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A B S T R A C T   

Background: New-onset atrial fibrillation (AF) during COVID-19 infection is associated with worse cardiovascular 
outcomes and mortality, with new-onset AF being associated with worse clinical outcomes than recurrent AF. 
However, it is not known whether a prior history of AF is an independent cardiovascular risk factor predicting 
worse outcomes in COVID-19 patients. The present investigation sought to determine whether AF should be 
considered a risk factor for worse outcomes in COVID-19 illness. 
Methods: From March 2020-September 2021 patients testing positive for SARS-CoV-2 with a prior AF diagnosis 
(n = 3623) were propensity matched to non-AF SARS-CoV-2 positive patients (n = 3610). Multivariable Cox 
hazard regression was used to determine subsequent MACE (all-cause death, myocardial infarction, HF and 
stroke) risk among patients with and without AF. 
Results: COVID-19 patients with a prior history of AF were more likely to be hospitalized, require ICU care, 
supplemental oxygen, and ventilator support compared COVID-19 patients without a history of AF. There was a 
1.40 times higher rate of MACE in the COVID-19 patients with prior AF compared to patients without prior AF (p 
< 0.0001). The increased rate of MACE in patients with a prior AF was primarily secondary to increases in heart 
failure hospitalization and death. This finding was confirmed even after controlling for acute AF during COVID- 
19 illness (HR 1.22, p = 0.0009). 
Conclusion: AF history was shown to be an independent risk factor for MACE during a COVID-19 illness. Both 
recurrent and principally new-onset AF were associated with an increased risk of poor clinical outcomes during 
COVID-19 illness.   

1. Introduction 

Coronavirus disease 2019 (COVID-19) caused by the severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) has resulted in a 
worldwide pandemic with an unprecedented impact on global public 
health. SARS-CoV-2 infection causes a respiratory infection that can lead 
to pneumonia, acute respiratory distress syndrome and, in severe cases, 
can trigger a cytokine storm. A growing body of clinical data suggest 
that outcomes of COVID-19 are strongly associated with pre-existing 
comorbidities. In particular, pre-existing cardiovascular disease (CVD) 
has been associated with poor outcomes in COVID-19 [1–4]. Specif
ically, in the presence of pre-existing CVD, COVID-19 infections are 

known to require more advanced treatment and result in poorer 
outcomes. 

Atrial fibrillation (AF) is a common heart rhythm disorder affecting 
an estimated 33 million individuals worldwide [5]. Furthermore, AF can 
lead to serious medical complications such as stroke, heart failure, and 
mortality. New-onset or worsening AF can be triggered by acute phys
iological stress and/or illness. Musikantow et al. [6] recently reported 
acute AF episodes during both influenza and COVID-19 illnesses and 
showed that the likelihood of arrhythmia is related to inflammation and 
disease severity, not the specific viral etiology of the illness. Further
more, studies have shown that new-onset AF during COVID-19 infection 
is associated with worse cardiovascular outcomes and mortality [7–9]. 
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Recent data suggests that new-onset AF is associated with worse clinical 
outcomes than recurrent AF [9]. However, it is not known whether a 
prior history of AF is a cardiovascular risk factor predicting a worse 
outcome in COVID-19 patients. 

The present investigation sought to determine whether AF should be 
considered a risk factor for worse outcomes in COVID-19 illness. Spe
cifically, whether a prior history of AF was associated with an increase in 
major adverse cardiovascular events (MACE) in patients with a COVID- 
19 illness. Additionally, the effect of acute AF (new-onset or recurrent) 
during COVID-19 illness on the risk of MACE was evaluated. Finally, we 
examined whether prior catheter ablation for AF affected MACE risk in 
patients with a prior history of AF with a COVID-19 illness. We hy
pothesized that AF is a risk factor for worse outcomes in COVID-19 
illness. 

2. Methods 

2.1. Study population 

This study was approved by the Intermountain Healthcare Institu
tional Review Board with a waiver of consent. Intermountain Healthcare 
patients aged ≥18 years old that tested positive for SARS-CoV-2 virus 
from March 1, 2020 to September 30, 2021 were studied. Intermountain 
Healthcare is a large, nonprofit, electronically integrated healthcare 
system that includes 24 hospitals and 215 clinics. It provides healthcare 
for approximately two-thirds of people in the state of Utah and sections 
of southeastern Idaho and Nevada. Patients were included if they had a 
positive SARS-CoV-2 test result from either Intermountain Healthcare 
internal testing or external testing ordered by an Intermountain care 
provider. Prior history of AF was obtained from the Intermountain 
Healthcare Enterprise Data Warehouse (EDW). Acute AF during COVID- 
19 illness was defined as AF on ECG within 30 days of a positive COVID- 
19 test date and that was captured using the MUSE ECG reporting 
system. 

2.2. Study groups 

All patients had a positive SARS-CoV-2 test. This study consisted of 
four groups; one primary study group and three sub-group populations 
all with propensity-matched controls. The primary study group 
compared SARS-CoV-2 positive patients with a history of AF to 
propensity-matched SARS-CoV-2 positive patients without a history of 
AF. The subgroup comparisons included: (1) Recurrent AF during 
COVID-19 illness sub-group – COVID-19 patients with a prior history of 
AF, comparing those with recurrent AF to those without recurrent AF 
during their COVID-19 illness. (2) History of AF and prior catheter 
ablation sub-group – COVID-19 patients with a prior history of AF and a 
prior AF ablation propensity matched to COVID-19 patients with prior 
AF without a prior AF ablation. (3) New-onset AF during COVID-19 
illness sub-group – COVID-19 patients without a prior AF history with 
a new onset AF diagnosis (within 30-days of the infection) compared to 
those without a new-onset. 

2.3. Statistical analysis 

The propensity matching of the cases and control sets was performed 
using age, gender, race, ethnicity, prior stroke, prior coronary artery 
disease (CAD), hypertension and prior heart failure. The propensity 
score was obtained using logistic regression with a greedy matching 
method and a caliper of 0.20 for the logit propensity score. Each case 
was matched to one control. Baseline patient and clinical characteristics 
were compared using chi-square tests and the Wilcoxon rank sum test. 
After multiple testing corrections, p ≤ 0.002 were considered significant 
for these baseline comparisons. The primary outcome was MACE post 
COVID-19 infection. MACE was defined as a composite outcome of all- 
cause mortality, myocardial infarction (MI), heart failure 

hospitalization, and stroke. Secondary outcomes included hospitaliza
tion for COVID-19, treatments for COVID-19, and the individual com
ponents of MACE – death, MI, heart failure hospitalization and stroke. 
The MACE outcomes were evaluated using Cox proportional hazard 
regression, and the hospitalization and treatment outcomes were tested 
using logistic regression. Significance for outcomes was set at p ≤ 0.003 
to allow for multiple testing for each population. SAS 9.4 was used for all 
analyses. 

3. Results 

3.1. Baseline characteristics 

There were 3623 patients with a positive SARS-CoV-2 test and a prior 
history of AF, and these patients were propensity matched to 3610 
(99.6%) SARS-CoV-2 positive patients without a prior history of AF. The 
average follow-up time was 294 days from date of positive SARS-CoV-2 
test. Patient characteristics, co-morbidities, and use of cardiovascular 
medications for the entire population are shown in Table 1. The patient 
groups were fairly well matched on their baseline characteristics 
including body mass index. The entire study population was predomi
nantly Caucasian (92%), 60% male, with an average age of 69.8 ± 14.0 
years. Patients with prior AF were more likely to have chronic 
obstructive pulmonary disease (19% vs 16%, p = 0.002) and were more 
likely to be on cardiovascular-related medications than those without a 
history of AF. 

Table 1 
Patient and clinical characteristics for patients with COVID-19 and those with 
prior AF propensity score matched* to those without prior AF.  

BASELINE 
CHARACTERISTICS 

Prior AF n =
3610 

No Prior AF n =
3610 

p-value 

Age, mean ± SD 70.0 ± 13.9 69.7 ± 13.7  0.18 
Male Sex 2147 (59.5%) 2103 (58.3%)  0.29 
Caucasian 3309 (91.7%) 3322 (92.0%)  0.58 
Hispanic 253 (7.0%) 278 (7.7%)  0.26 
BMI**, mean ± SD 30.9 ± 7.8 30.8 ± 7.3  0.67  

Comorbidities 
Asthma 894 (24.8%) 827 (22.9%)  0.06 
CAD 1884 (52.2%) 1848 (51.2%)  0.40 
Cancer (excluding skin) 700 (19.4%) 644 (17.8%)  0.09 
COPD 696 (19.3%) 575 (15.9%)  0.002 
Depression 1258 (34.8%) 1281 (35.5%)  0.57 
Diabetes 1536 (42.5%) 1517 (42.0%)  0.65 
Heart Failure 1591 (44.1%) 1513 (41.9%)  0.06 
Hyperlipidemia 2705 (74.9%) 2671 (74.0%)  0.36 
Hypertension 3010 (83.4%) 3024 (83.8%)  0.66 
PAD 196 (5.4%) 155 (4.3%)  0.02 
Stroke 428 (11.9%) 369 (10.2%)  0.03  

Medications 
ACE/ARBS 1205 (33.4%) 996 (27.6%)  <0.0001 
Anti-arrhythmic 664 (18.4%) 33 (0.9%)  <0.0001 
Anti-coagulants 1786 (49.5%) 1321 (36.6%)  <0.0001 
Beta Blocker 1326 (36.7%) 884 (24.5%)  <0.0001 
Calcium Channel Blocker 785 (21.7%) 444 (12.3%)  <0.0001 
Diuretic 1268 (35.1%) 926 (25.7%)  <0.0001 

*Propensity Score Matched (Score based on age, gender, race, ethnicity, prior 
CAD, prior heart failure, prior stroke and hypertension.). 
**BMI was available for a subset of cases (n = 3331) and controls (n = 3073). 
NOTE: AF = Atrial fibrillation, SD = standard deviation, CAD = Coronary artery 
disease, COPD = Chronic obstructive pulmonary disease, PAD = Peripheral 
artery disease. 
p-values based on chi-square tests (categorical variables) and Wilcoxon rank 
sum tests (continuous variables). 
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3.2. History of AF and COVID-19 illness 

COVID-19 patients with a prior history of AF were more likely to be 
hospitalized and to require ICU care, supplemental oxygen, and venti
lator support compared COVID-19 patients without a history of AF 
(Table 2, Upper Panel). There were 820 (22.7%) MACE events in COVID- 
19 patients with prior AF compared to 600 (16.6%) for the patients 
without prior AF; resulting in a 1.40 times higher rate of MACE in the 
COVID-19 patients with prior AF compared to COVID-19 patients 
without prior AF (Fig. 1a). The increased rate of MACE in patients with a 
prior history of AF was primarily secondary to increases in heart failure 
hospitalization and death. 

These data suggest that a prior history of AF is a risk factor for a 
worse outcome in COVID-19 illness. However, it is not clear whether this 
finding was primarily because of a higher incidence of acute AF during 
COVID-19 illness in patients with a prior history of AF. As such, a sec
ondary analysis of this cohort was performed excluding patients that had 
an AF diagnosis within 30 days of SARS-CoV-2 positive test. Specifically, 
SARS-CoV-2 positive patients with (n = 3228) and without (n = 3228) a 
prior history of AF and no AF within 30 days of having a positive SARS- 
CoV-2 test were propensity-matched. COVID-19 patients with a prior 
history of AF were more likely to require supplemental oxygen and 
ventilator support than patients without a history of AF (Table 2, Lower 
Panel). However, there was no difference in rates of hospitalization or 
ICU care between these groups. As with the primary analysis, COVID-19 
patients with a prior history of AF had a 1.22 times increased rate of 
MACE compared to patients without a history of AF (Fig. 1b). The 
increased MACE rate was driven primarily by a trend toward increased 
heart failure hospitalization and an increase in death. Interestingly, 
COVID-19 patients with a prior history of AF trended to have fewer 
strokes than patients without a history of AF. These data suggest that 

independent of acute AF, a prior history of AF is a risk factor of a worse 
outcome in COVID-19 illness. Yet, acute AF also appears to increase the 
risk of MACE in COVID-19. 

3.3. Recurrent AF during COVID-19 Illness 

We next sought to better understand the impact of recurrent AF 
during COVID-19 illness on MACE. COVID-19 patients with prior AF and 
recurrent AF (n = 394) were propensity-matched to patients with prior 
AF and no recurrent AF (n = 394). There were no significant differences 
in the baseline patient characteristics and comorbidities. However, the 
patients with recurrent AF were less likely to be taking oral anticoagu
lants and diuretics (Table S1). COVID-19 patients with prior AF and 
recurrent AF were more likely to be hospitalized, require ICU care, and 
need supplemental oxygen and a ventilator (Table 3). Additionally, 
COVID-19 patients with a prior history of AF and recurrent AF during 
the infection were also more likely to have MACE events (Fig. 2). These 
data further support an increase in MACE with acute AF during COVID- 
19. 

3.4. History of AF and prior catheter ablation and COVID-19 Illness: 

We next sought to understand the role of prior catheter ablation for 
AF in COVID-19 patients with a prior history of AF. Specifically, COVID- 
19 patients with a history of AF and prior catheter ablation (n = 472) 
were propensity-matched to COVID-19 patients with prior AF without 
prior catheter ablation (n = 472). While the patient characteristics and 
comorbidities were similar, the rates of cardiovascular medication use 
were higher in the patients with a prior ablation (Table S2). Importantly, 
the incidence of recurrent AF during COVID-19 illness in patient with 
prior catheter ablation was 5.1% vs 10.2% in patients without a prior 
catheter ablation (p = 0.003). The COVID-19 patients with a history of 
AF and prior catheter ablation were less likely to be hospitalized, require 
ICU care, and need oxygen (Table 4). Also, there was a trend toward 
fewer MACE events in patients with a history of AF and prior catheter 
ablation (Fig. 3). 

3.5. New-onset AF during COVID-19 illness 

Next, we evaluated the impact of new-onset AF on MACE during 
COVID-19 illness. COVID-19 patients without a history of AF and new- 
onset of AF (n = 249) were propensity-matched to COVID-19 patients 
without new-onset AF (n = 249). There were no baseline differences in 
these groups (Table S3). Patients with new-onset AF were significantly 
more likely to need hospitalization and ICU care (Table 5, Top Panel). 
Importantly, COVID-19 patients with new-onset AF had a marked in
crease in MACE events compared to patients without new-onset AF 
(Fig. 4a). This increase in MACE was driven by an increase in heart 
failure hospitalization and death. Additionally, there was a trend toward 
increased stroke rates in COVID-19 patient with new-onset AF. 

Finally, we sought to determine whether MACE rates were different 
between patients with new-onset AF compared to patients with recur
rent AF during COVID-19 illness. COVID-19 patients with new-onset of 
AF (n = 249) were propensity-matched to COVID-19 patients with 
recurrent AF (n = 249). Patients with new-onset AF were more likely to 
be hospitalized and require ICU care but less likely to require oxygen 
(Table 5, Lower Panel). Interestingly, COVID-19 patients with new-onset 
AF had a higher rate of MACE compared to patients with recurrent AF 
(Fig. 4b). Specifically, patients with new-onset AF trended to have more 
heart failure hospitalizations and an increased risk of death compared to 
patients with recurrent AF. 

3.6. COVID-19 illness severity 

This study has shown that a prior history of AF and acute AF during 
COVID-19 illness is associated with increase MACE events. However, 

Table 2 
COVID-19 clinical severity for patients with prior AF compared to those with no 
prior AF (top) and prior AF without recurrent AF compared to no prior AF 
(bottom). Both groups are propensity matched*.  

COVID-19 CLINICAL 
SEVERITY 

Groups Odds Ratio 
(95% CI), p- 
value Prior AF n = 3610 No Prior AF 

n = 3610 

Hospitalization 1244 (34.5%) 997 (27.6%) 1.38 (1.25, 
1.52), p <
0.0001 

ICU 460 (12.7%) 328 (9.1%) 1.46 (1.26, 
1.70), p <
0.0001 

Oxygen 1146 (31.7%) 903 (25.0%) 1.39 (1.26, 
1.55), p <
0.0001 

Ventilator Used 290 (8.0%) 153 (4.2%) 1.97 (1.61, 
2.41), p <
0.0001   

Prior AF Without 
Recurrent AF n =
3228 

No Prior AF 
n = 3228  

Hospitalization 946 (29.3%) 904 (28.0%) 1.07 (0.96, 
1.19), p = 0.25 

ICU 304 (9.4%) 322 (10.0%) 1.07 (0.90, 
1.26), p = 0.45 

Oxygen 914 (28.3%) 813 (25.2%) 1.17 (1.05, 
1.31), p =
0.004 

Ventilator Used 213 (6.6%) 151 (4.7%) 1.44 (1.16, 
1.78), p =
0.0009 

*Propensity Score Matched (Score based on age, gender, race, ethnicity, prior 
CAD, prior heart failure, prior stroke and hypertension.) 
NOTE: AF = Atrial fibrillation, ICU = Intensive care unit, CI = confidence in
terval. Odds ratios and p-values are from logistic regression. 
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these worse clinical outcomes are also in the setting of increase COVID- 
19 illness severity. As such, secondary analyses stratifying for COVID-19 
illness severity in this patient cohort were performed. COVID-19 illness 
severity was stratified as follows: (1) outpatient, (2) non-ICU inpatient, 
and (3) ICU inpatient. As with the primary analysis, when stratifying for 
COVID-19 illness severity, COVID-19 patients with a prior history of AF 
had 1.22 times increased rate of MACE events compared to patients 
without a history of AF (Supplemental Table 4). Similarly, there was 1.2 
times increase rate of MACE events in COVID patients with a prior his
tory of AF without recurrent AF when compared to patients without a 
prior of AF. Finally, consistent with the primary subgroup analyses acute 
AF during COVID (whether new onset or recurrent) was associated with 
increased MACE rates even after stratifying for COVID-19 illness 
severity (Supplemental Table 4). In contrast, when stratifying for 
COVID-19 illness severity, there was no difference in MACE events be
tween COVID-19 patients with a history of AF and prior catheter abla
tion compared to patients with a history of AF and no prior catheter 
ablation (Supplemental Table 4). 

Fig. 1. Major cardiovascular outcomes for patients with COVID-19 with prior AF compared to no prior AF (a) and prior AF without recurrent AF compared to no 
prior AF (b). NOTE: AF = Atrial fibrillation, MACE = major adverse cardiovascular events (including death, MI, HF hospitalization, and stroke), MI = myocardial 
infarction, HF = heart failure. p-values based on Cox proportional hazard regression. The average follow-up time was 294 days with the average time to the MACE 
events being 21 days. Propensity Score Matched. (Score based on age, gender, race, ethnicity, prior CAD, prior heart failure, prior stroke and hypertension.) 

Table 3 
COVID-19 clinical severity for patients with recurrent AF compared to prior AF 
without prior AF during infection (propensity score matched*).  

COVID-19 CLINICAL 
SEVERITY 

Recurrent AF n 
= 394 

Prior AF** n 
= 394 

Odds Ratio (95% 
CI), p-value 

Hospitalization 304 (77.2%) 156 (39.6%) 5.15 (3.78, 7.03), 
p < 0.0001 

ICU 142 (36.0%) 50 (12.7%) 3.88 (2.70, 5.56), 
p < 0.0001 

Oxygen 237 (60.2%) 142 (36.0%) 2.68 (2.01, 3.57), 
p < 0.0001 

Ventilator Used 78 (19.8%) 24 (6.1%) 3.81 (2.35, 6.16), 
p < 0.0001 

*Propensity Score Matched (score based on age, gender, race, ethnicity, prior 
CAD, prior heart failure, prior stroke and hypertension). 
**Prior AF with no recurrent AF within a month of COVID-19 infection. 
NOTE: AF = Atrial fibrillation, ICU = Intensive care unit, CI = confidence in
terval. Odds ratios and p-values are from logistic regression. 
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4. Discussion 

The key findings of this study of AF and COVID-19 illness are: (1) a 
prior history of AF increases the risk of MACE during COVID-19 illness 
that is independent of acute AF; (2) recurrent AF during COVID-19 
illness is a marker of even greater risk of MACE; and (3) new-onset AF 
markedly increases the risk of MACE during COVID-19 illness and is a 
stronger marker of risk than recurrent AF. Overall, these data support 
the premise that both a prior history of AF and acute AF are risk factors 
for worse clinical outcomes in COVID-19 illness. 

4.1. History of AF is a risk factor of worse clinical outcomes in COVID-19 
illness 

In the current study, we demonstrate that a prior history of AF is an 
independent risk factor for increased MACE during COVID-19. This 
finding supports the earlier findings of Paris et al. [10] that a history of 
AF was associated with worse clinical outcomes in COVID-19 illness. 
This study included 697 patients with COVID-19 illness of which 15% 

had a prior history of AF. After controlling for confounding factors, a 
prior history of AF in this study was associated with a 1.73 times 
increased risk of death. However, this study did not control for the 
presence of acute AF during COVID-19 illness. In the present study of 
more than 7000 patients with COVID-19 illness, without controlling for 
acute AF, we found a 1.4 times increased risk of MACE and a 1.6 times 
increased risk of death in patients with a prior history of AF compared to 
patients without a prior history of AF. 

In the current study, the incidence of recurrent AF was 11% 
compared to 7% for new-onset AF. This is within the range of previously 
reported AF incidences (recurrent and new-onset) during COVID-19 
illness. [6,9,11] To exclude the potential confounding effect of acute 
AF on our primary analysis we performed a separate sensitivity analysis 
excluding patients with acute AF during COVID-19 illness. Specifically, 
we found a 1.2 times increased risk of MACE and a 1.3 times increased 
risk of death in patients with a prior history of AF. Furthermore, this 
increased risk of MACE persisted after stratifying for COVID-19 illness 
severity. Overall, these data support a history of AF as an independent 
risk factor of worse clinical outcomes in COVID-19 illness. Yet, these 
data also suggest that acute AF during COVID-19 illness also portends 
risk for worse clinical outcomes. 

4.2. Acute AF during COVID-19 illness predicts worse clinical outcomes 

Acute AF has been identified as a marker of worse outcomes in pa
tients with acute illnesses such as sepsis and acute heart failure [12–14]. 
More recently, Mountatonakis et al. [9] studied patients hospitalized 
with a positive COVID-19 test and acute onset AF propensity matched to 
patients without acute onset AF. In this study, acute onset AF was 
associated with a 1.46 times higher in-hospital mortality. In contrast, 
patients with new-onset AF had a 1.18 times increased risk of in-hospital 
mortality compared to patients with recurrent AF. The findings of the 
current study support those of Mountatonakis et al. [9] that acute AF is 
associated with worse clinical outcomes. Specifically, we found that 
recurrent AF was associated with a 1.95 times increased risk of MACE 
and a 1.78 times increased risk of death compared to patients with a 
prior history of AF but without recurrent AF. 

Given these findings it could be postulated that treatments that 
reduce the risk of acute AF during COVID-19 illness may improve clin
ical outcomes. Catheter ablation for the treatment of AF significantly 

Fig. 2. Major cardiovascular outcomes for patients with COVID-19 with recurrent AF compared to prior AF without recurrent AF during infection. * Prior AF with no 
recurrent AF within a month of COVID-19 infection. NOTE: AF = Atrial fibrillation, MACE = major adverse cardiovascular events (including death, MI, HF hos
pitalization, and stroke), HF = heart failure. p-values based on Cox proportional hazard regression. Propensity Score Matched. (Score based on age, gender, race, 
ethnicity, prior CAD, prior heart failure, prior stroke and hypertension.) Non-fatal MI not included as only one occurred in the recurrent AF group. 

Table 4 
COVID-19 clinical severity for patients with prior AF with ablation compared to 
those without ablation (propensity score matched*).  

COVID-19 CLINICAL 
SEVERITY 

AF With 
Ablation n =
472 

AF Without 
Ablations n = 472 

Odds Ratio 
(95% CI), p- 
value 

Hospitalization 106 (22.5%) 161 (34.1%) 0.56 (0.42, 
0.75), p <
0.0001 

ICU 30 (6.4%) 74 (15.7%) 0.37 (0.23, 
0.57), p <
0.0001 

Oxygen 96 (20.3%) 141 (29.9%) 0.60 (0.45, 
0.81), p =
0.0008 

Ventilator Used 25 (5.3%) 44 (9.3%) 0.54 (0.33, 
0.91), p = 0.02 

*Propensity Score Matched (Score based on age, gender, race, ethnicity, prior 
CAD, prior heart failure, prior stroke and hypertension). 
NOTE: AF = Atrial fibrillation, ICU = Intensive care unit, CI = confidence in
terval. Odds ratios and p-values are from logistic regression. 
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reduces risk of AF recurrence and is superior to antiarrhythmic drug 
therapy. Interestingly, we found a trend toward a 30% decreased risk of 
MACE and a 43% decreased risk of death in COVID-19 patients with a 
prior history of AF that had previously been treated with catheter 
ablation. These data suggest that prior catheter ablation for AF may 
decrease the risk of a poor clinical outcome in COVID-19. Also, in this 
study, patients with prior catheter ablation were also more likely to have 
previously been treated with an anti-arrhythmic drug. As would be 
predicted, patients with prior catheter ablation for AF had a much lower 
incidence of recurrent AF during COVID-19 illness than patients without 
a prior catheter ablation (5.1% vs 10.2%). Also, when stratifying for 
COVID-19 illness severity, there was no change in MACE events in pa
tient with a prior catheter ablation compared to patients with prior 

history of AF but no prior catheter ablation. As such, we postulate that 
treatments that reduce the risk of AF recurrence could improve clinical 
outcomes in patients with a prior history of AF that develop COVID-19 
illness in part by reducing the severity of clinical illness. Overall, these 
data also suggest that acute AF is not just a marker of a more severe 
clinical illness but may be a driver of more severe clinical illness. Further 
research is needed to better identify the clinical benefit of treatments 
that reduce recurrent AF during acute illness. 

Finally, we found that new-onset AF during COVID-19 illness was 
associated with a 5.55 times higher risk of MACE and a 6.16 times 
increased risk of death compared to COVID-19 patients without new- 
onset AF. New-onset AF demonstrated a much higher risk of a poor 
clinical outcome in the current study compared to that reported by 
Mountatonakis et al. [9] Our study included both hospitalized and non- 
hospitalized patients compared to only hospitalized patients in the 
Mountatonakis et al. [9] study. As such, it is likely that the non-AF group 
in our study had a lower severity of illness. It is also likely that new-onset 
AF is a marker of a more severe clinical illness that would portend a 
worse outcome. Consistent with this postulate, both our study and 
Mountatonakis et al. [9] demonstrated an increased risk of poor clinical 
outcomes in COVID-19 patients with new-onset AF compared to recur
rent AF. 

In conclusion, the mechanisms underlying the increased risk of poor 
clinical outcomes during COVID-19 illness in patients with a prior his
tory of AF and/or acute AF remain unclear. Furthermore, it is not clear 
whether these risks are specific to COVID-19 illness or apply across a 
spectrum of acute illness. Recent research suggests that acute AF during 
both influenza and COVID-19 illnesses is secondary to acute inflam
mation and disease severity. Also, there did not appear to be a difference 
in the incidence of acute AF between acute influenza and COVID-19 
illness. Future research is needed to better define the underlying 
mechanisms driving worse clinical outcomes associated with both a 
prior history of AF and acute AF during acute illnesses, like COVID-19. 

4.3. Limitations 

This study has important limitations that are inherent to all retro
spective studies. Acute AF was identified using ECG data and a new 

Fig. 3. Major cardiovascular outcomes for patients with COVID-19 with prior AF with ablation compared to those without ablation. NOTE: AF = Atrial fibrillation, 
MACE = major adverse cardiovascular events (including death, MI, HF hospitalization, and stroke), HF = heart failure. p-values based on Cox proportional hazard 
regression. Propensity Score Matched. (Score based on age, gender, race, ethnicity, prior CAD, prior heart failure, prior stroke and hypertension.) Non-fatal MI not 
included as only one occurred in the AF ablation group. 

Table 5 
COVID-19 clinical severity for patients with new AF onset compared to those 
with no AF (top) and those with new AF onset compared to those with recurrent 
AF (bottom). Both groups are propensity matched*.  

COVID-19 CLINICAL 
SEVERITY 

Groups Odds Ratio (95% 
CI), p-value 

New AF Onset 
n = 249 

No AF n = 249 

Hospitalization 202 (81.1%) 55 (22.1%) 15.16 (9.80, 23.5), 
p < 0.0001 

ICU 125 (50.2%) 12 (4.85%) 19.90 (10.59, 
37.40), p < 0.0001 

Oxygen 84 (33.7%) 46 (18.5%) 2.25 (1.49, 3.40), p 
= 0.0001 

Ventilator Used 24 (9.6%) 5 (2.0%) 5.21 (1.95, 13.88), 
p = 0.001   

New AF n =
203 

Recurrent AF n 
= 203  

Hospitalization 168 (82.8%) 142 (70.0%) 2.06 (1.29, 3.31), p 
= 0.0026 

ICU 98 (48.3%) 66 (32.5%) 1.94 (1.30, 2.90), p 
= 0.0013 

Oxygen 72 (35.5%) 110 (54.2%) 0.47 (0.31, 0.69), p 
= 0.0002 

Ventilator Used 22 (10.8%) 35 (17.2%) 0.58 (0.33, 1.04), p 
= 0.07  
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diagnosis of AF. As such, it is possible we may have missed acute AF 
cases, particularly recurrent AF, that was identified only on in-patient 
telemetry monitoring and did not result in a new AF diagnosis code. 
Similarly, misclassification of baseline characteristics and missed out
comes are possible. However, missing some of these factors is not 
anticipated to be biased with regard to the AF status. Given the retro
spective nature of this study, it is possible that confounding risk factors 
for worsening clinical outcomes during COVID-19 illness were consid
ered and compliance with AF related therapies (acute and chronic) were 
not measured and may have affected the findings of this study. Finally, 
because our data are observational and are limited to assessing associ
ations, so conclusions regarding causation between AF (prior history or 
acute AF) and worse clinical outcomes in COVID-19 illness, are not 
possible. 

5. Conclusions 

Based on the findings of the present study, a prior history of AF is an 
independent risk factor for major adverse cardiovascular events during 

COVID-19 illness. Also, both recurrent and, principally, new-onset AF 
are associated with an increased risk of poor clinical outcomes during 
COVID-19 illness. Further research is needed to better determine 
whether acute AF is causally associated with poor clinical outcomes are 
merely a marker of more severe illness. 
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