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Background: The incidence of metabolic syndrome (MetS) dramatically increases among middle-aged
and elderly populations in China, which increases the risk of cardiovascular disease events and mortal-
ity.

Methods: This survey was based on the China Health and Retirement Longitudinal Study baseline data
in 2011 and follow-up data in 2015. 4,602 participants without MetS at baseline were included in the
final analysis. The diagnosis of MetS was based on the Chinese guidelines. A multivariable logistic re-
gression model was used to examine the association of serum uric acid quartiles, or continuous serum
uric acid with the risk of incident MetS. Restricted cubic spline regression models were used to explore
the dose—response relationship between serum uric acid levels and MetS incidence.

Results: Serum uric acid quartiles were associated with an increased risk of MetS incidence (p for trend =
0.03), and the adjusted RRs (95% Cl) were 1.17 (0.77, 1.75), 1.51 (1.01, 2.24) and 1.54 (1.01, 2.33) in
quartiles 2—4, respectively. In particular, the association was more evident among women. The multi-
variable-adjusted RR for 1 mg/dL in serum uric acid level was 1.17 (95% Cl: 1.03, 1.34) for MetS inci-
dence. In addition, the restricted cubic splines showed that higher serum uric acid levels were dose—
response associated with increased MetS incidence risk (p for linear trend < 0.001).

Conclusions: Our results suggested that higher serum uric acid levels were independently associated

with a dose-response increased risk of MetS incidence.

Copyright © 2023, Taiwan Society of Geriatric Emergency & Critical Care Medicine.

1. Introduction

Metabolic syndrome (MetS) is characterized by a clustering of
cardiovascular disease (CVD) risk factors, stimulating early develop-
ment of atherosclerosis and accelerating the frequency of cvD.! The
prevalence of MetS dramatically increases worldwide?? and has be-
come a serious social health problem. The prevalence of MetS
among participants aged 20 years and older was 31.1% based on
the China Nutrition and Health Surveillance (2015- 2017) data by
NCEP ATP Ill criteria.t Populations with MetS are at increased risk of
CVD events,’ especially elderly individuals. Overall, the age-stan-
dardized CVD prevalence rate significantly increased from 1990 to
2016 by 14.7% among Chinese residents based on the 2016 Global
Burden of Disease Study data.® Exploring the risk factors for MetS
may have important implications for preventing and controlling CVD
in China, which has a large and aging population.

Uric acid is the final oxidation product of purine metabolism in
the human body, and is used to define gout and assess renal func-
tion. Uric acid functions as a pro-oxidant within cells. Studies have
demonstrated that increased serum uric acid levels stimulate oxida-
tive stress, inflammation, and fat storage, suggesting a possible
mechanism of metabolic homeostasis.”’® Several cross-sectional®
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and prospectivelo studies consistently demonstrated that elevated
serum uric acid levels were related to an increased risk of MetS. Evi-
dence also suggested the causal association between elevated se-
rum uric acid and MetS and its components the Mendelian random-
ization method.!

CVD remains the leading cause of death in many developing
countries, including China, with large aging populations. Hyper-
uricemia is common in the Chinese population, and the prevalence
of hyperuricemia is higher in elderly populations.12 Exploring the re-
lationship between uric acid and MetS may have important implica-
tions for preventing and controlling MetS, which is a more important
remediable risk factor for CVD. Therefore, in the present study, we
tested the hypothesis that serum uric acid was dose—response asso-
ciated with incident MetS among participants aged more than 45
years.

2. Materials and method
2.1. Study population

The China Health and Retirement Longitudinal Study (CHARLS)
is a national population-based survey conducted by the National
School of Development of Peking University and involved 17,708
participants aged 45 years and older. The participants were selected
using a four-stage, stratified, cluster random sampling method from
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150 counties in 28 provinces. Detailed information on CHARLS was
published previously.13 In total, 14,255 individuals (80.5% of those at
baseline) completed the follow-up in 2015. Participants with missing
MetS data at the baseline survey (n = 4,456) were excluded. Among
6,994 participants without MetS at baseline and further excluding
individuals with missing data on MetS (n = 2,392) at the follow-up in-
vestigation. A total of 4,602 participants aged 45 years and older
were included in the final analysis (Figure 1). The CHARLS was ap-
proved by the Ethical Review Committee of Peking University. In-
formed consent was obtained from all individual participants in-
cluded in the study.

2.2. Assessment of uric acid

Serum uric acid was determined at the Youanmen Center for
Clinical Laboratory of Capital Medical University using the UA Plus
method. Serum uric acid levels were categorized into four groups
according to the quartiles of sex-specific distribution: < 3.96, 3.96—
4.66, 4.66-5.50, and > 5.50 mg/dL for men and 3.15, 3.15-3.70,
3.70-4.32, and > 4.32 mg/dL for women.

2.3. Assessment of covariates

Trained interviewers used a semistructured questionnaire to
collect data including demographic characteristics, lifestyle, and
personal disease history during face-to-face interviews. Fasting
blood glucose and lipids including total cholesterol (TC), and tri-
glycerides (TG), low-density lipoprotein cholesterol (LDL-C), and
high-density lipoprotein cholesterol (HDL-C) were measured by en-
zymatic colorimetric tests. Creatinine and C-reactive protein (CRP)
were measured by the rate-blanked and compensated Jaffe creat-
inine method and immunoturbidimetric assay test, respectively.
Body mass index (BMI) was calculated as weight in kilograms di-
vided by height in meters squared. The estimated glomerular filtra-
tion rate (eGFR) was calculated using the Modification of Diet in
Renal Disease (MDRD) equations for the Chinese population with
chronic kidney disease (CKD): eGFR = 186 x serum creatinine %% x
Age’o'203 x 0.742 (if female).14

2.4. Ascertainment of incident MetS

The diagnosis of MetS was based on the Chinese guidelines and

‘ 17708 individuals in 2011 |
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included three or more of the foIIowing:15 (1) abdominal obesity (de-
fined according to guidelines for Chinese populations as a waist cir-
cumference > 90 cm in men or > 85 cm in women); (2) TG > 150
mg/dL; (3) HDL-C cholesterol < 40 mg/dL; (4) systolic blood pressure
> 130 mmHg or diastolic blood pressure > 85 mmHg or use of anti-
hypertensive medications; and (5) fasting plasma glucose > 110 mg/
dL or use of antidiabetic medications.

2.5. Statistical analyses

Continuous variables with a normal distribution are presented
as the means (SD) and were compared between groups using one-
way ANOVA. Categorical variables are expressed as numbers (per-
centages) and were compared by the chi-square test. A multivariable
logistic regression model was used to examine the association of se-
rum uric acid quartiles with the risk of incident MetS. Additionally,
the nonlinear relationship between serum uric acid levels and risk of
incident MetS was evaluated by restricted cubic spline using 4 knots
(5th, 35th, 65th, and 95th of the serum uric acid distribution) with 3
mg/dL (approximately the first quartile) as the reference. A 2-sided p
value < 0.05 was used to determine statistical significance. Data
cleaning and statistical analyses were performed using SAS version
9.2 (SAS Institute).

3. Results
3.1. Characteristics of study population

The general characteristics of the participants across sex-spe-
cific quartiles of serum uric acid levels are shown in Table 1. Com-
pared with those in the first quartile, participants in the 2nd—4th
quartiles were older and more likely to be current drinkers. High
serum uric acid levels were associated with increased BMI, waist
circumference, blood pressure, TC, TG, LDL-C, and creatinine, but
with decreased eGFR. From serum uric acid level quartiles 1-4,
MetS incidences were 10.10%, 10.92%, 13.57%, and 16.78% re-
spectively.

3.2. Incidence of MetS and its components

The overall and sex-specific incident of MetS and its compo-
nents at follow-up are shown in Figure 2. The difference between

» 3453 individuals were excluded due to not completed the follow-up in 2015

‘ 14255 individuals |

4456 individuals were excluded due to missing MetS in 2011

‘ 9799 indtvidils |

2805 individuals with MetS in baseline were excluded

‘ 6994 individuals |

2392 individuals were excluded due to missing MetS in 2015

‘ A nisiialls |

Figure 1. Flowchart of the study participant selection methods in each step.
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Table 1

General characteristics of the subjects across quartiles of serum uric acid levels.
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Variables

Quartiles of serum uric acid (mg/dL)

p-value
Quartile 1 Quartile 2 Quartile 3 Quartile 4
N 1148 1154 1150 1150
Uric acid (mg/dL)
Men 3.43(0.43) 4.32 (0.20) 5.03 (0.24) 6.38 (0.89) <0.001
Women 2.71(0.35) 3.43(0.16) 3.99 (0.17) 5.09 (0.73) <0.001
Age (years) 57.69 (8.82) 58.12 (9.00) 58.56 (9.04) 59.93 (9.33) <0.001
Gender 0.95
Men 546 (47.56) 538 (46.62) 549 (47.74) 544 (47.30)
Women 602 (52.44) 616 (53.38) 601 (52.26) 606 (52.70)
Smoking, n (%) 0.55
Current 382 (33.33) 370 (32.17) 347 (30.33) 360 (31.47)
Ever 78 (6.81) 85 (7.39) 97 (8.48) 97 (8.48)
Never 686 (59.86) 695 (60.43) 700 (61.19) 687 (60.05)
Drinking, n (%) <0.001
Current 263 (22.91) 287 (24.91) 319 (27.79) 340 (29.59)
Ever 50 (4.36) 56 (4.86) 74 (6.45) 74 (6.44)
Never 835 (72.74) 809 (70.23) 755 (65.77) 735 (63.97)
BMI (kg/m?) 22.29 (3.09) 22.32(3.17) 22.68 (3.01) 22.98 (3.45) <0.001
Waist circumference (cm) 81.50 (8.24) 81.83 (8.65) 82.75 (8.64) 83.64 (9.54) <0.001
SBP (mmHg) 124.23 (21.34) 125.11 (22.06) 126.84 (22.87) 129.12 (22.51) <0.001
DBP (mmHg) 73.05 (11.15) 73.02 (11.67) 73.98 (12.12) 74.73 (11.65) <0.001
FPG (mmol/L) 104.01 (31.73) 102.00 (22.39) 101.97 (18.62) 102.51 (19.92) 0.13
HbAc1 5.17 (0.78) 5.15(0.52) 5.13 (0.49) 5.14 (0.55) 0.34
TC (mg/dL) 183.58 (35.47) 189.42 (34.47) 191.81(36.24) 196.96 (37.63) <0.001
TG (mg/dL) 95.11 (43.47) 95.89 (43.92) 102.57 (53.62) 109.76 (57.45) <0.001
LDL-C (mmol/L) 112.17 (30.90) 116.07 (30.32) 117.39 (33.06) 121.22 (35.15) <0.001
HDL-C (mmol/L) 54.64 (13.74) 56.11 (14.62) 55.78 (14.40) 55.02 (14.39) 0.05
Creatinine (mg/dL) 0.69 (0.15) 0.74 (0.15) 0.77 (0.16) 0.85(0.21) <0.001
CRP (mg/L) 2.11(6.22) 2.25(7.27) 2.12 (6.92) 2.66 (6.26) 0.16
eGFR 112.97 (24.25) 102.53 (22.00) 97.99 (19.00) 88.75 (20.81) <0.001
MetS, n (%) 116 (10.10) 126 (10.92) 156 (13.57) 193 (16.78) <0.001

Abbreviation: BMI, body mass index; CRP, C-reactive protein; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; FPG, fasting plasma
glucose; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; MetS, metabolic syndrome; SBP, systolic blood pressure; TC,
total cholesterol; TG, triglycerides.
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Figure 2. The overall and sex-specific incidence of MetS and its components at follow-up. MetS, metabolic syndrome; TG, triglycerides; HDL-C, high-density li-
poprotein cholesterol; BP, blood pressure.

men and women is expressed as the p-value calculated by chi-square
test. The 4-year follow-up MetS incidence was 12.84% in all par-
ticipants. The MetS incidence was significantly higher in women
(13.77%) than in men (11.81%) (p = 0.04). MetS components, such as

abdominal obesity and elevated TGs were significantly higher in
women than in men (p < 0.001 for all cases). In contrast, the inci-
dence of reduced HDL-C, elevated BP, and hyperglycemia was signi-
ficantly lower in women than in men (p < 0.01 for all cases).



266

3.3. Relationship between serum uric acid and MetS
incidence

Table 2 shows the risk ratios (95% Cls) for the incidence of MetS
and its components according to quartiles of serum uric acid. We
found that higher serum uric acid quartiles were independently as-
sociated with increased MetS incident risk after adjustment for con-
founding factors. Compared with the first quartile of serum uric acid
levels, the adjusted RRs (95% Cls) of MetS incidence were 1.17 (95%
Cl: 0.77, 1.75), 1.51 (95% CI: 1.01, 2.24) and 1.54 (95% Cl: (1.01,
2.33); p for trend = 0.03) respectively in 2—4 quartiles. The multi-
variable-adjusted RR for 1 mg/dL in serum uric acid levels was 1.17
(95% Cl: 1.03, 1.34) for MetS incidence.

The restricted cubic splines showed that the risk of MetS inci-
dence increased with continuous serum uric acid levels (p for linear
trend < 0.001, Figure 3a). The significant linear trend test illustrated
dose—response effects and no obvious evidence of a threshold effect
on the risk of MetS incidence. In contrast, a significant nonlinear re-
lationship existed between serum uric acid levels and the risk of
abdominal obesity and elevated TG incidence based on restricted
cubic spline regression models (p for nonlinear trend < 0.05 for
both; Figure 3b and 3c).

4. Discussion

In this population-based prospective study, our findings de-
monstrated that dose—-response positive association between se-
rum uric acid and MetS incidence risk among middle-aged and el-
derly Chinese adults after adjustment for a variety of confounding
factors.

Our findings showed that participants in the highest quartile

Table 2
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had a 1.54-fold risk of MetS incidence compared with those in the
first quartile. Higher serum uric acid levels dose-response associ-
ated with increased risk of MetS incidence. The potential mecha-
nisms for the hyperuricemia-MetS association are that serum uric
acid in adipocytes leads to inflammation and oxidative stress, which
cause insulin resistance and the development of metabolic dis-
eases.'® Consistently, several prospective studies conducted among
Chinese populations suggested positive associations between serum
uric acid levels and MetS incident risk.2”"18 In addition, previous
studies demonstrated that hyperuricemia is independently associ-
ated with CVDs, hypertension, obesity, type 2 diabetes mellitus, and
stroke.’>22 A nationally representative study — the China Nutrition
and Health Surveillance (CNHS) showed that the uric acid level in
Chinese adults is relatively high.23 Early intervention and control of
hyperuricemia may have important implications for preventing and
controlling chronic diseases.

In the present study, we also found that higher serum uric acid
levels are associated with an increased risk of abdominal obesity and
dyslipidemia but not hypertension and hyperglycemia, which is in
accordance with the results of other studies.”*%> A possible explana-
tion for the association between uric acid and obesity may be that
uric acid levels are associated with risk factors for obesity, such as in-
sulin resistance and dyslipidemia. Obesity is related to oxidative
stress, and uric acid helps the clearance of free radicals in the obese
body. On the other hand, the increase in uric acid cannot be com-
pletely removed, leading to hyperuricemia.26 This suggested that the
association between obesity and hyperuricemia may be bidirec-
tional. To date, the mechanisms underlying the association between
uric acid and hypertriglyceridemia have not been fully elucidated. A
study suggested that increased serum uric acid levels may inhibit the
decomposition of serum TG by reducing the activity of enzymes as-

Risk ratios (95% Cls) for MetS incidence according to continuous or quartiles of serum uric acid.

Quartiles of serum uric acid (mg/dL)

p-trend* Per 1 mg/dL increase p-value
Quartile 1 Quartile 2 Quartile 3 Quartile 4

MetS

Model 1 reference 1.09(0.84,1.42)  1.40(1.08,1.80)  1.79 (1.40,2.30) <0.001 1.17 (1.09,1.25) <0.001

Model 2 reference 1.16 (0.77,1.73) 1.49 (1.01,2.19) 1.51(1.03,2.23) 0.02 1.16 (1.03,1.31) 0.01

Model 3 reference 1.17 (0.77,1.75) 1.51(1.01,2.24) 1.54 (1.01,2.33) 0.03 1.17 (1.03,1.34) 0.02
Abdominal obesity

Model 1 reference 1.08 (0.90,1.29) 1.37(1.15,1.63)  1.50(1.26,1.78) <0.001 1.20(1.13,1.27) <0.001

Model 2 reference 1.07(0.81,1.41)  1.55(1.18,2.04)  1.47 (1.12,1.94) 0.002 1.16 (1.06,1.27) 0.002

Model 3 reference 1.05 (0.79,1.39) 1.51(1.14,1.99) 1.47(1.09,1.97) 0.003 1.17 (1.06,1.29) 0.002
Elevated BP

Model 1 reference 1.11 (0.94,1.30) 1.37 (1.16,1.61) 1.46 (1.24,1.72) <0.001 1.19(1.13,1.25) <0.001

Model 2 reference 1.10(0.85,1.44)  1.27(0.98,1.66)  1.17 (0.90,1.53) 0.23 1.06 (0.97,1.16) 0.19

Model 3 reference 1.12 (0.85,1.46) 1.30(0.99,1.71) 1.22(0.92,1.62) 0.18 1.08 (0.98,1.18) 0.14
Elevated TG

Model 1 reference 1.22 (1.00,1.50) 1.46 (1.20,1.78) 1.77 (1.45,2.15) <0.001 1.08 (1.02,1.14) 0.006

Model 2 reference 1.18 (0.86,1.62) 1.50(1.10,2.04)  1.67(1.23,2.27) <0.001 1.17 (1.06,1.30) 0.002

Model 3 reference 1.13(0.82,1.56)  1.42(1.03,1.94)  1.49 (1.07,2.07) 0.01 1.12 (1.01,1.25) 0.03
Reduced HDL-C

Model 1 reference 0.84(0.63,1.12)  0.97(0.74,1.28)  1.06 (0.81,1.39) 0.39 1.17 (1.09,1.27) <0.001

Model 2 reference 1.11 (0.71,1.74) 1.41(0.91,2.17) 1.40(0.90,2.17) 0.11 1.06 (0.93,1.22) 0.37

Model 3 reference 1.15(0.73,1.82)  1.48(0.94,2.31)  1.48(0.92,2.37) 0.08 1.07 (0.93,1.24) 0.39
Hyperglycemia

Model 1 reference 0.99 (0.78,1.25)  0.79(0.62,1.02) 1.17(0.93,1.47) 0.17 1.07 (1.00,1.15) 0.05

Model 2 reference 0.86(0.59,1.25)  0.69 (0.46,1.02)  1.15 (0.80,1.65) 0.33 1.08 (0.96,1.23) 0.20

Model 3 reference 0.89(0.61,1.31)  0.72(0.48,1.09) 1.22(0.82,1.81) 0.23 1.11(0.97,1.27) 0.13

Abbreviation: BP, blood pressure; HDL-C, high-density lipoprotein cholesterol; MetS, metabolic syndrome; TG, triglycerides.

* p values for trend were estimated by modelling the serum uric acid using the median for each quartile.

Model 1 adjusted for age and gender.
Model 2 further adjusted for drinking status (never, ever, or current), smoking status (never, ever, or current), and exercise (yes or no).
Model 3 further adjusted for BMI, eGFR, and CRP (all as continuous variables).
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Figure 3. Adjusted RRs and 95% Cls for MetS, abdominal obesity and elevated TG incidence from restricted cubic splines. The solid line represents the fitted risk
ratio curve compared to the subgroup with the lowest mean dose of uric acid, and the flanked dotted line is the 95% Cl of this risk by the restricted cubic spline
model. The model was adjusted for age, sex, alcohol consumption status, smoking status, exercise, BMI, eGFR, and CRP.

sociated with catalyzing TG decomposition, which leads to partici-
pants with higher serum uric acid levels with an increased incidence
of hypertriglyceridemia.27

Our findings showed that the 4-year incidence of MetS, ab-
dominal obesity, and hypertriglyceridemia was higher among wo-
men. Increased waist circumference and visceral adipose tissue fur-
ther induce inflammation and oxidative stress, which cause an in-
creased risk of MetS incidence in women. Sex differences in steroid
hormones may influence the difference in abdominal accumulation
among men and women. Women had a higher prevalence of ab-
dominal obesity because pregnancy in the early period and the post-
menopausal period may increase the amount and distribution of ab-
dominal fat.28 Our stratified analyses further showed that serum uric
acid was associated with a greater RR value of MetS among women
than men, but without a significant sex interaction, which is in accor-
dance with another study conducted among individuals.?®

This study has several strengths. First, our results are based on a
population-based design, large sample size, prospective design, and
structured questionnaire survey, which guarantees high statistical
power to provide a more convincing result. Second, restricted cubic
spline regression models further explored the dose—response asso-
ciation between serum uric acid and MetS incident risk. Neverthe-
less, potential limitations should be considered. First, participants in-
cluded in the present study were middle-aged and elderly popula-
tions. The findings might not be generalizable to those younger than
45 years. Second, although the regression models were adjusted for
a range of potential confounders, other unmeasured confounders

such as diet, drugs, and genetics might modify the association be-
tween serum uric acid and MetS. Third, we only used the baseline
serum uric acid levels, so we were unable to account for within-
individual variability in this study. Finally, the 4-year follow-up period
of this prospective cohort study is comparatively shorter than that of
other prospective cohort studies.

In summary, our findings confirm hyperuricemia as an inde-
pendent risk factor and show a positive dose—response relationship
between serum uric acid levels and MetS incidence in middle-aged
and older Chinese populations. Furthermore, our findings suggest
that more efficient prevention strategies for hyperuricemia, which is
a risk factor for cardiovascular and metabolic disease.
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