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Abstract
Background: Coronavirus disease 2019 (COVID-19) continues to impact populations around the globe. Information regarding the incidences and implications of arrhythmias in COVID-19 is limited.
Methods: A total of 463 patients with confirmed COVID-19 and at least one electrocardiogram from February 1 to March 19, 2020 in Wuhan Union Hospital West Campus were enrolled in the study.
Results: 396 of 463 patients (85.5%) experienced arrhythmias. Sinus arrhythmias were presented in 69.1%, atrial arrhythmias in 10.2%, junctional arrhythmias in 0.2%, ventricular arrhythmias in 3.5%, and conduction block in 7.3%. Sinus tachycardia (307 [66.3%]) was the most frequently observed type of arrhythmias. Kaplan-Meier curves showed that patients with vs those without arrhythmias had higher mortality, both during the time from symptom onset (p=0.002) and from admission to follow-up (p=0.003). Arrhythmias were presented more among patients in critical group than in non-critical group (96.6% vs 81.7%; p<0.001), also in died group than in discharged group (100.0% vs 83.4%; p=0.001). Sinus tachycardia, sinus bradycardia and atrial arrhythmias could predict severity and mortality, their odds ratios (OR) were 2.91 (95% confidence interval [CI] 1.66 to 5.12), 4.82 (95% CI 1.91 to 12.18), 6.70 (95%CI 3.27 to 13.70) respectively for severity, and were 2.13 (95% CI 1.08 to 4.18), 3.95 (95% CI 1.47 to 10.63), 4.36 (95% CI 2.05 to 9.26) respectively for mortality. Additionally, ventricular arrhythmias (OR 5.38, 95% CI 1.69-17.17) were high-risk factors for hospitalized exacerbations.
Conclusions: Sinus tachycardia was the most common arrhythmia. Arrhythmias were significantly associated with severity and mortality in COVID-19 patients.
Keywords: COVID-19, arrhythmias, sinus tachycardia, severity, mortality
INTRODUCTION
An outbreak of coronavirus disease 2019 (COVID-19) caused by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) was first reported in December 20191. The number of deaths caused by COVID-19 far exceeded the death toll of severe acute respiratory syndrome (SARS) and middle east respiratory syndrome (MERS)2-4. Cardiovascular complications have been reported to be common risk factors for severity and mortality in COVID-19 patients1,5-9. The most common cardiovascular complications related to SARS-CoV-2 infection included arrhythmias, cardiac injury, myocarditis, and heart failure1. Arrhythmias appeared to be aggravating factors among patients with COVID-19 and were presented more in confirmed cases receiving ICU care8.

However, to date, limited research has specialized on arrhythmias among patients with COVID-19, and the occurrence of different types of arrhythmias and their implications for severity and mortality remain unclear. The significance of arrhythmias in COVID-19 deserves further attention. The present study therefore retrospectively investigated the incidences of different types of arrhythmias, and analyzed their implications in COVID-19 patients.
METHODS
Study design and participants

This study was performed at Wuhan Union Hospital West Campus of Huazhong University of Science and Technology in Wuhan, China, as a designated hospital for providing diagnosis and treatment of patients with COVID-19. All consecutive patients with confirmed COVID-19 and at least one electrocardiogram (ECG) from February 1, 2020, to March 19, 2020 were enrolled in retrospective study. The diagnosis of COVID-19 was on the basis of the "Diagnosis and Treatment Protocol for Novel Coronavirus Pneumonia (Trial Version 7)" released by National Health Commission & State Administration of Traditional Chinese Medicine on March 3, 2020.

This study complied with the Declaration of Helsinki and was approved by institutional ethics board of Wuhan Union Hospital of Huazhong University of Science and Technology (No.20200254). Written informed consent was waived under this approval.

Data collection and definitions
The electronic medical records, including clinical charts, nursing records, laboratory findings, 12-lead ECGs and ECG monitoring for all patients diagnosed with COVID-19 were reviewed by trained two cardiologists who worked in Wuhan Union Hospital West Campus. Demographic, clinical, laboratorial and electrocardiographic data were collected using standardised data collection forms. The cases without available medical information or clear 12-lead ECGs were excluded.

According to disease severity, the patients enrolled in this study were divided into 2 groups: non-critical group and critical group. Critical patients were identified if they had any of the following characteristics: (a) Presence of respiratory failure and requiring mechanical ventilation; (b) Appearing shock; (c) Combining with other organ failures and requiring ICU monitoring. We classified arrhythmias as sinus arrhythmias, atrial arrhythmias, junctional arrhythmias, ventricular arrhythmias, and conduction block, to study contribution of arrhythmias to the poor condition and outcomes of confirmed cases. Although the resultant records of arrhythmias were mainly assessed from 12-lead ECGs and ECG monitoring, each patient’s medical chart was also reviewed for the presence of arrhythmias. Specifically, sinus tachycardia was only recorded with normal body temperature (36.1 ~ 37.2℃). We analyzed the laboratory examinations throughout the course of the disease. The sampling points were the highest and lowest points of laboratory examination results, and the time point to judge the disease severity is consistent with the sampling point.

Statistical analysis

We used percentages described the categorical variables, and median (interquartile range [IQR]) to describe continuous variables. All categorical variables were compared by the (2 test or the Fisher's exact test, as appropriate. While continuous variables were first tested by the Kolmogorov-Smirnov test for distribution normality, then normally distributed data were compared by the t test, otherwise by the Mann-Whitney U test. Survival curves were plotted using the Kaplan-Meier method and analyzed by log-rank test. Multivariable analysis was conducted using binary logistic regression with disease severity and clinical outcomes as the dependent variables. Statistical analyses were performed using SPSS version 22.0 (IBM) and a 2-sided P < .05 was considered significant. To protect from type I error, P-values were adjusted by Bonferroni correction for multiple comparisons.
RESULTS
Presenting characteristics

Of all 470 patients who were admitted to Wuhan Union Hospital West Campus with confirmed COVID-19 and had at least one ECG from February 1, 2020, to March 19, 2020, 7 patients without available medical information or clear 12-lead ECGs were excluded. Finally, 463 patients with confirmed COVID-19 were retrospectively enrolled in our study: 396 patients (85.5%) with arrhythmias and 67 patients (14.5%) without arrhythmias. Baseline characteristics and laboratory findings of patients with COVID-19 were summarized in Table 1. In the study, the median age was 61 years (IQR, 51-69 years), and 222 (47.9%) patients were males. The median time of all patients from symptom onset and admission to follow-up was 42 days and 22 days, respectively. The disease severity was classified as critical in 25.5% and non-critical in 74.5%. Among these patients, hypertension (170 [36.7%]) and diabetes mellitus (72 [15.6%]) were the most common comorbidities. Of 463 patients, laboratory indicators such as lymphocytes, eosinophils, and albumin levels were lower than the normal range, and white blood cell count was at a normal or decreased level, while others exceeded the reference limits.

Compared with patients without arrhythmias, those with arrhythmias had a higher proportion of males (198 [50.0%] vs 24 [35.8%]; p=0.03). No difference in age distribution between patients with arrhythmias and those without arrhythmias. Patients with arrhythmias vs those without arrhythmias had a longer duration from admission to end of follow-up (median [IQR] time, 23 [16-35] days vs 20 [12-29] days; p=0.03). Of all the comorbidities, hypertension (153 [38.6%] vs 17 [25.4%]; p=0.04) were presented more frequently among patients with arrhythmias. Multiple laboratory parameters were statistically significant between patients with and without arrhythmias. Notably, higher incidences of arrhythmias were presented in critical group (114 of 118 [96.6%], vs 282 of 345 [81.7%] in non-critical group; p<0.001) and died group (60 of 60 [100.0%], vs 336 of 403 [83.4%] in discharged group; p=0.001). Kaplan-Meier survival curves showed that patients with arrhythmias were associated with markedly higher mortality than those without arrhythmias (p=0.002; Figure 1A). And arrhythmias at admission also increased the risk of death in patients with COVID-19 (p=0.003; Figure 1B).
Incidences of different types of arrhythmias

Arrhythmias occurred in 396 of 463 patients in the current study. The most common type of arrhythmias was sinus arrhythmias (320 [69.1%]), followed by atrial arrhythmias (47 [10.2%]). Sinus tachycardia (307 [66.3%]), as the most frequently observed type of sinus arrhythmias, accounted for the vast majority of patients with arrhythmias. While patients with SARS-CoV-2 infection were less likely to experience junctional arrhythmias (1 [0.2%]), ventricular arrhythmias (16 [3.5%]), and conduction block (34 [7.3%]) (Figure 2A).

There were higher incidences of several types of arrhythmias in critical group and died group (Figure 2B-C). Compared with non-critical group, critical group presented more with sinus arrhythmias (96 [81.4%] vs 224 [64.9%]; p=0.001), atrial arrhythmias (27 [22.9%] vs 20 [5.8%]; p<0.001), and ventricular arrhythmias (11 [9.3%] vs 5 [1.4%]; p<0.001) (Figure 2B). Moreover, significances were also found in sinus arrhythmias (49 [81.7%] vs 271 [67.2%]; p=0.024), atrial arrhythmias (15 [25.0%] vs 32 [7.9%]; p<0.001), and ventricular arrhythmias (6 [10.0%] vs 10 [2.5%]; p=0.009) between died group and discharged group (Figure 2C).

Multivariable analysis of association between disease severity, clinical outcomes and arrhythmias 

Association between disease severity, clinical outcomes and arrhythmias by multivariable logistic regression analysis and their respective odds ratios and 95% confidence intervals are presented in Figure 3. A binary logistic regression analysis was performed considering different types of arrhythmias including sinus tachycardia, sinus bradycardia, atrial arrhythmias, ventricular arrhythmias, and conduction block. 

Sinus tachycardia, sinus bradycardia and atrial arrhythmias were associated with a higher risk of critical condition and mortality. For disease severity, the odds ratios of sinus tachycardia, sinus bradycardia and atrial arrhythmias were 2.91 (95% confidence interval [CI], 1.66 to 5.12), 4.82 (95% CI, 1.91 to 12.18) and 6.70 (95% CI, 3.27 to 13.70) respectively. For dying in the hospital, the odds ratios of sinus tachycardia, sinus bradycardia and atrial arrhythmias were 2.13 (95% CI, 1.08 to 4.18), 3.95 (95% CI, 1.47 to 10.63) and 4.36 (95% CI, 2.05 to 9.26) respectively.

Kaplan-Meier survival curves for mortality during the time from symptom onset and admission are shown in Figure 4. Patients with sinus tachycardia, sinus bradycardia, atrial arrhythmias, ventricular arrhythmias and conduction block had higher risks of death than those without arrhythmias, both during the time from symptom onset and from admission (all p<0.05). 

Inflammatory cytokines in patients with arrhythmias

Inflammatory cytokines analyses were performed in patients with this laboratory examination (n = 328). This part of the patients, according to the degree of elevation, were divided into the following groups: group 1 (normal), group 2 (less than 2 times elevated), group 3 (2 to 4 times elevated), group 4 (more than 4 times elevated). 

Association of inflammatory cytokines and different types of arrhythmias is presented in Figure 5. Contrasted with patients with a normal level of IL-10, the occurrence rates of sinus bradycardia, atrial arrhythmias and ventricular arrhythmias were significantly higher in patients with a two to four times or four times elevated level of IL-10 (Figure 5C-E). And patients with a four times elevated level of IL-6 were more likely to experience atrial arrhythmias, when compared with patients with a less than 2 times elevated level of IL-6 (all p<0.05) (Figure 5).

Clinical characteristics of patients with sinus tachycardia 

Baseline characteristics and laboratory findings of patients with sinus tachycardia are shown in Table 2. Comparative analyses were performed between confirmed cases who experienced sinus tachycardia (307 patients) and who did not suffer from arrhythmias (67 patients). The median age of patients with sinus tachycardia was 57 years (IQR, 47-68 years), and 155 (50.5%) were males. The median time of patients with sinus tachycardia from symptom onset and admission to end point was 43 days and 24 days.

Age distribution did not differ between patients with sinus tachycardia and without arrhythmias. Patients who experienced sinus tachycardia had a higher percentage of males (155 [50.5%] vs 24 [35.8%]; p=.03), when compared with patients without arrhythmias.  The duration from admission to follow-up was longer in patients with sinus tachycardia than those without arrhythmias (median [range] time, 24 [16-37] days vs 20 [12-29] days; p=0.02). Statistical differences were observed in laboratory findings other than white blood cell count (Table 2). Similarly, sinus tachycardia was significantly associated with severity and mortality. The occurrence rate of sinus tachycardia was higher in critical group (89 of 93 [95.7%], vs 218 of 281 [77.6%] in non-critical group; p<0.001) and died group (44 of 44 [100.0%], vs 263 of 330 [79.7%] in discharged group; p=0.001).

Impact of age distribution on sinus tachycardia in severity and mortality is shown in Figure 6. In non-critical group, patients under 65 years old (161 [68.5%] vs 57 [51.8%]; p=0.003) had a higher incidence of sinus tachycardia compared with patients over 65 years old (Figure 6A). After grouped according to disease severity, sinus tachycardia were presented more in patients under 65 years old (186 [70.5%] vs 77 [55.4%]; p=0.003) than those over 65 yeas in discharged group (Figure 6B). 
DISCUSSION
Arrhythmias, especially sinus tachycardia, were common in patients with COVID-19. In our research, incidences of arrhythmias was higher than previous studies showed7-8,10, and arrhythmias were related to disease severity and in-hospital mortality.

Our research showed that the total occurrence rate of arrhythmias reached up to 85.5% in patients with COVID-19. In other investigations about COVID-19, arrhythmias occurred in 23 of 138 (16.7%) confirmed cases and 51 of 85 (60.0%) fatal cases8, 10. In addition, patients with ventricular tachycardia or ventricular fibrillation only accounted for 5.9% in 187 patients confirmed with COVID-197. Previously, it is reported that tachycardia, serve sinus bradycardia and paroxysmal atrial fibrillation were presented in 71.9%, 14.9%, and 0.9% of patients diagnosed with SARS respectively11. In a report of MERS, 15.7% of patients had arrhythmias12. In comparing the incidences of arrhythmias in our findings to the previous study mentioned above, less severe arrhythmias such as sinus tachycardia and sinus bradycardia were documented in this work. Moreover, we reviewed the whole patients’ medical charts were for record of sinus tachycardia.
In our research, the incidence of sinus tachycardia was as high as 66.3%. After excluding the impact of fever, the high incidence of sinus tachycardia in patients with COVID-19 may be caused by the following reasons: (a) long-time hypoxia; (b) inflammatory response; (c) physical and mental stress. Our study also showed that individuals who had a higher occurrence rate of sinus tachycardia were much younger in non-critical group and discharged group. The reason was that younger patients’ sinus node was relatively sensitive to stress state caused by COVID-19 and they also had a high level of sympathetic nerve activity. While, the incidence of sinus tachycardia had no relationship with age in critical group and died group. It was because that regardless of age, cardiopulmonary function in critical group and died group were both very worse and their sympathetic nerve had both been extremely activated, hence, age may not be a major influence factor for these patients with sinus tachycardia in critical group and died group.
Besides, our study demonstrated that the incidences of arrhythmias were associated with severity and mortality in COVID-19 patients. Patients in critical group or died group had higher incidences of arrhythmias which approached 100%. The high occurrence rates of arrhythmias in critical group and died group may be attributed to myocardial injury and hyoxemia. It had been proved that severe acute respiratory syndrome coronavirus (SARS-COV) could directly cause the injury of cardiomyocytes and cardiac conduction system. What’ more, hyoxemia could induce instability in myocardial electricity, thus, arrhythmias such as ventricular tachycardia and ventricular fibrillation was more likely to happen in patients with SARS13. SARS-CoV-2 may have similar mechanism to SARS-COV, because they are highly homologous.
Our investigation suggested the harmful relationship of underlying cardiac arrhythmias (sinus tachycardia, sinus bradycardia and atrial arrhythmias) with disease severity and in-hospital mortality in COVID-19. Notably, compared with sinus tachycardia, sinus bradycardia was a more influential risk factor for severity and mortality. When individuals were infected with SARS-CoV-2, our body was in a condition of immune defense and heart rate would become fast at the same time. If heart rate in COVID-19 patients decreased instead of increasing, this situation may indicate that our somatic function encountered a hard hit by coronavirus infection, which may cause insufficiently perfused organs and even heart failure. Additionally, contrasted with patients with atrial arrhythmias, patients with ventricular arrhythmias were at a lower risk of critical condition, and there was no association between ventricular arrhythmias and clinical outcomes. It was because that the sample size of individuals with ventricular arrhythmias was small and the patients with ventricular premature beat accounted for the vast majority proportion of patients with ventricular arrhythmias. 

In our research, the incidences of sinus bradycardia, atrial arrhythmias and ventricular arrhythmias were associated with an increased level of IL-10. Moreover, an elevated level of IL-6 was found to be linked to atrial arrhythmias. Previous researches indicated that contrasted with controls, atrial fibrillation patients had an increased level of plasma IL-6 and IL-1014,15. That work provided evidence linking IL-6 and IL-10 to the initiation of atrial fibrillation. In terms of arrhythmias and sinus tachycardia, the reason why there was no statistical significance in all cytokines may because that the number of patients who did cytokines test was small. A report showed that compared with COVID-19 patients in non-critical group, IL-6, IL-10 and interferon-γ (IFN-γ) levels were significantly higher in critical group16. In addition, tocilizumab which could specifically bind IL-6 receptor could improve clinical symptoms and prevent deterioration effectively in COVID-19 patients17. In patients confirmed with SARS, elevated levels of IL-2, IL-6 and IL-8 were reported. Moreover, the levels of IL-17, IFN-γ and tumor necrosis factor-α (TNF-α) increased in patients diagnosed with MERS18. It was proved that when individuals were infected with SARS-CoV and middle east respiratory syndrome coronavirus (MERS-CoV), monocytes, dendritic cells and macrophages were induced to release pro-inflammatory cytokines including IL-6, TNF-α, IL-10, and chemokine19. Besides, SARS-CoV-2 infection activated monocyte, macrophage and dendritic cell which would lead to the secretion of IL-6 and other cytokines20. The systemic inflammatory state of COVID-19 was considered to be an important cause of arrhythmias21. Therefore, we could speculate that the high incidences of arrhythmias in COVID-19 patients may be associated with the elevated levels of IL-6 and IL-10. In conclusion, cardiac arrhythmias caused by inflammation are likely to contribute to deterioration and death in COVID-19 patients.
LIMITATIONS
Our study has some limitations. First, the number of severe arrhythmias such as ventricular arrhythmias was underestimated actually. It was because that when patients suffered from cardiac arrest, electrocardiogram would not be recorded in time due to rescue therapy. Besides, several patients who died suddenly may be caused by malignant arrhythmias, but electrocardiogram could not be recorded at this moment, because patients’ vital signs had disappeared completely. Second, our analysis is limited to follow-up of hospitalized patients, we cannot assess whether arrhythmia events have long-term effects on COVID-19 patients. Therefore, additional researches are needed for futher study about arrhythmias in COVID-19 patients.
CONCLUSIONS
Arrhythmias, especially sinus tachycardia, are common and associated with disease severity and in-hospital mortality in COVID-19 patients. Sinus tachycardia, sinus bradycardia and atrial arrhythmias appear to be independent risk factors for critical illness and mortality. Inflammatory cytokines may be related to arrhythmias. Arrhythmias should be noticed during the diagnosis and treatment process of COVID-19.
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Figure legends

Figure 1. Mortality during hospitalization between patients with vs without arrhythmias. 
Kaplan-Meier survival curves during the time from symptom onset (A) and admission (B).

Figure 2. Incidences of different types of arrhythmias. 
The incidences of arrhythmias in all patients (A), patients grouped by disease severity (B), and clinical outcomes (C). RBBB, right bundle branch block; LBBB, left bundle branch block; AVB, atrial ventricular block. *indicates p<0.05, **indicates p<0.01 and ***indicates p<0.001.

Figure 3. Association between disease severity, clinical outcomes and arrhythmias by multivariable logistic regression analysis. 
Association between disease severity (A), clinical outcomes (B) and arrhythmias. Numbers and percentages of patients with or without different types of arrhythmias who were in critical condition or died are presented. 95% CI, 95% confidence interval.
Figure 4. Kaplan-Meier survival curves for patients with COVID-19. 
Survival analyses among patients with sinus tachycardia, with sinus bradycardia and without arrhythmias from symptom onset (A) and admission (B). Survival analyses among patients with atrial arrhythmias, with ventricular arrhythmias, with conduction block and without arrhythmias from symptom onset (C) and admission (D).
Figure 5. Association of inflammatory cytokines and different types of arrhythmias. Association of inflammatory cytokines and arrhythmias (A), sinus tachycardia (B), sinus bradycardia (C), atrial arrhythmias (D), ventricular arrhythmias (E), and conduction block (F). IL, Interleukin. #indicates statistical significances by Bonferroni correction.
Figure 6. Impact of age distribution on sinus tachycardia in disease severity and clinical outcomes. 
A. Association of age, disease severity and sinus tachycardia. B. Association of age, clinical outcomes and sinus tachycardia. **indicates p<0.01 in relation to the other group.
Table 1. Baseline characteristics and laboratory findings of patients with COVID-19.
	Characteristic
	Total
	Arrhythmias
	p value*

	
	
	With
	Without
	

	No. of patients
	463(100.0%)
	396(85.5%)
	67(14.5%)
	NA

	Age, median (IQR),y
	61 (51-69)
	61 (51-69)
	61 (55-66)
	0.75

	   < 65y
	283(61.1%)
	238(60.1%)
	45(67.2%)
	0.27

	   ≥ 65y
	180(38.9%)
	158(39.9%)
	22(32.8%)
	

	Male
	222(47.9%)
	198(50.0%)
	24(35.8%)
	0.03

	Time from symptom, median (IQR), d
	42 (31-52)
	42 (31-52)
	40 (32-51)
	0.95

	Time from admission, median (IQR), d
	22 (15-35)
	23 (16-35)
	20 (12-29)
	0.03

	Comorbidities
	
	
	
	

	Hypertension
	170(36.7%)
	153(38.6%)
	17(25.4%)
	0.04

	Coronary heart disease
	50(10.8%)
	44(11.1%)
	6(9.0%)
	0.60

	Heart failure
	7(1.5%)
	6(1.5%)
	1(1.5%)
	>0.99

	Atrial fibrillation
	6(1.3%)
	6(1.5%)
	0(0.0%)
	0.60

	Cardiomyopathy
	4(0.9%)
	4(1.0%)
	0(0.0%)
	>0.99

	Valvular heart disease
	2(0.4%)
	2(0.5%)
	0(0.0%)
	>0.99

	Diabetes mellitus
	72(15.6%)
	66(16.7%)
	6(9.0%)
	0.11

	Laboratory findings
	
	
	
	

	Increased 
	
	
	
	

	Neutrophil count
	210(45.4%)
	190(48.0%)
	20(29.9%)
	0.006

	Neutrophil percentage
	248(53.6%)
	226(57.1%)
	22(32.8%)
	˂0.001

	C-reactive protein
	280(60.5%)
	255(64.4%)
	25(37.3%)
	˂0.001

	Procalcitonin
	346(74.7%)
	306(77.3%)
	40(59.7%)
	0.002

	D-dimer
	302(65.2%)
	271(68.4%)
	31(46.3%)
	<0.001

	Aspartate aminotransferase
	222(47.9%)
	202(51.0%)
	20(29.9%)
	0.001

	Alanine aminotransferase
	322(69.5%)
	284(71.7%)
	38(56.7%)
	0.01

	Lactate dehydrogenase
	247(53.3%)
	232(58.6%)
	15(22.4%)
	˂0.001

	Bilirubin
	136(29.4%)
	132(33.3%)
	4(6.0%)
	˂0.001

	Creatinine
	166(35.9%)
	156(39.4%)
	10(14.9%)
	˂0.001

	Blood urea nitrogen
	139(30.0%)
	137(34.6%)
	2(3.0%)
	˂0.001

	Creatine kinase
	100(21.6%)
	95(24.0%)
	5(7.5%)
	0.003

	Creatine kinase-MB fraction
	109(23.5%)
	104(26.3%)
	5(7.5%)
	0.001

	High-sensitivity troponin I
	96(20.7%)
	95(24.0%)
	1(1.5%)
	<0.001

	B-type natriuretic peptide+
	113(24.4%)
	109(27.5%)
	4(6.0%)
	<0.001

	Decreased
	
	
	
	

	White blood cell count§
	447(96.5%)
	383(96.7%)
	64(95.5%)
	0.89

	Lymphocyte count
	278(60.0%)
	247(62.4%)
	31(46.3%)
	0.01

	Lymphocyte percentage
	295(63.7%)
	263(66.4%)
	32(47.8%)
	0.003

	Eosinophil count
	206(44.5%)
	188(47.5%)
	18(26.9%)
	0.002

	Albumin
	299(64.6%)
	272(68.7%)
	27(40.3%)
	˂0.001

	Disease severity
	
	
	
	

	Non-critical
	345(74.5%)
	282(71.2%)
	63(94.0%)
	<0.001

	Critical
	118(25.5%)
	114(28.8%)
	4(6.0%)
	

	Clinical outcomes
	
	
	
	

	Discharged
	403(87.0%)
	336(84.8%)
	67(100.0%)
	0.001

	Died, n
	60(13.0%)
	60(15.2%)
	0(0.0%)
	


Data are median(IQR) or n (%). 
COVID-19, coronavirus disease 2019; NA, not applicable; IQR, interquartile range.

*Comparison of with versus without arrhythmias.
+63.71% (295/463) of patients for whom B-type natriuretic peptide data were available. 

§The laboratory indicator of white blood cell count selects COVID-19 patients with normal or decreased results, while the other laboratory indicators under this category select the patients with decreased results

Table 2.  Association of baseline characteristics, laboratory findings and sinus tachycardia.
	Characteristic
	Total
	With sinus tachycardia 
	Without arrhythmias 
	p value*

	No. of patients
	374(80.8%)
	307(66.3%)
	67(14.5%)
	NA

	Age, median (IQR),y
	61 (51-69)
	57 (47-68)
	61 (55-66)
	0.39

	   < 65y
	243(65.0%)
	198(64.5%)
	45(67.2%)
	0.68

	   ≥ 65y
	131(35.0%)
	109(35.5%)
	22(32.8%)
	

	Male
	179(47.9%)
	155(50.5%)
	24(35.8%)
	0.03

	Time from symptom, median (IQR), d
	42.5 (32-52)
	43 (32-52)
	40 (32-51)
	0.77

	Time from admission, median (IQR), d
	22 (16-35)
	24 (16-37)
	20 (12-29)
	0.02

	Laboratory findings
	
	
	
	

	Increased
	
	
	
	

	Neutrophil count
	173(46.3%)
	153(49.8%)
	20(29.9%)
	0.003

	Neutrophil percentage
	201(53.7%)
	179(58.3%)
	22(32.8%)
	<0.001

	C-reactive protein
	229(61.2%)
	204(66.4%)
	25(37.3%)
	<.001

	Procalcitonin
	280(74.9%)
	240(78.2%)
	40(59.7%)
	0.002

	D-dimer
	243(65.0%)
	212(69.1%)
	31(46.3%)
	<0.001

	Aspartate aminotransferase)
	178(47.6%)
	158(51.5%)
	20(29.9%)
	0.001

	Alanine aminotransferase
	262(70.1%)
	224(73.0%)
	38(56.7%)
	0.009

	Lactate dehydrogenase
	198(52.9%)
	183(59.6%)
	15(22.4%)
	<0.001

	Bilirubin
	103(27.5%)
	99(32.2%)
	4(6.0%)
	<0.001

	Creatinine
	125(33.4%)
	115(37.5%)
	10(14.9%)
	<0.001

	Blood urea nitrogen
	101(27.0%)
	99(32.2%)
	2(3.0%)
	<0.001

	Creatine kinase
	80(21.4%)
	75(24.4%)
	5(7.5%)
	0.002

	Creatine kinase-MB fraction
	86(23.0%)
	81(26.4%)
	5(7.5%)
	0.001

	High-sensitivity troponin I
	72(19.3%)
	71(23.1%)
	1(1.5%)
	<0.001

	B-type natriuretic peptide+
	80(21.4%)
	76(24.8%)
	4(6.0%)
	<0.001

	Decreased
	
	
	
	

	White blood cell count§
	358(95.7%)
	294(95.8%)
	64(95.5%)
	>0.99

	Lymphocyte count
	221(59.1%)
	190(61.9%)
	31(46.3%)
	0.02

	Lymphocyte percentage
	242(64.7%)
	210(68.4%)
	32(47.8%)
	0.001

	Eosinophil count
	166(44.4%)
	148(48.2%)
	18(26.9%)
	0.001

	Albumin
	246(65.8%)
	219(71.3%)
	27(40.3%)
	<0.001

	Disease severity
	
	
	
	

	Non-critical
	281(75.1%)
	218(71.0%)
	63(94.0%)
	<0.001

	Critical
	93(24.9%)
	89(29.0%)
	4(6.0%)
	

	Clinical outcomes
	
	
	
	

	Discharged
	330(88.2%)
	263(85.7%)
	67(100.0%)
	0.001

	Died
	44(11.8%)
	44(14.3%)
	0(0.0%)
	


Data are median(IQR) or n (%). 
COVID-19, coronavirus disease 2019; NA, not applicable; IQR, interquartile range.

*Comparison of with sinus tachycardia versus without arrhythmias.
+63.71% (295/463) of patients for whom B-type natriuretic peptide data were available. 

§The laboratory indicator of white blood cell count selects COVID-19 patients with normal or decreased results, while the other laboratory indicators under this category select the patients with decreased results.
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no. of critical patients/total no. (%)
	

	Sinus tachycardia
	89/307 (29.0)
	29/156 (18.6)
	
	2.91 (1.66-5.12)

	Sinus bradycardia
	12/23 (52.2)
	106/440 (24.1)
	
	4.82 (1.91-12.18)

	Atrial arrhythmias
	27/47 (57.4)
	91/416 (21.9)
	
	6.70 (3.27-13.70)

	Ventricular arrhythmias
	11/16 (68.8)
	107/447 (23.9)
	
	5.38 (1.69-17.17)

	Conduction block
	10/34 (29.4)
	108/429 (25.2)
	
	1.20 (0.52-2.78)
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no. of patients who died/total no. (%)
	

	Sinus tachycardia
	44/307 (14.3)
	16/156 (10.3)
	
	2.13 (1.08-4.18)

	Sinus bradycardia
	7/23 (30.4)
	53/440 (12.0)
	
	3.95 (1.47-10.63)

	Atrial arrhythmias
	15/47 (31.9)
	45/416 (10.8)
	
	4.36 (2.05-9.26)

	Ventricular arrhythmias
	6/16 (37.5)
	54/447 (12.1)
	
	3.06 (1.00-9.38)

	Conduction block
	6/34 (17.6)
	54/429 (12.6)
	
	1.49 (0.57-3.92)
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