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Data on updated hyperuricemia prevalence in Beijing-Tianjin-Hebei (BTH)

region in China, which is one of the world-class urban agglomerations, is

sparse. Overweight/obesity, alcohol consumption, smoking and sedentary

behavior are modifiable risk factors (MRFs) for elevated serum uric acid

(SUA), but their population attributable fractions (PAFs) for hyperuricemia

is still unclear. Using baseline data from the BTH Physical Examination

General Population Cohort, we calculated the crude- and adjusted-prevalence

of hyperuricemia based on the 30,158 participants aged 18–80 years.

Hyperuricemia was defined as SUA >420 µmol/L in men and >360 µmol/L

in women, or currently use of uric acid lowering drugs. Overweight/obesity,

alcohol consumption, smoking and sedentary behavior were considered as

MRFs and their adjusted PAFswere estimated. The prevalence of hyperuricemia

was 19.37%, 27.72% in men and 10.69% in women. The PAFs and 95%

confidence intervals for overweight, obesity were 16.25% (14.26–18.25%) and

12.08% (11.40–12.77%) in men, 13.95% (12.31–15.59%) and 6.35% (5.97–

6.74%) in women, respectively. Alcohol consumption can explain 4.64%

(2.72–6.56%) hyperuricemia cases in men, but with no statistical significance

in women. Cigarette smoking contributed to 3.15% (1.09–5.21%) cases in

men, but a much lower fraction in women (0.85%, 0.49–1.22%). Compared

with sedentary time <2h per day, the PAFs of 2–4h, 4–6h, and more

than 6h per day were 3.14% (1.34–4.93%), 6.72% (4.44–8.99%) and 8.04%

(4.95–11.13%) in men, respectively. Sedentary time was not found to be

associated with hyperuricemia in women. These findings concluded that

hyperuricemia is prevalent in this representative Chinese adult general

population with substantial sex di�erence. Four MRFs (overweight/obesity,

alcohol consumption, cigarette smoking and sedentary behavior) accounted

for a notable proportion of hyperuricemia cases. The PAF estimations enable
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the exploration of the expected proportion of hyperuricemia cases that could

be prevented if the MRFs were removed, which warrants the public health

significance of life-style intervention.

KEYWORDS

serum uric acid, bodymass index, alcohol consumption, cigarette smoking, sedentary

behavior, attributable fraction

Introduction

Serum uric acid (SUA) is the catabolic product of

exogenous dietetic compounds and endogenous purines (1).

Hyperuricemia is defined as the presence of elevated SUA.

Hyperuricemia is not only necessary for the development of

gout, but is also associated with cardiometabolic disease and

kidney disorders (2–4), and even premature mortality (5–7).

The prevalence of hyperuricemia is high in China. Results

from the China National Health Survey revealed that the

prevalence of hyperuricemia in mainland China is around 20%

(8). Modifiable risk factors (MRFs), such as overweight/obesity,

alcohol consumption, and sedentary behavior, were found

to significantly increase the SUA level (8–11) and some

major chronic diseases, such as hypertension, chronic kidney

disease and dyslipidemia, which are commonly comorbid with

hyperuricemia (12–14). Therefore, identifying individuals with

high risk of hyperuricemia would benefit disease prevention and

health promotion, and help the health professionals determine

the priority population for intervention.

In epidemiological studies, relative risk (or odds ratio in a

case-control scenario) is often used to assess the strength of

health effect of a given exposure on a particular event. However,

this measure did not consider prevalence of the exposure and

thus cannot estimate the disease burden comprehensively (7).

Population attributable fraction (PAF) is the proportion of cases

for an outcome within a population that can be attributed to a

certain risk factor, related with both exposure prevalence and

its effect size (15). The focus on modifiable risk factors (MRFs),

such as overweight/obesity, smoking, alcohol consumption and

sedentary behavior, could provide real-world evidence on to

what level the health hazards would have been avoided if people

in high-risk changed their behavior. Furthermore, by calculating

PAF, the importance of different MRFs could be estimated in

sub-populations, thus helps policy makers to develop more

tailored and targeted health promotion strategies. Previous

cross-sectional studies have estimated several MRFs’ PAF (8,

15, 16), but updated data derived from general adult Chinese

is sparse.

The Beijing-Tianjin-Hebei (BTH) area is one of the world-

class urban agglomerations in China. As the political center and

third largest economy in China, this region accounts for 8.1%

of China’s population and is experiencing rapid socio-economic

development and urbanization (17). Initiated in 2017, supported

by the National Key R&D Program of China, the BTH Physical

Examination Cohort aimed to explore determinants of non-

communicable diseases using multidisciplinary methods, and

update the real-world data to enhance health promotion. In

recent years, the disease burden of hyperuricemia is increasing

with various risk factors contributing to its rapid growth (18).

Hence, using baseline data from the BTH Physical Examination

Cohort, we aim to explore the hyperuricemia prevalence and the

PAFs of MRFs in this general population.

Methods

Data resource and study population

This study was conducted using baseline data of the

BTH Physical Examination General Population Cohort, which

is a prospective cohort study initiated in 2017, containing

over 30,000 adults recruited in the BTH area. The baseline

survey was conducted from 2017 to 2018, with a multi-stage

stratified cluster sampling method used in enrolling attendees

at physical examination centers. The selection and sampling

procedure: (1) among records of more than 200 physical

examination centers in tertiary care hospitals, we randomly

selected two or three medical examination centers by systematic

sampling; (2) stable employees in organizations, institutions,

and companies were selected with multiple labor categories

(white collar, pink collar, or blue collar) from each selected

physical examination center in the first stage. Finally, 100–200

registered organizations, institutions and companies for each

occupation category were selected, within which individuals

aged 18 years and above, living in the local place for at least

1 year, were asked to voluntarily participate in the study.

Individuals who were pregnant, with severe mental or physical

disorders were excluded.

The study has been carried out in accordance with the

Declaration of Helsinki. Ethical approval was obtained from the

ethics review boards of Nankai University (NKUIRB2016063),

Tianjin First Central Hospital (2017N052KY), Tianjin Union

medical center (2018C02) and Hebei Medical University
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(2016021). Written informed consent was obtained from each

participant before the survey.

Measurements

An id card reader has been used to automatically collect the

subject’s unique ID number, sex, birthday, and living address,

and save the information into electronic database.

Sociodemographic and lifestyle information (age, sex,

educational level, smoking, alcohol drinking, and daily

sedentary time) were collected by standardized questionnaire

interview. Immediately after the interview, a scanning software

which was designed for this study was used to transform the

hand-written information into electronic database in real time

and save as excel files.

All subjects had standard physical and anthropometry

measurements and provided blood samples for biochemical

tests. This information will be linked with their annual physical

examination electronic records to facilitate the follow-up.

During the anthropometric measurements, participants

wore light clothing and were barefoot. Height (cm) and weight

(kg) were measured using the same device (GL-310, Seoul,

Korea) in different areas, with the accuracy on a decimal level.

Venous blood samples were drawn after an at least 8 h-

overnight fast and were immediately sent to the laboratory of

the physical examination centers for biochemical tests, which

were performed using the same instrument (Hitachi 7600,

Japan). SUA was measured by oxidization with the specific

enzyme uricase.

Outcome definition

Hyperuricemia was defined as SUA higher than 360 µmol/L

(∼6 mg/dl) in women and 420 µmol/L (∼7.0 mg/dl) in men

(12), or currently use of uric acid lowering drugs.

Assessment of modifiable risk factors and
other covariates

Overweight and obesity, ever-smoking, current alcohol

drinking and daily sedentary time were considered as MRFs

in the study. Underweight was defined as BMI < 18.5 kg/m2,

normal weight was BMI between 18.5 kg/m2 and <24 kg/m2,

overweight was BMI ≥ 24 kg/m2 but <28 kg/m2, and obesity

was BMI≥ 28 kg/m2, according to the recommendation suitable

for the Chinese population (19). Information on smoking,

alcohol drinking and daily sedentary time were collected by self-

report in the face-to-face questionnaire interview. Participants

who reported smoking for over half 1 year were defined as

current smokers. Those who ever smoked but quit for at

least half 1 year were defined as prior smokers. Individuals

who consumed alcohol at least once per week were defined

as current drinkers, and who had quit drinking alcohol for

at least half 1 year were prior drinkers. Smoking status was

grouped as never, prior, and current smoking. Ever-smoking

was considered as either prior or current smoking. Alcohol

drinking was categorized as never, prior and current drink. Daily

sedentary time was classified as four groups: <2 h per day, 2–4 h

per day, 4–6 h per day, and more than 6 h per day.

Estimated glomerular filtration rate (eGFR, ml/min per

1.73 m2) was calculated according to the Modification of

Diet in Renal Disease equation for Chinese (c-MDRD) (20).

Menopausal status was self-reported by female subjects in

the face-to-face interview. Participants included in the survey

were asked whether they had at least one menstrual bleeding

in the past year to define menopause, excluding those

caused by medications, hormones, medical conditions, or

surgical procedures.

Statistical analyses

The original data contains 31,311 participants. A total

of 30,158 subjects were included in the final analyses after

excluding subjects aged over 80 (n = 541, to avoid “healthy

worker” effect), or with missing values on both serum uric acid

level and information on uric-acid-lowering medication use (n

= 436) or had an eGFR < 60 ml/min per 1.73 m2 (n = 176) to

exclude possible kidney disorders (21).

The difference in basic characteristics between men and

women were tested using chi-square test for grouped data or

Wilcoxon rank test for non-normally distributed continuous

data. The prevalence of hyperuricemia was adjusted using

logistic regression models when compared among groups (22).

General linear regression models (GLMs) were used to examine

the relationship between MRFs and SUA. As odds ratio (OR)

may overestimate the health effect when the outcome is not rare

(10), prevalence ratio (PR) was used to estimate PAF. PAF was

calculated as follow:

PAF =

∑k

i=0
pdi

(

PRi − 1

PRi

)

= 1−
∑k

i= 0

pdi

PRi

Pdi refers to the proportion of cases in the ith exposure level,

and PR represents the prevalence risk (which is a simulation

of relative risk) comparing the ith exposure level with the

unexposed group (I = 0) (23). A modified Poisson regression

models were used to estimate the adjusted PAFs, which can be

added to yield the integrated fraction that can be attributable to

modifiable risk factors for hyperuricemia (24).

Furthermore, we did sensitivity analyses in three ways:

(1) stratified analysis by menopause status to explore whether

menopause modified the effect of MRFs on hyperuricemia; (2)
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excluding subjects with diagnosed chronic diseases to avoid

possible inverse causality due to behavior change after awareness

of disease; and (3) age- and sex- stratified analyses on PAFs

estimation to learn whether there was age-varied effect of the

MRFs on hyperuricemia.

For all coefficients and PR estimates, we calculated their

95% confidence intervals (CIs). A p-value (two-sided) <0.05

was considered as statistically significant. SAS (version 9.4, SAS

institute, Cary, NC) was used for statistical analyses.

Results

Basic characteristics and hyperuricemia
prevalence

The mean age of the study population was 45.33 years (SD

= 13.78 years), 45.99 years (SD = 13.79 years) in men and

44.65 years (SD= 13.74 years) in women. More than half (51%)

were men. The median SUA level was 319 µmol/L (interquartile

range: 121), 368.30 µmol/L (interquartile range: 107.11) and

271.18 µmol/L (interquartile range: 82.06) in men and women,

respectively. The overall prevalence of hyperuricemia was

19.37%, 27.72% in men and 10.69% in women, respectively.

The hyperuricemia prevalence in sub-groups, stratified by sex,

was summarized in Table 1. Either in men or women, people

in Tianjin area had lower hyperuricemia prevalence (24.24%

in men and 8.98% in women). The patterns of hyperuricemia

prevalence with aging were different between sexes, decreasing

in men but increasing in women (both P for trend < 0.001).

People with higher BMI, ever smoking cigarettes, ever drinking

alcohol, with longer daily sedentary time had higher prevalence

of hyperuricemia (Table 1).

Distribution of modifiable risk factors and
their e�ect on SUA

The distribution of MRFs in different age groups and sex

were presented in Table 2. The proportions of overweight and

obesity in men were much higher than that in women in each

age group. Over 60% of men aged 30 and above were overweight.

An increasing trend of overweight and obesity with aging was

observed in women (P for trend < 0.001). The proportions of

other MRFs except for long sedentary time were also higher in

men than in women (Table 2).

SUA was significantly influenced by the MRFs, especially

in men (Table 3). Excess body weight increased the SUA in

both sexes. An average of 50.82 (95%CI: 47.30–54.35) µmol/L

higher SUA level was observed in obese men, compared

with under/normal weight men. Similar result was observed

in obese women, with an elevated SUA of 50.04 (95%CI:

46.28–53.80) µmol/L, compared with their normal weight

counterparts. Interestingly, longer daily sedentary time seemed

to only influence male participants, without positive association

observed in women. There were few women currently smoking

or drinking alcohol, leading to marginal or non-significant

statistical analysis results (Table 3).

The PAF of modifiable risk factors for
hyperuricemia

The sex specific PR, PAF of MRFs for hyperuricemia were

presented in Table 4. The overall PAF for excess body weight

(overweight and obesity) in men was 28.31% (16.25% for

overweight and 12.08% for obesity), indicating that 28.31%

of the hyperuricemia cases in the male participants can be

explained by excess body weight. In women, the PAF of excess

body weight was 20.30% (13.95% for overweight and 6.35% for

obesity). Consistent with the GLM results, sedentary behavior

was only found to be associated with male hyperuricemia, men

who had more than 6 sedentary h per day contributed to

8% of cases. Alcohol drinking and smoking had relatively low

PAFs both in men and women (Table 4). After stratified by

body weight, we found that men who had lower body weight

were more likely to be affected by sedentary behavior (see in

Supplementary Table S1).

In the simulation analysis (Figure 1), taking

overweight/obesity for example, we demonstrated the change of

hyperuricemia prevalence due to PAF variation. More details

for Figure 1 were available in Supplementary Table S2.

Sensitivity analyses

The results of sensitivity analyses were shown in

Supplementary Tables S3–S5. After stratified by menopausal

status, the main findings were consistent with results in Table 4.

Post-menopausal women were more likely to be influenced by

excess body weight (Supplementary Table S3). After excluding

people suffering from chronic diseases, the PAFs estimates kept

consistent with primary analyses (Supplementary Table S4).

Middle-aged men and elder women had larger PAFs in the

age-stratified analyses (Supplementary Table S5).

Discussion

In this representative sample of general population

of Chinese adults, we reported the most updated data of

hyperuricemia prevalence in central China. Furthermore,

we took overweight/obesity, alcohol drinking, cigarette

smoking, and sedentary behavior as modifiable risk

factors and estimated their populational attributable
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TABLE 1 The prevalence of hyperuricemia in general population from the Beijing, Tianjin, and Hebei areas (n = 30,158).

Male (n= 15,381) Female (n= 14,777)

N Crude-P Adjusted-P* and 95% CI N Crude-P Adjusted-P* and 95% CI

Demographic characteristics

Areas

Beijing 4,854 34.84 33.15 31.81 34.52 3,709 12.91 13.16 12.09 14.31

Tianjin 4,149 24.24 23.47 22.43 24.55 7,450 8.98 9.09 8.44 9.77

Hebei 6,378 24.73 25.02 23.70 26.39 3,618 11.94 11.92 10.89 13.04

Age groups

20– 2,062 32.88 32.62 30.62 34.70 2,290 9.56 10.04 8.84 11.38

30– 4,014 35.58 35.31 33.81 36.83 4,179 8.69 9.13 8.27 10.08

40– 3,336 27.52 27.57 26.07 29.12 3,444 7.61 7.86 6.99 8.82

50– 3,313 22.64 22.85 21.44 24.32 2,383 13.85 14.55 13.15 16.07

60–80 2,656 18.41 18.94 17.47 20.50 2,481 16.36 16.90 15.45 18.45

Ethnicity

Han 14,844 27.53 26.92 26.17 27.69 14,141 10.69 11.25 10.71 11.82

Others 537 32.77 29.79 26.08 33.79 636 10.85 11.78 9.39 14.68

Educational level

Primary/junior high school 1,805 19.56 20.52 18.62 22.57 1,166 11.49 10.32 8.70 12.21

Senior high school 2,257 23.97 24.75 22.95 26.64 1,596 14.41 12.32 10.80 14.01

College 9,003 29.98 29.13 28.16 30.13 9,036 10.98 11.76 11.06 12.48

Postgraduate 670 28.93 26.66 24.79 28.62 224 7.52 9.29 8.14 10.59

Modifiable risk factors

Body mass index (kg/m2)

<24 5,075 18.03 17.15 16.13 18.22 8,954 6.85 7.39 6.83 7.99

24- 6,707 27.82 28.00 26.89 29.14 4,078 14.71 15.05 13.93 16.25

≥28 3,260 41.96 41.44 39.69 43.21 1,328 23.64 23.73 21.45 26.16

Cigarette smoking

Never 8,941 27.14 25.50 24.56 26.46 14,470 10.59 11.18 10.64 11.74

Prior 1,197 27.23 32.06 29.27 34.99 55 16.36 16.58 8.81 29.02

Current 5,243 28.80 28.40 27.15 29.68 252 15.48 15.70 11.64 20.84

Alcohol drinking

Never 8,671 25.64 25.01 24.08 25.98 13,998 10.66 11.25 10.69 11.82

Prior 407 24.82 29.00 24.52 33.93 48 14.58 14.68 7.12 27.85

Current drinking 6,303 30.76 29.65 28.49 30.84 731 11.08 11.52 9.34 14.12

Daily sedentary time

<2 h 1,685 22.20 20.96 19.06 22.99 1,305 11.11 9.80 8.33 11.48

2–4 h 3,130 27.41 26.39 24.85 27.99 2,605 11.36 10.43 9.32 11.66

4–6 h 4,548 29.64 28.95 27.61 30.33 4,169 10.70 11.33 10.36 12.38

>6 h 6,018 27.97 27.90 26.68 29.15 6,698 10.35 12.06 11.20 12.98

*The adjusted covariates were age and areas.

CI, confidence interval.

fractions for hypouricemia cases, thus highlights the life-

style intervention priorities in the prospective of public

health importance.

Our study revealed a high prevalence of hyperuricemia in

BTH area of China. In line with previous studies, there is sex

difference in hyperuricemia prevalence. In the Henan Rural

Cohort study from 2015 to 2017, the crude hyperuricemia

prevalence was 12.80% inmen and 8.56% in women, respectively

(11). Revealed by the China National Health Survey (2012–

2017), the hyperuricemia prevalence was 25.07% in men and

15.94% in women (8). Using baseline data of the China Health

and Retirement Longitudinal Study in 2010, Song et al. (25)

reported a lower prevalence of hyperuricemia, 7.9 vs. 4.9% for

men and women. A cross-sectional survey from 2013 to 2014
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TABLE 2 The distribution of modifiable risk factors in the study population (n = 30,158).

Age-groups 20– 30– 40– 50– 60–80 Overall P

n % n % n % n % n % n %

Men

Body mass index categories <0.001

Under/normal weight 915 44.37 1,298 32.34 1,037 31.09 1,004 30.30 821 30.91 5,075 33.00

Overweight 716 34.72 1,673 41.68 1,473 44.15 1,577 47.60 1,268 47.74 6,707 43.61

Obesity 406 19.69 941 23.44 746 22.36 653 19.71 514 19.35 3,260 21.19

Cigarette smoking <0.001

Never 1,368 66.34 2,603 64.85 1,906 57.13 1,602 48.35 1,462 55.05 8,941 58.13

Ever 54 2.62 130 3.24 242 7.25 291 8.78 480 18.07 1,197 7.78

Current 640 31.04 1,281 31.91 1,188 35.61 1,420 42.86 714 26.88 5,243 34.09

Alcohol drinking <0.001

Never 1,313 63.68 2,345 58.42 1,736 52.04 1,661 50.14 1,616 60.84 8,671 56.37

prior 18 0.87 36 0.90 86 2.58 121 3.65 146 5.50 407 2.65

Current 731 35.45 1,633 40.68 1,514 45.38 1,531 46.21 894 33.66 6,303 40.98

Daily sedentary time <0.001

<2 h 179 8.68 269 6.7 370 11.09 531 16.03 336 12.65 1,685 10.96

2–4 h 408 19.79 682 16.99 645 19.33 656 19.80 739 27.82 3,130 20.35

4–6 h 566 27.45 1,252 31.19 1,025 30.73 925 27.92 780 29.37 4,548 29.57

>6 h 909 44.08 1,811 45.12 1,296 38.85 1,201 36.25 801 30.16 6,018 39.13

Women

Body mass index categories <0.001

Under/normal weight 1,824 79.65 2,882 68.96 1,968 57.14 1,201 50.40 1,079 43.49 8,954 60.59

Overweight 298 13.01 867 20.75 1,054 30.60 868 36.42 991 39.94 4,078 27.60

Obesity 88 3.84 281 6.72 323 9.38 272 11.41 364 14.67 1,328 8.99

Cigarette smoking <0.001

Never 2,254 98.43 4,095 97.99 3,391 98.46 2,328 97.69 2,402 96.82 14,470 97.92

Ever 36 1.57 84 2.01 53 1.54 55 2.31 79 3.18 307 2.08

Alcohol drinking <0.001

Never/prior 2,124 92.75 3,983 95.31 3,272 95.01 2,266 95.09 2,401 96.78 14,046 95.05

Current 166 7.25 196 4.69 172 4.99 117 4.91 80 3.22 731 4.95

Daily sedentary time <0.001

<2,h 147 6.42 248 5.93 335 9.73 232 9.74 343 13.83 1,305 8.83

2–4 h 366 15.98 498 11.92 567 16.46 463 19.43 711 28.66 2,605 17.63

4–6 h 622 27.16 1,144 27.37 987 28.66 723 30.34 693 27.93 4,169 28.21

>6 h 1,155 50.44 2,289 54.77 1,555 45.15 965 40.50 734 29.58 6,698 45.33

F
ro
n
tie

rs
in

P
u
b
lic

H
e
a
lth

0
6

fro
n
tie

rsin
.o
rg

https://doi.org/10.3389/fpubh.2022.936717
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


He et al. 10.3389/fpubh.2022.936717

TABLE 3 The e�ect of modifiable risk factors on serum uric acid, stratified by sex.

Men Women

Modifiable risk factors B 95% CI P B 95% CI P

BMI categories

Under/normal weight Ref NA NA Ref NA NA

Overweight 23.51 20.61 26.41 <0.001 25.86 23.46 28.25 <0.001

Obesity 50.82 47.30 54.35 <0.001 50.04 46.28 53.80 <0.001

Cigarette smoking

Never Ref NA NA Ref NA NA

Prior 8.77 3.68 13.87 <0.001 13.07 −5.90 32.03 0.177

Current 2.39 −0.53 5.32 0.108 10.31 0.58 20.05 0.038

Alcohol drinking

Never Ref NA NA Ref NA NA

Prior 3.98 −4.1532 12.11 <0.001 1.29 −17.41 19.98 0.893

Current 8.68 5.97 11.39 <0.001 2.85 −2.16 7.85 0.265

Daily sedentary time

<2 h Ref NA NA Ref NA NA

2–4 h 7.19 2.45 11.93 0.003 −1.31 −5.60 2.98 0.550

4–6 h 12.01 7.34 16.69 <0.001 −0.67 −4.84 3.50 0.752

>6 h 11.27 6.63 15.91 <0.001 0.09 −3.98 4.15 0.966

B, regression coefficient; CI, confidence interval; NA, not applicable; BMI, body mass index, kg/m2 .

The covariates adjusted in the regression model were age, geographic areas, body mass index, alcohol consumption, smoking status, daily sedentary time and serum creatinine. Menopausal

status was additionally adjusted in women.

TABLE 4 The prevalence ratio, population attributable fraction of modifiable risk factors for hyperuricemia, stratified by sex.

Modifiable risk factors % of exposure PR 95% CI of PR PAF (%) 95%CI or PAF P

Male

Overweight 44.59 1.57 1.46 1.68 16.25 14.26 18.25 <0.001

Obesity 21.67 2.26 2.10 2.42 12.08 11.40 12.77 <0.001

Current drinking 40.98 1.13 1.07 1.19 4.64 2.72 6.56 <0.001

Ever smoking 41.87 1.08 1.02 1.14 3.15 1.09 5.21 0.003

Daily sedentary time

2–4 h 20.35 1.18 1.06 1.31 3.14 1.34 4.93 <0.001

4–6 h 29.57 1.29 1.17 1.42 6.72 4.44 8.99 <0.001

>6 h 39.13 1.26 1.13 1.38 8.04 4.95 11.13 <0.001

Female

Overweight 28.40 1.97 1.74 2.19 13.95 12.31 15.59 <0.001

Obesity 9.25 3.19 2.77 3.62 6.35 5.97 6.74 <0.001

Current drinking 4.95 0.84 0.63 1.04 −0.01 −0.02 0.005 0.195

Ever smoking 2.08 1.69 1.19 2.19 0.85 0.49 1.22 <0.001

Daily sedentary time

2–4 h 17.63 1.06 0.86 1.26 1.00 −2.17 4.16 0.538

4–6 h 28.21 1.05 0.87 1.26 1.64 −3.23 6.51 0.509

>6 h 45.33 1.14 0.93 1.34 5.41 −1.73 12.55 0.137

PR, prevalence ratio; PAF, population attributable fraction; CI, confidence interval.

The covariates adjusted in the regressionmodel were age, geographic areas, bodymass index, alcohol consumption, smoking status, daily sedentary time, and serum creatinine. Menopausal

status was additionally adjusted in women.
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FIGURE 1

Stimulation analysis on the e�ect of changed modifiable risk factors on the prevalence of hyperuricemia. PAF, population attributable fraction;

HUA, hyperuricemia.

in southwest China among middle-aged adults also showed

a higher hyperuricemia prevalence in men than in women

(17.3 vs. 10.0%) (26). The inconsistence among prevalence

may be attributed to the population heterogeneity, disparity on

covariates distribution, survey time variation of hyperuricemia

as its increasing trend, or geographic difference (8, 9, 27).

In contrary to women, the prevalence of hyperuricemia in

men decreased with aging, with the highest prevalence in the

younger group (over 30% in the 20–40 age group). The sex

difference, therefore, is shrinking as aging, same with the results

observed in previous observational study (28). The increasing

prevalence among women may be influenced by both aging and

menopausal status (29). Menopause has been suggested as a

female-specific cardiovascular risk factor by the American Heart

Association (30). Higher level of SUA has been observed in post-

menopausal women in both European and Asian populations

(31–33). Higher prevalence of hyperuricemia with aging in

female requires more attention on aged women, especially post-

menopausal individuals.

Life-style risk factors, such as excess adiposity, alcohol

consumption, cigarette smoking, and sedentary behavior, were

found to be associated with hyperuricemia (8, 9, 11, 34–38).

Mendelian randomization studies have demonstrated the causal

associations among excess adiposity and alcohol consumption

with elevated SUA (16). Our study also revealed the positive

effect of overweight/obesity in both sexes. Notably, men had a

high overweight/obese prevalence, even in the youngest group.

Since PAF incorporates both exposure proportion and health

effect size, it is not surprising that excess body weight played a

predominant role (28.33%) in the overall PAF of hyperuricemia.

For women, although their exposure proportion was lower

than men, given the greater effect size of exposure, the PAF of

excess body weight in women was also substantial (20.3%). Few

studies have explored the PAF of excess body weight. Data from

the Third National Health and Nutrition Examination Survey

(NHANES-III) revealed a 44% PAF of overweight/obesity for

hyperuricemia (10); data from three UK cohorts reported 59.0–

68.6% PAFs for BMI > 25 kg/m2 among non-gout population

(16). Our previous study using data from CNHS showed a

similar PAF of overweight/obesity to the present study (20.6 vs.

28.33% in men; 18.1 vs. 20.3% in women). The higher PAFs in

the western population are possibly due to their high exposure

prevalence or using OR instead of PR to estimate the effect size

(which may lead to overestimation when the outcome is not

rare) and difference in genetic background.

Previous studies reported a varied PAF of alcohol

consumption from 8 to 21.6% (8, 15, 38). Our study revealed

a minor effect of current alcohol drinking on hyperuricemia

in men. Possible reasons for this inconsistence may be

attributed to different consumption dose of alcohol, as there

is a dose-response relationship between alcohol intake and

SUA level (39), and the lower exposure proportion in the study

population (especially in women,<5%). More details on alcohol

intake is needed in the follow-up data collection to enable

further analysis.

The associations between smoking and hyperuricemia are

not consistent among studies (40). In some cross-sectional

studies, inverse relationships were observed that current

smoking had lower SUA (41, 42). In Han et al.’s study, only

passive smoking was found to be associated with elevated

SUA, but not for active smoking (37). Our study revealed

that ever-smoking was associated with a higher likelihood of

hyperuricemia. The possible reason is that ever-smoking maybe

related to other health disorders, such as metabolic syndrome

or other cardiometabolic conditions which were believed to be

associated with hyperuricemia (43, 44). The sensitivity analyses
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excluding people with chronic disease proved this hypothesis to

some extent: ever smoking lost its statistical significance in the

association with hyperuricemia. Therefore, the explanation of

the contribution of smoking to hyperuricemia should be with

caution and further be understood in prospective study.

Our study revealed sex-difference of the effect of sedentary

behavior on elevated SUA. Men with longer sedentary time had

increased odds of hyperuricemia, about 18% of hyperuricemia

cases in men could be attributed to longer sedentary time.

Although physical activity has been proved to be able to reduce

the increases in mortality risk from high SUA (45), the role of

sedentary behavior has received limited attention. Park et al.

observed a positive association between sedentary behavior and

hyperuricemia among the Korean population (46). In a Chinese

population, per hour increased sedentary time was associated

with a 5% higher hyperuricemia risk (11). As sedentary behavior

may lead to excess body weight (47), we further explore the

effect of sedentary time in men stratified by body weight.

Interestingly, men who had lower body weight were more likely

to be affected by sedentary behavior. The possible reason could

be the competing risk among MRFs. As excess adiposity had

the strongest effect size among MRFs, the effect of alcohol

consumption, smoking or sedentary behavior may be attenuated

in obese population. Inconsistent with previous study (48),

women, but not men, was observed to have higher risk of

hyperuricemia due to sedentary behavior. Possible reasons for

this inconsistency may be due to difference in study population

and varied exposure levels of MRFs. Hong et al.’s study focused

on a population in Yunnan province, Southeast China (48),

where our previous research has demonstrated a low prevalence

of overweight/obesity, but high prevalence of hyperuricemia (8).

As above discussed, competing risk may exist in females where

excess adiposity perhaps played predominant role in developing

hyperuricemia in the study population.

The prevention strategies for high-risk subjects should be

identified based on their personal health profiles. Revealed

by our study, obese men currently drinking alcohol and ever

smoking cigarettes with long sedentary time, maybe the key

population for hyperuricemia prevention.

Our study had some strengths. First, using a representative

sample with large sample size, we reported the updated

hyperuricemia prevalence in the core area of China where is

experiencing fast economic development and lifestyle changing.

Second, several essential modifiable risk factors were considered

in the health effect estimates. Most importantly, by calculating

their PAFs, we can estimate the expected proportion of

hyperuricemia cases that could be prevented if the MRFs were

removed (23), and this is of great public health significance.

Third, we for the first time estimate the PAF of sedentary time on

hyperuricemia in a general population, which could provide new

evidence for a rapid urbanization area where young adults may

be influencedmore by sedentary behavior. The limitations of our

study should also be acknowledged. First, the baseline data of a

cohort study cannot guarantee the causal relationship between

MRFs on hyperuricemia, longitudinal observation will be

needed when enough follow-up data is available. Second, we did

not collect dietary information. Nevertheless, previous research

has suggested an indirect effect of diet on hyperuricemia, the

adjustment of BMI in the regression model would eliminate

this indirect effect (10, 49), and a recent study also revealed

that diet has a relatively minor role in determining serum urate

levels (16). Third, other obesity measurements, such as waist

circumference and hip circumference were not available, thus

limited the comprehensive effect estimation of excess adiposity

on hyperuricemia. Lastly, the generality of this study may be

limited by its survey in specific areas of China.

Conclusions

In summary, using representative samples from a general

population in the core area, Beijing-Tianjin-Hebei, of China,

our study revealed a high prevalence of hyperuricemia, and

indicates that modifiable risk factors (overweight/obesity,

alcohol consumption, cigarette smoking and sedentary

behavior) contribute greatly to hyperuricemia cases based on

their populational attributable fractions. Public health efforts

including weight loss, reduction on alcohol consumption and

cigarette smoking, and less sedentary time would be helpful for

hyperuricemia prevention, especially in men.
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