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Background: Coronavirus disease 2019 (COVID-19) global pandemic has strikingly high mortality rate with hy-
percoagulability state being part of the imputedmechanisms.We aimed to compare the rates of in hospital mor-
tality in propensity score matched cohorts of COVID-19 patients in chronic anticoagulation versus those that
were not.
Methods: In this population-based study in the Veneto Region, we retrospectively reviewed all patients aged
65 years or older, with a laboratory-confirmed COVID-19 diagnosis. We compared, after propensity score
matching, those who received chronic anticoagulation for atrial fibrillation with those who did not.
Results: Overall, 4697 COVID-19 patients fulfilled inclusion criteria, and the propensity score matching yielded
559 patients per arm. All-cause mortality rate ratio was significantly higher among non-anticoagulated pa-
tients (32.2% vs 26.5%, p = 0.036). On time to event analysis, all-cause mortality was found lower among
anticoagulated patients, although the estimate was not statistically significant. (HR 0.81, 95%CI 0.65–1.01,
p = 0.054).
Conclusion: Among elderly patientswith COVID-19, those on chronic oral anticoagulant treatment for atrialfibril-
lation seem to be at lower risk of all-cause mortality compared to their propensity score matched non-
anticoagulated counterpart. This finding needs to be confirmed in further studies.

© 2020 Elsevier B.V. All rights reserved.
1. Introduction

Coronavirus disease 2019 (COVID-19) has become a global pan-
demic with a strikingly high mortality rate. The main disease's expres-
sion is in the respiratory tract. However, there is growing evidence
that other organs and systems are involved, in particular the coagulation
system may have a relevant pathogenic role [1–5]. There is growing
body of evidence suggesting that hemostatic abnormalities resulting
in a hypercoagulability state are part of the clinical picture in patients af-
fected by COVID-19 [1,6]. The precise mechanism and extension of hy-
percoagulability of COVID-19 is poorly understood [7]. Postmortem
examinations have identified both micro- and macro-embolism in
ent of Cardiac, Thoracic, and
ni 2, 35121 Padua, Italy.
COVID-19 casualties [8,9].While increased D-dimer levels have been re-
ported to be related with a high fatality rate [1,10] and prompt for
anticoagulation, there are no sufficient data to back the routine use of
empiric therapeutic anticoagulation among all patients with COVID-
19. Available data are based on weak evidence mainly derived from
small retrospective samples and lack of validation, even though a recent
large retrospective study [11] reported that anticoagulation was associ-
atedwith lowermortality and intubation among hospitalized COVID-19
patients.

Until data from rigorous trials on anticoagulation become available,
collection of retrospective data of patients on oral anticoagulant treat-
ment before hospitalizationmay offer a proof of concept towards the ef-
fect of anticoagulation on COVID-19 morbidity and mortality. Among
patients on anticoagulant treatment, those with Atrial Fibrillation (AF)
are at higher risk of death as they are older and with associated cardio-
vascular risk factors [12]. We performed a retrospective analysis of
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elderly patients with confirmed COVID-19 diagnosis, comparing out-
comes among those who were receiving anticoagulation for AF and a
propensity score matched group of patients who were not receiving
anticoagulation.
2. Materials and methods

Patients were enrolled through the COVID-19 regional integrated surveillance system,
containing data on all patients with a positive result on a reverse transcriptase polymerase
chain reaction (RT-PCR). We included all residents in the Veneto Region (Region of the
first COVID-19 outbreak in Italy), aged 65 years or older, with a diagnosis of COVID-19
in the period 23 February- 3 June 2020. The day of the diagnostic test, or index date, iden-
tified the date of enrollment in the cohort. Oral anticoagulation was searched through
index prescription of VKAs (ATC B01AAxx) or NOACs (dabigatran B01AE07, rivaroxaban
B01AF01, apixaban B01AF02) or edoxaban (B01AF03) at least 6 months prior to index
date. Linkage with the regional inpatients register allowed the exclusion of patients with
mechanical heart valves, diagnosedmitral stenosis, venous thromboembolism or other in-
dications for anticoagulation [13].

Demographics were recorded at the time of enrollment in the cohort. By linkage of
drug prescriptions, inpatients records, and co-payment exemptions, we identified patient
comorbidities and drugs of interest. Comorbidities includeddiabetes, congestive heart fail-
ure, cerebrovascular disease, peripheral and carotid artery diseases, hypertension, myo-
cardial infarction, coronary bypass graft and percutaneous coronary intervention,
chronic renal disease, chronic liver disease, history ofmajor bleeding, and diagnosis of can-
cer. Assessed drugs of interest included concomitant prescription of antiplatelet agents,
non-steroidal anti-inflammatory drugs (NSAIDs), and antihypertensive drugs. Study out-
comes were hospital admission, ICU admission and all-cause mortality.

All analyses were carried out on routinely collected health records submitted to an
anonymization process allowing linkage of archives without any possibility of identifica-
tion of individuals. There was no direct patient involvement in this study.
2.1. Statistical analysis

We assessed all-cause mortality in the anticoagulated (AC) AF patients and non-
anticoagulated (non-AC) patients. To adjust for differences in baseline characteristics be-
tween the cohorts, propensity scores were calculated using a logistic regression model,
adjusting for: age, sex, CHF, hypertension, cancer, diabetes, history of stroke/TIA, previous
bleeding, history of myocardial infarction, peripheral artery disease, abnormal renal func-
tion, abnormal hepatic function, use of antiplatelet drugs, NSAIDs and statin use. AC pa-
tients were matched by propensity score to non- AC patients in a one-to-one ratio by
means of greedy nearest neighbormatchingwithout replacement within specified caliper
(0.01). The risk ratio of COVID-related outcomes (hospitalization, intensive-care
Fig. 1. Study
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admission, all cause-mortality)was estimated inACpatients compared to thematched co-
hort of non-AC patients.

Furthermore, time-to-event analysis was performed for all-cause mortality and anal-
yses were expressed as Kaplan-Meier curves, with significance indicated using a log-rank
P value. Cox regression was used to compare event rates between treatment groups with
results expressed as hazard ratios (HR) with 95% confidence intervals (CI).

All analyses were performed using SAS ver. 9.3 for data management and STATA
ver.15.

3. Results

During the study period (23 February- 3 June 2020), 19279 pa-
tients were diagnosed COVID-19 infection. Of these, 14582 patients
were excluded for: a) being below 65 years old; b) for heart valve
surgery; c) for venous thromboembolism; d) for being confined in
a retirement home (Fig. 1). The study population included 4697
patients: 651 AC patients and 4046 non-AC patients. Of the 651 AC
patients, 269 were on VKAs, 138 on rivaroxaban, 116 on apixaban,
70 on edoxaban, and 58 on dabigatran. Baseline and clinical charac-
teristics of the cohort are depicted in Table 1. AC patients were older
and had more comorbidities, including CHF, hypertension, diabetes,
history of stroke/TIA, myocardial infarction, PAD, chronic kidney dis-
ease (Table 1). AC patients required more frequently hospital admis-
sion (68% vs 60.5%; p = 0.001). However, there were no significant
differences in AC and non-AC patients admitted to ICU (respectively
8.8% vs 10.5%, p=0.2). All-cause mortality was higher among AC pa-
tients (29% vs 21.4%, p = 0.001) mainly driven by higher in-hospital
mortality (26.4% vs 18.8%, p = 0.001).

After matching by propensity score, the two cohorts were compa-
rable, with 559 patients in each arm (Table 1). Study outcomes were
similar in the two cohorts with regard to hospital admission (risk
ratio 1.01, 95%CI 0.92–1.10) and intensive care unit admission (risk
ratio 1.06, 95%CI 0.72–1.56), whereas all-cause mortality was signif-
icantly lower among AC patients (26.5% vs. 32.2%; risk ratio 0.82, 95%
CI 0.68–0.99).

On time to event analysis, HR for all-cause mortality was lower
among AC patients, despite missing statistical significance (HR 0.81,
95%CI 0.65–1.01, p = 0.054) (Fig. 2).
cohort.



Table 1
Baseline demographics and clinical characteristics of anticoagulated and non-anticoagulated COVID-19 patients (propensity score 1:1 match).⁎

All study subjects Propensity score-matched

Non-AC (n = 4046) AC (n = 651) P Value⁎⁎ Non-AC (n = 559) AC (n = 559) P Value⁎

Gender
Male 50.1% 53.9% 0.139 54.7% 54.2% 0.857
Female 49.2% 46.1% 45.3% 45.8%

Age groups
65–74 yrs 41.1% 17.4% <0.001 17.2% 19.3% 0.559
75–84 yrs 36.7% 45.3% 47.6% 44.9%
≥ 85 yrs 22.2% 37.3% 35.2% 35.8%

Comorbidities
Congestive heart failure 3.4% 25.3% <0.001 16.3% 16.6% 0.873
Hypertension 60.0% 89.4% <0.001 86.8% 87.7% 0.654
Stroke/TIA/systemic thromboembolism 7.3% 17.4% <0.001 16.3% 14.0% 0.278
Myocardial infarction 2.2% 5.1% <0.001 4.7% 4.5% 0.886
Peripheral artery disease 1.4% 3.4% <0.001 2.1% 2.7% 0.559
Diabetes 18.8% 26.4% <0.001 24.5% 23.6% 0.726
Cancer 10.7% 13.1% 0.072 12.5% 13.4% 0.656
Chronic renal disease 3.7% 11.7% <0.001 8.8% 8.4% 0.831
Chronic liver disease 1.1% 1.8% 0.173 0.9% 1.1% 0.763
History of bleeding 3.2% 3.8% 0.386 3.9% 3.8% 0.876

Medications
Aspirin 21.0% 10.9% <0.001 13.2% 11.6% 0.415
Clopidogrel 1.8% 1.8% 0.909 1.4% 2.0% 0.488
NSAIDs 11.8% 7.8% 0.003 6.6% 7.3% 0.637
Statin 36.2% 45.8% <0.001 44.7% 44.2% 0.854

Outcomes
Hospital admission 60.5% 68.0% 0.001 64.9% 65.7% 0.802
ICU admission 10.5% 8.8% 0.178 8.2% 8.8% 0.748
All-cause mortality 21.4% 29.0% 0.001 32.2% 26.5% 0.036
In hospital mortality 18.8% 26.4% 0.001 28.3% 24.2% 0.118
Out of hospital mortality 2.6% 2.6% 0.981 3.9% 2.3% 0.112

⁎ Standardized difference for all variables included in the propensity score and all values were less than 0.10.
⁎⁎ Chi Square P-Values.
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4. Discussion

Our results suggest that among elderly patients with COVID-19,
those on chronic oral anticoagulant treatment for AF seem to be at
lower risk of all-cause mortality compared to their propensity score
matched counterpart not on anticoagulant treatment. The two groups
are similar for the presence cardiovascular risk factors but differ because
the tested group was on oral anticoagulant treatment for stroke pre-
vention in AF. Because AF is per se a risk factor formortality in both gen-
eral [12], and COVID-19 patients [14], our results show that chronic
Fig. 2. Time-to-event analysis on overall all-cause mortality of the cohort after propensity
score matching (p-value calculated with the log-rank test).
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anticoagulation might have some role in reducing the mortality in this
group of patients. Although some reports [15] show that acute phase
anticoagulation may be beneficial in selected patients [1], the role of
chronic anticoagulation was not found to be protective for COVID-19–
related morbidity and mortality [16]. Our study differs from the study
from Tremblay et al., [16] because of the more rigorous propensity
score matching, including more factors, and the final number of in-
cluded patients. The latter might have tipped the point towards a bene-
fit of chronic anticoagulation on mortality of COVID-19 patients.

This study has some limitations.We donot have data on the anticoa-
gulation dose patients receivedwhile in the intensive care unit.We can-
not draw direct conclusions on the effect of acute phase anticoagulation,
since probably all patients in both groupswere switched to LMWHdur-
ing hospitalization. Further, we did not assess the influence of in-
hospital interventionswhich could have affected the outcomes. Despite
the relevant number of factors included in the propensity score, we
might have missed some factors that could impact mortality such as
illness severity metrics. Strengths of our study include a very large
population of COVID-19 patients, a consolidated methodology and a
validated statistical analysis. Furthermore, due to the method of identi-
fication of anticoagulated patients, there is little chance of anticoag-
ulation indication bias.

In conclusion, study outcomeswere similar between the two groups.
The tendency of a lowermortality in anticoagulated patients needs to be
confirmed in further studies.
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