslipide-
family history of CVDs, 819
Cardiovascular diseases (CVDs) are the leading cause of

mia, smoking, etc
death around the world, accounting for about one-third of
all deaths in 2015.%° Relations between SUA and CRFs
have been extensively studied. Uric acid is positively

correlated with BMI,21
3

waist circumference (WC),*
hypertension,” type 2 diabetes®® and dyslipidemia.?
However, the final outcomes of CVDs are not attributable
to a single CREF, but the clustering of multitudinous CRFs.

Some studies have also explored the relationship
between SUA and clustering of CRFs in Chinese
populations.’*?” But the relationship was not well eluci-
dated as regards the Jiangsu Population. Moreover, the
relationship between SUA and atherosclerotic cardiovas-
cular disease (ASCVD) scores has not been well evaluated
with a localized method. The 10-year ASCVD risk based
on the China-PAR Project is a suitable and reliable tool to
predict ASCVD in Chinese populations.®® Thus, this study
aimed to analyze the relationship between SUA, clustering
of CRFs ASCVD

a representative eastern Chinese population.

and 10-year risk score in

Methods
Study Participants

This cross-sectional study derived from the Chinese Chronic
Disease and Nutrition Examination Survey which was con-
ducted in Jiangsu, China in 2015. This is a multistage,

stratified and cluster random sampling study. Chinese resi-
dents who lived in the monitoring area for 6 months or more
in the year before the survey were sampled. Those indivi-
duals with cancer, hepatic disease, or autoimmune diseases
or women who were pregnant or breastfeeding during the
survey were excluded. For the first stage of sampling, the
systematic sample method was adopted in each survey site.
Twelve survey sites were randomly selected across the pro-
vince: the Qinhuai District of Nanjing, Chong’an District of
Wauxi, Yunlong District of Xuzhou, Wuzhong District and
Zhangjiagang County of Suzhou, Rugao County of Nantong,
Donghai County of Lianyungang, Jinhu County of Huai’an,
Xiangshui County of Yancheng, Hanjiang District of
Yangzhou, Jingkou District of Zhenjiang and Jiangyan
District of Taizhou. To ensure the representativeness of the
sample, two survey sites were selected in Suzhou, a city with
the largest population in the province. Correspondingly, no
investigation was conducted in Suqian city in the north. At
the second stage, three towns/subdistricts at each survey site
were randomly picked. Two communities or villages of
towns/subdistricts were selected in the third stage. The fourth
stage saw 45 households randomly picked among the
selected communities or villages.

A total of 7992 individuals among 8100 eligible indivi-
duals participated in Jiangsu Provincial Survey of Chinese
Chronic Disease and Nutrition Examination in 2015, with
a 98.7% response rate. Due to missing of key data, such as
demographic information, lab examination information, or
anthropometric information, 292 subjects were excluded
from this study. Finally, 7700 adult individuals were factored
into the analysis. STROBE Statement— Checklist of items
that should be included in reports of cross-sectional studies
was attached as a Supplementary Material.

Ethics Approval and Consent to
Participate

This study was
Declaration of Helsinki and approved by the National

conducted in accordance with the
Health Commission of China, and the corresponding ethical
approval code was [2014] NO.814. All the participants had
agreed to attend this survey and signed the informed consent.

Measurements

Survey

Face-to-face interviews were conducted by uniformly
trained investigators with the structured questionnaires.
The information of age, gender, education levels, smoking
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and drinking condition, hypertension, diabetes, dyslipide-
mia and family history of cardiovascular related diseases
were collected in the survey. Medical diagnosis results of
all the participants could be referred to for a grasp of their
disease conditions.

Anthropometric Measurement

After the interview, the investigator measured the height,
weight, WC, blood pressure (BP) of the participants.
These measurements strictly followed the standard proto-
col. Height and weight were measured without coat and
shoes. WC was measured in the fasting states by soft ruler
and the measure location was at the middle point between
the bottom of the rib cage and the uppermost border of the
iliac crests at the end of exhalation. The standard mercury
sphygmomanometer (Product name: Yu Yue, measurement
range 0-300 mmHg) was used to take BP of participants
after 5 minutes’ quiet sitting. The mean of three measures
of BP was recorded for analysis.

Laboratory Examination

8 mL of morning fasting blood glucose was taken from
every participant for blood biochemical examinations.
Triglyceride (TG), total cholesterol (TC), low-density lipo-
protein cholesterol (LDL-C) and high-density lipoprotein
cholesterol (HDL-C) were measured using enzyme colori-
metry (Roche Cobas C701 automatic biochemical analyzer
series). Fasting blood sugar (FBS) was measured using
Glucokinase method (Roche P800 automatic biochemical
analyzer). Glycated hemoglobin (HbAlc) was measured
using high pressure liquid chromatography (TOSOH G8,
Automatic hemoglobin Alc analyzer). Uric acid was mea-
sured using colorimetry (Roche C702 automatic biochem-
ical analyzer).

Diagnostic Criteria and Definitions
Hypertension was defined as participants’ systolic BP
>140mmHg or diastolic BP >90 mmHg in the study per-
iod, or those had the history of hypertension and were
receiving antihypertensive treatment.*’

Diabetes was defined as participants’ fasting blood-
glucose > 7.0 mmol/L, or those who were diagnosed
diabetes previously and on hypoglycemic treatment.*’

Dyslipidemia: According to the Chinese Guidelines for
the Prevention and Treatment of Dyslipidemia in Adults
(2016 revision), participants with TC>5.2 mmol/L, or
TG>1.7 mmol/L, or HDL-C<1.0 mmol/L, or LDL-C>3.4
mmol/L, or those who were diagnosed with dyslipidemia

and receiving treatment, were defined as having
dyslipidemia.*!

Overweight: BMI>24 Kg/m*.>?

Central obesity: Male’s WC>85cm and female’s
WC>80cm.*

Hyperuricemia: SUA > 420pumol/L in male or SUA
>360umol/L
before.*?

Smoking and drinking were defined as habits existing

in female or diagnosed hyperuricemia

at the interviewing time.

Assessment of 10-Year ASCVD Risk

Based on China-PAR Project

We assessed the ASCVD risk of each participant by the 10-
year China-PAR risk scores.”® The 10-year ASCVD risk
prediction equation derived from the China-PAR project
using data from four Chinese cohorts with large sample
size and sound design and was validated. The sex-specific
equations used age, treated or untreated systolic BP (SBP),
TC, HDL-C, current smoking (yes/ no) and diabetes mellitus
(yes/no) as parameters. Besides the major risk factors (age,
treated or untreated SBP, TC, HDL-C, current smoking, and
diabetes mellitus), four additional variables, namely, WC,
geographic region, urbanization, and family history of
ASCVD, were added to the equation for men, and two
additional variables, WC and geographic region, were
added to the equation for women. This score for Chinese 10-
year ASCVD risk have been proved to be consistent and
validated in predicting ASCVD among Chinese.”®

Statistical Analysis
All the
R software (Version 3.6.3). Continuous data were provided

statistical analysis was performed on the

in the forms of meantstandard deviation. SUA was
divided into sex-specific quartiles. Quantile 1 (Q1) was
<294.1 mmol/L, Q2 (294.1-342.5) mmol/L, Q3 (342.5-
394.7) mmol/L, Q4 >394.7 mmol/L in male. Quantile 1
(Q1) was <227.2 mmol/L, Q2 (227.2-266.5) mmol/L, Q3
(266.5-312.7) mmol/L, Q4 >312.7 mmol/L in female. The
geographic distribution of hyperuricemia prevalence in
Jiangsu Province was presented by the ArcGIS (Version
10.3). Cardiovascular related indicator values among dif-
ferent SUA quantiles were compared with variance analy-
sis and trend test was also performed. Multivariate logistic
analysis was used to analyze the relationship between
SUA quartiles and various CVD risk factors. Adjusted
ORs were presented after adjusting by age, gender,
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Table | Basic Information of Male and Female Participants
Variables Serum Uric Acid Levels P P for Trend
Ql Q2 Q3 Q4
Males N=884 N=888 N=882 N=883
Age, years 57.72+13.26 56.26+14.46 55.47x15.17 57.29%15.73 0.005 0.347
Education 0.001 <0.001
Primary school and below 344(38.9) 297(33.4) 276(31.3) 284(32.2)
Middle school 452(51.1) 476(53.6) 467(52.9) 468(53.0)
University and above 88(10.0) 115(13.0) 139(15.8) 131(14.8)
BMI categories <0.001 <0.001
Underweight and normal 439(49.7) 367(41.3) 335(38.0) 223(25.2)
Overweight 363(41.0) 403(45.4) 392(44.4) 422(47.8)
Obesity 82(9.3) 118(13.3) 155(17.6) 238(27.0)
Smoking 0.043 0.083
No 481(54.4) 468(52.7) 467(52.9) 518(58.7)
Yes 403(45.6) 420(47.3) 415(47.1) 365(41.3)
Drinking 0.009 0.002
No 477(54.0) 432(48.6) 415(47.1) 414(46.9)
Yes 407(46.0) 456(51.4) 467(52.9) 469(53.1)
Height (cm) 165.90+6.72 167.27+6.75 167.45+6.39 167.50£6.47 <0.001 <0.001
Weight (kg) 66.14+9.82 66.17£10.35 70.37+10.52 73.46x11.57 <0.001 <0.001
WC (cm) 84.79+9.24 86.91+9.11 88.16+9.12 90.87+9.14 <0.001 <0.001
BMI (kg/m2) 24.00+3.07 24.69+3.17 25.06+3.23 26.12+3.36 <0.001 <0.001
SBP (mmHg) 138.36£19.75 137.89£18.73 139.29£18.26 142.45£19.37 <0.001 <0.001
DBP (mmHg) 82.2111.25 82.68x11.11 83.42+11.55 84.60+11.78 <0.001 <0.001
FBS (mmol/L) 5.70+2.18 5.55+1.42 5.55+1.32 5.67%1.60 0.093 0.696
HbAlc(%) 5.00+1.32 4.87+0.90 4.85+0.82 4.93+0.85 0.006 0.122
TG(mmol/L) 1.21£0.86 1.41£1.03 1.61£1.23 2.01x1.56 <0.001 <0.001
TC(mmol/L) 4.74+0.85 4.72+0.85 4.86+0.96 4.93+£0.94 <0.001 <0.001
LDL(mmol/L) 2.8610.73 2.90+0.74 3.03+0.81 3.12+0.80 <0.001 <0.001
HDL(mmol/L) 1.3210.34 1.26£0.32 1.23£0.33 1.17£0.32 <0.001 <0.001
Females N=1042 N=1041 N=1041 N=1039
Age, years 51.57+14.38 52.51+14.42 56.37+13.86 59.17+14.53 <0.001 <0.001
Education <0.001 <0.001
Primary school and below 480(46.1) 475(45.6) 496(47.6) 562(54.1)
Middle school 438(42.0) 431(41.4) 428(41.2) 398(38.3)
University and above 124(11.9) 135(13.0) 117(11.2) 79(7.6)
BMI categories <0.001 <0.001
Underweight and normal 604(58.0) 537(51.6) 412(39.6) 302(29.1)
Overweight 353(33.9) 361(34.7) 412(39.6) 452(43.5)
Obesity 85(8.1) 143(13.7) 217(20.8) 285(27.4)
Smoking 0.427 0.434
No 1027(98.6) 1030(98.9) 1029(98.8) 1020(98.2)
Yes 15(1.4) F1(1.1) 12(1.2) 19(1.8)
Drinking 0.456 0.772
No 940(90.2) 917(88.1) 926(89.0) 930(89.5)
(Continued)
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Table | (Continued).

Variables Serum Uric Acid Levels P P for Trend

Ql Q2 Q3 Q4
Yes 102(9.8) 124(11.9) 115(11.0) 109(10.5)

Height (cm) 156.31+5.96 156.38+6.00 156.0316.13 155.47+6.28 0.002 0.001
Weight (kg) 57.70+8.66 59.46+9.39 61.3419.64 63.09+£10.26 <0.001 <0.001
WC (cm) 79.9918.83 82.02+9.29 84.25+9.39 86.8319.64 <0.001 <0.001
BMI (kg/m2) 23.60+3.24 24.30+3.46 25.17+3.53 26.06+3.67 <0.001 <0.001
SBP (mmHg) 132.40+20.36 134.04+21.28 136.90+21.26 140.72+22.06 <0.001 <0.001
DBP (mmHg) 77.24+11.04 78.48+11.21 79.35+£10.99 80.50£11.55 <0.001 <0.001
FBS (mmol/L) 5.41+1.78 5.45+1.57 5.56+1.38 5.75+1.47 0.001 <0.001
HbAlc (%) 4.78+1.10 4.80£1.01 4.90+0.94 4.98+0.98 <0.001 <0.001
TG (mmol/L) 1.10£0.71 1.2440.78 1.4910.97 1.82+1.06 <0.001 <0.001
TC (mmol/L) 4.6910.90 4.8310.91 5.00+0.91 5.10+0.93 <0.001 <0.001
LDL (mmol/L) 2.76+0.77 2.90+0.80 3.08+0.79 3.23+0.83 <0.001 <0.001
HDL (mmol/L) 1.40£0.31 1.371£0.30 1.3240.31 1.24+0.29 <0.001 <0.001

Abbreviations: WC, waist circumference; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBS, fast blood-glucose; TG, triglyceride; TC,

total cholesterol; LDL, low-density lipoprotein; HDL, high-density lipoprotein.

education levels, drinking and smoking. Ordinal logistic
regression method was used to analyze the associations
between SUA levels and the clustering of CRFs by taking
the number of CRFs as dependent variables. The nonlinear
analysis was conducted to evaluate the relationship of
SUA levels with the China-PAR 10-year ASCVD risk
scores. In both males and females, we used three models
to explore the possible associations between the two vari-
ables. Model 1 was linear relationship; Model 2 was
quadratic relationship and Model 3 was cubic relationship.
Three models were compared by analysis of variance
(anova). All statistical hypothesis tests were two-sided
and P value <0.05 was considered statistically significant.

Results

Characteristics of Participants

This study included 7700 participants. Among them, 3537
(45.9%) were male and 4163 (54.1%) were female. Age,
education levels, BMI categories, current smoking and
drinking habits were significantly different among SUA
quartiles in all participants, seen in Table S1. Table 1
shows that, among males, age, education levels, BMI
categories, current smoking, drinking habits were signifi-
cantly different among SUA quartiles; among female par-
ticipants, age, education levels, BMI categories were
significantly different. Table S2 displayed the mean values
of different cardiovascular risk factors by quartiles of SUA
in all participants. The height, weight, WC, BMI, SBP,

diastolic blood pressure (DBP), fasting blood sugar (FBS),
TG, TC, HDL and LDL of all participants featured sig-
nificant differences among quartiles (All P<0.001).
Participants with increased SUA had significantly higher
levels of height, weight, WC, BMI, SBP, DBP, FBS, TG,
TC and LDL (All P for trend<0.001). On the contrary,
HDL level decreased with SUA quantiles ranging from
1.39 mmol/L to 1.29 mmol/L. In the sex stratification, the
mean values of different cardiovascular risk factors in
males and females are almost in the same condition as in
all the participants, displayed in Table 1. It was worth
noting that FBS in males was not significantly different
among various SUA quartiles (P=0.093) and the rising
trend vanished with SUA quantiles.

Prevalence of Hyperuricemia in Each

Survey Site Across Jiangsu Province

The prevalence of hyperuricemia was 13.3% in all the
participants, and 16.9% and 10.3% among male and
female participants respectively, while the prevalence
was significantly high among males. The prevalence
among participants aged over 60 years old was higher
than among those who were under 60 years old (17.5%
vs 10.3%). As shown in Figure 1, the prevalence of
hyperuricemia in Jiangsu Province was ranging from
6.3% to 18.7%. The highest prevalence was 18.7% in
Nanjing, and the lowest prevalence was 6.3% in
Xuzhou.
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Figure | Prevalence of hyperuricemia in different cities of Jiangsu Province (Nanjing, 18.7%; Wuxi, 18.1%; Suzhou, 16.9%; Yangzhou, 15.6%; Huaian, 14.3%; Changzhou,
13.3%; Nantong, 12.8%; Zhenjiang, 12.4%; Taizhou, |1.4%; Yancheng, 9.4%; Lianyungang, 6.7%; Xuzhou, 6.3%; Suqian, no data).

Association Between SUA Quartiles and
Various CRFs

Our study found out that a pronounced relationship existed
between SUA quartiles and different CRFs, such as over-
weight, central obesity, hypertension, dyslipidemia and its
components in the entire population in Table S3 (all
adjusted OR>1). With the increase of SUA levels, the
risk of CRFs also increased significantly (all P for trend
<0.001). Compared with Q1 level, the adjusted ORs of
participants in Q4 level were 3.43 (95% Confidence
Interval [CI]: 2.95-3.98) of overweight, 3.83 (95% CI:
3.28-4.47) of central obesity, 1.82 (95% CI: 1.57-2.12)

of hypertension and 3.63 (95% CI: 3.11-4.24) of dyslipi-
demia. As to diabetes, the connections to SUA would
disappear after the adjustment of related covariates
(P=0.689).

Furthermore, we conducted stratification analysis by
sex in Table 2. In the male population, SUA levels were
associated with overweight, central obesity, hypertension,
dyslipidemia in a dose-dependent way. With reference to
the Q1 level, Q2, Q3 and Q4 level were in lower danger to
be prevalent of diabetes, the adjusted ORs were 0.69 (95%
CI: 0.52-0.92), 0.71 (95% CI: 0.52-0.93) and 0.72 (95%
CI: 0.55-0.96), respectively. In the female population,
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Table 2 Association of Cardiovascular Risk Factors and Serum Uric Acid in Logistic Regression Analysis in Males and Females

Cardiovascular Risk Factors Serum Uric Acid Levels P for Trend
Ql Q2 Q3 Q4
Males N=884 N=888 N=882 N=883
Overweight
Model | | (reference) 1.40(1.16-1.69) 1.61(1.33-1.95) 2.92(2.39-3.57) <0.001
Model 2 | (reference) 1.37(1.13-1.65) 1.56(1.29-1.88) 2.82(2.30-3.45) <0.001
Central obesity
Model | | (reference) 1.46(1.21-1.76) 1.79(1.48-2.17) 3.11(2.54-3.80) <0.001
Model 2 | (reference) 1.43(1.18-1.72) 1.74(1.44-2.11) 2.99(2.44-3.66) <0.001
Hypertension
Model | | (reference) 0.93(0.77-1.12) 1.24(1.03-1.49) 1.62(1.35—-1.96) <0.001
Model 2 | (reference) 0.95(0.79-1.16) 1.31(1.08-1.59) 1.64(1.35-1.99) <0.001
Diabetes
Model | | (reference) 0.69(0.52-0.91) 0.68(0.52-0.91) 0.78(0.59-1.02) 0.075
Model 2 | (reference) 0.69(0.52-0.92) 0.71(0.52-0.93) 0.72(0.55-0.96) 0.027
Dyslipidemia
Model | | (reference) 1.48(1.21-1.81) 2.02(1.66-2.46) 2.94(2.41-3.58) <0.001
Model 2 | (reference) 1.46(1.20-1.79) 2.00(1.63-2.43) 2.96(2.43-3.61) <0.001
Hypertriglyceridemia
Model | | (reference) 1.64(1.19-2.26) 2.52(1.86-3.42) 4.71(3.53-6.29) <0.001
Model 2 | (reference) 1.58(1.14-2.18) 2.41(1.77-3.27) 4.71(3.52-6.30) <0.001
High LDL
Model | | (reference) 1.14(0.77-1.67) 1.60(1.11-2.29) 1.86(1.31-2.65) <0.001
Model 2 | (reference) 1.15(0.78-1.69) 1.63(1.13-2.34) 1.87(1.21-2.67) <0.001
Hypercholesteremia
Model | | (reference) 0.95(0.62-1.45) 1.33(0.90-1.98) 1.92(1.32-2.78) <0.001
Model 2 | (reference) 0.76(0.61-1.43) 1.31(0.88-2.00) 1.88(1.29-2.73) <0.001
Low HDL
Model | | (reference) 1.54(1.21-1.97) 1.88(1.48-2.38) 2.55(2.02-3.21) <0.001
Model 2 | (reference) 1.55(1.21-1.97) 1.88(1.48-2.39) 2.66(2.11-3.36) <0.001
Females N=1042 N=1041 N=1041 N=1039
Overweight
Model | | (reference) 1.29(1.09-1.54) 2.11(1.77-2.51) 3.37(2.81-4.04) <0.001
Model 2 | (reference) 1.31(1.10-1.57) 2.12(1.77-2.53) 3.23(2.68-3.90) <0.001
Central obesity
Model | | (reference) 1.40(1.18-1.66) 2.24(1.88-2.68) 3.71(3.07-4.49) <0.001
Model 2 | (reference) 1.42(1.18-1.70) 2.17(1.80-2.61) 3.34(2.74-4.07) <0.001
Hypertension
Model | | (reference) 1.15(0.95-1.37) 1.48(1.24-1.77) 1.98(1.65-2.36) <0.001
Model 2 | (reference) 1.11(0.92-1.36) 1.22(1.00-1.48) 1.41(1.16-1.71) <0.001
Diabetes
Model | | (reference) 0.99(0.73-1.34) 1.35(1.01-1.81) 1.90(1.44-2.50) <0.001
Model 2 | (reference) 0.96(0.71-1.32) 1.14(0.85-1.53) 1.41(1.06-1.87) 0.007
(Continued)
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Table 2 (Continued).

Cardiovascular Risk Factors Serum Uric Acid Levels P for Trend
Ql Q2 Q3 Q4
Dyslipidemia
Model | | (reference) 1.31(1.07-1.61) 2.30(1.88-2.79) 3.37(2.78-4.09) <0.001
Model 2 | (reference) 1.31(1.06—1.60) 2.12(1.74-2.59) 2.94(2.42-3.59) <0.001
Hypertriglyceridemia
Model | | (reference) 1.51(1.06-2.16) 3.00(2.17-4.14) 5.30(3.90-7.21) <0.001
Model 2 | (reference) 1.52(1.06-2.16) 2.84(2.05-3.93) 4.79(3.50-6.54) <0.001
High LDL
Model | | (reference) 1.22(0.84-1.76) 2.27(1.63-3.17) 2.86(2.07-3.96) <0.001
Model 2 | (reference) 1.18(0.81-1.74) 1.93(1.38-2.71) 2.20(1.58-3.06) <0.001
Hypercholesteremia
Model | | (reference) 1.02(0.71-1.47) 1.98(1.43-2.73) 2.10(1.52-2.90) <0.001
Model 2 | (reference) 0.98(0.68—1.41) 1.65(1.19-2.29) 1.56(1.12-2.17) <0.001
Low HDL
Model | | (reference) 1.07(0.80—1.43) 1.61(1.23-2.11) 2.59(1.98-3.30) <0.001
Model 2 | (reference) 1.10(0.82—1.47) 1.68(1.28-2.21) 2.65(2.04-3.44) <0.001

Notes: Model | not adjusted; Model 2 adjusted for age, education levels, smoking and drinking status.

multivariate adjusted ORs (95% CI) of prevalent over-
weight, central obesity, hypertension and dyslipidemia
increased with SUA quartiles (all adjusted OR>1).
Compared with Q1 level, Q4 had higher risk to be pre-
valent of diabetes, the adjusted OR 1.41 (95%: 1.06-1.87).

Clustering of CRFs at Different Levels of
SUA

Percentage of participants without any CRFs was only 17.1%
in this study. Participants with one, two, three, four and five
CRFs took up a share of 18.1%, 22.3%, 24.8%, 14.4% and
3.3% respectively. As was shown in Figure S1, the clustering
of CRFs was different between SUA quartiles (*=606.666,
P<0.001). With the increase of SUA level, the number of CRFs
gradually increased in all the participants (Gamma coeffi-
cient=0.281, P for trend<0.001). The trend of CRFs gradually
gathering with SUA quantile still existed in both male and
female population, as shown in Figure 2 (Gamma coeffi-
cient=0.238 in male, 0.310 in female; both P for trend in
male and female<0.001).

In the ordinal logistic analysis, we took the CRFs numbers
as dependent variable and the SUA quartiles as independent
variable. After taking into account the ages, educational levels,
smoking and drinking habits, the results indicated that com-
pared with the Q1 group, risk of being clustered in CRFs

significantly rose in the Q2 group (adjusted OR=1.37, 95%
CI: 1.22-1.53), Q3 group (adjusted OR=2.10, 95% CI: 1.88—
2.36) and Q4 group (adjusted OR=3.47, 95% CI: 3.09-3.90).
Furthermore, we performed the sex stratification analyses and
SUA levels were associated with clustering of CRFs both in
male and female populations. With the increasing of SUA
levels, the trend of clustering of CRFs would rise, seen from
Table S4.

Association of SUA with |0-Year

China-PAR ASCVD Risk Scores

The average ASCVD risk scores were 8.4% in males and 4.0%
in females. Male populations had significant higher ASCVD
risk scores than female populations (P<0.001). Furthermore,
we conducted the curve fitting for the relationship between
SUA and 10-year China-PAR ASCVD risk scores. These
results in each group of men and women are presented in
Table 3. In male populations, three models were compared,
and the most suitable model was Model 2. In the case of men,
the second equation cubic fraction was fitted as follows:
(5.680x10°)xSUA?-(3.381x10 %)xSUA (root mean square
error [RMSE]=6.616). An approximate U-shaped association
between SUA with 10-year China-PAR ASCVD risk scores in
males is displayed in Figure 3. The inflection point was 341.6
pmol/L. In the case of females, three models were also
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Figure 2 Clustering of cardiovascular risk factors at different levels of uric acid in male and female participants.

compared, and the most suitable model was Model 2. The J-shaped association between SUA with 10-year China-PAR
quadratic relationship was fitted as the following equation: ~ ASCVD risk scores was found in the female populations in
(2.231x10 )xSUA? (RMSE=4.039). An approximate  Figure 3.
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Table 3 Association of Serum Uric Acid with 10-Year China-PAR ASCVD Risk Scores
Parameters Male Female
p-Coefficient P value p-Coefficient P value

Model | SUA 3.328x10°3 0.015 1.289% 102 <0.001
Model 2 SUAZ 5.680x10°° <0.001 2.231x10°° 0.007

SUA -3.381x1072 <0.001 -4.682x10°* 0.926
Model 3 SUA® ~7.885x10°® 0.202 ~7.984x10°8 0.177

SUA? 1.495%10°* 0.042 9.878x10°° 0.085

SUA ~7.306x10 2 0.009 -2.337x1072 0.187

Notes: Male: anova (Model |, Model 2), P<0.001; anova (Model 2, Model 3), P=0.202; Female: anova (Model |, Model 2), P=0.007; anova (Model 2, Model 3),

P=0.177.
Abbreviation: SUA, serum uric acid.

Discussion

In this cross-sectional study, we found the prevalence of
hyperuricemia varied in the different survey sites across
Jiangsu Province in China. The height, weight, WC, BMI,
SBP, DBP, TG, TC and LDL levels increased with SUA
quantiles. Moreover, the HDL level decreased with SUA
quantiles. In both male and female population, SUA was
associated with the various CRFs. However, it showed
sex-specific difference in the association between SUA
and Chinese 10-year ASCVD risk scores. The U-shaped
association was found in males, and J-shaped association
was in females.

It turned out that the prevalence of hyperuricemia rose
from north to south in Jiangsu Province of China. One
study had used the national survey data in China, and
found hyperuricemia was prevalent in the economically
developed areas of China.'® In Jiangsu Province specifi-
cally, the south was more developed than the north. Our
report indicated that economic levels might had an influ-
ence on the prevalence of hyperuricemia in Jiangsu. Along
with the development of economy, the consumption of
purine-rich food was also increasing from north to south.'®

The trend correlation between SUA level and numer-
ous cardiovascular risk indicator values have been
revealed in many studies. One former research found
weight, WC, BMI, FBS, TG, TC and LDL levels in high
level SUA group were significantly higher than those in
low level group.®* Similarly, in a prospective study, BMI,
TG and LDL levels significantly increased in hyperurice-
mia group.>® Moreover, our findings indicated that SUA
was associated with masses of CFRs. To be more specific,
obesity is often accompanied by hyperuricemia.® In the
mouse model, adipose tissue can produce and secrete SUA
through xanthine oxidase, which is enhanced when in

obesity condition.’® SUA is closely related to hyperten-
sion, which has been proven as an independent risk factor
in the occurrence and development of hypertension.’
Through the urate crystal mechanism and oxidative stress
mechanism, SUA can cause arterial stiffness and raise the
blood pressure.®” In our study results, the accumulation of
CRFs increased with elevated SUA quartiles both in male
and female participants. The risk of being prevalent of
most CRFs also went up along with the SUA levels in
both genders. It was worth noting that the inverse associa-
tions of diabetes and SUA levels were found in males and
females. In the female population, FBS level increased
with female-specific SUA quantiles, and Q4 level female
participants were more prone to have diabetes than QI
level in the multivariate logistic regression analysis after
adjusting covariates (adjusted OR=1.41, 95% CI: 1.06—
1.87). However, the relationship of SUA with diabetes
showed gender differences.
between FBS level and SUA level did not exist in the
male population. Adjusted by covariates, the male-specific
SUA Q2, Q3 and Q4 level participants were less likely to
have diabetes than Q1 group (adjusted OR=0.69, 0.71 and
0.72 respectively). Results regarding the relationship

The positive correlation

between SUA and diabetes had been revealed in several
studies.”” A positive linear correlation was found between
FBS and SUA in females, but a negative linear relation-
ship was found in males.*® Recently, a study also showed
a negative correlation between SUA and glycosylated
hemoglobin levels in men and a positive correlation
between SUA levels and glycosylated hemoglobin levels
in women.>” We further performed the linear correlation
between SUA and glycosylated hemoglobin in both gen-
ders, and the results were consistent with the former
research (f=—-0.035, P=0.037 in males; $=0.079, P<0.001
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Figure 3 Relationship between uric acid (UA) levels and 10-year China-PAR ASCVD risk scores in male and female participants.

in females). Dyslipidemia is a major risk factor for CVD
and related diseases. One meta-analysis in Chinese indi-
cated that SUA was significantly associated with dyslipi-
demia and its components, and hyperuricemia increased
the likelihood of dyslipidemia.*® Our results were in accor-
dance with this meta-analysis. Based on our data, SUA
levels had a remarkable association with CRFs, and with
the increase of SUA level, the clustering degree of cardi-
ovascular risk factors also increased in both genders. The
same results could be observed in other studies.”’

A number of studies have reported that SUA levels are
associated with a variety of cardiovascular diseases,
including stroke, heart failure, atrial fibrillation, and
even death risk.*!**? However, there are few researches
on UA level and specific risk of cardiovascular disease in
Chinese population. Thus, we analyzed the relationship
between SUA and 10-year ASCVD risk scores derived
from the China-PAR project. An approximate U-shaped
10-year China-PAR
ASCVD risk scores was found in males, and an

association between SUA and

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2021:14

https:

3457

Dove:


https://www.dovepress.com
https://www.dovepress.com

Tian et al

Dove

approximate J-shaped association was in the female
populations. The sex-specific differences in CVD risk in
the presence of low SUA had been described in other
studies. In the Koreans, U-shaped and J-shaped associa-
tions were also observed in males and females between
SUA and 10-year CVD risk score derived from the
Framingham Heart Study.** Besides, U-Shaped associa-
tion of SUA with all-cause and cause-specific mortality
was confirmed in different populations.***> On the one
hand, the sex difference in females can be explained by
the change of estrogen. Owing to the estrogen’s protec-
tive effect against CVD, the younger women with suffi-
cient levels of estrogen had a lower risk of CVD.*® On the
other hand, FBS and HbAlc levels also showed sex-
specific difference. In males, FBS and HbAlc levels
were higher in both low and high SUA levels. In females,
FBS and HbAlc levels increased linearly with SUA
quantiles. Thus, we doped out that the sex hormone and
blood glucose caused the sex-specific difference associa-
tions between SUA and 10-year China-PAR ASCVD risk
scores.

This study had some limitations. First, this was a cross-
sectional design and restricted the ability to access the
causality, and the reasons need to be explained by caution.
Second, we acknowledged that these findings were valid
for the Chinese ethnicity, and in particular for our region,
and further confirmation should be made in a larger popu-
lation. Third, we did not compare the dietary factors that
might have effects on the results. We would further keep
on finding the effects of dietary patterns on SUA levels.
Nevertheless, this study did have certain strengths.
Through scientific sampling methods, this study selected
regional representative samples. Besides, strict quality
control procedures and good compliance of participants
ensured the quality of this research. Furthermore, this is
the first time to analyze the relationships of SUA levels
with CVD risk by applying the 10-year China-PAR
ASCVD risk scores in Chinese populations.

Conclusion

SUA was associated with the various CRFs, and the risk of
clustering of CRFs increased with SUA quartiles in both
genders. It showed sex-specific difference in the associa-
tion between SUA levels and 10-year ASCVD risk scores.
Thus, in the prevention and control of cardiovascular
events, sex-specific SUA management and intervention
strategies may be essential.
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