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Introduction 

COVID-19 was initially recorded in China and 
declared as a pandemic by the World Health 
Organization on March 12, 2020. (1) Among the 
WHO’s current recommendations, people with 
mild respiratory symptoms should be encouraged 
to isolate themselves, and social distancing is 
emphasized and these recommendations apply 
even to countries with no reported cases. Cohort 
studies from various countries suggest that risk 
factors and prognoses for COVID-19 patients 
might not be representative of other geographic 
regions, as they could be influenced by specific 
public health conditions or race-related factors. (2) 
Cardiac arrhythmias, including life-threatening 
ventricular arrhythmias, could arise from the 
direct impact of COVID-19 or  from the systemic 
effects of the disease and the potential side effects 
of drugs used for  its  treatment (3).  Data  from  
 

 
hospitalized patients indicate that COVID-19 
infection increases susceptibility to atrial 
fibrillation (AF) acutely during the infectious 
stages and sometimes in the post-convalescence 
period. (4) New-onset AF exacerbates the 
prognosis of patients dealing with serious 
illnesses. (5) This arrhythmia is common in 
contexts involving acute conditions such as 
myocardial infarction, cardiac surgeries, or 
infections, where it is associated with a heightened 
risk of complications and mortality. (6) While 
atrial fibrillation is a frequent cause of stroke, the 
risk of developing thromboembolic events appears 
to be higher in COVID-19. (7) Previous studies 
have indicated that COVID-19 is a risk factor for 
both arterial and venous thrombotic events. (8) 
The management of AF in clinical practice, 
including the use of antithrombotic therapies, 
does not significantly deviate from routine 
management of COVID-19. (9) For these patients, 
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a delicate balance must be maintained between the 
risks of embolism and bleeding. Various 
parameters within the CHA2DS2-VASc score, 
such as congestive heart failure (CHF), 
hypertension (HT), advanced age, female gender, 
and diabetes mellitus (DM), are closely associated 
with the development of AF. In this study, our 
objectives encompass determining the incidence 
of newly diagnosed AF among COVID-19 
patients in our region, assessing the impact of 
newly diagnosed AF on hospital stay duration, 
stroke occurrence, bleeding episodes, and 
mortality, as well as evaluating the predictive value 
of inflammatory parameters and the CHA2DS2-
VASc score for newly diagnosed AF. 

Materials and Methods 

The present retrospective multicenter study 
encompassed 436 consecutive patients who were 
admitted to three different medical centers in 
Elazığ, and Ağrı, Türkiye due to COVID-19-
related infections. Access to medical records was 
granted by hospital administrations for the 
purpose of retrospective analysis, which aimed to 
inquire about patients' past medical histories and 
initiated treatments. The methodology leans 
towards retrospective analysis, leveraging existing 
data and patient records to investigate the 
incidence and characteristics of AF development 
in COVID-19 patients, along with associated 
outcomes such as embolic events and bleeding 
episodes. The patients' files were requested from 
the archive and their anamnesis notes, treatment 
protocols, and admission and follow-up ECGs 
were examined. Daily follow-up notes were 
reviewed through the system and compared with 
the records in the file. Laboratory and radiological 
images and consultation notes were searched 
through the hospital system. The study focused on 
patients hospitalized for COVID-19 infection 
between September 2021 and February 2022. 
Inclusion criteria were set as age greater than 18 
years and a confirmed diagnosis of COVID-19 
through polymerase chain reaction. For 
comparison purposes, two distinct groups were 
formed: the new-onset AF (incipient AF) group, 
comprising consecutive patients exhibiting "de 
novo" AF upon hospitalization; and a control 
group of patients without a history of AF who 
were previously hospitalized for COVID-19 
during the same period. These groups were 
defined as incipient AF and control groups to 
investigate the role of new-onset AF. Exclusion 
criteria involved patients with any cancer 
diagnosis, moderate-to-severe mitral stenosis 

(identified through history and physical 
examination), individuals with mechanical valve 
prostheses, and those with a prior AF diagnosis. 
Clinical and treatment data were collected. 
Electrocardiogram (ECG) monitoring was 
conducted for all patients upon initial 
hospitalization and continued daily during their 
stay. Additionally, ECGs were recorded in 
response to palpitations, dizziness, and chest pain. 
Both groups received COVID-19 treatment 
according to the hospital's ongoing protocol and 
the Ministry of Health's recommendations, 
including hydroxychloroquine and azithromycin, 
antiviral medications if necessary, dexamethasone, 
and oxygen support, without differentiation 
between   the   groups   unless   contraindicated. 
 
As standard treatment for all patients; 
- Oxygen support 
- Dexamethasone 6 mg once a day 
- Azithromycin 500 mg once a day 
-enoxaparin 4000 sc once a day 
- Hydroxychloroquine 400 mg twice a day on the 
first day, 200 mg twice a day for the next 4  
days 
 
The first ECG was administered within the initial 
10 minutes of admission, and continuous ECG 
monitoring was employed throughout 
hospitalization to detect arrhythmias. AF defined 
as the absence of discernible P waves for a 
minimum of 30 seconds, an irregular R-R interval, 
and an indistinct isoelectric line. Development of 
AF during hospitalization in patients without a 
prior history of AF who presented with sinus 
rhythm upon admission was defined as New-onset 
AF (NOAF). Clinical follow-up was conducted 
throughout hospitalization, with particular 
attention to anticoagulation therapy. A systemic 
embolic event was defined as a combination of 
ischemic stroke, systemic embolism, and 
pulmonary embolism that occurred without any 
invasive intervention. Ischemic stroke was 
investigated in cases of sudden-onset focal 
neurological deficits without identifiable non-
vascular causes. Documentation, either clinical or 
radiological, was required to confirm embolic 
events.The diagnosis of major bleeding was made 
according to the criteria determined by the 
International Thrombosis and Haemostasis 
Society(ISTH) (10). Major bleeding encompassed 
fatal bleeding, bleeding into critical organs, or 
bleeding causing a hemoglobin drop of ≥ 2 g/dL. 
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Table 2: Events during hospitalization in patients with COVID-19 

Dataexpressed mean ± SD and percentage (%) for categorical variables.   

 
Table 1: Baseline characteristics of patients in groups 

Dataexpressed mean ± SD and percentage (%) for categorical variables. CAD: Coronary artery disease; eGFR: estimated 
Glomerular Filtration Rate; CRP: C-reactive protein; N/L: Neutrophil-Lymphocyte ratio; n: number 
 
Ethical consent: The study was started with the 
permission of the ethics committee of the Fırat 
University Medical Faculty Non-Interventional 
Research Ethics Committee (17.04.2023-15649). 
All procedures were conducted in accordance with 
Declaration of Helsininki. 
Statistical analysis: Continuous variables were 
tested for normal distribution by the 
Kolmogorov-Smirnov test. We report continuous 

data as mean and standard deviation. We 
compared continuous variables using Student t-
test between groups. Categorical variables were 
summarized as percentages and compared with the 
Chi-square test. The effects of different variables 
on left ventricular dysfunction were calculated in 
univariate analysis for each. The variables for 
which the unadjusted P value was <0.10 in logistic 
regression analysis were identified as potential risk 

Variable 
New Onset AF 

(n:34) 
Control Group 

(n:402) 
p value 

Age, years 66.0 ± 12.5 59.1 ± 16.1 0.004 
Gender, Female/Male 16/18 210/192 0.561 

Diabetes Mellitus 6 (17.6) 113 (28.2) 0.182 

Previous CAD, n (%) 6 (17.6) 52 (12.9) 0.434 
Smoking, n (%) 5 (14.7) 38 (9.5) 0.323 
Hypertension, n (%) 13 (38.5) 173 (43.0) 0.580 

Congestive Heart Failure 3 (8.8) 20 (5.0) 0.331 
Previous Stroke/Systemic 
Embolism 

2 (5.9) 21 (5.2) 0.861 

Previous Bleeding 4 (11.8) 13 (3.2) 0.014 
Renal Dysfunction 4 (11.8) 14 (3.5) 0.020 
Abnormal Liver Function 3 (8.8) 12 (3.0) 0.070 

CHA2DS2VASc 1.9 ± 0.9 1.3 ± 0.6 0.001 
HAS-BLED 1.1 ± 0.3 1.1 ± 0.4 0.570 
Anticoagulation Therapy 5 (14.7) 11 (2.7) 0.000 
Blood Pressure on admission 
(mmHg) 

   

       Systolic  116.1 ± 15.6 119.1 ± 14.7 0.287 

       Diastolic  73.9 ± 12.5 73.3 ± 10.8 0.781 
Heart rate, beats/min 85.7 ± 14.5 80.9 ± 15.4 0.075 
Blood parameters    
   Serum glucose, mg/Dl 116.6 ± 46.0 134.3 ± 62.5 0.047 
   Troponin 19.9 ± 18.1 10.2 ± 10.7 0.011 
   D-Dimer 2.4 ± 2.5 0.8 ± 1.3 0.001 
   CRP 52.6 ± 38.5 32.3 ± 31.5 0.005 

   Hemoglobine (g/dl) 13.9 ± 1.4 13.6 ± 1.9 0.328 
   White blood cell count, x 109/L 11.0 ± 2.7 7.0 ± 3.3 0.399 

   Platelet count, x 109/L 218.4 ± 130.6 197.2 ± 84.8 0.358 
   N/L at day 1 4.7 ± 1.2 3.1 ± 0.6 0.000 
   N/L at day 3 8.3 ± 1.8 5.7 ± 1.0 0.000 

   N/L at day 7 13.8 ± 1.1 9.9 ± 1.3 0.000 
   eGFR, mL/min/1.73 m2 77.3 ± 26.4 85.6 ± 18.1 0.087 

Variable 
New Onset AF 

(n:34) 
Control Group 

(n:402) 
p value 

Embolic Events,  n (%) 5 ( 14.7) 15 (3.7) 0.003 
Bleeding Events,  n (%) 4 (11.8) 3 (0.7) 0.000 
All-cause mortality,  n (%) 7 (20.6) 14 (3.5) 0.000 
Hospital length of stay, days 12.8 ± 6.0 8.4 ± 3.6 0.000 
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markers and included in the full model. We 
reduced the model by using backward elimination  
multivariate logistic regression analyses and we 
eliminated potential risk markers by 
usinglikelihood ratio tests. A two-sided P < 0.05 
was considered as significant and confidence 
interval (CI) was 95%. All statistical analyses were 
performed using SPSS version 21 (SPSS, Inc., 
Chicago, Illinois). 

Results 

Following the application of exclusion criteria, 32 
out of the initially considered 436 patients were 

identified to have NOAF. The calculated 
incidence of NOAF was 7.8%. The patients 
underwent thorough assessment based on their 
fundamental characteristics, clinical conditions, 
and laboratory measurements. The essential 
characteristics of the patient cohort, as assessed 
per the predefined groups, are outlined in Table 1. 
Patients within the NOAF group was notably 
older. Renal dysfunction was more pronounced 
among individuals in the NOAF group. While no 
significant distinction was observed between the 
groups regarding the history of chronic diseases, a 
higher incidence of bleeding history was recorded 
within the NOAF group. 

  
Table 3: Effects of various variables on New onset AF in multivariate logistic regression analyses 

Variables OR 95% CI P value 

Age 0.985 0.933 –1.040 0.586 

CHA2DS2VASc 2.665 1.115 – 6.371 0.028 

Systolic BP 0.966 0.919 – 1016 0.179 

Troponin 1.007 0.998 – 1017 0.109 

D-Dimer 1.714 1.272 – 2309 <0.001 

CRP 1018 0.999 – 1038 0.059 

N/L 1 8.383 2.637– 26.652 <0.001 

N/L 3 4.035 2.184 – 7.492 <0.001 

N/L 7 12.455 3.457 – 34.298 <0.001 

Bleeding event 0.578 0.043 – 7.852 0.681 

Renal Dysfunction 1.018 0.040 – 25.630 0.992 

OR: Odds ratio, CI: Confidence interval, BP: Blood Pressure; N/L: Neutrophil-Lymphocyte ratio; CRP: C-reactive protein 

 
Despite a higher CHA2DS2-VASc score in the 
NOAF group, no significant variance was detected 
between the groups concerning the HAS-BLED 
score. Rates of anticoagulant treatment application 
were greater in the NOAF group. In terms of 
laboratory analysis, lower glucose levels were 
found  in the NOAF group. Conversely, D-dimer, 
C-reactive protein (CRP), and troponin values 
were significantly elevated within the NOAF 
group. Notably, the neutrophil-to-lymphocyte 
(N/L) ratios on days 1, 3, and 7 were markedly 
higher in the NOAF group. Within-hospital all-
cause mortality, occurrence of embolic events, and 
major bleeding incidents were notably higher in 
the NOAF group. Correspondingly, the duration 
of hospital stays was significantly extended in the 
NOAF group (refer to Table 2). In the context of 
multivariate analysis, the CHA2DS2-VASc score, 
D-Dimer levels, and N/L ratio were found as 
independent risk factors for NOAF (see Table 3). 

Regarding in-hospital all-cause mortality, solely 
the N/L ratio on day 7 emerged as an independent 
risk factor according to the multivariate analysis 
(see Table 4). 

Discussion 

The present study reveals the following key 
findings: 

1. CHA2DS2-VASc score, D-Dimer, and 
N/L ratio are independent predictors of 
NOAF in COVID-19 patients. 

2. New-onset AF is associated with worse 
clinical outcomes during hospitalization, 
including increased instances of bleeding 
events, mortality, and embolic events. 

3. New-onset AF is linked to a prolonged 
hospital stay. 

4. The incidence of NOAF among COVID-
19 patients in our region is 7.8%. 
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Emerging epidemiological evidence from 
hospitalized patients indicates that COVID-19 

infection acutely elevates the susceptibility to 
atrial fibrillation (AF) during the  infectious stages  
 

Table 4: Effects of various variables on All-cause mortality in multivariate logistic regression analyses 
 

Variables OR 95% CI P value 

Age 1.007 0.970 – 1.046 0.706 

CHA2DS2VASc 0.913 0.430 – 1.938 0.813 

Systolic BP 1.035 0.999 – 1.072 0.054 

Troponin 0.989 0.946 - 1034 0.618 

D-Dimer 1.046 0.778 – 1.406 0.768 

CRP 0.981 0.963 – 1.000 0.045 

N/L at day 1 0.717 0.381 – 1.351 0.304 

N/L at day 3 1.031 0.714 – 1.492 0.868 

N/L at day 7 3.069 2.019 – 4.665 <0.001 
Renal dysfunction 0.609 0.036 – 10.374 0.732 

Bleeding  1.269 0.085 – 18.844 0.863 

OR: Odds ratio, CI: Confidence interval BP: Blood Pressure; N/L: Neutrophil-Lymphocyte ratio; CRP: C-reactive protein 

 
 
and potentially even post-convalescence. AF has 
been observed in 17% of COVID-19 patients 
admitted to intensive care units in the US. (11) 
Similarly, studies by Mountantonakis SE et al. (12) 
indicated that AF occurred in 17.6% of patients 
hospitalized with COVID-19, with 12.5% of these 
patients having no prior history of AF. Reports by 
Bhatia et al. (3) demonstrated 25 episodes of atrial 
fibrillation during 700 episodes of SARS-CoV-2 
infection. García-Granja PE et al. (13) noted that 
10% of SARS-CoV-2 patients developed atrial 
fibrillation during hospitalization. In a study 
conducted in Turkey, the incidence of NOAF was 
5%, although the mean age and CHA2DS2-VASc 
score were higher. (14) In our study, the incidence 
of NOAF in COVID-19 patients was 7.8%, likely 
higher than the aforementioned study due to the 
consideration of quarantine period data in our 
country. A study in Denmark indicated a 47% 
decrease in NOAF frequency during the 
quarantine period. (15) Meanwhile, Rahimi et al. 
(16) reported an NOAF incidence of 8.3%, similar 
to our study. Our findings are consistent with 
studies of AF in other critically ill patients, where 
the incidence of NOAF has been reported to 
range from 6% to 12%. (17) The presence of AF, 
particularly new-onset AF, is independently 
associated with higher in-hospital mortality. (12) 
Reports from the SEMI-COVID-19 records 
highlighted that 11% of patients had a history of 
AF, with a 41% mortality rate in this patient 
group. (18) Our study similarly found higher all-
cause mortality in the NOAF group. This may be 
attributed to elevated CRP, troponin, and D-dimer 
levels, which are indicators of disease severity. 

Studies have indicated that high D-dimer levels, in 
conjunction with ECG anomalies like AF, could 
be associated with elevated mortality in COVID-
19 patients. (19) In our study, the NOAF group 
exhibited higher troponin levels, consistent with 
other COVID-19 studies that linked elevated 
troponin levels to poor outcomes. (20) New-onset 
AF has been shown to significantly prolong 
hospital stays in COVID-19 patients. (16) Our 
study aligns with this observation, revealing that 
the presence of NOAF leads to extended 
hospitalization. The hypercoagulative status 
during SARS-CoV-2 infection likely influences 
AF-related thromboembolic events. (21) Recent 
reports suggest that NOAF independently predicts 
embolic events in COVID-19 patients. (22) The 
American Heart Association  and the European 
Society of Cardiology recommend anticoagulant 
use, including heparin, in hospitalized COVID-19 
patients with concurrent AF. (23) Our study, while 
showing a higher rate of anticoagulant use in the 
NOAF group, found a higher prevalence of 
embolic events in line with previous studies. The 
development of embolic events in NOAF may be 
linked to thrombotic tendencies in severe 
COVID-19 patients. (7) In patients receiving full-
dose anticoagulation, a higher incidence of 
bleeding has been reported alongside a reduced 
incidence of embolism. (24) Al-Samkari et al. (25) 
analyzed bleeding and thrombotic complication 
rates in a multicenter cohort of critically ill and 
non-critically ill COVID-19 patients, with a major 
bleeding rate of 2.3%. Our study identified higher 
bleeding rates in the NOAF group, aligning with 
previous studies. However, the potential influence 
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of higher anticoagulant usage in the NOAF group 
should be considered, necessitating further 
comprehensive research to directly evaluate 
bleeding rates in COVID-19 patients with NOAF. 
Inflammation is an important factor in the 
development of NOAF, independent of traditional 
risk factors. (26) Inflammatory markers like CRP, 
interleukin-6, and tumor necrosis factor-alpha  
have been linked to development of AF in 
patients with ischemic heart disesase or renal 
disease. (27) Our study found higher CRP and 
N/L ratios in the NOAF group, consistent with 
prior research. The N/L ratio has previously been 
shown to predict NOAF in diverse patient 
populations. (28) Kelesoglu et al. (14) reported 
higher N/L ratios in the NOAF group of 
COVID-19 patients, consistent with our study, 
where the N/L ratio, along with D-dimer levels 
and CHA2DS2-VASc score, emerged as 
independent risk factors for NOAF in the 
COVID-19 patient population. Furthermore, we 
found that the N/L ratio at day 7 is a predictor of 
all-cause mortality in COVID-19 patients. Studies 
have indicated that the incidence of NOAF in 

AMI  increases with higher CHADS₂ scores. (29) 
Similarly, in elderly individuals, the CHA2DS2-
VASc score, together with hs-CRP, has been 
shown to predict NOAF development in ACS 
patients. (30) Our study concurs with these 
findings, as the CHA2DS2-VASc score, along with 
D-dimer levels and the N/L ratio, emerged as 
predictors of NOAF in COVID-19 patients. 
Study limitations: Several limitations need to be 
acknowledged in the context of this study. The 
potential influence of unmeasured third variables, 
including other unknown inflammatory 
parameters, cannot be entirely excluded. The 
primary limitations of this study stem from its 
relatively modest experience and the consequently 
small number of patients. Although our findings 
hold relevance, they serve to encourage further 
investigations with larger sample sizes.  

Conclusions 

Our study is unique in demonstrating that N/L 
ratios at days 1, 3, and 7 serve as independent risk 
factors for NOAF in COVID-19 patients. 
Additionally, the N/L ratio at day 7 emerges as a 
predictor of all-cause mortality in COVID-19 
patients. 
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