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Abstract
Background: There are limited data on the outcomes of adults with coronavirus dis-
ease 2019 (COVID-19) and atrial fibrillation (AF). The objectives were to (i) examine 
associations between AF, 30-day thromboembolic events and mortality in adults 
with COVID-19 and (ii) examine associations between COVID-19, 30-day thrombo-
embolic events and mortality in adults with AF.
Methods: A study was conducted using a global federated health research network. 
Adults aged ≥50 years who presented to 41 participating healthcare organizations 
between 20 January 2020 and 1 September 2020 with COVID-19 were included.
Results: For the first objective, 6589 adults with COVID-19 and AF were propensity 
score matched for age, gender, race, and comorbidities to 6589 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 < .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 < .0001; Risk Ratio (95% confidence interval) 1.41 (1.26, 1.59)). For the second ob-
jective, 2454 adults with AF and COVID-19 were propensity score matched to 2454 
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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1  | INTRODUC TION

The World Health Organisation announced coronavirus disease 
2019 (COVID-19) as a public health emergency on 30 January 
2020.1 As of 5 October 2020, over 35 million cases of COVID-19 
and over one million deaths with COVID-19 had been reported 
worldwide.2 Preexisting 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 preexisting ar-
rhythmias 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 the risk of ischemic stroke fivefold,6 and increasing ev-
idence also points to a propensity to thrombosis and thrombosis-re-
lated 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 mor-
tality with COVID-19 after accounting for other comorbidities 
associated with AF, such as hypertension, diabetes mellitus, and 
cerebrovascular disease. The objectives of this study were to (i) ex-
amine associations between AF and risk of 30-day mortality, and 
risk of thromboembolic events within 30  days for patients with 
COVID-19 and to (ii) 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 comorbidities 
between the groups.

2  | METHODS

A study was performed by utilising TriNetX which is a global fed-
erated health research network which provides researchers with 
access to statistics on electronic medical records (EMRs) from par-
ticipating 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 be-
tween 20 January 2020 and 1 September 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 20 

January 2020 and 1 September 2020, and historical controls were 
included if they were aged ≥50 years with AF recorded in EMRs be-
tween 20 January 2019 and 1 September 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 1 October 2020 which al-
lowed 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 search-
ers were run, there were 41 participating healthcare organisations 
within the TriNetX research network.

The start date was chosen as 20 January 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 guidelines.9 COVID-19 sta-
tus was determined using codes in electronic medical records or 
a positive test result identified with COVID-19-specific labora-
tory 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 iden-
tified 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.

Thromboembolic events included in analyses were cerebral in-
farction (ICD-10-CM code: I63), transient cerebral ischemic attacks 
and related syndromes (G45), pulmonary embolism (I26), arterial em-
bolism and thrombosis (I74), and other venous embolism and throm-
bosis (I82).

2.1 | Statistical analysis

All statistical analyses were completed on the TriNetX online re-
search 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-neighbor matching with a tolerance level of 
0.01 and difference between propensity scores ≤0.1. The following 
variables were included in propensity score matching: age, gender, 
race, and the following health conditions identified from ICD-10-CM 
codes in EMRs hypertensive diseases, ischemic heart diseases, heart 
failure, cerebrovascular diseases, diabetes mellitus, chronic kidney 
disease, diseases of the respiratory system, diseases of the diges-
tive system, diseases of the nervous system, and neoplasms. These 
conditions were chosen because they are established risk factors for 
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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 sta-
tus 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 propen-
sity score matching. Statistical significance was prespecified as P < .05.

2.2 | Data access from TriNetX

To gain access to the data in the TriNetX research network, a request 
can be made to TriNetX (https://live.trine​tx.com), but costs may be 
incurred, a data sharing agreement would be necessary, and no pa-
tient identifiable information can be obtained.

2.3 | Ethical approval

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

3  | RESULTS

3.1 | Comparison of individuals with COVID-19, 
with and without AF

In total, 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 = 7109) had AF identified from their EMRs. The cohort 

TA B L E  1   Baseline characteristics of the populations aged ≥ 50 years with COVID-19 and with and without atrial fibrillation or flutter 
before and after propensity-score matching

Initial populations Propensity score matched populations

COVID-19 and no 
AF (n = 61 866)

COVID-19 and 
AF (n = 7109) P-value

COVID-19 and no 
AF (n = 6589)

COVID-19 and AF 
(n = 6589) P-value

Age (years), mean (SD) 64.2 (10.7) 74.1 (11.0) <0.001 73.3 (10.9) 73.6 (10.9) 0.16

Femaleaa  53.6 (33 189) 44.9 (3189) <0.001 45.2 (2978) 45.6 (3002) 0.67

Raceb 

White 55.1 (34 104) 63.6 (4520) <0.001 62.9 (4143) 62.6 (4126) 0.56

Black or African American 23.2 (14 348) 19.6 (1396) <0.001 22.1 (1457) 20.6 (1358) 0.04

Asian 2.4 (1499) 1.6 (111) 0.001 1.5 (99) 1.6 (105) 0.67

Native Hawaiian/other 
Pacific Islander

0.3 (202) 0.3 (18) 0.30 0.2 (16) 0.2 (16) 1.00

American Indian or Alaska 
Native

0.5 (291) 0.3 (21) 0.04 0.3 (17) 0.3 (21) 0.52

Unknown 18.4 (11 390) 14.7 (1042) <0.001 12.9 (851) 14.6 (962) 0.01

Hypertensive diseases 42.3 (26 185) 79.1 (5620) <0.001 79.3 (5223) 77.4 (5101) 0.01

Ischemic heart diseases 12.6 (7824) 49.6 (3523) <0.001 46.5 (3062) 46.1 (3038) 0.68

Heart Failure 6.7 (4145) 44.5 (3162) <0.001 37.5 (2474) 40.1 (2643) 0.03

Cerebrovascular diseases 8.2 (5090) 30.5 (2169) <0.001 27.0 (1776) 27.4 (1804) 0.58

Diabetes Mellitus 22.1 (13 681) 41.7 (2963) <0.001 41.7 (2746) 40.9 (2692) 0.34

Chronic Kidney Disease 9.5 (5857) 35.3 (2509) <0.001 32.4 (2137) 32.5 (2142) 0.93

Diseases of the respiratory 
system

54.2 (33 542) 80.3 (5708) <0.001 80.7 (5315) 79.0 (5205) 0.02

Diseases of the digestive 
system

42.1 (26 041) 68.3 (4856) <0.001 67.9 (4438) 66.7 (4392) 0.39

Diseases of the nervous 
system

38.1 (24 189) 67.9 (4825) <0.001 66.8 (4403) 65.9 (4344) 0.28

Neoplasms 24.7 (15 287) 39.7 (2820) <0.001 37.9 (2497) 38.2 (2519) 0.69

Note: Values are % (n) unless otherwise stated. Baseline characteristics were compared using a chi-squared test for categorical variables and an 
independent-sample t test for continuous variables.
AF, atrial fibrillation; COVID-19, coronavirus disease 2019; SD, standard deviation.
aSex unknown for 0.1% of patients. 
bData are taken from structured fields in the electronic medical record systems of the participating healthcare organisations, therefore, there may be 
regional or country-specific differences in how race categories are defined. 

https://live.trinetx.com
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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 6589 individuals 
included in both cohorts, and the cohorts were better balanced on 
age, gender and race, apart from proportions of patients identified 
Black or African American or unknown race which remained signifi-
cantly different. The cohorts were also better balanced on the in-
cluded comorbid conditions. Diseases of the respiratory system and 
hypertensive disease became more prevalent for the cohort without 
AF (80.7% vs 79.0%, P = .02 for diseases of the respiratory system 
and 79.3% vs 77.4%, P = .01 for hypertensive diseases). History of 
heart failure was better balanced between the groups after propen-
sity score matching, but remained statistically significantly higher for 
the cohort with AF (40.1% vs 37.5%, P = .03).

After propensity score matching, Kaplan-Meier analysis showed 
that 30-day survival probability after COVID-19 was significantly 
lower in adults with AF compared to those without AF (82.7% com-
pared to 88.3%, Log-Rank test P <  .0001, Figure 1; risk ratio (95% 
confidence interval) 1.61 (1.46, 1.78)). The risk of developing throm-
boembolic 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 < .0001, Figure S1; risk ratio (95% confidence 
interval) 1.41 (1.26, 1.59)).

3.2 | Comparison of individuals with AF, with and 
without COVID-19

Of the participating sites within the TriNetX network, 99 881 pa-
tients met the inclusion criteria for historical controls with newly re-
ported AF and 2455 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, dia-
betes 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, ischemic heart diseases or neoplasms between the cases 
and controls. After 1:1 propensity score matching, there were 2454 
cases and 2454 historical controls and they were well balanced for 
age, gender, race, and all health conditions included in the propen-
sity score matching (all P > .05).

After propensity score matching, Kaplan-Meier analysis showed 
that 30-day survival probability after newly reported AF was signifi-
cantly lower in adults with COVID-19 compared to historical con-
trols (80.0% compared to 93.6%, Log-Rank test P < .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 re-
ported AF was not statistically significantly different for adults with 
COVID-19 compared to historical controls (14.5% vs 13.7%, Log-
Rank text P = .27, Figure S2; risk ratio (95% confidence interval) 1.06 
(0.93, 1.22)).

4  | DISCUSSION

In this study of over 13 000 patients aged ≥50 years with COVID-
19, patients with AF had significantly higher 30-day risk of throm-
boembolic events and all-cause mortality, when compared to 
patients with no history of AF, propensity score matched for age, 
gender, race, and history of comorbid conditions. Furthermore, 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, there 
was no 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.

F I G U R E  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, gender, race, and history of hypertensive diseases, 
ischemic 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 < .0001
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In a meta-analysis of eight studies, cerebrovascular disease was 
identified to be significantly associated with higher mortality in par-
ticipants with COVID-19.10 The present analyses suggest that history 
of AF is a risk factor for 30-day mortality among adults with COVID-
19 independent of history of cerebrovascular disease and cardiovas-
cular and noncardiovascular 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 
comorbidities and lifestyle factors.12 Guidance for the short-term 
management of AF for patients with COVID-19 has been published 
which includes considerations of important potential drug-drug in-
teractions of anticoagulants and antiarrhythmic drugs with emerging 
COVID-19 treatments.13

This study has limitations. The main limitation is that the data 
were collected from the healthcare organisation electronic medical 
records and some health conditions may be underreported. Previous 
studies have shown that recording of ICD codes in electronic 

TA B L E  2   Baseline characteristics of the populations aged ≥ 50 years with newly diagnosed atrial fibrillation or flutter and COVID-19 
(cases) or newly diagnosed atrial fibrillation or flutter and no COVID-19 (historical controls) before and after propensity score matching

Initial populations Propensity score matched populations

AF and COVID-19 
(n = 2455)

AF and no COVID-19 
(n = 99 881) P-value

AF and COVID-19 
(n = 2454)

AF and no COVID-19 
(n = 2454) P-value

Age (years), mean 
(SD)

73.2 (11.1) 73.8 (10.5) 0.004 73.2 (11.1) 73.1 (10.9) 0.66

Femalea  40.5 (995) 43.8 (43 765) 0.001 40.5 (995) 40.3 (988) 0.84

Raceb 

White 58.4 (1433) 79.7 (79 614) <0.001 58.4 (1433) 59.8 (1468) 0.31

Black or African 
American

22.9 (563) 8.9 (8868) <0.001 22.9 (562) 22.5 (553) 0.76

Asian 1.6 (40) 1.5 (1520) 0.67 1.6 (40) 1.3 (33) 0.41

Native Hawaiian/
other Pacific 
Islander

0.4 (10) 0.1 (120) <0.001 0.4 (10) 0.4 (10) 1.00

American Indian or 
Alaska Native

0.4 (11) 0.3 (259) 0.07 0.4 (11) 0.4 (11) 1.00

Unknown 16.7 (409) 9.5 (9529) <0.001 16.7 (409) 16.1 (395) 0.59

Hypertensive 
diseases

66.6 (1635) 67.7 (67 612) 0.25 66.6 (1635) 66.7 (1638) 0.93

Ischemic heart 
diseases

36.3 (892) 35.4 (35 347) 0.33 36.3 (892) 34.9 (857) 0.30

Heart Failure 31.3 (768) 27.0 (26 947) <0.001 31.3 (768) 30.6 (752) 0.62

Cerebrovascular 
diseases

19.4 (476) 16.2 (16 162) <0.001 19.4 (476) 18.8 (462) 0.61

Diabetes Mellitus 35.8 (879) 28.0 (27 920) <0.001 35.8 (878) 33.1 (813) 0.051

Chronic Kidney 
Disease

26.6 (652) 18.7 (18 641) <0.001 26.5 (651) 25.6 (629) 0.47

Diseases of the 
respiratory system

75.6 (1856) 46.0 (45 926) <0.001 75.6 (1855) 76.6 (1880) 0.40

Diseases of the 
digestive system

53.1 (1304) 44.2 (44 127) <0.001 53.1 (1304) 53.1 (1303) 0.98

Diseases of the 
nervous system

51.7 (1270) 67.9 (4825) <0.001 51.7 (1270) 52.4 (1285) 0.67

Neoplasms 25.9 (635) 25.1 (25 083) 0.40 25.9 (635) 25.1 (615) 0.51

Note: Values are % (n) unless otherwise stated. Baseline characteristics were compared using a chi-squared test for categorical variables and an 
independent-sample t test for continuous variables.
AF, atrial fibrillation; COVID-19, coronavirus disease 2019; SD, standard deviation.
aSex unknown for 0.1% of patients. 
bData are taken from structured fields in the electronic medical record systems of the participating healthcare organisations, therefore, there may be 
regional or country-specific differences in how race categories are defined. 
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medical records may vary by factors including age, comorbidities, 
severity of illness, length of stay in hospital, and in-hospital mortal-
ity.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 avail-
able. Furthermore, propensity scores are a method used to balance 
covariates, but in observational studies propensity scores are esti-
mated 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 because of 
data privacy restrictions. We examined all deaths of the included 
patients captured within the TriNetX network; however, deaths out-
side of the participating healthcare organizations are not well cap-
tured. This 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 throm-
boembolic events among AF patients and to decipher the underlying 
causes of higher risk of mortality with AF and COVID-19.

5  | CONCLUSIONS

This study utilised a global research network and propensity score 
matched over 13 000 older adults with COVID-19. The results sug-
gest that AF is a risk factor for thromboembolic events and mortality 
30-days following COVID-19 after taking into account important de-
mographic factors and comorbidities. COVID-19 was also associated 
with higher risk of 30-day mortality compared to historical controls 
with AF without COVID-19 among 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 
modeling and subsequent stratification of adults with COVID-19 and 
targeting of intervention strategies.
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