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Purpose. The aim of the present cohort study was to explore the longitudinal association between high-sensitivity C-reactive protein
(CRP) and hyperuricemia in Chinese population. Furthermore, we conducted subgroup analyses to explore this association
according to age, sex, and body mass index. Methods. A total of 5,419 healthy participants were enrolled in the final cohort
analysis. The high-sensitivity CRP level was measured by immunoturbidimetric assay. Hyperuricemia was defined as serum uric
acid >7.0mg/dL (416 ymol/L) in men and >6.0 mg/dL (357 yumol/L) in women. Multivariate logistic regression was used to
analyze the association. Results. During the 4 years follow-up, 474 participants developed hyperuricemia. Compared with
participants in the lowest tertile of high-sensitivity CRP, the multivariate-adjusted odds ratio (OR) (95% confidence interval
[CI]) for incident hyperuricemia in the highest tertile was 1.36 (1.02, 1.82). In the subgroup analyses, high-sensitivity CRP was
positively associated with the incidence of hyperuricemia after multivariate adjustments (P fortrend=0.04) in women.
Compared with the women in the lowest tertile of high-sensitivity CRP, the multivariate-adjusted OR (95% CI) in the highest
tertile was 1.69 (1.10, 2.66). No statistically significant association was found in other subgroups. Conclusions. The findings of
this prospective cohort study suggest that higher level of high-sensitivity CRP is an independent risk factor for hyperuricemia in
Chinese, especially in women.

1. Introduction

Hyperuricemia, as an important chronic disease, threatens
human health due to its association with increased risks of
multiple comorbidities and mortality [1, 2]. Substantial evi-
dence suggests that hyperuricemia not only plays an impor-
tant role in the development of gout but is also significantly
associated with metabolic syndrome [3-5], chronic kidney
disease [6-8], hypertension [9, 10], and cardiovascular dis-
eases [11-14]. The reported prevalence of hyperuricemia in
different countries varies from 2.6% to 36.0% and has
increased rapidly worldwide in the past few decades [15,
16]. Therefore, the prevention of hyperuricemia is of signifi-
cance to public health.

High-sensitivity C-reactive protein (CRP), as a general
marker of both acute and low-grade chronic inflammation
[17], its relationship to hyperuricemia may be bidirectional.
Several previous studies [18-22] had shown that CRP was
positively associated with the prevalence of hyperuricemia
or the high level of uric acid. While another study [23] has
suggested that increased uric acid was not correlated with
CRP. However, the design of previous studies has been lim-
ited in determining a causal association between high-
sensitivity CRP and hyperuricemia. To the best of our knowl-
edge, there were only few cohort studies [24, 25] focus on this
association. One prospective study [25] included 4154 partic-
ipants aged >55 years from the Rotterdam Study suggested
that increased levels of uric acid were associated with higher
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levels of high-sensitivity CRP. However, as the most reliable
marker for inflammation in the clinical practice [22],
whether CRP is a cause of risk but not merely a symptom
for hyperuricemia has an important preventive significance.
Another cohort study found that high-sensitivity CRP may
serve as a candidate risk predictor for hyperuricemia in
middle-aged South Korean men [24], while the association
in the older and females has not been reported. However, sev-
eral studies [22, 26] have shown that CRP differ in age and
sex. Therefore, the aim of the present cohort study was to
explore the longitudinal association between high-
sensitivity CRP and hyperuricemia in Chinese population.
Furthermore, we conducted the subgroup analyses to explore
this association according to age, sex, and body mass index
(BMI).

2. Materials and Methods

2.1. Source of Data. This cohort study used data from the
China Health and Retirement Longitudinal Study (CHARLS)
[27], which was a longitudinal survey in China. The national
baseline survey for CHARLS was conducted between June
2011 and March 2012, and 17,708 participants aged 45 years
and older were involved. The participants were selected using
a multistage probability sampling method from 450 counties
of 28 provinces, and the response rate was 80.5%. Partici-
pants were followed every two years, and blood sample col-
lection was done once in every two follow-up periods (4
years). Details of CHARLS were published previously [27].

2.2. Study Population. CHARLS included 17,708 participants,
and a total of 10,468 blood tests that had been performed
at baseline. For this study, we excluded participants who
did not provide information on BMI (n=1,551), smoking
status (n =6), fasting blood glucose (n=20), blood pres-
sure (n=29), creatinine (n=3). Besides, participants who
had hyperuricemia (n=584) or those who had acute
inflammation (high-sensitivity CRP level >10.0 mg/L) [28]
(n=355) at baseline were also excluded. Thus, the cohort
comprised 7,920 participants at baseline. Furthermore,
2,501 (31.6%) participants were excluded because of miss-
ing follow-up data. Therefore, 5,419 participants were
included in the final cohort analyses (Figure 1). The study
protocol was approved by the ethics committee of Peking
University, and the participants provided written informed
consent before participating in the present study.

2.3. Data Collection. The demographic variables and health
status functioning in the present study were collected by
standardized questionnaires and included sex, age, education
level (no formal education, elementary or below, or middle
school and above), smoking status (nonsmoker, exsmoker,
or current smoker), drinking status (drinking more than
once a month, drinking less than once a month, or non-
drinker), income (more than 2,433.07 yuan/year or not),
marital status (married or unmarried), and living area (urban
or rural). Education level was divided into three categories:
no formal education, elementary or below, and middle school
or above. Income was classified as “> mean value” or not and
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2433.07 yuan per year was the mean value. Marital status was
divided into married and unmarried. Among them, married
included “married with spouse present” and “married but
not living with spouse temporarily for reasons such as work.”
Unmarried included separated, divorced, widowed, and
never married. BMI was calculated as weight in kilogram
divided by height in meters squared (kg/m?). Blood pressure
was tested three times, and then the mean value was taken.
Hypertension was defined as systolic blood pressure
>140 mm Hg or diastolic blood pressure >90 mm Hg [29].
Fasting plasma glucose was measured by an enzymatic color-
imetric test and it was divided into three categories:
<110mg/dL, 110-126 mg/dL, and >126 mg/dL [30]. Total
cholesterol, triglycerides, and high-density lipoprotein
(HDL) cholesterol were all performed by enzymatic color-
metric test, and the unit was mg/dL, respectively. Estimate
glomerular filtration rate (eGFR) was calculated using the
“Xiangya equation” [31].

2.4. Assessment of Hyperuricemia. Blood samples were col-
lected from each participant by medically-trained staff from
the Chinese Center for Disease Control and Prevention (Chi-
nese CDC); participants had been asked to fast overnight.
Venous blood was separated into plasma and buffy coat,
immediately stored frozen at -20°C, and transported to the
Chinese CDC in Beijing within two weeks where they were
stored at -80°C until assayed at Capital Medical University
laboratory. Serum uric acid was measured by the UA plus
method [27]. Hyperuricemia was defined as serum uric acid
>7.0mg/dL (416 ymol/L) in men and >6.0mg/dL
(357 pmol/L) in women [32].

2.5. Assessment of High-Sensitivity CRP. High-sensitivity
CRP was measured by immunoturbidimetric assay [27]
inmg/L and was categorized into three tertiles: 0.42 (0.41,
0.43), 0.96 (0.95, 0.97), and 3.13 (3.05, 3.22). According to
the tertiles of gender-specific distribution, high-sensitivity
CRP level was categorized into 0.44 (0.43, 0.44), 1.00 (0.99,
1.02), and 3.29 (3.16, 3.42) in men and 0.41 (0.40, 0.42),
0.92 (0.91, 0.94), and 3.01 (2.90, 3.12) in women.

2.6. Statistical Analyses. The mean and 95% CI were used to
describe continuous variables; frequency and percentage
were used to describe the categorical variables. Analysis of
variance (ANOVA) and chi-squared tests were used to com-
pare the differences between groups at baseline. Multivariate
logistic regression was used to analyze the association
between high-sensitivity CRP and hyperuricemia. The crude
model was used to calculate the crude ORs (95% Cls) without
any adjustment. Model 1 was adjusted for age, sex, and BMI.
Model 2 was additionally adjusted for education level, smok-
ing status, drinking status, level of income, marital status,
fasting blood glucose levels, living area, baseline uric acid,
hypertension, total cholesterol, triglycerides, HDL choles-
terol, and eGFR based on Model 1. Cubic spline regression
model was used to explore the association between high-
sensitivity CRP and hyperuricemia when high-sensitivity
CRP was taken into account as a continuous exposure [33].
Receiver operating characteristics (ROC) curve was
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Total participants in CHARLS 2011
(n=17,708)

A4

Participants who didn't perform blood tests at
baseline were excluded (n = 7,240)

A4

Participants who had hyperuricemia at baseline
were excluded (n = 584)

A4

Participants who missing information about BMI
(n=1,551), smoking status (n = 6), fasting blood
glucose (n = 20), blood pressure (n = 29), and
creatinine (n = 3) at baseline were exluded

A4

Participants who had acute inflammation at

baseline were excluded (n = 355)

v

Participants comprised at baseline
(n=7,920)

Participants who missing follow-up data

were excluded (n = 2,501)

v

Participants included in the final analysis
(n=5,419)

F1GURE 1: Flow chart of the selection of study participants. CHARLS, China Health and Retirement Longitudinal Study; BMI, body mass index.

performed to quantify area under the curve (AUC) and opti-
mal cut-off value of high-sensitivity CRP associated with the
incidence of hyperuricemia. Multiple linear regression was
used to explore the associations between high-sensitivity
CRP and the change in uric acid concentrations. Categories
of high-sensitivity CRP (coded as “17, “2”, and “3”) was the
independent variable. The change value of uric acid concen-
trations was the dependent variable. The association between
high-sensitivity CRP and hyperuricemia in subgroups
according to sex, age, and BMI were further analyzed. 60
years old was used as the cut-off value to conduct the sub-
group analyses according to age. The subgroups of BMI was
defined according to the Working Group on Obesity in
China (normal BMI, <24; high BMI, 24-28; and obesity,
>28) [34]. All of the statistical analyses were conducted using
SAS 9.3 edition (SAS Institute Inc., Cary, NC, USA). All
reported P values are two sided, and those less than 0.05 were
considered significant.

3. Results

3.1. Participants’ Characteristics. A total of 5,419 participants
(2,406 males) were included in this study. During the four-

year follow-up, 474 participants (8.75%) developed hyperuri-
cemia and the incidence rate was 21.87 per 1,000 person-
years. Participants were divided into three groups according
to the tertiles of high-sensitivity CRP. Compared with the
participants in the lowest tertile of CRP, those in the highest
tertile were more likely to be male (P for trend <0.01), older
(P for trend <0.0001), and exsmokers (P for trend <0.0001);
they also tended to live in urban areas (P for trend <0.0001),
suffered from hypertension (P for trend <0.0001), have
higher levels of BMI (P for trend <0.0001), fasting plasma
glucose (P for trend <0.0001), total cholesterol (P for trend
<0.0001), triglycerides (P for trend <0.0001), and uric acid
(P for trend <0.0001) but lower levels of HDL cholesterol
(P for trend <0.0001) and eGFR (P for trend <0.0001) at
baseline (Table 1).

3.2, Association between High-Sensitivity CRP and
Hyperuricemia Risk. The association between high-
sensitivity CRP and hyperuricemia was shown in Table 2.
As shown, the multivariate-adjusted ORs (95% Cls) in model
2 for hyperuricemia incidence across tertiles of high-
sensitivity CRP were 1.00 (reference), 1.25 (0.94, 1.68), and
1.36 (1.02, 1.82), respectively. The association between
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TaBLE 1: General characteristics of participants according to tertiles of high-sensitivity CRP®.

Tertiles of high-sensitivity CRP (mg/L) P trend®
Tertile 1 (n=1800) Tertile 2 (n =1810) Tertile 3 (n =1809)

High-sensitivity CRP (mg/L) 0.42 (0.41, 0.43)° 0.96 (0.95, 0.97) 3.13 (3.05, 3.22)
Male, 1 (%) 757 (42.06%) 793 (43.81%) 856 (47.32%) <0.01
Age (years) 56.92 (56.51, 57.34) 58.57 (58.16, 58.98) 59.30 (58.88, 59.71) <0.0001
BMI (kg/mz) 22.62 (22.44, 22.79) 23.76 (23.59, 23.94) 24.43 (24.25, 24.60) <0.0001
Education level, n (%)

No formal education 395 (21.94%) 421 (23.26%) 395 (21.84%) 0.69

Elementary or below 661 (36.72%) 668 (36.91%) 682 (37.70%) 0.52

Middle school or above 744 (41.33%) 721 (39.83%) 732 (40.46%) 0.77
Smoking status, n (%)

Nonsmoker 1187 (65.94%) 1120 (61.88%) 1083 (59.87%) <0.001

Exsmoker 112 (6.22%) 139 (7.68%) 188 (10.39%) <0.0001

Current smoker 501 (27.83%) 551 (30.44%) 538 (29.74%) 0.40
Drinking status, #n (%)

>1 time/month 460 (25.56%) 423 (23.37%) 426 (23.55%) 0.28

<1 time/month 151 (8.39%) 155 (8.56%) 132 (7.30%) 0.16

Nondrinker 1189 (66.06%) 1232 (68.07%) 1251 (69.15%) 0.07
Fasting plasma glucose, n (%)

<110 mg/dL 1399 (77.72%) 1298 (71.71%) 1227 (67.83%) <0.0001

110-126 mg/dL 263 (14.61%) 290 (16.02%) 316 (17.47%) 0.02

>126 mg/dL 138 (7.67%) 222 (12.27%) 266 (14.70%) <0.0001
Income >2433.07 yuan/year, n (%) 314 (17.44%) 261 (14.42%) 261 (14.43%) 0.05
Married, n (%) 1621 (90.06%) 1612 (89.06%) 1592 (88.00%) 0.06
Urban, n (%) 534 (29.67%) 613 (33.87%) 670 (37.04%) <0.0001
Hypertension 398 (22.11%) 507 (28.01%) 615 (34.00%) <0.0001
Total cholesterol (mg/dL) 190.15 (188.42, 191.87) 194.82 (193.10, 196.54) 196.31 (194.59, 198.03) <0.0001
Triglycerides (mg/dL) 112.22 (107.62, 116.83) 133.98 (129.39, 138.57) 140.90 (136.31, 145.49) <0.0001
HDL cholesterol (mg/dL) 55.14 (54.45, 55.83) 50.64 (49.95, 51.33) 48.66 (47.97, 49.35) <0.0001
eGFR (mL/min per 1.73 mz) 81.71 (81.27, 82.14) 80.04 (79.61, 80.47) 79.68 (79.24, 80.11) <0.0001
Baseline uric acid (mg/dL) 3.99 (3.94, 4.04) 4.25 (4.20, 4.29) 442 (4.37,4.47) <0.0001

3CRP: C-reactive protein; BMI: body mass index; HDL: high-density lipoprotein; eGFR: estimate glomerular filtration rate. ®Analysis of variance or logistic
regression analysis. “Least square mean (95% confidence interval) (all such values).

high-sensitivity CRP, which presented as a continuous vari-
able, and hyperuricemia was shown in Figure 2. The overall
P value and P nonlinear were 0.19 and 0.12, respectively.

The optimal cut-oft value of high-sensitivity CRP and
AUC value for the detection of hyperuricemia were pre-
sented in the supplements (Figure S1). As shown, the
optimal cut-off value was 0.68. The AUC (95% CI)
values was 0.60 (0.58, 0.63).

3.3. Association between High-Sensitivity CRP and Change in
Uric Acid Concentrations. The association between high-
sensitivity CRP and change in uric acid concentrations was
shown in Table 3. The results suggested that uric acid con-
centrations increased in all tertiles of high-sensitivity CRP
during the study period. However, the growth rates of uric
acid increased across tertiles of high-sensitivity CRP (P for
trend <0.01). The association between high-sensitivity CRP
and change in uric acid concentrations was further explored
using multiple linear regression. The high-sensitivity CRP

was positively associated with the uric acid change from
2011 to 2015 (8=0.044, standarderror =0.017, P <0.01)
after adjustments of confounding factors.

3.4. Association between High-Sensitivity CRP and
Hyperuricemia Risk according to Sex, Age and BMI. General
characteristics of participants in different subgroup analyses
according to sex, age, and BMI were supplied in the
supplements (Table S1-S3). The association between high-
sensitivity CRP and hyperuricemia risk according to sex,
age, and BMI were shown in Table 4. High-sensitivity
CRP was positively associated with the incidence of
hyperuricemia after multivariate adjustments
(P for trend = 0.04) in women. Compared with the women
in the lowest tertile of high-sensitivity CRP, the
multivariate-adjusted ORs (95% Cls) in the highest tertile
was 1.69 (1.10, 2.66). No statistically significant
association was found in other subgroups and all values
of P-interaction were nonsignificant.
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TABLE 2: Association between high-sensitivity CRP (mg/L) and hyperuricemia®.

Tertile 1 ferdlesof hllgilrtsifen ;lthltY CRP (mglh) Tertile 3 P trend”
No. of hyperuricemia 91 166 217
No. of participants 1800 1810 1809
Crude model Reference 1.90 (1.46, 2.48)° 2.56 (1.99, 3.31) <0.0001
Adjusted model 14 Reference 1.67 (1.28, 2.19) 2.09 (1.61,2.72) <0.0001
Adjusted model 2° Reference 1.25 (0.94, 1.68) 1.36 (1.02, 1.82) 0.08

3CRP: C-reactive protein; BMI: body mass index; HDL: high-density lipoprotein; eGFR: estimate glomerular filtration rate. ®Analysis of variance or logistic
regression analysis. “Odds ratio (95% confidence interval) (all such values). *Adjusted for age, sex, BML °Additionally adjusted for education level, smoking
status, drinking status, level of income, marital status, fasting blood glucose levels, living area, baseline uric acid, hypertension, total cholesterol,
triglycerides, HDL cholesterol, and eGFR on model 1.

Hyperuricemia

Ln OR (95%Cl)

-0.9 T T T T T T T T
0.00 1.25 2.50 3.75 5.00 6.25 7.50 8.75 10.00

High-sensitivity CRP (mg/L)
FIGURE 2: Adjusted association between high-sensitivity C-reactive protein (mg/L) and hyperuricemia. The solid line is In (OR) and dashed

lines are 95 percent confidence intervals.

TaBLE 3: Association between high-sensitivity CRP (mg/L) and change in uric acid concentrations (mg/dL)".

Tertile 1 (n= ng(r)gl)es Of"l"}:r%}illeszn(si?lzv 11?37 li)j?P (r"rflggge 3 (n=1809) P Standard error ¢ value P
Crude model 0.56 (0.51, 0.60)° 0.59 (0.55, 0.64) 0.63 (0.58, 0.67) 0.035 0.017 2.09 0.04
Adjusted model 14 0.58 (0.53, 0.62) 0.59 (0.54, 0.64) 0.61 (0.56, 0.65) 0.015 0.017 0.90 0.37
Adjusted model 2¢ 0.55 (0.50, 0.59) 0.59 (0.55, 0.64) 0.63 (0.59, 0.68) 0.044 0.017 2.61 <0.01

*CRP: C-reactive protein; BMI: body mass index; HDL: high-density lipoprotein; eGFR: estimate glomerular filtration rate. ®Analysis of multiple linear
regression. “Least square mean (95% confidence interval) (all such values); analysis of covariance; change in uric acid concentrations (mg/dL) was calculated
using data in 2015 minus data in 2011. “Adjusted for age, sex, BMI °Additionally adjusted for education level, smoking status, drinking status, level of
income, marital status, fasting blood glucose levels, living area, baseline uric acid, hypertension, total cholesterol, triglycerides, HDL cholesterol, and eGFR

based on model 1.

4. Discussion The nonsignificant association between high-sensitivity

CRP and the incidence of hyperuricemia may attribute to
To the best of our knowledge, the present study is the first ~ the participants who had acute inflammation (high-sensitiv-
cohort study to explore the longitudinal association between ity CRP level >10.0 mg/L) were excluded at baseline, which
higher levels of high-sensitivity CRP and hyperuricemia in ~ means all the participants included in the present study had
Chinese. In the present study, we suggested that higher level little difference in inflammation levels. However, hyperurice-
of high-sensitivity CRP is an independent risk factor for = mia in the highest tertile group of high-sensitivity CRP was

hyperuricemia in Chinese women, while it is a limited indica- statistically significant compared with the lowest tertile
tor for prediction. group. As can be seen from Table 1, the highest tertile group
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TaBLE 4: Stratified analyses for association between high-sensitivity CRP (mg/L) and hyperuricemia®.
Sex 0.13
Male (n = 2406)
No. of hyperuricemia 58 91 98
No. of participants 796 808 802
High-sensitivity CRP (mg/L) 0.44 (0.43, 0.44)° 1.00 (0.99, 1.02) 3.29 (3.16, 3.42)
Adjusted model 24 Reference 1.24 (0.85, 1.83)°¢ 1.19 (0.81, 1.76) 0.59
Female (n = 3013)
No. of hyperuricemia 33 76 118
No. of participants 1004 1003 1006
High-sensitivity CRP (mg/L) 0.41 (0.40, 0.42) 0.92 (0.91, 0.94) 3.01 (2.90, 3.12)
Adjusted model 2 Reference 1.45 (0.93, 2.30) 1.69 (1.10, 2.66) 0.04
Age 0.37
Age >60 years (n = 2293)
No. of hyperuricemia 44 76 98
No. of participants 762 763 768
High-sensitivity CRP (mg/L) 0.46 (0.45, 0.47) 1.06 (1.04, 1.07) 3.43 (3.30, 3.57)
Adjusted model 2 Reference 1.24 (0.81, 1.92) 1.45 (0.96, 2.21) 0.10
Age <60 years (n =3126)
No. of hyperuricemia 53 85 118
No. of participants 1040 1029 1057
High-sensitivity CRP (mg/L) 0.40 (0.39, 0.41) 0.88 (0.87, 0.89) 2.88 (2.78, 2.98)
Adjusted model 2 Reference 1.16 (0.79, 1.71) 1.21 (0.83, 1.78) 0.43
BMI 0.40
Normal BMI (n=3178)
No. of hyperuricemia 45 78 99
No. of participants 1056 1060 1062
High-sensitivity CRP (mg/L) 0.37 (0.37, 0.38) 0.81 (0.80, 0.82) 291 (2.79, 3.02)
Adjusted model 2 Reference 1.14 (0.76, 1.75) 1.18 (0.78, 1.79) 0.56
High BMI (n = 1605)
No. of hyperuricemia 33 60 67
No. of participants 532 538 535
High-sensitivity CRP (mg/L) 0.48 (0.47, 0.49) 1.08 (1.06, 1.10) 3.07 (2.94, 3.21)
Adjusted model 2 Reference 1.65 (1.02, 2.70) 1.53 (0.96, 2.49) 0.25
Obesity (n =636)
No. of hyperuricemia 24 28 40
No. of participants 211 213 212
High-sensitivity CRP (mg/L) 0.66 (0.63, 0.68) 1.53 (1.48, 1.57) 4.08 (3.85, 4.32)
Adjusted model 2 Reference 0.83 (0.43, 1.62) 1.07 (0.57, 2.03) 0.63

“CRP: C-reactive protein; BMI: body mass index; HDL: high-density lipoprotein; eGFR: estimate glomerular filtration rate; OR: odds ratio; CI: confidence
interval. *Analysis logistic regression analysis. “Least square mean (95% confidence interval) (all such values). “Adjusted for age, sex, BMI, education level,
smoking status, drinking status, level of income, marital status, fasting blood glucose levels, living area, baseline uric acid, hypertension, total cholesterol,
triglycerides, HDL cholesterol, and eGFR. “Odds ratio (95% confidence interval) (all such values).

of high-sensitivity CRP was obviously higher than that in the
lowest group, indicating that the participants in the highest
tertile of CRP were in an intercritical state. In other words,
although all we included in the present study were partici-
pants with little difference in inflammation levels, the partic-
ipants in the highest tertile were in a higher level of

inflammation. Besides, based on 5,419 participants in the
baseline of this study, there was only 474 participants
(8.75%) developed hyperuricemia. The lower incidence of
hyperuricemia may contribute to the nonsignificant P values
in the cubic spline regression model. In addition, hyperurice-
mia is a complex disease with numerous causes, while
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inflammation is only one aspect of that. Therefore, although
CRP is a risk factor for hyperuricemia, its ability to predict
hyperuricemia is limited.

Consistent with previous cross-sectional studies [18, 19,
35], we found that higher level of high-sensitivity CRP is an
independent risk factor for hyperuricemia. For example,
one cross-sectional study of 1935 subjects suggested that
high-sensitivity CRP is positively associated with the preva-
lence of hyperuricemia. In that study, the relative odds of
the prevalence of hyperuricemia increased 0.56, 0.55, and
0.96 times in the third, fourth, and fifth quintile, respectively
[18]. Another study [19] reached a similar conclusion as the
hyperuricemia patients had higher levels of CRP than the
controls. However, given the study’s cross-sectional design,
it was limited in concluding a causal correlation. To the best
of our knowledge, there was only one cohort study [24] has
shown that elevated high-sensitivity CRP is an independent
risk factor for hyperuricemia. The multivariable-adjusted
hazard ratio comparing the highest quartiles in the distribu-
tion with the lowest was 1.14 (95%CI=1.02-1.28, Pfor
trend = 0.07) for high-sensitivity CRP, which was similar to
our results. However, that study merely focused on the
middle-aged males in Korea, the older and the female had
not been conducted yet. To explore whether there were inter-
action effects between sex, age, BMI, and high-sensitivity
CRP on hyperuricemia, we performed subgroup analyses.
In the subgroup analyses of the present study, we found that
high-sensitivity CRP was positively associated with the inci-
dence of hyperuricemia after multivariate adjustments
(P for trend = 0.04) in women. Besides, compared with the
women in the lowest tertile of high-sensitivity CRP, the
multivariate-adjusted ORs (95% Cls) in the highest tertile
were 1.69 (1.10, 2.66). However, the interaction effects
between sex, age, BMI, and high-sensitivity CRP on hyper-
uricemia were nonsignificant. Moreover, almost all the
adjusted ORs were not statistically significant (except for
the highest tertile in women), which may attribute to the
small sample size after stratification and result in low statisti-
cal power. Further cohort studies with enough sample size
are needed to confirm our results.

The mechanisms that have been proposed to explain these
results may related to inflammation. It is generally believed that
persistent low-grade inflammation plays an important role in
the formation of hyperuricemia [36]. One study [37] has shown
that inflammatory cytokines may improve the activity by upreg-
ulating the gene expression of xanthine oxidase, which plays a
key role in increasing uric acid production. Another study
[38] has suggested that xanthine oxidase activity is positively
correlated with CRP. In the present study, the mean age of
women was 57.23 (56.91, 57.55) years, which means most of
the female participants are in postmenopause. Previous study
[39] had shown that estrogen has anti-inflammatory effects,
and thus, postmenopausal women have elevated inflammation
maybe due to low estrogen levels [40]. However, the exact
mechanism of the role of CRP in hyperuricemia and the differ-
ences between gender are still unclear.

The present study has several strengths. Above all, it is
the first study to examine the association between high-
sensitivity CRP and the incidence of hyperuricemia by

regarding high-sensitivity CRP as the primary exposure in
Chinese population. Second, the large sample size in the pres-
ent study (5,419 participants) allowed for sufficient statistical
power to detect associations between high-sensitivity CRP
and hyperuricemia. Thirdly, we further analyzed the compre-
hensive associations between high-sensitivity CRP and
hyperuricemia in different subgroups according to sex, age,
and BMI. Several limitations should also be acknowledged.
First, no information on diet was available; therefore, the
potential impact of diet on the results cannot be excluded.
Dietary factors include seafood, red meat [41], and fructose,
which influence uric acid levels by accelerating the catabo-
lism of adenine nucleotides [42]. Second, there is no informa-
tion on the use of uric acid-lowering drugs or treatments in
the database, so we cannot analyze the effect of this factor
on the results. Third, during the follow-up, some factors,
such as the change of lifestyle and the treatment of hyperuri-
cemia, may confound the association. Fourth, 32.1% of par-
ticipants (from 8,307 to 5,643) were excluded due to the
lack of follow-up data. Participants who were missing during
follow-up could have had different characteristics to those
eventually included, and these differences could have
impacted the results of this study.

5. Conclusions

The findings of this prospective cohort study suggested that
higher level of high-sensitivity CRP is an independent risk
factor for hyperuricemia in Chinese population, especially
in women, while it is a limited indicator for prediction.

Data Availability

The data that support the findings of this study are openly
available in China Health and Retirement Longitudinal Study
at http://charls.pku.edu.cn/index.html.

Ethical Approval

All procedures performed in studies involving human partic-
ipants were in accordance with the ethical standards of the
institutional and/or national research committee and the
1964 Helsinki declaration and its later amendments or com-
parable ethical standards. The study protocol was approved
by the ethics committee of Peking University. Informed con-
sents were obtained from all individual participants included
in the study.

Conflicts of Interest

The authors declare that there is no conflict of interest
regarding the publication of this article.

Acknowledgments

We thank those who participated in the data collection and
management of the China Health and Retirement Longitudi-
nal Study. This work was supported by the National Key
Technologies R&D Program of China (grant number
2017YFC0907405).


http://charls.pku.edu.cn/index.html

Supplementary Materials

Table S1: general characteristics of participants according to
tertiles of high-sensitivity CRP by age. Table S2: general char-
acteristics of participants according to tertiles of high-
sensitivity CRP by sex. Table S3: general characteristics of
participants according to tertiles of high-sensitivity CRP by
BMI. Figure Sl: receiver operating characteristic (ROC)
curve to test the predicting ability of the final model. Area
under ROC curve was 0.6018. (Supplementary Materials)

References

(1]

(2]

(9]

(10]

(11]

(12]

(13]

A. Virdis, S. Masi, E. Casiglia et al., “Identification of the uric
acid thresholds predicting an increased total and cardiovascu-
lar mortality over 20 years,” Hypertension, vol. 75, no. 2,
pp. 302-308, 2020.

A. Chiou, B. R. England, H. Sayles et al., “Coexistent hyperuri-
cemia and gout in rheumatoid arthritis: associations with
comorbidities, disease activity and mortality,” Arthritis Care
& Research, 2019.

M. L. Biradar, K. M. Chiang, H. C. Yang, Y. T. Huang, and
W. H. Pan, “The causal role of elevated uric acid and waist cir-
cumference on the risk of metabolic syndrome components,”
International Journal of Obesity, vol. 44, no. 4, pp. 865-874,
2020.

A. Onat, H. Uyarel, G. Hergenc et al., “Serum uric acid is a
determinant of metabolic syndrome in a population-based
study,” American Journal of Hypertension, vol. 19, no. 10,
pp. 10551062, 2006.

E. Oda, “Serum uric acid is an independent predictor of meta-
bolic syndrome in a Japanese health screening population,”
Heart and Vessels, vol. 29, no. 4, pp. 496-503, 2014.

A.Ji, C. Pan, H. Wang et al,, “Prevalence and associated risk
factors of chronic kidney disease in an elderly population from
eastern China,” International Journal of Environmental
Research and Public Health, vol. 16, no. 22, p. 4383, 2019.

S. Roumeliotis, A. Roumeliotis, E. Dounousi, T. Eleftheriadis,
and V. Liakopoulos, “Dietary antioxidant supplements and
uric acid in chronic kidney disease: a review,” Nutrients,
vol. 11, no. 8, p. 1911, 2019.

H. Y. Chang, P. H. Lee, C. C. Lei et al., “Hyperuricemia as an
independent risk factor of chronic kidney disease in middle-
aged and elderly population,” The American Journal of the
Medical Sciences, vol. 339, no. 6, pp. 509-515, 2010.

Y. Jiang, J. Yu, Q. Zhang et al., “Microalbuminuria mediates
the association between serum uric acid and elevation of blood
pressure: a longitudinal analysis in the Gusu cohort,” Journal
of Hypertension, vol. 38, no. 4, pp. 625-632, 2020.

T. S. Perlstein, O. Gumieniak, G. H. Williams et al., “Uric acid
and the development of hypertension: the normative aging
study,” Hypertension, vol. 48, no. 6, pp. 1031-1036, 2006.

C. Borghi, E. A. Rosei, T. Bardin et al., “Serum uric acid and the
risk of cardiovascular and renal disease,” Journal of Hyperten-
sion, vol. 33, no. 9, pp. 1729-1741, 2015.

C. Borghi, A. Palazzuoli, M. Landolfo, and E. Cosentino,
“Hyperuricemia: a novel old disorder-relationship and poten-
tial mechanisms in heart failure,” Heart Failure Reviews,
vol. 25, no. 1, pp. 43-51, 2020.

M. Li, W. Hou, X. Zhang, L. Hu, and Z. Tang, “Hyperuricemia
and risk of stroke: a systematic review and meta-analysis of

(14]

[15]

(16]

(17]

(18]

(19]

(20]

(21]

[22]

(23]

[26]

(28]

(29]

Mediators of Inflammation

prospective studies,” Atherosclerosis, vol. 232, no. 2, pp. 265-
270, 2014.

X. Lai, L. Yang, S. Légaré et al., “Dose-response relationship
between serum uric acid levels and risk of incident coronary
heart disease in the Dongfeng-Tongji Cohort,” International
Journal of Cardiology, vol. 224, pp. 299-304, 2016.

G. Desideri, J. G. Puig, and P. Richette, “The management of
hyperuricemia with urate deposition,” Current Medical
Research and Opinion, vol. 31, Supplement 2, pp. 27-32, 2015.

G. Trifiro, P. Morabito, L. Cavagna et al., “Epidemiology of
gout and hyperuricaemia in Italy during the years 2005-2009:
a nationwide population-based study,” Annals of the Rheu-
matic Diseases, vol. 72, no. 5, pp. 694-700, 2013.

P. M. Ridker, “Cardiology patient page. C-reactive protein: a
simple test to help predict risk of heart attack and stroke,” Cir-
culation, vol. 108, no. 12, pp. e81-e85, 2003.

T. Yang, X. Ding, Y. L. Wang et al., “Association between high-
sensitivity C-reactive protein and hyperuricemia,” Rheumatol-
ogy International, vol. 36, no. 4, pp. 561-566, 2016.

W. J. Ho, W. P. Tsai, K. H. Yu et al., “Association between
endothelial dysfunction and hyperuricaemia,” Rheumatology,
vol. 49, no. 10, pp. 1929-1934, 2010.

P. Drivelegka, H. Forsblad-d’Elia, O. Angeras et al., “Associa-
tion between serum level of urate and subclinical atherosclero-
sis: results from the SCAPIS Pilot,” Arthritis Research &
Therapy, vol. 22, no. 1, p. 37, 2020.

T. Ziv-Baran, A. Wasserman, I. Goldiner et al., “The associa-
tion between C-reactive protein and common blood tests in
apparently healthy individuals undergoing a routine health
examination,” Clinica Chimica Acta, vol. 501, pp. 33-41, 2020.
R. Spiga, M. A. Marini, E. Mancuso et al., “Uric acid is associ-
ated with inflammatory biomarkers and induces inflammation
via activating the NF-«B signaling pathway in HepG2 cells,”
Arteriosclerosis, Thrombosis, and Vascular Biology, vol. 37,
no. 6, pp. 1241-1249, 2017.

A. Wasserman, M. Shnell, B. Boursi, and H. Guzner-Gur,
“Prognostic significance of serum uric acid in patients admit-
ted to the department of medicine,” The American Journal of
the Medical Sciences, vol. 339, no. 1, pp. 15-21, 2010.

S.Ryu, Y. Chang, Y. Zhang et al,, “A cohort study of hyperuri-
cemia in middle-aged South Korean men,” American Journal
of Epidemiology, vol. 175, no. 2, pp. 133-143, 2012.

N. Stringa, A. Brahimaj, A. Zaciragic et al., “Relation of antiox-
idant capacity of diet and markers of oxidative status with C-
reactive protein and adipocytokines: a prospective study,”
Metabolism, vol. 71, pp. 171-181, 2017.

M. Tayefi, S. M. Hassanian, M. Maftouh et al., “Relationship
between platelet count and platelet width distribution and
serum uric acid concentrations in patients with untreated
essential hypertension,” BioFactors, vol. 44, no. 6, pp. 532-
538, 2018.

Y. Zhao, Y. Hu, J. P. Smith, J. Strauss, and G. Yang, “Cohort
profile: the China health and retirement longitudinal study
(CHARLS),” International Journal of Epidemiology, vol. 43,
no. 1, pp. 61-68, 2014.

S. C. Shiesh, T. C. Chou, X. Z. Lin, and P. C. Kao, “Determina-
tion of C-reactive protein with an ultra-sensitivity immuno-
chemiluminometric assay,” Journal of Immunological
Methods, vol. 311, no. 1-2, pp. 87-95, 2006.

P. A. James, S. Oparil, B. L. Carter et al., “2014 evidence-based
guideline for the management of high blood pressure in adults:


http://downloads.hindawi.com/journals/mi/2020/3854982.f1.docx

Mediators of Inflammation

(30]

(31]

(32]

(33]

[34]

(35]

(36]

(38]

(39]

(40]

(41]

(42]

report from the panel members appointed to the Eighth Joint
National Committee (JNC 8),” JAMA, vol. 311, no. 5,
pp. 507-520, 2014.

The Expert Committee on the Diagnosis and Classification of
Diabetes Mellitus, “Report of the expert committee on the
diagnosis and classification of diabetes mellitus,” Diabetes
Care, vol. 26, Supplement 1, pp. S5-20, 2003.

D.Y.Li, W.J. Yin, Y. H. Yi et al., “Development and validation
of a more accurate estimating equation for glomerular filtra-
tion rate in a Chinese population,” Kidney International,
vol. 95, no. 3, pp. 636-646, 2019.

D. Vedder, W. Walrabenstein, M. Heslinga et al., “Dietary
interventions for gout and effect on cardiovascular risk factors:
a systematic review,” Nutrients, vol. 11, no. 12, p. 2955, 2019.

L. Desquilbet and F. Mariotti, “Dose-response analyses using
restricted cubic spline functions in public health research,”
Statistics in Medicine, vol. 29, no. 9, pp. 1037-1057, 2010.

B. F. Zhou and C Cooperative Meta-Analysis Group of the
working group on obesity, “Predictive values of body mass
index and waist circumference for risk factors of certain
related diseases in Chinese adults-study on optimal cut-off
points of body mass index and waist circumference in Chinese
adults,” Biomedical and Environmental Sciences, vol. 15, no. 1,
pp. 83-96, 2002.

R. Mutluay, S. M. Deger, E. Bahadir, A. O. Durmaz, R. Citil,
and S. Sindel, “Uric acid is an important predictor for hyper-
tensive early atherosclerosis,” Advances in Therapy, vol. 29,
no. 3, pp. 276-286, 2012.

G. Cabéu, T. O. Crisan, V. Kliick, R. A. Popp, and L. A. B. Joos-
ten, “Urate-induced immune programming: consequences for
gouty arthritis and hyperuricemia,” Immunological Reviews,
vol. 294, no. 1, pp. 92-105, 2020.

Y. Komaki, H. Sugiura, A. Koarai et al., “Cytokine-mediated
xanthine oxidase upregulation in chronic obstructive pulmo-
nary disease’s airways,” Pulmonary Pharmacology & Thera-
peutics, vol. 18, no. 4, pp. 297-302, 2005.

A. M. P. Feoli, F. E. Macagnan, C. H. Piovesan, L. C. Bodanese,
and I. R. Siqueira, “Xanthine oxidase activity is associated with
risk factors for cardiovascular disease and inflammatory and
oxidative status markers in metabolic syndrome: effects of a
single exercise session,” Oxidative Medicine and Cellular Lon-
gevity, vol. 2014, Article ID 587083, 8 pages, 2014.

A. J. Gaskins, M. Wilchesky, S. L. Mumford et al., “Endoge-
nous reproductive hormones and C-reactive protein across
the menstrual cycle: the BioCycle Study,” American Journal
of Epidemiology, vol. 175, no. 5, pp. 423-431, 2012.

N. Figueroa-Vega, C. Moreno-Frias, and J. M. Malacara,
“Alterations in adhesion molecules, pro-inflammatory cyto-
kines and cell-derived microparticles contribute to intima-
media thickness and symptoms in postmenopausal women,”
PLoS One, vol. 10, no. 5, article 0120990, 2015.

H. K. Choi, K. Atkinson, E. W. Karlson, W. Willett, and
G. Curhan, “Purine-rich foods, dairy and protein intake, and
the risk of gout in men,” The New England Journal of Medicine,
vol. 350, no. 11, pp. 1093-1103, 2004.

S. B. Lotito and B. Frei, “The increase in human plasma antiox-
idant capacity after apple consumption is due to the metabolic
effect of fructose on urate, not apple-derived antioxidant flavo-
noids,” Free Radical Biology & Medicine, vol. 37, no. 2,
pp. 251-258, 2004.



	Higher Levels of High-Sensitivity C-Reactive Protein Is Positively Associated with the Incidence of Hyperuricemia in Chinese Population: A Report from the China Health and Retirement Longitudinal Study
	1. Introduction
	2. Materials and Methods
	2.1. Source of Data
	2.2. Study Population
	2.3. Data Collection
	2.4. Assessment of Hyperuricemia
	2.5. Assessment of High-Sensitivity CRP
	2.6. Statistical Analyses

	3. Results
	3.1. Participants’ Characteristics
	3.2. Association between High-Sensitivity CRP and Hyperuricemia Risk
	3.3. Association between High-Sensitivity CRP and Change in Uric Acid Concentrations
	3.4. Association between High-Sensitivity CRP and Hyperuricemia Risk according to Sex, Age and BMI

	4. Discussion
	5. Conclusions
	Data Availability
	Ethical Approval
	Conflicts of Interest
	Acknowledgments
	Supplementary Materials

