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Background: There is an association between atrial fibrillation (AF) and overall mortality as well as mobility. It is not known,
however, what the preventable burden of AF in China is. This study aims to identify what proportion of the burden of AF may be
avoided by modifiable risk factors.
Methods: As part of the China National Stroke Screening and Prevention Project, 726,451 adults aged ≥40 years were enrolled in
a representative cross-sectional study. The following seven factors have been categorized as modifiable risk factors for AF: body mass
index, smoking, alcohol consumption, physical inactivity, hypertension, diabetes mellitus, and dyslipidemia. In order to calculate
population-attributable risks (PARs), odds ratios (ORs) were calculated for selected risk factors.
Results: The crude ORs increased with age (ORs ranged from 1.92 to 4.02). A total of 18,736 cases of prevalent AF have been
identified. The overall prevalence of AF was 2.6%. The crude ORs increased with age (ORs range 1.92–4.03). The adjusted ORs and
the corresponding confidence intervals (CIs) for these seven modifiable factors were 1.16 (95% confidence interval [CI]: 1.12–1.19),
1.56 (95% CI: 1.49–1.62), 2.15 (95% CI: 2.02–2.28), 2.07 (95% CI: 2.01–2.14), 2.71 (95% CI: 2.62–2.79), 2.10 (95% CI: 2.02–2.19),
2.52 (95% CI: 2.44–2.60), and 3.32 (95% CI: 3.18–3.48), respectively. Accordingly, 59.3% of all cases of AF could be explained by
having these modifiable risk factors, among which hypertension accounted for the greatest share.
Conclusion: In China, hypertension is the leading preventable cause of AF, and more than half of these cases can be prevented
through improving those modifiable risk factors.
Keywords: atrial fibrillation, risk factors, population attributable risk, odds ratio, hypertension

Introduction
Atrial fibrillation (AF) is a most common persistent cardiac arrhythmia, is an important prognostic indicator for stroke, heart
failure, cardiovascular and all-cause mortality.1 AF posed significant challenges to patients, physicians, and healthcare
systems globally. Approximately 33.3 million people worldwide were affected, resulting in roughly 195,300 deaths in
2015.2 It was estimated that the age-standardized prevalence of AF in adults ranged between 2% and 4%, with an increase
of 2.3 times.3, AF has now become a considerable healthcare cost burden as well as a critical public health issue in China.4

In sight of the enormous burden of AF in China, AF prevention is a pressing concern in this region. Primary prevention
strategies are restricted by an unclear pathophysiology5 and several non-modifiable risk factors of AF (eg, gender, age,
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genetic background).6 Nonetheless, various modifiable risk factors, including obesity,7 smoking,8 alcohol intake,9 physical
activity,10 diabetes,11 hypertension,12 dyslipidemia,13 obstructive sleep apnea,14 which may serve as prevention or interven-
tion targets. The approaches to AF prevention vary according to geographical regions15 or demographic characteristics (eg,
age, gender), which require an accurate risk assessment based on the - factors mentioned above.

It is estimated that 62% to 88% of coronary heart disease or heart failure events could be prevented if a variety of risk
factors are maintained.16,17 By contrast, it remains unclear what risks of AF are potentially avoidable by relevant risk
factors, especially in China. In order to tailor targeted strategies for the prevention and control of AF, it is also essential to
identify which risk factors tend to occur simultaneously and can be reduced altogether in the population. With limited
epidemiologic literature available, our study aimed to investigate the importance of potentially modifiable risk factors via
using a population attributable risk (PAR) model in a nationally representative sample of the population, which could
better enhance policy makers’ awareness of the identification of priority areas for effective and customized management
strategies for preventing AF.

Methods
Study Design and Population
The data presented here are derived from the China National Stroke Screening and Prevention Project (CNSSPP),
conducted in 31 provinces (except Tibet) in Mainland China between October 2014 and November 2015. Additional
details on the design and rationale of the study have been published previously.18 Briefly, a nationally representative
hospital-based sample was created using a stratified, multistage cluster sampling procedure. Chinese adults aged 40 and
older were included in the study. In each project area, structured face-to-face interviews conducted by trained neurol-
ogists or physicians from community hospitals, resulting in a response rate of 85%. This study was carried out in
accordance with the Declaration of Helsinki and was approved by the local ethics committee (Ethics Committee of
Xuanwu Hospital and Capital Medical University). The participants provided informed consent prior to participating in
the study. All investigations were conducted in accordance with institutional guidelines.

Outcome Definition
AF was defined by either evidence based on a self-reported history of persistent AF (asked as “Has a doctor or other
health professional ever informed you that you suffered from atrial fibrillation?”) or with an electrocardiograph (ECG).
All ECGs were reviewed by board certified cardiologists who confirmed the diagnosis of AF.

Data Collection
AF risk profiles were compared among seven geographical regions, including northeastern, northern, eastern, central,
southern, northwestern, and southwestern (Figure 1). Individual-level covariates were demographic variables (age, sex,
location, economic development, family history of stroke, stroke), and modifiable risk factors (body mass index (BMI),
cigarette smoking, alcohol consumption, physical inactivity, hypertension, diabetes mellitus, dyslipidemia). Age was
divided by 10-year categories as follows: ≥80, 70–79, 60–69, 50–59, 40–49 yrs. Comparatively, the elderly were defined
as ≥60 years old, and the young as <60 years old.19 Economic development of regions was classified as Less-developed,
Middle-developed, and developed in 2014 based on the tertials of per capita disposable household income. The definition
of a stroke family history is the occurrence of stroke in the participant’s parents, brothers, or sisters. According to the
World Health Organization (WHO) MONICA Project, Stroke is defined as a combined result of a previous medical
diagnosis that was verified by the medical records and the judgment of a neurologist or physician.

Assessment of Risk Factors
BMI (in kg/m2) was divided into three groups (<25, 25 to 30, and >30 kg/m2) based on the WHO recommendations for
measuring obesity (normal weight, overweight, and obese). Smoking was defined as anyone who has smoked more than 100
cigarettes in their lifetime. Participants who consumed at least one alcoholic beverage per week (beer, wine, and liquor) for at
least one year were considered alcohol drinkers. Based on self-reports, the definition of physical activity is “≥3 times per week
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for at least 30 minutes each time”. Hypertension was defined as a current resting systolic blood pressure (SBP)≥140 mmHg,
and/or a diastolic blood pressure (DBP)≥90 mmHg, by a self-reported hypertension, or the current use of antihypertensive
agents. Type 2 diabetes was defined as fasting plasma glucose (FPG) levels of ≥7.0 mmol/L and/or non-FPG amounts ≥11.1
mmol/L in multiple examinations or the use of insulin or oral hypoglycemic agents. Dyslipidemia was defined as fasting TG
≥2.26 mmol/L and/or HDL-C <1.04 mmol/L and/or LDL-C >4.14 mmol/L and/or TC≥6.22 mmol/L, or current use of lipid-
lowering medications.

Statistical Analysis
This study was reported in accordance with STROBE reporting guidelines (Supplementary Checklist). All continuous
variables were classified according to their central tendency and variability. For categorical factors, percentages were
utilized to describe the distributions. Due to the hierarchical structure of the data (geographical region), intra-class
correlation coefficients (ICCs) were calculated to evaluate intra-observer repeatability. The ICC was less than 6%,
suggesting that hierarchical-level variation was responsible for only a small proportion of variance in AF risk estimation.
Then, the crude and adjusted main effects were estimated through using univariate and multivariable logistic regression
models.

Population-attributable risks (PARs) were calculated to determine the possible impact of altering risk profiles on the
incidence of AF. An approach to multivariable estimation of PAR for each risk factor, as well as combinations of risk
factors, was described by Yusuf et al20 and Qaddoura et al.14 Odds ratios (ORs) were estimated using multivariable
logistic regressions. PARs were estimated for seven modifiable risk factors, after adjusting for age, sex, location,
economic development, family history of stroke, and stroke. PAR% can be interpreted as the percentage by which the

Figure 1 Participants and prevalence of atrial fibrillation from different geographical regions.
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prevalence of AF could be lowered among all individuals with AF if the given exposure was abolished, assuming that the
observed association is causal.

Missing data were not imputed since less than 1% of the data for any predictor variable were missing from the
dataset. The data were analyzed using SAS (Version 9.4; SAS Institute Inc, Cary, NC, USA) and R (Version 3.2.5;
R Foundation for Statistical Computing, Vienna, Austria). All statistical tests were two-sided, and p< 0.05 was
considered statistically significant.

Results
After the primary data cleaning, a total of 726,451 residents (386,975 women and 339,476 men) were included. Figure 1
illustrates the geographical variation in the sample size and prevalence of AF across the seven major geographical
regions in China. Descriptive characteristics of the cases are summarized in Table 1. The proportion of patients with AF
varied according to their demographics and risk factors. The mean age of these participants was 57.2±11.4 years. Among
the AF patients, approximately 33.0% were 60–69 years old, 25.0% were 50–59 years old, and 7.0% were 80 years old or
older. AF patients who were more likely to be female, in a middle-developed economic region, with a family history of
stroke, with a history of stroke, with overweight or obesity, with current smoking, with current alcohol consumption, with
physical inactivity, with hypertension, with diabetes mellitus, and with dyslipidemia (p<0.001).

Table 1 Characteristics of the Study Participants

Variables Overall n (%) AF n (%) Non-AF n (%) cOR (95% CI) p-value*

Entire population 726,451(100.0) 18,736(2.6) 707,715(97.4)

Geographical regions <0.001

Northeast 97,573(13.4) 4914(26.2) 92,659(13.1) 3.92(3.53–4.34)
Northwest 70,885(9.8) 2131(11.4) 68,754(9.7) 2.29(2.06–2.55)

East 199,322(27.4) 4827(25.8) 194,495(27.5) 1.83(1.66–2.03)

North 152,936(21.1) 3358(17.9) 149,578(21.1) 1.66(1.50–1.84)
Southwest 84,105(11.6) 1739(9.3) 82,366(11.6) 1.56(1.40–1.74)

Central 91,592(12.6) 1366(7.3) 90,226(12.7) 1.12(1.01–1.25)

South 30,038(4.1) 401(2.1) 29,637(4.2) 1.00(reference)
Age, years <0.001

≥80 29,410(4.0) 1320(7.0) 28,090(4.0) 4.03(3.77–4.31)

70–79 86,597(11.9) 3983(21.3) 82,614(11.7) 4.14(3.93–4.35)
60–69 172,905(23.8) 6175(33.0) 166,730(23.6) 3.18(3.03–3.33)

50–59 213,178(29.3) 4676(25.0) 208,502(29.5) 1.92(1.83–2.02)

40–49 224,361(30.9) 2582(13.8) 221,779(31.3) 1.00(reference)
Gender

Female 386,975(53.3) 11,511(61.4) 374,564(53.1) 1.41(1.37–1.45) <0.001

Male 339,476(46.7) 7225(38.6) 332,251(46.9) 1.00(reference)
Location 0.061

Rural 381,816(52.6) 9974(53.2) 371,842(52.5) 1.03(0.99–1.06)

Urban 344,635(47.4) 8762(46.8) 335,873(47.5) 1.00(reference)
Economic development <0.001

Developed 256,100(35.3) 7324(39.1) 248,776(35.2) 1.39(1.34–1.44)
Middle-developed 226,649(31.2) 6372(34.0) 220,277(31.1) 1.37(1.32–1.42)

Less-developed 243,702(33.5) 5040(26.9) 238,662(33.7) 1.00(reference)

Family history of stroke <0.001
Yes 46,425(6.4) 3587(19.1) 42,838(6.1) 3.68(3.54–3.82)

No 680,026(93.6) 15,149(80.9) 664,877(93.9) 1.00(reference)

(Continued)
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Association of seven modifiable risk factors with AF, BMI, smoking, alcohol consumption, physical inactivity,
hypertension, diabetes mellitus, and dyslipidemia is reported in Figure 2. After adjusting for age, gender, economic
development, family history of stroke, and stroke, the results demonstrate that AF were significantly associated with
these seven modifiable factors. The adjusted odds ratio (aOR) of overweight or obesity in patients with AF was 1.16
(95% CI: 1.12–1.19). Smoking was associated with an increased risk of AF (aOR=1.56, 95% CI: 1.49–1.62). Moreover,
a high proportion of patients with AF had other modifiable risk factors including alcohol consumption (aOR=2.15, 95%
CI: 2.02–2.28), physical inactivity (aOR=2.07, 95% CI: 2.01–2.14), hypertension (aOR=2.71, 95% CI: 2.62–2.79),
diabetes mellitus (aOR=2.10, 95% CI: 2.02–2.19), and dyslipidemia (aOR=3.32, 95% CI: 3.18–3.48).

An analysis of the independent effects of seven separate risk factors on AF susceptibility was carried out in a stepwise
manner. The most significant contributor to prevalent AF was hypertension, which constituted 22.0% of the entire
sample, accounting for 26.6% (95% CI: 25.6–27.5%) (Figure 2). Dyslipidemia and physical inactivity are responsible for
16.6% and 16.1% of all AF cases, respectively. Obesity and overweight, smoking, alcohol consumption, and diabetes
mellitus accounted for 4.8–8.1% of total AF cases. In this cohort, alcohol consumption represented the smallest
proportion of the AF burden (3.7%) (Figure 3). Combining all seven risk factors, the PAR was 59.3% (57.8–60.9%)
for all AF cases.

These associations were robust, with the similar importance rank and approximate effect sizes for all subtypes of
regions, sex, and age groups. However, smoking only explains 4.9% and hypertension only explains 15.6% of total AF
cases in the South of China; smoking accounted for 10.0% and alcohol consumption for 7.3% of total AF cases in males;
and hypertension explained 32.2% of total AF cases in the elderly. (Supplement Figures S1–S4).

Table 1 (Continued).

Variables Overall n (%) AF n (%) Non-AF n (%) cOR (95% CI) p-value*

Stroke <0.001

Yes 17,793(2.4) 1777(9.5) 16,016(2.3) 4.52(4.30–4.76)

No 708,658(97.6) 16,959(90.5) 691,699(97.7) 1.00(reference)
Modifiable risk factors
BMI (kg/m2) categories <0.001

Obesity, ≥30 31,873(4.4) 1070(5.7) 30,803(4.4) 1.44(1.35–1.54)
Overweight, 25–29 196,677(31.5) 5958(31.8) 190,719(26.9) 1.30(1.26–1.34)

Normal weight, <25 497,901(68.5) 11,708(62.5) 486,193(68.7) 1.00(reference)

Smoking
Yes 115,730(15.9) 3745(20.0) 111,985(15.8) 1.33(1.2801.38)

No 610,721(81.4) 14,991(80.0) 595,730(84.2) 1.00(reference)

Alcohol drinking <0.001
Yes 24,957(3.4) 1552(8.3) 23,405(3.3) 2.64(2.50–2.79)

No 701,494(99.6) 17,184(91.7) 684,310(96.7) 1.00(reference)

Physical inactivity <0.001
Yes 134,157(18.5) 6679(35.6) 127,468(18.0) 2.52(2.45–2.60)

No 592,304(81.5) 12,057(64.4) 580,247(82.0) 1.00(reference)

Hypertension <0.001
Yes 159,844(22.0) 9758(52.1) 150,086(21.2) 4.04(3.92–4.16)

No 566,607(78.0) 8978(47.9) 557,629(78.8) 1.00(reference)

Diabetes mellitus <0.001
Yes 46,411(6.4) 3138(16.7) 43,273(6.1) 3.09(2.97–3.21)

No 680,040(93.6) 15,598(83.3) 66,4442(93.9) 1.00(reference)

Dyslipidemia <0.001
Yes 99,500(13.7) 6443(34.4) 93,057(13.1) 3.46(3.36–3.57)

No 626,951(86.3) 12,293(65.5) 614,658(86.9) 1.00(reference)

Note: *P value represents statistical comparison between AF and Non-AF subgroups.
Abbreviations: AF, atrial fibrillation; BMI, body mass index; cOR, crude odds ratio.
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Discussion
PAR and Prevalence
The seven potentially modifiable risk factors contributed to approximately two thirds of the PAR for AF cases in China.
Comparing to other risk factors, hypertension, dyslipidemia, and physical inactivity played a greater role in the
prevalence of AF. There were, however, some discrepancies between the Northeast and the South (smoking and
hypertension), between females and males (smoking and alcohol consumption), and between the elderly and the
young (hypertension). Despite the risk factors were clustered and unevenly distributed across the geographical regions,
the overall contribution of those seven risk factors to AF risk was consistent in all populations, which shows that general
approaches to prevention of AF can be similar, but population-specific refinement of programs may be necessary. This
study provided insights into AF epidemiology that may help to develop population-based healthcare strategies in China.

A previous study based on the Framingham cohort concluded that cigarette smoking, diabetes mellitus, hypertension,
and prevalent coronary heart disease together explained 44% of the AF burden for men and 58% for women.21 Within
a U.S cohort of middle-aged adults, 56.5% of AF cases could be explained by ≥1 borderline or elevated risk factors, of
which elevated blood pressure ranked highest.22 These findings were consistent with those of the present study.

Figure 2 Multivariable analysis of prevalence of modifiable risk factors, Odds ratio for modifiable risk factors.
Note: *Composite PAR includes all seven risk factors.
Abbreviations: aOR, adjusted odds ratio; AF, atrial fibrillation; PAR, population-attributable risk.

Figure 3 The percentage of total population population-attributable risk.
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It was also found that the overall prevalence of AF in China was 2.6%. Previously, the reported prevalence rate
ranged from 0.77% to 3.5% based on China national data published in the decade 2004–2014.23–25 The prevalence in our
study (2.6%) was higher than the prevalence obtained in a previous study (0.77%), and was close to that reported by Li
et al23 in 2013 (1.57%). The differences were most likely to be attributable to the different years, sizes of the population
samples, and geographical regions. Therefore, including a large sample size and a complete geographic coverage of the
areas will therefore make the findings more reliable. Additionally, the results of our study suggested that the prevalence
of AF was associated with increasing age, female, a higher level of economic development, and family history of stroke
and stroke, which is consistent with the findings of previous studies.4,26–28

Modifiable Risk Factors
Participants with overweight or obesity, current cigarette smoking, current alcohol consumption, physical inactivity, with
hypertension, with diabetes mellitus, with dyslipidemia had higher ORs of AF ranging from 1.16 to 2.71. In this study,
we observed significant detrimental effects of those seven modifiable cardiovascular risk factors as contributing to the
development and progression of AF. Several epidemiological studies have reported a strong and independent relationship
between these risk factors and AF in recent years.

In a U.S biracial middle-aged cohort, excess body weight and weight changes in excess of 5% were associated with
an increased risk of AF.29 Furthermore, a prospective cohort study, ARIC study reported that obesity/overweight
accounted for approximately 18% of incident AF cases and 12.7% of the PAR.22 It was reported in A U.S prospective
observational cohort study that overweight or obesity was the cause of an alarmingly high PAR (12.1%) among older
women.30 A randomized controlled study in Australia found that weight reduction and intensive risk factor management
were associated with a reduction in AF symptom severity.31

Previous studies have shown that cigarette smoking was significantly associated with an increased risk of AF.
According to data from a Netherlands cohort study, smoking in the past and currently was equally associated with an
increased risk of AF (relative risk range 1.49–1.51),32 and the risk of AF is reduced by approximately 36% for those who
quit smoking.

Alcohol consumption has been linked to AF. The Framingham Heart Study showed heavy alcohol intake (more than
three drinks per day, > 36 grams of alcohol per day) greatly increased the risk of AF.33 A large meta-analysis conducted
recently found that even one daily drink was statistically significant for increasing the risk of AF. Overall, this represents
an increase of approximately 10% in the risk of atrial fibrillation.9

Numerous observational studies have suggested that higher levels of physical activity could reduce the risk of
premature AF. For instance, a Norwegian cohort study have indicated that physical activity was associated with AF in
a J-shape pattern.10 As observed in a U.S middle-aged biracial cohort, attaining an ideal level of physical activity at study
baseline provided some protection against future AF risk.7

Historically, hypertension has been recognized as one of the major risk factors for AF. The ARIC study showed that
hypertension accounted for approximately 22% of AF incidents and 24.5% of PARs.22 Similar results were reported from
an observational study conducted on postmenopausal women, in which an elevated systolic or diastolic blood pressure
was responsible for almost one-third of the PAR of incident AF.30

Several meta-analyses have recently revealed that diabetes increases the risk of developing AF by 0.28 to 0.39.
A clear dose-response relationship has been demonstrated between increasing levels of blood glucose and the risk of
AF.34,35 In a Danish nationwide cohort study, the risk was more pronounced among young diabetic patients with a more
than two-fold increase in risk.11 Both the ARIC study and the study by Perez et al demonstrated that only 3% of incident
AF was attributable to diabetes.22,30 However, the PAR of diabetes has increased over time despite improvements in
treatment.36

There was conflicting evidence regarding the occurrence of dyslipidemia in relation to AF status was inconsistent.
Although many studies have indicated inverse associations between AF and increase in TC or LDL,37,38 these associa-
tions are not significant in some studies.13

In summary, AF is amenable to lifestyle intervention: maintaining a healthy body weight, quitting smoking, and
participating in physical activity constitute a coherent public health message targeted at reducing the prevalence of AF.
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Further, the identification of probable modifiable risk factors of AF and the formulation of effective preventive strategies
may be a substantial factor in promoting community health and reducing health care expenses.

Strengths and Limitations
To our knowledge, this is the largest study to date evaluating the PAR of major and modifiable risk factors for the
association of AF with 726,451 individuals. From a public health perspective, our research highlights the substantial
potential for reducing AF risk via primary prevention strategies. Additionally, data collection and management were
carefully controlled. Investigators were trained and evaluated through an examination at the beginning of the program.
A professional quality controller team was allocated at each survey site. Standard protocols and vigorous quality control
programmes were implemented to ensure the quality of data collected.

The present study, however, also had some limitations. First, as an observational study, regardless of the presence of
many confounders, residual confounding cannot be excluded. Second, all participants were older than 40 years, so these
findings cannot be generalized to younger individuals. The prevalence of AF, however, increases with age, rising from
~0.5% at 40–50 years, to ~10% or more at 80 years.39 Third, the AF event was partly based on self-reports, and the
numbers may have been underestimated or overstated. In order to minimize bias in the incidence of AF, we only included
the data collected from physicians who self-reported the diagnosis. AS well, in our study, AF was diagnosed based on
a single electrocardiogram, instead of ambulatory electrocardiogram monitoring. Furthermore, our data on some risk
factors, including physical inactivity, cigarette smoking, and alcohol consumption, were gathered from participant self-
reports, which might be subject to recall bias. In previous studies, however, it has been found that self-reported AF was
reliable and could be used interchangeably or in conjunction with ECG results to confirm the diagnosis.40,41 Finally, the
researchers also acknowledged that their ability to correctly classify subtypes of AF was limited, and hence they did not
distinguish between subtypes of AF in the AF outcome. In sight of the fact that AF subtypes have not detected any
differences in the magnitude of the associations, the hypothesis seems reasonable.20 Additionally, the outcome definition
is based on self-reported history of persistent AF. It may be an overestimation of the AF prevalence.

Conclusions
In conclusion, modifiable risk factors contribute significantly to the total PAR of AF. The findings from this study may
help develop better prevention and management plans for AF.

Abbreviations
AF, atrial fibrillation; aOR, adjusted odds ratio; BMI, body mass index; CI, confidence interval; DBP, diastolic blood
pressure; ECG, electrocardiograph; FPG, fasting plasma glucose; HDL-C, high-density lipoprotein cholesterol; ICC,
intraclass correlation coefficient; LDL-C, low-density lipoprotein cholesterol; ORs, odds ratios; PARs, population-
attributable risks; SBP, systolic blood pressure; TG, triglyceride.
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