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Background and Objectives: To evaluate the association between anthropometric parameter of obesity and
newly diagnosed hyperuricemia (HUA) in a general Chinese population. Methods and Study Design: A population-based cross-sectional survey included 9 615 participants (3777 men and 5838 women) aged 35-74 years in
2006 and 2009 in Qingdao, China. The multivariate linear regression was used to assess the linear associations
between anthropometric parameter of obesity [body mass index (BMI), waist circumference (WC), waist-to-hip
ratio (WHR)] and serum uric acid. The logistic regression model was performed to estimate the associations between BMI, WC, WHR and newly diagnosed HUA. Results: The prevalence of newly diagnosed HUA was
higher in men than in women (19.46% vs 11.34%, p<0.05). Multivariate liner regression showed that BMI, WC
and WHR were positively correlated with serum uric acid. Multivariate logistic regression revealed that being
overweight [men, odds ratios (OR): 1.69, 95% confidence intervals (95% CI): 1.37-2.08; women, OR: 1.67, 95%
CI: 1.34-2.09] and obese (men, OR: 3.01, 95% CI: 2.38-3.79; women, OR: 2.91, 95% CI: 2.31-3.67) were significantly associated with a higher risk of newly diagnosed HUA. Abdominal obesity (WC: men, OR: 2.26, 95% CI:
1.88-2.73; women, OR: 1.96, 95% CI: 1.61-2.39; WHR: men, OR: 1.91, 95% CI: 1.61-2.26; women, OR: 1.39,
95% CI: 1.16-1.67) were associated with an increased risk of newly diagnosed HUA. Conclusions: This study
demonstrated that BMI, WC and WHR were positively correlated with serum uric acid in both genders. Meanwhile, overweight, obese and abdominal obesity were associated with increased risk of newly diagnosed HUA.
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INTRODUCTION
Hyperuricemia (HUA) is pathological condition induced
by too much production or under-excretion of uric acid,
the final oxidation product of purine nucleotide metabolism in the urine. The current studies revealed that HUA
could induce the chronic diseases, such as diabetes mellitus, hypertension, dyslipidemia, atherosclerotic cardiovascular disease, metabolic syndrome.1-5 For all these
above factors, HUA not only adversely affect the quality
of life but also promote the development of gout.6 The
increasing prevalence of HUA in men and in women has
become a major public health problem worldwide.7 A
cohort study from the National Kidney Disease Surveillance Programme revealed that prevalence of HUA significantly increased from 19.7% to 25.0% in Irish men

and from 20.5% to 24.1% in Irish women from 2006 to
2014.8 A cross-sectional study from the Korea National
Health and Nutrition Examination Survey showed that the
age-standardized prevalence of HUA in the general adults
was 11.4% (17.0% in men and 5.9% in women) in 2016.9
As a large developing country, the prevalence of HUA is
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analysis of 16 provinces, municipalities, and autonomous
regions showed that the prevalence of HUA was 13.3%
(19.4% in men and 7.9% in women) from 2000 to 2014.10
Nevertheless, a retrospective study including 32 623
males and 26 451 females showed that the overall prevalence of HUA was as high as 19.87% in Lanzhou from
2015 to 2018.11
Recent epidemiological studies showed that HUA are
closely associated with obesity.12-15 Simultaneously, obesity is the underlying cause for the development of HUA.
Body mass index (BMI), waist circumference (WC) and
Waist-to-Hip ratio (WHR) are simple and effective anthropometric parameter for classifying obesity and abdominal obesity. As we all known, HUA is closely associated with obese and abdominal obesity, there are few
and controversial data about the association of all anthropometric parameter (BMI, WC and WHR) and the onset
of HUA. A cross-sectional study including 5300 men and
6135 women aged ≥35 years in Liaoning Province, China
showed that overweight and obesity with metabolically
healthy were strong associations with HUA, except in
females with metabolically healthy overweight.14 Moreover, a cross-sectional study with 7632 adult subjects from
the China Health and Nutrition Survey 2009 revealed that
visceral adiposity index was significant association with
HUA in metabolic health and obesity phenotypes in the
Chinese population.12 However, few data on the association between anthropometric parameter of obesity and
newly diagnosed HUA are available in eastern coastal
China. Hence, this study was to examine the association
between different anthropometric parameter of obesity
and HUA among general adults of a community-based
health-promoting program in Qingdao, China.
METHODS
Study population
In 2006 and 2009, a community-based health-promoting
program, which adopted four-stage stratified clustering
sampling strategy, was conducted in Qingdao, China. A
sample of general adults aged 35-74 years old and living
locally at least 5 years was surveyed in this program.
Among the 12100 individuals who received an invitation
to participate this survey, 10465 participants finished surveys with a response rate of 86.5% (87.8% in 2006 and
85.2% in 2009) (Figure 1). The community-based healthpromoting program was considered representative of a
larger population in China. The participants were included in this cross-sectional study: (1) newly diagnosed
HUA, (2) no missing data for parameter of obesity (BMI,
WC, WHR) and uric acid, (3) the participants without
severe disability and able to communicate properly. The
participants were excluded from this cross-sectional study:
(1) 119 participants with diagnosed HUA, (2) 251 participants without parameter of obesity (BMI, WC, and
WHR), (3) 737 participants without uric acid. Finally,
9615 participants (3777 men and 5838 women) were included in current analysis. This cross-sectional study was
approved by Qingdao Municipal Center for Disease Control and Prevention and all participants signed informed
consent.

Data collection
Information on demographics, socioeconomics and lifestyle factors were collected from standardized questionnaire by trained doctors and nurses through a face-to-face
interview. Educational attainment were defined into
school years ≤9 y and >9 y. Marital status were recorded
into unmarried (single, divorced, and widowed) or married (married and cohabiting).Personal monthly income
were categorized into ≤599 Chinese Yuan (CNY), 6001999 CNY, and ≥2000 CNY. The criteria for smoking
status was determined as non-smokers (including exsmokers and non-smokers) and current smokers (smoking
daily regardless of the amount, type of smoke), and alcohol status were grouped into non-drinkers (including exdrinkers, rare drinkers, and non-drinkers) and current
drinker (drinking frequently regardless of type and
amount of alcohol).
Height and weight were obtained from each participant
using calibrated digital scales and height gage. BMI was
calculated as weight (kg) dividing by height squared (m2).
WC was measured to the nearest 0.1 cm at the midpoint
between the lower rib margin and the iliac crest. HC was
measured to the nearest 0.1 cm at the maximal horizontal
girth between the waist and the thigh. WHR was calculated as WC (cm) divided by HC (cm). Venous blood samples were collected from the participant using anticoagulant tube in the morning after an 8-10 overnight fast. The
blood samples were transported to the central laboratory
in the cold chain state within 24 hours after centrifugation.
Serum uric acid were assessed using enzymatic methods
with Olympus automatic biochemical analyzer.
Variable definitions
BMI, WC, WHR were defined according to the Working
Group on Obesity in China. Participants within BMI category were stratified according to standard classifications:
underweight (BMI <18.5 kg/m2), normal weight (18.523.9 kg/m2), overweight (24.0-27.9 kg/m2), and obese
(≥28 kg/m2). Participants within WC category were divided into two categories according to standard classifications of Chinese sex specific cutoffs: normal (<85.0 cm
for males and <80.0 cm for females); abdominal obesity
(≥85.0 cm for males and ≥80.0 cm for females). Participants within WHR category were defined into two categories according to standard classifications of Chinese
sex specific cutoffs: normal (<0.90 for males and <0.85
for females) and abdominal obesity (≥0.90 for males and
≥ 0.85 for females).16
According to the WHO criteria, participants within
BMI category were stratified according to standard classifications: underweight (BMI <18.5 kg/m2), normal weight
(18.5-24.9 kg/m2), overweight (25.0-29.9 kg/m2), and
obese (≥30.0 kg/m2). Participants within WC category
were divided into two categories: normal WC (<94.0 cm
for males and <80.0 cm for females) and abdominal obesity (≥94.0 cm for males and ≥80.0 cm for females). Participants within WHR category were defined into two
categories: normal WHR (<1.00 for males and <0.85 for
females) and abdominal obesity (≥1.00 for males and
≥0.85 for females).17
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Figure 1. Flow chart of included and excluded participant in baseline analysis.

HUA was defined as fasting serum uric acid >420
μmol/L in men and >360 μmol/L in women.18
Statistical analysis
Continuous variables were presented as mean with standard deviations (SD), whereas categorical variables were
expressed as number (percentage). T-test for continuous
variable and Chi-squared test for categorical variables
were performed to the difference between men and women. The multivariate linear regression was used to assess
the linear association between serum uric acid and anthropometric parameter of obesity (BMI, WC, and WHR)
in men and women. The logistic regression analysis was
used to estimate the odd ratio (OR) and 95% Confidence

intervals (CI) for the association between newly diagnosed HUA and each variable in men and women according to Chinese criteria of obesity. The adjusted variables
included age, demographic factors (educational attainment, marital status, resident districts, personal monthly
income), and lifestyle factors (smoking status and alcohol
consumption) in multivariable logistic regression analysis.
Sensitivity analysis was performed according to WHO
criteria of obesity. All data analyses were performed using SPSS (version 23.0), and a p<0.05 was considered as
statistically significant.
RESULTS
The baseline characteristics of the participants were
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summarized in Table 1. Of 9615 participants, the men
only accounted for 39.28%. The prevalence of newly diagnosed HUA was significantly higher in men (19.46%)
than in women (11.34%) (p<0.05). Meanwhile, the men
were likely to be older age, had a lower of unmarried and
had higher percentage of school years >9 y, high personal
monthly income, rural living, smoker, alcohol-drinker in
comparison with the women (p all <0.05). Additionally,
the men were likely of lower mean of BMI, and higher
mean of WC, WHR, uric acid in compared with the
women (p all <0.05).
The prevalence of HUA by categories of BMI, WC,
and WHR was shown in Figure 2. The prevalence of newly diagnosed HUA was higher in overweight and obese
compared with the normal weight participants in both
gender according to the BMI category (p<0.05). Additional, a significantly higher prevalence of newly diagnosed HUA were observed in the abdominal obesity
compared with the normal participants in both gender

according to WC or WHR categories (p<0.05).
Multivariate liner regression of anthropometric parameters and uric acid was shown in Table 2. In both gender,
BMI, WC and WHR were positively correlated with serum uric acid adjusted for age, educational attainment,
personal monthly income, smoking status and alcohol
consumption.
Table 3 showed OR for newly diagnosed HUA in association to anthropometric parameters by univariate logistic regression. In both gender, overweight obese and
abdominal obesity had a higher risk for newly diagnosed
HUA compared with the normal participants. Besides,
higher personal monthly income, current alcohol-drinking
were significantly associated with increased risk for newly diagnosed HUA. For men, school years >9 was significantly associated with increased risk for newly diagnosed
HUA, while higher age, rural living and current smoking
were significantly associated with decreased risk for newly diagnosed HUA. For women, higher age and unmar-

Table 1. Baseline characteristics of the study population†
Variable
Age, years
School years >9, n (%)
Unmarried, n (%)
Rural living, n (%)
Personal monthly income (CNY), n (%)
≤599
600-1999
≥2000
Current smoking, n (%)
Current alcohol-drinking, n (%)
BMI (kg/m2)
Normal weight, n (%)
Underweight, n (%)
Overweight, n (%)
Obese, n (%)
WC (cm)
Normal WC, n (%)
Abdominal obesity, n (%)
WHR
Normal WHR, n (%)
Abdominal obesity, n (%)
Uric acid (μmol/L)
Newly Diagnosed HUA, n (%)

Men
(n=3777)
51.8±11.0
1281 (34.1)
180 (4.81)
2535 (67.1)

Women
(n=5838)
50.9±10.3
1591 (27.4)
353 (6.10)
3471 (59.5)

1438 (39.4)
1664 (45.6)
546 (15.0)
1966 (52.4)
1606 (42.7)
25.2±3.44
1428 (37.8)
57 (1.51)
1544 (40.9)
748 (19.8)
86.5±10.3
1660 (44.0)
2117 (56.1)
0.89±0.06
2100 (55.6)
1677 (44.4)
352±83.9
735 (19.5)

2961 (52.9)
2392 (42.8)
242 (4.33)
156 (2.72)
82 (1.41)
25.6±3.71
2008 (34.4)
68 (1.16)
2379 (40.8)
1383 (23.7)
82.7±10.0
2257 (38.7)
3581 (61.3)
0.84±0.07
3235 (55.4)
2603 (44.6)
278±69.1
662 (11.3)

p value
<0.001
<0.001
0.007
<0.001
<0.001

<0.001
<0.001
<0.001
<0.001

<0.001
<0.001
<0.001
0.857
<0.001
<0.001

CNY: Chinese Yuan; BMI: body mass index; WC: waist circumference; WHR: waist-to-hip ratio; UA: uric acid; n, number.
†
Data are expressed as mean ± standard deviations or n (%).

Table 2. Multivariate liner regression of anthropometric parameters and uric acid stratified for sex†
β (95% CI)

p value

Men
BMI
WC
WHR
Women
BMI
WC
WHR

5.40 (4.61, 6.18)
1.73 (1.47, 2.00)
196 (154, 239)

<0.001
<0.001
<0.001

4.39 (3.92, 4.86)
1.46 (1.27, 1.64)
104 (77.4, 132)

<0.001
<0.001
<0.001

BMI: body mass index; WC: waist circumference; WHR: waist-to-hip ratio.
†
Multiple linear regression model after adjustment for age, educational attainment, personal monthly income, smoking status and alcohol
consumption.
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Figure 2. The prevalence (%) of hyperuricemia in men and women based on the body mass index (BMI), waist circumference (WC) and
waist-to-hip ratio (WHR).

ried were significantly associated with increased risk for
newly diagnosed HUA, while rural living was significantly associated with decrease risk for newly diagnosed
HUA.
As shown in Table 4, multivariate logistic regression
was performed to determine the association of BMI, WC
and WHR with the prevalence of newly diagnosed HUA
according to Chinese criteria. Overweight, obese and abdominal obesity were significantly associated with increased risk of newly diagnosed HUA compared with the
normal participants in men after adjusted age, educational
attainment, resident districts, personal monthly income,
smoking status and alcohol-drinking status. Overweight,
obese and abdominal obesity also showed signiﬁcant association with newly diagnosed HUA compared with the
normal participants in women after adjusted age, marital

status, resident districts, personal monthly income and
alcohol-drinking status.
Table 5 showed sensitivity analysis according to WHO
criteria. According to WHO criterion, overweight, obese
(according to BMI) and abdominal obesity (according to
WC) were significantly associated with newly diagnosed
HUA in men and women. While, abdominal obesity (according to WHR) was only significantly associated with
newly diagnosed HUA in women.
DISCUSSION
In this population-based cross-sectional study, the prevalence of newly diagnosed HUA was higher in overweight,
obese and abdominal obesity participants compared with
the normal weight in both gender. The linear regression
showed that serum uric acid was positively correlated

768

Y Wang, L Li, J Cui, F Yin, F Yang, D Yuan et al

Table 3. Odds ratio (95% confidence interval) for newly diagnosed HUA in association to anthropometric parameters by univariate logistic regression according to Chinese criteria
variable
BMI
Normal weight
Underweight
Overweight
Obese
WC
Abdominal obesity
WHR
Abdominal obesity
Age
School years >9
Unmarried
Rural living
Personal monthly income (CNY)
≤599
600～1999
≥2000
Current smoking
Current alcohol-drinking

Men
OR (95% CI)

p value

Women
OR (95% CI)

p value

1.00
0.71 (0.28, 1.81)
1.91 (1.56, 2.34)
3.56 (2.85, 4.44)

0.474
<0.001
<0.001

1.00
1.14 (0.45, 2.88)
1.87 (1.50, 2.32)
3.19 (2.55, 3.99)

0.786
<0.001
<0.001

2.59 (2.17, 3.10)

<0.001

2.30 (1.90, 2.78)

<0.001

1.99 (1.69, 2.34)
0.98 (0.97, 0.99)
1.76 (1.50, 2.08)
0.93 (0.63, 1.37)
0.66 (0.56, 0.78)

<0.001
<0.001
<0.001
0.702
<0.001

1.60 (1.36, 1.89)
1.04 (1.03, 1.05)
0.89 (0.74, 1.08)
1.52 (1.13, 2.05)
0.72 (0.62, 0.85)

<0.001
<0.001
0.235
0.006
<0.001

1.00
1.46 (1.21, 1.76)
2.26 (1.78, 2.86)
0.71 (0.60, 0.83)
1.33 (1.13, 1.56)

<0.001
<0.001
<0.001
0.001

1.00
1.21(1.03, 1.44)
1.11(0.73, 1.67)
1.08(0.67, 1.76)
1.77(1.00, 3.11)

0.025
0.628
0.746
0.049

BMI: body mass index; WC: waist circumference; WHR: waist-to-hip ratio; CNY: Chinese Yuan.

Table 4. Odds ratio (95% confidence interval) for newly diagnosed HUA in association to anthropometric parameter
by multivariable logistic regression according to Chinese criteria

BMI
Normal weight
Underweight
Overweight
Obese
WC
Abdominal obesity
WHR
Abdominal obesity

Men†
OR (95% CI)

p value

Women‡
OR (95% CI)

1.00
0.70 (0.25, 1.97)
1.69 (1.37, 2.08)
3.01 (2.38, 3.79)

0.493
<0.001
<0.001

1.00
1.08 (0.42, 2.76)
1.67 (1.34, 2.09)
2.91 (2.31, 3.67)

0.873
<0.001
<0.001

2.26 (1.88, 2.73)

<0.001

1.96 (1.61, 2.39)

<0.001

1.91 (1.61, 2.26)

<0.001

1.39 (1.16, 1.67)

<0.001

p value

BMI: body mass index; WC: waist circumference; WHR: waist-to-hip ratio.
†
Men adjusted for age, educational attainment, resident districts, personal monthly income, smoking status and alcohol consumption.
‡
Women adjusted for age, marital status, resident districts, personal monthly income and drinking.

with BMI, WC and WHR in both gender. The logistic
regression showed that overweight, obese and abdominal
obesity participants were significantly associated with
HUA in both gender. Sensitivity analysis showed that the
result of abdominal obesity (according to WHR) were
slightly different in Chinese criteria and WHO criteria.
In our study, the prevalence of newly diagnosed HUA
was significantly higher in men than that in women,
which was consistent with current epidemiological studies in Korea9 and China,18 however, slightly different
from Iran.19 Those differences might be attributed to the
ethnic background of particular region, dietary habit and
estrogen. Residents in economically developed region
consume more meat, seafood, and alcohol than residents
elsewhere, therefore, the prevalence of hyperuricemia
was higher than in other regions.10 In addition, studies
confirmed that high ingestion of purine sources and alcohol increases the demands on purine elimination resulting
in HUA.20 Moreover, estrogen and progesterone attenuate
the post-transcriptional expression of the components of

the urate reabsorption system and reduced the renal reabsorption of urate, and increased urate excretion into the
urine.21 However, few study reported the association between BMI, WC, WHR and the prevalence of HUA at
present.
Some epidemiological studies of BMI, WC, WHR and
HUA have been reported at present. A cross-sectional
study involving 250 males and 237 females from 14 primary care clinics demonstrated that BMI correlated significantly with serum acid in both genders.22 The crosssectional study from both monozygotic and dizygotic
twins also revealed that BMI was significantly correlation
with uric acid after adjusted for genetic and familial environment factors in both genders.23 The study including a
random population sample of 94 male and 87 females
aged 38-year-old reported that BMI and WHR were positive correlation with serum uric acid after adjusted potential confounders.24 A cross-sectional study involving 1006
Chinese adults reported that BMI, WC, WHR was positively correlation with serum uric acid.25 These findings
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Table 5. Sensitivity analyses for newly diagnosed HUA according to WHO criteria
Men†
OR (95% CI)
BMI
Normal weight
Underweight
Overweight
Obese
WC
Abdominal obesity
WHR
Abdominal obesity

p value

Women‡
OR (95% CI)

p value

1.00
0.65 (0.23, 1.83)
1.92 (1.60, 2.32)
3.15 (2.38, 4.16)

0.413
<0.001
<0.001

1.00
1.06 (0.42, 2.69)
1.99 (1.63, 2.42)
2.52 (2.74, 4.53)

0.910
<0.001
<0.001

2.15 (1.79, 2.58)

<0.001

1.96 (1.61, 2.39)

<0.001

1.15 (0.76, 1.74)

0.504

1.39 (1.16, 1.67)

<0.001

BMI: body mass index; WC: waist circumference; WHR: waist-to-hip ratio.
†
Men adjusted for age, educational attainment, resident districts, personal monthly income, smoking status and alcohol consumption.
‡
Women adjusted for age, marital status, resident districts, personal monthly income and drinking.

were consistent with our cross-sectional study on BMI,
WC, WHR and serum uric acid. In addition, Chen Y et
al14 reported that overweight and obesity with metabolically healthy had strong associations with HUA, except in
females with metabolically healthy overweight. This finding was not consistent with our cross-sectional study on
overweight, obesity and HUA. Meanwhile, the crosssectional analysis involving 90047 Japanese adults and
14734 American adults found that higher BMI was associated with an increased prevalence of HUA both in Japan
and U.S, which was consistent with our study on BMI
and HUA.26 So far, there are few studies on the association between WC, WHR and onset of HUA. Our present
study revealed that abdominal obesity was positively associated with the prevalence of HUA. Some possible
mechanisms may explain the relationship between HUA
and obesity. Obesity may be connect to HUA involving
two factors: overproduction of uric acid and poor excretion of uric acid. A study investigating the relationship
between uric acid metabolism and fat distribution in 36
obese men reported that HUA was likely to affect by the
difference in body fat distribution.27 On the side, visceral
fat accumulation causes plasma free fatty acid flow into
the live and hepatic portal vein, which stimulates the synthesis of neutral fatty acids and activates the uric acid
synthesis pathway.23,28 Mendelian randomization analysis
supports a causal effect between BMI and HUA in two
large, prospective cohort studies in Denmark, which involving in 58072 participants and 10602 participant, respectively.29 These mechanisms further confirmed our
study on obesity and HUA.
Some studies revealed controversial results in different
criteria of obesity. Hence, sensitivity analysis was performed according to WHO criteria of obesity in this study.
In our present study, sensitivity analysis found that different criteria for obesity had an impact on the results. According to WHO criteria of obesity, we found that abdominal obesity (WHR category) were not significantly
associated with newly diagnosed HUA in men. We suggested that the association between newly diagnosed
HUA and obesity was influenced in men by the adopted
criteria.
There are some main strengths in the current study.
Our cross-sectional study enrolled a large and representative sample with sufficient statistical power in general
adults from east coast China. Secondly, the classification

of obesity was adopted the Guidelines from the Working
Group on Obesity in China, which was more suitable
Chinese adults. Thirdly, the association between BMI,
WC, WHR and HUA was further explored based on single indictors about anthropometric parameter of obesity
and HUA. Simultaneously, this current study suffered
several potential limitations. First, this cross-sectional
study cannot warrant a causal relationship between obesity and newly diagnosed HUA. Second, the current study
was from two cross-sectional studies in 2006 and 2009,
which may influence the effect of BMI, WC, WHR and
newly diagnosed HUA. Thirdly, this current study collected from a community-based health-promoting program, and some variables, such dietary habits, history of
cardiovascular disease, physical exercise, and the detail of
smoking and alcohol status, were not collected. Furthermore, the information of drug use, which affected uric
acid levels, also were not collected. These information
may have an impact on the association between anthropometric parameter of obesity (BMI, WC and WHR) and
newly diagnosed HUA. Therefore, further studies are
required to establish the potential mechanism between
obesity and HUA in humans.
Conclusion
In conclusion, BMI, WC and WHR were positively correlated with serum uric acid in both gender. Simultaneously,
overweight, obese and abdominal obesity were associated
with increased risk of newly diagnosed HUA. Hence, the
prospective study about potential mechanism are demanded for further explored between obesity and HUA
etiology.
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