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Abstract

Background: Atrial fibrillation (AF) is the most common sustained arrhythmia in clinical
practice. This study aimed to estimate the prevalence of AF in different socioeconomic
regions of China and identify its association with stroke, through a national survey.
Methods: The study included 726,451 adults aged > 40 years who were participants of the
China National Stroke Prevention Project, a nationally representative cross-sectional study.
Stepwise logistic regression analyses were conducted to investigate the association between
AF and stroke.

Results: The overall standardized prevalence rate of AF was 2.31%. The prevalence of AF
was highest in high-income regions (2.54%), followed by middle-income regions (2.33%),
and lowest in low-income regions (1.98%). Women had a higher prevalence of AF than men
in all regions (low-income regions, 2.30% vs 1.65%; middle-income regions, 2.78% vs
1.89%; and high-income regions, 2.96% vs 2.12%). Compared with urban residents, the
prevalence of AF among rural residents was higher in low- (2.03% vs 1.91%) and middle-
income regions (2.69% vs 1.90%), but lower in high-income regions (2.44% vs 2.58%).
Participants with AF were more likely to have a stroke than those without AF (9.48% vs
2.26%). After adjusting for age, sex, location, overweight or obese, smoking, drinking,
physical inactivity, hypertension, diabetes, dyslipidemia, and a family history of stroke,
results showed that AF was significantly associated with stroke.

Conclusions: The prevalence of AF has increased in recent years, and it was positively

correlated with socioeconomic status, sex (women), location (rural areas), and stroke.
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1. Introduction

Atrial fibrillation (AF) is the most common sustained arrhythmia in clinical practice and is
associated with serious clinical conditions, such as ischemic heart disease and stroke[1].
According to the 2015 Global Burden of Disease Study, approximately 33.3 million people
have AF worldwide, and roughly 195,300 deaths from AF were noted in 2015[2]. With
economic growth, population aging, and increased prevalence of risk factors, such as
diabetes, hypertension, obesity, and alcohol consumption, the prevalence of AF is increasing
worldwide, and has become a major public health burden[3.4]. AF is projected to affect
approximately 9 million people aged > 60 years by 2050 in China[5].

The prevalence of AF varies considerably across different socioeconomic regions, and
was highest in high-income regions in Europe, followed by the USA[6]. China is a country
with rapid socioeconomic development and has the largest population in the world. The
socioeconomic status of its people is highly diverse across regions. The Prospective Urban
Rural Epidemiologic (PURE) study in China has reported that the risk-factor burden of
cardiovascular diseases was higher in high- and middle-income regions and lower in low-
income regions|[7]. However, it is still unknown about whether the prevalence of AF is
associated with the income level of different regions in China.

Previous studies on the prevalence of AF in China had small sample sizes in different
locations[8—10], or were based on hospital inpatient data[11,12]. Data on large community-
based population are limited, particularly at the national level. Given the increased prevalence
of AF and diverse socioeconomic circumstances in China, up-to-date information about the
epidemiology of AF is essential for decision-makers to focus on the prevention and treatment
of AF, thereby reducing the risk of AF-related stroke. In the present study, we estimated the
current prevalence of AF in different socioeconomic regions of China and identify its

association with stroke through a national survey.
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2. Methods

2.1 Ethical Statement

The study was performed according to the declaration of Helsinki and approved by the Ethics
Committee of the Xuanwu Hospital Institutional Review Board, Capital Medical University
(Beijing, China). All participants received information on the study and provided written

informed consent to participate.

2.2 Study Design and Population

Our study was based on the data from the China National Stroke Prevention Project (CSPP)
in 31 provinces (except Tibet) in mainland China from October 2014 to November 2015. The
CSPP is an ongoing community-based study that was conducted by the National Project
Office of Stroke Prevention and Control. Using a 2-stage stratified cluster sampling method,
200 project areas were first selected in proportion to the local population size and the total
number of counties. Then, an urban community and a rural village were selected from each
project area as primary sampling units according to geographical locations and suggestions
from local hospitals. The cluster sampling method was used in every primary sampling unit,
and all residents aged > 40 years were surveyed during the primary screening. A total of
726,451 residents (386,975 women and 339,476 men) were included after the primary data

cleaning.

2.3 Definitions of AF and Stroke

Participants with AF were identified based on a self-reported history of persistent AF or the
results of previous ECG or ECG examination during the survey. The identification of

participants with ischemic or hemorrhagic stroke was based on the participants’ self-reported
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history and the judgment of a neurologist or physician using neuroimaging (including CT and

MRI) according to the WHO criteria[13].

2.4 Assessment of Socioeconomic Regions and Covariates

Data on demographic information, lifestyle risk factors, medical history, and a family history
of stroke were collected through face-to-face interviews by trained staff, using standardized
CSPP questionnaires.

Socioeconomic regions were classified as low-, middle-, and high-income level
according to the tertiles of per capita disposable income of households in 2014[14]. Low-
income regions included Henan, Guangxi, Sichuan, Guizhou, Yunnan, Shaanxi, Gansu,
Qinghai, Ningxia, and Xinjiang. Meanwhile, Hebei, Shanxi, Jilin, Heilongjiang, Anhui,
Jiangxi, Hubei, Hunan, Hainan, and Chongqing were considered as middle-income regions.
High-income regions included Beijing, Tianjin, Shanghai, Jiangsu, Zhejiang, Fujian,
Shandong, Guangdong, Liaoning, and Neimenggu.

Smoking was defined as former and current smoking (at least one cigarette per day).
Drinking was defined as having drunk alcoholic beverages at least once per week for one
year. Physical activity was defined as > 3 times of physical activity for at least 30 minutes per
week. Body mass index (BMI) was calculated as body weight (kg) divided by the square of
height (m). Overweight (BMI > 25 kg/m? and < 30 kg/m?) and obesity (BMI > 30 kg/m?)
were defined according to the BMI classification by the WHO for adults[15]. Hypertension
was defined as systolic blood pressure (SBP) > 140 mmHg, diastolic blood pressure (DBP) >
90 mmHg, self-reported hypertension, or the use of antihypertensive medications. Diabetes
mellitus was defined as fasting plasma glucose (FPG) level > 7.0 mmol/L, self-reported
diabetes, or the use of oral hypoglycemic agents or insulin injection. Dyslipidemia was

defined as having one or more of the following: triglyceride (TG) level > 2.26 mmol/L, total
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cholesterol (TC) level > 6.22 mmol/L, high-density lipoprotein cholesterol (HDL-C) level <
1.04 mmol/L, low-density lipoprotein cholesterol (LDL-C) level > 4.14 mmol/L, self-
reported dyslipidemia, or the use of cholesterol-lowering medications[16]. A family history
of stroke was defined as the occurrence of stroke in a participant’s parents, brothers, or

sisters.

2.5 Statistical Analysis

Continuous variables were presented as mean (Standard deviation, SD), and categorical
variables were presented as percentages. A comparison was performed among the three
socioeconomic regions with one-way analyses of variance (ANOVA) for continuous
variables and with y?2 tests for categorical variables. The calculation of AF prevalence was
standardized according to the 2010 population census of age and sex distribution in China.
Stepwise logistic regression models were used to estimate the association between AF and
stroke in different socioeconomic regions after adjusting for age, sex, location, overweight or
obesity, smoking, drinking, physical inactivity, hypertension, diabetes, dyslipidemia, and a
family history of stroke. Statistical analyses were performed by using SAS 9.3 for Windows
(SAS Institute Inc., Cary, NC, USA). In the two-tailed tests, a P value < 0.05 was considered

statistically significant.

3. Results

3.1 General Characteristics of the Study Participants

The mean age of the 726,451 participants was 57.2 &+ 11.4 years, and 46.7% were men. The
numbers of participants from low-, middle-, and high-income regions were 183,848 (25.3%),
286,503 (39.4%), and 256,100 (35.2%), respectively. Table 1 shows the characteristics of the

study population in different socioeconomic regions of China. No significant difference was
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observed in the distribution of men and women across the three socioeconomic regions
(P=0.49). Participants in high-income regions were more likely to be urban residents, current
drinkers, overweight or obese, physical inactivity, and less likely to smoke (P < 0.001).
Moreover, they had a higher prevalence of hypertension, diabetes, and dyslipidemia and a

family history of stroke.

3.2 Prevalence of AF in Different Socioeconomic Regions of China

Table 2 shows the prevalence of AF among all participants and in different regions of China.
The standardized overall prevalence of AF among Chinese adults aged > 40 years was 2.31%
(95% CI: 2.28-2.33%). The prevalence rate increased with age, from 1.13% among adults
aged 40—49 years to 4.57% among adults aged > 70 years, and it was higher among women
than men (2.72% vs 1.90%) and higher among rural residents than urban residents (2.42% vs
2.19%).

Among the three socioeconomic regions (Table 2), the standardized prevalence of AF
was highest in high-income regions (2.54%), followed by middle-income regions (2.33%)
and lowest in low-income regions (1.98%). The prevalence of AF increased with advancing
age, that is, in adults aged 40—49 years up to 70 years or older in all regions (1.03%—4.09% in
low-income regions, 1.26%—4.50% in middle-income regions, and 1.07%—5.01% in high-
income regions, respectively). A higher prevalence was observed in women than in men in all
regions (low-income regions, 2.30% vs 1.65%; middle-income regions, 2.78% vs 1.89%; and
high-income regions, 2.96% vs 2.12%). Compared with urban residents, the prevalence of AF
among rural residents was higher in low- (2.03% vs 1.91%) and middle-income regions

(2.69% vs 1.90%), but lower in high-income regions (2.44% vs 2.58%).

3.3 Prevalence of Stroke Among Individuals with or without AF

The crude prevalence of stroke was 2.45% (standardized prevalence: 2.12% and 95% CI:
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2.09%—-2.15%), and it was 1.79%, 2.90%, and 2.42 in low-, middle-, and high-income
regions, respectively. Table 3 presents the prevalence of stroke among the participants with
and without AF. Participants with AF were more likely to have a stroke than those without
AF (9.48% vs 2.26%, P < 0.001). The prevalence of stroke among patients with AF increased
with age, that is, from 4.38% among adults aged 40—49 years to 11.65% among adults aged >
70 years (P < 0.001). The stroke prevalence was higher in participants with AF than in
participants without AF in all regions (low-income regions, 6.25% vs 1.69%; middle-income

regions, 11.04% vs 2.69%; and high-income regions, 9.75% vs 2.20%; all P value < 0.001).

3.4 Logistic Regression Analysis of the Association between AF and Stroke

After adjusting for age, sex, location, overweight or obesity, smoking, drinking, physical
inactivity, hypertension, diabetes, hyperlipidemia, and a family history of stroke, results
showed that AF was significantly associated with stroke. The estimated odds ratios (ORs) of
stroke in patients with AF were 1.72 (95% CI: 1.50-1.98), 1.63 (95% CI: 1.50-1.78), and
1.66 (95% CI: 1.52—-1.82) in low-, middle-, and high-income regions, respectively (see Fig. 1

in Ref [17]).

4. Discussion

AF is a global burden, and its prevalence varied widely among different race and regions. In
our population-based study, the estimated overall prevalence of AF among Chinese adults
aged > 40 years in 2014-2015 was 2.31%. Epidemiological data on the prevalence of AF
were primarily from studies conducted in high-income countries, and the reported prevalence
rate ranged from 0.56% to 5.55% in Japan[18], the USA[19], the UK[20,21], Spain[22],
Sweden[23,24], Australia[25], and the Netherlands[26]. A recent meta-analysis of AF
prevalence in Asia found that community-based AF prevalence ranged from 0.37% to 3.75%,

and it has increased in recent years[27]. To compare our results with those of previous
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socioeconomic status should be taken into account by policymakers in relation to the
prevention and control of AF.

In this study we observed several epidemiological characteristics of AF. The prevalence
of AF increased with age, which is in accordance with that in previous studies[8,9,31,35].
However, the overall prevalence of AF was higher in rural residents than in urban residents,
which is inconsistent with the study in 2004 in China[9]. Considering economic growth,
lifestyle changes, and population aging, the epidemiology of AF may have changed over
time. The CLHLS study also reported that rural areas had a higher prevalence of AF[36]. A
possible explanation would be that rural residents had more restricted access to health care,
and a heavier financial burden, than urban residents [39]. Furthermore, we found that women
had a higher prevalence of AF, which is similar to that observed in CLHLS in China[36],
although most previous studies showed that men had a higher prevalence of AF than
women[9,10,20,24,29,34]. Sex-related differences might be due to changes over time in the
distribution of behavioral and environmental risk factors, the differential susceptibility to risk
factors, and different physiology and anatomy between men and women[40—42]. There are
distinct differences in clinical presentation, outcome, and intensity of investigation and
therapy between men and women[43]. These results show that tailored recommendations for
the prevention and control of AF in men and women must be considered, and prospective
studies are needed to evaluate the sex difference associated with AF.

In this study we found that the participants with AF were more likely to be stroke
survivors than participants without AF, which is similar to the results of previous studies[8—
10,30,35]. After adjusting for other variables, AF was still significantly associated with
stroke. Previous studies have demonstrated that stroke associated with AF is more severe and
results in poor prognosis and a greater risk of death[44]. Although oral anticoagulants (OAC)

could reduce stroke in people with AF, it was underused in patients with AF in China[45].
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Considering the increased prevalence of AF and the poor outcome of stroke associated with
AF, reducing the burden of stroke associated with AF might be one of the major health
challenges, and significant efforts should be made to improve the use of OAC to reduce the

risk of stroke in China.

4.1 Strengths and Limitations

To our knowledge, this is the largest population-based study provided up-to-date information
on the prevalence of AF among a nationally representative sample of Chinese adults, and the
first study to estimate the AF prevalence in different socioeconomic regions of China.

Our study has some limitations. First, the current study only included participants aged >
40 years, and the results cannot be generalized to those aged <40 years. Second, this was a
cross-sectional study, and we could not predict the incidence of AF and the development of
future cardiovascular events. Third, the self-reported history of AF or stroke may not be
accurate, and leads to over- or underestimation of AF prevalence and its association with the
risk of stroke. However, AF or stroke cases were evaluated by a physician through the
combination of patients' self-reported diagnoses of the diseases and their medical records.
The investigator asked in detail about their medication for the last two weeks, and checked
the results of previous examinations or examinations conducted during the survey to make
sure the accuracy of the medical history. Stroke patients were additionally asked in detail
about the type of stroke, the time of diagnosis, and the course of the disease. In addition,
previous studies have found that self-reported AF was reliable[46] and could be used
interchangeably or in combination with ECG results to confirm AF[47]. Finally, our data
were based on the CSPP study, which was designed for stroke screening in China. We did not

have access to full medical information associated with AF. Thus, we did not analyze the risk

10
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factors of AF in our study. However, previous studies have shown that most risk factors of

AF in China were not different from those in western countries[9,31].

4.2 Conclusions

The prevalence of AF has increased in recent years in China, and it was higher in high-
income regions, people with stroke, women, and in rural areas. These findings provide insight
for health policymakers to consider specific strategies in the prevention and treatment of AF,

thereby reducing the risk of AF-related stroke in different socioeconomic regions.
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Table 1 Characteristics of the Study Population in Different Socioeconomic Regions of China

Middle-

Variables Overall Lolvlve-gilocltl)sme Income Hi%‘:_gl;:)cll(;me vafl)lea
Regions

n 726451(100.0) 183848 (25.3) 286503 (39.4) 256100 (35.2)
Mean Age (y), mean (SD) 57.2 (11.4) 57.7 (11.7) 56.9 (11.2) 57.2(11.4) <0.001
Age <0.001

40-49 224361 (30.9) 56378 (30.7) 89324 (31.2) 78659 (30.7)

50-59 213178 (29.3) 50029 (27.2) 85424 (29.8) 77725 (30.4)

60-69 172905 (23.8) 44701 (24.3) 69374 (24.2) 58830 (23.0)

>170 116007 (16.0) 32740 (17.8) 42381 (14.8) 40866 (16.0)
Sex 0.486

Men 339476 (46.7) 85918 (46.7) 134105 (46.8) 119453 (46.6)

Women 386975 (53.3) 97930 (53.3) 152398 (53.2) 136647 (53.4)
Location <0.001

Urban 344635 (47.4) 74177 (40.4) 124159 (43.3) 146299 (57.1)

Rural 381816 (52.6) 109671 (59.6) 162344 (56.7) 109801 (42.9)
Smoking 115730 (15.9) 28962 (15.8) 49386 (17.2) 37382 (14.6) <0.001
Drinking 24957 (3.4) 5233 (2.8) 8122 (2.8) 11602 (4.5) <0.001
Overweight or obesity 228550 (31.5) 55944 (30.4) 80089 (28.0) 92517 (36.1)  <0.001
Physical inactivity 134147 (18.5) 29155 (15.9) 45854 (16.0) 59138 (23.1) < 0.001
Hypertension 159844 (22.0) 39186 (21.3) 61665 (21.5) 58993 (23.0)  <0.001
Diabetes 46411 (6.4) 12340 (6.7) 16220 (5.7) 17851 (7.0) <0.001
Dyslipidemia 99500 (13.7) 24788 (13.5) 36232 (12.7) 38480 (15.0) <0.001
A family history of stroke 46425 (6.4) 8116 (4.4) 20197 (7.0) 18112 (7.1) <0.001

Data are presented as n (%) unless otherwise indicated.

aData were compared using ANOVA/y? tests
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