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Background: Determining risk factors of cardiovascular disease (CVD)-related
mortality and evaluating their influence are important for effectively reducing
corresponding mortality. However, few research findings have estimated the
relationship between atrial fibrillation (AF) and CVD-related mortality among
hypertension individuals.

Objective: The objective of this study was to investigate the epidemiology of
AF in a hypertension population and determine the relationship between AF
and CVD-related mortality.

Methods: Using a multistage, stratified, and cluster random sampling method,
the prospective cohort study with a median follow-up of 3.51 years enrolled
10,678 hypertensive participants at baseline. The prevalence, awareness, and
anticoagulation data of AF in this focal population were carefully assessed.
Stepwise logistic regression and Cox regression analysis were respectively
performed to evaluate the determinants of AF and the association between
AF and CVD-related mortality.

Results: The overall prevalence of AF was 1.3% (95% Cl, 1.1%—1.6%) in the
hypertensive population, and it was higher in men than in women (1.8%
vs. 1.0%, respectively; p=0.001). The awareness of AF was 53.1%, and the
rate of oral anticoagulant (OAC) therapy was only 4.2%, although all AF
participants should have required according to the European Society of
Cardiology guidelines. The determinants of AF included elder, male, and history
of coronary heart disease in the hypertensive population. Besides, compared
with individuals without AF, the risk of CVD-related mortality significantly
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increased in the hypertensive population with AF (HR 3.37, 95% CI 2.10-5.40).

Conclusion: Our results indicated a huge burden of AF and underuse of OAC
therapy for them in a community-based hypertensive population. Considering
that most of the risk factors of AF were unmodifiable in hypertensive
individuals, as well as its high risk of mortality, long-term interventions
including AF education, timely screening, and widespread use of OACs should
be emphasized in the focal populations.

atrial fibrillation, oral anticoagulant therapy, risk factor, CVD mortality, epidemiology

Introduction

Atrial fibrillation (AF), the most common cardiac
arrhythmia, has been accepted as the conventional factor
for a series of adverse outcomes in clinical practice, including
stroke, heart failure, and mortality (1, 2). Recent data suggest
that AF has affected more than 33.3 million people worldwide
and resulted in 195,300 deaths in 2015 alone (3). Furthermore,
the number of patients with AF is expected to increase
dramatically for years to come, owing to factors, such as aging,
increasing screening, and predisposing factors (4, 5). Notably,
some cardiovascular diseases (CVD) and its determinants, for
example, heart failure, are common coexistent conditions in
patients with AF, and each status could aggravate the other (6).

Hypertension whose effect is the same as heart failure is
another common comorbidity in patients with AF. Robust
results from multiple cohorts have asserted that hypertension
could also trigger AE, with an approximately 21.6% population-
attributable fraction, and further deteriorate it (7-9). As both
AF and hypertension increase the risk of CVD, especially
ischemic stroke and embolism, hypertension patients with
AF would have a much higher risk of adverse outcomes
(10). Fortunately, the widespread use of oral anticoagulants
(OAC) is an efficient prevention measure to improve the
prognosis in these patients (11). Hence, it is necessary to
understand the epidemiological status of AF in individuals with
hypertension and further develop appropriate evidence-based
and actionable management strategies to improve the prognosis
of AF in these participants. However, limited studies have
focused on the epidemiology of AF in hypertensive individuals.
In terms of the Chinese hypertensive population, the prevalence
of AF was only acquired in southern individuals (12), the
unrepresentative survey with low response rates (13), a small
sample population enrolled in the hospital, (14) and a highly
selected population (15), as well as inadequate estimation of
management (12-15). Taking into account ethnic and regional
differences and the aforementioned limitations, the precise
burden and management situation of AF in a community-based
Chinese hypertensive population is largely unexplored.

Frontiers in Cardiovascular Medicine

02

It is well-established that determining risk factors for
CVD-related mortality and evaluating their influence is
meaningful for effectively reducing corresponding mortality.
However, few research findings have estimated the relationship
between AF and CVD-related mortality among hypertension
individuals (16). In the Chinese hypertensive population, to date,
the relationship between AF and CVD-related mortality has only
been evaluated in elderly individuals (17). Hence, the precise
risk ratio of AF increasing the risk of CVD-related mortality is
unclear in community-based hypertensive populations. In this
context, a prospective cohort study was carried out among a
large representative population comprising hypertensive adults
in northeast China, and the prevalence of AF was assessed along
with awareness, anticoagulation data, relevant risk factors, as
well as the relationship between AF and CVD-related mortality,
to fill in the abovementioned epidemiological gaps.

Materials and methods

Participants

The design and enrollment process of the study have
been previously described (10, 11). Briefly, using a multistage,
stratified, and cluster random sampling method, this baseline
survey was undertaken from September 2017 to March 2019 in
Liaoning Province. Three urban districts (Zhenan, Liuerpu, and
Gongchangling) and four rural counties (Liaoyang, Chaoyang,
Donggang, and Lingyuan) were randomly selected. From these
seven regions, 19 rural villages, and eight communities were
randomly selected. The permanent residents aged more than
40 years in these regions were invited to participate after
the exclusion of those who had mental health issues or were
pregnant (n = 22,009). A total of 18,796 (85.4%) accomplished
the baseline investigation. Subsequently, once in 2 years, we
collected participants’ death details by telephone to participants’
families, grass-root doctors, and local medical institutions.
Hence, we fully understand the survival status of each
participant. In this study, we excluded 8,188 non-hypertension
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participants. Eventually, data from 10,678 hypertensive patients
(4,310 men and 6,368 women) were analyzed. The study was
approved by the Central Ethics Committee at the China National
Center for Cardiovascular Disease. Written informed consent
was obtained from all study participants.

Questionnaire and measurements

At baseline, data on demographic information, lifestyle,
comorbidities, and medical and drug histories were collected
through face-to-face interviews by a team comprising specialists
trained in the prevention and control of chronic disease,
cardiologists, and neurologists, who used standardized self-
administered questionnaires during the single clinic visit. The
trained staff scanned the questionnaire and manually extracted
the relevant information with quality inspection and double
entry to ensure that the data were recorded truthfully and
carefully, with an accuracy rate of an overwhelming 98%.

Physical measurements including weight, height, and
waist circumference (WC) of patients without shoes and
wearing lightweight clothing were measured to the nearest
0.1kg and 0.1 cm, respectively. The body mass index (BMI)
was calculated as the patient’s weight (kg) divided by the
square of the height (m?). Using a standardized automatic
electronic sphygmomanometer (J30; Omron, Kyoto, Japan),
blood pressure (BP) was measured three times after at least
5-min rest intervals. All participants were advised to avoid
caffeinated beverages and strenuous exercise for at least 30 min
before the BP measurements. During the measurement, the
participants were instructed to position their upper arms at their
heart level. The average of the three recorded BP measurements
was calculated and used in the analyses. Twelve-lead ECGs
(resting, 10s) were performed on each participant through
a MAC 5500 System (GE Healthcare; Little Chalfont, UK).
All ECG traces were analyzed manually by at least two
well-trained cardiologists with the assistance of a magnifier
and calipers.

Fasting blood samples were collected using BD Vacutainer
tubes containing ethylenediaminetetraacetic acid (EDTA;
Becton, Dickinson and Co., Franklin Lakes, NJ, USA) from
participants after at least 8h of overnight fasting. Serum
samples were isolated from whole blood, stored at —20°C, and
subsequently analyzed on an Abbott Diagnostics C800i auto-
analyzer (Abbott Laboratories, Abbott Park, IL, USA) using
commercial kits. Fasting blood glucose (FBG); glycosylated
hemoglobin (HbAlc); serum lipid profiles including total
cholesterol (TC), triglyceride (TG), high-density lipoprotein
cholesterol (HDL-C), and low-density lipoprotein cholesterol
(LDL-C); and other biochemical indicators were measured. In
each laboratory, 10% of specimens were rechecked by China’s
Ministry of Health’s National Center for Clinical Laboratory to
ensure test accuracy.
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Definition

Hypertension was defined as a mean systolic BP (SBP) >140
mmHg or a mean diastolic BP (DBP) >90 mmHg, and/or
self-reported use of antihypertensive medication in the past 2
weeks (18) The ECG-based diagnosis of AF was confirmed by
at least two independent cardiologists. Participants who were
previously identified with AF by a physician based on ECG
findings were also recognized as patients with AF (15) Current
smoking was identified as smoking > 1 cigarette a day for at
least 12 months. Current drinking was defined as drinking at
least once a week. Regular exercise was defined as moderate-
intensity exercise, equivalent to walking, at least 3 times per
week and for at least 30 min at a time. Overweight/obesity
was defined as a BMI >25 kg/m2 according to WHO criteria
(11) Central obesity was determined as WC >90cm in men
and WC >80 cm in women. Diabetes mellitus was defined as
an FBG >7.0 mmol/L or HbAlc >6.5%, and/or self-reported
diagnosis that was previously determined by a physician (19)
Dyslipidemia was diagnosed if subjects met one or more
of the following criteria: (1) high TC, serum TC >6.22
mmol/L; (2) high TG, serum TG >2.26 mmol/L; (3) high LDL,
serum LDL-C >4.14 mmol/L; (4) low HDL-C, serum HDL-C
<1.04 mmol/L; or (5) self-reported use of lipid-regulating
medications over the previous 4 weeks (20) Awareness of
the disease was identified if participants answered “Yes” to
the question, “Have you ever been diagnosed with a specific
disease (such as AF, hypertension, diabetes, dyslipidemia,
and CHD) by a certified doctor?” CHD was defined as
angina requiring hospitalization, myocardial infarction, or any
revascularization procedure.

Judgment of clinical outcomes

During the follow-up visits, we collected their relevant
information through face-to-face interviews, and telephone to
participants’ families, grass-root doctors, and local medical
institutions. Participants’ medical records and death certificates
were collected in detail from local medical institutions,
grass-root doctors, and family members of participants.
An endpoint assessment committee comprising specialists,
trained cardiologists, and neurologists reviewed these materials
and made a final decision. The CVD-related mortality was
determined as deaths caused by ischemic heart disease, heart
failure, arrhythmia, stroke, and pulmonary edema (21). If the
survival participants conducted follow-up visits and face-to-face
interviews, the last interview was the follow-up time. Otherwise,
we collected participants’ relevant information by telephone
to participants’ families, grass-root doctors, and local medical
institutions. The follow-up time was the time of death. If they
survived, but not attended face-to-face interviews, the follow-up
time was defined as the time of telephone follow-up.
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Statistical analysis

Continuous variables were reported as means and standard
deviations, and categorical variables were presented as
frequencies and percentages. Students t-test and chi-square
tests were, respectively, performed to compare intergroup
differences. The direct age- and sex-standardized method was
implemented to calculate the standardized prevalence of AF
according to the Sixth China Population Census data. The

TABLE 1 Characteristics of the study sample by region and sex.

10.3389/fcvm.2022.955685

univariate and stepwise multivariate logistic regressions were
used to determine the risk factors of AF. Only variables with
statistical significance in univariate analysis, including gender,
age, lack of exercise, high TG, and history of CHD, were
included in stepwise regression analysis. The Kaplan-Meier
curves were performed to explore the cumulative incidence
of CVD-related mortality, and the intergroup difference was
evaluated using the log-rank test. Stepwise multivariable Cox
proportional hazard models were performed to determine

Characteristics Total Region Sex p value for p value for
region sex
Urban Rural Male Female

Participants, n (%) 10,678 (100) 2762 (25.9) 7916 (74.1) 4310 (40.4) 6368 (59.6)
Mean age, years 62.5+9.7 63.1£9.2 62.3£9.8 62.84+10.1 62.3+£9.4 <0.001 0.008
Education, %

Primary school or lower 55.0 28.9 64.1 45.7 61.3 <0.001 <0.001

Middle school 34.3 51.3 284 39.7 30.7

High school or above 10.7 19.8 7.5 14.6 8.0
Income, RMB %

<5,000 38.5 7.6 49.3 34.7 41.1 <0.001 <0.001

5,000-19,999 339 23.6 37.5 333 342

>20,000 27.6 68.8 13.2 32.0 24.7
Current smoking, % 23.4 19.2 24.9 49.1 6 <0.001 <0.001
Current drinking, % 26.5 21.9 28.1 54.3 7.6 <0.001 <0.001
Lack of exercise, % 15.6 9.3 17.8 13.7 17.0 <0.001 <0.001
Mean BMI, kg/m2 253 +3.8 256 £3.4 252+39 249 +3.6 25.6+£3.8 <0.001 <0.001
Overweight/obesity, % 62.7 67.5 61.0 58.4 65.6 <0.001 <0.001
WC, cm 854+ 124 86.5 £ 15.9 85.0£11.0 86.1 £ 14.7 84.9 £10.6 <0.001 <0.001
Central obesity, % 56.4 62.7 54.2 35.8 70.4 <0.001 <0.001
Mean SBP, mmHg 157.2 +18.7 151.5 £ 16.6 159.1 £18.9 156.5 = 18.0 157.6 £19.1 <0.001 0.002
Mean DBP, mmHg 91.3 £10.9 89.4 £10.1 92.0+11.1 93.0 £ 10.6 90.2 £10.9 <0.001 <0.001
FPG, mmol/L 6.3+2.0 63+22 6.3+£2.0 63+19 6.4+2.1 0.072 0.062
HbAlc, % 57+1.1 58+ 1.2 56+ 1.0 56+ 1.0 58+ 1.1 <0.001 <0.001
Diabetes mellitus, % 21.5 26.6 19.8 19.7 22.8 <0.001 <0.001
TG, mmol/L 1.8+ 1.6 20+ 1.9 1.8+ 1.6 1.8+1.8 19+ 1.5 <0.001 <0.001
High TG, % 21.0 244 19.8 18.9 22.5 <0.001 <0.001
TC, mmol/L 52+12 52+13 52+1.1 50+12 54+1.1 0.495 <0.001
High TC, % 16.6 17.1 16.4 11.6 19.9 0.410 <0.001
LDL-C, mmol/L 26+1.0 3.0£09 25+1.0 25+09 2.7+1.0 <0.001 <0.001
High LDL, % 6.5 10.7 5.1 4.1 8.2 <0.001 <0.001
HDL-C, mmol/L 1.84+0.7 134+04 1.9+0.7 1.74+0.7 1.8+0.7 <0.001 <0.001
Low HDL, % 115 30.3 5.0 13.1 10.5 <0.001 <0.001
Dyslipidemia, % 40.0 55.0 34.8 36.2 42.7 <0.001 <0.001
CHD, % 6.5 8.7 5.7 5.5 7.2 <0.001 0.001

Data are presented as mean = SD or %.
P-value for region: p values between urban and rural areas. P value for sex: p values between male and female.
BMI, body mass index; CHD, coronary heart disease; DBP, diastolic blood pressure; FBG, fasting blood glucose; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density

lipoprotein cholesterol; SBP, systolic blood pressure; TG, triglycerides; TC, total cholesterol; WC, waist circumference.
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TABLE 2 Prevalence of AF by region and sex among the study participants.

Agegroup  No of AF (total Region
(years) number)

Urban Rural
40-49 2 (1,067) 1.0 (0.4-2.5) 0
50-59 20 (2,881) 0.5 (0.0-0.1) 0.8 (0.4-1.1)
60-69 54 (4,228) 1.6 (0.9-2.4) 1.1(0.8-1.5)
70-79 47 (2,092) 2.4 (1.1-3.7) 2.2(1.5-2.9)
>80 20 (410) 5.1 (0.6-9.5) 4.8 (2.4-7.3)
Overall 143 (10,678) 1.6 (1.1-2.0) 1.3 (1.0-1.5)
ASSR 1.3 0.8

10.3389/fcvm.2022.955685

Sex Total pvalue for  p value for
region sex
Male Female
0.4 (0.2-1.0) 0 0.2 (0.1-0.4) 0.033 0.200
1.1(0.5-1.8) 0.4 (0.1-0.7) 0.7 (0.4-1.0) 0.505 0.033
1.6 (1.0-2.2) 1.1(0.7-1.5) 1.3 (0.9-1.6) 0.202 0.109
2.9 (1.8-4.0) 1.8 (1.0-2.5) 2.2 (1.6-2.9) 0.788 0.100
5.3 (2.0-8.6) 45 (1.7-7.3) 4.9 (2.7-7.0) 1.000 0.720
1.8 (1.4-2.2) 1.0 (0.8-1.3) 1.3 (1.1-1.6) 0.248 0.001
1.2 0.7 0.9

Percentages represent the number of subjects with AF/total population (%). AF, atrial fibrillation; ASSR, age- and sex- standardized rate.

the association between AF and CVD-related mortality, after
adjusting for age, area, sex, education level, current smoking,
lack of exercise, overweight/obesity, central obesity, and history
of stroke. The corresponding 95% confidence intervals (CIs)
were calculated, and p-values <0.05 were considered statistically
significant. All statistical analyses were performed using the
SPSS software version 22.0 (SPSS Inc., Chicago, IL, USA).

Results

Baseline characteristics

This study included 10,678 participants (mean age:
62.5 £ 9.7 years, male participants: 40.4%, urban participants:
25.9%). Clinical characteristics by region and sex are shown
in Table 1. Participants from rural regions had significantly
lower age, BMI, WC, HbAlc, TG, and LDL-C, and higher
mean SBP and DBP, and HDL-C than those from urban
regions (all p < 0.001). Meanwhile, a higher proportion of low
education, low income, current smoking, current drinking,
and lack of exercise were also observed in rural regions
(all p < 0.001). Besides, there was a significant difference
between male and female subjects for all clinical characteristics,
including age, BMI, mean SBP and DBP, HbAlc, TG, TC, LDL-
C, HDL-C, level of education and income, current smoking and
drinking, history of CHD, and lack of exercise (all p < 0.05).

AF prevalence

Of the 10,678 subjects, 143 had AF, and the overall crude
prevalence of AF was 1.3% (95% CI, 1.1-1.6%). The prevalence
rate increased with age, from 0.2% among adults aged 40-
49 years to 4.9% among adults aged >80 years, and it was
significantly higher among male than female participants (1.8
vs. 1.0%, p = 0.001). Among men, the prevalence of AF in the
population aged 40-49 years was just 0.4%, which increased
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sharply to 1.6% in those aged 60-69 years and 5.3% in those
aged >80 years. Although the prevalence of AF was higher
among urban residents than among rural residents, there was
no significant statistical difference (1.6 vs. 1.3%, p = 0.248)
(Table 2).

Awareness and oral anticoagulant (OAC)
therapy of AF

The overall awareness of AF was 53.1% in this investigation
population. No statistically significant difference was observed
between region and sex in awareness of AF (urban vs. rural:
62.8 vs. 49.0%, p=0.130; male vs. female: 46.8 vs. 60.6%,
p = 0.098, respectively). According to the CHA2DS2-VASc risk
score (mean score: 2.6), all hypertension patients with AF
required oral anticoagulant (OAC) therapy. However, the overall
OAC therapy rate was only 4.2%. Of the six participants taking
OAG, 3 received oral warfarin and the remaining three received
an appropriate dosage of oral DOAC. Compared with rural
areas, the proportion of OAC therapy in urban areas was
higher without statistical significance (7.0 vs. 3.0%, respectively,
p=0.527). Similarly, a higher rate of OAC therapy was noted
among female than male participants (2.6 vs. 6.1%, respectively,
p = 0.541) (Figures 1, 2).

Risk factors of AF

A univariate and stepwise multivariate logistic regression
was performed to determine the risk factors of AF. According
to the results of multivariate logistic regression, the age, gender,
and history of CHD were significantly independent variables
associated with AF. Specifically, the risk of AF was significantly
higher in men than in women, increasing by approximately 76%
(OR 1.76, 95% CI: 1.26-2.47). Meanwhile, for every 10 year
increase in age, the risk of AF increased by 92% (OR: 1.92,
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FIGURE 1

The CHA2DS2-VASc score in hypertensive population with atrial fibrillation.
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FIGURE 2

The awareness (A) and oral anticoagulant (OAC) usage (B) of AF among hypertensive patients.
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95% CI: 1.60-2.30). Besides, we also found that the history of
CHD was an independent risk factor for AF with an OR of 5.60
(95% CI: 3.85-8.14). While lack of exercise and high TG were
significantly associated with AF in univariate regression analysis,
there was no significant statistical difference in subsequent
stepwise multivariate logistic regression (Table 3).

The relationship between AF and
CVD-cause mortality

During a median follow-up of 3.51 years (interquartile
range, 3.18-3.51; range 0.05-3.90), 263 participants developed
CVD-cause mortality. The unadjusted Kaplan-Meier curves
showed that the crude incidence rates of CVD-related mortality
were significantly higher among patients with AF (log-rank P <
0.0001) (Figure 3). Cox proportional hazards regression analysis
was used to explore the relationship between AF and CVD
mortality. Ultimately, area, sex, current smoking, educational
level, lack of exercise, overweight/obesity, central obesity, and
stroke were reserved in stepwise Cox regression analysis.
The results indicate that AF was independently associated
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with adverse outcomes, with an HR of 3.37 (95% CI, 2.10-
5.40), after adjustment for the aforementioned conventional
risk factors (Figure 4). Furthermore, in the sensitivity analysis,
the association between AF and CVD-related mortality was
evaluated by area stratification. The statistical difference was
only observed in rural areas (Table 4). Besides, during follow-
up periods, eight patients with AF developed CVD-cause
mortality in the AF awareness group and 11 participants with
AF developed CVD-caused mortality in the AF unawareness
group. The univariate and multivariate Cox proportional hazard
models were used to determine the relationship between AF
awareness and CVD-cause mortality. There was no significant
statistical difference in univariate Cox regression (HR, 0.622;
95% CI, 0.250-1.547). After adjusting for confounding factors,
the association between AF awareness and CVD-cause mortality
was not observed (HR, 0.610; 95% CI, 0.226-1.645).

Discussion
This study carefully assessed the prevalence of AFE

anticoagulation data, related risk factors, and its prognosis in
a hypertensive population. The major findings of this study
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TABLE 3 The risk factors associated with AF among hypertensive patients from northeast China.

Variables Univariate model Multivariate model

OR (95%CI) P value OR (95%CI) P value
Male vs. female 1.74 (1.25-2.42) 0.001 1.76 (1.26-2.47) 0.001
Age per 10 years increase 2.03 (1.70-2.41) <0.001 1.92 (1.60-2.30) <0.001
Lack exercise 1.77 (1.20-2.59) 0.004 NA -
High TG 0.57 (0.35-0.93) 0.024 NA -
History of CHD 6.32 (4.38-9.14) <0.001 5.60 (3.85-8.14) <0.001

CHD, coronary heart disease; TG, triglycerides.

+ AF Non-AF

0.154

o101 Log-rank p< 0.0001
= ;
<
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A
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0 1 2 3 4
Years
Number at risk
AF 71 143 136 130 104 NA
0 1 2 3 4
Years
FIGURE 3
The Kaplan-Meier curves comparing the incidence of CVD mortality between hypertensive patients with AF and without AF.

were as follows: (1) 1.3% prevalence of AF in the hypertensive
population, which was higher in men than in women (1.8 vs.
1.0%; p = 0.001); However, no significant difference was found
between urban and rural areas (1.6 vs. 1.3%; p = 0.248). (2)
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The awareness of AF was 53.1%, and only 4.2% actually received
OAC therapy, while all AF participants were required according
to the ESC guidelines (1) (3) The independent risk factors of AF
included age, gender, and history of CHD. (4) Compared with
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Comparisons Events/non-events HR (95% CI) P value
Atrial fibrillation
No 244/10291 Reference
Yes 19/124 3.37 (2.10,5.40) <0.001
Area
Rural 237/7679 Reference
Urban 26/2736 0.47 (0.30, 0.72) <0.01 +=—
Sex
Female 109/6259 Reference
Male 154/4156 2.11 (1.56, 2.85) <0.001 —
Age per 10 years increase 2.24 (1.94, 2.58) ——
Current smoking
No 172/8005 Reference
Yes 91/2410 1.41 (1.06, 1.87) 0.02 —a—
Educational level
Primary school or below 209/5663 Reference
Middle school 43/3624 0.62 (0.43, 0.88) <0.01 e
High school or above 11/1128 0.53 (0.28, 0.98) 0.04 +=—
Lack exercise
No 143/8866 Reference
Yes 120/1549 2.23 (1.71,2.90) <0.001 ——
Overweight/obesity
No 157/3829 Reference
Yes 106/6584 0.54 (0.40, 0.74) <0.001 e
Central obesity
No 143/4515 Reference
Yes 120/5900 1.61 (1.173, 2.22) <0.01 ——
Stroke
No 196/9508 Reference
Yes 67/907 2.23 (1.68,2.96) <0.001 —
0 1 J :
FIGURE 4
The Cox proportional hazards regression analysis exploring the association between AF and the hazard ratio of subsequent CVD mortality.

hypertensive individuals without AF, the risk of CVD-related
mortality increased by 37% in hypertensive patients with AF
after adjustment for conventional risk factors. These findings
indicate that hypertensive patients in the community had a
considerable burden of AF and an unacceptable control status.
Given the mostly unmodifiable risk factors and potential adverse
effects of AE, early identification of hypertensive patients with
AF and promotion of the usage of OACs are of great significance
to improve the prognosis of this population.

AF prevalence and its risk factors
Global studies support the findings of ethnic and regional

variation in the prevalence of AE and these differences
are probably attributable to differences in study design,
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genetics, socioeconomic, and environmental factors (5, 22).
In general, the prevalence in Europe and North America is
high, while that in Asia is comparatively low (4, 5). For
patients with hypertension, as mentioned above, limited studies
comprehensively investigated the epidemiology of AF in this
population. The Echocardiographic Heart of England Screening
study, including 388 hypertensive participants, indicated the
prevalence of AF was up to 3.9% in this focal UK population
(23). In the Thai nationally representative survey enrolled
13,207 hypertensive patients from 831 public hospitals, AF was
determined in 457 individuals, with a prevalence of 3.46% (24).
However, the diagnosis of AF was limited in the two studies, only
defined based on self-reported history in the first study and only
based on ECG at baseline in the latter study, which inevitably
led to underestimated results. Besides, because the average age
of the participants was relatively young (62.5 vs. >83.5 years),
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TABLE 4 The relationship between AF and CVD-cause mortality evaluated by area stratification.

Variables Urban

HR (95%CI)

Atrial fibrillation 1.31(0.17-9.91)
4.93 (1.85-13.12)

2.00 (1.35-2.97)

Male vs. female

Age per 10 years increase

Current smoking NA
Educational level

Primary school or below NA

Middle school NA

High school; or above NA
Lack exercise NA
Overweight/obesity NA
Central obesity NA
Stroke NA

the prevalence of AF in our study was lower than that in the
Hypertension in the Very Elderly Trial, which included 3,273
hypertensive individuals aged >80 years (1.3 vs. 5.8%) (6).

In terms of Chinese hypertensive population, recent results
from a nationally representative, cross-sectional study—the
China Hypertension Survey—with 21,243 participants aged >35
years confirmed that the prevalence of AF was 1.1% in this
population (13). Regrettably, this latest national survey had a
relatively low response rate (62.5%), and AF was only defined
based on self-reported history. It seemed reasonable that the
prevalence of AF in our study was higher than the latest
national data (1.3 vs. 1.1%). Meanwhile, the AF prevalence was
also higher in our study than that in a retrospective cross-
sectional study that enrolled 7,808 hypertensive individuals in
economically developed Guangdong (1.3 vs. 1.0%) (12). As for
northeast China, the prevalence of AF in our study was slightly
higher than that of the general population in the same area
(1.3 vs. 1.1-1.2%) (10, 15), and lower than results from rural
northeast China (1.3 vs. 1.7%) (15). The positive correlation
that has been observed between AF and socioeconomic status
(25) likely implies the rapid urbanization of northeast rural
populations with consequent lifestyle changes because our
research included both rural and urban populations. Our results
were consistent with this explanation because we observed that
the prevalence of AF was not significantly different between the
urban and rural populations (p=0.248).

In this study, the prevalence of AF increased with age,
which was in accordance with the findings of previous studies
(4, 10, 15, 26). Furthermore, we found that male subjects had a
higher prevalence of AF, which is also similar to most previous
studies (4, 10, 25). Notably, the subsequent identification of AF
risk factors confirmed the abovementioned conclusions again in
our study. Sex-related differences might be due to the differential
distribution of environmental risk factors and the susceptibility
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Rural
P value HR (95%CI) P value
0.793 3.70 (2.27-6.01) <0.001
0.001 1.89 (1.37-2.59) <0.001
0.001 2.27 (1.95-2.64) <0.001
1.41 (1.05-1.91) 0.023
Reference
0.60 (0.41-0.88) 0.010
0.41 (0.18-0.93) 0.032
2.27 (1.72-2.98) <0.001
0.55 (0.40-0.76) <0.001
1.52 (1.08-2.12) 0.015
2.33 (1.74-3.13) <0.001

of men and women to different risk factors (10, 25). In addition,
we found a correlation between the history of CHD and AFE,
which seemed to be predictable. However, some recognized
common risk factors for AF, such as diabetes and dyslipidemia,
were not statistically significant in our research (27). On the
one hand, it might be because the average age of participants
was elder and all of them were hypertensive patients, which
weakened the influence of these factors on AF. At the same time,
this association was only evaluated in a cross-sectional study
rather than a causal link. Overall, we found that most of the risks
of AF come from inevitable causes. Therefore, early screening
and effective management of AF are particularly crucial given its
harmful prognosis.

Awareness of OAC therapy for AF

This study has highlighted the suboptimal awareness and
treatment of AF in patients with hypertension. Both the
AHA/ACC/HRS and ESC guidelines have recommended OACs
for the efficient prevention of stroke and embolism in patients
with AF (28, 29). Unfortunately, OACs are underused among
patients with AF in the real world (30). This phenomenon
was extremely common in the general Chinese population,
wherein only 1.0-4.1% of participants received OAC therapy
(31), despite compelling evidence showing that anticoagulation
has significant benefits for Asian patients with AF (32). Even
in AF patients with ischemic stroke, the usage rate of warfarin
remained as low as 19.4% in China (33). Our study observed
a usage rate of 4.2% for OACs, which was slightly higher than
the range of 1.0-4.1% in the general Chinese population but
significantly lower than the range of 9.4-33.3% in the hospital-
based population (31). Of course, the usage rate was also slightly
higher than that of the general population from the same areas
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(10), but it was still unacceptably lower than in Europe and
North America (4.2% in our study vs. 67% in Europe vs. 50%
in North America) (34).

As already mentioned, our study population comprised
hypertensive patients with an average age of >60 years.
Therefore, an increased risk of hemorrhage may be the main
reason for the underuse of OACs (5). Meanwhile, racial and
regional differences in the awareness of AE which is higher
in developed countries but lower in China, might have an
important impact on its treatment (35). Moreover, the lack
of access to coordinated regular international normalized
ratio testing and the greater cost of non-vitamin K OACs
(e.g., dabigatran) are also currently major obstacles to their
widespread use (33). Because the risk of stroke increases with
blood pressure, the absolute benefit of OACs increases in
patients with hypertension than in those without. Therefore,
clinicians must realize hypertension itself should not be a reason
to avoid using OACs as a preventive treatment for patients
with AF.

AF and CVD-related mortality

Our results provided strong clinical evidence that AF was an
independent risk factor for CVD-related mortality in a Chinese
hypertensive population. Not all previous studies have found
that AF might increase the risk of mortality (6). However,
these results from rare studies indicate that the correlation
between AF and CVD-related mortality seems to be acceptable
in hypertensive populations. In 4,736 elderly individuals with
isolated systolic hypertension aged 60 years or older, the Systolic
Hypertension in the Elderly Program, Vagaonescu et al. found
the presence of AF would increase the risk of CVD-related
mortality with an HR of 2.39 (95% CI 1.05 to 5.43) at 4.7 years
of follow-up and 2.21 (1.54-3.17) at 14.3 years of follow-up,
which was similar to our findings (HR 3.37, 95% CI 2.10-5.40)
(16). In addition, in elderly hypertensive individuals, results
from a prospective cohort study enrolled 3,922 participants
aged >60 years confirmed the correlation between AF and
CVD-related mortality again (HR 3.78, 95% CI 2.17-6.58) (17).
Different from the participants in the above studies, our results
claimed that this conclusion was not only appropriate in elderly
hypertensive individuals but could also apply to the general
hypertensive population. Furthermore, our results indicated
that the association between CVD mortality and AF was only
observed in rural areas. In fact, only 26 urban participants
developed CVD-cause mortality during the follow-up period.
The limited number of events might result in false-negative
results. Besides, the relationship between AF awareness and
CVD-cause mortality was not observed in this study. Of course,
the limited number of AE as well as the limited number of
events because of the short follow-up time, could affect the
statistical results.
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Limitations

Although this study was based on a large community-based
population with an acceptable nonresponse rate (14.6%), it
has some limitations. First, some paroxysmal AF cases were
likely missed owing to a single ECG examination, leading to an
underestimation of the prevalence of AF in our investigation.
Paroxysmal AF should be diagnosed by frequent repeated ECG
or ambulatory ECG monitoring, neither of which is suitable for
large population surveys. Second, although our study included
a large number of hypertensive patients, these participants were
from northeast China and >40 years old. This may reduce the
applicability of our results to other populations. Third, women
and rural participants comprised a high proportion of the overall
study population (59.6 and 74.1%, respectively); thus, selection
bias was inevitable in the study. Nevertheless, the standardized
prevalence was calculated based on the standardized population,
which somewhat minimizes selection bias. Besides, because
the AF was only determined at baseline, risk factors for AF
were assessed as associations rather than causal links. The
HAS-BLED score, the liver, and kidney function were not fully
evaluated among patients with AF, although these were crucial
for OAC therapy. Some confounding factors were not collected
at baselines, including COPD, chronic heart failure, chronic
kidney disease, thyroid disease, the duration of AE, and control
of hypertension. Ultimately, although the relationship between
the left atrium and AF has been accepted, its diameter was not
measured at baseline. Notably, this is an exploratory analysis,
and large-sample prospective studies are needed to confirm the
results of this study.

Conclusion

Leveraging the community-based survey, the huge burden
and poor management of AF were carefully indicated in the
hypertensive population. In view of the results that the risk
factors for AF were mostly inevitable, and the risk of adverse
outcomes significantly increased in hypertensive individuals
with AF, the integrated measures, including AF education,
timely screening, and widespread use of OACs, should be
implemented in this focal population.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed and
approved by the Central Ethics Committee at the China National

frontiersin.org


https://doi.org/10.3389/fcvm.2022.955685
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org

Du et al.

Center for Cardiovascular Disease. The patients/participants
provided their written informed consent to participate in
this study. Written informed consent was obtained from the
individual(s) for the publication of any potentially identifiable
images or data included in this article.

Author contributions

LX and WT were responsible for the concept and design
of the study. LX was responsible for the study coordination
and conduct. ZD and ML contributed to the drafting of the
manuscript. GL, YT, L], ML, and ZD collected and analyzed the
data. LX, QS, LS, JS, and TJ interpreted the data. All authors
contributed to the article and approved the submitted version.

Funding

This study was supported by the Department of Science
and Technology of Liaoning Province (2018225065 and
2019JH2/10300001) and the Natural
Foundation of China (81701699).

National Science

References

1. Kirchhof P, Benussi S, Kotecha D, Ahlsson A, Atar D, Casadei B, et al. 2016 ESC
Guidelines for the management of atrial fibrillation developed in collaboration with
EACTS. Eur Heart J. (2016) 37:2893-962. doi: 10.1093/eurheartj/ehw210

2. Pastori D, Menichelli D, Del Sole FE Pignatelli P, Violi F.
Long-term risk of major adverse cardiac events in atrial fibrillation
patients on direct oral anticoagulants. Mayo Clin Proc. (2021)

96:658-65. doi: 10.1016/j.mayocp.2020.06.057

3. Roth GA, Johnson C, Abajobir A, Abd-Allah F, Abera SE, Abyu G, et al. Global,
regional, and national burden of cardiovascular diseases for 10 causes, 1990 to
2015. J Am Coll Cardiol. (2017) 70:1-25. doi: 10.1016/j.jacc.2017.04.052

4., Chugh SS, Havmoeller R, Narayanan K, Singh D, Rienstra M,

Benjamin EJ, et al. Worldwide epidemiology of atrial fibrillation: a
Global Burden of Disease 2010 Study. Circulation. (2014) 129:837-
47. doi: 10.1161/CIRCULATIONAHA.113.005119

5. Rahman F, Kwan GE, Benjamin EJ. Global epidemiology of atrial fibrillation.
Nat Rev Cardiol. (2014) 11:639-54. doi: 10.1038/nrcardio.2014.118

6. Antikainen RL, Peters R, Beckett NS, Rajkumar C, Bulpitt CJ. Atrial fibrillation
and the risk of cardiovascular disease and mortality in the Hypertension in the Very
Elderly Trial. ] Hypertens. (2020) 38:839-44. doi: 10.1097/HJH.0000000000002346

7. Alonso A, Krijthe BP, Aspelund T, Stepas KA, Pencina MJ, Moser CB, et
al. Simple risk model predicts incidence of atrial fibrillation in a racially and
geographically diverse population: the CHARGE-AF consortium. ] Am Heart
Assoc. (2013) 2:¢000102. doi: 10.1161/JAHA.112.000102

8. Schnabel RB, Sullivan LM, Levy D, Pencina MJ, Massaro JM, D’Agostino
RB, et al. Development of a risk score for atrial fibrillation (Framingham
Heart Study): a community-based cohort study. Lancet. (2009) 373:739-
45. doi: 10.1016/50140-6736(09)60443-8

9. Huxley RR, Lopez FL, Folsom AR, Agarwal SK, Loehr LR, Soliman EZ, et
al. Absolute and attributable risks of atrial fibrillation in relation to optimal and
borderline risk factors: the Atherosclerosis Risk in Communities (ARIC) study.
Circulation. (2011) 123:1501-8. doi: 10.1161/CIRCULATIONAHA.110.009035

10. Xing L, Lin M, Du Z, Jing L, Tian Y, Yan H, et al. Epidemiology of
atrial fibrillation in northeast China: a cross-sectional study, 2017-2019. Heart.
(2019). doi: 10.1136/heartjnl-2019-315397

Frontiers in Cardiovascular Medicine

11

10.3389/fcvm.2022.955685

Acknowledgments

We would like to thank the CDC of Chaoyang, Liaoyang,
Dandong, and Donggang cities in Liaoning Province, who
worked hard to ensure the reliability and accuracy of data.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

11. Du Z, Zhang B, Lin M, Tian Y, Jing L, Liu S, et al. The epidemiology of
atrial fibrillation in Chinese postmenopausal women and its association with age
of menopause. Maturitas. (2021) 143:151-6. doi: 10.1016/j.maturitas.2020.10.010

12. Huang JY, Liu L, Yu YL, Chen CL, Lo K, Zhang B, et al. A
nonlinear relationship between low-density-lipoprotein cholesterol levels and
atrial fibrillation among patients with hypertension in China. Ann Palliat Med.
(2020) 9:2953-61. doi: 10.21037/apm-20-451

13. Wang X, Hao G, Chen L, Yang Y, Zhou H, Kang Y, et al. Hypertension-
mediated organ damage and established cardiovascular disease in patients with
hypertension: the China Hypertension Survey, 2012-2015. ] Hum Hypertens.
(2021). doi: 10.1038/s41371-021-00635-z

14. Liu T, Zhang X, Korantzopoulos P, Wang S, Li G. Uric acid levels
and atrial fibrillation in hypertensive patients. Intern Med. (2011) 50:799-
803. doi: 10.2169/internalmedicine.50.4587

15. Sun GZ, Guo L, Wang XZ, Song HJ Li Z, Wang J, et al. Prevalence of atrial
fibrillation and its risk factors in rural China: a cross-sectional study. Int J Cardiol.
(2015) 182:13-7. doi: 10.1016/j.ijcard.2014.12.063

16. Vagaonescu TD, Wilson AC, Kostis JB. Atrial fibrillation and isolated
systolic hypertension: the systolic hypertension in the elderly program and
systolic hypertension in the elderly program-extension study. Hypertension. (2008)
51:1552-6. doi: 10.1161/HYPERTENSIONAHA.108.110775

17. Li LH, Sheng CS, Hu BC, Huang QF Zeng WF Li GL, et al. The
prevalence, incidence, management and risks of atrial fibrillation in an elderly
Chinese population: a prospective study. BMC Cardiovasc Disord. (2015)
15:31. doi: 10.1186/s12872-015-0023-3

18. Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, Izzo JL,
et al. Blood Institute Joint National Committee on Prevention. Treatment of
high blood, and ¢ national high blood pressure education program coordinating,
the seventh report of the joint national committee on prevention, detection,
evaluation, and treatment of high blood pressure: the JNC 7 report. JAMA. (2003)
289:2560-72. doi: 10.1001/jama.289.19.2560

19. Chamberlain JJ, Rhinehart AS, Shaefer CE Neuman A. Diagnosis and
management of diabetes: synopsis of the 2016 american diabetes association
standards of medical care in diabetes. Ann Intern Med. (2016) 164:542—
52. doi: 10.7326/M15-3016

frontiersin.org


https://doi.org/10.3389/fcvm.2022.955685
https://doi.org/10.1093/eurheartj/ehw210
https://doi.org/10.1016/j.mayocp.2020.06.057
https://doi.org/10.1016/j.jacc.2017.04.052
https://doi.org/10.1161/CIRCULATIONAHA.113.005119
https://doi.org/10.1038/nrcardio.2014.118
https://doi.org/10.1097/HJH.0000000000002346
https://doi.org/10.1161/JAHA.112.000102
https://doi.org/10.1016/S0140-6736(09)60443-8
https://doi.org/10.1161/CIRCULATIONAHA.110.009035
https://doi.org/10.1136/heartjnl-2019-315397
https://doi.org/10.1016/j.maturitas.2020.10.010
https://doi.org/10.21037/apm-20-451
https://doi.org/10.1038/s41371-021-00635-z
https://doi.org/10.2169/internalmedicine.50.4587
https://doi.org/10.1016/j.ijcard.2014.12.063
https://doi.org/10.1161/HYPERTENSIONAHA.108.110775
https://doi.org/10.1186/s12872-015-0023-3
https://doi.org/10.1001/jama.289.19.2560
https://doi.org/10.7326/M15-3016
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org

Du et al.

20. Yan L, Xu MT, Yuan L, Chen B, Xu ZR, Guo QH, et al
Prevalence of dyslipidemia and its control in type 2 diabetes: A
multicenter study in endocrinology clinics of China. J Clin Lipidol. (2016)
10:150-60. doi: 10.1016/j.jacl.2015.10.009

21. Sakaguchi Y, Fujii N, Shoji T, Hayashi T, Rakugi H, Isaka Y.
Hypomagnesemia is a significant predictor of cardiovascular and non-
cardiovascular mortality in patients undergoing hemodialysis. Kidney Int.
(2014) 85:174-81. doi: 10.1038/ki.2013.327

22. Ugowe FE, Jackson LR, Thomas KL. Racial and ethnic
differences in the prevalence, management, and outcomes in patients
with atrial fibrillation: A  systematic review. Heart Rhythm. (2018)
15:1337-45. doi: 10.1016/j.hrthm.2018.05.019

23. Davis RC, Hobbs FD, Kenkre JE, Roalfe AK, Iles R, Lip GY, et al. Prevalence
of atrial fibrillation in the general population and in high-risk groups: the ECHOES
study. Europace. (2012) 14:1553-9. doi: 10.1093/europace/eus087

24. Krittayaphong R, Rangsin R, Thinkhamrop B, Hurst C, Rattanamongkolgul
S, Sripaiboonkij N, et al. Prevalence and associating factors of atrial fibrillation in
patients with hypertension: a nation-wide study. BMC Cardiovasc Disord. (2016)
16:57. doi: 10.1186/s12872-016-0232-4

25. Wang X, Fu Q, Song E Li W, Yin X, Yue W, et al. Prevalence of atrial
fibrillation in different socioeconomic regions of China and its association with
stroke: Results from a national stroke screening survey. Int J Cardiol. (2018)
271:92-7. doi: 10.1016/j.ijcard.2018.05.131

26. Guo Y, Tian Y, Wang H, Si Q, Wang Y, Lip GYH. Prevalence, incidence, and
lifetime risk of atrial fibrillation in China: new insights into the global burden of
atrial fibrillation. Chest. (2015) 147:109-19. doi: 10.1378/chest.14-0321

27. Chung MK, Eckhardt LL, Chen LY, Ahmed HM, Gopinathannair
R, Joglar JA, et al. Secondary Prevention Committee of the Council on
Clinical, T. Council on Arteriosclerosis, Vascular B, Council on C, Stroke N,
Council on L, Cardiometabolic H Lifestyle and Risk Factor Modification for
Reduction of Atrial Fibrillation: A Scientific Statement From the American
Heart Association Circulation. (2020) 141:750-72. doi: 10.1161/CIR.00000000000
00748

Frontiers in Cardiovascular Medicine

12

10.3389/fcvm.2022.955685

28. Camm AJ, Lip GY, De Caterina R, Savelieva I, Atar D, Hohnloser
SH, et al. 2012 Guidelines focused update of the ESC Guidelines for the
management of atrial fibrillation: an update of the 2010 ESC Guidelines for
the management of atrial fibrillation. Developed with the special contribution
of the European Heart Rhythm Association. Eur Heart J. (2012) 33:2719-47.
doi: 10.1093/eurheartj/ehs253

29. January CT, Wann LS, Alpert JS, Calkins H, Cigarroa JE, Cleveland JC,
et al. American college of cardiology/american heart association task force on
practice, 2014 AHA/ACC/HRS guideline for the management of patients with
atrial fibrillation: a report of the American College of Cardiology/American Heart
Association Task Force on Practice Guidelines and the Heart Rhythm Society. ] Am
Coll Cardiol. (2014) 64:e1-76. doi: 10.1016/j.jacc.2014.03.022

30. Ogilvie IM, Newton N, Welner SA, Cowell W, Lip GY. Underuse of oral
anticoagulants in atrial fibrillation: a systematic review. Am ] Med 123 (2010)
638-645 e4. doi: 10.1016/j.amjmed.2009.11.025

31.Bai Y, Wang YL, Shantsila A, Lip GYH. The global burden of atrial fibrillation
and stroke: a systematic review of the clinical epidemiology of atrial fibrillation in
Asia. Chest. (2017) 152:810-20. doi: 10.1016/j.chest.2017.03.048

32. Ho CW, Ho MH, Chan PH, Hai JJ, Cheung E, Yeung CY, et al
Ischemic stroke and intracranial hemorrhage with aspirin, dabigatran, and
warfarin: impact of quality of anticoagulation control. Stroke. (2015) 46:23-
30. doi: 10.1161/STROKEAHA.114.006476

33. Yang X, Li Z, Zhao X, Wang C, Liu L, Wang C, et al. China National
Stroke Registry, Use of Warfarin at Discharge Among Acute Ischemic Stroke
Patients With Nonvalvular Atrial Fibrillation in China. Stroke 47 (2016) 464-
70. doi: 10.1161/STROKEAHA.115.011833

34. Son MK, Lim NK, Park HY. Trend of Prevalence of Atrial Fibrillation and
use of Oral Anticoagulation Therapy in Patients With Atrial Fibrillation in South
Korea (2002-2013). ] Epidemiol. (2018) 28:81-7. doi: 10.2188/jea.JE20160149

35. Meschia JF, Merrill P, Soliman EZ, Howard V], Barrett KM, Zakai NA, et
al. Racial disparities in awareness and treatment of atrial fibrillation: the REasons
for Geographic and Racial Differences in Stroke (REGARDS) study. Stroke. (2010)
41:581-7. doi: 10.1161/STROKEAHA.109.573907

frontiersin.org


https://doi.org/10.3389/fcvm.2022.955685
https://doi.org/10.1016/j.jacl.2015.10.009
https://doi.org/10.1038/ki.2013.327
https://doi.org/10.1016/j.hrthm.2018.05.019
https://doi.org/10.1093/europace/eus087
https://doi.org/10.1186/s12872-016-0232-4
https://doi.org/10.1016/j.ijcard.2018.05.131
https://doi.org/10.1378/chest.14-0321
https://doi.org/10.1161/CIR.0000000000000748
https://doi.org/10.1093/eurheartj/ehs253
https://doi.org/10.1016/j.jacc.2014.03.022
https://doi.org/10.1016/j.amjmed.2009.11.025
https://doi.org/10.1016/j.chest.2017.03.048
https://doi.org/10.1161/STROKEAHA.114.006476
https://doi.org/10.1161/STROKEAHA.115.011833
https://doi.org/10.2188/jea.JE20160149
https://doi.org/10.1161/STROKEAHA.109.573907
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org

	Epidemiology of atrial fibrillation and risk of CVD mortality among hypertensive population: A prospective cohort study in Northeast China
	Introduction
	Materials and methods
	Participants
	Questionnaire and measurements
	Definition
	Judgment of clinical outcomes
	Statistical analysis

	Results
	Baseline characteristics
	AF prevalence
	Awareness and oral anticoagulant (OAC) therapy of AF
	Risk factors of AF
	The relationship between AF and CVD-cause mortality

	Discussion
	AF prevalence and its risk factors
	Awareness of OAC therapy for AF
	AF and CVD-related mortality
	Limitations

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


