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Objective: The purpose of the current study is to explore the demographic characteristics of 
hyperuricemia in China.
Study Design: The cross-sectional study was conducted, and the CHARLS dataset in 2011 
was used.
Methods: Logistic regression model was used to assess the association between BMI and 
hyperuricemia. We also used restricted cubic spline with three knots to assess the dose– 
response relationship. To investigate the differences in dose–response relationships in various 
groups, stratification analysis was conducted.
Results: Of the 9408 middle and older participants, those who were overweight or obese had 
higher risk for hyperuricemia (OR=1.26, 95% CI=1.01–1.57; OR=1.90, 95% CI=1.46–2.47). 
In the subgroup, the effect of obesity on hyperuricemia was robust in varying gender and age. 
However, among overweight group, those with being male and aged over 60 years had higher 
risk for hyperuricemia (male: OR=1.42, 95% CI=1.07–1.90; over 60 years: OR=1.28, 95% 
CI=1.03–1.60). A dose-response relationship was examined between BMI and the risk of 
hyperuricemia. The result showed that the odds ratio of hyperuricemia and BMI displayed 
U-shaped nonlinear relationship (Ptrend<0.001, non-linear P<0.001).
Conclusion: The association between BMI and hyperuricemia showed positive relationship. 
Specifically, the group with male and age over 60 years had higher risk of hyperuricemia 
along with increased weight.
Keywords: body mass index, hyperuricemia, CHARLS, middle and older people

Introduction
Hyperuricemia is an abnormal increase in fasting blood uric acid caused by purine 
metabolism disorder. The prevalence of hyperuricemia in the United States is 
21.2% in males and 21.6% in females,1 and the prevalence of hyperuricemia in 
Japan is 25.8% (males: 34.5%, females: 11.6%).1 A meta-analysis of 44 studies 
showed that the prevalence of hyperuricemia in mainland China was 13.3% (19.4% 
for males and 7.9% for females)2 which is lower than the prevalence in the United 
States and Japan.1,3 The prevalence rate in different regions of China also varies 
greatly. The prevalence rate in South China was 18.6%, far higher than the overall 
prevalence rate in mainland China.2

Hyperuricemia is associated with a variety of chronic diseases.4–6 Elevated 
serum urine levels increase the risk of cardiovascular disease,6–8 and hyperuricemia 
subjects tend to have a clustering of these cardiovascular risk factors. 
Hyperuricemia is also an independent risk factor for chronic kidney disease, 
which had been proved by large studies like National Health and Nutrition 
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Examination Survey (NHANES) and the German Chronic 
Kidney Disease (GCKD) study.9,10 As an independent risk 
factor for type 2 diabetes, serum uric acid increased by 
1mg/dL, and the risk of type 2 diabetes increased by 6%.11 

Previous studies have shown a positive correlation 
between serum uric acid and hypertension,12 and elevated 
serum uric acid levels increase the risk of hypertension.

Many risk factors are associated with hyperuricemia, 
such as gender, smoking, advanced age, overweight or obe
sity, and central obesity. Two studies in China showed that 
the prevalence of hyperuricemia is higher in older 
adults.13,14 Different studies have confirmed that serum 
uric acid concentration and prevalence of hyperuricemia in 
men are higher than in women.1,14 Previous studies have 
shown that being overweight or obese, centripetal obesity, is 
associated with an increased risk of hyperuricemia.15

Body mass index (BMI) is associated with hyperurice
mia, and previous studies showed that an increase in BMI 
increases the risk of hyperuricemia.16 However, the dose– 
response relationship between BMI and hyperuricemia has 
not been determined. The purpose of the current study is to 
explore the demographic characteristics of hyperuricemia 
in China through the data from China Health and 
Retirement Longitudinal Study (CHARLS), using data 
from CHARLS to explore the dose–response relationship 
between body mass index (BMI) and hyperuricemia.

Method
Study Design and Population
China Health and Retirement Longitudinal Study 
(CHARLS) is a nationally representative study; the sample 
was of community residents over 45 years of age and their 
spouses from 28 provinces in China. CHARLS adopted 
multistage probability sampling to evaluate the economic, 
social, and health status of community residents. Data 
collection was completed by personal interviews assisted 
with face-to-face computers. The design, methods, and 
other details of the CHARLS have been reported 
elsewhere.17 Data was downloaded from the official web
site (http://charls.pku.edu.cn/) of CHARLS.

The present study was based on data from the cross- 
sectional CHARLS data in 2011. We applied the following 
exclusion criteria when identifying eligible participants: 1) 
age less than 45 years; 2) missing or abnormal values of 
any variables used in the data analysis. Finally, 9408 
participants were included in our study.

Outcome Variable
Hyperuricemia
The biomarkers were collected by trained medical staff 
and stored at the Chinese Center for Disease Control and 
Prevention (China CDC). Uric acid was composed of 
hyperuricemia and non-hyperuricemia by a threshold con
centration of 7mg/dl for men and 6mg/dl for women. The 
Jaffe creatinine method was used to measure serum crea
tinine (SCr). This study used coefficient-modified CKD 
Epidemiology Collaboration (CKD-EPI) equation from 
Japanese30 to calculate eGFR (mL/min/1.73 m2) =  
0.813 × 141 × min (SCr/κ, 1) α × max (SCr/κ, 1) 
−1.209 × 0.993 Age × 1.021 [if female] × 1.159 [if 
black], where κ is 0.7 for females and 0.9 for males, α is 
−0.329 for females and −0.411 for males, min () indicates 
the minimum between SCr/κ and 1, and max () indicates 
the maximum between SCr/κ and 1. According to kidney 
disease guidelines in 2012, individuals with eGFR <  
60mL/min/1.73 m2 can be diagnosed with CKD.31

Body Mass Index
Body mass index (BMI) was calculated as weight in kilo
grams divided by height in meters squared. According to 
the overweight and obesity guidelines for Chinese 
adults,18 participants were grouped into four categories 
based upon their BMI: 1) underweight (<18.5 kg/m2), 2) 
normal-weight (18.5–23.9 kg/m2), 3) overweight (24– 
27.9 kg/m2) and (4) obese (≥28 kg/m2). Waist circumfer
ence was measured by trained medical staff placing a tape 
around the belly button of the participants and reading at 
the end of exhalation.

Covariates
Demographic characteristics were collected using 
a questionnaire that included age, gender, income, marital 
status, education, and hukou. Consistent with prior studies 
in China, participants were categorized into middle-aged 
(≥45 years and <60 years) adults and older adults (≥60 
years) groups.19 Gender was divided into men and women. 
Monthly income was divided into <1000 RMB, 1000– 
3000 RMB, 3001–5000 RMB, and >5000RMB. The mar
ital status was divided into married and unmarried. We 
classified the level of education into illiterate, primary 
school, middle/junior school, and university or above. 
The region was grouped as an urban or rural area by 
hukou. Chronic diseases included 13 diseases such as 
diabetes, dyslipidemia, cancer, and Stroke. Lifestyle 
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factors included in the analysis were smoking (no-smoker 
and smoker) and drinking (non-drinker and drinker). LDL 
and HbA1c were all divided into normal and high by 
threshold values of 120 mg/dl and 6%, respectively.20,21 

Hypertension in this study was determined based on the 
final blood pressure (SBP ≥140 mmHg, DBP ≥90 mmHg), 
a self-reported diagnosis of hypertension, or self-reported 
use of antihypertensive medications at data collection.

Statistical Analysis
Categorical variables utilize frequency and composition 
ratio were described. The logistic regression model was 
applied to assess the association between BMI and hyper
uricemia. To test the stability of the logistic regression 
model, a set of models were used in the current study: 
Model 1 adjusted age and gender; Model 2 adjusted 
hukou, marital status, income, and education; Model 3 
adjusted chronic disease, drink, smoke, HbA1c, LDL and 
hypertension. To explore the non-linear relationship, 
restricted cubic spline (RCS) with three knots coupled 
with a logistic regression model to assess the dose– 
response relationship between BMI (continuous variables) 
and hyperuricemia. To explore the difference in the dose– 
response relationship between males and females, gender 
stratification analysis was conducted, and to explore the 
difference in the dose–response relationship between mid
dle-aged adults and older adults, age-type stratification 
analysis was conducted. Using STATA 16.1 (Stata 
Corporation, College Station, USA) to perform all ana
lyses. All statistical tests were 2-sided, and statistical sig
nificance was determined at P<0.05.

Results
As shown in Table 1, of the 9408 participants, about 60% 
of the responses were middle-aged adults; approximately 
half (45.94%) were women; the majority lived in the rural 
area (82.75%), were married (83.78%). As for monthly 
income, participants reported <1000 RMB (14.69%), 
1000–3000 RMB (15.05%), 3001–5000 RMB (11.75%), 
and >5000 RMB (58.51%). About 69.54% of the sample 
had a chronic disease. A large proportion of people had 
not the status of smoke (61.11%) and drink (67.55%). In 
our participants, 5.37% suffered hyperuricemia, 40.81% 
suffered Hypertension, 42.66% suffered higher low- 
density lipoprotein and 7.04% suffered higher HbA1c 
compared to 92.96%. Among healthy indicators, the pro
portion of abnormal weight among Chinese adults was 
6.71%, 29.41%, and 11.65% in underweight, overweight, 

and obesity. The proportion of taking medicine for 
chronic disease was 37%. For the indicators of renal 
function, the mean serum creatinine was 0.77 (0.17) mg/ 
dL, and the average eGFR was 75.88 (12.34) mL/min/ 
1.73 m2. About 10% participants were defined as CKD 
(n=944,10.33%). The adjusted model 1, from Table 2, 
illustrated that compared to the individuals with normal- 
weight, overweight and obese were more likely to 
increase the risk of hyperuricemia (OR=1.42, 95% 
CI=1.15–1.75; OR=2.34, 95% CI=1.83–3.01) after con
trolling gender and age. In adjusted model 2, there is 
a significant risk of having hyperuricemia in overweight 
(OR=1.45, 95% CI=1.17–1.79) and obese group 
(OR=2.41, 95% CI= 1.99–3.11) than in the normal 
group, after further adjusting hukou, marital status, 
income, and education. In adjusted model 3, participants 
in the overweight group had still increased risk of having 
hyperuricemia (OR=1.26, 95% CI=1.01–1.57) and this 
ratio was 1.90 (95% CI=1.46–2.47) in the obese com
pared to those in the normal work time group after further 
restricting chronic disease, drink, smoke, HbA1c, LDL 
and hyperuricemia. As for the odds ratio of hyperurice
mia, there was no difference between the normal-weight 
and underweight groups.

In subgroup analysis, multivariate logistic regression 
models grouped by gender showed that overweight and 
obese group in males had increased odds ratio of hyperten
sion (OR=1.42, 95% CI=1.07–1.90; OR=1.66, 95% 
CI=1.10–2.49), while no significant association was 
found BMI and hyperuricemia in the underweight group 
among male. Similarly, obesity showed a statistically sig
nificant association with hyperuricemia compared with 
reference among females (OR=2.03, 95% CI=1.42–2.88) 
(Table 3), while no significant association was found BMI 
and hyperuricemia in the underweight and overweight 
group among females.

Additionally, the hierarchical logistic regression model 
by age indicated that there are robust OR of hyperuricemia 
and obesity in middle-aged and older adults, respectively 
(OR=2.60, 95% CI=1.81–3.74; OR=1.91, 95% CI=1.46– 
2.51). Moreover, an overweight group in older adults had 
an adverse effect on the outcome of hyperuricemia com
pared with the normal group (OR=1.28, 95% CI=1.03– 
1.60). There was no significant association between BMI 
and hyperuricemia in the overweight group among middle- 
aged adults (Table 3).

A dose–response relationship was examined between 
BMI and the risk of hyperuricemia. The result showed that 
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the odds ratio of hyperuricemia and BMI displayed 
a nonlinear relationship (Ptrend<0.001, non-linear 
P<0.001). When BMI was less than 23.5 kg/m2, the risk 
of hyperuricemia progressively rose with increasing BMI, 
but when BMI was greater than 23.5 kg/m2, the risk 
quickly increased, as shown in Figure 1. The dose– 
response relationship by age and gender is shown in 
Figures 1S and 2S. The nonlinear response–dose relation
ships were not found in different ages and gender groups 
(Ptrend>0.05, non-linear P>0.001).

Discussion
Hyperuricemia is an independent risk factor for many 
chronic diseases, like hypertension, type 2 diabetes, dyslipi
demia, and obesity.22,23 The prevalence of hyperuricemia in 
various research can be attributed to the varied socioeco
nomic contexts and age makeup of participants. The preva
lence of hyperuricemia among Chinese adults (aged 18 and 
above) was 8.4%, which is based on the China National 
Survey of Chronic Kidney Disease in 2009–2010.2 Another 
national study (China Health and Retirement Longitudinal 
Study) showed that the prevalence of hyperuricemia among 
aged 45 and above was 6.4%.14 Meanwhile, there are regio
nal differences in the prevalence of hyperuricemia in China, 
and the prevalence of hyperuricemia in economically devel
oped regions is relatively high.13,14

No significant association between hyperuricemia and 
BMI (overweight) among females was observed, and 
a significant association was found among males. 
Previous studies have found a higher prevalence of hyper
uricemia in men than women.1,14 The underlying biologi
cal mechanism for this gender difference may be the uric 

Table 1 Sample Characteristics in 2011

Variables n (%)

Age (years)
45–60 5538 (58.86)

≥60 3870 (41.14)

Gender

Male 4322 (45.94)
Female 5086 (54.06)

Income (RMB)
<1000 1382 (14.69)

1000–3000 1416 (15.05)

3001–5000 1105 (11.75)
>5000 5505 (58.51)

Marital Status
Married 7882 (83.78)

Unmarried 1526 (16.22)

Education

Illiterate 2698 (28.68)

Primary school 3907 (41.53)
Middle and Junior school 2516 (26.74)

University 287 (3.05)

Hukou

Urban 1623 (17.25)

Rural 7785 (82.75)

Chronic disease

Yes 6542 (69.54)
No 2866 (30.46)

Alcohol consumption
Yes 3053 (32.45)

No 6355 (67.55)

Smoke

Yes 3659 (38.89)

No 5749 (61.11)

HbA1c

Normal 8746 (92.96)
High 662 (7.04)

LDL
Normal 5395 (57.34)

High 4013 (42.66)

Hypertension

Yes 3839 (40.81)
No 5569 (59.19)

Uric acid
Non-hyperuricemia 8903 (94.63)

Hyperuricemia 505 (5.37)

BMI

(Continued)

Table 1 (Continued). 

Variables n (%)

Underweight 631 (6.71)

Normal 4914 (52.23)

Overweight 2767 (29.41)
Obese 1096 (11.65)

Serum creatinine, mean (SD), mg/dL 0.77 (0.17)
eGFR, mean (SD), mL/min/1.73 m2 75.88 (12.34)

eGFR<60 mL/min/1.73 m2, n (%) 944 (10.33)

Take medicine for any chronic disease

Yes 3559 (0.37)

No 5880 (0.63)
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acid effect of estrogen in premenopausal women. After 
menopause, serum uric acid levels increase in women.24,25

The results showed a linear dose–response relationship 
between BMI and hyperuricemia. With the increase of 
BMI, the odds ratio of hyperuricemia increased. From 
the perspective of gender and age, the same linear relation
ship has been found. However, this study did not find 
a nonlinear relationship between BMI and hyperuricemia, 
nor did it find a positive relationship between BMI (under
weight) and hyperuricemia.

The findings of this study are similar to those of pre
vious studies in that BMI is associated with hyperurice
mia. This suggests that hyperuricemia is related to the 
accumulation of fat in the body. Tanaka et al found that 
BMI was a significant association with serum uric acid 
levels in Japanese adult twins, after adjusting genetic 
factors and environmental factors in both genders.26 

A positive correlation between BMI and serum uric acid 
levels was also observed in healthy individuals.27 The 
relationship between obesity and serum uric acid may be 
explained by the following two factors: overproduction 
and poor renal excretion. A study conducted among the 

participants with visceral fat obesity indicates that 
increased levels of uric acid are strongly influenced by 
its overproduction with a decrease in urinary urate excre
tion and clearance.27,28 Moreover, visceral fat accumula
tion induces an elevated influx of plasma-free fatty acids 
into the liver and hepatic portal vein, which stimulates the 
synthesis of triglycerides followed by an associated surge 
in uric acid production through the activation of uric acid 
synthesis pathway.28,29

There are some limitations to this study. Firstly, this study 
is a cross-sectional study and cannot explore the causal rela
tionship between BMI and hyperuricemia. Secondly, the age 
of the population included in this study was 45 years old and 
above, and the young population was not included, which 
limited the extrapolation of the results of this study. Thirdly, 
this study was conducted among Chinese individuals, and 
China has a distinct eating culture, which may restrict the 
applicability of our findings. Fourthly, we are unable to iden
tify the impact of food in the connection between hyperlipi
demia and BMI due to a lack of dietary data. China has a vast 
food system, all of which are extremely distinct. Future 
research might focus on the influence of various food patterns 

Table 2 Odds Ratios of Hyperuricemia of Study Subjects Grouped by Different BMI Levels

Model Underweight Normal Overweight Obese P for Trend

M1 0.85 (0.55–1.31) 1 1.42 (1.15–1.75)*** 2.34 (1.83–3.01)*** <0.001
M2 0.83 (0.54–1.29) 1 1.45 (1.17–1.79)*** 2.41 (1.99–3.11)*** <0.001

M3 0.85 (0.55–1.32) 1 1.26 (1.01–1.57)* 1.90 (1.46–2.47)*** <0.001

Notes: *P<0.05; ***P<0.001; M1 adjusted for age, gender; M2 further adjusted for hukou, marital status, income and education; M3 further adjusted for chronic disease, 
drink, smoke, HbA1c, LDL and hypertension.

Table 3 Odds Ratios of Hyperuricemia of Participants Grouped by Different BMI Levels

Variable Model Underweight Normal Overweight Obese P for Trend P for Interact

Gender Male M1 0.74 (0.40–1.35) 1 1.64 (1.24–2.16)*** 2.06 (1.40–3.03)*** <0.001 0.77
M2 0.73 (0.39–1.33) 1 1.65 (1.24–2.19)*** 2.10 (1.42–3.09)*** <0.001

M3 0.76 (0.41–1.40) 1 1.42 (1.07–1.90)* 1.66 (1.10–2.49)* <0.001

Female M1 1.00 (0.54–1.85) 1 1.19 (0.87–1.65) 2.47 (1.76–3.46)*** <0.001
M2 0.96 (0.51–1.78) 1 1.24 (0.89–1.71) 2.57 (1.83–3.61)*** <0.001

M3 0.93 (0.48–1.77) 1 1.11 (0.80–1.53) 2.03 (1.42–2.88)*** <0.001

Age 45–60 M1 0.85 (0.36–1.98) 1 1.42 (1.03–1.96)* 3.27 (2.33–4.60)*** <0.001 0.81
M2 0.87 (0.37–2.02) 1 1.38 (1.00–1.90)* 3.21 (2.28–4.51)*** <0.001

M3 0.91 (0.39–2.12) 1 1.22 (0.88–1.69) 2.60 (1.81–3.74)*** <0.001

60– M1 0.83 (0.53–1.29) 1 1.43 (1.15–1.77)*** 2.34 (1.81–3.02)*** <0.001

M2 0.81 (0.52–1.26) 1 1.47 (1.18–1.82)*** 2.42 (1.87–3.13)*** <0.001

M3 0.83 (0.52–1.30) 1 1.28 (1.03–1.60)* 1.91 (1.46–2.51)*** <0.001

Notes: ***P<0.001; *P<0.05; M1 adjusted for age; M2 further adjusted for hukou marital status, income and education; M3 further adjusted for chronic disease, drink, 
smoke, HbA1c, LDL and hypertension.
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in the association between BMI and hyperuricemia. Finally, 
just a one-time measurement was used to compute the quantity 
of uric acid in the blood, which might lead to misclassification.

Conclusion
In this study, the association between hyperuricemia and 
BMI showed a positive relationship. Specifically, males 
and ages over 60 years were related to a higher odds 
ratio of hyperuricemia. However, due to the relatively 
limited sample size, more large sample prospective studies 
are needed to verify in the future.
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