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Abstract: (1) Background: Among the different cardiovascular (CV) manifestations of the coronavirus
disease 2019 (COVID-19), arrhythmia and atrial fibrillation (AF) in particular have recently received
special attention. The aims of our study were to estimate the incidence of AF in patients hospitalized
for COVID-19, and to evaluate its role as a possible predictor of in-hospital all-cause mortality.
(2) Methods: We enrolled 3435 people with SARS-CoV2 infection admitted to three hospitals in
Northern Italy from February 2020 to May 2021. We collected data on their clinical history, laboratory
tests, pharmacological treatment and intensive care unit (ICU) admission. Incident AF and all-cause
in-hospital mortality were considered as outcomes. (3) Results: 145 (4.2%) patients developed AF
during hospitalization, with a median time since admission of 3 days (I-III quartile: 0, 12). Patients
with incident AF were admitted more frequently to the ICU (39.3 vs. 12.4%, p < 0.001), and more
frequently died (37.2 vs. 16.9%, p < 0.001). In the Cox regression model, the significant determinants
of incident AF were age (HR: 1.041; 95% CI: 1.022, 1.060 per year), a history of AF (HR: 2.720; 95% CI:
1.508, 4.907), lymphocyte count (HR: 0.584; 95% CI: 0.384, 0.888 per 103/µL), estimated glomerular
filtration rate (eGFR, HR: 0.988; 95% CI: 0.980, 0.996 per mL/min) and ICU admission (HR: 5.311;
95% CI: 3.397, 8.302). Incident AF was a predictor of all-cause mortality (HR: 1.405; 95% CI: 1.027,
1.992) along with age (HR: 1.057; 95% CI: 1.047, 1.067), male gender (HR: 1.315; 95% CI: 1.064; 1.626),
dementia (HR: 1.373; 95% CI: 1.045, 1.803), lower platelet (HR: 0.997; 95% CI: 0.996, 0.998 per 103/µL)
and lymphocyte counts (HR: 0.843; 95% CI: 0.725, 0.982 per 103/µL), C-Reactive protein values (HR:
1.004; 95% CI: 1.003, 1.005 per mg/L), eGFR (HR: 0.990; 95% CI: 0.986, 0.994 per mL/min), and ICU
admission (HR: 1.759; 95% CI: 1.292, 2.395). (4) Conclusions: Incident AF is a common complication in
COVID-19 patients during hospitalization, and its occurrence strongly predicts in-hospital mortality.

Keywords: incident atrial fibrillation; SARS-CoV-2; in-hospital mortality; intensive care unit

1. Introduction

Coronavirus disease 2019 (COVID-19) primarily results in a respiratory disease (Severe
Acute Respiratory Distress Syndrome—ARDS); through endothelial damage [1], it may also
result in multi-organ involvement, including the cardiovascular (CV) system [2]. Indeed,
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patients with CV risk factors (diabetes mellitus, arterial hypertension, obesity) and those
with established CV disease represent a vulnerable population in which COVID-19 results
in increased morbidity and mortality [3].

Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2) is able to directly
lead to CV complications such as acute coronary syndrome, pulmonary embolism and
myocarditis. Recently, among CV complications related to COVID-19, particular attention
has been paid to arrhythmia [2], and this risk is still being evaluated [4,5]. Sinus tachycardia
is frequently seen in patients with COVID-19 [6,7]; a high incidence of in-hospital atrial
fibrillation (AF) has also been reported [8–13]. In a meta-analysis including 21,653 patients
and 19 studies, the reported prevalence of AF was 11%, and it was even higher in patients
with a severe COVID-19 infection (19 vs. 3%) [9]. In the same study, incident AF was found
in 10% of COVID-19-infected subjects during hospitalization [9]. Finally, both a history of
AF and incident AF were found to be associated with a higher risk of in-hospital death in
these patients [8–13].

The aim of our study was to assess the incidence of AF episodes in patients hos-
pitalized for COVID-19, and to evaluate its predictors and relationship with in-hospital
all-cause mortality.

2. Materials and Methods
2.1. Study Population

This multicenter study included three hospitals in Northern Italy: San Gerardo Hos-
pital in Monza, Niguarda Hospital in Milan and Sacro Cuore Don Calabria Hospital in
Negrar di Valpolicella. All of the consecutive adult patients (≥18 years of age) diagnosed
with SARS-CoV-2 infection and admitted to the three centers from February 2020 (after
the first Italian autochthonous COVID case on 21 February 2020) to May 2021 were in-
cluded in the study. This period was chosen in order to include the first two waves of
COVID-19 infection.

Data were collected from hospital case records, and patients were followed until the
first occurrence of either hospital discharge, transfer to another facility, or death.

SARS-CoV-2 infection was diagnosed if the genome was detected by reverse transcriptase-
polymerase chain reaction (RT-PCR) for one or more out of three SARS-CoV-2 genes tested
on at least one nasopharyngeal swab.

2.2. Outcomes and Covariates

Incident AF and in-hospital mortality (all-cause mortality) were the main clinical
outcomes. Incident AF was defined as the first onset of AF during hospitalization in
patients without a previous diagnosis of permanent AF.

The diagnosis of incident AF was made according to international guidelines as an
arrhythmia without P waves with an arrhythmic R-R interval. It was diagnosed either by a
12-lead electrocardiogram after the onset of the patients’ symptoms, by the identification
of a non-regular pulse at the physician’s visit, or as an episode on an electrocardiogram
monitoring system lasting at least 30 s.

AF episodes were identified by reviewing the electronic medical records of the three
hospitals for all of the enrolled patients, looking for the term “atrial fibrillation” or “AF”
in the medical record. The patient’s medical history, pharmacological treatment, hemato-
chemical variables at admission, and admission to the intensive care unit (ICU) during
hospitalization were considered as possible predictors of incident AF and in-hospital mor-
tality. In detail, the in-patient’s electronical medical records were used to collect data on age,
gender, medical history (history of AF, heart failure, Chronic Coronary Syndrome—CCS,
peripheral vascular disease, previous stroke, dementia, chronic obstructive pulmonary
disease, advanced liver disease, cancer and diabetes mellitus), and admission to the ICU.

Hematochemical variables included creatinine, hemoglobin, platelet and lymphocyte
counts, and C-reactive protein (CRP). The glomerular Filtration Rate was estimated (eGFR)
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by using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation [14].
Chronic Kidney Disease (CKD) was defined as eGFR < 60 mL/min.

Drugs for AF rhythm or rate control (beta-blockers, antiarrhythmic and digoxin),
renin-angiotensin-aldosterone system (RAAS) inhibitors (angiotensin converting enzyme
inhibitors and angiotensin 2 receptor blockers), anticoagulants, antiplatelets, antidiabetics
and statins were recorded.

2.3. Compliance with Ethical Standards

The study (COMORBIDITIES) was approved by the Ethics Committee of the coordi-
nating center (San Gerardo Hospital, Monza, Italy) and by the IRB of each center, and was
registered at ClinicalTrials.gov (Identifier: NCT04670094, 15 December 2020).

When possible, informed consent was obtained from the subjects involved in the
study. Otherwise, this retrospective study was conducted under authorizations guaranteed
by Article 89 of the GDPR EU Regulation 2016/679, which guarantees processing for
the purposes of public interest, or for the scientific, historical or statistical purposes of
health data.

2.4. Statistical Analysis

The continuous data were described by medians and interquartile ranges (I–III quar-
tile) and compared using the Kruskal–Wallis test; alternatively, if they were normally
distributed, they were described by means and standard deviations (SD), and compared
using the unpaired two-sample t-test. Categorical data were described by counts and
percentages, and were compared using the Chi-square test. The Aalen–Johansen estimator
was used to estimate the crude cumulative incidence of in-hospital mortality by AF occur-
rence, accounting for discharge as a competing event. Due to the time-dependence of AF
occurrence, the landmark approach was used: the origin time was fixed at the median time
since admission of the incident AF occurrence, and the patients who developed AF were
included in the risk set at the time of AF occurrence. The patients who did not develop AF
were also stratified according to their history of AF before the admission.

A cause-specific Cox proportional-hazards regression model was used for the investi-
gation of significant determinants of incident AF, while considering death and discharge as
competing events. The covariates included in the regressor were established by a backward
stepwise approach, starting from the model with all comorbidities, blood chemistry tests
and time-dependent admission to the ICU (before AF occurrence). Admission therapies
were also added in a further model. Sex, age and history of non-permanent AF were forced
in the selection, and a significance level of 0.05 was used for each selection step. This model
excluded patients with permanent AF, as they were not eligible for incident AF.

A Cox proportional-hazards regression model was used for the investigation of the
association between AF occurrence and in-hospital mortality. Incident AF was included as a
time-dependent variable in order to account for immortal-time bias. Potential confounders
were established by a backward stepwise approach, starting from the model with all
comorbidities, blood chemistry tests, and ICU admission directly from the emergency
department. Sex and age were forced in the selection, and a significance level of 0.05 was
used for each selection step.

Hazard ratios (HRs) with 95% confidence intervals (CIs) were reported. SAS 9.4 (SAS
institute, Cary, NC, USA) was used for the statistical analyses, and the first type error was
set at 0.05 (two-tailed).

3. Results
3.1. Incident Atrial Fibrillation

Table 1 shows the demographic and clinical characteristics of the 3435 enrolled pa-
tients, overall and stratified according to the presence of an incident AF episode during
hospitalization. The median age of the patients was 65 years (I–III quartile: 53, 77), with a
male prevalence of 65%.

ClinicalTrials.gov
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Table 1. Clinical characteristics of the included patients, overall and divided according to in-hospital
incident AF occurrence.

Overall Incident AF = No Incident AF = Yes p Missing (%)

n 3435 3290 145

Demographic variables

Male, n (%) 2233 (65.0) 2129 (64.7) 104 (71.7) 0.1 0
Age (years) (median (I–III quartiles)) 65 (53, 77) 64 (53, 76) 73 (64, 81) <0.001 0

Anamnestic variables

Time to incident AF (days)
(median (I–III quartiles)) 3 (0, 12) - 30 (0, 12) - 0

History of AF, n (%) 218 (6.3) 203 (6.2) 15 (10.3) 0.065 0
Non-permanent AF, n (%) 101 (46.3) 86 (42.3) 15 (100.0) <0.001 0

Permanent AF, n (%) 117 (53.7) 117 (57.6) 0 (0.0) - 0
Chronic Coronary Syndrome, n (%) 314 (9.2) 299 (9.1) 15 (10.3) 0.733 0.6

Heart failure, n (%) 160 (4.7) 148 (4.5) 12 (8.3) 0.059 0.6
Peripheral vascular disease, (%) 226 (6.6) 215 (6.6) 11 (7.6) 0.759 0.6

Previous stroke, n (%) 287 (8.4) 270 (8.3) 17 (11.7) 0.188 0.6
Dementia, n (%) 235 (6.9) 224 (6.9) 11 (7.6) 0.862 0.6

COPD, n (%) 298 (8.7) 283 (8.7) 15 (10.3) 0.579 0.6
Advanced liver disease, n (%) 133 (3.9) 131 (4.0) 2 (1.4) 0.17 0.8

Cancer (%) 341 (10.1) 326 (10.0) 15 (10.4) 0.998 1.3
Diabetes mellitus, n (%) 584 (17.1) 554 (17.0) 30 (20.7) 0.291 0.6

Biochemical variables

Creatinine (mg/dL) (mean (SD)) 1.17 (1.03) 1.16 (1.02) 1.42 (1.19) 0.005 6.6
eGFR (mL/min) (mean (SD)) 73.9 (26.4) 74.4 (26.4) 62.0 (25.6) <0.001 6.6

CKD (eGFR < 60 mL/min), n (%) 929 (28.9) 871 (28.3) 58 (43.0) <0.001 6.6
Hemoglobin (g/dL) (mean (SD)) 12.7 (1.9) 12.7 (1.9) 12.4 (2.0) 0.08 4.5

Platelet (103/µL) (mean (SD)) 221.9 (96.4) 222.9 (96.3) 199.6 (95.4) 0.005 4.5
Lymphocytes (103/µL)

(median (I–III quartiles))
1.01 (0.70, 1.42) 1.03 (0.72, 1.43) 0.75 (0.55, 1.07) <0.001 7

C Reactive Protein (mg/L)
(median (I–III quartiles)) 64.2 (25.0, 121.6) 63.1 (24.5, 119.0) 90.0 (51.5, 168.0) <0.001 11.2

Therapies

RAAS inhibitors, n (%) 1050 (32.9) 994 (32.5) 56 (41.2) 0.045 7.1
Beta blockers, n (%) 731 (21.8) 677 (21.1) 54 (37.8) <0.001 2.6

Antiarrhythmic, n (%) 108 (3.2) 95 (3.0) 13 (9.0) <0.001 2.5
Digoxin, n (%) 15 (0.5) 15 (0.5) 0 (0.0) 0.907 9.4

Anticoagulant, n (%) 360 (10.7) 351 (10.9) 9 (6.3) 0.111 1.8
Antiplatelet, n (%) 567 (18.2) 535 (17.8) 32 (26.2) 0.025 9.2
Antidiabetic, n (%) 422 (13.4) 404 (13.4) 18 (14.8) 0.765 8.6

Statins, n (%) 361 (11.5) 339 (11.2) 22 (18.0) 0.031 8.6

Hospitalization variables

Hospital length (days)
(median (I–III quartiles)) 13 (8, 22) 12 (7, 21) 22 (13, 41) <0.001 0

ICU admission, n (%) 454 (13.6) 397 (12.4) 57 * (39.3) <0.001 2.7
Time to ICU admission (days)

(median (I–III quartiles)) 1 (0, 4) 1 (0, 4) 4 (0, 7) 0.003 0.9

Outcome

All-cause death, n (%) 611 (17.8) 557 (16.9) 54 (37.2) <0.001 0

Abbreviation: AF = Atrial Fibrillation; COPD = Chronic Obstructive Pulmonary Disease; eGFR = estimated
Glomerular Filtration Rate; CKD = Chronic Kidney Disease; RAAS = Renin Angiotensin Aldosterone System;
ICU = Intensive Care Unit; ED = Emergency Department. * Of which 48 were admitted to the ICU before or at AF
occurrence (21 had ICU admission directly from ED), and 9 were admitted to the ICU after AF occurrence.



Biomedicines 2022, 10, 1940 5 of 12

One hundred and forty-five patients (4.2%) developed AF during hospitalization, with
a median time of 3 (I–III quartile: 0, 12) days since admission. They were older (median age
73 vs. 64 years, p < 0.001), had a lower eGFR (62.0 ± 25.6 vs. 74.4 ± 26.4 mL/min, p < 0.001),
and had a higher prevalence of CKD (43.0 vs. 28.3%, p < 0.001) than the subjects who did
not experience incident AF. Furthermore, patients with incident AF had lower platelets
(199.6 ± 95.4 vs. 222.9 ± 96.3 103/µL, p = 0.005) and lymphocyte counts (0.75 (I–III quartile:
0.55, 1.07) vs. 1.03 (0.72, 1.43) 103/µL, p < 0.001) and higher CRP values (90.0 (I–III quartile:
51.5, 168.0) vs. 63.1 (24.5, 119.0) mg/L, p < 0.001).

The patients with incident AF were more frequently taking beta blockers (37.8 vs.
21.1%, p < 0.001), antiarrhythmics (9.0 vs. 3.0%, p < 0.001), RAAS inhibitors (41.2 vs. 32.5%,
p = 0.045), antiplatelets (26.2 vs. 17.8%, p = 0.025) and statins (18.0 vs. 11.2%, p = 0.031).
Among the patients who were not hospitalized in an ICU, 88 (over 2981, 3%) developed
AF, compared with the 57 (over 454, 12.6%) among patients who were admitted to an
ICU. Among them, 48 developed AF after or on the same day of ICU admission, and nine
developed AF before ICU admission.

According to the Cox multivariable regression, the significant determinants of incident
AF were age (HR: 1.041; 95% CI: 1.022, 1.060), a history of non-permanent AF (HR: 2.720;
95% CI: 1.508, 4.907), and ICU admission (HR: 5.311; 95% CI: 3.397, 8.302), while lymphocyte
count (HR: 0.584; 95% CI: 0.384, 0.888) and eGFR (HR: 0.988; 95% CI: 0.980, 0.996) were
inversely associated with AF occurrence (Table 2). The results were confirmed when
admission therapies (beta-blockers, antiarrhythmics and anticoagulants) were added to the
model (Supplementary Materials Table S1).

Table 2. Cox multivariable regression model on incident AF with stepwise backward variable
selection (variables with p < 0.05 were retained; age, sex and history of AF were forced in the model).
Patients with permanent AFs were excluded.

Number = 2725; Incident AF = 121

Parameter HR 95% Confidence Interval p-Value

Male (yes vs. no) 1.217 0.806 1.838 0.3497
Age (years) 1.041 1.022 1.060 <0.0001

History of non-permanent AF (yes vs. no) 2.720 1.508 4.907 0.0009
Lymphocytes (103/µL) 0.584 0.384 0.888 0.0119

eGFR (mL/min) 0.988 0.980 0.996 0.0019
ICU admission (yes vs. no-time dependent) 5.311 3.397 8.302 <0.0001

Abbreviation: AF = Atrial Fibrillation; eGFR = estimated Glomerular Filtration Rate; ICU = Intensive Care Unit.

3.2. All-Cause Mortality

Six hundred eleven (17.8%) in-hospital deaths were recorded; 557 out of 3290 (16.9%)
were in patients without incident AF, and 54 out of 145 (37.2%) were in patients with
incident AF (p < 0.001). Figure 1 shows the cumulative incidence of mortality in patients
who developed and did not develop AF (60-day mortality: 43.6% [95% CI: 34.5, 52.7] and
16.6% [95% CI: 15.3, 17.9], respectively, p < 0.001). Stratifying the latter group of patients
according to AF history, we found higher mortality in patients with AF history than those
without (Figure 2, 60-day mortality: 33.2% [95% CI: 26.4, 40.1] and 15.5% [95% CI: 14.2,
16.9], respectively, p < 0.001).

According to the Cox multivariable regression, the significant determinants of all-
cause mortality were age (HR: 1.057; 95% CI: 1.047, 1.067), male gender (HR: 1.315; 95% CI:
1.064; 1.626), dementia (HR: 1.373; 95% CI: 1.045, 1.803), CRP value (HR: 1.004; 95% CI:
1.003, 1.005), ICU admission directly from the emergency department (HR: 1.759; 95% CI:
1.292, 2.395), and incident AF during hospitalization (HR: 1.405; 95% CI: 1.027, 1.992).
The platelet (HR: 0.997; 95% CI: 0.996, 0.998) and lymphocyte count (HR: 0.843; 95% CI:
0.725, 0.982) and eGFR value (HR: 0.990; 95% CI: 0.986, 0.994) were inversely related with
mortality (Table 3). In the multivariable model, a previous history of AF was no longer
significantly associated with mortality.
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Figure 2. Crude cumulative incidence curves of the all-cause mortality in patients without incident
AF, divided according to the presence/absence of previous AF history and patients with incident AF.
The origin was fixed at the median time of incident AF (3 days since hospital admission), and late
entry was used for AF patients at the time of AF occurrence.
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Table 3. Cox multivariable regression model on death with stepwise backward variable selection
(variables with p < 0.05 were retained; age and sex were forced in the model).

Number = 2755; Death = 472.

Parameter HR 95% Confidence Interval p-Value

Male (yes vs. no) 1.315 1.064 1.626 0.0114
Age (years) 1.057 1.047 1.067 <0.0001

Dementia (yes vs. no) 1.373 1.045 1.803 0.0228
Platelet (103/µL) 0.997 0.996 0.998 <0.00001

Lymphocytes (103/µL) 0.843 0.725 0.982 0.0279
CRP (mg/L) 1.004 1.003 1.005 <0.0001

eGFR (mL/min) 0.990 0.986 0.994 <0.0001
Incident AF (yes vs. no-time dependent) 1.405 1.027 1.922 0.0333

ICU admission directly from ED (yes vs. no) 1.759 1.292 2.395 0.0003
Abbreviation: CRP = C-Reactive Protein; eGFR = estimated Glomerlar Filtration Rate; AF = Atrial Fibrillation;
ICU = Intensive Care Unit; ED = Emergency Department.

4. Discussion

The main findings of our study were (i) incident AF complicates 4.2% of the COVID-19
infection hospitalizations, and increases significantly to 12.6% when considering only pa-
tients admitted to the ICU; (ii) incident AF was independently predicted by age, previous
episodes of non-permanent AF and ICU admission; and (iii) incident AF independently
predicted in-hospital mortality. Interestingly, although ICU admission was a strong predic-
tor of mortality in COVID-19 patients, incident AF maintains an independent association
with the risk of death.

4.1. Incident AF in COVID-19 Patients

Previous studies showed that incident AF is the most relevant arrhythmia complicating
hospitalization by COVID-19. In one of the largest studies on arrhythmia related to COVID-
19 infection [15], AF was found to complicate 3.5% of the hospitalizations (17.7% in patients
admitted to ICU). Similar data were found by other authors, who showed an incidence of
between 2.5% and 7.5% [16,17]. When studies focused only on ICU inpatients, the incident
of AF ranged from 6.7% to 14.9% [13,18].

In our population, beside the expected impact of age and previous AF history, the
strongest predictor of incident AF was ICU admission. The association between incident
AF and ICU admission is not only related to COVID-19 infection [19]. In fact, previous data
showed that, in patients with ARDS from various origins (pneumonia, sepsis, aspiration
and trauma), new-onset AF arose in 10% of cases [20]. In septic patients, 23% experienced
incident AF, with an increase in frequency correlating with the severity of sepsis (10% in
sepsis, 22% in severe sepsis, and 40% in septic shock) [21]. In addition, a high rate of
incident AF (7%) was found in a large database (138,722 patients) of sepsis survivors [22].
In these studies, but also in others, new-onset AF was related to in-hospital and/or short-
term mortality [20–23]. The same findings were also confirmed by meta-analysis in terms
of both prevalence and a strong relationship with mortality [24–28].

Many factors contribute to the development of AF in critically ill patients: hypoxaemia,
altered serum potassium values, the use of vasopressor/inotropes, acute kidney injury, and
a systemic inflammatory response that increase levels of circulating stress hormones levels
and activates the sympathetic nervous system [22]. All of these factors are also present in
COVID-19 patients, particularly in the most critically ill. Serum potassium derangements
are common in COVID-19 patients [29], and both the presence of CKD and incident acute
kidney injury have been associated with incident AF in these individuals [30]. Furthermore,
the severity of inflammation (assessed as the leukocyte count, CRP, erythrocyte sedimenta-
tion rate and procalcitonin levels) and hypoxaemia [31,32] have also been confirmed to be
related to incident AF in COVID-19 patients.
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Some specific features related to COVID-19 infection have also been hypothesized [33].
Angiotensin Converting Enzyme (ACE) 2 receptor is internalized after binding with SARS-
CoV-2, resulting in the entry of the virus into the cell, and also resulting in a reduction
of ACE2 receptors on the cell surface. This leads to a reduction in the degradation of
angiotensin II to cardioprotective angiotensin 1–7 (Ang1–7), with an end effect that induces
cardiac hypertrophy, vasoconstriction, tissue fibrosis and increased oxidative stress [34]. All
of these are factors that may increase the susceptibility to AF. Similarly, the virus interacts
with the extracellular matrix metalloproteinase inducer (a transmembrane glycoprotein),
leading to the upregulation of the expression of several cytokines and promoting oxidative
stress [35]. Finally, the specific role of SARS-CoV-2 in determining endothelial dysfunction
has been characterized well [1].

4.2. Incident AF and In-Hospital Death in COVID-19 Patients

We found that incident AF was strongly associated with death. In our population,
ICU admission (HR: 1.759; 95% CI: 1.292, 2.395) and incident AF (HR: 1.405; 95% CI: 1.027,
1.992) were both independent determinants of in-hospital mortality.

A trend toward increased mortality in COVID-19 patients who develop AF has been
described [9]. However, only in four studies did this association persist after correction
for possible confounding factors [13,32,36,37]. Peltzer et al. [32] described 9.6% (101 cases)
incident AF in a population of 1053 patients with severe COVID-19 infection. They found
age, male sex, previous AF, CKD and hypoxia to be determinants of incident AF (similarly
to our data), along with an increased risk of death determined independently by incident
AF (OR: 2.87; 95% CI: 1.33, 3.52). The multivariable model was adjusted by age, gender,
race, body mass index, comorbidities (CCS, heart failure, prior stroke, history of AF,
hypertension, lung disease, renal disease, cancer) and therapies (immunosuppression,
RAAS blockers, nonsteroidal inflammatory, proton pump inhibitor and statins), while only
hypoxia was used as a marker of disease severity.

A second study [13] was performed in a population of 9564 patients hospitalized
for COVID-19 infection, 1109 (11%) of whom underwent AF. Using a propensity score
matching analysis, the authors found a HR for death of 1.56 (95% CI: 1.42, 1.71) in patients
with incident AF compared to patients without. In this study, CRP, D-dimer and lactate
values were used as markers of disease severity.

In a small study (175 COVID-19 infected patients with only 25 new-onset AF) pub-
lished recently [36], similar results were found after adjustment for respiratory failure
(defined as the PaO2/FiO2 ratio) and Interleukin−6 as markers of disease severity. Interest-
ingly, the latter marker was very high in subjects with incident AF, and was independently
related to death in the multivariable analysis.

Finally, Sano et al. [37] found an association between incident AF (28 subjects over
673 total subjects, 4.1%) and mortality (OR: 4.71; 95% CI: 1.63, 13.6) in a multivariable model
that included age, sex, the number of comorbidities, respiratory rate, oxygen saturation,
urea and CRP.

Other studies failed to demonstrate an association between incident AF and mortal-
ity [15,17,38,39]. However, these studies were performed on small samples of patients
with very few cases of incident AF, which is probably the reason for the lack of significant
association.

4.3. Limitations and Strengths

Our study has some limitations, the main one being the absence of post-discharge
follow-up, which prevents us from defining the long-term effect on mortality of incident
AF. Second, although the study is multicentric, the data are from North Italy only; therefore,
they may reflect regional and local health policies, and might not be generalizable to all
hospitals or all countries. In addition, only admitted patients were analyzed. It is likely
that the incidence of AF in COVID-19 outpatients is lower than that in inpatients, who are
surely more severely affected by the disease. However, the evaluation of incident AF in the
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outpatient setting is very difficult; in fact, to the best of our knowledge, there is no study
on COVID-19 patient populations performed in this setting.

Third, not all of our hospitalized patients with COVID-19 were undergoing continuous
electrocardiographic monitoring (especially those not admitted to the ICU); therefore, it
is possible that asymptomatic incident AF episodes could not be detected, resulting in an
underestimation of the phenomenon.

Fourth, the enrollment period of the study mainly involves patients infected by the
native and alpha variants. After that period, other variants with a more infectious but
less severe disease became dominant. Because, according our hypothesis, incident AF is
mainly related to disease severity, the inclusion of a less severe form could lead to a lower
frequency of incident AF. This is also possible for future variants, for which the risk of
incident AF, and its prognostic role, should be reevaluated.

Finally, some important covariates were not systematically collected and, thus, cannot
be used for the present analysis. Among them, some echocardiographic (left ventricular
ejection fraction, left atrial dimension, pericardial effusion) and biochemical (particularly
natriuretic peptides and troponin) variables have been identified as important prognostic
markers in SARS-CoV-2-infected patients [40–42] but, unfortunately, were not systemati-
cally available in our dataset. Due to the fact that these evaluations were performed only
on patients with severe infection (by clinical practice), the inclusions of these variables in
the models would lead a selection bias.

In addition, other factors, such as the treatment the patients underwent during hos-
pitalization and the patients’ socioeconomic status were not considered in the analysis.
Details on how AF incident episodes were managed are also not available (pharmacological
or electrical cardioversion vs. the spontaneous restoration of rhythm or the management
of rhythm control); however, this does not impact our conclusions on the incidence of
AF, although it might influence mortality. Despite these limitations, our study presents
some strengths compared with previously published studies. First, although COVID-19
disease severity is not universally defined (and in fact several variables have been used
in the multivariable model to correct for sepsis severity), we included ICU admission as
an unequivocal marker of disease severity. In studies prior to the COVID-19 pandemic,
ICU admission was found to be a significant determinant of the onset of AF in septic
patients [20], and it was associated with in-hospital and short-term mortality [21–24]. Fur-
thermore, it has been found to be a determinant of AF [8] and death in patients infected
with SARS-CoV-2 [43,44]. Therefore, our results confirm the important role of incident AF
in the identification of patients with a bad in-hospital outcome, even independent of this
very important prognostic factor.

The second strength of our study is the sample size in terms of both the total number
of subjects (3435) and of incident AF cases (145). Finally, for the first time, we appropriately
modeled the time-dependence of AF onset and ICU admission in this setting. In previous
studies [13,32,36,37], all of the events occurring during hospitalization were considered
simultaneous, losing the valuable information from the temporal sequence of events.
Specifically, in the modeling of predictors of incident AF, we included only ICU admissions
that preceded the onset of AF. Moreover, we accounted for the possible immortal-time bias
on the mortality model by including AF occurrence as a time-dependent variable.

5. Conclusions

In conclusion, incident AF frequently affects patients with COVID-19 during hospi-
talization. Whether SARS-CoV-2 has a specific role in causing incident AF or it is mainly
related to ARDS and severe sepsis need to be better elucidated in future studies. However,
incident AF is strongly related to in-hospital mortality, even adjusting for ICU admission;
therefore, incident AF should be taken into account when considering the mortality risk of
patients hospitalized for COVID-19 infection.



Biomedicines 2022, 10, 1940 10 of 12

Supplementary Materials: The following supporting information can be downloaded at https://www.
mdpi.com/article/10.3390/biomedicines10081940/s1. Table S1 caption: Cox regression model for
incident AF with stepwise backward variable selection, including admission therapies (variables
with p < 0.05 + age, sex, history of AF and antiarrhythmics. Permanent AFs were excluded).

Author Contributions: Conceptualization, A.M., S.G. and C.G.; methodology, P.R. and M.G.V.;
validation, E.G., M.B., J.G.R., V.G. and M.A.; formal analysis, P.R. and G.O.; investigation, N.U. and
C.R.; resources, O.M.E.; data curation, G.M.; writing—original draft preparation, A.M.; writing—
review and editing, A.M and S.G.; visualization, A.B.; supervision, P.B.; project administration,
S.G.; funding acquisition, O.M.E. All authors have read and agreed to the published version of
the manuscript.

Funding: This work was funded by the Italian Ministry of University and Research (MIUR), Depart-
ment of Excellence project PREMIA (PREcision MedIcine Approach: bringing biomarker research
to clinic), A. De Gasperis Cardiology and Cardiac Surgery Foundation, and by the Italian Ministry
of Health.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and was approved by Comitato Etico Milano Area 3 (protocol code
NOS/COVID-19/113/5/2020).

Informed Consent Statement: Informed consent was obtained from all of the subjects involved in
the study to publish this paper.

Data Availability Statement: Available on request.

Acknowledgments: We want to acknowledge the work of all of the COVID-19 Niguarda Work-
ing Group.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Sardu, C.; Gambardella, J.; Morelli, M.B.; Wang, X.; Marfella, R.; Santulli, G. Hypertension, Thrombosis, Kidney Failure,

and Diabetes: Is COVID-19 an Endothelial Disease? A Comprehensive Evaluation of Clinical and Basic Evidence. J. Clin.
Med. 2020, 9, 1417. [CrossRef] [PubMed]

2. Ruzzenenti, G.; Maloberti, A.; Giani, V.; Biolcati, M.; Leidi, F.; Monticelli, M.; Grasso, E.; Cartella, I.; Palazzini, M.; Garatti, L.; et al.
COVID and Cardiovascular Diseases: Direct and Indirect Damages and Future Perspective. High Blood Press. Cardiovasc. Prev.
2021, 28, 439–445. [CrossRef] [PubMed]

3. Mancusi, C.; Grassi, G.; Borghi, C.; Ferri, C.; Muiesan, M.L.; Volpe, M.; Iaccarino, G.; SARS-RAS Investigator Group. Clinical
Characteristics and Outcomes of Patients with COVID-19 Infection: The Results of the SARS-RAS Study of the Italian Society of
Hypertension. High Blood Press. Cardiovasc. Prev. 2021, 28, 5–11. [CrossRef] [PubMed]

4. Lakkireddy, D.R.; Chung, M.K.; Gopinathannair, R.; Patton, K.K.; Gluckman, T.J.; Turagam, M.; Cheung, J.; Patel, P.; Sotomonte, J.;
Lampert, R.; et al. Guidance for Cardiac Electrophysiology During the COVID-19 Pandemic from the Heart Rhythm Society
COVID-19 Task Force; Electrophysiology Section of the American College of Cardiology; and the Electrocardiography and
Arrhythmias Committee of the Council on Clinical Cardiology, American Heart Association. Circulation 2020, 141, e823–e831.
[CrossRef] [PubMed]

5. Wang, D.; Hu, B.; Hu, C.; Zhu, F.; Liu, X.; Zhang, J.; Wang, B.; Xiang, H.; Cheng, Z.; Xiong, Y.; et al. Clinical Characteristics of
138 Hospitalized Patients With 2019 Novel Coronavirus—Infected Pneumonia in Wuhan, China. JAMA 2020, 323, 1061–1069.
[CrossRef] [PubMed]

6. Xiong, T.-Y.; Redwood, S.; Prendergast, B.; Chen, M. Coronaviruses and the cardiovascular system: Acute and long-term
implications. Eur. Heart J. 2020, 41, 1798–1800. [CrossRef] [PubMed]

7. Maloberti, A.; Ughi, N.; Bernasconi, D.P.; Rebora, P.; Cartella, I.; Grasso, E.; Lenoci, D.; Del Gaudio, F.; Algeri, M.;
Scarpellini, S.; et al. Heart Rate in Patients with SARS-CoV-2 Infection: Prevalence of High Values at Discharge and Relationship
with Disease Severity. J. Clin. Med. 2021, 10, 5590. [CrossRef]

8. Musikantow, D.R.; Turagam, M.K.; Sartori, S.; Chu, E.; Kawamura, I.; Shivamurthy, P.; Bokhari, M.; Oates, C.; Zhang, C.; Pumill, C.;
et al. Atrial Fibrillation in Patients Hospitalized With COVID-19. JACC Clin. Electrophysiol. 2021, 7, 1120–1130. [CrossRef]

9. Li, Z.; Shao, W.; Zhang, J.; Ma, J.; Huang, S.; Yu, P.; Zhu, W.; Liu, X. Prevalence of Atrial Fibrillation and Associated Mortality among
Hospitalized Patients With COVID-19: A Systematic Review and Meta-Analysis. Front. Cardiovasc. Med. 2021, 8, 720129. [CrossRef]

10. Pepe, M.; Napoli, G.; Brindicci, G.; Carulli, E.; Nestola, P.L.; Santoro, C.R.; Biondi-Zoccai, G.; Giordano, A.; D’Ascenzo, F.;
Cirillo, P.; et al. Prognostic value of 12-leads admission electrocardiogram in low-risk patients hospitalized for COVID-19.
Minerva Medica 2021. Epub ahead of print. [CrossRef]

https://www.mdpi.com/article/10.3390/biomedicines10081940/s1
https://www.mdpi.com/article/10.3390/biomedicines10081940/s1
http://doi.org/10.3390/jcm9051417
http://www.ncbi.nlm.nih.gov/pubmed/32403217
http://doi.org/10.1007/s40292-021-00464-8
http://www.ncbi.nlm.nih.gov/pubmed/34173942
http://doi.org/10.1007/s40292-020-00429-3
http://www.ncbi.nlm.nih.gov/pubmed/33471297
http://doi.org/10.1161/circulationaha.120.047063
http://www.ncbi.nlm.nih.gov/pubmed/32228309
http://doi.org/10.1001/jama.2020.1585
http://www.ncbi.nlm.nih.gov/pubmed/32031570
http://doi.org/10.1093/eurheartj/ehaa231
http://www.ncbi.nlm.nih.gov/pubmed/32186331
http://doi.org/10.3390/jcm10235590
http://doi.org/10.1016/j.jacep.2021.02.009
http://doi.org/10.3389/fcvm.2021.720129
http://doi.org/10.23736/S0026-4806.21.07894-0


Biomedicines 2022, 10, 1940 11 of 12

11. Paris, S.; Inciardi, R.M.; Lombardi, C.M.; Tomasoni, D.; Ameri, P.; Carubelli, V.; Agostoni, P.; Canale, C.; Carugo, S.; Danzi, G.; et al.
Implications of atrial fibrillation on the clinical course and outcomes of hospitalized COVID-19 patients: Results of the Cardio-
COVID-Italy multicentre study. EP Eur. 2021, 23, 1603–1611. [CrossRef]

12. Zuin, M.; Rigatelli, G.; Bilato, C.; Zanon, F.; Zuliani, G.; Roncon, L. Pre-existing atrial fibrillation is associated with increased
mortality in COVID-19 Patients. J. Interv. Card. Electrophysiol. 2021, 62, 231–238. [CrossRef]

13. Mountantonakis, S.E.; Saleh, M.; Fishbein, J.; Gandomi, A.; Lesser, M.; Chelico, J.; Gabriels, J.; Qiu, M.; Epstein, L.M.; Northwell
COVID-19 Research Consortium. Atrial fibrillation is an independent predictor for in-hospital mortality in patients admitted
with SARS-CoV-2 infection. Heart Rhythm 2021, 18, 501–507. [CrossRef]

14. Levey, A.S.; Stevens, L.A.; Schmid, C.H.; Zhang, Y.L.; Castro, A.F., 3rd; Feldman, H.I.; Kusek, J.W.; Eggers, P.; Van Lente, F.;
Greene, T.; et al. A New Equation to Estimate Glomerular Filtration Rate. Ann. Intern. Med. 2009, 150, 604–612; Erratum in Ann.
Intern. Med. 2011, 155, 408. [CrossRef]

15. Bhatla, A.; Mayer, M.M.; Adusumalli, S.; Hyman, M.C.; Oh, E.; Tierney, A.; Moss, J.; Chahal, A.A.; Anesi, G.; Denduluri, S.; et al.
COVID-19 and cardiac arrhythmias. Heart Rhythm 2020, 17, 1439–1444. [CrossRef]

16. Lip, G.Y.; Genaidy, A.; Tran, G.; Marroquin, P.; Estes, C. Incident atrial fibrillation and its risk prediction in patients developing
COVID-19: A machine learning based algorithm approach. Eur. J. Intern. Med. 2021, 91, 53–58. [CrossRef]

17. Sanz, A.P.; Tahoces, L.S.; Pérez, R.O.; Ferrer, E.G.; Recalde, S.; Gómez, J.L.Z. New-onset atrial fibrillation during COVID-19
infection predicts poor prognosis. Cardiol. J. 2021, 28, 34–40. [CrossRef]

18. Chen, Q.; Xu, L.; Dai, Y.; Ling, Y.; Mao, J.; Qian, J.; Zhu, W.; Di, W.; Ge, J. Cardiovascular manifestations in severe and critical
patients with COVID-19. Clin. Cardiol. 2020, 43, 796–802. [CrossRef]

19. Boriani, G.; Fauchier, L.; Aguinaga, L.; Beattie, J.M.; Lundqvist, C.B.; Cohen, A.; Dan, G.-A.; Genovesi, S.; Israel, C.; Joung, B.;
et al. European Heart Rhythm Association (EHRA) consensus document on management of arrhythmias and cardiac electronic
devices in the critically ill and post-surgery patient, endorsed by Heart Rhythm Society (HRS), Asia Pacific Heart Rhythm Society
(APHRS), Cardiac Arrhythmia Society of Southern Africa (CASSA), and Latin American Heart Rhythm Society (LAHRS). Europace
2018, 21, 7–8. [CrossRef]

20. Ambrus, D.B.; Benjamin, E.; Bajwa, E.K.; Hibbert, K.A.; Walkey, A.J. Risk factors and outcomes associated with new-onset atrial
fibrillation during acute respiratory distress syndrome. J. Crit. Care 2015, 30, 994–997. [CrossRef]

21. Klouwenberg, P.M.C.K.; Frencken, J.F.; Kuipers, S.; Ong, D.S.Y.; Peelen, L.M.; van Vught, L.A.; Schultz, M.J.; van der Poll, T.;
Bonten, M.J.; Cremer, O.L.; et al. Incidence, Predictors, and Outcomes of New-Onset Atrial Fibrillation in Critically Ill Patients
with Sepsis. A Cohort Study. Am. J. Respir. Crit. Care Med. 2017, 195, 205–211. [CrossRef]

22. Walkey, A.J.; Hammill, B.G.; Curtis, L.H.; Benjamin, E.J. Long-term Outcomes Following Development of New-Onset Atrial
Fibrillation During Sepsis. Chest 2014, 146, 1187–1195. [CrossRef]

23. Steinberg, I.; Brogi, E.; Pratali, L.; Trunfio, D.; Giuliano, G.; Bignami, E.; Forfori, F. Atrial Fibrillation in Patients with Septic Shock:
A One-Year Observational Pilot Study. Turk. J. Anaesthesiol. Reanim. 2019, 47, 213–219. [CrossRef]

24. Meierhenrich, R.; Steinhilber, E.; Eggermann, C.; Weiss, M.; Voglic, S.; Bögelein, D.; Gauss, A.; Georgieff, M.; Stahl, W. Incidence
and prognostic impact of new-onset atrial fibrillation in patients with septic shock: A prospective observational study. Crit. Care
2010, 14, R108. [CrossRef]

25. Xiao, F.-P.; Chen, M.-Y.; Wang, L.; He, H.; Jia, Z.-Q.; Kuai, L.; Zhou, H.-B.; Liu, M.; Hong, M. Outcomes of new-onset atrial fibrillation in
patients with sepsis: A systematic review and meta-analysis of 225,841 patients. Am. J. Emerg. Med. 2021, 42, 23–30. [CrossRef]

26. Wu, Z.; Fang, J.; Wang, Y.; Chen, F. Prevalence, Outcomes, and Risk Factors of New-Onset Atrial Fibrillation in Critically Ill
Patients. Int. Heart J. 2020, 61, 476–485. [CrossRef]

27. Kanjanahattakij, N.; Rattanawong, P.; Krishnamoorthy, P.; Horn, B.; Chongsathidkiet, P.; Garvia, V.; Putthapiban, P.;
Sirinvaravong, N.; Figueredo, V.M. New-onset atrial fibrillation is associated with increased mortality in critically ill patients: A
systematic review and meta-analysis. Acta Cardiol. 2018, 74, 162–169. [CrossRef]

28. Yoshida, T.; Fujii, T.; Uchino, S.; Takinami, M. Epidemiology, prevention, and treatment of new-onset atrial fibrillation in critically
ill: A systematic review. J. Intensiv. Care 2015, 3, 19. [CrossRef]

29. Noori, M.; Nejadghaderi, S.A.; Sullman, M.J.M.; Carson-Chahhoud, K.; Kolahi, A.; Safiri, S. Epidemiology, prognosis and
management of potassium disorders in COVID-19. Rev. Med. Virol. 2021, 32, e2262. [CrossRef]

30. Genovesi, S.; Rebora, P.; Occhino, G.; Rossi, E.; Maloberti, A.; Belli, M.; Bonfanti, P.; Giannattasio, C.; Rossetti, C.; Epis, O.M.; et al.
Atrial Fibrillation and Clinical Outcomes in a Cohort of Hospitalized Patients with SARS-CoV-2 Infection and Chronic Kidney
Disease. J. Clin. Med. 2021, 10, 4108. [CrossRef]

31. Kelesoglu, S.; Yilmaz, Y.; Ozkan, E.; Calapkorur, B.; Gok, M.; Dursun, Z.B.; Kilic, A.U.; Demirelli, S.; Simsek, Z.; Elcık, D. New
onset atrial fibrilation and risk faktors in COVID-19. J. Electrocardiol. 2021, 65, 76–81. [CrossRef] [PubMed]

32. Peltzer, B.; Manocha, K.K.; Ying, X.; Kirzner, J.; Ip, J.E.; Thomas, G.; Liu, C.F.; Markowitz, S.M.; Lerman, B.B.; Safford, M.M.; et al.
Outcomes and mortality associated with atrial arrhythmias among patients hospitalized with COVID-19. J. Cardiovasc. Electro-
physiol. 2020, 31, 3077–3085. [CrossRef] [PubMed]
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significance of N-Terminal Pro-BNP in patients with COVID-19 pneumonia without previous history of heart failure. J. Cardiovasc.
Thorac. Res. 2021, 13, 141–145. [CrossRef]

43. Khamis, F.; Memish, Z.; Al Bahrani, M.; Al Dowaiki, S.; Pandak, N.; Al Bolushi, Z.; Al Salmi, I.; Al-Zakwani, I. Prevalence and predictors
of in-hospital mortality of patients hospitalized with COVID-19 infection. J. Infect. Public Health 2021, 14, 759–765. [CrossRef]

44. Armstrong, R.A.; Kane, A.D.; Cook, T.M. Outcomes from intensive care in patients with COVID-19: A systematic review and
meta-analysis of observational studies. Anaesthesia 2020, 75, 1340–1349. [CrossRef]

http://doi.org/10.1093/cvr/cvu035
http://doi.org/10.3390/medicina58040530
http://doi.org/10.1253/circj.CJ-21-0911
http://doi.org/10.1002/joa3.12619
http://doi.org/10.1016/j.medcli.2021.01.003
http://doi.org/10.1111/echo.14834
http://doi.org/10.1016/j.ahjo.2022.100131
http://doi.org/10.34172/jcvtr.2021.26
http://doi.org/10.1016/j.jiph.2021.03.016
http://doi.org/10.1111/anae.15201

	Introduction 
	Materials and Methods 
	Study Population 
	Outcomes and Covariates 
	Compliance with Ethical Standards 
	Statistical Analysis 

	Results 
	Incident Atrial Fibrillation 
	All-Cause Mortality 

	Discussion 
	Incident AF in COVID-19 Patients 
	Incident AF and In-Hospital Death in COVID-19 Patients 
	Limitations and Strengths 

	Conclusions 
	References

