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Abstract

Background: New-onset atrial fibrillation (NOAF) in COVID-19 raises significant clinical and public health issues. This
systematic review and meta-analysis aims to compile and analyze the current literature on NOAF in COVID-19 and give a more
comprehensive understanding of the prevalence and outcomes of NOAF in COVID-19. Methods: A comprehensive literature
search was carried out using several databases. The random effect model using inverse variance method and DerSimonian
and Laird estimator of Tua2 was used to calculate the pooled prevalence and associated 95% confidence interval (CI). Results
for outcome analysis were presented as odds ratios (ORs) with 95% CI and pooled using the Mantel-Haenszel random-effects
model. Results: The pooled prevalence of NOAF in COVID-19 was 7.8% (95% CI, 6.54% to 9.32%), pooled estimate from
30 articles (81,929 COVID-19 patients). Furthermore, our analysis reported that COVID-19 patients with NOAF had a higher
risk of developing severe disease compared with COVID-19 patients without a history of atrial fibrillation (OR= 4.78, 95%
CI 3.75 to 6.09) and COVID-19 patients with a history of pre-existing atrial fibrillation (OR= 2.75, 95% CI 2.10 to 3.59) .
Similarly, our analysis also indicated that COVID-19 patients with NOAF had a higher risk of all-cause mortality compared
with, COVID-19 patients without a history of atrial fibrillation (OOR= 3.83, 95% CI 2.99 to 4.92) and COVID-19 patients with
a history of pre-existing atrial fibrillation (OR= 2.32, 95% CI 1.35 to 3.96). The meta-analysis did not reveal any significant
publication bias. Conclusion: The results of the current meta-analysis a high prevalence rate of NOAF among COVID-19
patients. Further the study reported higher disease severity with NOAF compared with COVID-19 patients without a history

of atrial fibrillation and with a history of atrial fibrillation.
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ABSTRACT

Background: New-onset atrial fibrillation (NOAF) in COVID-19 raises significant clinical and public health
issues. This systematic review and meta-analysis aims to compile and analyze the current literature on NOAF
in COVID-19 and give a more comprehensive understanding of the prevalence and outcomes of NOAF in
COVID-19.

Methods: A comprehensive literature search was carried out using several databases. The random effect
model using inverse variance method and DerSimonian and Laird estimator of Tua2 was used to calculate the
pooled prevalence and associated 95% confidence interval (CI). Results for outcome analysis were presented
as odds ratios (ORs) with 95% CI and pooled using the Mantel-Haenszel random-effects model.

Results: The pooled prevalence of NOAF in COVID-19 was 7.8% (95% CI, 6.54% to 9.32%), pooled estimate
from 30 articles (81,929 COVID-19 patients). Furthermore, our analysis reported that COVID-19 patients
with NOAF had a higher risk of developing severe disease compared with COVID-19 patients without a
history of atrial fibrillation (OR= 4.78, 95% CI 3.75 to 6.09) and COVID-19 patients with a history of
pre-existing atrial fibrillation (OR= 2.75, 95% CI 2.10 to 3.59) . Similarly, our analysis also indicated that
COVID-19 patients with NOAF had a higher risk of all-cause mortality compared with, COVID-19 patients
without a history of atrial fibrillation (OOR= 3.83, 95% CI 2.99 to 4.92) and COVID-19 patients with a
history of pre-existing atrial fibrillation (OR= 2.32, 95% CI 1.35 to 3.96). The meta-analysis did not reveal
any significant publication bias.



Conclusion: The results of the current meta-analysis a high prevalence rate of NOAF among COVID-19
patients. Further the study reported higher disease severity with NOAF compared with COVID-19 patients
without a history of atrial fibrillation and with a history of atrial fibrillation.

KEYWORDS : New-onset atrial fibrillation; COVID-19; SARS-CoV-2; atrial arrhythmias; heart rhythm;
mortality

ABBREVIATIONS

COVID-19- Coronavirus disease- 2019

SARS-CoV-2 - Severe acute respiratory syndrome coronavirus 2
NOAF- New-onset atrial fibrillation

1. INTRODUCTION

SARS-CoV-2 causing COVID-19 has affected millions worldwide till date. Although initially described for
its respiratory symptoms and complications, new research has highlighted the virus’s wide-ranging effects,
which go well beyond the respiratory system. The cardiovascular system has drawn much attention because
of the various cardiac manifestations, calling for more research and comprehension

The development of new-onset atrial fibrillation (NOAF) in COVID-19 is one such cardiac manifestation.
Several underlying cardiovascular and systemic conditions have been linked to atrial fibrillation. However,
the intriguing link between COVID-19 and AF has created a particular focus in cardiovascular medicine,
providing additional information about the underlying mechanisms, clinical implications, and potential ther-
apeutic options. Although there are variations in the prevalence of NOAF in COVID-19 as documented by
prior studies, it is clear that it can affect how the disease manifests clinically.’

The presence of NOAF in COVID-19 raises significant clinical and public health issues, related to the effect
of NOAF in COVID-19 outcomes, such as mortality, hospitalization rates, and the course of the disease.
Hence, we present a systematic review and meta-analysis to compile and analyze the current literature on
NOAF in COVID-19. By combining data from various studies, we aim to provide a more comprehensive

understanding of the prevalence, clinical importance, and potential underlying mechanisms of NOAF in
COVID-19.

2. METHODS

Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) guidelines are followed in
communicating and processing the current systematic review and meta-analysis.

2.1 Search strategy:

A comprehensive literature search was conducted with PubMed and Embase until September 5, 2023. The
MedRxiv and SSNR preprint servers were also filtered. We combined Medical Subject Headings (MeSH)
terms and keywords, and subsequent search terms were, (( [Coronavirus] or [Covid-19] or [SARS-CoV-2]
AND [New-onset atrial fibrillation] or [Atrial Fibrillation] or [Arrythmias] or [Outcomes])) . There were no
language or geographic restrictions. We manually searched the reference lists of the included studies and
the relevant literature for additional qualifying studies. After removing duplicate citations, the eligibility of
the remaining articles was evaluated by looking at their titles and abstracts. The PRISMA flow diagram is
depicted in Figure 1.

2.2 Eligibility Criteria

All qualified studies were included in this meta-analysis. To be included in the present meta-analysis, the
article must have full filled the following inclusion criteria: (a) an observational article reporting COVID-19
and prevalence of NOAF; (b) studies with a sample size of [?] 5 patients. These studies were included
irrespective of the patient’s age, gender, or ethnicity.



The following were the exclusion requirements: (a) lacking data on the outcome of COVID-19, (b) duplicate
publications, (c) letters to the editor, case reports, commentaries, reviews, and posters.

2.3 Study selection and quality assessment:

Two authors () individually reviewed the titles and abstracts of the literature extracted from database
search. Each author filtered the studies based on the predetermined eligibility criteria. Any conflict was
resolved through discussion and an earlier agreement that a third author (AK) would evaluate the differences
in opinion. The Newcastle-Ottawa Scale (NOS) was utilized to assess the risk of bias of the included
studies. Two authors (KR, RKP) independently performed and reported the Newcastle-Ottawa Scale (NOS),
differences resolved by discussion and after consultation with the third author (AK). The studies were
categorized as: low bias risk (8-9 points), moderate bias risk (5-7 points), and high bias risk (0-4 points).

2.4 Data extraction:

Two authors (SSR, AMF, VDPG) independently performed data extraction from included studied, which
was then cross-checked by the third author (AK) to reduce errors. From each included study, the following
details were retrieved, the first author’s name, the origin country of the analysis, study design, number of
COVID-19 patients, median age, gender (female sex proportion), patients with NOAF, data on patients with
pre-existing atrial fibrillation if available, ICU admitted patients or patients with respiratory failure, and
all-cause mortality. Criteria for severe disease was ICU admission or respiratory failure.

2.5 Statistical Analysis:

MedCalc@®) Statistical Software version 19.6.4 (MedCalc Software Ltd, Ostend, Belgium; htt-
ps://www.medcalc.org; 2021) was utilized for all statistical analyses. The random effect model using inverse
variance method and DerSimonian and Laird estimator of Tua2 was used to calculate the pooled prevalence
and associated 95% confidence interval (CI). Results for outcome analysis were presented as odds ratios
(ORs) with 95% CI and pooled using the Mantel-Haenszel random-effects model. The I2 statistics were used
to assess the heterogeneity of effect size estimates across included studies (low heterogeneity: 12 [?] 25%;
moderate: 25-50%; high > 75%). Publication bias was explored using funnel plots, Egger’s regression test,
and Begg-Mazumdar’s rank correlation test.

3. RESULT:
3.1 Characteristics of the included studies:

The preliminary search reported 1689 articles. Seven hundred thirty-five studies were included after removing
duplicates. After considering the title and abstract, 663 articles were eliminated, leaving 72 papers that were
regarded as plausible for this analysis. Following review of these studies based on the inclusion and exclusion
criteria, 30 articles totaling 81,929 COVID-19 patients were eventually included in this meta-analysis.” Table
1 summarizes the baseline characteristics of the included studies.

3.2 Meta-analysis for the prevalence of NOAF in COVID-19 infection:

The overall pooled prevalence of NOAF in patients with COVID-19 across multiple studies was 7.8%, with
a 95% confidence interval (CI) ranging from 6.54% to 9.32%. (Figure 2)

3.3 Meta-analysis for Severity Outcome:

The current meta-analysis results indicated that NOAF in the COVID-19 was associated with an increased
incidence of severe disease compared with COVID-19 patients without any history of atrial fibrillation (OR=
4.78, 95% CI 3.75 to 6.09). The outcome had high associated heterogeneity (I 2 = 82%). The result was
pooled from 15 studies, comprising 54,051 COVID-19 patients (Figure 3 A).

Similarly, our analysis reported that NOAF in COVID-19 patients was associated with an increased incidence
of severe disease compared with COVID-19 patients with a history of pre-existing atrial fibrillation (OR=



2.75, 95% CI 2.10 to 3.59). The outcome had moderate associated heterogeneity (I 2 = 41%). The result
was pooled from 7 studies, comprising 2625 COVID-19 patients (Figure 3 B).

3.4 Meta-analysis for mortality outcome:

The current meta-analysis results indicated that NOAF in the COVID-19 was associated with an increased
mortality compared with COVID-19 patients presenting without NOAF or history of atrial fibrillation (OR=
3.83, 95% CT 2.99 to 4.92). The outcome had high associated heterogeneity (I 2 = 87%). The result was
pooled from 25 studies, comprising 56,283 COVID-19 patients (Figure 4 A).

Similarly, our analysis revealed that COVID-19 patients with NOAF had an increased mortality when com-
pared with COVID-19 patients with a history of pre-existing atrial fibrillation (OR= 2.32, 95% CI 1.35 to
3.96). This outcome had high associated heterogeneity (I 2 = 87%). The result was pooled from 13 studies,
comprising 3,882 COVID-19 patients (Figure 4 B).

3.6 Risk of bias assessment:

The risk of bias assessment of included observational studies was done with the aid of the Newcastle-Ottawa
Scale (NOS). Of 30 studies, 14 were high quality, and 16 were moderate quality, with an average score of
7.4 (Supplementary Table 1). Overall, it was determined that the evidence used in these analyses was of
moderate quality.

3.7 Publication Bias:

Visual inspection of the standard funnel plots for all the analyses was identified as having moderate symmetry.
With the aid of Egger’s regression test and Begg-Mazumdar’s rank correlation test, further assessment of
publication bias was done. For both these tests, p< 0.05 was considered significant, and the analysis was
considered positive for publication bias. No evident publication bias was witnessed for most analyses done
in this study. However, Begg-Mazumdar’s rank correlation test for NOAF prevalence outcomes had a p <
0.05. The corresponding Egger’s regression test showed no evidence of publication bias for this outcome.
Hence, the current analyses were without any evidence for publication bias (Supplementary table 2).

4. DISCUSSION:

Our comprehensive meta-analysis reported NOAF to be a major occurrence in patients with COVID-19.
Across 30 studies encompassing a total of 81,929 COVID-19 patients, we found the overall pooled random
effects estimate of NOAF prevalence to be 7.8% (95% CI: 6.54% to 9.32%). Published literature shows
that the prevalence of NOAF in COVID-19 patients ranges from 1% to 19%. * This finding underscores the
importance of monitoring cardiac rhythm in COVID-19 patients. In literature, the incidence of NOAF in
surgical and medical mixed intensive care units ranged from 1.7% to 29.5%. However, little information is
available regarding the occurrence of NOAF in critically ill COVID-19 patients.

One of the key findings of our analysis was the significant association between NOAF and disease severity
in COVID-19 patients. Compared with COVID-19 patients without any history of atrial fibrillation, those
who developed NOAF during their illness had a substantially increased risk of severe disease Our analysis
also demonstrated that NOAF in COVID-19 patients posed a greater risk of severe disease when compared
with patients who had a pre-existing history of atrial fibrillation. Furthermore, a correlation between NOAF
and elevated mortality risk in COVID-19 patients was reported in our meta-analysis. NOAF significantly
increased the risk of death compared with COVID-19 patients without atrial fibrillation. In addition, our
analysis reported that COVID-19 patients with NOAF had a higher mortality risk than those with pre-
existing atrial fibrillation. This result suggests that NOAF, a COVID-19 complication, may have unique
implications for disease severity beyond what is typically associated with pre-existing atrial fibrillation. This
finding emphasizes the need for more focused investigations and further studies to better comprehend the
underlying mechanisms causing severe disease among COVID-19 patients with NOAF, potentially guiding
customized clinical management strategies for these patients.



Effective clinical management and intervention depend on understanding the pathophysiologic mechanisms
underlying NOAF in COVID-19 patients. Even though numerous theories have been put forth, the pre-
cise mechanisms causing NOAF in COVID-19 patients are unknown. An extremely inflammatory response
brought on by the SARS-CoV-2 virus defines COVID-19. This cytokine storm can result in myocardial
injury and disruption of the heart’s typical electrical conduction system. Atrial fibrillation pathogenesis has
been linked to inflammatory mediators like interleukin-6 (IL-6) and tumor necrosis factor-alpha. Elevated
levels of these cytokines in COVID-19 patients may contribute to the development of NOAF by promoting
atrial remodeling and electrical instability. Aside from this, the autonomic nervous system is crucial in
controlling heart rhythm. Critically ill COVID-19 patients frequently exhibit dysregulation of sympathetic
and parasympathetic activity, which can foster the development of NOAF. Hypoxia, stress response, and
drugs used for the management of COVID-19 (such as catecholamines) may all cause autonomic dysfunction,
leading to NOAF. Further according to recent reports, COVID-19 can cause myocardial injury and ischemia
due to various factors, including direct viral damage, micro thrombosis, and hypoxia. These circumstances
can affect the atria’s electrical stability, creating the perfect environment for atrial fibrillation to start and
continue. Myocardial injury may also affect the atrial refractory period and promote reentry circuits, facili-
tating atrial fibrillation. Viral entry into myocardial cells can disrupt the heart’s typical electrical properties,
predisposing to atrial fibrillation.” A comprehensive understanding of these mechanisms is essential for devel-
oping targeted preventive and therapeutic strategies for NOAF in COVID-19 patients, ultimately improving
their clinical outcomes.

It is critical to acknowledge some of the limitations of this meta-analysis. First, we found significant hetero-
geneity associated with the pooled estimates; as the included studies differed in design, patient characteristics,
and location, which may have introduced some variation. The method used for atrial fibrillation surveillance
varied across included studies. Strains of SARS-CoV-2 virus, co-morbidities of included patients, vaccination
status were not accounted for in the present analysis. The present study didn’t account for type of atrial
fibrillation based on the duration. Finally this is a study level meta-analysis and hence is limited in its
ability to account for heterogeneity observed among the pooled estimate.

In conclusion, our meta-analysis provides valuable insights into the prevalence and clinical implications of
NOAF in COVID-19 patients. The results indicate a strong correlation between NOAF and a higher risk
of severe illness and mortality among COVID-19. These findings highlight the value of careful surveillance,
early detection, and tailored NOAF management strategies among COVID-19 patients to enhance clinical
outcomes. Further research is warranted to elucidate the mechanisms underlying this association and guide
clinical practice.

5. REFERENCES:

6. Figure legends:

Figure 1: Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) flow diagram
Figure 2: Forest plot for prevalence of NOAF in COVID-19 Patients

Figure 3A: Forest plot for severity of COVID-19 patients among NOAF and without a history of atrial
fibrillation as controls

Figure 3B: Forest plot for severity of COVID-19 patients among NOAF and with a history of pre-existing
atrial fibrillation as controls

Figure 4A: Forest plot for mortality of COVID-19 patients among NOAF and without a history of atrial
fibrillation as controls

Figure 4B: Forest plot for mortality of COVID-19 patients among NOAF and with a history of pre-existing
atrial fibrillation as controls



PRISMA 2009 Flow Diagram

= !

- Records identified through Additional records identified
c database searching through other sources
H PUBMED=523 (n=15)
k] EMBASE=334
5.‘:_' GOOGLE SCHLOR=612
= (n=1674)
@
o
L L I
— Records after duplicates removed
(n=735)
o
&
c
[
5
& Records screened Records excluded
(n=735) (n=663)
S

Full-text articles assessed

for eligibility
(n=72)

l

Studies included in

Full-text articles excluded,
with reasons
(n=42)

Ccommentaries (n=8)
Narrative Reviews(n=11)
Abstract(n=8)

Case Reports (n=15)

\_J
qualitative synthesis
(n =30)
T 1
[}
ES
S Studies included in
£ quantitative synthesis
(meta-analysis)
(n=30)
_/

From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting /tems for Systematic Reviews and Meta-
Analyses: The PRISMA Statement. PLoS Med 6(6): 1000097 doi:10.137 1/journal pmed 1000097

For more information, visit www.prisma-statement.org.




Abdulrahman et al. —
Aydemir et al. |—
Bagnato et al. —
Cutler et al. —
Ergun et al. —
Garcia-Granja et al. —
Jehangir et al. —
Jurisic et al. —
Kanthasamy et al. —

Kelesoglu et al. —
Kensara et al. —
Maloberti et al. —
Mountantonakis etal.  |—
Musikantow et al. —
Offerhaus et al. —
Parahuleva et al. —
Parwani et al. —
Pedro Sanz et al. —
Rahimi et al. —
Randy et al. —
Rosenblatt et al. —
Russo et al. —
Sano et al. —
Schiavone et al. —
Slipczuk et al. —
Spinoni et al. —
‘Yarmohammadi et al. —
Yuan et al. —
Zakynthinos et al. —
2yllaetal. —

Total (random effects) |—

Abdulrahman et al.
Aydemir et al.
Cutler et al.
Garcia-Granja et al.
Jehangir et al.
Jurisic etal.
Kelesoglu et al.
Maloberti et al.
Offerhaus et al.
Parahuleva et al.
Parwani et al.
Rahimi et al.
Rosenblatt et al.
Sano etal.

Zylla et al.

Total (random effects)

—.
|
— .
— .
=
~m—
—_——.——————
-
—
L
L]
|
L
_._
— .
-
—_— .
|
_._
B
L
——
+
-
+
—
-
| | | | |
0.1 0.2 0.3 0.4 0.5
Proportion
B l
- N
- —.—
- —.—
B L
— L
- +
— i
| I | |
1 10 100
Odds ratio



Aydemir et al.

Cutler et al.

Jehangir et al.

Jurisic et al.

Parahuleva et al.

Sano et al.

Spinoni et al.

Total (random effects)

Abdulrahman et al.
Aydemir et al.
Bagnato et al.
Cutler et al.

Ergun et al.
Garcia-Granja et al.
Jehangir et al.
Jurisic et al.
Kanthasamy et al.
Kelesoglu et al.
Kensara et al.
Maloberti et al.
Mountantonakis et al.
Musikantow et al.
Parahuleva et al.
Parwani et al.
Pedro Sanz et al.
Rahimi et al.
Randy et al.
Rosenblatt et al.
Sano et al.
Slipczuk et al.
Yuan et al.
Zakynthinos et al.
Zylla et al.

Total (random effects)

Odds ratio

10

Odds ratio

10

100



Aydemir et al.
Bagnato et al.
Cutler etal.
Jehangir et al.
Jurisic et al.
Mountantonakis et al.
Musikantow et al.
Parahuleva et al.
Randy et al.
Russo etal.
Sano et al.
Spinoni et al.

Yarmohammadi et al.

Total (random effects)

Hosted file

-
_._
L
- =
S
SR
- =
- R
- _._
- _.._
SR
- -
- _._
— -
I T 1 A 1 A A T N WA
0.1 1 10 100 1000 10000 100000

Odds ratio

Table (2).docx available at https://authorea.com/users/393104/articles/673032-a-systematic-
review-and-meta-analysis-of-new-onset-atrial-fibrillation-in-the-context-of-covid-19

10


https://authorea.com/users/393104/articles/673032-a-systematic-review-and-meta-analysis-of-new-onset-atrial-fibrillation-in-the-context-of-covid-19
https://authorea.com/users/393104/articles/673032-a-systematic-review-and-meta-analysis-of-new-onset-atrial-fibrillation-in-the-context-of-covid-19

