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Abstract
Background: There are limited data on the outcomes of adults with coronavirus disease 2019 (COVID-19) and atrial fibrillation (AF). The objectives were to 1) examine associations between AF, 30-day thromboembolic events and mortality in adults with COVID-19 and 2) examine associations between COVID-19, 30-day thromboembolic events and mortality in adults with AF.
Methods: A study was conducted using a global federated health research network. We included of adults aged ≥50 years who presented to 41 participating healthcare organizations between January 20th and September 1st 2020 with COVID-19. 
Results: For the first objective, 6,589 adults with COVID-19 and AF were propensity score matched for age, sex, race and co-morbidities to 6,589 adults with COVID-19 without AF. The survival probability was significantly lower in adults with COVID-19 and AF compared to matched adults without AF (82.7% compared to 88.3%, Log-Rank test p<0.0001; Risk Ratio (95% Confidence Interval) 1.61 (1.46, 1.78) and risk of thromboembolic events was higher in patients with AF (9.9% vs. 7.0%, Log-Rank test p<0.0001; Risk Ratio (95% Confidence Interval) 1.41 (1.26, 1.59). For the second objective, 2,454 adults with AF and COVID-19 were propensity score matched to 2,454 adults with AF without COVID-19. The survival probability was significantly lower for adults with AF and COVID-19 compared to adults with AF without COVID-19, but there was no significant difference in risk of thromboembolic events.
Conclusions: AF could be an important risk factor for short-term mortality with COVID-19 and COVID-19 may increase risk of short-term mortality amongst adults with AF.
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Introduction
[bookmark: _GoBack]The World Health Organisation announced coronavirus disease 2019 (COVID-19) as a public health emergency on January 30th 2020.1 As of October 5th 2020, over 35 million cases of COVID-19 and over one million deaths with COVID-19 had been reported worldwide.2 Pre-existing cardiovascular disease has been shown to be a risk factor for adverse outcomes and mortality in adults with COVID-19.3 

Some evidence suggests cardiac arrhythmias may be common in adults with COVID-19, such as in a hospitalised cohort of 138 adults with COVID-19 in China, cardiac arrhythmias were reported in 16.7%,4 but details of these arrhythmias including pre-existing arrhythmias is not known. A study of 99 individuals hospitalised with COVID-19 in Northern Italy suggested atrial fibrillation (AF) was more common in patients who died (46.2% vs. 15.1%), but this was not adjusted for other characteristics of the patients.5 Furthermore, AF increases risk of ischaemic stroke five-fold,6 and increasing evidence also points to a propensity to thrombosis and thrombosis-related complications in adults with COVID-19.7

There is a paucity of data available on the outcomes of adults with COVID-19 and AF and it is unclear if AF impacts risk of mortality with COVID-19 after accounting for other co-morbidities associated with AF, such as hypertension, diabetes mellitus and cerebrovascular disease. The objectives of the current study were to 1) examine associations between AF and risk of 30-day mortality and risk of thromboembolic events within 30 days for patients with COVID-19 and to 2) examine associations between COVID-19 and risk of 30-day mortality and 30-day thromboembolic events for patients with AF. For the first objective, we compared 30-day all-cause mortality and 30-day incidence of thromboembolic events in two cohorts with COVID-19, with and without a history of AF. For the second objective, we examined 30-day all-cause mortality and 30-day incidence of thromboembolic events for patients with AF and COVID-19 compared to a historical control group with AF without COVID-19. For both objectives we used propensity score matching to balance demographic characteristics and co-morbidities between the groups.

Methods
A study was performed by utilising TriNetX which is a global federated health research network which provides researchers with access to statistics on electronic medical records (EMRs) from participating healthcare organisations, predominately in the United States (US). The healthcare organisations include academic medical centres, specialty physician practices and community hospitals.

For the first study objective, patients within the TriNetX research network aged ≥50 years with COVID-19 recorded in their EMRs between January 20th 2020 and September 1st 2020 were included. For the second study objective, cases were included if they were aged ≥50 years with COVID-19 and AF recorded in EMRs between January 20th 2020 and September 1st, 2020 and historical controls were included if they were aged ≥50 years with AF recorded in EMRs between January 20th 2019 and September 1st 2019. We only included patients with a first-recording of AF in EMRs during the specified time periods. AF was determined by searching for the ICD-10-CM code I48 (AF or flutter) in the EMRs.

The searches were run in TriNetX on October 1st 2020 which allowed for at least 30 days follow-up for all participants from the time COVID-19 was recorded in their EMRs (first objective) or from when AF was recorded in their EMRs (second objective). When the searchers were run, there were 41 participating healthcare organisations within the TriNetX research network. 

The start date was chosen as January 20th 2020 because COVID-19 was first confirmed in the US on this date, and the TriNetX network is predominately US-based.8 COVID-19 was identified using criteria provided by TriNetX based on Centres for Disease Control and Prevention (CDC) coding guidelines9. COVID-19 status was determined using codes in electronic medical records or a positive test result identified with COVID-19 specific laboratory codes. Specifically, COVID-19 was identified by one or more of the following International Classification of Diseases, Ninth Revision and Tenth Revision, Clinical Modification (ICD-10-CM) codes in the electronic medical records of the patients: U07.1 COVID-19; U07.2 COVID-19, virus not identified; B97.29 Other coronavirus as the cause of diseases classified elsewhere; B34.2 Coronavirus infection, unspecified; or a positive test result identified with COVID-19 specific laboratory Logical Observation Identifiers Names and Codes (LOINCs). Patients with ICD-9 code 079.89 were excluded because this code may still be used code for >50 viral infections. 

[bookmark: _Hlk52477419]Thromboembolic events included in analyses were cerebral infarction (ICD-10-CM code: I63), transient cerebral ischaemic attacks and related syndromes (G45), pulmonary embolism (I26), arterial embolism and thrombosis (I74) and other venous embolism and thrombosis (I82).

Statistical analysis
All statistical analyses were completed on the TriNetX online research platform. Baseline characteristics were compared with chi-squared tests for categorical variables and independent-sample t-tests for continuous variables. The TriNetX platform was used to run 1:1 propensity score matching using logistic regression. The platform uses nearest-neighbour matching with tolerance level of 0.01 and difference between propensity scores ≤0.1. The following variables were included in propensity score matching: age, sex, race, and the following health conditions identified from ICD-10-CM codes in EMRs hypertensive diseases, ischaemic heart diseases, heart failure, cerebrovascular diseases, diabetes mellitus, chronic kidney disease, diseases of the respiratory system, diseases of the digestive system, diseases of the nervous system and neoplasms. These conditions were chosen because they are established risk factors for AF or mortality and were significantly different between the cohorts with and without AF.
 
For the first study objective, Kaplan-Meier survival curves for 30-day mortality and 30-day incident thromboembolic events by COVID-19 status were produced with log-rank tests after propensity score matching. Risk Ratios with 95% Confidence Intervals for 30-day mortality and 30-day incident thromboembolic events were also calculated after propensity score matching. Statistical significance was prespecified as p<0.05. 

Data access from TriNetX
To gain access to the data in the TriNetX research network, a request can be made to TriNetX (https://live.trinetx.com), but costs may be incurred, a data sharing agreement would be necessary, and no patient identifiable information can be obtained.

Ethical approval
As a federated network, research studies using the TriNetX research network do not require ethical approvals as no patient identifiable identification is received.

Results
Comparison of individuals with COVID-19, with and without AF
We ran the search within the TriNetX research network, and 68,975 people were included who were aged ≥50 years and had COVID-19 coded in their EMRs using the specified codes and time period described in the Methods. Of these patients, 10.3% (n=7,109) had AF identified from their EMRs. The cohort with AF were significantly older and had a significantly higher proportion of males, white patients and all comorbid conditions included in Table 1.

After propensity score matching, there were 6,589 individuals included in both cohorts, and the cohorts were better balanced on age, sex and race, apart from proportions of patients identified Black or African American or unknown race which remained significantly different. The cohorts were also better balanced on the included comorbid conditions. Diseases of the respiratory system and hypertensive disease became more prevalent for the cohort without AF (80.7% vs. 79.0%, p=0.02 for diseases of the respiratory system and 79.3% vs. 77.4% for hypertensive diseases). History of heart failure was better balanced between the groups after propensity score matching, but remained statistically significantly higher for the cohort with AF (40.1% vs. 37.5%, p=0.03). 

[bookmark: _Hlk52477484]After propensity score matching, Kaplan-Meier analysis showed the 30-day survival probability after COVID-19 was significantly lower in adults with AF compared to those without AF (82.7% compared to 88.3%, Log-Rank test p<0.0001, Figure 1; Risk Ratio (95% Confidence Interval) 1.61 (1.46, 1.78)). The risk of developing thromboembolic events within 30-days after COVID-19 was significantly higher for patients with AF compared to those without AF (9.9% vs. 7.0%, Log-Rank test p<0.0001, Supplementary Figure 1; Risk Ratio (95% Confidence Interval) 1.41 (1.26, 1.59). 

[bookmark: _Hlk52477579]Comparison of individuals with AF, with and without COVID-19
[bookmark: _Hlk51662848]Of the participating sites within the TriNetX network, 99,881 patients met the inclusion criteria for historical controls with newly reported AF and 2,455 patients met the inclusion criteria for cases with newly reported AF and COVID-19. Compared to cases with COVID-19 and AF, historical controls with AF without COVID-19 were older, had a higher proportion of females and people who identified as white and had a lower proportion of people with comorbid health conditions including heart failure, cerebrovascular diseases, diabetes mellitus, chronic kidney disease, diseases of the respiratory system, digestive system and nervous system (Table 2). There were no statistically significant differences in the history of hypertensive diseases, ischaemic heart diseases or neoplasms between the cases and controls. After 1:1 propensity score matching, there were 2,454 cases and 2,454 historical controls and they were well-balanced for age, sex, race and all health conditions included in the propensity score matching (all p>0.05).

After propensity score matching, Kaplan-Meier analysis showed the 30-day survival probability after newly reported AF was significantly lower in adults with COVID-19 compared to historical controls (80.0% compared to 93.6%, Log-Rank test p<0.0001, Figure 2; Risk Ratio (95% Confidence Interval) 3.63 (3.02, 4.36)). The risk of developing thromboembolic events within 30-days after newly reported AF was not statistically significantly different for adults with COVID-19 compared to historical controls (14.5% vs. 13.7%, Log-Rank text p=0.27, Supplementary Figure 2; Risk Ratio (95% Confidence Interval) 1.06 (0.93, 1.22). 


Discussion

In the present study of over 13,000 patients aged ≥50 years with COVID-19, we showed that patients with AF had significantly higher 30-day risk of thromboembolic events and all-cause mortality, when compared to patients with no history of AF, propensity score matched for age, sex, race and history of comorbid conditions. We also showed in almost 5000 patients with AF that COVID-19 was associated with higher risk of mortality compared to propensity score matched historical controls with AF without COVID-19. However, we did not find any evidence that the risk of incident 30-day thromboembolic events was higher for patients with AF and COVID-19 compared to historical controls with AF without COVID-19.

In a meta-analysis of eight studies, cerebrovascular disease was identified to be significantly associated with higher mortality in participants with COVID-19.10 The present analyses suggest that history of AF is a risk factor for 30-day mortality amongst adults with COVID-19 independent of history of cerebrovascular disease and cardiovascular and non-cardiovascular conditions. A study using nationwide Danish registries showed a 47% decline in registered new-onset AF in the first three weeks of a nationwide lockdown in Denmark.11 

Diagnosis of AF is critical to ensure appropriate treatment strategies are implemented including stroke risk reduction with anticoagulants, heart rate and rhythm-control and management of co-morbidities and lifestyle factors.12 Guidance for the short-term management of AF for patients with COVID-19 have been published which includes considerations of important potential drug-drug interactions of anticoagulants and antiarrhythmic drugs with emerging COVID-19 treatments.13

[bookmark: _Hlk52477935][bookmark: _Hlk52821075][bookmark: _Hlk52821085]The present study has limitations. The main limitation is that the data were collected from the health care organization electronic medical records and some health conditions may be underreported. Previous studies have shown recording of ICD codes in electronic medical records may vary by factors including age, co-morbidities, severity of illness, length of stay in hospital, and in-hospital mortality.14 Race was based on limited prespecified race categories within TriNetX and was unknown for up to 18% of the cohorts investigated. Further residual confounding may include lifestyle factors such as alcohol consumption and physical activity which were not available. Furthermore, propensity scores are a method used to balance covariates, but in observational studies propensity scores are estimated and therefore there is no certainty that the propensity scores are 100% accurate.15 We also could not determine if there was any impact of attending different healthcare organizations due to data privacy restrictions. We examined all deaths of the included patients captured within the TriNetX network; however, deaths outside of the participating health care organizations are not well captured. The present study did not find an association between COVID-19 and higher risk of thromboembolic events, but causes of death could not be ascertained within the TriNetX network which may impact the validity of this finding. Further research is needed to confirm the finding that COVID-19 is not associated with higher risk of thromboembolic events amongst AF patients and to decipher the underlying causes of higher risk of mortality with AF and COVID-19. 

Conclusions
[bookmark: _Hlk52477648]This study utilised a global research network and propensity score matched over 13,000 older adults with COVID-19. The results suggest AF is a risk factor for thromboembolic events and mortality 30-days following COVID-19 after taking into account important demographic factors and co-morbidities. We also showed that COVID-19 was associated with higher risk of 30-day mortality compared to historical controls with AF without COVID-19 amongst nearly 5000 older adults with AF. However, there was no difference in risk of thromboembolic events for people with AF and COVID-19 compared to historical controls. AF could be an important risk factor to consider for inclusion in risk modelling and subsequent stratification of adults with COVID-19 and targeting of intervention strategies.
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Figure legends
Figure 1. Kaplan Meier survival curve of 30-day mortality for patients aged ≥50 years with COVID-19 with and without history of AF after propensity score matching.
AF: Atrial fibrillation. Propensity score matched for age, sex, race, and history of hypertensive diseases, ischaemic heart diseases, heart failure, cerebrovascular diseases, diabetes mellitus, chronic kidney disease, diseases of the respiratory system, diseases of the digestive system, diseases of the nervous system and neoplasms.  Log-Rank test: p<0.0001.

Figure 2. Kaplan Meier survival curve of 30-day mortality for patients aged ≥50 years with AF and COVID-19 and historical controls with AF without COVID-19 after propensity score matching.
AF: Atrial fibrillation. Propensity score matched for age, sex, race, and history of hypertensive diseases, ischaemic heart diseases, heart failure, cerebrovascular diseases, diabetes mellitus, chronic kidney disease, diseases of the respiratory system, diseases of the digestive system, diseases of the nervous system and neoplasms. Log-Rank test: p<0.0001.

Supplementary Figure 1. Kaplan Meier survival curve of 30-day thromboembolic events for patients aged ≥50 years with COVID-19 with and without history of AF after propensity score matching.
AF: Atrial fibrillation. Propensity score matched for age, sex, race, and history of hypertensive diseases, ischaemic heart diseases, heart failure, cerebrovascular diseases, diabetes mellitus, chronic kidney disease, diseases of the respiratory system, diseases of the digestive system, diseases of the nervous system and neoplasms. Log-Rank test: p<0.0001.

Supplementary Figure 2. Kaplan Meier survival curve of 30-day thromboembolic events for patients aged ≥50 years with AF and COVID-19 and historical controls with AF COVID-19 after propensity score matching.
AF: Atrial fibrillation. Propensity score matched for age, sex, race, and history of hypertensive diseases, ischaemic heart diseases, heart failure, cerebrovascular diseases, diabetes mellitus, chronic kidney disease, diseases of the respiratory system, diseases of the digestive system, diseases of the nervous system and neoplasms. Log-Rank test: p=0.27.

	
