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Background: Complications, including arrhythmia, following severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2) infection continue to be of concern. Omicron is the mainstream SARS-CoV-2 mutant circulating in mainland China. At present, there are few epidemiological studies concerning the relationship between arrhythmia and Omicron variant infection in mainland China.

Objectives: To investigate the risk factors of arrhythmia in patients infected with the SARS-CoV-2 Omicron variant and the factors influencing prognosis.

Methods: Data from 192 Omicron infected patients with symptoms of arrhythmia (AH group) and 100 Omicron infected patients without arrhythmia (Control group) were collected. Patients in the AH group were divided into the good and poor prognosis groups, according to the follow-up results 4–6 weeks after infection. The general and clinical data between the AH and Control groups, and between the good and poor prognosis groups were compared. The variables with differences between the groups were included in the multivariate logistic regression analysis, and the quantitative variables were analyzed by receiver operating characteristic curve to obtain their cut-off values.

Results: Compared with the control group, the body mass index (BMI), proportion of patients with a history of arrhythmia, proportion of antibiotics taken, heart rate, moderate disease severity, white blood cell (WBC) count, and the aspartate aminotransferase, creatine kinase (CK), CK isoenzyme (CK-MB), myoglobin (Mb), high-sensitive troponin I (hs-cTnI), lymphocyte ratio and high sensitivity C-reactive protein (hs-CRP) levels in the AH group were significantly higher (p < 0.05). In addition, obesity (BMI ≥24 kg/m2), fast heart rate (≥100 times/min), moderate disease severity, and WBC, CK-MB and hs-cTnI levels were independent risk factors of arrhythmia for patients with Omicron infection (p < 0.05), and hs-CRP was a protective factor (p < 0.05). Compared with the good prognosis group, the age, proportion of patients with a history of arrhythmia, heart rate, proportion of moderate disease severity, and hs-CRP, CK, Mb and hs-cTnI levels were significantly higher in the poor prognosis group, while the proportion of vaccination was lower in the poor prognosis group (p < 0.05). Advanced age (≥65 years old), proportion of history of arrhythmia, moderate disease severity, vaccination, and hs-CRP, Mb and cTnI levels were independent factors for poor prognosis of patients with arrhythmia (p < 0.05).

Conclusion: The factors that affect arrhythmia and the prognosis of patients infected with Omicron include obesity, high heart rate, severity of the disease, age. history of arrhythmia, WBC, hs-CRP, and myocardial injury indexes, which could be used to evaluate and prevent arrhythmia complications in patients in the future.
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1. Introduction

The coronavirus disease 2019 (COVID-19) global pandemic, caused by severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2), has had a huge impact on public health. The virus also mutates continuously due to sustained and widespread transmission (1). The Omicron variant emerged in late 2021 and is currently the most prevalent strain in mainland China (2). Myocardial damage, one of the main manifestations of which is arrhythmia, is a complication after infection with SARS-CoV-2 as it can directly invade the respiratory system and the heart. SARS-CoV-2 participates in the progression of myocardial injury and causes persistent arrhythmias by inducing mechanisms such as hypoxemia, myocardial local inflammation, physiological changes in myocardial ion channels, myocardial immune activation and autonomic nervous disorders (3, 4). A study has confirmed the close relationship between SARS-CoV-2 infection and atrial fibrillation and other arrhythmias, and it is the main cause of cardiovascular-related death in patients with COVID-19 (5).

Cardiac arrhythmia is a major determinant for the morbidity and mortality of patients with COVID-19 (6–8), especially in acute settings. Han et al. (9) demonstrated that SARS-CoV-2 could infect human sinoatrial node-like pacemaker cells in hamsters and cause arrhythmia. At present, few studies have focused on the relationship between Omicron variant infection and arrhythmia, particularly in mainland China. Existing studies, mostly conducted before the development of Omicron, have mainly involved other variants of SARS-CoV-2, such as the Delta variant, or have not distinguished the type of strain patients were infected with (10, 11). Many studies have reported that Omicron infection has milder symptoms compared with the previous variant strains, and it is believed that this is related to differences in the mechanism in which the virus enters the cell, the action of the vaccine and the virulence (12–14). Varshney and Agarwal (11) reported the incidence of arrhythmias in patients with COVID-19 with Delta B.1.617 and found that sinus bradycardia was the most common type of arrhythmia, with the second being atrial fibrillation. However, our clinical experience indicates that tachyarrhythmia is the most common type of arrhythmia in patients infected with Omicron. Therefore, it is believed that patients infected with Omicron have different clinical characteristics in relation to arrhythmias, compared with other variant strains.

Before December 2022, the prevalence of Omicron variants was largely limited in mainland China due to strict epidemic prevention and control policies. Therefore, studies on the correlation between Omicron variants and arrhythmia complications in mainland China were rarely conducted due to the lack of cases. Since the State Council of China issued “the Notice on Further Optimizing and Implementing the Prevention and Control Measures of the Novel Coronavirus” (also known as the “New Ten Measures”), the epidemic prevention policy has been gradually relaxed, and the number of patients infected with the Omicron variant has markedly increased. In the present study, the data of 192 Omicron-infected patients with arrhythmia symptoms were collected, and the short-term prognosis of the patients was followed up to explore the factors affecting the occurrence and prognosis of arrhythmia. To the best of our knowledge, this study is the first to investigate the epidemiological factors of arrhythmia in mild/moderate Omicron infection in mainland China.



2. Data and methods


2.1. Cases

This study was a prospective randomized controlled study of COVID-19 patients from the Henan Provincial People’s Hospital from December 2022 to February 2023. The inclusion criteria were as follows: (1) permanent resident of mainland China aged >18 years old; (2) the clinical manifestations were consistent with the diagnosis criteria of COVID-19, and the pathogen was confirmed as the Omicron variant by laboratory examination (PCR); (3) the clinical diagnosis was mild or moderate disease (15); (4) ECG examination confirmed the combination of tachycardia (symptomatic), atrial fibrillation, premature beat, atrioventricular block, or with arrhythmia symptoms for example, palpitations, chest tightness, dizziness, sweating, syncope, and Art-S syndrome and so on. The exclusion criteria were as follows: (1) incomplete medical history or follow-up data; (2) patients with cardiac pacemakers; (3) patients with hyperthyroidism; (4) patients with congenital heart disease; (5) patients with chronic kidney disease, immune system diseases, malignant tumors and other special diseases by chief complaint; (6) pregnant or lactating women. The eliminated criteria were as follows: (1) poor treatment compliance or withdrawal of treatment; (2) the disease progressed to severe, critical or death. This study intends to collect about 200 patients meeting the study conditions and define as AH group, and according to the principle of age and sex matching, control individuals (control group) were selected from Omicron infected patients not suffering from arrhythmia (confirmed by ECG). All patients provided informed consent to participate in the study, and this study was approved by the Ethics Committee of the Henan Provincial People’s Hospital.



2.2. Data


2.2.1. General data

The age, sex, body mass index (BMI), smoking, history of hypertension, diabetes, cerebrovascular disease, heart disease, history of arrhythmia and vaccination status (including completely + booster vaccinated, completely vaccinated or partially vaccinated) data were collected for all patients, according to the patient electronic medical records and chief complaint data. Self-administration of antibiotics data were also collected. Some patients blindly took common antibiotics at the onset of symptoms, which is common in China. The administered antibiotics were limited to four types: Cefin, amoxicillin, roxithromycin and penicillin.



2.2.2. Clinical symptoms

Maximum body temperature, heart rate (HR), respiratory rate, mean arterial pressure and pulse oxygen saturation of patients at the first visit were recorded. Disease severity [mild or moderate using the “Diagnosis and Treatment Protocol for Novel Coronavirus Infection (Trial 10th edition)” diagnostic criteria] was determined in combination with lung imaging examination (15).



2.2.3. Laboratory indicators

A total of 5 mL fasting venous blood from each patient was collected and sent to the laboratory for a blood routine test and liver function, kidney function and myocardial enzyme profile tests. White blood cell (WBC) count, lymphocyte proportion (LYM%), high sensitivity C-reactive protein (hs-CRP), serum creatinine (Scr), blood urea nitrogen (BUN), alanine aminotransferase (ALT), aspartate aminotransferase (AST), lactate dehydrogenase (LDH), creatine kinase (CK), CK isoenzyme (CK-MB), myoglobin (Mb) and high-sensitive troponin I (hs-cTnI) were measured. The normal range of each index was defined as: WBC, 4–9 × 109/L; LYM%, 20–40%; hs-CRP, 0-10 mg/L; Scr, 0–106 μmol/L for men and 0–97 μmol/L for women; BUN, 3.2–7.1 mmol/L; ALT, 5–40 U/L for men and 5–35 U/L for women; AST, 0–40 U/L; LDH, 0–240 U/L; CK, 38–174 U/L for men and 26–140 U/L for women; CK-MB, 0–5 ng/mL; Mb, 0–72 U/L for men and 0–58 U/L for women; hs-cTnI, 0–30 ng/L.




2.3. Treatment and follow-up

All patients were administered antiviral (Azvudine tablets) or symptomatic treatment according to the severity of illness and given support to improve myocardial energy metabolism according to the level of myocardial injury (to inhibit oxidative stress response after pneumonia) and hormone therapy if necessary. After 4–6 weeks of treatment, all patients were requested by telephone to present for follow-up to confirm whether their condition had improved according to their ECG findings. In the course of the study, it was found that most patients with arrhythmia significantly improved or recovered as the virus RNA detection became negative and the respiratory symptoms disappeared, but there are also some patients whose symptoms failed to improve or worsened in ≥6 weeks. Therefore, using the 6-week limit, the short-term prognosis of patients were defined as either recovery of COVID-19 (negative viral RNA test and respiratory symptoms had mostly disappeared), good prognosis (complete disappearance or significant remission of arrhythmia symptoms) or poor prognosis.



2.4. Statistical analysis

The general and clinical data between the AH group and the control group or the good prognosis group and the poor prognosis group were compared. The count data are presented as the number of cases and percentage, the comparison between groups was conducted using the Chi-square test, the measurement data in-line with the normal distribution were presented as the mean and standard deviation, and the independent sample unpaired t-test was used for the comparison between groups. Logistic regression was conducted to analyze the influencing factors of patients with arrhythmia and poor prognosis, and the measurement variables were converted into binary variables according to clinical diagnosis and the regression method was “forward-condition”. The receiver operating characteristic curve (ROC) was used to analyze the optimal cut-off value of the measurements. In the statistical process, p > 0.05 was considered to indicate a statistically significant difference.




3. Results


3.1. General description

Among the 192 Omicron-infected patients with arrhythmia, 173 cases (90.1%) had tachyarrhythmia, including 22 cases (11.5%) of symptomatic tachycardia, 78 cases (40.6%) of atrial fibrillation, 40 cases (20.8%) of premature beat, 29 cases (15.1%) of ventricular premature beat and 4 cases (2.1%) of ventricular tachycardia. A total of 19 cases (9.9%) had brady arrhythmia, including 8 cases (4.2%) of first-degree atrioventricular block and 11 cases (5.7%) of second-degree type I atrioventricular block. After 4–6 weeks of symptomatic treatment, 147 patients (76.6%) recovered and their arrhythmia symptoms mostly disappeared, while 45 patients (23.4%) had no obvious relief of arrhythmia symptoms, which was regarded as poor prognosis (Figure 1).

[image: Figure 1]

FIGURE 1
 Distribution diagram of types of arrhythmias in patients infected with Omicron COVID-19.




3.2. Comparison of data between the AH and control groups

The general and clinical data between the AH and the control groups were compared. The results indicated that the BMI, proportion of patients with arrhythmia history, proportion of antibiotic taken, HR, proportion of moderate disease severity and WBC, AST, CK, CK-MB, Mb and hs-cTnI levels in the AH group were significantly higher than those in the control group (p < 0.05), and the lymphocyte ratio and hs-CRP levels were significantly lower than those in the control group (Table 1; p < 0.05).



TABLE 1 Comparison of the data of the AH and control groups [(x̅ ± s)/n (%)].
[image: Table1]



3.3. Analysis of influencing factors of complicated arrhythmia

To exclude the interaction between the factors, the variables with statistically significant differences (p < 0.05) between the AH and control groups were included in a multivariate logistic regression analysis. The results demonstrated that obesity (BMI ≥24 kg/m2), high HR (>100/min), moderate disease severity, increased CK-MB and hs-cTnI were independent risk factors for arrhythmia in infected patients (p < 0.05), while elevated hs-CRP was a protective factor (Table 2; p < 0.05).



TABLE 2 Multivariate analysis of factors in arrhythmia patients infected with Omicron COVID-19.
[image: Table2]



3.4. Comparison of data between arrhythmia patients in the poor and good prognosis groups

The general and clinical data of AH patients in the poor prognosis and good prognosis groups were compared. The results demonstrated that, compared with the good prognosis group, age, proportion of patients with a history of arrhythmia, HR, proportion of moderate disease severity and CK, Mb and hs-cTnI levels in the poor prognosis group were significantly higher (Table 3; p < 0.05), and the vaccination proportion was significantly lower compared with the good prognosis group (p < 0.05).



TABLE 3 Comparison of the data of the good prognosis and poor prognosis groups [(x̅ ± s)/n (%)].
[image: Table3]



3.5. Analysis of prognostic factors of arrhythmia

To exclude the interaction between the factors, the variables with statistically significant differences (p < 0.05) between the good prognosis and poor prognosis groups were also included in a multivariate logistic regression analysis. The results demonstrated that advanced age (≥65 years old), history of arrhythmia, moderate disease severity and higher hs-CRP, Mb and hs-cTnI levels were independent risk factors for poor prognosis in Omicron-infected patients suffering from arrhythmia (p < 0.05), while vaccination was a protective factor (Table 4; p < 0.05).



TABLE 4 Multivariate analysis of prognosis factors in arrhythmia patients infected with Omicron COVID-19.
[image: Table4]

The quantifiable variables, including age and hs-CRP, Mb and hs-cTnI levels, were analyzed by ROC curve to obtain their optimal cut-off values, for evaluating the prognosis of COVID-19-infected patients with arrhythmia in the future. The results demonstrated that the diagnostic cut-off values for age and hs-CRP, Mb and hs-cTnI levels were 69 years old, 10.19 mg/L, 63 U/L and 27.6 ng/L, respectively (Figure 2; Table 5).

[image: Figure 2]

FIGURE 2
 ROC curve of the quantified variables to obtain the optimal cut-off values for evaluating the prognosis of patients with Omicron COVID-19 complicated with arrhythmia.




TABLE 5 ROC curve analysis of the measurement variables that affect prognosis in arrhythmia patients infected with Omicron COVID-19.
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4. Discussion

Increasing evidence has demonstrated that SARS-CoV-2 infection can lead to direct or indirect cardiac involvement and a series of cardiovascular complications including arrhythmia, which in severe cases can lead to heart failure, cardiogenic shock, cardiac arrest, syncope, and death (16). Omicron, one of the “worrying” variants identified by the World Health Organization, began to circulate in mainland China in December 2021, and became the most common SARS-CoV-2 variant (17). Arrhythmia is one of the most common complications after Omicron infection (18). By inspecting the clinical data of 192 patients with an Omicron infection complicated with arrhythmia, a preliminary analysis of the factors affecting these patients and their short-term prognosis was conducted in this study.


4.1. History of arrhythmia and fast heart rate

Arrhythmia is a symptom where the heart beats at an abnormal rate or rhythm, induced by the disorder of heart activity or conduction, and tachyarrhythmia is the main type of arrhythmia. Patients with a history of arrhythmia have a somewhat weaker beating rate and often have a faster heart rate than the average person when injured (19). After infection with SARS-CoV-2, patients are subjected to hypoxia and cytokine storms and appear to have sustained rapid heart rates to accelerate oxygen supply (20). Therefore, patients with a history of arrhythmia are more vulnerable to damage to the heart (even after the RNA test is negative) and find it difficult to recover quickly. Studies have demonstrated that COVID-19 can lead to arrhythmia and thus adverse disease outcomes, especially for infected patients with hereditary arrhythmia syndrome (21). Sacilotto et al. (22) believed that children with a history of arrhythmia, fever, electrolyte disturbance and drug effects caused by SARS-CoV-2 infection would most likely incur myocardial damage or aggravated hidden or well-controlled primary arrhythmia might occur. The results of the present study demonstrated that rapid heart rate during infection (≥100 times/min) was a risk factor for patients with concurrent arrhythmia, while a history of arrhythmia was a risk factor for poor prognosis of these patients, which was consistent with the results of existing studies (21, 22).



4.2. Myocardial function indexes

Myocardial function injury is recognized as one of the most common serious complications (23). In the early stages of the COVID-19 pandemic, several studies based on the autopsies of COVID-19 patients found large amounts of inflammatory infiltrates and epicardial edema in the heart tissues (24, 25). Current studies have found that the mechanism of myocardial injury caused by SARS-CoV-2 infection mainly includes the angiotensin converting enzyme 2 pathway, hypoxia and ischemic injury, inflammation and cytokine storm, and psychological stress (26–29). Myocardial enzyme assay is the main index to evaluate the status of myocardial injury. Sandoval et al. (30) found that elevated cardiac troponin I(cTnI) was common in COVID-19 patients and was positively correlated with the risk of adverse outcomes, such as arrhythmia and death. However, the cTnI level was generally lower than the diagnostic value of acute myocardial infarction. Henry et al. (31) conducted a meta-analysis of 24 biomarkers using data from 624 cases of children with COVID-19, and found that the pooled prevalence estimate of elevated CK-MB was 33% in mild cases. Moreover, other cardiac abnormalities caused by SARS-CoV-2 infection have also been reported another study (32). The results of the present study demonstrated that the elevation of CK-MB and hs-cTnI were risk factors for arrhythmia after SARS-CoV-2 infection, and that the elevation of Mb and hs-cTnI were risk factors for poor short-term prognosis of patients with arrhythmia. Therefore, it was suggested that myocardial indexes should be examined and cardiac protection should be performed immediately when symptoms of arrhythmia appear. It should be noted that a proportion (32 cases, 11%) of patients with heart disease, including chronic coronary atherosclerotic cardiopathy, in the present study may have a higher baseline myocardial index before infection than other infected patients. For such patients, the authors believe that slight elevation of myocardial injury markers has limited prognostic significance, and attention and reasonable response should be taken only in the case of significant elevation.



4.3. WBC and hs-CRP

Inflammatory cytokine storm is one of the biggest challenges faced by the body after SARS-CoV-2 infection, and the change of leukocytes is an intuitive indicator of immune status (33). In general, WBC levels will decrease after virus invasion and increase when combined with a bacterial infection. Therefore, it can be speculated that infection with bacteria and other pathogens, as evidenced by an increased WBC count, may be one of the causes of myocardial damage and thus arrhythmia in patients. CRP is also an inflammatory marker and it can activate complement and strengthen phagocytosis when the body is infected, to eliminate pathogenic microorganisms invading the body and consequently play an important protective role in the natural immune process. Therefore, within a certain range, elevated hs-CRP can play a role in the defense against infection. However, when the hs-CRP level is too high, it will cause immune damage, including myocardial damage, due to its involvement in inflammatory reactions (34). Studies have demonstrated that QT interval prolongation, a type of arrhythmia, is closely related to CRP levels in COVID-19 patients, and patients have higher CRP and WBC levels during hospitalization (35, 36). The results of the present study also demonstrated that an elevated WBC count is a risk factor for patients with arrhythmia, and that elevated hs-CRP is a protective factor for patients with arrhythmia after infection. However, hs-CRP is also a risk factor for poor prognosis, which is not completely consistent with existing studies. These inconsistencies may be related to the differences in test time points (during initial diagnosis or hospitalization). Combined with the results of the ROC curve analysis, the diagnostic criteria for CRP can be further refined, for example: When the CRP level is 8.49–10.19 mg/L, the risk of patients with arrhythmias is reduced; when the CRP level is >10.19 mg/L, the risk of poor prognosis is increased.



4.4. Other factors

The results of the present study demonstrated that obesity (BMI ≥24 kg/m2) and moderate disease severity were risk factors for arrhythmia in patients infected with Omicron, and advanced age (≥65 years old) and moderate disease severity were risk factors for poor prognosis. Advanced age and obesity have previously been confirmed to be risk factors for arrhythmia (37), and studies have also confirmed that advanced age and severity of the disease are important factors influencing the poor prognosis of patients with COVID-19 (38, 39). According to the Diagnosis and Treatment Protocol for Novel Coronavirus Infection (Trial 10th Edition) published by the National Health Commission of China (15), the criteria for moderate disease severity is that imaging features of virus-infected pneumonia can be observed, therefore the risk of myocardial damage and arrhythmia for these patients is higher. In addition, in this, it was also found that vaccination was one of the protective factors for a good outcome in patients with arrhythmia. According to an existing study, vaccination is a protective factor for patients with consistent progression to severe or critical disease after infection (40), which may also be the reason for the low risk of poor prognosis in patients with arrhythmia. It is worth noting that only chronic comorbidities that are more common in the Chinese population were included in the present study, while other diseases such as chronic kidney disease, chronic gastritis and chronic anemia (which have a low incidence in the population or no studies have shown that they are related to the occurrence of arrhythmia) were not included. These patients with these specific medical histories would have been excluded from the present study, but patients were not actively surveyed for every chronic disease. Therefore, it cannot be ruled out that certain patients may have a special medical history. However, we believe that such patients are a small proportion of the patients included and not enough to affect the conclusion of the present study.

Additionally, the limitation of the present study is that the subtype of Omicron virus was not further detected and analyzed. The reason for this is that cases were collected during the first round of explosive infection after the relaxation of epidemic prevention policies in mainland China, and too many infected patients were admitted meaning that medical staff had to devote all their energy to receiving and treating patients. In addition, the treatment and examination process was accelerated as much as possible. Therefore, the identification of virus subtypes in patient samples was not conducted. In addition, the present study was limited by a short follow-up time, which was 6–8 weeks for all patients. Later, we followed up the recovery of most patients with a poor prognosis and found that some patients improved in 10–12 months. A small number of patients found it difficult to fully recover and, compared with before infection, their physical fitness decreased significantly, especially in strenuous exercise and high-load work, where there were more notable cardiac discomfort symptoms. However, whether these patients need more time (>6 months) for recovery or whether these patients will develop “long COVID” needs to be followed up to have a clear conclusion. In future studies, we will pay further attention to the differences in symptom manifestations among those infected with different Omicron subtypes, continue to expand the sample size and extend the follow-up time to obtain more accurate conclusions.




5. Conclusion

The results of the present study demonstrated that the factors affecting arrhythmia in patients with Omicron COVID-19 include obesity (BMI ≥24 kg/m2), fast heart rate (≥100 times/min), moderate disease severity, and WBC, CK-MB and hs-cTnI levels. The factors affecting prognosis of Omicron COVID-19-infected patients with arrhythmia include advanced age (≥65 years old), history of arrhythmia, moderate disease severity, and hs-CRP, Mb and cTnI levels, which can be used to evaluate and prevent arrhythmia complications in patients with Omicron COVID-19 in the future.
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