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ABSTRACT

Background and Objetives: Hyperuricemia (HUA) and gout seriously influence patients’ quality
of life. The current study was performed to investigate the prevalence of HUA and gout and the
related risk factors in Chinese adults. Methods: Data were collected from the National Survey
of Thyroid Disorders and Diabetes (the Thyroid Disease, lodine Status, and Diabetes National
Epidemiological survey [TIDE]), a cross-sectional investigation conducted during 2015-2017.
Using a random, multistage, and stratified sampling strategy, a representative sample (78,130
participants aged 18 years and above) was selected from the general population in 31 provinces
of mainland China. The weighted prevalence rates of HUA and gout were calculated, and the
related risk factors were analyzed. Results: The weighted prevalence rates of HUA and gout
in Chinese adults were 17.7% and 3.2%, respectively. The prevalence of HUA in males linearly
decreased with age, while the prevalence in females showed the opposite trend (both P for
trend < 0.01). The prevalence rate of gout exhibited a rising tendency with age in both genders
(both P for trend < 0.05). The HUA and gout prevalence rates in males were the highest in Han
and Tibetan nationalities, respectively. Logistic regression analysis showed that the morbidities
of HUA and gout were differentially associated with age, residence location, nationality,
smoking, and other complicating metabolic diseases in the two genders. Conclusions: There
are relatively high prevalence rates of gout and HUA in China, which is currently a developing
country. Reducing their burden has become an urgent issue for Chinese people.
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INTRODUCTION

Hyperuricemia (HUA) is a common
biochemical abnormality caused by
excessive production of urate and/or
decreased renal uric acid excretion or their
coexistence.! Gout is a crystal deposition
disease caused by chronic elevation of
uric acid level with main characteristic
manifestations including recurrent acute
arthritis, tophi, and uric acid kidney stones.?
The prevalence rates of HUA and gout have
been reported to vary greatly due to the

differences in inhabiting regions, ethnicity,
eating habits, etc. It has been found that
HUA and gout are more common in the
patients with hypertension, cardiovascular
diseases, obesity, and diabetes.”*!

The prevalence rates of HUA and gout have
been found to be much higher in developed
countries than in developing countries. The
2015-2016 National Health and Nutrition
Survey (NHANES) showed that the
prevalence of HUA in US adults was 20.1%,
similar to that from the 2007-2008 survey."*
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It was 16.6% in Australian adults.”) The 2016 Kotean
NHANES (KNHANES) showed that the prevalence of
HUA in Korean adults was 11.4% (17.0% for males and
5.9% for females).'"”! The prevalence of gout is greater
than 1% in most developed countries, including the USA
(3.9%), Australia (5.2%), Canada (3.8%), Greece (4.75%),
Germany (1.4%), and the UK (2.5%).""*1 However, the
prevalence of HUA in Thailand and Bangladesh was
10.6% and 9.3%, respectively.'">'"” The prevalence of
gout in developing countries, such as Bangladesh, India,
and Pakistan, is basically under 0.5%.2" As the largest
developing country in the world, China’s geographic
regions, economy, and ethnic groups are diversified. A
large epidemiological data on HUA in Chinese adults came
from the 2009—2010 National Chronic Kidney Disease
Survey (NCKDS), which covered 13 provinces. That study
estimated that the prevalence of HUA was 8.4%.°" Another
meta-analysis showed that the Chinese prevalence rates of
HUA and gout during 2000-2014 were 13.3% and 1.1%,
respectively.?

The Thyroid Disease, lodine Status, and Diabetes National
Epidemiological survey (TIDE) was a more representative
national and cross-sectional survey conducted during
2015-2017, which covered 31 provinces of mainland China
and five nationalities, including Han, Tibetan, Zhuang,
Uyghur, and Hui. Based on the TIDE survey database,
the epidemiological characteristics of HUA and gout in
Chinese adults were analyzed, their prevalence rates were
estimated, and the associated risk factors were further
explored in the current study.

METHODS

Study participants

In the TIDE survey, a representative sample from the
general population in 31 provinces of mainland China
was selected with a multistage, cluster-based, and stratified
random sampling method.”*% Two residential communities
were randomly selected from each urban district or rural
township. The latter was randomly selected from one city or
village per province, and thus, a total of 124 communities
were covered. The participants were included based on
the following criteria: (1) =18 years old; (2) inhabiting in
the selected community for up to 5 years; (3) no use of
iodine-containing drugs or contrast agents during the last 3
months; and (4) females who were not pregnant. After 340
subjects without serum uric acid (SUA) measurement data
were excluded, 78,130 participants were finally included in
this study. All the subjects signed informed consent forms.

Data collection
All the questionnaires were administered by trained
interviewers, and a database with a good-quality control

system was established including all related information,
such as smoking status, annual family income, and
educational level.?* Physical examinations, including
height, body weight, waist circumference, and blood
pressure, were conducted at the medical examination
center. The body mass index (BMI) was calculated as weight
(kg)/height (m?). Fasting blood and spot utrine samples were
collected from each participant. The oral glucose tolerance
test (OGTT) was administered to each subject without a
personal history of diabetes.

Laboratory tests

As described in previous reports,?! blood glucose (BG)
was measured with the hexokinase method. Triglyceride
(TG), total cholesterol (TC), low-density lipoprotein
cholesterol (LDL-C), and high-density lipoprotein
cholesterol (HDL-C) were determined using Mindray’s
kit and biochemical detector (BS-180; Mindray, Shenzhen,
China). Glycated hemoglobin (HbA c) was assayed with
Bio-Rad reagents. SUA was measured using the uricase—
peroxidase coupling method (ROCHE COBAS 8000).

Diagnostic criteria

HUA was defined as SUA above 420.0 umol/L in males and
360.0 pmol/Lin females.” Gout was self-reported through
the following consultation as adopted by NHANES.P
All the participants were asked, “Have you ever received
a diagnosis of gout from a medical professional?” The
diagnostic criteria for diabetes, impaired fasting glucose
(IFG), impaired glucose tolerance (IGT), dyslipidemia,
hypertension, and abdominal obesity were adopted as
described in the previous study.

Statistical analysis

To obtain the national prevalence estimates, all calculations
were weighted, and standardized prevalence rates were
acquired. The weighting coefficients were derived from
the 2010 China Census data and the sampling strategy of
this survey to represent the total Chinese adult population
over the age of 18 years.” The chi-square test (or Fishet’s
exact test) and the Cochran-Armitage test for trend were
used to analyze categorical data expressed as percentages
(95% confidence interval [Cl]). Normally distributed
data are shown as the mean * standard deviation (SD),
and comparisons were performed using independent
sample 7 test or one-way analysis of variance (ANOVA).
Multivariate logistic regression was used to calculate the
corrected odds ratio (OR) and 95% CI to determine the
independent correlations between HUA/gout and other
variables. There was a statistically significant difference
when P was less than 0.05 or the adjusted cut-off value
due to multiple comparisons in the chi-square analysis.
To identify the independent contribution of each ethnic
group to the burden of HUA and gout, the population
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Figure 1: Distribution of serum uric acid levels in males and females. Std. Dev: standard deviation.

attribute risk percent (PAR%) was calculated for each
ethnic subpopulation group. PAR% was calculated using
the following formula: [PAR% = pd(RR - 1/RR)] according
to the literature,” where pd referred to the proportion of
cases exposed to the risk factor. However, the relative risk
(RR) was substituted by OR in this retrospective study.
The collinearity statistics was performed using the linear
regression analysis to check the multicollinearity between
the potential related factors with HUA and gout. Its
existence was considered if the variance inflation factor
(VIF) was >5. All the above statistical analyses were carried
out with Statistical Package for the Social Sciences (SPSS)
(version 21.0; IBM Corporation, Armonk, NY, USA)
and SUDAAN (version 10.0; Research Triangle Institute,
Raleigh, NC, USA) software.

RESULTS

A total of 78,130 people were included in this study,
consisting of 38,013 males and 40,117 females. The SUA
level showed a normal distribution in both sexes, and thete
was a significant difference between them (Figure 1). As
shown in Table 1, the overall standardized prevalence of
HUA in Chinese adults was 17.7%, which corresponded
to an estimated 185.13 million adults with HUA in China

between 2015 and 2017. The prevalence of HUA in males
(8741, 23.5%) was significantly higher than that of females
(4391, 11.7%). Although the prevalence of HUA did not
show a significant difference between urban and rural
residents, the former’s SUA level was significantly higher
than that of the latter (Table 2). Similarly, the SUA level of
coastal residents was pronouncedly increased compared to
that of inland inhabitants, although the HUA prevalence
was not significantly different between them. Both males
with higher education levels and females who smoked
tended to develop HUA. Both the HUA prevalence and
SUA level exhibited linear decreasing trends with increased
age in males, while they showed the opposite alterations
in females. In addition, they displayed a linearly upward
trend with increase in BMI in both sexes. Interestingly, the
changes in HUA prevalence exhibited a U-shaped curve
with increased income in both genders (Table 1), while the
SUA level showed a linear upward trend with the increase
of income in males and a U-shaped curve trend in females
(Table 2). Han nationality showed the highest SUA level
among the five ethnic groups in both sexes, and Han males
exhibited the highest HUA prevalence (Tables 1 and 2).
Compared to Han nationality males, the prevalence of
HUA was significantly decreased in Uyghur males (Table 1).
In addition, the prevalence rates of HUA in males and
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Table 1: Age- and sex-standardized prevalence rates of hyperuricemia and gout in mainland China

Prevalence of gout, % (95% CI)

Prevalence of hyperuricemia, % (95% CI)

Overall Males Females Overall Males Females
Total prevalence 3.2(2.8-3.7) 4.4 (3.9-5.0) 2.0(1.6-2.5) 17.7 (15.5-20.1) 23.5 (21.2-26.0) 11.7 (9.5-14.4)
Area of residence?
Urban 3.7 (2.8-4.9) 5.2 (4.2-6.5) 2.2 (1.7-2.8) 19.7 (14.9-25.6) 25.8 (20.6-31.9) 13.4 (8.9-19.7)
Rural 2.7 (2.0-3.8) 3.6 (2.7-4.9) 1.8 (1.2-2.6) 15.6 (12.7-19.0) 21.1 (17.2-25.6) 10.0 (7.9-12.5)
P for difference 0.42 0.20 0.90 0.30 0.25 0.41
Inland/coastal®
Inland 3.4 (2.9-3.9) 4.5(3.9-5.3) 1.7 (1.3-2.1) 16.8 (15.3-18.3) 22.8 (20.1-24.9) 10.6 (9.4-11.8)
Coastal 3.1(2.4-3.9) 4.3(3.6-5.3) 1.4(0.9-2.2) 19.0 (14.5-25.0) 24.5(19.8-29.9) 13.4 (8.7-20.1)
P for difference 0.46 0.62 0.37 0.39 0.54 0.30
Education?®
Below high school 2.9(2.6-3.4) 3.8(3.2-4.4) 2.1 (1.7-2.5) 16.1 (14.4-18.0) 20.7 (18.6-23.0) 11.4 (9.5-13.6)
High school and above 3.5 (3.1-4.1) 5.2 (4.6-5.9) 1.9 (1.3-2.6) 18.8 (15.7-22.3) 25.0 (22.0-28.2) 12.5 (9.1-17.0)
P for difference 0.006 0.22 <0.001 0.047 0.002 0.54
Smoking®
No smoking 3.3 (3.0-3.8) 4.7 (4.2-5.2) 2.0(1.6-2.4) 17.6 (15.5-20.0) 23.6 (21.4-25.9) 11.6 (9.3-14.3)
Smoking 3.7 (2.9-4.7) 4.2 (3.6-4.9) 3.2 (2.1-4.9) 22.4 (18.0-22.4) 23.5(20.9-26.4) 16.6 (14.0-19.5)
P for difference <0.001 0.82 0.03 <0.001 0.35 <0.001
Ethnic groups?®
Han 3.2 (2.8-3.6) 4.3(3.8-4.9) 2.0 (1.6-2.5) 17.9 (15.6-20.5) 23.9 (21.5-26.6) 11.8 (9.5-14.7)
Tibetan 11.8 (9.6-14.4) 9.8 (9.1-10.7) 13.8 (9.1-20.5) 17.0 (15.5-18.6) 22.9 (22.5-23.4) 10.9 (8.4-13.9)
Zhuang 5.2 (3.4-8.1)* 8.8 (6.3- 1.6 (0.5-4.6) 16.4 (12.2-21.7) 21.8 (18.5-25.4) 10.9(6.1-18.6)

12.2)*

Uyghur 1.7 (1.1-2.6)* 2.1 (1.9-2.2)* 1.3 (0.5-3.5) 4.6 (1.6-12.4)* 4.0 (2.5-6.3)* 5.3 (1.18-20.5)
Hui 0.8 (0.6-1.0) 0.6 (0.5-0.9) 0.9 (0.7-1.2) 4.0 (3.6-4.4) 5.9 (56.9-6.0) 2.0 (1.4-2.8)
P for difference <0.001 <0.001 0.50 <0.001 <0.001 0.23
Age (years)®
18-29 1.0 (0.7-1.3) 1.1 (0.8-1.5) 0.8 (0.5-1.3) 20.0 (16.7-23.8) 28.4 (24.5-32.6) 11.5 (8.5-15.4)
30-39 2.3(1.8-2.9) 3.4(2.9-4.1) 1.0(0.6-1.8) 17.4 (14.5-20.7) 26.0 (23.2-29.1) 8.3 (5.4-12.7)
40-49 3.4 (2.9-3.9) 5.0(4.2-5.9) 1.7(1.3-2.1) 15.5 (13.5-17.6) 22.3 (20.0-24.9) 8.3 (6.2-11.1)
50-59 5.2 (4.4-6.1) 7.0(5.9-8.3) 3.2 (2.6-4.1) 16.7 (15.1-18.5) 19.2 (17.0-21.5) 14.1 (12.3-16.2)
60-69 5.9 (6.0-6.8) 7.5(6.5-8.8) 4.1 (3.0-5.7) 17.0 (14.8-19.3) 18.3 (16.4-20.3) 15.6 (12.8-18.9)
>70 6.1 (5.1-7.3) 8.2 (6.5-10.2) 4.3 (3.2-5.7) 19.9 (18.0-21.9) 18.6 (16.6-20.8) 21.0 (18.8-23.2)
P for trend 0.01 0.01 <0.001 <0.001(U) 0.002 <0.001
BMI (kg/m?)°
<18.5 1.6 (1.0-2.5) 1.5(0.8-2.5) 1.7 (0.9-3.4) 9.0 (56.7-14.0) 11.7 (8.2-16.3) 6.3 (2.7-14.0)
18.5-23.9 2.6 (2.2-3.1) 3.4 (2.7-4.1) 1.9 (1.5-2.3) 13.0 (10.5-16.0) 17.6 (14.8-20.7) 8.4 (6.1-11.4)
24.0-27.9 3.4 (3.0-4.0) 4.8(4.3-5.4) 2.0(1.5-2.7) 20.4 (17.9-23.1) 25.6 (22.7-28.8) 15.0 (12.7-17.7)
>28.0 4.9 (4.1-6.8) 6.9 (5.7-8.4) 2.9 (2.2-3.8) 31.4 (29.0-33.9) 32.6 (34.4-38.8) 26.1 (22.5-30.0)
P for trend <0.001 <0.001 0.32 <0.001 0.01 <0.001
Income (CNY/year)®
<5000 4.2 (3.0-5.8) 5.4(3.9-7.4) 2.9 (1.6-5.1) 18.3 (14.6-22.7) 22.7 (19.5-26.4) 13.8 (9.0-20.6)
5000-10,000 2.9 (2.2-3.8) 4.0(2.9-5.4) 1.8 (1.3-2.5) 17.7 (13.9-22.2) 23.8 (19.1-29.3) 11.4 (8.1-15.8)
10,000-30,000 2.8 (2.4-3.2) 3.6 (3.0-4.2) 2.0 (1.5-2.5) 16.4 (14.5-18.4) 21.6 (19.4-23.9) 11.0 (9.0-13.5)
30,000-50,000 2.8 (2.4-3.4) 3.6 (3.0-4.3) 2.0(1.5-2.8) 17.0 (15.5-18.5) 22.8 (21.1-24.6) 11.0 (9.5-12.7)
50,000-100,000 3.7 (3.2-4.2) 5.5(4.9-6.2) 1.9 (1.3-2.6) 18.0 (15.3-21.0) 23.9 (21.0-27.1) 11.9 (9.3-15.2)
>100,000 4.0 (3.5-4.6) 6.2(5.3-7.1) 1.9 (1.4-2.4) 21.4 (17.6-25.9) 28.5 (23.9-33.6) 14.3 (10.7-18.7)
P for trend <0.001 (U) <0.001 (U) 0.32 0.01(U) 0.01(U) 0.04(U)

BMI: body mass index; CNY: Chinese yuan (1 CNY = 0.1489 USD); (U): u-shaped curve trend; 95% Cl: 95% confidence interval.
aThe prevalence rate within each subgroup was compared by the chi-square test.

"The trend of prevalence rate within each subgroup was analyzed through Cochran-Armitage test for trend.

*Compared with Han people, the differences were statistically significant, in which P was less than the adjusted cutoff value (0.05/4 = 0.0125) due to multiple
comparisons by the chi-square test.
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Table 2: Distribution of serum uric acid level analyzed by subgroups
Serum uric acid level, mean = SD (umol/L)

Overall Males Females
Area of residence®
Urban 319.76 + 93.41 368.19 + 88.33 274.86 + 73.41
Rural 308.63 + 94.56 352.02 + 93.86 266.47 + 73.92
P for difference <0.001 <0.001 <0.001
Inland/coastal®
Inland 312.62 + 93.37 358.90 + 90.77 269.26 + 72.65
Coastal 319.32 + 95.74 364.51 + 92.57 275.31 + 76.29
P for difference <0.001 <0.001 <0.001
Education®
Below high school 304.04 + 91.92 346.17 + 91.60 270.31 = 77.07
High school and above 323.563 + 95.05 371.05 + 89.78 271.59 = 70.24
P for difference <0.001 <0.001 0.09
Smoking®
No smoking 299.27 + 89.85 359.06 = 91.40 270.48 + 73.42
Smoking 357.54 + 92.54 362.13 = 91.29 286.61 = 82.16
P for difference <0.001 0.94 <0.001
Age (years)®
18-29 321.94 + 96.46 373.36 + 91.03 268.42 + 68.92
30-39 311.64 + 97.41 369.27 + 90.12 257.68 + 68.92
40-49 306.18 + 93.91 356.79 + 91.05 259.57 + 69.09
50-59 314.11 + 89.98 350.02 + 90.39 282.02 + 76.49
60-69 317.27 + 89.17 348.17 + 90.04 288.66 + 78.15
>70 320.70 + 91.51 344.52 + 92.33 298.70 + 85.03
P for trend <0.001 (U) <0.001 <0.001
BMI (kg/m?)°
<18.5 280.04 + 80.72 330.99 + 80.80 251.22 + 64.89
18.5-23.9 295.46 + 86.49 343.68 + 85.25 259.43 + 67.86
24.0-27.9 329.34 + 94.23 367.58 + 90.37 282.81 = 76.17
>28.0 355.77 + 102.01 393.08 + 99.04 304.05 + 81.42
P for trend <0.001 <0.001 <0.001
Income (CNY/year)®
<5000 302.84 + 92.26 347.54 + 92.83 271.36 = 77.72
5000-10,000 302.81 + 93.60 346.72 + 94.44 267.01 + 76.03
10,000-30,000 306.10 + 92.37 350.02 + 92.17 268.97 + 74.53
30,000-50,000 316.24 + 93.24 361.39 + 90.37 272.17 + 72.65
50,000-100,000 324.06 + 93.25 369.00 + 86.96 272.76 + 71.09
>100,000 331.90 + 98.72 380.59 + 91.54 273.70 + 71.82
P for trend <0.001 <0.001 <0.001(U)
Ethnic groups®
Han 318.65 + 93.64 364.56 + 90.24 274.40 + 73.34
Tibetan 298.24 + 88.26* 362.03 + 79.93 261.58 + 70.12*
Zhuang 315.54 + 91.60 363.68 + 88.11 268.42 + 67.22
Uyghur 243.22 + 82.73* 268.60 + 88.42* 221.28 + 70.49*
Hui 258.71 + 80.46* 301.64 + 74.65* 215.567 + 60.57*
P for difference <0.001 <0.001 <0.001

ANOVA: analysis of variance; BMI: body mass index; CNY: Chinese yuan (1 CNY = 0.1489 USD); SD: standard deviation; SUA: serum uric acid; (U): u-shaped
curve trend.

aThe SUA level within each subgroup was compared by the independent sample ¢-test.
"The trend test of SUA level within each subgroup was analyzed through one-way ANOVA.
“The SUA level among the five ethnic groups was compared through one-way ANOVA followed by post hoc Bonferroni correction.

*Compared with Han people, the differences were statistically significant.
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Figure 2: Regional distribution of the prevalence of HUA in mainland China: (A) prevalence in males (%); (B) prevalence in females (%). HUA: hyperuricemia.

temales were compared among the 31 provinces in China.
The highest male prevalence of HUA seemed to be in
Liaoning (46.6%, range 43.5%—49.6%; Figure 2), while the
highest female prevalence appeared to be in Guangdong
(31.7%, range 17.2%—-50.9%; Figure 2).

The overall standardized prevalence of goutin all Chinese
adults was 3.2% (Table 1), which corresponded to an
estimated 25.56 million adults with gout in China during
2015-2017. The prevalence of gout in males (4.4%)
was significantly higher than that in females (2.0%). No
significant difference was found in the prevalence of gout
between coastal and inland residents or between urban and
rural inhabitants (Table 1). Females with a smoking history
and those with low education levels tended to develop gout
(Table 1). The gout prevalence exhibited a linear upward
trend with increasing age in both sexes and with increase
in BMI in males. It showed a U-shaped curve with the
increase in income in males, which reached the lowest point
atan annual income of 10,000—30,000 Chinese yuan. When
compared to Han nationality, the prevalence of gout was
markedly increased in Zhuang males, while it decreased
in Uyghur males (Table 1). Although Tibetan males
showed the highest prevalence of gout among the five
ethnic groups studied, the difference was not statistically
significant compared with Han males. It was inferred that
this phenomenon could be due to the existence of some
confounding factors (eg., educational background and
residency areas). Moreover, the prevalence rates of goutin
males and females were analyzed among the 31 provinces
in China. They were both highest in Tibet (9.9%, range
9.0%-10.8% in males and 13.8%, range 9.0%—20.5% in
females; Figure 3).

Dwelling in the urban and coastal areas, high educational
backgrounds, and BMI 224 kg/m?* were all independent
risk factors for HUA in males and females (Table 3).
Moreover, IFG, IGT, hypertension, dyslipidemia, and
abdominal obesity were all independently associated with
the development of HUA in the two sexes. With increasing
age, the risk of HUA was significantly reduced in males
(Table 3). Female smokers were more likely to develop
HUA. An annual income of 10,000-100,000 Chinese yuan
was found to be a protective factor against HUA in females.
Diabetes was found to be an independent risk factor for
HUA in females and a protective factor against HUA in
males. Han nationality was found as a risk factor for HUA
in both genders (PAR%0: 48.70% in males and 40.13% in
females), whereas Zhuang and Uyghur were shown as its
protective factors (PAR%0: Zhuang: —3.27% in males and
—2.83% in females, Uyghur: —1.72% in males and —1.46%
in females; Tables 3 and 4).

As shown in Table 3, increase in age, diabetes and high
serum TC were all independently associated with the
occurrence of gout in both male and female. Living in
urban areas, high educational backgrounds, BMI =28 kg/
m?, and an annual income over 100,000 Chinese yuan were
all independent risk factors for gout in males. Besides,
hypertension, high serum TG level, low HDL-C level, and
abdominal obesity were independently associated with the
development of goutin males only. However, both living in
coastal areas and annual income of 10,000-30,000 Chinese
yuan were protective factors against gout in females. They
showed sex-differential actions on the development of
gout. Han, Zhuang, and Uyghur were all found as protective
factors against gout in both genders (PAR%: Han: —60.37%
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Figure 3: Regional distribution of the prevalence of gout in mainland China: (A) prevalence in males (%); (B) prevalence in females (%).

in males and —63.12% in females, Zhuang: —1.12% in males
and —1.54% in females, Uyghur: —1.48% in males and
—2.12% in females), while Tibetan was found to be a risk
factor for gout in both genders (PAR%: 4.89% in males
and 12.61% in females) and Hui was a risk factor only in
males (PAR%0: 3.58%; Tables 3 and 4).

Since there were several influencing factors related to the
occurrence of HUA and gout as found in this study, the
multicollinearity between these potential risk factors had
been checked. However, all their VIF values were <5,
indicating no multicollinearity between them (Table 5).

DISCUSSION

To the best of our knowledge, this study is currently the
largest epidemiological survey of HUA and gout in China
and is very helpful for better understanding the impacts
of demographic, economic, and geographic factors on the
prevalence of HUA and gout. In this nationwide survey
of the general Chinese adult population, we observed that
the weighted prevalence rates of HUA and gout in China
were 17.7% (23.5% for males, 11.7% for females) and
3.2% (4.4% for males, 2.0% for females), corresponding
to an estimated 185.31 million adults with HUA and
25.56 million adults with gout, respectively, in our country
during 2015-2017. The prevalence of HUA estimated in
the present study is obviously higher than that reported
by previous studies. The NCKDS performed in China
during 2009-2010 showed that the prevalence of HUA
in Chinese adults was 8.4% (9.9% for males and 7.0% for
females).” Another survey of the eldetly population from
28 provinces in China showed that the prevalence of HUA

was estimated to be 6.4% (7.9% for males and 4.9% for
females).”” The Chinese Physiological Constant and Health
Condition survey was carried out from 2007 to 2011. It
was found that 13.0% of Chinese adults had HUA (18.5%
for males and 8.0% for females).” These studies are
summarized in Supplementary Tables 1 and 2. Moreover,
the prevalence of HUA in males in China found in our
study (23.52%) was even overtly higher than that found in
some developed countries such as the USA (20.2%) and
Australia (16.6%0)."”! The prevalence of gout estimated in
China by our study (3.23%) was not only markedly higher
than that reported by a previous study (1.1%),”* but also
close to or even higher than that found in some developed
countries such as the USA (3.9%), Canada (3.8%), Sweden
(1.8%), France (0.9%), the UK (2.49%), Denmark (0.68%),
and Italy (0.91%).'**21 The lower prevalence of HUA
and gout in China reported by previous studies may be
due to insufficient sample sizes, incomplete geographic
coverage, or/and rapid development of China’s economy.
We speculate that the increased prevalence rates of HUA
and gout in China may be related to the rapid development
of China’s economy in recent years and the westernization
of Chinese dietary habits.?*

Previous studies reported that the prevalence of HUA
in Chinese urban residents was higher than that in rural
residents (14.9% vs. 6.6%).”" In the present study, there
was no significant difference in the prevalence of HUA
or gout between urban and rural residents. We inferred
that the rapid development of society and the economy,
the progress of urbanization, industrialization, and the
improvement of rural medical care may contribute to the
gradually shrinking difference between urban and rural
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Table 3: Multiple logistic regression analysis of the associated factors with hyperuricemia and gout

Hyperuricemia Gout
Risk factors Male Female Male Female

OR (95% CI) P OR (95% CI) P OR (95% ClI) P OR (95% ClI) P
Age per 10 years 0.84 (0.82-0.85) <0.01 1.01 (0.98-1.04) 0.44 1.44 (1.38-1.50) <0.01 1.37 (1.29-1.45) <0.01
High school and 1.16 (1.09-1.24) <0.01 1.25(1.15-1.36) <0.01 1.28 (1.12-1.46) <0.01 0.84 (0.69-1.01) 0.07
above
Current smoking  0.99 (0.94-1.04) 0.59 1.54 (1.30-1.82) <0.01 1.04 (0.92-1.16) 0.55 1.17 (0.81-1.69) 0.40
Urban residency 1.13 (1.07-1.20) <0.01 1.23 (1.14-1.33) <0.01 1.30 (1.14-1.47) <0.01 1.04 (0.88-1.22) 0.69
Coastal residency 1.09 (1.03-1.15) <0.01 1.25 (1.16-1.34) <0.01 1.05 (0.93-1.18) 0.48 0.65 (0.54-0.78) <0.01
Ethnic groups
Han? 2.07(1.85-2.32) <0.01 1.76 (1.563-2.02) <0.01 0.59 (0.49-0.72) <0.01 0.56 (0.45-0.68) <0.01
Tibetan® 1.11(0.91-1.36) 0.32 1.01(0.81-1.26) 0.93 3.60(2.73-4.76) <0.01 4.89(3.85-6.21) <0.01
Zhuang® 0.12(0.08-0.17) <0.01 0.27(0.20-0.37) <0.01 0.36(0.18-0.71) <0.01 0.41(0.21-0.80) 0.01
Uyghur? 0.25(0.19-0.34) <0.01 0.21(0.13-0.35) <0.01 0.22(0.10-0.49) <0.01 0.31(0.14-0.66) <0.01
Huie 0.99(0.83-1.18) 0.87 1.03(0.82-1.30) 0.80 3.08(2.31-4.12) <0.01 1.11(0.62-1.99) 0.73

(2.23-3.73)

Income (CNY/year)
<5000 (reference) 1.00 1.00 1.00 1.00
5000-10,000 1.03 (0.90-1.17) 0.70 0.93 (0.81-1.07) 0.33 0.81 (0.62-1.05) 0.11 1.02 (0.80-1.31) 0.86
10,000-30,000 0.93 (0.83-1.04) 0.17 0.84 (0.74-0.94) <0.01 0.80 (0.64-1.00) 0.06 0.78 (0.62-0.99) 0.04
30,000-50,000 0.94 (0.85-1.05) 0.30 0.84 (0.75-0.96) <0.01 0.79 (0.63-0.99) 0.06 0.77 (0.57-1.00) 0.04
50,000-100,000 0.97 (0.87-1.09) 0.67 0.83 (0.73-0.95) <0.01 1.06 (0.84-1.33) 0.59 0.75(0.57-1.00) 0.05
>100,000 1.08 (0.96-1.22) 0.19 0.92 (0.79-1.07) 0.29 1.39 (1.09-1.78) <0.01 0.93 (0.66-1.30) 0.66
BMI (kg/m?)
18.5-23.9 1.00 1.00 1.00 1.00
(reference)
<18.5 0.82 (0.69-0.97) 0.02 0.85(0.70-1.04) 0.11 0.63 (0.38-1.05) 0.08 0.94 (0.65-1.39) 0.76
24.0-27.9 1.20 (1.12-1.29) <0.01 1.47 (1.35-1.61) <0.01 1.10 (0.94-1.28) 0.24 0.97 (0.81-1.18) 0.78
>28.0 1.63 (1.48-1.78) <0.01 2.12(1.88-2.39) <0.01 1.37 (1.12-1.66) <0.01 1.09 (0.84-1.41) 0.51
Diabetes 0.85 (0.78-0.92) <0.01 1.65 (1.50-1.81) <0.01 1.25 (1.08-1.44) <0.01 1.32(1.08-1.61) <0.01
IFG 1.11 (1.03-1.20) 0.01 1.20(1.07-1.34) <0.01 1.08 (0.91-1.28) 0.40 0.78 (0.59-1.03) 0.07
IGT 1.42 (1.29-1.56) <0.01 1.42(1.27-1.59) <0.01 1.35(1.12-1.62) <0.01 1.16 (0.91-1.48) 0.23
Hypertension 1.22 (1.15-1.29) <0.01 1.22 (1.13-1.33) <0.01 1.16 (1.03-1.31) 0.02 0.94 (0.79-1.12) 0.49
Dyslipidemia
High TG 1.77 (1.67-1.87) <0.01 1.73 (1.60-1.87) <0.01 1.62 (1.43-1.84) <0.01 1.17 (0.98-1.40) 0.08
High TC 1.35 (1.25-1.45) <0.01 1.45(1.32-1.60) <0.01 1.23 (1.06-1.43) <0.01 1.50 (1.23-1.80) <0.01
High LDL 1.14 (1.06-1.23) <0.01 1.20(1.09-1.33) <0.01 1.02 (0.88-1.19) 0.78 0.82 (0.67-1.01) 0.06
Low HDL 1.23 (1.15-1.32) <0.01 1.40(1.29-1.51) <0.01 1.27 (1.10-1.50) <0.01 0.90 (0.76-1.08) 0.26
Abdominal obesity 1.30 (1.21-1.39) <0.01 1.32 (1.20-1.44) <0.01 1.23 (1.06-1.42) <0.01 1.16 (0.96-1.41) 0.13

OR: odds ratio; 95% Cl: 95% confidence interval; BMI: body mass index; CNY: Chinese yuan (1 CNY = 0.1489 USD); IFG: impaired fasting glucose; IGT:
impaired glucose tolerance; TG: triglyceride; TC: total cholesterol; LDL: low-density lipoprotein; HDL: high-density lipoprotein.

2As compared with other ethnic groups including Tibetan, Zhuang, Uyghur, and Hui.

5As compared with other ethnic groups including Han, Zhuang, Uyghur, and Hui.

°As compared with other ethnic groups including Han, Tibetan, Uyghur, and Hui.

9As compared with other ethnic groups including Han, Tibetan, Zhuang, and Hui.

¢As compared with other ethnic groups including Han, Tibetan, Zhuang, and Uyghur.

areas. In addition, we analyzed whether the prevalence
rates of HUA and gout were related to geographic
location. Although they did not show significant differences
between inland and coastal residents, the SUA level of
the former was significantly lower than that of the latter,
which might be related to the seafood preferences of the
coastal people.’” In the current study, although living in a
coastal area was found to be a risk factor for HUA in both
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males and females, gout was found to be more common
in inland areas of China, especially in Tibet, and living
in a coastal area was suggested to be a protective factor
against gout in females. Such opposite phenomena may be
due to the preference of iodine-rich foods by the people
living in coastal regions. Another study derived from the
TIDE project by Lu e al. revealed that urinary iodine
concentration (UIC) was negatively correlated with the
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Table 4: PAR% of each ethnic group for the prevalence of hyperuricemia and gout

Hyperuricemia Gout
Ethnic Male Female Male Female
groups 14 (%) OR  PAR% (%) pd(%) OR  PAR% (%) pd(%) OR PAR% (%) pd(%) OR PAR% (%)
Han 94.22 2.07 48.70 92.94 1.76 40.13 86.88 0.59 -60.37 80.33 0.56 -63.12
Tibetan - ; - - - - 6.77  3.60 4.89 15.85  4.89  12.61
Zhuang 0.45  0.12 -3.27 1.05  0.27 -2.83 0.63 0.36 -1.12 1.07 041 -1.54
Uyghur 0.57  0.25 -1.72 0.39  0.21 -1.46 0.42 022 -1.48 0.95 031 -2.12

Hui - - - -

5.30 3.08 3.58 - - -

pd: proportion of cases exposed to risk factor; OR: odds ratio; PAR%: population attribute risk percent; which was calculated using the following formula:
[PAR% = pd(RR - 1/RR)] according to the literature®; -: not an independent risk or a protective factor in multiple logistic regression analysis; RR: relative risk.

Table 5: Collinearity statistics analysis of the potential related
factors with hyperuricemia and gout

Hyperuricemia Gout
Risk factors Male Female Male Female
VIF VIF VIF VIF
Age 1.393 1.679 1.400 1.699
High school and above 1.370 1.495 1.377 1.516
Current smoking 1.032 1.006 1.033 1.005
Urban residency 1.169 1.218 1.181 1.232
Coastal residency 1.024 1.029 1.028 1.036
Ethnicities 1.065 1.060 1.079 1.077
Income (CNY/year) 1.232 1.235 1.239 1.253
BMI (kg/m?) 1.814 1.671 1.809 1.667
Diabetes 1.146 1.166 1.149 1.164
IFG 1.053 1.039 1.056 1.041
IGT 1.051 1.051 1.051 1.050
Hypertension 1.155 1.235 1.158 1.233
High TG 1.279 1.248 1.280 1.252
High TC 1.828 1.818 1.839 1.840
High LDL 1.741 1.174 1.753 1.740
Low HDL 1.133 1.156 1.138 1.152
Abdominal obesity 1.754 1.681 1.750 1.674

IFG: impaired fasting glucose; IGT: impaired glucose tolerance; TG:
triglyceride; TC: total cholesterol; LDL: low-density lipoprotein; HDL: high-
density lipoprotein; VIF: variance inflation factor.

Multicollinearity was considered to exist if VIF >5.

prevalence rates of HUA and gout.’! However, as shown
in Table 1, there was no statistically significant difference
in the prevalence rates of gout between the females living
in coastal areas and the females inhabiting inlands. It also
suggests that living in coastal areas may be considered as
a protective factor against gout in females only when the
other risk factors, such as diabetes, advanced age, and high
TC, are avoided at the same time. On the other hand, the
onset of goutis closely related to temperature, air pressure,
and air humidity. Tibet is a high-altitude region with high
air pressure and low air density. Under these conditions,
urate in the joint cavity of HUA patients is more likely
to form deposits.”” Additionally, Tibetans mostly lead a
nomadic lifestyle with a preference for beef, batley, and
buttered tea. Close to 50% of the Tibetan adults are
alcohol consumers, far exceeding the national average

level.P® Finally, estrogens can increase renal urate clearance
and inhibit renal reabsorption,” which can contribute to
sex differences in the development of the two diseases.
All these results indicate that there are a few external and
internal factors affecting the deposition of urate. They may
further influence the development of HUA into gout and
cause inconsistency between the occurrence of HUA and
gout. Besides, it was interesting to find that the logistic
regression analysis and PAR% indicated Zhuang nationality
as a protective factor against HUA and gout in both males
and females and Hui nationality as an independent risk
factor for gout in males. They were inconsistent with the
tendencies in the standardized prevalence rates of HUA
and gout among these ethnic groups. We infer there may
be other unknown confounding factors related to both age
and the occurrence of gout and HUA, which could finally
affect their standardized prevalence rates. We admit that
the potential influencing factors analyzed in this study are
limited and some others are needed for investigation in
the future work.

Our results have further demonstrated the sex differences
in the prevalence of HUA and gout, which was markedly
higher in males than in females. Such sex differences may
be related to the protective actions of estrogens, as stated
above.” Additionally, in the current study, the HUA
prevalence in males decreased with age and exhibited an
opposite trend in females, which was consistent with the
findings of previous Chinese studies.**'! NHANES I also
suggested that SUA levels in females were positively related
to age.* Such sex differences may be due to the drinking
habits or lack of exercise in young men and changes in
estrogenic levels in postmenopausal women.?*? Our
data showed that the HUA prevalence was significantly
higher in females over 50 years of age (age 50—59 years:
14.1%; age 60—69 years: 15.6%; age =70 years: 21.0%)
than in those under 50 years of age (age 18-29 years:
11.5%; age 30-39 years: 8.3%; age 40—49 years: 8.3%).
The significant decrease in serum estrogen levels of
postmenopausal women may reduce the clearance of
uric acid by the kidneys and eventually make them more
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susceptible to HUA.

In addition, we found that smoking was a risk factor
for HUA in females. The 2016 KNHANES VII-1 also
suggested that smoking was closely related to SUA levels in
females and increased the risk of HUA in them."! Previous
research has shown that long-term exposure to smoke
may exert adverse influences on renal function.**) The
levels of total protein and glutathione S-transferase in the
urine of smokers were significantly increased as compared
with those of nonsmokers.*! Glomerular mesangial cells
showed proliferative and degenerative changes in rats
exposed to cigarette smoke for along period of time, which
eventually led to renal dysfunction.*”

In this study, we also analyzed the relationship between
HUA and other metabolic diseases. We found that
diabetes was associated with an increased risk of female
HUA, consistent with previous studies.”*!l However, it
was a protective factor against HUA in males, which was
consistent with the results of another study published in
2019."% Elevated urine glucose level could inhibit uric
acid reabsorption in proximal tubules, which may explain
the above phenomenon in males.*) However, the exact
mechanism of the sex difference in the relationship
between diabetes and HUA remains to be elucidated. This
study also suggests that IFG, IGT, hypertension, BMI =24
kg/m?, abdominal obesity, and dyslipidemia are all risk
factors for HUA in both genders. Previous studies have
demonstrated the close associations between HUA, insulin
resistance, and metabolic diseases.""!

Our study has several strengths. First, our study is currently
the largest epidemiological survey to assess the impact
of demographic, economic, and geographic factors on
the prevalence of HUA and gout in China. Second,
the multivariable logistic model adjusted for a number
of potentially influencing covariables, including age,
sex, education, annual income, smoking, BMI, regional
differences, and ethnicity, which increased the reliability
of the results. These potential risk factors were selected
for this study based on the previous reports®® ' and the
variable availability in our current database. Moreover,
the sample size of this study could provide sufficient
statistical power, so they were all included in the regression
models. Their multicollinearity has been checked in the
linear regression analysis; no multicollinearity between
them was indicated in this study. However, the study has
several limitations also. First, this was a cross-sectional
study, and the results could have been influenced by some
unmeasured confounding factors and reverse causation.
Thus, subsequent longitudinal studies are needed to further
confirm our findings. Second, the present study analyzed
only limited factors. The impacts of extra factors on the

prevalence rates of HUA and gout need also be considered,
such as serum creatinine level, food intake, physical activity,
alcohol consumption, use of urate-lowering drugs, and
accessibility to health care. Finally, the gout diagnosis
methodology in this survey was simply a self-reported
physician diagnosis, which may affect its accuracy.

In conclusion, this study has shown that the prevalence
rates of HUA and gout among Chinese adults during
2015-2017 were much higher than those reported in
previous studies of the Chinese population and even
higher than those found in some developed countries.
It further suggests that the morbidities of HUA and
gout are differentially influenced by a few factors,
including sex, age, residence location, nationality,
smoking, and other complicating metabolic diseases.
The high prevalence rates of HUA and gout would lead
to increased consumption of public health resources in
China. Reducing this burden has become an urgent issue
for Chinese people.
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