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Atrial fibrillation (AF) is the most common arrhythmia worldwide and a potent independent
risk factor for stroke. This study aimed to determine the prevalence of AF in a population-
based sample of adults in a rural region of Korea. Between January 2005 and December
2009, 4,067 individuals (60.2 + 11.2 yr old, M: F = 1,582:2,485) over 21 who were
residents of the county of Yangpyeong, Korea, participated in the study. AF was assessed
on a resting 12-lead electrocardiogram (ECG) in 4,053 of the participants. Blood tests and
transthoracic echocardiography (TTE) were also performed to investigate the relationship
between left ventricular mass and AF in the study group. Fifty-four cases (32 men) were
diagnosed as AF among the 4,053 subjects. The crude prevalence of AF was 1.3%. It was
highest (2.3%) among sixty- and seventy- year olds, and higher in men than women in all
age groups over 50. The prevalence in men was 2.0%, and in women 0.9%. In univariate
analysis, age, male gender, body mass index, total serum cholesterol, alanine
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transaminase, serum creatinine, adiponectin level, and ischemic heart disease were
associated with AF. Among the TTE parameters, systolic and diastolic left ventricular
systolic internal dimension (LVID), and LV ejection fraction were associated with AF. In this
relatively healthy population in a rural area of Korea, the prevalence of AFis 1.3%, and
increases with age. Of the TTE parameters, systolic and diastolic LVID and left atrial
diameter are related to prevalence of AF.

Keywords: Atrial Fibrillation; Prevalence; Electrocardiography; Echocardiography;
Community-based Cohort

INTRODUCTION

Atrial fibrillation (AF) is the most common sustained arrhyth-
mia in clinical practice. Its prevalence in the western world is
increasing (1, 2). The lifetime risk of developing AF is approxi-
mately 25%, and it mainly affects the elderly. The reason for the
increase in prevalence has not yet been fully determined. We
guess that the main reasons include the aging population and
longer survival from other cardiovascular diseases. Therefore,
the increased awareness of AF events could play an important
role in reducing cardiovascular mortality and morbidity. Epide-
miological studies in Europe and North America have shown
that the prevalence of AF increases with age, from less than 1%
in the under 60s to approximately 10% in the over 80s (3, 4).
Data from Asian countries such as Japan (5) and Singapore (6)
point to a lower frequency of AF than in Western countries.

The economic burden of AF in Korea is increasing substan-
tially and presents a problem in planning the national health
care system. In Korea AF is diagnosed by a screening program-
ming according to several criteria. In other countries including
Europe, data on AF has been obtained mainly from registries
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and hospital databases. Studies of the incidence of AF in Korea
have been limited to hospitals and national health insurance
cooperation data (7) and may underestimate the actual burden
of AE To our knowledge, no data on the prevalence of AF in non-
hospitalized participants and the associated echocardiographic
factors are available in Korea. The aim of this study was to assess
the prevalence of AF and the known risk factors for stroke in the
YangPyeong Cardiovascular Disease Cohort (YPCDC) in a heal-
thy rural population.

MATERIALS AND METHODS

Study participants

The YPCDC is a longitudinal community-based cohort estab-
lished within a multi-rural community project, which is part of
the Korean Genetic Epidemiology Study funded by the Korean
Centers for Disease Control and Prevention. It is a prospective
population-based investigation of risk factors for AF in men and
women > 21 yr old. We enrolled 4,070 adult residents in Yangpy-
eong county (Fig. 1) who participated in this cohort from 2004 to
2008. Total populations of Yangpyeong county were 75,314 in
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Fig. 1. The location of Yangpyeong-gun in northeast of Korea.

2005 and 82,802 in 2010 from Population and Housing Census
data. We included all residents who were relatively asymptom-
atic healthy participants and underwent both electrocardio-
graphic examination and serum blood test. Otherwise, we ex-
cluded 17 out of the 4,070 residents because of the absence of
electrocardiography (ECG) data. Therefore, a total of 4,053 resi-
dents (mean age: 60.2 + 11.2 yr old; 1,582 men) participated in
the present investigation. The majority of the subjects were
farmers and housewives. A questionnaire about health status
including past medical history and family history was filled out
by the participants. Information on demographics, smoking, al-
cohol intake, medical history, and medications were collected
using the questionnaire administered by well-trained interview-
ers. Among them, 943 participants answered questions about
their medical history: hypertension, diabetes mellitus, hyper-
cholesterolemia, ischemic heart disease, and stroke, as well as
smoking and drinking status. All the participants underwent
physical examinations, including blood pressure measurements,
ECG, and blood tests after fasting for at least 8 hr (total cholester-
ol, serum fasting glucose, high density lipoprotein, triglycerides,
serum uric acid, liver enzyme, blood urea nitrogen, serum creat-
inine, C-reactive protein, serum insulin, and adiponectin) which
were analyzed by an ADVIA1650 Automatic Analyzer (Siemens,
New York, NY, USA). Blood pressure was measured to the near-
est 2 mmHg with a standard mercury sphygmo-manometer
(Baumanometer) using the first and fifth Korotkoff sounds.
Standardized measurements were performed with the partici-
pants seated after a five minutes rest, and were repeated three
times at five minute intervals. For the analysis the mean of the
second and third of the three BP measurements was calculated;
however, if the difference was larger than 5 mmHg, up to five ad-
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ditional measurements were made, and the last two values were
averaged. Body mass index was calculated as weight in kilo-
grams divided by height in meters squared. Cardiovascular risk
factors were defined as (7) 1) hypertension; use of antihyperten-
sive medications, systolic blood pressure > 140 mmHg, or dia-
stolic blood pressure > 90 mmHg; 2) diabetes mellitus; use of
oral hypoglycemic agents or treatment by insulin injection at the
current examination, fasting blood glucose > 126 mg/dL; 3) hy-
percholesterolemia; use of antihyperlipidemic agents or serum
total cholesterol > 220 mg/dL. Present illnesses were identified
through medical interviews by physicians or survey interview-
ers. Clinical cardiovascular disease at baseline was defined by
any of the following: a history of myocardial infarction, angina,
stroke, and congestive heart failure.

Electrocardiographic and echocardiographic
examination

A portable ECG machine was used to make 12 lead resting sur-
face ECGs to detect AE and all ECG records were reviewed by a
physician.

AF was defined as disorganized atrial activity without dis-
crete P waves, atrial activation ranging from 350 to 600 beats
per minute, and irregularly irregular ventricular response.

The echocardiographic examination consisted of a standard
2-dimensional echocardiogram, including M-mode and Dop-
pler echocardiography Sonos 2500 (Hewlett-Packard Co) dur-
ing continuous ECG monitoring according to the American So-
ciety of Echocardiography guidelines; it was performed by a well-
trained cardiologist and all records were reviewed and mea-
sured by the same physician. The exclusion criteria for echocar-
diography were poor acoustic window, dextrocardia, history of
open heart surgery, and oblique M-mode interrogation angle
> 10° on the vertical axis of the left ventricle. Details have been
given previously (8). The investigators who performed the echo-
cardiographic measurements and the reviewer were indepen-
dent observers blinded to participants’ characteristics. This study
was approved by the research ethics committee of Hanyang Uni-
versity Hospital, and written informed consent was obtained
from each participant before the examination.

Statistical analysis

Continuous variables are presented as mean and standard de-
viation, categorical variables as observed number of partici-
pants and percentages. We used an independent #-test after
performing Levene’s test for equality of variances to compare
all continuous variables. Categorical variables were tested with
the chi-square and Fisher’s exact tests. All parameters with a P
value < 0.1 resulting from the univariate comparisons were in-
cluded in a multiple logistic regression model. Another logistic
model was used to explore the association between AF and
stroke, where the dependent variable was stroke (yes/no) and
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the independent variables based on previous studies (9) includ-
ed age, diabetes, hypertension, dyslipidemia, smoking, and
drinking. The criterion for inclusion of a variable in the regres-
sion model was P < 0.05, and that for exclusion was P > 0.10.
Statistical analysis was performed with SPSS statistical software
(SPSS Inc., release 15.0) and statistical significance was assumed
at P < 0.05. All tests were two-sided.

Ethics statement

The institutional review board of Hanyang University College of
Medicine reviewed and approved the protocol of this study (IRB
approval number; 2010-R-31). Written informed consent was
obtained from each participant before the examination.

RESULTS

Prevalence of a trial fibrillation

Among the 4,053 survey participants, the crude overall preva-
lence of AF was 1.3% (n = 54). It was higher in men (2.0%) than
in women (0.9%), and there was a nonlinear increase with age
in both men and women. The crude prevalence was highest
between ages 61 and 70 in both genders (3.6% in men, 1.4% in
women), and higher in those aged 41 to 70 than below 41 in
both genders. The crude prevalence of AF in men was higher
than that in women except for the 41-50 age group and those
over 81. The crude overall AF prevalence was 0.6% in the 51 to
60 group, 2.3% in the 61 to 70 group, 1.9% in the 71 to 80 group,
and 1.3% in those over 81 (Fig. 2). When age was adjusted on
the basis of Korean age composition data (2005 National Popu-
lation Census), the combined age-standardized prevalence of
AF in Korea (> 40 yr) was 0.36% (0.45% for men and 0.32% for
women).

Clinical demographic and echocardiographic parameters
Baseline characteristics and the results of the univariate analy-
sis are presented in Tables 1 and 2. Of the demographic and
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Fig. 2. The crude atrial fibrillation prevalence in men, women, and overall groups ac-

cording to age respectively.
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blood test factors, age, male gender, body mass index, total se-
rum cholesterol, serum uric acid, alanine transaminase, serum
creatinine, and adiponectin level were related to AF (Table 1).
Among the classical risk factors including smoking and alcohol
status, congestive heart failure and ischemic heart disease were
also related to AF (Table 2) as were the echocardiographic pa-
rameters, systolic and diastolic left ventricular internal dimen-
sions, left atrial (LA) diameter, peak early rapid filling wave ve-
locity (E), and LV ejection fraction (Table 3).

In a multivariate analysis, only ischemic heart disease (P =
0.002), LA diameter (P = 0.006), and peak E (P = 0.018) were
significant risk factors for AF (Table 4).

Interestingly, in a multivariate analysis for stroke risk factors,

Table 1. Clinical characteristics and blood tests of study participants with and with-
out atrial fibrillation

Non-AF cases AF cases

Characteristics (n = 3.999) (= 54) Pvalue
Age 60.1 £11.2 67.0 £ 7.7 < 0.001
Male (%) 1544 (38.6%) 32 (59.3%) 0.002
Body mass index (kg/m?) 245 + 32 235 £ 32 0.024
Waist circumference (cm) 86.1 + 8.8 86.8 £ 85 0.579
Systolic blood pressure (mmHg) 124.0 £ 19.6  122.9 £ 18.2 0.688
Diastolic blood pressure (mmHg)  79.4 + 14.7 79.8 £ 10.0 0.838
Heart rate (beats/min) 684 £ 9.7 68.8 £ 12.9 0.810
Total serum cholesterol (mg/dL) 195.7 £ 37.4  184.1 + 34.1 0.023
HDL (mg/dL) 456 £ 11.1 442 £11.7 0.337
Triglycerides (mg/dL) 149.0 £ 891 1371 £ 644 0.329
Blood glucose (mg/dL) 102.7 £251  108.0 £ 26.9 0.120
Serum uric acid (mg/dL) 49+ 14 55+ 1.8 0.012
Aspartate transaminase (U/L) 26.2 £ 13.0 259+ 82 0.864
Alanine transaminase (U/L) 23.8 £ 141 21.0+ 738 0.011
Blood urea nitrogen (mg/dL) 151 £ 44 16.0 + 4.6 0.139
Creatinine (mg/dL) 0.94 £ 0.21 1.02 £ 0.18 0.010
C-reactive protein (mg/dL) 1.60 £ 2.56 1.81 £ 275 0.563
Serum Insulin, fasting (uU/mL) 102+ 53 95149 0.424
Adiponectin (ug/mL) 8.09 £ 481 1013 £5.82 0.017

Data are presented as mean =+ standard deviations. AF, atrial fibrillation; HDL, high-

density lipoprotein.

Table 2. Relationship between underlying risk factors and prevalence of atrial fibrillation

No. (%) of cases

Characteristics Non-AF cases AF cases Pvalue
(n =920 (n=23)
Hypertension 519 (56) 10 (44) 0.217
LVH in ECG 69 (7.5) 6 (26.1) 0.001
Diabetes Mellitus 169 (18) 5(22) 0.596*
Dyslipidemia 30(3) 0(0) 1.000*
Stroke/TIA 45 (5) 0(0) 0.621*
CHFt 58" (2) 47 (11) 0.005*
Ischemic heart disease 59 (6) 16 (70) < 0.001
Smoking* 290% (16) 6* (18) 0.749
Alcohol drinking* 851* (47) 15" (46) 0.835

Data are presented as mean + standard deviations or number (percentage).

*Fisher's exact test; fin 3,322 of Non-AF cases and 38 of AF cases; *in 1,800 of Non-
AF cases and 33 of AF cases. No., number; LVH, left ventricular hypertrophy; TIA, tran-
sient ischemic attack.
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Table 3. Echocardiographic parameters comparison between the two groups of with
and without atrial fibrillation

Echocardiographic parameters NBTHAF e PGS Pvalue
(n=3,323) (n=39)
IVSs (cm) 1.41 £0.19 1.45 £ 0.16 0.277
IVSd (cm) 0.96 £ 0.15 0.99 £ 0.14 0.264
LVIDs (cm) 2.96 £ 0.41 3.26 £ 0.56 0.003
LVIDd (cm) 4.85 £ 0.47 5.05 £ 0.50 0.008
LVPWs (cm) 1.38 £ 0.17 140 £ 0.15 0.503
LVPWd (cm) 0.87 £ 0.12 0.90 £ 0.10 0.147
Aortic dimension (cm) 3.00 £ 0.32 3.08 £ 0.35 0.133
LA diameter (cm) 3.20 £ 0.43 3.81 £076 < 0.001
Peak E (cm/sec) 70.7 £ 16.6 859 £19.2 < 0.001
Peak A (cm/sec) 775 £ 17.0 85.9 + 241 0.086
Deceleration time (msec) 1978 £ 329 188.2 £ 34.0 0.317
IVRT (msec) 779 £12.6 752 £10.2 0.489
LV ejection fraction (%) 69.6 + 6.7 65.3 + 9.6 0.064

Data are presented as mean =+ standard deviations. AF, atrial fibrillation; IVSs, systol-
ic interventricular septum thickness; IVSd, diastolic interventricular septum thickness;
LVIDs, systolic left ventricular internal dimension; LVIDd, diastolic left ventricular inter-
nal dimension; LVPWSs, systolic left ventricular posterior wall thickness; LVPWd, dia-
stolic left ventricular posterior wall thickness; LA, left atrium; E, early rapid filling wave
velocity; A, filling wave during atrial contraction velocity; IVRT, isovolumic relaxation
time.

neither age, gender, AF, diabetes, hypertension, hyperlipidemia,
smoking, or drinking status were related to stroke events.

DISCUSSION

This present study is the first to investigate the prevalence of AF
in a relatively healthy population group in a rural area of Korea
and to include echocardiographic data in the analysis. This study
is different from previous Korean study (7) in that the partici-
pants were relatively healthy population group who lives in rural
area compared to previous study group in which all participants
were over 40 and live in cities of Gyeongsangnam-do. And pres-
ent study included echocardiographic data which was not in-
cluded in previous Korean and other country studies. This inclu-
sion criteria may have caused selection bias because all partici-
pants were asymptomatic disease-free population. This may be
obstacle to our accurate analysis. We observed an AF prevalence
of 1.3% for participants aged between 21 and 88. This figure is
higher than in a previous Korean study in which all participants
were over 40. The mean age of participants enrolled in the pres-
ent study was 60.2 + 11.2, higher than in the previous study. AF
is increasing all over the world, probably due to the aging of
populations, and possibly related to exposure to risk factors. AF
increased with age in this study, and depended on gender and
ethnicity as in nearly all previous studies (4, 10). Thus AF was
higher in men (11, 12) and increased with age in both men and
women (13, 14). The methods used to diagnose AF, such as 12-
lead resting ECGs and review of medical records may influence
the observed frequency of AE Because we used one 12-lead rest-
ing ECG examination for all participants, we might miss some

http://dx.doi.org/10.3346/jkms.2015.30.8.1078

Table 4. Risk factors for prevalence of atrial fibrillation

Variables Qdds ratio (95% Cl) Pvalue
Age (> 65) 217 (0.47,10.07) 0.320
Male gender 1.06 (0.13,9.01) 0.956
Body mass index (per kg/m?) 0.76 (0.57,1.01) 0.058
LV ejection fraction (per %) 0.92 (0.84,1.02) 0.104
Peak E (per cm/sec) 1.05 (1.01,1.09) 0.018
LA diameter (per cm) 6.59 (1.72,25.22) 0.006
Uric acid (per mg/dL) 1.37 (0.81,2.34) 0.243
Creatinine (per mg/dL) 0.03 (0.01,14.79) 0.263
Alanine transaminase (per U/L) 1.00 (0.95, 1.06) 0914
Total cholesterol (per mg/dL) 0.99 (0.98,1.01) 0.413
Adiponectin (per mg/dL) 1.00 (1.00, 1.00) 0.878
Ischemic heart disease 9.73 (2.30, 41.22) 0.002

Cl, confidence interval; LV, left ventricle; E, early rapid filling wave velocity; LA, left
atrium.

paroxysmal AF events, and this is a limitation of our study.

Interestingly, hypertension was not significantly associated
with AF in our study. Hypertension is not always found to be a
risk factor for AF in cross-sectional study despite its major con-
tribution to AF in longitudinal studies. Moreover, anti-hyperten-
sive medications such as angiotensin-receptor blockers, which
are prescribed for patients with hypertension, are a mainstay of
up-stream therapy to prevent AF nowadays, and may weaken
the relationship between hypertension and AE. We also found
no significant association between smoking and drinking and
AE unlike previous studies (15, 16). This difference may be due
to the cross-sectional design of our study and the different eth-
nicities of the participants.

The increase in the prevalence of ischemic heart disease (17-
19) may contribute to an increase in AR Ischemic heart disease
was a significant risk factor for AF in our multivariate analysis.

In our univariate analysis, serum uric acid, alanine transami-
nase, serum creatinine, and adiponectin were related to AF, as
in previous studies (20-23). Serum uric acid promotes inflam-
matory reactions by activating pro-inflammatory cytokines or
by stimulating the rennin-angiotensin system. Much epidemio-
logical evidence indicates that high levels of uric acid are asso-
ciated with cardiovascular disease. Therefore, we suggest that
uric acid promotes AF event by causing oxidative stress (20).

In previous retrospective studies of the relationship between
AF and kidney dysfunction, AF was detected in 27% of patients
with chronic kidney disease. This frequency was 3 to 15 times
higher than in the Framingham population (24, 25) and some
authors have suggested that the effect on AF is attributable to
inflammatory changes due to the reduced glomerular filtration
rate (22).

The exact mechanism connecting adiponectin and AF is un-
clear. Adiponectin has anti-inflammatory, antihypertrophic,
and atherogenic effects (26). Several clinical studies (27, 28) and
a cross-sectional study have shown that high concentrations of
adiponectin are associated with AF (29). However, adiponectin
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was not a risk factor for AF in our multivariate analysis, and nor
was the inflammatory marker, C-reactive protein. This could be
due to the difference between our relatively healthy rural cohort
and the participants in previous studies.

Our study is noteworthy in that we collected echocardiogra-
phic data on the participants to examine the relationships of this
data with AE To the best of our knowledge, no previous studies
have done this in Asian population. We found that in univariate
analysis, systolic and diastolic LVID, LA diameter, and peak E
velocity differed significantly between the participants with and
without AE However in the multiple logistic regression model,
only LA diameter and peak E velocity were risk factors for AR

Several limitations to this study should be discussed. First, we
failed to detect a significant association between AF and stoke.
This result may be due to the relatively low number of partici-
pants diagnosed with strokes. Second, we made a single ECG
recording for each participant and diagnosed AF based on this
single recording. Therefore, we may have missed paroxysmal AF
events in some participants, and this may have led us to under-
estimate the true prevalence of AE Third, we collected and ana-
lyzed more echocardiographic participants (3,362) data than
questionnaire (943) data. This may lead to missing data bias.

In conclusion, the crude prevalence of AF in a healthy popu-
lation in a rural area of Korea is 1.3% overall, and tend to in-
crease with age. Ischemic heart disease, peak E velocity, and LA
diameter are independent risk factors for AE whereas age, hy-
pertension, and stroke are not.
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17 subjects excluded No available ECG data

Included subjects (n=4,053)

691 subjects excluded No available echocardiographic data

Echocardiographic analysis (n=3,362)
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