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ABSTRACT

Objectives There are country and regional variations in
the prevalence of hyperuricaemia (HUA). The prevalence
of HUA and non-valvular atrial fibrillation (NVAF) in
southern China is unknown.

Design A cross-sectional study.

Setting and participants A total of 11488 permanent
residents aged 35 or older from urban and rural areas
of Guangzhou, China were enrolled. A questionnaire
was used to compile each participant’s demographic
information and relevant epidemiological factors for HUA
and NVAF. All participants were assessed using a panel
of blood tests and single-lead 24-hour ECG.

Main outcome measures HUA was defined as serum
uric acid level >420 pmol/L in men and >360 pmol/L in
women. NVAF was diagnosed as per guidelines.

Results The prevalence of HUA was 39.6% (44.8% in
men and 36.7% in women), and 144 residents (1.25%)
had NVAF. Prevalence of HUA increased with age in
women but remained stably high in men. After adjusting
for potential confounders, age, living in urban areas,
alcohol consumption, central obesity, elevated fasting
plasma glucose level, elevated blood pressure, lower
high-density lipoprotein cholesterol level and elevated
triglycerides level were associated with increased risk
of HUA. Residents with HUA were at higher risk for NVAF.
Serum uric acid level had a modest predictive value for
NVAF in women but not men.

Conclusions HUA was highly prevalent among citizens
of southern China and was a predictor of NVAF among
women.

INTRODUCTION

The prevalence of hyperuricaemia (HUA)
ranges from 13.3% to 21.6% and varies
by sex and among countries or regions.'
Local differences are apparent within coun-
tries, likely influenced by environmental,
climatic, economic status and especially
dietary habits variations.” * Although several
epidemiological studies reported an associ-
ation between serum uric acid (SUA) level

Strengths and limitations of this study

» This cross-sectional population-based study inves-
tigated the prevalence of hyperuricaemia and its
impact on that of non-valvular atrial fibrillation.

» A large cohort from urban and rural areas of
Guangzhou was studied.

» The surveyed areas were all randomised to increase
reliability.

» Residents aged under 35 years were not included.

» The results of this cross-sectional study need to be
validated in prospective studies.

and cardiovascular conditions such as hyper-
tension, coronary artery disease, vascular
(MetS),
cerebrovascular disease and kidney disease,

dementia, metabolic syndrome
it was not apparent in others such as the
Framingham Heart Study.5

Atrial fibrillation (AF), the most common
clinical cardiac arrhythmia, contributes to
increased morbidity and mortality espe-
cially in the setting of other cardiovascular
risk factors.® AF disease burden is estimated
to reach 9million cases by 2050 in China,”’
with the increasing prevalence of AF being
a global health problem.®® HUA has been
associated with AF“HS; however, preva-
lence of HUA and its potential association
with that of non-valvular AF (NVAF) in the
typical southern Chinese city of Guangzhou
with its particular combination of dietary
habits, economic status and climate remain
undefined.

The present popula-
tion-based study aimed to assess the preva-
lence of HUA and its association with NVAF
among Guangzhou residents.

cross-sectional
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MATERIALS AND METHODS

Study population

We conducted a cardiovascular epidemiological survey
(the Guangzhou Heart Study) from July 2015 to August
2017 in Guangzhou. Randomised multistage cluster
sampling was used in this study. We divide all the 11
districts in Guangzhou into two groups: urban group
(Yuexiu, Haizhu, Liwan, Tianhe and Huangpu districts)
and rural group (Baiyun, Panyu, Nansha, Huadu,
Conghua and Zengchen districts). Sealed envelopes with
the names of all the districts written on pieces of paper
were prepared before the selection. Then, we randomly
selected one envelope from each group. Yuexiu district
was selected to represent the urban places while Panyu
district was chosen for the rural regions. We selected
Xinzao Town, Nancun Town and Xiaoguwei Street
to conduct the survey in Panyu district using the same
earlier methods while Dadong Street and Baiyun Street
were chosen in Yuexiu district. Finally, in the same way,
7 residential committees in Dadong Street and Baiyun
Street and 17 village committees in Xinzao Town, Nancun
Town and Xiaoguwei Street based on population size.
Every subject who was eligible to fit the inclusive criteria
in Yuexiu and Panyu districts was all included for the
study.

The residents in the study sites were invited to partic-
ipate in this study by 3-round mobilisation via door-to-
door visits or telephone appointments. For the first-round
mobilisation, we made appointments for the survey from
door to door. Responsive information was collected to
identify who were eligible to join the survey and within
the eligible subjects who were willing, reluctant or inde-
cisive to come. In the second-round mobilisation, we
promoted the residents who were not connected in the
same way. At the same time, we continued to have tele-
phone appointments for people who were willing or
indecisive to join the survey but had not come yet and
collected the responsive information. During the last
round of the mobilisation, we mainly made telephone
appointments for the eligible rest of the list who still did
not come and sum up the latest responsive information.
Residents were enrolled if they met all of the following
inclusion criteria: (1) registered in the Guangzhou House-
hold Register; (2) aged 35 years or older and (3) living in
the selected communities for at least 6 months by the day
they participated in the survey. Residents were excluded
if they had any of the following conditions: (1) mental
or cognitive disorders including dementia, disturbance of
understanding and deaf-mutters; (2) mobility difficulties
including paraplegia; (3) pregnant or lactating women;
(4) malignant tumours under treatment; (5) temporary
residents including renters or (6) non-responders during
the 3-round mobilisation.

Data collection

A structured and interviewer-administered question-
naire was used to survey each participant’s demographic
information, medical history, social habits, family history

and emotional status. Physical examination including
measurement of waist circumference, height, weight,
blood pressure (BP), heart rate and body fat was
performed using standard instruments and protocols.
Blood samples were collected and tested following stan-
dardised procedures by an authorised medical laboratory.
ECG and 24-hour single-lead ECG were recorded for each
participant and reports were assessed by two independent
cardiologists; methodological details were as reported by
Deng et al'* A total of 29196 residents were eligible for
inclusion, of whom 12013 residents participated in the
study; the response rate was therefore 41.16%.

Cohort definition

Subjects were diagnosed with NVAF if they met any of the
following criteria: (1) AF pattern in ECG screening; (2)
no AF in ECG screening but positive AF history; and (3)
AF episodes in 24-hour single-lead ECG recording. All
residents with AF underwent cardiac ultrasonography to
assess for valvular AF. NVAF was diagnosed as per guide-
lines.” ECG and single-lead 24-hour ECG recordings were
performed by well-trained physicians, and AF diagnosis
was made by two specific electrophysiological experts.
HUA was defined as SUA level >420 pmol/L in men
and >360 pmol/L in women. The MetS was defined as
having at least three out of the five following character-
istic signs’: abdominal obesity (defined as waist circum-
ference 290 cm for men and >80 cm for women); elevated
triglycerides (TG) level: >150mg/dL (1.7mmol/L), or
specific treatment for this lipid abnormality; reduced
high-density lipoprotein (HDL) cholesterol: <40 mg/dL
(1.03mmol/L) in men and <50mg/dL (1.29mmol/L)
in women, or specific treatment for this lipid abnor-
mality; elevated BP: systolic BP >130mm Hg or diastolic
BP >85mm Hg, or treatment for previously diagnosed
hypertension; and elevated fasting plasma glucose (FPG):
FPG >100mg/dL (5.6 mmol/L), or previously diagnosed
type 2 diabetes mellitus.

Patient and public involvement

Residents were not involved in the development of the
research question and outcome measures. All residents
were informed of their right to enquire about their data
and test results. If residents were diagnosed with cardio-
vascular disease, they were notified by phone to present
themselves to Guangdong General Hospital for further
treatment.

Statistical analysis

Continuous variables were expressed as mean+SD and
categorical variables as number (percentage). Compari-
sons between groups were made using the Student #test
or * tests, as appropriate. Multivariable logistic regres-
sion models were developed to investigate the risk factors
for HUA and the associations between the prevalence of
NVAF and HUA. ORs and corresponding 95% CI were
calculated to assess the associations. Receiver operating
characteristic (ROC) analyses were used to calculate the
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Total HUA No HUA
(n=11488) (n=4547) (n=6941) P value

Male (n, %) 4047 (35.2) 1814 (39.9) 2233 (32.2) <0.01

rban (n, % . . . .
Urb % 5403 (46.9 2210 (48.6 3193 (46.0 0.01

Diastolic BP (mm Hg) 80.70+11.61 82.30+11.60 79.62+11.49 <0.01

Hypertension (n, %) 3377 (29.4) 1744 (38.4) 1633 (23.5) <0.01

Elevated BP (n, %)* 6698 (58.3) 3092 (68.0) 3606 (52.0) <0.01

Abdominal circumference (cm) 84.41+£10.10 87.69+9.61 82.26+9.83 <0.01

Female 82.76+9.98 86.36+9.64 80.66+9.56 <0.01

Heart failure (n, %) 114 (1.0) 50 (1.1) 64 (0.9) 0.39

Alcohol consumption (n, %) 2467 (21.5) 1060 (23.3) 1391 (20.0) <0.01

Laboratory examinations

PLT (10%/L) 243.78+60.67 245.42+61.76 242.71+59.93 0.019

HDL cholesterol(mmol/L) 1.49+0.55 1.36+0.51 1.58+0.56 <0.01

LDL (mmol/L) 3.64+1.03 3.72+1.04 3.58+1.01 <0.01

TG (mmol/L) 1.696+1.43 1.47+1.06 2.05+1.18 <0.01

FPG (mmol/L) 5.586+1.57 5.69+1.52 5.51+1.60 <0.01

Uric acid (umol/L) 367.20+98.39 460.60+72.77 306.01+55.62 <0.01

Female 340.76+89.40 434.37+64.43 286.30+46.52 <0.01

*Elevated BP was defined as systolic BP >130or diastolic BP >85mm Hg or history of hypertension.

TCentral obesity was defined as waist circumference >85cm for men and >80cm for women.

FReduced HDL was defined as HDL <40 mg/dL (1.03mmol/L) in men or <50 mg/dL (1.29 mmol/L) in women or specific treatment for this lipid
abnormality.

§Raised TG level was defined as TG >150mg/dL (1.7 mmol/L) or specific treatment for this lipid abnormality.

Y|Elevated FPG was defined as fasting plasma glucose >100mg/dL (5.6 mmol/L) or previously diagnosed type 2 diabetes.

AF, atrial fibrillation; BMI, body mass index; BP, blood pressure; CHOL, cholesterol; FPG, fasting plasma glucose; HDL, high-density
lipoprotein; HGB, haemoglobin; HUA, hyperuricaemia; LDL, low-density lipoprotein; PLT, platelet; RBC, red blood cell; TG, triglycerides; TIA,
transient ischaemic attack.

predictive value of SUA and HUA for NVAF. SAS software ~ RESULTS

V.9.3 (SAS Institute) was used for the statistical analyses. Baseline characteristics

All statistical tests were two-sided, and a p<0.05 was statis- A total of 12013 patients were enrolled in the study; 175
tically significant. patients had AF, which was of valvular origin in 31. A total

w

Lin W, et al. BMJ Open 2019;9:6028007. doi:10.1136/bmjopen-2018-028007



50 -

45 -
&
< 401
2
T
k]
o 351
(5}
C
Qo
© — Total
> i
[ 30 ,’ sssesss Male
o Y - e e Female

.25 A ,,

4
/
20 r r r T T
3544 4554 5564 65-74 > 75
Age categories (years)

Figure 1 Differential prevalence of hyperuricaemia (HUA)

among men and women across 10-year age intervals starting
at 35.

of 494 patients refused to have a blood test., and therefore
11488 patients were included in the statistical analysis.
The prevalence of HUA was 39.6% (44.8% in men and
36.7% in women, table 1). Prevalence of HUA increased
with age in women but maintained a steady high level in
men (figure 1). The prevalence of HUA in urban areas was
higher than in rural areas (40.9% vs 38.6%, respectively,
p=0.003, figure 2). Based on medical history, the propor-
tion of men with HUA was significantly higher than that
of women. Residents with HUA were significantly older.
Regardless of gender, abdominal circumference and
body mass index were significantly greater in residents
with HUA. A higher proportion of NVAF, Hypertension
(HTN), Diabetes mellitus (DM), central obesity, and
stroke/transient ischaemic attack (TTA) were observed in
residents with HUA. In laboratory testing, haemoglobin
(HGB), platelet (PLT) count, red blood cell (RBC) count
and levels of low-density lipoprotein (LDL), cholesterol
(CHOL) and FPG were significantly higher while those of
creatinine and HDL were significantly lower in residents
with HUA. Significant larger proportion of reduced HDL

Table 2 Analysis of prevalence risk of HUA in multiple
logistic regression model

Model* ORs 95% ClI P value
Age (per 10years) 1.10 1.06t01.14 <0.01
Living area (urban) 1.15 1.06t01.25 <0.01
Alcohol consumption 1.12 1.01to1.24 0.03
Central obesityt 1.82 1.67t01.99 <0.01
Elevated FPGt 1.18 1.08t01.29 <0.01
Elevated BP§ 1.34 1.22to1.46 <0.01
Reduced HDLY| 1.27 1.15to1.41 <0.01
Raised TG level** 214 19610235 <0.01

*Adjusted risk factors: age (per 10years), living region, education
level, marriage status, smoking status, alcohol consumption,
central obesity, elevated FPG, elevated BP, reduced HDL, raised
TG level.

TCentral obesity was defined as waist circumference >85cm for
men and >80cm for women.

fElevated FPG was defined as fasting plasma glucose >100 mg/dL
(5.6 mmol/L) or previously diagnosed type 2 diabetes.

§Elevated BP was defined as systolic BP >130mm Hg or diastolic
BP >85mm Hg or history of hypertension.

YIReduced HDL was defined as HDL <40mg/dL (1.03 mmol/L) in
men or <50mg/dL (1.29 mmol/L) in women or specific treatment for
this lipid abnormality.

**Raised TG level was defined as triglycerides >150 mg/dL
(1.7mmol/L) or specific treatment for this lipid abnormality.

BP, blood pressure,; FPG, fasting plasma glucose; HDL, high-
density lipoprotein; LDL, low-density lipoprotein; TG, triglycerides.

cholesterol, elevated TG level and MetS were observed in
residents with HUA.

Analysis of prevalence risk of HUA

We performed logistic regression analyses to evaluate the
risk factors for HUA (table 2). After adjusting for possible
confounders, age (per 10years, OR 1.10, 95%CI 1.06 to
1.14), living region (urban, OR 1.15, 95%CI 1.06 to 1.25),
alcohol consumption (OR 1.12,95% CI 1.01 to 1.24), central
obesity (OR 1.82, 95%CI 1.67 to 1.99), elevated FPG (OR
1.18, 95%CI 1.08 to 1.29), elevated BP (OR 1.34, 95% CI
1.22 to 1.46), reduced HDL (OR 1.27, 95% CI 1.15 to 1.71)

B3 Hyperuricimia
[J No Hyperuricimia

Urban area +

Rural area % %

N o K

Figure 2 Prevalence of hyperuricaemia in urban and rural areas.
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Table 3 Increasing OR for non-valvular atrial fibrillation with
HUA

Variables* ORs 95% CI P value
Age (per 10years) 2.31 1.93 10 2.78 <0.01
Gender (female) 2.21 1.45 to 3.36 <0.01
Central obesity 1.93 1.29t0 2.87 <0.01
HUA 2.19 1.53103.12 <0.01
Heart failure 5.13 2.53t0 10.43 <0.01

*Adjusted risk factors: age (per 10years), gender, heart failure,
smoking status, alcohol consumption, central obesity, elevated
FPG, elevated BP, reduced HDL, raised TG level and HUA.

BP, blood pressure; FPG, fasting plasma glucose; HDL, high-
density lipoprotein, HUA, hyperuricaemia; TG, triglycerides.

and elevated TG level (OR 2.14, 95% CI 1.97 to 2.35) were
strongly associated with risk for HUA.

Predictive value of HUA on non-valvular AF

The adjusted multivariable logistic regression analysis
showed that age (per 10 years) (OR 2.31, CI 1.93 to 2.78),
female gender (OR 2.21, CI 1.45 to 3.36), central obesity
(OR 1.93, CI 1.29 to 2.90, p<0.01), HUA (OR 2.19, 95% CI
1.53 to 3.12) and history of heart failure (OR 5.13, CI 2.52
to 10.43) were risk factors for AF prevalence (table 3). ROC
curves were generated for SUA by gender to determine its
diagnostic capability for NVAF. The area under the ROC
curve (AUC) for SUA was 0.72 (95% CI: 0.79 to 0.91) in
women and 0.58 (95% CI: 0.51 to 0.62) in men (figure 3).

DISCUSSION

The present study had three main findings. First, the
prevalence of HUA was 39.6% (44.8% in men and 36.7%
in women) with sex related differences in residents with

A
109
08-
06=
g
2
=
«
c
@
0
04-
- ~ SUA A=0.58, C10.51-0.66 (P=0.02)
02 = HUA A=0.55, C10.48-0.62(P=0.14)
Referrence line
009 1 T 1 1 1

00 02 04 06 08 10
1 - Specitivity

HUA. Second, the age, living in urban, alcohol consump-
tion, central obesity, elevated FPG, elevated BP, reduced
HDL and elevated TG level were strongly associated with
risk of HUA. Third, residents with HUA had a markedly
increased risk of NVAF, and SUA had moderate predictive
value for NVAF only in women.

Prevalence of HUA

Regional differences in prevalence of HUA have been
reported. According to Liu’s review,15 the prevalence of
HUA in mainland China from 2000 to 2014 was 13.3%
(19.4% in men and 7.9% in women). In Chinese publi-
cations, prevalence of HUA in Guangdong province
ranged from 15% to 20%."" The National Health and
Nutrition Examination Survey in the USA documented
a 21.2% HUA prevalence in men and 21.6% in women®
which was similar to that in Japan and Taiwan.'® " In this
study, the prevalence of HUA in Guangzhou area was
39.6% (44.8% in men and 36.7% in women), which was
considerably higher than that in previous reports. The
traditional dietary habits of Guangzhou residents might
be one of the important reasons. Sex related differences
in HUA prevalence also were observed in our study. The
prevalence of HUA increased with age in women while
remaining at a steady high level in men regardless of
age. A rapidly increasing prevalence of HUA in women
older than 55 years was observed; the prevalence was
similar to or even higher than that of men after 65 years
of age. The latter finding might reflect greatly decreased
oestrogen level in postmenopausal women.'® Oestrogen
might promote excretion of SUA via its effect on post-se-
cretory tubular reabsorption of SUA, as confirmed by
the effectiveness of hormone replacement therapy in
reducing SUA.'
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Figure 3 Receiver operating characteristic curves for determination of predictive value of hyperuricaemia (HUA) or serum uric
acid (SUA) for atrial fibrillation in men (A) and women (B). Area under curve.
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Risk factors of HUA

Due to the increasing prevalence of HUA, it is of great
clinical significance to search for its risk factors. Risk
factors for HUA might vary among ethnic groups. In this
study, age, alcohol consumption, central obesity, elevated
FPG, elevated BP, reduced HDL and elevated TG level
were strongly associated with the risk of HUA. Previous
studies showed that hypertriglyceridemia was strongly
associated with risk of HUA.*' Consistent with our study,
the Seychelles Heart Study II documented that high
serum TG level was the strongest predictor of HUA.*
The mechanism of hypertriglyceridemia leading to HUA
might be related to lifestyle22 or genetic factors.” Central
obesity, elevated FPG, elevated BP, reduced HDL and
elevated TG level are all diagnostic components of MetS;
therefore, HUA was closely related to MetS. Yuan’s study
showed that MetS was 10 times higher in individuals with
SUA >10mg/dL than in adults with SUA <6mg/dL and
normal body mass index.” A meta-analysis of more than
54000 participants showed that elevated SUA was associ-
ated with increased risk of MetS.” SUA and MetS often
accompany each other and promote the occurrence of
cardiovascular disease.

HUA and non-valvular AF

HUA showed a strong relationship with AF in our study.
As reported previously, HUA was associated with endo-
thelial dysfunction, oxidative stress, abnormal high levels
of inflammatory markers and insulin resistance.”** In
the Atherosclerosis Risk in Communities (ARIC) study,29
HUA was associated with a greater risk of new onset AF.
In contrast to our study, the ARIC study enrolled patients
aged 45 to 64 years. Another study from Taiwan™ showed
that SUA significantly correlated with left atrial diameter
and that HUA was a significant risk factor for new onset AF
in multivariable Cox regression analysis; however, HUA
was diagnosed only when individuals suffered from a gout
attack, while in the present study asymptomatic patients
were not excluded and uric acid (UA) metabolism status
of residents was assessed by measuring blood UA levels in
the fasting state. A recent Chinese report also showed that
HUA increased AF risk by twofold among elderly south-
western residents.”’ Only 7.6% AF residents in the latter
study presented with HUA while 63.2% did not so in the
present study cohort. Mechanisms underlying the associ-
ation between UA level and AF remain unclear; however,
elevated UA has been associated with vasoconstriction,
vascular smooth muscle cell proliferation, endothelial
dysfunction, oxidative stress, local inflammation and
insulin resistance.”

Differences in cardiovascular events rates by gender
have been reported.”® In the study by Suzuki and the
ARIC study, elevated SUA was associated with a higher
risk of AF, particularly in women. Both SUA and HUA
had moderate predictive value for AF in the present
study. It is worth noting that SUA had higher AUC than
HUA, which indicates a better predictive value for AF
for continuous rather than a cut-off for UA. As reported

previously, the relationship between UA and cardiovas-
cular disease is apparent with normal to high UA serum
level (310—330pm01/L)34—36; each 1 mg/mL increase in
UA level was associated with 12% to 20% increase in the
risk for cardiovascular and all-cause mortality, respec-
tively.”” Therefore, UA level might be strongly associated
with AF. The bases for sex related differences in HUA and
AF remain unknow. HUA has been associated with endo-
thelial dysfunction in postmenopausal women, suggesting
that HUA could be an independent risk factor for cardio-
vascular disease including AF, particularly among post-
menopausal women.”

Limitations
The present study is limited by its cross-sectional design,
warranting prospective studies with appropriate follow-up
to validate findings, and lack of inclusion of residents
aged under 35 years whose HUA prevalence remains
unknown.

CONCLUSIONS

This large-scale cross-sectional study demonstrated a high
prevalence of HUA with sex related differences among
Guangzhou residents. Increasing age, living in an urban
setting, alcohol consumption and components of MetS
increase the risk of HUA. Residents with HUA had a mark-
edly increased risk for AF and the UA level had moderate
predictive value for NVAF only in women.
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