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Ischemic stroke

Heart failure

Myocardial infarction

Dementia

Sudden cardiac death

Thromboembolism This study was aimed to investigate 

the cause of death (COD) of AF 

patients using a nationwide 

population-based cohort



National Health Insurance Service (NHIS)Database

Subjects who received nationwide health screening 

examination at 2009 

(n=10,585,843)

Subjects aged 40 years or older

(n=7,240,800)

Final study population

(n=6,877,929)

Excluding subjects who had missing 

values in health examinations 

(n=362,871)

Subjects without AF

(n=6,837,344)

Non-AF group

Subjects with AF

(n=40,585)

AF* group

* AF (Atrial fibrillation)

: I48 code with 

≥ 2 OPD or ≥ 1 hospitalization



unadjusted

adjusted for age, sex

▪ Model 3 : adjusted for age, sex, smoking status, alcohol consumption level, regular physical 

activity

adjusted for age, sex, smoking status, alcohol consumption level, regular physical 

activity, diabetes mellitus, hypertension, dyslipidemia, CKD

▪ Model 5 : adjusted for age, sex, smoking status, alcohol consumption level, regular physical 

activity, diabetes mellitus, hypertension, dyslipidemia, CKD, cancer history, depression, ischemic 

heart disease, stroke





ICD-10 codes ICD-10 codes

AB Certain infectious and parasitic diseases (A00-B99) J Diseases of the respiratory system (J00-J99)

CD Neoplasms (C00-D48) K Diseases of the digestive system (K00-K93)

D
Diseases of the blood and blood-forming organs and 

certain disorders involving the immune mechanism 

(D50-D89)
L

Diseases of the skin and subcutaneous tissue

(L00-L99)

E Endocrine, nutritional and metabolic diseases (E00-E90) M
Diseases of the musculoskeletal system and connective 

tissue (M00-M99)

F Mental and behavioral disorders (F00-F99) N Diseases of the genitourinary system (N00-N99)

G Diseases of the nervous system (G00-G99) O Pregnancy, childbirth and the puerperium (O00-O99)

H1 Diseases of the eye and adnexa (H00-H59) Q
Congenital malformations, deformations and 

chromosomal abnormalities (Q00-Q99)

H2 Diseases of the ear and mastoid process (H60-H95) R
Symptoms, signs and abnormal clinical and laboratory 

findings, not elsewhere classified (R00-R99)

I Diseases of the circulatory system (I00-I99) ST
Injury, poisoning and certain other consequences of 

external causes (S00-T98)

I20-25
Ischemic heart diseases (I20-I25) Z-U Z00-U99

I60-69
Cerebrovascular diseases (I60-69)



ICD-10 codes ICD-10 codes

AB Certain infectious and parasitic diseases (A00-B99) J Diseases of the respiratory system (J00-J99)

CD Neoplasms (C00-D48) K Diseases of the digestive system (K00-K93)

D
Diseases of the blood and blood-forming organs and 

certain disorders involving the immune mechanism 

(D50-D89)
L

Diseases of the skin and subcutaneous tissue

(L00-L99)

E Endocrine, nutritional and metabolic diseases (E00-E90) M
Diseases of the musculoskeletal system and connective 

tissue (M00-M99)

F Mental and behavioral disorders (F00-F99) N Diseases of the genitourinary system (N00-N99)

G Diseases of the nervous system (G00-G99) O Pregnancy, childbirth and the puerperium (O00-O99)

H1 Diseases of the eye and adnexa (H00-H59) Q
Congenital malformations, deformations and 

chromosomal abnormalities (Q00-Q99)

H2 Diseases of the ear and mastoid process (H60-H95) R
Symptoms, signs and abnormal clinical and laboratory 

findings, not elsewhere classified (R00-R99)

I Cardiovascular diseases (I00-I99) ST
Injury, poisoning and certain other consequences of 

external causes (S00-T98)

I20-25
Ischemic heart diseases (I20-I25) Z-U Z00-U99

I60-69 Cerebrovascular diseases (I60-69)



Subjects without AF

(n=6,837,344)

Non-AF group

Subjects with AF

(n=40,585)

AF group

Age, Sex matching

(5:1 ratio) 
Subjects without AF 

after age, sex 

matching

(n=202,925)

Non-AF group



Subjects with AF

(n=40,585)

AF group

CVS 0

(n=1,299)

CVS 1

(n=6,779)

CVS 2

(n=9,541)

CVS 3

(n=9,036)

CVS 4

(n=6,625)

CVS 5

(n=4,123)

CVS 6

(n=2,082)

CVS ≥ 7

(n=1,100)



Non-AF

(n=6,837,344)

AF

(n=40,585)
p-value

Age, years 54.4 ± 10.5 64.9 ± 10.1 <0.001

≥ 65 years 1,300,254 (19.0) 22,405 (55.2) <0.001

Sex, men 3,433,968 (50.2) 25,000 (61.6) <0.001

Comorbidity

Hypertension 2,313,442 (33.8) 29,731 (73.3) <0.001

Diabetes mellitus 806,526 (11.8) 9,429 (23.2) <0.001

Dyslipidemia 1,561,650 (22.8) 15,055 (37.1) <0.001

Ischemic heart disease 386,537 (5.7) 15,680 (38.6) <0.001

Ischemic stroke 152,462 (2.2) 5,950 (14.7) <0.001

Chronic kidney disease 562,798 (8.2) 9,033 (22.5) <0.001

Cancer 144,068 (2.1) 1,692 (4.2) <0.001

Physical examination

Body mass index (kg/m2) 24.0 ± 3.4 24.3 ± 3.2 <0.001

<18.5 157,175 (2.3) 1,176 (2.9)

18.5 to <23 2,474,524 (36.2) 12,464(30.7)

23 to 25 1,821,273(26.6) 10,558 (26.0)

25 to 30 2,158,079 (31.6) 14,628(36.0)

≥30 226,293 (3.3) 1,759 (4.3)

Waist circumference (cm) 81.2 ± 8.9 84.4 ± 8.8 <0.001

Central obesity, yes 1,544,028 (22.6) 13,706 (33.8) <0.001
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IR Adjusted HR 

(95% CI) ¶
P-value

Non-AF AF

All-cause 6.94 34.24 1.739 (1.708-1.771) <0.001

Infectious diseases 0.18 0.91 1.717 (1.537,1.920) <0.001

Neoplastic diseases 2.59 7.64 1.258 (1.211,1.307) <0.001

Hematologic diseases 0.22 1.26 1.479 (1.346,1.626) <0.001

Endocrine, nutritional, metabolic diseases 0.08 0.30 1.284 (1.058,1.558) 0.011

Neurological diseases 0.21 0.63 1.009 (0.884,1.151) 0.895

Cardiovascular diseases 1.32 13.62 2.899 (2.814,2.985) <0.001

Ischemic heart diseases 0.35 2.48 1.768 (1.652,1.893) <0.001

Cerebrovascular diseases 0.52 5.16 2.911 (2.775,3.054) <0.001

Respiratory diseases 0.65 3.43 1.560 (1.473,1.652) <0.001

Gastrointestinal diseases 0.25 1.24 2.052 (1.864,2.258) <0.001

Skin, subcutaneous tissue diseases 0.01 0.03 1.112 (0.625,1.978) 0.717

Musculoskeletal, connective tissue diseases 0.03 0.16 1.558 (1.194,2.034) 0.001

Genitourinary diseases 0.13 0.91 1.620 (1.448,1.812) <0.001

0 1 2 3 4
¶ Age, sex, level of smoking, level of alcohol consumption, 

regular physical activities, diabetes mellitus, dyslipidemia, CKD, cancer history, depression, ischemic heart disease, stroke adjusted
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IR Adjusted HR 

(95% CI) ¶
P-value

Non-AF AF

All-cause 19.05 34.24 1.778 (1.740,1.818) <0.001

Infectious diseases 0.54 0.91 1.694 (1.483,1.935) <0.001

Neoplastic diseases 6.43 7.64 1.280 (1.225,1.338) <0.001

Hematologic diseases 0.63 1.26 1.514 (1.350,1.697) <0.001

Endocrine, nutritional, metabolic diseases 0.25 0.30 1.270 (1.018,1.585) 0.034

Neurological diseases 0.65 0.63 1.016 (0.875,1.179) 0.837

Cardiovascular diseases 3.87 13.62 3.082 (2.963,3.205) <0.001

Ischemic heart diseases 0.99 2.48 1.880 (1.724,2.049) <0.001

Cerebrovascular diseases 1.52 5.16 2.981 (2.799,3.175) <0.001

Respiratory diseases 2.38 3.43 1.554 (1.453,1.662) <0.001

Gastrointestinal diseases 0.58 1.24 2.247 (1.995,2.530) <0.001

Skin, subcutaneous tissue diseases 0.03 0.03 1.198 (0.629,2.284) 0.582

Musculoskeletal, connective tissue diseases 0.09 0.16 1.716 (1.243,2.367) 0.001

Genitourinary diseases 0.40 0.91 1.714 (1.492,1.969) <0.001

¶ Age, sex, level of smoking, level of alcohol consumption, 

regular physical activities, diabetes mellitus, dyslipidemia, CKD, cancer history, depression, ischemic heart disease, stroke adjusted

0 1 2 3 4
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Percentage of All Cause Death

CHA2DS2-VASc

P
e
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(%
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Total

Male

Female

8.5 10.6

19.5

30.3

41.3

52

60.5

72

8.5

11.6

4.9

24.4

8.4

38.5

49.8

60.1

73.3
79.3

18.8

33.1

46
53.4

69.7

* CHA2DS2-VASc score : 65 and 74 years : 1 pt. / female sex : 1 pt. / hypertension : 1 pt. / diabetes mellitus : 1 pt. / heart failure :1 pt. / vascular 

disease (prior myocardial infarction or peripheral artery disease) : 1pt. / history of stroke/TIA/thromboembolism : 2 pts. / age ≥75 years : 2 pts.



Total Male Female

CVS IR
Adjusted HR ¶

(95% CI)
P-value IR

Adjusted HR ¶

(95% CI)
P-value IR

Adjusted HR ¶

(95% CI)
P-value

0 8.60 1

<0.001

8.60 1

<0.001 <0.001

1 10.75 1.060 (0.868,1.295) 11.82 1.083 (0.885,1.324) 4.84 1

2 20.63 1.346 (1.109,1.633) 26.47 1.432 (1.178,1.741) 8.34 1.157 (0.853,1.570)

3 33.60 1.643 (1.353,1.994) 45.04 1.778 (1.460,2.166) 19.34 1.463 (1.092,1.959)

4 49.10 2.017 (1.658,2.454) 63.30 2.150 (1.761,2.626) 36.93 1.867 (1.391,2.505)

5 66.87 2.462 (2.019,3.003) 84.36 2.510 (2.045,3.080) 55.89 2.379 (1.768,3.200)

6 84.93 2.927 (2.390,3.585) 118.64 3.021 (2.438,3.742) 69.69 2.781 (2.059,3.756)

≥7 117.99 3.833 (3.110,4.723) 150.17 3.538 (2.782,4.500) 109.68 3.723 (2.744,5.053)

¶ Age, sex, level of smoking, level of alcohol consumption, regular physical activities

0 5 10 0 5 10 0 5 10



Total Male Female

CVS IR
Adjusted HR ¶

(95% CI)
P-value IR

Adjusted HR ¶

(95% CI)
P-value IR

Adjusted HR ¶

(95% CI)
P-value

0 2.401 1

<0.001

2.40 1

<0.001 <0.001

1 3.090 1.107 (0.758,1.615) 3.34 1.155 (0.790,1.690) 1.74 1

2 6.816 1.675 (1.165,2.409) 8.16 1.835 (1.271,2.650) 3.98 1.589 (0.966,2.614)

3 12.74 2.352 (1.636,3.381) 15.31 2.654 (1.835,3.837) 9.53 2.167 (1.341,3.504)

4 20.52 3.137 (2.177,4.519) 23.02 3.499 (2.411,5.077) 18.38 2.880 (1.778,4.665)

5 28.63 3.894 (2.694,5.629) 31.57 4.283 (2.931,6.258) 26.78 3.575 (2.199,5.810)

6 38.76 4.901 (3.374,7.119) 46.76 5.540 (3.743,8.199) 35.14 4.416 (2.704,7.211)

≥7 58.10 6.763 (4.625,9.891) 64.57 7.206 (4.712,11.018) 56.43 6.109 (3.720,10.03)

0 5 10 15 0 5 10 15 0 5 10 15

¶ Age, sex, level of smoking, level of alcohol consumption, regular physical activities



Total Male Female

CVS IR
Adjusted HR ¶

(95% CI)
P-value IR

Adjusted HR ¶

(95% CI)
P-value IR

Adjusted HR ¶

(95% CI)
P-value

0 0.70 1

<0.001

0.70 1

<0.001 <0.001

1 0.97 1.197 (0.596,2.405) 1.01 1.174 (0.581,2.373) 0.77 1

2 2.38 2.027 (1.037,3.964) 2.99 2.198 (1.118,4.322) 1.10 1.020 (0.469,2.218)

3 4.53 2.944 (1.508,5.749) 5.24 2.948 (1.495,5.814) 3.64 2.024 (0.980,4.178)

4 7.27 3.959 (2.021,7.756) 8.40 4.144 (2.092,8.209) 6.29 2.511 (1.211,5.207)

5 11.43 5.566 (2.830,10.946) 13.52 5.925 (2.969,11.826) 10.11 3.492 (1.676,7.276)

6 16.78 7.657 (3.871,15.147) 21.22 8.202 (4.047,16.625) 14.78 4.807 (2.293,10.081)

≥7 27.41 11.512 (5.775,22.949) 26.84 9.583 (4.513,20.348) 27.56 7.852 (3.721,16.569)

¶ Age, sex, level of smoking, level of alcohol consumption, regular physical activities

0 5 10 15 20 25 0 5 10 15 20 25 0 5 10 15 20 25

Risk of each cause of death well-stratified according to CHA2DS2-VASc Score 



Lee, Euijae et al. “Mortality and causes of death in patients with atrial fibrillation: A nationwide population-based study.” PloS one vol. 13,12 e0209687. 26 Dec. 2018

1,025,340 individuals (2.2%) of Korean population in 2002 

followed up through 2002 - 2013










