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Abstract

Infection is associated with the occurrence, recurrence, and progression of
atrial fibrillation (AF), and is also closely related to poor prognosis. However,
studies of the relationship between infectivity and severe complications of
coronavirus infectious disease-19 (COVID-19) with a history of AF are limited.
To estimate infectivity and severity of complications in COVID-19 patients with
a history of AF, this study was done. From the Korean nationwide COVID-19
dataset, 212 678 participants with at least one severe acute respiratory syn-
drome coronavirus 2 (COVID-19) test were included between January 1 and
June 4, 2020. AF was defined according to at least two outpatient hospital visits
or one admission with an ICD-10 code of “148” before the COVID-19 test. To
investigate the association of AF with infectivity and severe complications of
COVID-19, 1:4 ratio propensity score matching (PSM) was performed. Severe
complications of COVID-19 were defined as a composite outcome of me-
chanical ventilation, intensive care unit admission, and death within 2 months
after COVID-19 diagnosis. Among 212 678 participants who underwent the
COVID-19 test, there were 7713 COVID-19 positive patients. After PSM,
COVID-19 PCR positivity did not show a significant difference according to the
presence of AF (odds ratio [OR]: 0.79, 95% confidence interval [CI]:
[0.60-1.04]). Of 7713 COVID-19 patients, 62 (0.8%) had a history of AF and
severe complications occurred in 444 (5.7%) patients. After PSM, AF was as-
sociated with the development of severe complications (OR: 2.04, 95% ClI:
[1.10-3.79]) and mortality (OR: 2.09, 95% CI: [1.01-4.31]) of COVID-19. We
found that AF was associated with an increased risk of severe complications in
COVID-19 infected patients.
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1 | INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
is a positive sense, single-stranded RNA coronavirus in genetic
sequence, which is contagious to humans and is the cause of
coronavirus infectious disease-19 (COVID-19). Most patients
infected with COVID-19 complain of asymptomatic or mild flu-
like symptoms, but respiratory insufficiency or hypoxemia is also
accompanied in some cases.’ Additionally, a COVID-19 infection
may require mechanical ventilation treatment, hospitalization in
an intensive care unit (ICU), or may lead to death.” Therefore, it is
essential to differentiate and treat patients likely to develop se-
vere complications due to COVID-19. Until recently, several
studies have suggested factors, such as diabetes mellitus,
heart failure, cancer, allergic diseases, and chronic kidney dis-
eases that are associated with a poor prognosis after COVID-19
infection.” *

Infection is associated with the occurrence, recurrence, and
progression of atrial fibrillation (AF), and is also closely related to poor
prognosis.”® Recently, a relationship between COVID-19 infection
and AF has been proposed,” with the likelihood of AF being increased
in COVID-19 patients.® In addition, there have been some meta-
analyses on the mortality in COVID-19 patients with or without
AF.”"*' However, most individual studies are retrospective, some
meta-analyses did not use the adjusted odds ratio, which could cause
biased results. In addition, other important severe complications of
COVID-19 such as mechanical ventilation or ICU admission have
rarely been investigated and statistical methods to reduce bias such
as propensity score matching (PSM) have rarely been applied in
previous studies.

Therefore, the purpose of our study was to investigate the re-
lationship of AF with infectivity and severe complications of
COVID-19, including mechanical ventilation, ICU admission, and

mortality, in a nationwide population-based COVID-19 dataset.

2 | METHODS

2.1 | Study design and participants

This is a retrospective observational study using a nationwide
COVID-19 dataset from South Korea. South Korea has a public
single-payer health insurance system, the National Health
Insurance Service (NHIS). The NHIS had a national health in-
surance claims database of hospital visits, diagnoses (recorded by
International Statistical Classification of Diseases and Related
Health Problems [ICD]-10 codes), medical procedures, prescrip-
tions, and mortality for the whole South Korean population.*?*® In
the face of the COVID-19 pandemic, the Korea Disease Control
and Prevention Centers and NHIS released a nationwide
COVID-19 dataset consisting of Koreans who underwent real-

time reverse transcription-polymerase chain reaction (RT-PCR)
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assays of nasal and pharyngeal swabs to COVID-19 from January
1 to June 4, 2020 for academic research.'® The RT-PCR assays
followed World Health Organization guidelines and were vali-
dated by the Korea Disease Control and Prevention Centers.*’

Due to its nature as a retrospective analysis based on a fully
anonymized dataset, this study was approved by the Institutional
Review Board of our institution (Seoul Hospital Ewha Woman's
University College of Medicine 2020-10-021), and the requirement
for informed consent was waived.

2.2 | Atrial fibrillation

In this study, AF was defined by at least two outpatient hospital
visits or one admission with the diagnostic code of “I48” before
the COVID-19 RT-PCR test.'® The diagnostic accuracy of
AF using this algorithm was 94.1% of the positive predictive

value.**”

2.3 | Study outcomes

The current study evaluated the risk of infectivity to COVID-19
and prognosis after COVID-19 infection by AF. In an analysis for
COVID-19 infectivity, the study outcome was the positivity in
patients who underwent the COVID-19 test. In an analysis for
COVID-19 prognosis, the study outcome was the development of
severe complications in COVID-19 patients. Severe complications
of COVID-19 were defined as a composite of mechanical ventila-
tion, admission to the ICU, and mortality during the 2-month
period after COVID-19 diagnosis. Mechanical ventilation was
identified using claim codes of mechanical ventilation (M5850,
M5857, M5858, and M5860).'® Admission to the ICU was defined
using the related claims codes (AH110, AH150, AH180-95 AH190-
5, AH210, AH250, AH280-9, AH28A, AH290-9, AH380-9, AH38A,
AH390-9, AH501, AJOO1-AJO11, AJO20-1, AJO31, AJ100-390,
AJ2A0, AJ3AO, AJ500-590, V5100, V5200, V5210-20, V5500-
5520). Mortality and time of death data were provided by NHIS

and were previously validated.*??°

24 | Covariates

We acquired demographic information regarding sex, age, and
household income level (tertiles). In the nationwide COVID-19
dataset, age is presented in 10-year intervals to preserve privacy.
Therefore, we divided age categories by the median value and
dichotomized data based on a cutoff age of 60 years. The defini-
tion of comorbidities regarding hypertension, diabetes mellitus,
stroke, heart failure, coronary artery disease, asthma, chronic
kidney disease, and malignancy was described in Supporting

Information Methods.?*
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2.5 | Statistical analysis
To investigate the association of AF with infectivity and severe
complications of COVID-19, 1:4 ratio PSM was performed with the
Greedy nearest-neighbor algorithm to compare samples with and
without AF, to balance the baselines of both groups and to reduce
potential confounding. To determine whether PSM was appro-
priate, standardized mean differences were used. If the standar-
dized mean differences were less than 0.1, we considered PSM to
be appropriate.

Logistic regression analysis was performed to investigate
infectivity and severe complications of COVID-19 according

to AF history in unmatched cohorts and cohorts balanced after

COVID-19 susceptibility

PSM. The results are expressed as odds ratio (OR) and 95%
confidence interval (Cl). Secondary outcome analysis was per-
formed for individual components of severe complications of
COVID-19 including mechanical ventilation, admission to ICU,
and death.

There are prior reports that smoking is an important risk factor
for worse outcomes of COVID-19.%? Therefore, we performed
subgroup analysis with 3934 COVID-19 infected patients whose
smoking history (current smoking or not) was available from the
national health screening check-up program results (2015-2018).?
Of them, 1:4 ratio PSM was performed to match patients with AF and
without AF, and current smoking was additionally included as a
covariate in the PSM.

212,678 eligible participants aged older than 20 years from the Korean nationwide
cohort with at least one SARS-CoV-2 test between Jan 1 and June 4, 2020

| !

208,958 without atrial fibrillation

3720 without atrial fibrillation

A 4 A4

14880 without atrial fibrillation

included in the matched cohort

3720 without atrial fibrillation

included in the matched cohort

COVID-19 prognosis

212,678 eligible participants aged older than 20 years from the Korean nationwide
cohort with at least one SARS-CoV-2 test between Jan 1 and June 4, 2020

| l

7713 tested positive for

SARS-CoV-2

204,965 tested negative for

SARS-CoV-2

7651 without atrial fibrillation

62 with atrial fibrillation

A 4 A 4

FIGURE 1 Study flow of a nationwide cohort
study of COVID-19 and atrial fibrillation between
January 1 and June 4, 2020. Atrial fibrillation was
identified by at least two outpatient hospital visits

248 without atrial fibrillation

included in the matched cohort

62 with atrial fibrillation included

in the matched cohort

or one admission with International Classification
of Diseases 10th Revision (ICD-10) code of “|48”
before COVID-19 real-time reverse transcription-

polymerase chain reaction (RT-PCR) test
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Statistical analyses were executed using R software, version
3.3.3 (R Foundation for Statistical Computing, Vienna, Austria), and
SAS 9.4 version (SAS Inc.). Two-sided p values less than 0.05 were
considered significant.

3 | RESULTS
3.1 | COVID-19 infectivity by AF

In the national COVID-19 dataset, there were 212 678 individuals
aged older than 20 years who underwent at least one SARS-CoV-2
test between January 1 and June 4, 2020 (Figure 1). Among 212 678
individuals, 208 958 individuals without AF, and 3720 (1.7%) in-
dividuals with AF were identified in the unmatched cohort (Table 1).
There were 7713 with positivity for the COVID-19 RT-PCR test.
Then, we applied 1:4 ratio PSM for 14 880 individuals without AF and
3720 individuals with AF, which were appropriately matched
(Figure 1 and Table 1). After PSM, COVID-19 PCR positivity did not

2425
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show a significant difference according to AF history (OR: 0.79, 95%
Cl: (0.60-1.04), p =0.087) (Table 2).

3.2 | COVID-19 prognosis by AF

Among 7713 patients with COVID-19, 62 (0.8%) had a history of
AF in the unmatched cohort (Figure 1 and Table 3). During
2 months after the diagnosis of COVID-19, the overall primary
outcome occurred in 444 (5.7%) patients, including 171 (2.2%)
cases of mechanical ventilation, 265 (3.4%) cases of ICU admis-
sion, and 224 (2.9%) cases of death (Table 4). In the unmatched
cohort, severe complications of COVID-19 were more frequently
noted in individuals with AF (overall p <0.001) (Table 4). We
applied PSM for 248 individuals without AF and 62 individuals
with AF who were appropriately matched (Figure 1 and Table 3).
After PSM, history of AF was associated with severe complica-
tions of COVID-19 (OR: 2.04, 95% Cl: [1.10-3.79], p = 0.025) and
mortality (OR: 2.09, 95% Cl: (1.01-4.31), p =0.048), while the

TABLE 1 Baseline characteristics of participants who underwent COVID-19 test with and without atrial fibrillation before and after

propensity score matching

Before propensity score matching

After propensity score matching

Variable Without AF With AF
N 208958 3720
Sex, male 97 856 (46.83) 2182 (58.66)
Age, years
<60 141001 (67.48) 428 (11.51)
260 67 957 (32.52) 3292 (88.49)

Household income

T1, lowest 70979 (33.97) 1254 (33.71)
T2 70013 (33.51) 940 (25.27)
T3, highest 67 966 (32.53) 1526 (41.02)

Medical history

Hypertension 62230 (29.78) 3345 (89.92)

Diabetes mellitus 27772 (13.29) 1219 (32.77)

Stroke 10853 (5.19) 802 (21.56)

Heart failure 18 075 (8.65) 2439 (65.56)

Coronary artery 13723 (6.57) 931 (25.03)
disease

Asthma 14022 (6.71) 618 (16.61)

Chronic kidney 18431 (8.82) 1098 (29.52)
disease

Malignancy 29553 (14.14) 1055 (28.3¢)

Without AF With AF SMD*
14 880 3720
8770 (58.94) 2182 (58.66) 0.006
0.006

1739 (11.69) 428 (11.51)
13141 (88.31) 3292 (88.49)

<0.001
5007 (33.65) 1254 (33.71)
3779 (25.4) 940 (25.27)
6094 (40.95) 1526 (41.02)
13434 (90.28) 3345 (89.92) 0.012
4866 (32.70) 1219 (32.77) 0.001
3189 (21.43) 802 (21.56) 0.003
9736 (65.43) 2439 (65.56) 0.003
3822 (25.69) 931 (25.03) 0.015
2423 (16.28) 618 (16.61) 0.009
4351 (29.24) 1098 (29.52) 0.006
4218 (28.35) 1055 (28.36) <0.001

Note: Data are presented as numbers with percentages.

Abbreviations: AF, atrial fibrillation; Cl, confidence interval; SMD, standard mean difference; T, tertile.

2A standardized difference in the matched cohort. All standardized mean difference values were less than 0.10 in the propensity score-matched cohort.
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TABLE 2
after propensity score matching

PARK ET AL.

Before propensity score matching

After propensity score matching

Proportion of COVID-19 infection in participants who underwent COVID-19 test with and without atrial fibrillation before and

Without AF With AF
Variable (N =208 958) (N =3720) OR [95% CI]
COVID-19
Negative (-) 201307 (96.34) 3658 (98.33) Ref
Positive (+) 7651 (3.66) 62 (1.67) 0.45 [0.35-0.57]

Note: Data are presented as numbers with percentages.

Abbreviations: AF, atrial fibrillation; Cl, confidence interval; OR, odds ratio.

TABLE 3
Before propensity score matching
Variable Without AF With AF
N 7651 62
Sex, male 3016 (39.42) 32 (51.61)
Age, years
<60 5486 (71.7) 6 (9.68)
260 2165 (28.3) 56 (90.32)
Household income
T1, lowest 3315 (43.33) 32 (51.61)
T2 2192 (28.65) 8 (12.90)
T3, highest 2144 (28.02) 22 (35.48)
Medical history
Hypertension 1672 (21.85) 56 (90.32)
Diabetes mellitus 752 (9.83) 16 (25.81)
Stroke 285 (3.73) 13 (20.97)
Heart failure 432 (5.65) 37 (59.68)
Coronary artery 290 (3.79) 19 (30.65)
disease
Asthma 338 (4.42) 6 (9.68)
Chronic kidney 421 (5.50) 16 (25.81)
disease
Malignancy 489 (6.39) 8 (12.90)

Note: Data are presented as numbers with percentages.

Without AF (N = 14 880) With AF (N=3720) OR [95% CI]

14566 (97.89)
314 (2.11)

3658 (98.33)
62 (1.67)

After propensity score matching

Ref

0.79 [0.60-1.04]

Baseline characteristics of COVID-19 patients with and without atrial fibrillation before and after propensity score matching

Without AF With AF SMD*
248 62
122 (49.19) 32 (51.61) 0.048

<0.001
24 (9.68) 6 (9.68)
224 (90.32) 56 (90.32)

0.013

129 (52.02) 32 (51.61)
33 (13.31) 8 (12.90)
86 (34.68) 22 (35.48)
230 (92.74) 56 (90.32) 0.087
71 (28.63) 16 (25.81) 0.063
43 (17.34) 13 (20.97) 0.092
144 (58.06) 37 (59.68) 0.033
70 (28.23) 19 (30.65) 0.053
21 (8.47) 6 (9.68) 0.042
75 (30.24) 16 (25.81) 0.099
36 (14.52) 8 (12.90) 0.047

Abbreviations: AF, atrial fibrillation; Cl, confidence interval; SMD, standard mean difference; T, tertile.

2A standardized difference in the matched cohort. All standardized mean difference values were less than 0.10 in the propensity score-matched cohort.

frequency of mechanical ventilation and ICU admission did not
differ according to AF history (Table 4).

3.3 | Subgroup analysis for prognosis in COVID-19
patients with available smoking history

We performed a subgroup analysis with COVID-19 infected patients
whose smoking history was available from the national health

screening check-up data because smoking history is an important
issue in COVID-19 prognosis.’**® Among 3934 COVID-19 infected
patients with available smoking history, 40 (1.0%) had a history of AF,
and 299 (7.6%) were current smokers in the unmatched cohort
(Figure S1 and Table S1). In the unmatched cohort, severe compli-
cations of COVID-19 such as mechanical ventilation (15.0%), ICU
admission (27.5%), and death (22.5%) were more frequent in in-
dividuals with AF (all p < 0.001) as shown in Table S2. After 1:4 PSM,
160 individuals without AF and 40 individuals with AF were matched
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TABLE 4 Severe complication in COVID-19 patients with and without atrial fibrillation before and after propensity score matching

After propensity score matching

Without

Before propensity score matching

Without AF
(N=7651)

OR [95% ClI] p value

With AF (N = 62)

AF (N =248)

p value

OR [95% Cl]

With AF (N = 62)

Outcomes

Severe complication in COVID-19

0.450

1.46 [0.55-3.86]

6 (9.68)

17 (6.85)

<0.001

4.86 [2.07-11.44]

6 (9.68)

165 (2.16)

Mechanical ventilation

0.174

11 (17.74) 1.70 [0.79-3.63]

28 (11.29)

<0.001

6.28 [3.24-12.20]

11 (17.74)

254 (3.32)

Intensive care unit admission

0.048

13 (20.97) 2.09 [1.01-4.31]

28 (11.29)

<0.001

9.36 [5.00-17.51]

13 (20.97)

211 (2.76)

Death

20 (32.26) 2.04 [1.10-3.79] 0.025

47 (18.95)

<0.001

8.12 [4.72-13.95]

20 (32.26)

424 (5.54)

Compose of outcome

Note: Data are presented as numbers with percentages.

Abbreviations: AF, atrial fibrillation; Cl, confidence interval; OR, odds ratio.

MEDICAL VIROLOGY

and all covariates, including current smoking, were balanced appro-
priately (Table S1). In the matched cohort (Table S2), a history of AF
was significantly associated with ICU admission (OR: 3.41, 95%
Cl: [1.44-8.11], p = 0.005) and compose of outcome (OR: 2.89, 95%
Cl: [1.37-6.10], p = 0.005) with COVID-19 infection (Table 5).

3.4 | The results of the previous meta-analyses on
COVID-19 prognosis by AF

There have been three meta-analyses on COVID-19 prognosis by AF.
Yang et al.'' showed that AF was significantly associated with an
increased risk of unfavorable outcomes among COVID-19 patients
(pooled effect size =1.14, 95% Cl: 1.03-1.26, p=0.01; ? = 63.9%,
random-effects analysis). However, there was no definition of un-
favorable outcome in this study. When they limited the outcome to
death, there was a significant relation between AF and COVID-19
mortality (pooled effect size=1.13, 95% Cl: 1.02-1.25)."* Romiti
et al.? analyzed the 14 studies reporting on all-cause mortality among
COVID-19 patients and according to AF status, which showed there
was a fourfold higher risk of death compared to patients without AF
(OR: 3.97, 95% ClI: 2.76-5.71), but the heterogeneity among studies

.19 also

was high (2 = 78%) and they used univariate ORs. Zuin et a
demonstrated that preexisting AF was significantly associated with a
higher risk of death in the short-term period (OR: 2.22, 95% Cl:

1.47-3.36, p < 0.0001), but similarly, they did not use adjusted ORs.

4 | DISCUSSION

The key findings of this study based on a nationwide COVID-19
database is that COVID-19 patients with AF are more likely to suffer
severe complications, particularly mortality by propensity score
matching analysis. In our study, OR for the risk of death in COVID-19
patients with AF was 9.36 but it was decreased to 2.09 after pro-
pensity score matching, which suggests that unadjusted OR for this
outcome is highly biased. Similarly, some important outcomes such as
mechanical ventilation and admission to ICU, were statistically sig-
nificant before propensity score matching, but those became non-
significant after propensity score matching. In addition, infectivity for
COVID-19 infection was not different according to a history of AF.

During the pandemic period, the morbidity and mortality of
COVID-19 have continued to disrupt health systems around the
world. This requires a concentration of medical resources for critically
ill patients, and therefore, studies of risk factors that predict pro-
gression to severe COVID-19 are being conducted. Cardiovascular
diseases, including cardiac arrhythmia, are known risk factors for
adverse outcomes and mortality in COVID-19 infected patients.”?*
A previous single-center study showed that 7.2% of cardiac
arrhythmias were documented during COVID-19 hospitalization,
detected a significant correlation between cardiac arrhythmia and
disease severity, and identified risk factors for adverse outcomes
including age, congestive heart failure, and troponin levels.>* AF is
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TABLE 5 The results of previous meta-analysis on outcome in COVID-19 patients with and without atrial fibrillation

Author, year N Outcome OR [95% ClI] p value Problems in the analysis

Yang, et al. (2021)** 23 Unfavorable outcome 1.14 [1.03-1.26] 0.01 There is no definition of unfavorable
outcome

Yang, et al. (2021)'* 23 Death 1.13 [1.02-1.25] <0.05 -

Romiti, et al. (2021)7 14 Mortality 3.97 [2.76-5.71] <0.05 This is the result of meta-analysis of
univariate OR

Zuin, et al. (2021)*° 12 Death in the short-term 2.22 [1.47-3.36] <0.0001 This is the result of meta-analysis of

period

unadjusted OR

Abbreviations: Cl, confidence interval; N, number of included study; OR, odds ratio.

SARS-CoV-2
g Severe
complications

|
R

lﬂtrial
==ibrillation )
N

COVID-19

FIGURE 2 Summary of possible mechanisms
and results of our study

Atrial
Fibrillation (+)

—_—

1:4 ratio propensity score matching

<

Mechanical ventilation
ICU admission

Mortalia |

OR:2.04 (1.10-3.79), p = 0.025
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Atrial remodeling
Respiratory failure

Systemic Inflammation
Cytokine storm
Oxidative stress

Endothelial dysfunction
Thromboembolism

the most common type of sustained cardiac arrhythmia and is a well-
known risk factor for other cardio-cerebral vascular diseases, as well
as the most commonly identified arrhythmia in previous COVID-19
studies.”?* A recent meta-analysis of new-onset AF in COVID-19
patients showed that patients with AF were at a 2.4-fold higher risk
of all-cause mortality than patients without AF.” Our results were in
line with these previous studies and suggested AF is a significant risk
factor associated with poor prognosis in COVID-19 infection.

It is difficult to demonstrate how AF worsens outcomes of
COVID-19 using the findings presented here, but there is some
evidence for a possible explanation (Figure 2). First, in the closely
connected cardio-respiratory system, COVID-19 patients with
respiratory failure may be at risk of increased cardiac injury.
Cardiac dysfunctions such as cardiomyopathy, cardiac arrhythmias,
and hemodynamic instability are known as acute COVID-19
cardiovascular syndrome.?> SARS-CoV-2 can directly invade car-
diomyocytes and pericytes through angiotensin-converting
enzyme-2 and systemic inflammatory cytokines can also induce
cardiac injury.?® Respiratory failure in patients with COVID-19
may also increase the cardiac burden in patients with AF who have

cardiac remodeling, one of the key pathophysiological mechanisms

of AF. Although the underlying mechanisms are unclear, patients
who experience sepsis and acute respiratory distress syndrome
with AF are at higher risk of severe respiratory failure and mor-
tality than patients with no history of AF.?¢?’ Second, systematic
inflammatory response followed by SARS-CoV-2 infection may
worsen outcomes in patients with AF. Higher C-reactive protein
(CRP) and interleukin-6 (IL-6) levels in AF patients support the
increase of inflammation burden in AF patients.?® The severity of
inflammation during COVID-19 is also associated with adverse
clinical outcomes and mortality. Elevation of inflammation
biomarkers including CRP, IL-6, and lactate dehydrogenase can
predict severe COVID-19, and at the same time, early normal-
ization of these markers has been observed in patients with better
prognosis.>”*° Third, thromboembolism (TE) is another potential
mechanism since SARS-Cov-2 contagion can contribute to im-
munothrombosis.>**? As is well known, TE is one of the major
cardiovascular complications in patients with COVID-19, pre-
sumably due to the inflammatory response of SARS-Cov-2, with
endothelial dysfunction observed in multiple organs and abnormal
coagulation.>®> As AF is a risk factor for TE, TE may influence the
poor prognosis of AF patients diagnosed with COVID-19. In a
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previous study comparing seasonal influenza and COVID-19, TE
including pulmonary embolism was found to be significantly higher
in COVID-19 patients.®>* It is difficult for us to provide a clear
rationale or cause for these results.

In our study, the infectivity of COVID-19 did not differ according
to the history of AF. In the general population, information on the
infectivity or prevalence of AF in COVID-19 infection is lacking.
Italy's national health data showed that 24.5% of people who died
from COVID-19 had a history of AF before COVID-19 infection.® A
small hospital-based study reported that 75% of elderly COVID-19
patients have AF.>* Various factors such as design, population,
duration of follow-up, ethnicity, and comorbidity of the study may
have induced these discrepancies between our results and those of
other researchers. Therefore, it is necessary to refer to studies in-
volving a larger number of people or considering other races.

Our study has limitations. First, the current study had a ret-
rospective observational design based on an already existing
health claims database, causal relationships could not be explored.
Due to the limitation of claims data, there are uncovered covari-
ates that could be confounding factors on the association between
AF and COVID-19, such as physical activity or body mass
index.®®*” Second, it is difficult to generalize our results because
our dataset represents the Korean general population. Third, de-
tailed information regarding severity, type, or characteristics of AF
could not be acquired because our dataset did not include the
information, including the electrocardiograms. Fourth, our dataset
did not include the information of COVID-19 related symptoms
that could be related to prognosis or infectivity in the participants
at the time of RT-PCR testing. Therefore, we could not confirm the
individuals in this cohort had COVID-19 symptoms or not. Last, it
is unknown the medication history of anticoagulation after
COVID-19 infection in patients with AF. We could not figure out
the answer to how many AF patients are on or quitted antic-
oagulants during COVID-19. There is a need for further research
on the relationship between anticoagulation and the prognosis of
COVID-19 patients with AF.

In conclusion, we demonstrated that a history of AF is associated
with an increased risk of severe complications of COVID-19. Patients
with AF may have poor prognoses if infected with COVID-19,
therefore, careful management and monitoring of such patients is
necessary.
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