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ABSTRACT

Background: The number of adults with congenital heart disease (ACHD) with atrial 
fibrillation (AF) is expected to increase. We sought to assess the impact of AF on survival in 
Korean ACHD.
Methods: Records of AF in ACHD were extracted from the records of the Korea National 
Health Insurance Service from 2006 through 2015. Multiple Cox proportional hazards 
analyses were carried out after adjustment for age, sex, income level, AF, and comorbidities. 
Survival rates (SRs) with and without AF were compared. The death records from 2006 
through 2016 were included.
Results: A total of 3,999 ACHD had AF (51.4% were male) and 62,691 ACHD did not have AF 
(43.5% were male); the proportion of ACHD who were 60 years and older was 53.0% and 27.0% 
in those with and without AF, respectively (P < 0.001). The age-standardized incidence rate 
for AF was 1,842.0 persons per 100,000 people in the Korean general population from 2006 
through 2015. For AF in ACHD, it was 5,996.4 persons per 100,000 ACHD during the same 
period, which was higher than that in the general population (P < 0.001). Significantly higher 
proportion of death (20.9%) occurred in ACHD with AF than without AF (8.3%) (P < 0.001). 
The adjusted hazard ratio for AF of death in ACHD was 1.39 (95% confidence interval, 1.29–
1.50). The ten-year SR of ACHD with AF was 69.7% whereas it was 87.5% in non-AF (P < 0.001).
Conclusion: In ACHD, AF occurs more frequently and has a worse prognosis than seen in the 
non-valvular general population in Korea. AF is associated with increased death in ACHD, 
especially with aging.
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INTRODUCTION

The survival of adults with congenital heart disease (ACHD) is increasing by virtue of 
improvement in medical and surgical treatment.1,2 Health conditions related to congenital 
heart disease (CHD), such as congenital heart anomalies, past surgeries and procedures, 
residual cardiovascular abnormalities, and acquired hypertension or coronary artery disease 

J Korean Med Sci. 2021 Feb 1;36(5):e43
https://doi.org/10.3346/jkms.2021.36.e43
eISSN 1598-6357·pISSN 1011-8934

Original Article

Received: Aug 14, 2020
Accepted: Dec 2, 2020

Address for Correspondence:
Seung Woo Park, MD, PhD
Division of Cardiology, Department of 
Medicine, Heart Vascular Stroke Institute, 
Samsung Medical Center, Sungkyunkwan 
University School of Medicine, 81 Irwon-ro, 
Gangnam-gu, Seoul 06351, Korea.
E-mail: s.woo.park@samsung.com
 
June Huh, MD, PhD
Department of Pediatrics, Adult Congenital 
Heart Clinic, Heart Vascular Stroke Institute, 
Samsung Medical Center, Sungkyunkwan 
University School of Medicine, 81 Irwon-ro, 
Gangnam-gu, Seoul 06351, Korea.
E-mail: herz.huh@samsung.com

© 2021 The Korean Academy of Medical 
Sciences.
This is an Open Access article distributed 
under the terms of the Creative Commons 
Attribution Non-Commercial License (https://
creativecommons.org/licenses/by-nc/4.0/) 
which permits unrestricted non-commercial 
use, distribution, and reproduction in any 
medium, provided the original work is properly 
cited.

ORCID iDs
Shin Yi Jang 
https://orcid.org/0000-0001-4319-7029
June Huh 
https://orcid.org/0000-0003-4523-96321
Eun Kyoung Kim 
https://orcid.org/0000-0002-7653-3503
Sung-A Chang 
https://orcid.org/0000-0001-5124-605X

Shin Yi Jang ,1 June Huh ,2 Eun Kyoung Kim ,1 Sung-A Chang ,1  
Jinyoung Song ,2 I-Seok Kang ,2 and Seung Woo Park  1

1 Division of Cardiology, Department of Medicine, Heart Vascular Stroke Institute, Samsung Medical Center, 
Sungkyunkwan University School of Medicine, Seoul, Korea

2 Department of Pediatrics, Adult Congenital Heart Clinic, Heart Vascular Stroke Institute, Samsung Medical 
Center, Sungkyunkwan University School of Medicine, Seoul, Korea

Impact of Atrial Fibrillation on 
Survival in Adults with Congenital 
Heart Disease: a Retrospective 
Population-based Study

Cardiovascular Disorders

https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0001-4319-7029
https://orcid.org/0000-0001-4319-7029
https://orcid.org/0000-0003-4523-96321
https://orcid.org/0000-0003-4523-96321
https://orcid.org/0000-0002-7653-3503
https://orcid.org/0000-0002-7653-3503
https://orcid.org/0000-0001-5124-605X
https://orcid.org/0000-0001-5124-605X
https://orcid.org/0000-0001-4319-7029
https://orcid.org/0000-0003-4523-96321
https://orcid.org/0000-0002-7653-3503
https://orcid.org/0000-0001-5124-605X
https://orcid.org/0000-0002-9660-5949
https://orcid.org/0000-0003-4264-0826
https://orcid.org/0000-0002-2941-515X
http://crossmark.crossref.org/dialog/?doi=10.3346/jkms.2021.36.e43&domain=pdf&date_stamp=2021-01-21


Jinyoung Song 
https://orcid.org/0000-0002-9660-5949
I-Seok Kang 
https://orcid.org/0000-0003-4264-0826
Seung Woo Park 
https://orcid.org/0000-0002-2941-515X

Disclosure
The authors have no potential conflicts of 
interest to disclose.

Author Contributions
Conceptualization: Jang SY, Park SW. 
Data curation: Jang SY, Kim EK. Formal 
analysis: Jang SY. Investigation: Huh J, Kim 
EK, Chang SA, Song JY, Kang IS, Park SW. 
Methodology: Jang SY, Huh J, Kim EK, Park 
SW. Validation: Huh J, Kim EK, Chang SA, Park 
SW. Visualization: Jang SY. Writing - original 
draft: Jang SY, Huh J, Kim EK, Park SW. Writing 
- review & editing: Jang SY, Huh J, Kim EK, 
Chang SA, Song JY, Kang IS, Park SW.

make for a complex and continuous impact on the cardiovascular system in ACHD. For these 
reasons, long-term and systematic treatment management is required for ACHD.

A variety of issues require additional monitoring in ACHD compared to the general 
population, including ventricular function problems, arrhythmia, cyanosis, quality of life and 
psychological issues, infection, surgery, and pregnancy. Among these, arrhythmia, especially 
atrial fibrillation (AF), has become a serious public health concern and economic burden3,4 
with the emergence of an aging society.5 The association between atrial septal defect (ASD), 
one form of CHD, and AF is well established. The main cause of morbidity in adults with 
ASDs is atrial arrhythmias. Approximately 10% of untreated patients with ASDs develop atrial 
arrhythmias, predominantly AF, by 40 years of age.6,7 The incidence continues to rise with 
age and AF is reported in more than 50% of patients after the age of 60.7,8 Therefore, the 
number of ACHD with AF is expected to increase.7,9 However, there are few studies regarding 
the incidence of AF in ACHD patients and its impact on survival. Therefore, our aim in this 
study was to assess the impact of AF on the survival of ACHD patients using Korean National 
Health Insurance Service (KNHIS) data.

METHODS

Study population
We collected the data from the KNHIS records from 2006 through 2015.10 The ACHD data 
in the National Health Insurance benefit records represent newly diagnosed patients in the 
corresponding year. AF patients in ACHD were identified, and the death data for Koreans 
from 2006 through 2016 were used for survival analysis.

KNHIS database
The universal coverage health insurance system in Korea for all citizens was initiated in 1963, 
based on the National Medical Insurance Act. And universal healthcare coverage was achieved 
in 1989.11,12 The KNHIS database for Health insurance subscribers and Medicare recipients 
excluding foreigners consists of the following four databases: 1) qualification database 
including age, sex, type of subscription (e.g., insured employees, insured self-employed 
individuals or medical aid beneficiaries), income rank, and death; 2) medical check-up 
database includes the general health examination data for the insured employees by every year 
or every two years. In addition, it contains the data for the insured self-employed and insured 
employees who get their lifetime transition period medical check-ups at 40 years old and 66 
years old; 3) medical institution database including clinic type, number of beds, number of 
medical doctors, and location of medical care institution; 4) treatment database including 
the type of disease, disease code using the 10th revision of the International Statistical 
Classification of Diseases and Related Health Problems (ICD-10), and prescription. Treatment 
database has four categories of medicine, dentist, oriental medicine, and pharmacy. Among 
those four categories of treatment database, we only used the medicine. And we used variables 
from the qualifications database in conjunction with the treatment database.13,14

Definition of variables
Age was categorized as 20–29 years, 30–39 years, 40–49 years, 50–59 years, 60–69 years, 
70–79 years, and 80 years or older. A socioeconomic factor included the percentile group of 
income level using the national health insurance premium divided into 20 quartiles. Income 
level was categorized as below 25%, 25%–49%, 50%–74%, and 75% or over.
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Diagnosis
The data consisted of the diagnoses of CHD according to the ICD-10.15 The diagnoses used 
were Q20, congenital malformations of cardiac chambers and connections; Q21, congenital 
malformations of cardiac septa; Q22, congenital malformations of pulmonary and tricuspid 
valves; Q23, congenital malformations of aortic and mitral valves; Q24, other congenital 
malformations of heart; Q25, congenital malformations of great arteries; and Q26, 
congenital malformations of great veins; and I27.8, Eisenmenger syndrome. The followings 
are the specific diagnoses of ACHD. 1) Congenital ventricular and/or ASDs, including 
atrioventricular septal defects (Q21.2), ventricular septal defects (VSD; Q21.0, Q21.00, 
Q21.01, Q21.08, Q21.09), ASDs (Q21.1, Q21.10, Q21.11, 21.18, Q21.19), and congenital 
malformation of the cardiac septum, unspecified (Q21.9); 2) patent ductus arteriosus 
(Q25.0); 3) pulmonary artery stenosis (Q22.1, Q25.6); 4) coarctation of aorta (Q25.1); 5) 
pulmonary venous connection (Q26.2, Q26.3, Q26.4); 6) congenital tricuspid valve disease 
(Q22.4, Q22.8, Q22.9); 7) congenital aortic valve disease (Q23.0, Q23.1); 8) congenital mitral 
valve disease (Q23.2, Q23.3); 9) malformation of coronary vessels (Q24.5, Q24.8, Q24.9); 10) 
stenosis or malformation of aorta (Q24.4, Q25.2, Q25.3, Q25.4, Q25.8, Q25.9); 11) Tetralogy 
of Fallot (Q21.3); 12) Ebstein anomaly (Q22.5); 13) transposition of great arteries (Q20.3); 14) 
corrected transposition of great arteries (Q20.5) 15) Eisenmenger syndrome (Q21.81, I21.81); 
16) double outlet right ventricle (Q20.1); and 17) single ventricle (Q20.4). AF was diagnosed 
with ICD-10 code I48.

Because ICD-10 code Q21.0 (VSD or ASD) was subdivided in 2011, we ran additional analyses 
for the difference by AF, survival curve, and death risk of VSD (Q21.00, Q21.01, Q21.08, 
Q21.09) and ASD (Q21.11, Q21.10, Q21.18, Q21.19, Q21.2) from 2011 through 2015.

Comorbidities
We collected comorbidities from primary and secondary diagnoses; hypertension (I10, I11, 
I12, I13, I15); diabetes mellitus (DM; E10, E11 E12, E13, E14); myocardial infarction (I21, I22, 
I25.2); heart failure (I11.1, I50, I97.1); ischemic stroke (I63); hemorrhagic stroke (I60, I61, 
I62); and malignant neoplasm (C00–C97).

Statistical methods
The differences in characteristics were analyzed using the Student's t-test for the continuous 
variables and the χ2 test for the categorical variables. The χ2 test was used to compare the 
distribution between AF in ACHD and AF in the Korean general population (n = 679,416).10 
The Cochran-Mantel-Haenszel test was used to compare the distribution among ACHD, AF in 
ACHD, and/or AF in the Korean general population. KNHIS records in 2015 included 41,701,269 
individuals.10 We calculated the age-standardized incidence rates (incidence rate) of ACHD, 
AF in ACHD, and AF in the Korean general population with the direct method16 using the 
beneficiaries of health insurance from the Korean National Health Insurance Statistical Yearbook 
from 2006 through 2015 and the estimated Korean population in 2015 as the reference.17 In 
addition, the incidence rate of AF in ACHD with the direct method was calculated using age 
groups according to the direct method using a decade of ACHD data as a reference. The Kaplan-
Meier method was used to compare survival among patients with ACHD according to AF, AF 
by age group, and AF by sex using the log-rank or Wilcoxon tests. Simple and multiple Cox 
proportional hazards analyses were carried out using the variables of age, sex, income level, AF, 
and comorbidities such as hypertension, DM, myocardial infarction, heart failure, ischemic 
stroke, hemorrhagic stroke, and malignant neoplasms. If not specified, the hazard ratio (HR) of 
death from AF in ACHD patients will be referred to as ‘HR for AF in ACHD.’
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Ethics statement
This study protocol was reviewed and approved by the Institutional Review Board of Samsung 
Medical Center (IRB File No. 2017-02-032). Because we used secondary processed National 
big data, informed consent could not be obtained from all participants in this study.

RESULTS

The distribution of the patients with diagnosed ACHD (n = 66,690) by AF in ACHD (n = 
3,999) in Korea from 2006 through 2015 are presented in Table 1. The clinical characteristics 
of AF patients included older age, a higher proportion of male sex, and more comorbidities, 
e.g., hypertension, DM, heart failure, and ischemic stroke, compared to non-AF patients 
(P < 0.01). In AF patients, there was a higher proportion of ASD, congenital tricuspid valve 
disease, congenital aortic valve disease, congenital mitral valve disease, Ebstein anomaly, 
and corrected transposition of great arteries than in non-AF patients (P < 0.05). We showed 
the distribution of general characteristics with ACHD and AF in ACHD between 2006 and 
2015 by year in Supplementary Table 1. The mean age of the ACHD patients increased from 
45.1 (± 17.1) years in 2006 to 52.3 (± 16.1) years in 2015 (P < 0.001). The proportion of ACHD 
patients at age ≥ 70 years increased from 9.7% in 2006 to 15.9% in 2015 (P < 0.001). The 
male proportion increased from 40.0% in 2006 to 47.1% in 2015 (P < 0.001). The mean age 
of ACHD patients with AF increased from 54.0 (± 15.8) years in 2006 to 63.1 (± 13.3) years in 
2015 (P < 0.001). The proportion of ACHD patients with AF at the age of ≥ 70 years increased 
from 18.2% in 2006 to 36.0% in 2015 (P < 0.001). The proportion of age groups with AF 
in between ACHD patients (n = 3,999) and the general population with non-valvular heart 
disease (n = 679,476) in Korea10 was different (P < 0.001) (Fig. 1). We showed the distribution 
of characteristic by AF in specific ACHD in Supplementary Table 2 and the distribution of AF 
and comorbidities by sex in ACHD in Supplementary Table 3. And the crude HR of death for 
AF in ACHD subjects was 2.61 (95% confidence interval [CI], 2.43–2.81). After adjustments 
for age, sex, comorbidities, and income level, adjusted HR for AF in ACHD was 1.39 (95% CI, 
1.29–1.50). The HR for age, sex, and specific CHD are described in Supplementary Table 4.

As shown in Table 2, the incidence rate of AF in the Korean general population from 2006 
through 2015 was 1,842.0 persons per 100,000. The incidence rate of AF in ACHD was 
5,996.4 persons per 100,000 ACHD. It was higher than that in the Korean general population 
(P < 0.001). The incidence rate of ACHD, AF in ACHD, and AF in the Korean general 
population increased with aging (P < 0.001). We showed the incidence rate of AF with ACHD 
from 2006 through 2015 by sex and by year in Supplementary Table 5. And we also showed 
the incidence rate of ACHD and specific ACHD from 2007 through 2015 by year to assess 
newly diagnosed ACHD and specific ACHD in Supplementary Table 6.

The overall 10-year survival rate (SR) for ACHD was 86.0% (Supplementary Fig. 1).15 The 
overall 10-year SR for ACHD was higher in non-AF patients (87.5%) than in AF patients 
(69.7%) (P < 0.001) (Fig. 2A). The 10-year SR for AF in ACHD decreased with aging (P < 
0.001) (Fig. 2B). In terms of sex difference, the overall 10-year SR for ACHD was higher in 
females (86.9%) than in males (85.0%) (P < 0.001) (Supplementary Fig. 1). The 10-year 
SR for non-AF in ACHD was 88.2% in females and 86.4% in males and the 10-year SR for 
AF in ACHD was 68.1% in females and 71.2% in males (P < 0.001) (Fig. 2C). The 10-year 
SR for ACHD is shown in Supplementary Fig. 1 and the 10-year SR for all the specific CHD 
depending on the presence of AF is shown in Supplementary Fig. 2.
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Table 1. Distribution and death risk of characteristics by AF in ACHD from 2006 through 2015 (n = 66,690)
Variables All Non-AF AF P valuea Crude HR (95% CI) Adjusted HR (95% CI)b

ACHD, number 66,690 62,691 3,999 -
Age, yr 48.9 ± 16.9 48.2 ± 16.9 59.4 ± 14.7 < 0.001 - -
Age group, yr < 0.001

20–29 10,713 (16.1) 10,560 (16.8) 153 (3.80) 1.0 1.0
30–39 10,966 (16.4) 10,696 (17.1) 270 (6.70) 1.37 (1.15–1.63)d 1.38 (1.16–1.64)d

40–49 12,618 (18.9) 12,076 (19.2) 542 (13.5) 2.21 (1.89–2.58)d 2.14 (1.83–2.50)d

50–59 13,418 (20.1) 12,499 (19.9) 919 (23.0) 3.20 (2.76–3.71)d 2.95 (2.54–3.42)d

60–69 10,073 (15.1) 9,091 (14.5) 982 (24.6) 7.72 (6.71–8.88)d 6.90 (5.99–7.96)d

70–79 6,662 (10.0) 5,796 (9.30) 866 (21.7) 20.0 (17.4–22.9)d 17.4 (15.1–20.0)d

≥ 80 2,240 (3.40) 1,973 (3.20) 267 (6.70) 48.3 (41.9–55.6)d 41.0 (35.4–47.4)d

Sex, male 29,296 (43.9) 27,240 (43.5) 2,056 (51.4) < 0.001 1.19 (1.13–1.25)d 1.37 (1.30–1.44)d

Death 6,043 (9.06) 5,208 (8.31) 835 (20.8) < 0.001 - -
Atrial fibrillation 3,999 (6.00) 0 (0.00) 3,999 (100) - 2.61 (2.43–2.81)d 1.39 (1.29–1.50)d

Comorbidities
Hypertension 15,929 (23.8) 14,407 (22.9) 1,522 (38.0) < 0.001 1.78 (1.69–1.88)d 0.96 (0.91–1.01)
Diabetes mellitus 4,490 (6.73) 4,163 (6.64) 327 (8.18) < 0.001 2.08 (1.93–2.25)d 1.30 (1.20–1.41)d

Myocardial infarction 713 (1.07) 667 (1.06) 46 (1.15) 0.606 3.24 (2.80–3.75)d 1.66 (1.43–1.92)d

Heart failure 3,626 (5.44) 2,864 (4.57) 762 (19.0) < 0.001 3.90 (3.64–4.18)d 2.14 (1.99–2.29)d

Ischemic stroke 3,809 (5.71) 3,509 (5.60) 300 (7.50) < 0.001 1.46 (1.32–1.61)d 1.02 (0.92–1.13)
Hemorrhagic stroke 148 (0.22) 140 (0.22) 8 (0.20) 0.761 2.86 (2.02–4.05)d 2.39 (1.69–3.38)d

Malignant neoplasm 845 (1.27) 800 (1.28) 45 (1.13) 0.408 6.03 (5.39–6.75)d 4.16 (3.71–4.66)d

Income level, % 0.009
≥ 75 22,472 (33.7) 21,090 (33.7) 1,382 (34.6) 1.0 1.0
50–74.9 15,144 (22.7) 14,314 (22.8) 830 (20.8) 0.86 (0.80–9.28)d 1.10 (1.02–1.18)e

25–49.9 13,221 (19.8) 12,439 (19.8) 782 (19.5) 0.85 (0.79–0.92)d 1.25 (1.16–1.35)d

< 25 15,853 (23.8) 14,848 (23.7) 1,005 (25.1) 1.32 (1.24–1.41)d 1.41 (1.32–1.50)d

AF group in ACHD
Sex, male vs. female - - - - 0.85 (0.75–0.98)e 1.14 (0.99–1.31)

Non-AF group in ACHD
Sex, male vs. female - - - - 1.21 (1.14, 1.28)d 1.40 (1.33, 1.48)d

Specific ACHD
Congenital ventricular and/or atrial septal defect 35,776 33,190 (52.9) 2,586 (64.6) < 0.001 3.37 (3.06–3.71)c,d 1.48 (1.34–1.63)c,d

Atrioventricular septal defect 867 805 (1.28) 62 (1.55) 0.149 3.01 (1.69–5.35)c,d 1.77 (0.96–3.28)c

Ventricular septal defect (2011–2015 only) 3,642 3,524 (5.62) 118 (2.95) < 0.001 2.70 (1.53–4.76)c,d 0.96 (0.53–1.72)c

Atrial septal defect (2011–2015 only) 13,333 12,248 (19.5) 1,085 (27.1) < 0.001 3.15 (2.62–3.78)c,d 1.30 (1.07–1.57)c,e

Patent ductus arteriosus 3,052 2,894 (4.62) 158 (3.95) 0.050 3.02 (1.96–4.65)c,d 1.54 (0.96–2.46)c

Pulmonary artery stenosis 831 798 (1.27) 33 (0.83) 0.013 1.54 (0.67–3.52)c 1.34 (0.56–3.19)c

Coarctation of aorta 454 441 (0.70) 13 (0.33) 0.004 1.63 (0.51–5.24)c 1.49 (0.42–5.24)c

Pulmonary venous connection 72 69 (0.11) 3 (0.08) 0.512 - -
Congenital tricuspid valve disease 180 148 (0.24) 32 (0.80) < 0.001 4.35 (2.05–9.23)c,d 1.65 (0.62–4.38)c

Congenital aortic valve disease 4,641 4,372 (6.97) 469 (11.7) < 0.001 2.24 (1.63–3.06)c,d 1.71 (1.24–2.37)c,e

Congenital mitral valve disease 553 481 (0.77) 72 (1.80) < 0.001 1.81 (1.09–3.00)c,e 0.93 (0.54–1.61)c

Malformation of coronary vessels 10,588 10,217 (16.3) 371 (9.28) < 0.001 3.43 (2.65–4.44)c,d 1.64 (1.25–2.15)c,d

Stenosis or malformation of aorta 3,073 2,956 (4.72) 117 (2.93) < 0.001 1.99 (1.46–2.73)c,d 1.35 (0.98–1.85)c

Tetralogy of Fallot 1,627 1,563 (2.49) 64 (1.60) < 0.001 2.64 (1.27–5.49)c,e 1.37 (0.64–2.95)c

Ebstein anomaly 719 634 (1.01) 85 (2.13) < 0.001 2.08 (1.21–3.59)c,e 1.44 (0.79–2.63)c

Transposition of great arteries 285 264 (0.42) 21 (0.53) 0.328 2.28 (0.95–5.46)c 1.63 (0.54–4.88)c

Corrected transposition of great arteries 120 107 (0.17) 13 (0.33) 0.025 3.40 (1.23–9.41)c,e 5.00 (1.30–19.2)c,e

Eisenmenger syndrome 2,029 1,924 (3.07) 105 (2.63) 0.113 1.34 (1.01–1.80)c,e 1.05 (0.78–1.42)c

Double outlet right ventricle 152 141 (0.22) 11 (0.28) 0.519 1.12 (0.26–4.85)c 1.62 (0.33–7.84)c

Single ventricle 91 84 (0.13) 7 (0.18) 0.495 1.13 (0.14–8.77)c 1.05 (0.10–10.2)c

Values are presented as mean ± standard deviation or number (%).
AF = atrial fibrillation, ACHD = adults with congenital heart disease, HR = hazard ratio, CI = confidence interval.
aStudent's t-test or χ2 test; bHR after adjustment for age, sex, atrial fibrillation, comorbidities, and income levels; cHR for AF vs. non-AF in each specific ACHD;  
dP < 0.001; eP < 0.05.



DISCUSSION

Although myocardial infarction, heart failure, hemorrhagic stroke, and malignant neoplasm 
have high HR in ACHD, AF also has high HR in ACHD. Therefore, we discuss HR for 
AF in ACHD. The HR for AF in ACHD after adjustment for age, sex, income level, and 
comorbidities was 1.39 in this study. Similarly, high HR for atrial arrhythmia in CHD death 
occurred in a population-based analysis from Quebec, Canada (HR, 1.47)18 and in the 
CONCOR study in the Netherlands (HR, 2.11 after adjusting for age, sex, repair status, and 
defect severity).19 On the other hand, the adjusted HR for AF was from 0.70 to 0.98 in the 
Korean non-valvular general population.10 The proportion of death in the AF group with 
ACHD was 2.5 folds higher than that in the non-AF group with ACHD, and the incidence rate 
of AF in ACHD (5,996.4 persons per 100,000) was higher than that in the general Korean 
population (1,842.0 persons per 100,000) over a decade. Therefore, AF may occur more 

6/12https://jkms.org https://doi.org/10.3346/jkms.2021.36.e43

AF in Adults with Congenital Heart Disease

30

20

10

0

Pe
rc

en
ta

ge

Age group
20–29 30–39 40–49 50–59 60–69 70–79 ≥ 80

No. of AF
in ACHD
in Korean 

153 270 542 919 982 866 267
14,187 28,575 61,795 112,274 159,672 190,775 112,138

P < 0.001

AF in ACHD (n = 3,999)
AF in Korean (n = 679,476)

Fig. 1. Distribution between newly diagnosed AF patients in ACHD (n = 3,999) and non-valvular AF in the Korean 
general population10 (n = 679,476). 
AF = atrial fibrillation, ACHD = adults with congenital heart disease.

Table 2. Age-standardized incidencea,b and 95% CI of AF in ACHD, ACHD, and AF in the Korean general population10 over a decade (from 2006 through 2015) 
(unit: per 100,000)
Variables AF in ACHD ACHD AF in general population P value

No. Incidencea (95% CI) No. Incidenceb (95% CI) No. Incidenceb (95% CI)
All adults, yr 3,999 5,996.4 (5,810.5–6,182.2) 66,690 164.6 (163.3–165.8) 679,416 1,842.0 (1,837.6–1,846.5) < 0.001c

20–29 153 1,428.1 (1,201.8–1,654.4) 10,713 157.9 (154.9–160.9) 14,187 209.1 (205.7–212.6) < 0.001d

30–39 270 2,462.1 (2,168.4–2,755.8) 10,966 140.8 (138.2–143.4) 28,575 367.0 (362.7–371.2) -
40–49 542 4,295.4 (3,933.8–4,657.0) 12,618 144.4 (141.9–147.0) 61,795 707.6 (702.0–713.1) -
50–59 919 6,849.0 (6,406.1–7,291.8) 13,418 164.9 (162.1–167.7) 112,274 1,380.2 (1,372.1–1,388.3) -
60–69 982 9,748.8 (9,149.0–10,358.5) 10,073 206.4 (202.3–210.4) 159,672 3,272.0 (3,256.0–3,288.1) -
70–79 866 12,999.1 (12,133.3–13,864.8) 6,662 227.5 (222.1–233.0) 190,775 6,517.9 (6,488.6–6,547.1) -
≥ 80 267 11,919.6 (10,489.8–13,349.4) 2,240 184.2 (176.6–191.8) 112,138 9,224.7 (9,170.7–9,278.7) -

CI = confidence interval, AF = atrial fibrillation, ACHD = adults with congenital heart disease, ICD-10 = the 10th revision of the International Statistical Classification 
of Diseases and Related Health Problems.
aAge-standardized incidence rates of AF (ICD-10 codes: I48) with ACHD (ICD-10 codes: Q20.x, Q21.x, Q22.x, Q23.x, Q24.x, Q25.x, Q26.x, and I27.8) were calculated 
using age groups according to the direct method using a decade of ACHD data as a reference; bAge-standardized incidence rates of AF (ICD-10 codes:I48) with 
ACHD (ICD-10 codes: Q20.x, Q21.x, Q22.x, Q23.x, Q24.x, Q25.x, Q26.x, and I27.8), ACHD, and AF in the Korean general population were calculated using age 
groups according to the direct method using the estimated Korean population in 2015 as a reference; cComparing between AF in ACHD and AF in the Korean 
general population using the Cochran-Mantel-Haenszel test; dComparing among AF in ACHD, ACHD, and AF in the Korean general population using the Cochran-
Mantel-Haenszel test.



frequently in ACHD and have a worse prognostic effect than in the general population with 
non-valvular AF.

The prevalence and mortality were increased with aging in a Korean CHD study.15 AF was 
more common in aging patients with CHD20,21 and the incidence rate of AF in ACHD was 
higher for older age groups in Taiwan.22 In our study, the mean age of the AF group was 
higher than that of the non-AF, and the proportion of AF became greater with aging in 
ACHD (Table 2). The common age group of AF with ACHD was 50's to 70's (Supplementary 
Fig. 3). The overall 10-year SR for ACHD was 86.0% (Supplementary Fig. 1).15 The SR for 
AF was lower than that for non-AF subjects in the older age group with ACHD (Fig. 2B). 
The duration of atrial volume overload has been identified as a key factor promoting atrial 
fibrosis linked to atrial arrhythmias in patients with CHD.23 Atrial fibrosis increases with 
age and contributes to the structural remodeling that plays a key role in promoting and 
maintaining AF. In addition, as patients with CHD age, they risk acquiring comorbidities 
such as hypertension, diabetes, and obesity that further contribute to atrial dilation, fibrosis, 
and electrical remodeling, increasing vulnerability to AF.7,24 Consequently, the SR for AF with 
ACHD decreased due to incremental factors related to aging. In addition, research on other 
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Fig. 2. Survival curve of ACHD in Korea by AF. (A) ACHD survival rates by AF (P < 0.001), (B) by AF and age group (P < 0.001), (C) by AF and sex (P < 0.001). 
AF = atrial fibrillation, ACHD = adults with congenital heart disease.



diseases based on KNHIS data, such as Takayasu's arteritis14 or thromboangiitis obliterans,25 
showed a lower SR or higher HR with age, in agreement with ACHD showing a lower SR or 
higher HR with age in the present study. For these reasons, we could not exclude the natural 
history of aging in ACHD. Therefore, AF in ACHD could have important clinical and public 
health implications with aging. Furthermore, Korea is a country that is aging at the greatest 
rate in the world. The proportion of the population over the age of 65 years increased from 
approximately 7% in 2001 to greater than 14% in 2017, indicating that Korea is an aged society.

For males, the HR for ACHD was significantly higher than that for females. Interestingly, 
the 10-year SR was lower in females than in males in AF with ACHD. Because Korean males 
had a higher mortality rate and lower life expectancy than in Korean females,26,27 we could 
not explain precisely the reason why 10-year SR in females with AF in ACHD was lower than 
that in males. However, we could speculate that male patients might be more likely to die 
before AF develops because overall survival in ACHD was lower and the prevalence of serious 
comorbidities was higher in male patients (Supplementary Table 3). The adjusted HR for 
males in ACHD with AF did not increase significantly (HR, 1.14; 95% CI, 0.99–1.31 in Table 1).

Malignant neoplasm showed the highest HR for ACHD among comorbidities, which was 
consistent with the report that the first cause of death in Korea is malignant neoplasm.26 
Heart failure also had a higher HR in ACHD. One of the common causes of heart failure is 
CHD, and various congenital heart malformations cause heart failure due to pressure and/or 
volume overload. In Swedish Cause of Death register data from 1970 to 1993, CHD patients 
with AF developed heart failure.28 Myocardial infarction, hemorrhagic stroke, and DM had 
higher HRs for ACHD. The odds ratio for coronary artery disease in ACHD was associated 
with atherosclerotic risk factors in Canada,29,30 and the relative risk for hemorrhagic stroke 
with CHD was 8 folds higher than that of matched controls from the general population in 
Sweden.31 There was a significantly higher death risk for ACHD depending on a relatively 
lower income level. Income inequality can actually affect cardiovascular disease.32

The overall proportion of AF with ACHD was 6.0% over a decade. This result is similar to 
a study that found 8.3% AF among 21,982 Swedish patients with CHD from 1970 to 1993.28 
For specific CHD, the proportion of congenital ventricular and/or atrial septal defect, 
ASD, congenital aortic valve disease, malformation of coronary vessels, and Eisenmenger 
syndrome was 53.6%, 20.0%, 7.3%, 15.9%, and 3.0%, respectively (Supplementary Fig. 4).  
The proportion of AF in ASD was 27.1%, which is the highest value among specific ACHDs 
in this study. This finding is consistent with a previous study by Moe et al.21 who found 
23% AF or atrial flutter in ASD patients. We also found higher HRs of AF for ASD, patent 
ductus arteriosus, congenital aortic valve disease, malformation of coronary vessels, and 
Eisenmenger syndrome. This result was similar to a previous study. ASD can develop 
dilatation of right atrium which may become substrates for AF development. Interestingly, 
HRs for AF in congenital tricuspid valve disease, congenital mitral valve disease, stenosis 
or malformation of aorta, Tetralogy of Fallot, Ebstein anomaly, and corrected transposition 
of great arteries in simple Cox proportional hazards analysis were significant. Meanwhile, 
adjusted HRs for AF did not show any significance in our study. Because CHD shows various 
types of cardiac structural abnormality, it has very different hemodynamic changes for each 
patient and cardiac anomaly type arrhythmias.33-35

Our study has several limitations.15 First, the national health insurance benefit records 
might have missed ACHD of patients who did not use medical services or who paid for their 
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own medical expenses.36 The section is relatively low in Korea because the national health 
insurance system covers almost all the Korean population. Second, we could not evaluate 
clinical data such as the size of atrial shunt (or defect), timing of the ASD repair, or the 
type of ASD, medication data such as anticoagulant drugs, the occurrence of AF related to 
cardiac surgery, or procedures because of data limitations. Third, we could not determine 
the cause of death because the Korean National Health Insurance benefit data do not include 
this information. Therefore, a long-term hospital-based AF and ACHD registry including 
echocardiography data in Korean patients would be useful for identifying anatomical 
and hemodynamic correlations from echocardiography data. Such long-term, large-scale 
analysis would contribute to preventive measures to reduce the incidence of AF in ACHD and 
associated mortality.

In conclusion, AF may occur earlier in ACHD patients and have a worse effect on ACHD than 
in the general population with non-valvular AF in Korea. AF may portend a worse prognosis 
in ACHD patients with a 10-year SR of about 70% across a decade. Specifically, the older 
age group and female group had lower SRs than their counterparts. Therefore, AF should 
be considered in future research designs and cardiovascular healthcare services policies for 
ACHD, with particular attention given to sex and age.
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