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A B S T R A C T   

Introduction: Anticoagulation may improve outcomes in patients with COVID-19 when started early in the course 
of illness. 
Materials and methods: This was a population-based cohort study using linked administrative datasets of out-
patients aged ≥65 years old testing positive for SARS-CoV-2 between January 1 and December 31, 2020 in 
Ontario, Canada. The key exposure was anticoagulation with warfarin or direct oral anticoagulants before 
COVID-19 diagnosis. We calculated propensity scores and used matching weights (MWs) to reduce baseline 
differences between anticoagulated and non-anticoagulated patients. The primary outcome was a composite of 
death or hospitalization within 60 days of a positive SARS-CoV-2 test. We used the Kaplan-Meier method and 
cumulative incidence functions to estimate risk of the primary and component outcomes at 60 days. 
Results: We studied 23,159 outpatients (mean age 78.5 years; 13,474 [58.2%] female), among whom 3200 
(13.8%) deaths and 3183 (13.7%) hospitalizations occurred within 60 days of the SARS-CoV-2 test. After 
application of MWs, the 60-day risk of death or hospitalization was 29.2% (95% CI 27.4%–31.2%) for anti-
coagulated individuals and 32.1% (95% CI 30.7%–33.5%) without anticoagulation (absolute risk difference 
[ARD], − 2.9%; p = 0.005). Anticoagulation was also associated with a lower risk of death: 18.6% (95% CI 
17.0%–20.2%) with anticoagulation and 20.9% (95% CI 19.7%–22.2%) in non-anticoagulated patients (ARD 
-2.3%; p = 0.005). 
Conclusions: Among outpatients aged ≥65 years, oral anticoagulation at the time of a positive SARS-CoV-2 test 
was associated with a lower risk of a composite of death or hospitalization within 60 days.   
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1. Introduction 

The coronavirus disease of 2019 (COVID-19) has defied conventional 
treatments for viral pneumonias and the acute respiratory distress syn-
drome, prompting intense scrutiny of its underlying pathological pro-
cesses in order to identify novel therapeutic approaches. Patients with 
COVID-19 have a high risk of thrombosis, prompting the hypothesis 
that anticipating and counteracting this risk with therapeutic anti-
coagulation could improve patient outcomes [1–9]. Several randomized 
controlled trials (RCTs) have evaluated a strategy of higher-dose versus 
prophylactic anticoagulation in patients hospitalized with COVID-19 
[10–16]. These studies have yielded conflicting results with regards to 
efficacy. The benefit of anticoagulation was more likely observed in 
patients who were not critically ill at time of randomization [10,11,13], 
suggesting that early initiation of anticoagulation may be integral to 
deriving benefit from this therapeutic strategy [17,18]. Indeed, the 
predisposition to thrombosis among patients with COVID-19 begins 
before admission to hospital, and early markers of thrombosis at time of 
hospitalization are predictive of poor downstream outcomes [19–23]. 
The ACTIV-4b RCT studied the impact of antithrombotic therapy in 
symptomatic but stable outpatients with COVID-19 [24]. In this trial, 
treatment with aspirin or apixaban did not reduce the risk of major 
adverse cardiopulmonary outcomes. However, this trial studied a rela-
tively low-risk group, and most events occurred before patients began 
the intervention they were randomized to. Thus, the ideal window of 
opportunity for anticoagulation in COVID-19 may precede the period 
studied by the published RCTs. 

Since older age is one of the strongest predictors of adverse outcomes 
following a diagnosis of COVID-19 [22,25–27], we hypothesized that 
older patients with COVID-19 are the most likely to benefit from early 
anticoagulation, i.e., before hospitalization. Accordingly, we conducted 
a population-based cohort study of outpatients aged ≥65 years to 
examine the association between anticoagulation at time of testing 
positive for the severe acute respiratory syndrome coronavirus 2 (SARS- 
CoV-2) and the subsequent risk of death or hospitalization. We hy-
pothesized that patients who were anticoagulated would have a lower 
risk of death and hospitalization following a positive SARS-CoV-2 test. 
Secondly, we hypothesized that anticoagulation would have a larger 
protective effect in men than women, as men generally experience acute 
cardiovascular events at a younger age than women [28] and have worse 
outcomes following COVID-19 infection [20,22,23]. 

2. Methods 

2.1. Cohort creation 

Ontario is Canada’s most populous province; its residents receive 
universal coverage for physician services and hospital-based care 
through the Ontario Health Insurance Plan (OHIP). This facilitates the 
conduct of population-based cohort studies using administrative health 
datasets that use unique encoded identifiers and are analyzed at ICES 
(formerly the Institute for Clinical Evaluative Sciences). The Canadian 
Institute for Health Information (CIHI) Discharge Abstract Database 
records data on hospitalized patients, while the National Ambulatory 
Care Reporting System collects data on emergency department visits; 
collection of these data is mandatory for all Ontario hospitals. Outpa-
tient prescription medication coverage is provided for patients aged 
≥65 years using the Ontario Drug Benefit (ODB) program [29]. Physi-
cian billing claims are recorded in the OHIP physician claims database. 
Residence in long-term care (LTC) can be identified based on physician 
billings in the OHIP database and ODB drug dispensation records. The 
Registered Persons Database maintains vital statistics data, including 
deaths in and out of hospital. Multiple algorithms have been validated to 
ascertain medical diagnoses using these databases [30–45]. The Immi-
gration, Refugees and Citizenship Canada Permanent Resident database 
was used to identify individuals who immigrated to Canada after 1984 

(henceforth referred to as recent immigrants). We also used the Johns 
Hopkins Adjusted Clinical Groups System, Version 10, to determine 
collapsed Aggregated Diagnosis Groups based on these datasets [46,47]. 

The Ontario Laboratories Information System contains data on lab-
oratory tests, including polymerase chain reaction (PCR) results for 
SARS-CoV-2. This was used to identify individuals with a positive SARS- 
CoV-2 PCR test in Ontario between January 1 and December 31, 2020. 
For people with more than one positive test, we retained the first test. 
Next, we applied the following exclusion criteria: missing or invalid key 
data (age, sex, OHIP number), Ontario non-residents or OHIP coverage 
<1 year before the SARS-CoV-2 test (to allow ascertainment of medical 
history), age < 65 years plus 100 days (to allow ascertainment of pre-
scription medication exposure), exposure to low molecular weight 
heparin (which is used for venous thromboembolism [VTE] prophylaxis 
and cancer-associated thrombosis), or surgery within 6 weeks before the 
index date (i.e., increased risk of VTE independent of SARS-CoV-2 
infection). We also excluded individuals whose index positive SARS- 
CoV-2 test was collected on a date when the individual was admitted 
in hospital (i.e., if the testing date was between the admission and 
discharge dates from hospital, inclusive). The remaining patients 
constituted the cohort of outpatients with diagnosed COVID-19, whose 
index date was that of collection of the qualifying SARS-CoV-2 test. 

2.2. Exposures and outcomes 

The primary exposure was anticoagulation with warfarin or direct 
oral anticoagulant (DOAC: apixaban, rivaroxaban, dabigatran, or 
edoxaban). Patients were defined as anticoagulated if they were 
dispensed a prescription for warfarin or DOAC in the 100 days preceding 
the index date (maximum number of days for prescriptions covered by 
the ODB is 100) with a sufficient supply to include the index date. Pa-
tients who were not dispensed a prescription for anticoagulation within 
100 days of the index date were classified as non-anticoagulated. We 
excluded patients who were dispensed prescriptions for anticoagulation 
within 100 days of the SARS-CoV-2 test if their dispensed supply was 
insufficient for complete medication adherence through the test date, as 
their anticoagulation status at the time of the test was uncertain. 

Given the broad range of adverse effects potentially mediated by 
anticoagulation in COVID-19 and fluctuations in clinical practice of 
hospital transfers for LTC residents during the study period [48], the 
primary outcome was chosen to be a composite of death or hospitali-
zation within 60 days of the index date in order to provide a compre-
hensive estimate of net clinical benefit in outpatients within the health 
system. We also studied death and hospitalization separately. Further-
more, we assessed the following secondary outcomes: ICU admission, 
mechanical ventilation, ischemic stroke, acute myocardial infarction, 
VTE, pneumonia, bleeding events diagnosed in-hospital (which may or 
may not have been the most responsible diagnosis), and hemorrhagic 
stroke (see diagnostic codes in Supplementary Table 1). 

2.3. Statistical analysis 

Baseline characteristics were summarized using the mean (with 
standard deviation [SD]) for continuous variables and frequencies for 
categorical variables. Standardized differences were used to assess for 
potentially meaningful differences between anticoagulated and non- 
anticoagulated individuals [49]. 

We calculated propensity scores (PS) for being anticoagulated at the 
index date conditional on the baseline characteristics listed in Table 1. 
Using the estimated PS, we calculated matching weights (MWs) for each 
subject in the cohort [50–52]. Unlike conventional PS weighting ap-
proaches, the use of MWs targets inferences at a population with equi-
poise about the exposure. Once weights were estimated, baseline 
characteristics were compared between anticoagulated and non- 
anticoagulated patients using weighted standardized differences, with 
values <0.1 considered indicative of good balance [53]. Outcomes were 
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Table 1 
Baseline characteristics of 23,159 outpatients with COVID-19 infection, stratified by anticoagulation status before and after application of matching weights. Std diff: 
standardized difference; SD: standard deviation.  

Variable Before marginal weights After marginal weights 

Anticoagulated Not anticoagulated p-value Std diff Anticoagulated Not anticoagulated Std diff  

n = 2871 n = 20,288 – – – – – 
Age, mean ± SD 83.5 ± 8.6 77.8 ± 9.7 <0.001 0.63 82.6 82.8 0.02 
Male sex 1187 (41.3%) 8498 (41.9%) 0.58 0.01 42.7% 42.8% 0.001 
Week of pandemic, mean ± SD 34.6 ± 15.5 37.5 ± 14.5 <0.001 0.19 35.1 35.0 0.01 
Median neighborhood income quintile        

Quintile 1 (lowest income) 742 (25.8%) 5030 (24.8%) 

<0.001 

0.02 25.7% 25.9% 0.003 
Quintile 2 689 (24.0%) 4847 (23.9%) <0.01 23.7% 23.7% 0.001 
Quintile 3 541 (18.8%) 4188 (20.6%) 0.05 19.9% 19.7% 0.003 
Quintile 4 407 (14.2%) 3244 (16.0%) 0.05 14.3% 14.6% 0.01 
Quintile 5 (highest income) 464 (16.2%) 2888 (14.2%) 0.05 15.6% 15.5% 0.003 

Neighborhood residential instability quintile        
Quintile 1 (least unstable) 366 (12.7%) 4054 (20.0%) 

<0.001 

0.20 13.6% 13.9% 0.01 
Quintile 2 350 (12.2%) 2989 (14.7%) 0.07 12.9% 12.8% 0.001 
Quintile 3 520 (18.1%) 3326 (16.4%) 0.05 17.8% 17.7% 0.003 
Quintile 4 593 (20.7%) 3814 (18.8%) 0.05 20.8% 21.3% 0.01 
Quintile 5 (most unstable) 984 (34.3%) 5911 (29.1%) 0.11 33.0% 32.9% 0.003 

Neighborhood material deprivation quintile        
Quintile 1 (least deprived) 548 (19.1%) 3570 (17.6%) 

<0.001 

0.04 18.2% 18.4% 0.00 
Quintile 2 535 (18.6%) 3665 (18.1%) 0.01 19.0% 18.9% 0.002 
Quintile 3 572 (19.9%) 4189 (20.6%) 0.02 20.0% 19.9% 0.004 
Quintile 4 554 (19.3%) 4052 (20.0%) 0.02 19.6% 20.0% 0.01 
Quintile 5 (most deprived) 604 (21.0%) 4618 (22.8%) 0.04 21.2% 21.4% 0.004 

Neighborhood economic dependency quintile        
Quintile 1 (least dependent) 402 (14.0%) 4198 (20.7%) 

<0.001 

0.18 14.8% 15.0% 0.01 
Quintile 2 428 (14.9%) 3640 (17.9%) 0.08 15.3% 15.1% 0.01 
Quintile 3 476 (16.6%) 3426 (16.9%) 0.01 16.7% 16.7% 0.001 
Quintile 4 430 (15.0%) 3071 (15.1%) 0.00 15.2% 15.4% 0.003 
Quintile 5 (most dependent) 1077 (37.5%) 5759 (28.4%) 0.20 36.0% 36.4% 0.007 

Neighborhood ethnic concentration quintile        
Quintile 1 (least ethnicity) 299 (10.4%) 1848 (9.1%) 

<0.001 

0.04 10.3% 10.8% 0.02 
Quintile 2 348 (12.1%) 2285 (11.3%) 0.03 12.5% 12.7% 0.01 
Quintile 3 588 (20.5%) 3151 (15.5%) 0.13 19.9% 19.9% 0.000 
Quintile 4 716 (24.9%) 4651 (22.9%) 0.05 24.3% 24.5% 0.003 
Quintile 5 (most ethnicity) 862 (30.0%) 8159 (40.2%) 0.21 31.1% 30.7% 0.01 

Rural residence 102 (3.6%) 849 (4.2%) <0.001 0.03 3.8% 3.7% 0.003 
Recent immigrant (landed in Ontario after 1984) 303 (10.6%) 4884 (24.1%) <0.001 0.36 12.0% 11.6% 0.01 
Acute myocardial infarction 143 (5.0%) 602 (3.0%) <0.001 0.10 4.8% 4.9% 0.005 
Percutaneous coronary intervention 77 (2.7%) 425 (2.1%) 0.04 0.04 2.8% 3.0% 0.01 
Coronary artery bypass graft surgery 29 (1.0%) 137 (0.7%) 0.05 0.04 1.2% 1.3% 0.01 
Heart failure 1289 (44.9%) 2215 (10.9%) <0.001 0.82 33.8% 34.8% 0.02 
Atrial fibrillation 1752 (61.0%) 987 (4.9%) <0.001 1.49 41.1% 40.7% 0.01 
Ischemic stroke 529 (18.4%) 1446 (7.1%) <0.001 0.34 14.5% 14.8% 0.01 
Hemorrhagic stroke 76 (2.6%) 369 (1.8%) 0.00 0.06 2.8% 2.9% 0.005 
Venous thromboembolism 1085 (37.8%) 4223 (20.8%) <0.001 0.38 34.5% 35.6% 0.02 
Hypertension 2583 (90.0%) 15,206 (75.0%) <0.001 0.40 87.3% 87.4% 0.00 
Diabetes 1244 (43.3%) 8079 (39.8%) <0.001 0.07 42.7% 42.5% 0.003 
Cancer 176 (6.1%) 926 (4.6%) <0.001 0.07 6.2% 6.5% 0.01 
Chronic obstructive pulmonary disease 501 (17.5%) 1945 (9.6%) <0.001 0.23 16.4% 16.5% 0.005 
Asthma 382 (13.3%) 2363 (11.6%) 0.01 0.05 12.8% 12.6% 0.005 
Dementia 1499 (52.2%) 7091 (35.0%) <0.001 0.35 49.9% 50.7% 0.02 
Long term care residence 1600 (55.7%) 6941 (34.2%) <0.001 0.44 52.1% 52.9% 0.02 
Bleeding event 332 (11.6%) 981 (4.8%) <0.001 0.25 10.3% 10.4% 0.001 
Pneumonia 1056 (36.8%) 4139 (20.4%) <0.001 0.37 32.6% 32.8% 0.01 
2019–2020 influenza vaccination 923 (32.1%) 7188 (35.4%) <0.001 0.07 33.1% 32.4% 0.01 
Number of hospitalizations in 2019, mean ± SD 1.57 ± 1.03 1.39 ± 0.83 <0.001 0.39 0.4 0.4 0.00 
Hospital frailty score category   <0.001     

Missing (not hospitalized) 705 (24.6%) 11,325 (55.8%)  0.67 32.7% 28.8% 0.08 
Quartile 1 (lowest) 388 (13.5%) 2595 (12.8%) 0.02 14.0% 14.0% 0.000 
Quartile 2 507 (17.7%) 2079 (10.2%) 0.22 16.3% 16.5% 0.01 
Quartile 3 576 (20.1%) 2179 (10.7%) 0.26 18.1% 18.6% 0.01 
Quartile 4 (highest) 695 (24.2%) 2110 (10.4%) 0.37 18.9% 22.1% 0.08 

John Hopkins Collapsed Aggregated Diagnosis Groups        
Acute Minor 2409 (83.9%) 15,886 (78.3%) <0.001 0.14 81.8% 81.6% 0.003 
Acute Major 2527 (88.0%) 16,492 (81.3%) <0.001 0.19 86.3% 86.5% 0.01 
Likely to Recur 1997 (69.6%) 12,683 (62.5%) <0.001 0.15 67.4% 67.1% 0.01 
Asthma 159 (5.5%) 1141 (5.6%) 0.85 0.00 5.4% 5.4% 0.001 
Chronic Medical: Unstable 2430 (84.6%) 10,744 (53.0%) <0.001 0.73 80.0% 80.4% 0.01 
Chronic Medical: Stable 2198 (76.6%) 14,862 (73.3%) <0.001 0.08 74.5% 74.4% 0.002 
Chronic Specialty: Stable 239 (8.3%) 1472 (7.3%) 0.04 0.04 7.9% 8.0% 0.00 
Eye/Dental 420 (14.6%) 2757 (13.6%) 0.13 0.03 14.2% 14.1% 0.003 
Chronic Specialty Unstable 557 (19.4%) 3690 (18.2%) 0.12 0.03 18.4% 17.8% 0.02 
Psychosocial 1925 (67.0%) 10,570 (52.1%) <0.001 0.31 64.4% 65.2% 0.02 

(continued on next page) 
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then compared between exposed and unexposed subjects in the 
weighted sample, after which the absolute risk difference (ARD) and 
numbers needed to treat or harm (NNT/NNH) associated with anti-
coagulation at 60 days was calculated. 

We used the Kaplan-Meier (KM) method to compare differences in 
risk of the composite of death or hospitalization between treatment 
group, as well as the risk of death (in separate analyses). The cumulative 
incidence function (CIF) was used to study the risk of hospitalization and 
other secondary outcomes, while treating death without hospitalization 
as a competing risk [54]. Patients were censored if they were event-free 
at the end of the 60-day follow-up window. Statistical significance of 
differences between groups was determined using the weighted log rank 
test for the primary outcome and for all-cause mortality. We used a 
weighted univariable Fine-Gray model with a robust, sandwich-type 
estimator to determine statistical significance for the remaining out-
comes [53]. 

Based on clinical considerations, we decided a priori to perform two 
subgroup analyses. Since we hypothesized that anticoagulation may be 
more protective in men as a result of their higher baseline cardiovascular 
risk, we conducted stratified analyses by sex. We also conducted strat-
ified analyses by LTC residency, as the first wave of COVID-19 in Ontario 
disproportionately affected long-term care (LTC) residents, who tend to 
be older and frail, with multiple comorbidities and limited life expec-
tancy. They are more likely to have do-not-resuscitate orders, and they 
were less likely to be transferred to hospital during the pandemic than 
previously (which is expected to alter hospitalization outcomes in this 
group) or receive aggressive treatment for severe COVID-19 [48,55–57]. 
Furthermore, we conducted a post hoc analysis wherein DOACS and 
warfarin were studied separately. The PS was derived, and MW applied 
separately for each subgroup of interest (men/women, LTC residents/ 
community-dwelling individuals). 

Statistical significance was defined as a two-tailed p-value <0.05. All 
analyses were performed using SAS Enterprise Guide 7.1 (SAS Institute 

Inc., Cary, NC). 

3. Results 

3.1. Baseline characteristics 

As illustrated in the Supplementary Fig. 1, we identified 23,159 in-
dividuals with a positive SARS-CoV-2 PCR test who were aged ≥65 years 
plus 100 days and who met study inclusion criteria. The mean age was 
78.5 (SD 9.8) years, 13,474 (58.2%) were female, and 8541 (36.9%) 
were LTC residents. We identified 2871 (12.3%) who were receiving 
anticoagulation at the time of their SARS-CoV-2 test, with 320 (11.1%) 
dispensed warfarin, 1550 (54.0%) apixaban, 816 (28.4%) rivaroxaban, 
122 (4.2%) dabigatran, and 91 (3.2%) edoxaban (28 were dispensed 
more than one anticoagulant within the 100-day period). The baseline 
characteristics of the cohort, after stratification by prior anticoagulation 
status, are described in the left-sided columns of Table 1. As expected, 
anticoagulation was associated with older age and greater prevalence of 
cardiovascular disease, cardiovascular risk factors, and LTC residence. 
The baseline characteristics after application of MW are summarized in 
the right-sided columns of Table 1. The standardized differences were <
0.1 for all measured variables, indicating that they were not meaning-
fully different between anticoagulated and non-anticoagulated in-
dividuals in the weighted sample [49,53]. 

3.2. Outcomes 

A total of 5400 (23.3%) individuals died or were hospitalized within 
60 days after testing positive for SARS-CoV-2. Separately, there were 
3200 (13.8%) deaths and 3183 (13.7%) hospitalizations. The crude risk 
of the composite outcome of death or hospitalization at 60 days was 
higher for SARS-CoV-2-positive outpatients who were prescribed anti-
coagulants at time of their positive test: 31.0% (95% CI 29.3%–32.7%) 

Table 1 (continued ) 

Variable Before marginal weights After marginal weights 

Anticoagulated Not anticoagulated p-value Std diff Anticoagulated Not anticoagulated Std diff 

Preventive/ Administrative 1297 (45.2%) 6588 (32.5%) <0.001 0.26 41.0% 40.7% 0.01 
Estimated glomerular filtration rate category        
<15 mL/min per 1.73 m2 16 (0.6%) 207 (1.0%) 

<0.001 

0.05 0.8% 0.9% 0.01 
15 to 30 mL/min per 1.73 m2 150 (5.2%) 575 (2.8%) 0.12 4.9% 5.2% 0.01 
>30 to 60 mL/min per 1.73 m2 1232 (42.9%) 5392 (26.6%) 0.35 39.4% 39.6% 0.004 
>60 to 90 mL/min per 1.73 m2 1349 (47.0%) 11,749 (57.9%) 0.22 49.5% 48.8% 0.01 
> 90 mL/min per 1.73 m2 124 (4.3%) 2365 (11.7%) 0.27 5.4% 5.5% 0.003 

Total cholesterol category        
Missing 318 (11.1%) 2538 (12.5%) 

<0.001 

0.04 12.1% 12.5% 0.01 
<4.14 mmol/L 1738 (60.5%) 8721 (43.0%) 0.36 56.5% 56.5% 0.001 
4.14–5.15 mmol/L 560 (19.5%) 5153 (25.4%) 0.14 21.3% 21.3% 0.002 
5.16–6.19 mmol/L 200 (7.0%) 2948 (14.5%) 0.25 7.9% 7.6% 0.009 
6.20–7.24 mmol/L 45 (1.6%) 753 (3.7%) 0.13 1.7% 1.8% 0.003 
≥ 7.25 mmol/L 10 (0.3%) 175 (0.9%) 0.07 0.4% 0.4% 0.01 

Low density lipoprotein category        
Missing 336 (11.7%) 2715 (13.4%) 

<0.001 

0.05 12.8% 13.3% 0.01 
<2.0 mmol/L 1576 (54.9%) 7926 (39.1%) 0.32 51.4% 51.4% 0.001 
2.0–3.5 mmol/L 839 (29.2%) 7758 (38.2%) 0.19 31.0% 30.8% 0.005 
>3.5–5.0 mmol/L 111 (3.9%) 1765 (8.7%) 0.20 4.4% 4.2% 0.01 
>5.0 mmol/L 9 (0.3%) 124 (0.6%) 0.04 0.4% 0.4% 0.01 

High density lipoprotein category        
Missing 322 (11.2%) 2567 (12.7%) 

<0.001 

0.04 12.2% 12.6% 0.01 
<0.9 mmol/L 406 (14.1%) 1919 (9.5%) 0.15 12.9% 13.1% 0.01 
0.9–1.16 mmol/L 782 (27.2%) 4704 (23.2%) 0.09 26.0% 25.6% 0.01 
1.17–1.29 mmol/L 332 (11.6%) 2532 (12.5%) 0.03 12.5% 12.6% 0.004 
1.30–1.55 mmol/L 509 (17.7%) 4043 (19.9%) 0.06 17.8% 17.5% 0.01 
>1.55 mmol/L 520 (18.1%) 4523 (22.3%) 0.10 18.7% 18.6% 0.002 

Baseline medications        
Angiotensin antagonists 1271 (44.3%) 8402 (41.4%) 0.004 0.06 44.6% 44.3% 0.007 
Beta blockers 1592 (55.5%) 3768 (18.6%) <0.001 0.83 44.4% 44.6% 0.004 
Statins 1596 (55.6%) 9110 (44.9%) <0.001 0.21 53.0% 52.8% 0.004 
Steroids 193 (6.7%) 983 (4.8%) <0.001 0.08 6.3% 6.6% 0.01 
P2Y12 antagonists 53 (1.8%) 1281 (6.3%) <0.001 0.23 2.8% 2.9% 0.01  
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in anticoagulated individuals versus 22.2% (95% CI 21.7%–22.8%) in 
non-anticoagulated individuals (please see Table 2). However, the as-
sociation between outpatient anticoagulation and the composite 
outcome reversed following application of MWs, so that anticoagulation 
was associated with a lower risk of death or hospitalization at 60 days in 
the weighted sample (29.2%; 95% CI 27.4%–31.2%) compared to no 
anticoagulation (32.1%; 95% CI 30.7%–33.5%; p = 0.005). The results 
in the weighted sample are illustrated in Fig. 1. 

Analyses of death revealed a similar pattern. The crude 60-day 
mortality was higher in anticoagulated patients (19.7%; 95% CI 
18.3%–21.3%) than in the non-anticoagulated group (13.0%; 95% CI 
12.5%–13.4%). After application of MWs, however, the mortality risk at 
60 days was lower in anticoagulated patients (18.6%; 95% CI 17.0%– 
20.2%) than in non-anticoagulated patients (20.9%; 95% CI 19.7%– 
22.2%; p = 0.005). These results are summarized in Fig. 2. 

The crude risk of hospitalization was 18.0% (95% CI 16.6%–19.4%) 
in anticoagulated individuals and 13.1% (95% CI 12.7%–13.6%) 
without anticoagulation. There was no difference in risk in the weighted 
sample at 60 days: 17.0% (95% CI 15.4%–18.6%) of anticoagulated 
individuals were hospitalized, compared to 17.2% (95% CI 16.0%– 
18.4%) of non-anticoagulated individuals (Supplementary Fig. 2). 
Anticoagulation was not associated with significant differences in the 
60-day risk of most secondary outcomes (Supplementary Table 2). 
However, there was a significantly higher risk of bleeding in anti-
coagulated individuals: 1.1% (95% CI 0.7%–1.6%) with anticoagulation 
vs. 0.7% (95% CI 0.4%–0.9%) without anticoagulation (p = 0.046). 
Haemorrhagic strokes were rare but occurred more frequently in anti-
coagulated patients (0.2%, 95% CI 0.1%–0.5%) than non- 
anticoagulated patients (0.1%,95% CI 0.04%–0.1%, p = 0.02). 

Subgroup analyses (Table 3) showed that anticoagulation was asso-
ciated with comparable reductions in the risk of mortality (RRD of 
− 10% to − 15%) but variable directions of associations with regards to 
hospitalization, leading to some heterogeneity across subgroups in the 
composite outcome of death or hospitalization. Anticoagulation was 
associated with a significant reduction in the risk of the composite 
outcome in men but not in women, and for community-dwelling in-
dividuals but not LTC residents. However, anticoagulation was associ-
ated with a significant reduction in mortality among LTC residents. 
DOACs, but not warfarin, were associated with a significant reduction in 
the composite outcome. Warfarin was associated with a comparable 
reduction in the risk of mortality, but warfarin-treated people had 
higher hospitalization risk relative to non-anticoagulated individuals. 

4. Discussion 

This population-based cohort study examined the association of oral 
anticoagulation at the time of positive SARS-CoV-2 test with death or 
hospitalization among outpatients aged ≥65 years. As expected, people 
who were anticoagulated at the time of testing positive for SARS-CoV-2 
were older and had a greater burden of comorbidity than non- 
anticoagulated patients, and had greater risk of adverse outcomes in 

Table 2 
Risk of composite and component outcomes at 60 days following a positive SARS-CoV-2 test by anticoagulation status before and after application of matching weights.   

Anticoagulated Non-anticoagulated p-value RRD ARD NNT 

Risk of death or hospitalization within 60 days 
Crude 31.0% (95%CI 29.3%–32.7%) 22.2% (95%CI 21.7%–22.8%) <0.001 +39.6% +8.8% – 
After weighting 29.2% (95%CI 27.4%–31.2%) 32.1% (95%CI 30.7%–33.5%) 0.005 − 9.0% − 2.9% 35  

Risk of death within 60 days 
Crude 19.7% (95%CI 18.3%–21.3%) 13.0% (95%CI 12.5%–13.4%) <0.001 +51.5% +6.7% – 
After weighting 18.6% (95%CI 17.0%–20.2%) 20.9% (95%CI 19.7%–22.2%) 0.005 − 11.0% − 2.3% 44  

Risk of hospitalization within 60 days 
Crude 18.0% (95%CI 16.6%–19.4%) 13.1% (95% CI 12.7%–13.6%) <0.001 +36.7% +4.8% – 
After weighting 17.0% (95%CI 15.4%–18.6%) 17.2% (95%CI 16.0%–18.4%) 0.86 − 1.2% − 0.2% 500 

RRD = relative risk difference associated with anticoagulation. ARD = Absolute risk difference. 

Fig. 1. Risk of death or hospitalization among outpatients aged ≥65 years old 
with a positive SARS-CoV-2 test for anticoagulated (red line) and non- 
anticoagulated (dotted blue line), after application of matching weights (esti-
mated using Kaplan-Meier method). (For interpretation of the references to 
colour in this figure legend, the reader is referred to the web version of 
this article.) 

Fig. 2. Risk of all-cause death among outpatients aged ≥65 years old with a 
positive SARS-CoV-2 test for anticoagulated (red line) and non-anticoagulated 
(dotted blue line), after application of matching weights (estimated using 
Kaplan-Meier method). (For interpretation of the references to colour in this 
figure legend, the reader is referred to the web version of this article.) 
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crude comparisons. After application of MWs to account for baseline 
differences in health status and risk factors, however, outpatient anti-
coagulation was associated with a significantly lower risk of a composite 
of death or hospitalization. This difference was driven by a lower risk of 
death among anticoagulated patients; there was no significant difference 
in hospitalizations overall. 

Consistent with our a priori hypothesis, outpatient anticoagulation 
had a larger protective effect against the composite outcome among men 
65 years of age or older, with 4.8% absolute risk reduction at 60 days. At 
a population level, this absolute risk reduction is clinically meaningful, 
albeit with a p-value (0.047) at the traditional border of statistical sig-
nificance. In subgroup analyses, anticoagulation was not associated with 
a significantly lower risk of primary or secondary outcomes in women. 
Anticoagulation was associated with lower risk of the composite 
outcome in community-dwelling patients (3.5% absolute risk reduction 
at 60 days), but not among LTC residents. However, anticoagulation was 
associated with a 3.2% absolute reduction in the risk of death at 60 days 
in LTC residents. This difference may reflect practice patterns in Ontario 
during the pandemic, wherein LTC patients with COVID-19 were typi-
cally not transferred to hospital if perceived to be at high risk of death 
[48]. 

There have been conflicting results from published RCTs of higher- 

dose vs. prophylactic anticoagulation in hospitalized COVID-19 pa-
tients about benefit of this strategy, although most studies reported 
higher bleeding risk in anticoagulated patients. The ACTION study 
randomized 615 patients hospitalized for COVID-19 with elevated D- 
dimers to therapeutic versus prophylactic anticoagulation at a median of 
10 days following symptom onset. The primary outcome (a hierarchical 
analysis of time to death, duration of hospitalization, and duration of 
oxygen use through 30 days) was not statistically significant between 
groups (win ratio 0.86, 95% CI 0.59–1.22, p = 0.40) [16]. The INSPI-
RATION trial [15] randomized critically ill COVID-19 patients to 
intermediate-dose (enoxaparin, 1 mg/kg daily) vs standard-dose pro-
phylactic anticoagulation at an average of 11 days after symptom onset. 
In this trial, therapeutic anticoagulation did not reduce the risk of a 
composite outcome of venous/ arterial thrombosis, extracorporeal 
membrane oxygenation, or death within 30 days (odds ratio 1.06 95% 
CI, 0.76–1.48; p = 0.7). A collaborative analysis of ATTACC, ACTIV-4a, 
and REMAP-CAP was terminated early because of futility and increased 
bleeding risk in patients who were critically ill at time of randomization 
[14], but was terminated early in non-critically ill patients given high 
likelihood of superiority of therapeutic anticoagulation [10]. Thera-
peutic-dose anticoagulation in non-critically ill patients increased organ 
support–free days and improved survival to hospital discharge without 
organ support, translating to a 97.3% probability of superiority of 
therapeutic-dose anticoagulation over usual-care in patients with high 
d-dimer levels, 92.9% in patients with low d-dimer levels, and 97.3% in 
the unknown d-dimer group. The HEP-COVID [11] trial randomized 249 
hospitalized adults with COVID-19 and elevated D-dimer levels to 
therapeutic-dose low-molecular weight heparin or prophylactic-dose 
anticoagulation. Therapeutic anticoagulation significantly reduced a 
composite outcome of venous or arterial thromboembolism, or death 
from any cause, but the benefit was limited to non-critically ill patients 
(relative risk 0.46; 95%CI, 0.27–0.81; p = 0.004). The RAPID [13] trial 
randomized 465 adults hospitalized with COVID-19 and increased D- 
dimer levels to therapeutic or prophylactic dose heparin. Patients were 
symptomatic for an average of 7.1 days pre-randomization. Therapeutic 
anticoagulation did not significantly reduce risk of a composite of death, 
mechanical ventilation, or ICU admission (OR 0.69, 95%CI 0.43–1.10; p 
= 0.12) but significantly reduced the risk of death (HR 0.22, 95% CI 0.07 
to 0.65; p = 0.006). 

The ACTIV-4b RCT tested the hypothesis that antithrombotic therapy 
would improve outcomes in stable, symptomatic outpatients with 
COVID-19 [24]. However, the 657 patients in that trial were at lower 
risk of adverse outcomes than the ones we studied, with 75% of patients 
aged ≤59 years. Furthermore, patients started anticoagulation at a 
median of 10 days after symptom onset (7 days to randomization, plus 3 
days from randomization to anticoagulation). There were 22 (3.3%) 
hospitalizations (of which 2 were fatal) after randomization but before 
treatment initiation, but only 5 hospitalization and no deaths after 
treatment initiation. Our study complements these RCTs by examining 
the potential impact of anticoagulation at an earlier stage of COVID-19 
in an older outpatient cohort. 

Our data suggest that exposure to anticoagulation very early in the 
course of COVID-19 infection warrants further investigation in the high- 
risk population of older patients who constituted our study cohort. Our 
analysis overcomes several limitations of prior small studies. A single- 
site Italian study of 70 patients with chronic heart disease who were 
diagnosed with COVID-19 and interstitial pneumonia reported that 
DOAC use at time of COVID-19 diagnosis was associated with lower 
mortality [59]. Another case-control study reported no significant dif-
ferences in mortality when comparing 31 anticoagulated patients with 
62 non-anticoagulated patients [60]. These two studies could only 
adjust their analyses for age and sex, given their small sample size. A 
single-centre observational study from New York used a PS derived from 
a model that included age, sex, race, Charlson Comorbidity Index, and 
obesity to match 139 anticoagulated to 417 non-anticoagulated patients 
[61]. They observed no differences in survival or time-to-mechanical 

Table 3 
Risk of adverse outcomes at 60 days following a positive SARS-CoV-2 test 
relative to anticoagulation status in prespecified subgroups of interest after 
application of matching weights.  

Subgroup Anticoagulated Non- 
anticoagulated 

p- 
value 

RRD ARD 

Risk of death or hospitalization within 60 days in the weighted sample 
Men 31.2% (95%CI 

28.4%–34.3%) 
36.0% (95%CI 
33.9%–38.3%) 

0.003 − 13.3% − 4.8% 

Women 27.2% (95%CI 
24.8%–29.7%) 

29.2% (95%CI 
27.4%–31.1%) 

0.12 − 7.1% − 2.1% 

Non-LTC 23.5% (95%CI 
21.0%–26.3%) 

27.0% (95%CI 
25.1%–29.0%) 

0.01 − 12.9% − 3.5% 

LTC 34.2% (95%CI 
31.6%–36.9%) 

36.8% (95%CI 
34.8%–38.9%) 

0.1 − 7.1% − 2.6% 

DOACs 28.8% (95%CI 
26.8%–30.8%) 

32.1% (95%CI 
30.7%–33.7%) 

0.002 − 10.4% − 3.3% 

Warfarin 33.9% (95%CI 
28.9%–39.6%) 

34.1% (95%CI 
31.6%–36.7%) 

0.95 − 0.4% − 0.1%  

Risk of death within 60 days in the weighted sample 
Men 19.9% (95%CI 

17.5%–22.6%) 
23.4% (95%CI 
21.5%–25.5%) 

0.008 − 15.1% − 3.5% 

Women 17.1% (95%CI 
15.1%–19.4%) 

19.0% (95%CI 
17.5%–20.7%) 

0.08 − 10.1% − 1.9% 

Non-LTC 9.1% (95%CI 
7.5%–11.1%) 

10.2% (95%CI 
9.0%–11.7%) 

0.17 − 10.7% − 1.1% 

LTC 27.1% (95%CI 
24.6%–29.7%) 

30.3% (95%CI 
28.3%–32.3%) 

0.047 − 10.6% − 3.2% 

DOACs 18.6% (95%CI 
16.9%–20.4%) 

21.0% (95%CI 
19.7%–22.4%) 

0.005 − 11.6% − 2.4% 

Warfarin 19.5% (95%CI 
15.4%–24.5%) 

22.0% (95%CI 
19.8%–24.3%) 

0.23 − 11.2% − 2.5%  

Risk of hospitalization within 60 days in the weighted sample 
Men 18.3% (95%CI 

15.9%–20.8%) 
20.3% (95%CI 
18.4%–22.2%) 

0.23 − 9.7% − 2.0% 

Women 15.7% (95%CI 
13.7%–17.6%) 

15.0% (95%CI 
13.4%–16.7%) 

0.61 +4.1% +0.6% 

Non-LTC 20.5% (95%CI 
17.8%–23.1%) 

23.1% (95%CI 
21.0%–25.3%) 

0.12 − 11.4% − 2.6% 

LTC 13.4% (95%CI 
11.5%–15.3%) 

12.6% (95%CI 
11.3%–13.9%) 

0.52 +6.5% +0.8% 

DOACs 16.2% (95%CI 
14.7%–17.8%) 

17.1% (95%CI 
15.8%–18.3%) 

0.44 − 5.0% − 0.9% 

Warfarin 24.7% (95%CI 
20.0%–29.3%) 

18.6% (95%CI 
16.0%–21.1%) 

0.02 +32.8% +6.1% 

LTC: Long-Term Care. RRD = relative risk difference associated with anti-
coagulation in given stratum. ARD = Absolute risk difference associated with 
anticoagulation in given stratum. 
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ventilation. Another study of 2878 patients hospitalized with COVID-19 
in 24 French hospitals (382 [13.2%] anticoagulated before hospitali-
zation) demonstrated a lower risk of ICU admission or in-hospital 
mortality for patients anticoagulated before hospital admission. 
Finally, an analysis of 6195 patients with COVID-19 (5597 initially 
treated as outpatients, of whom 160 were on anticoagulation) concluded 
that outpatient anticoagulation was associated with a 43% reduction in 
risk for hospital admission but was not associated with mortality. 
Interestingly, the point estimate of the HR for mortality (0.88, 95% CI 
0.50–1.52) was comparable to the relative risk estimate for mortality in 
our higher-risk patient group. 

Since the sample size and number of events in our study is far larger 
than all 3 studies combined, we were better powered to detect a po-
tential impact of anticoagulation. We also included a larger number of 
potential confounders in our PS model and studied a broader range of 
outcomes. Importantly, we studied a higher-risk patient population 
where the risk-benefit balance is more likely to favour initiation of 
outpatient anticoagulation. We identified one other population-based 
study [62], which assessed the association of DOAC use with severe 
COVID-19 between February and May 2020 using all adults aged 45–84 
years in Sweden (rather than restricting the study sample to individuals 
diagnosed with COVID-19). Since there were < 25,000 COVID-19 di-
agnoses before May 2020 [63] in a population of >10,000,000, this 
study design cannot be used to make conclusions about the efficacy of 
OAC use in patients diagnosed with COVID-19. It is also important to 
highlight that this study did not focus on older patients are at highest 
risk for severe COVID-19 [22,25–27]. 

4.1. Limitations 

A limitation of our study is its observational design, meaning that we 
cannot preclude residual confounding. If anticoagulation was more 
readily offered to healthier eligible patients and avoided in eligible pa-
tients at poor health, this treatment bias may have led to better out-
comes in anticoagulated patients if adjustment was not complete using 
our approach. Our reliance on administrative datasets means that we 
cannot report on some variables of clinical relevance (e.g., oxygen use 
out of hospital or long-term disability). We cannot account for “cross- 
over” due to initiation, interruption, or non-adherence to anti-
coagulation after testing positive for SARS-CoV-2; this would potentially 
bias our results towards the null hypothesis. The ODB program eligi-
bility criteria meant that we could not study the impact of anti-
coagulation in patients aged <65 years; however, these patients are at 
lower risk for severe COVID-19, so are unlikely to be considered for 
anticoagulation before hospitalization if diagnosed with COVID-19. We 
defined our exposure based on anticoagulation with warfarin or DOAC; 
though we accounted for prescription antiplatelet use in the PS, we 
could not determine exposure to aspirin. This limited our ability to 
assess the impact of antiplatelet use and biases our results towards the 
null hypothesis (i.e., we would be underestimating the effect of anti-
coagulation). Finally, our study was conducted before widespread 
COVID-19 vaccination, so our results do not apply to vaccinated 
patients. 

5. Conclusions 

In this population-based observational study of outpatients diag-
nosed with COVID-19 aged ≥65 years, oral anticoagulation at the time 
of a positive SARS-CoV-2 PCR test was associated with a lower risk of 
death or hospitalization. These results lend support to the hypothesis 
that initiating oral anticoagulation for high-risk outpatients at the time 
of a positive SARS-CoV-2 PCR test may yield benefit. However, this 
observational study does not establish causation; and there was a higher 
bleeding risk (including haemorrhagic stroke) in anticoagulated pa-
tients. Thus, our findings should not prompt the initiation of anti-
coagulation in patients with COVID-19 who do not have another 

indication for anticoagulation. Rather, the main implication of our 
analysis is that early use of anticoagulation in higher-risk patients with 
COVID-19 merits further study in RCTs. 
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F. Alomran, K. Alayed, M. Alsheef, F. AlSumait, Effectiveness of therapeutic 
heparin versus prophylactic heparin on death, mechanical ventilation, or intensive 
care unit admission in moderately ill patients with covid-19 admitted to hospital: 
RAPID randomised clinical trial, bmj 375 (2021), https://doi.org/10.1136/bmj. 
n2400. In press. 

[14] A.-A. Remap-Cap, A. Investigators, Therapeutic anticoagulation with heparin in 
critically ill patients with Covid-19, N. Engl. J. Med. 385 (9) (2021) 777–789. 

[15] S. Mazloomzadeh, S. Khaleghparast, B. Ghadrdoost, M. Mousavizadeh, M.R. Baay, 
F. Noohi, H. Sharifnia, A. Ahmadi, S. Tavan, N.M. Alamdari, Effect of intermediate- 
dose vs standard-dose prophylactic anticoagulation on thrombotic events, 
extracorporeal membrane oxygenation treatment, or mortality among patients 
with COVID-19 admitted to the intensive care unit: the INSPIRATION randomized 
clinical trial, JAMA 325 (16) (2021) 1620–1630. 

[16] R.D. Lopes, R.H. Furtado, A.V.S. Macedo, B. Bronhara, L.P. Damiani, L.M. Barbosa, 
J. de Aveiro Morata, E. Ramacciotti, P. de Aquino Martins, A.L. de Oliveira, 
Therapeutic versus prophylactic anticoagulation for patients admitted to hospital 
with COVID-19 and elevated D-dimer concentration (ACTION): an open-label, 
multicentre, randomised, controlled trial, Lancet 397 (10291) (2021) 2253–2263, 
https://doi.org/10.1016/S0140-6736(21)01203-4. 

[17] S.M. Hozayen, D. Zychowski, S. Benson, P.L. Lutsey, J. Haslbauer, A. Tzankov, 
Z. Kaltenborn, M. Usher, S. Shah, C.J. Tignanelli, Outpatient and inpatient 
anticoagulation therapy and the risk for hospital admission and death among 
COVID-19 patients, EClinicalMedicine 41 (2021), 101139. 

[18] R. Chocron, V. Galand, J. Cellier, N. Gendron, T. Pommier, O. Bory, L. Khider, 
A. Trimaille, G. Goudot, O. Weizman, Anticoagulation before hospitalization is a 
potential protective factor for COVID-19: insight from a french multicenter cohort 
study, J. Am. Heart Assoc. 10 (8) (2021), e018624. 

[19] N. Chen, M. Zhou, X. Dong, J. Qu, F. Gong, Y. Han, Y. Qiu, J. Wang, Y. Liu, Y. Wei, 
J. Xia, T. Yu, X. Zhang, L. Zhang, Epidemiological and clinical characteristics of 99 
cases of 2019 novel coronavirus pneumonia in Wuhan, China: a descriptive study, 
Lancet (London, England) 395 (10223) (2020) 507–513. 

[20] W.-J. Guan, Z.-Y. Ni, Y. Hu, W.-H. Liang, C.-Q. Ou, J.-X. He, L. Liu, H. Shan, C.- 
L. Lei, D.S.C. Hui, B. Du, L.-J. Li, G. Zeng, K.-Y. Yuen, R.-C. Chen, C.-L. Tang, 
T. Wang, P.-Y. Chen, J. Xiang, S.-Y. Li, J.-L. Wang, Z.-J. Liang, Y.-X. Peng, L. Wei, 
Y. Liu, Y.-H. Hu, P. Peng, J.-M. Wang, J.-Y. Liu, Z. Chen, G. Li, Z.-J. Zheng, S.- 
Q. Qiu, J. Luo, C.-J. Ye, S.-Y. Zhu, N.-S. Zhong, Clinical characteristics of 
coronavirus disease 2019 in China, N. Engl. J. Med. 382 (18) (2020) 1708–1720. 

[21] N. Tang, D. Li, X. Wang, Z. Sun, Abnormal coagulation parameters are associated 
with poor prognosis in patients with novel coronavirus pneumonia, J. Thromb. 
Haemost. 18 (4) (2020) 844–847. 

[22] F. Zhou, T. Yu, R. Du, G. Fan, Y. Liu, Z. Liu, J. Xiang, Y. Wang, B. Song, X. Gu, 
L. Guan, Y. Wei, H. Li, X. Wu, J. Xu, S. Tu, Y. Zhang, H. Chen, B. Cao, Clinical 
course and risk factors for mortality of adult inpatients with COVID-19 in Wuhan, 
China: a retrospective cohort study, Lancet (London, England) 395 (10229) (2020) 
1054–1062. 

[23] D. Wang, B. Hu, C. Hu, F. Zhu, X. Liu, J. Zhang, B. Wang, H. Xiang, Z. Cheng, 
Y. Xiong, Y. Zhao, Y. Li, X. Wang, Z. Peng, Clinical Characteristics of 138 
Hospitalized Patients With 2019 Novel Coronavirus–Infected Pneumonia in 
Wuhan, China, JAMA 323 (11) (2020) 1061–1069. 

[24] J.M. Connors, M.M. Brooks, F.C. Sciurba, J.A. Krishnan, J.R. Bledsoe, A. Kindzelski, 
A.L. Baucom, B.-A. Kirwan, H. Eng, D. Martin, E. Zaharris, B. Everett, L. Castro, N. 
L. Shapiro, J.Y. Lin, P.C. Hou, C.J. Pepine, E. Handberg, D.O. Haight, J.W. Wilson, 
S. Majercik, Z. Fu, Y. Zhong, V. Venugopal, S. Beach, S. Wisniewski, P.M. Ridker, 
A.-B. Investigators, Effect of antithrombotic therapy on clinical outcomes in 
outpatients with clinically stable symptomatic COVID-19: the ACTIV-4B 
randomized clinical trial, JAMA 326 (17) (2021) 1703–1712. 

[25] G. Grasselli, M. Greco, A. Zanella, G. Albano, M. Antonelli, G. Bellani, E. Bonanomi, 
L. Cabrini, E. Carlesso, G. Castelli, Risk factors associated with mortality among 
patients with COVID-19 in intensive care units in LombardyItaly, JAMA internal 
medicine 180 (10) (2020) 1345–1355. 

[26] S. Richardson, J.S. Hirsch, M. Narasimhan, J.M. Crawford, T. McGinn, K. 
W. Davidson, D.P. Barnaby, L.B. Becker, J.D. Chelico, S.L. Cohen, Presenting 
characteristics, comorbidities, and outcomes among 5700 patients hospitalized 
with COVID-19 in the New York City area, JAMA 323 (20) (2020) 2052–2059. 

[27] H. Estiri, Z.H. Strasser, J.G. Klann, P. Naseri, K.B. Wagholikar, S.N. Murphy, 
Predicting COVID-19 mortality with electronic medical records, NPJ Digit. Med. 4 
(1) (2021) 15. 

[28] L. Mosca, E. Barrett-Connor, N.K. Wenger, Sex/Gender differences in 
cardiovascular disease prevention, Circulation 124 (19) (2011) 2145–2154. 

[29] A.R. Levy, B.J. O’Brien, C. Sellors, P. Grootendorst, D. Willison, Coding accuracy of 
administrative drug claims in the Ontario drug benefit database, Can. J. Clin. 
Pharmacol. 10 (2) (2003) 67–71. 

H. Abdel-Qadir et al.                                                                                                                                                                                                                           

https://doi.org/10.1016/j.thromres.2021.12.010
https://doi.org/10.1016/j.thromres.2021.12.010
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110255380155
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110255380155
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110255380155
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110255380155
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110255380155
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110255380155
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110308047917
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110308047917
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110308047917
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110308113179
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110308113179
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110308113179
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110308113179
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110308136291
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110308136291
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110308136291
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110308136291
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110308156889
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110308156889
https://doi.org/10.1016/j.jacc.2020.04.031
https://doi.org/10.1016/j.jacc.2020.04.031
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110308166504
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110308166504
https://doi.org/10.1182/blood.2020006000
https://doi.org/10.1182/blood.2020006000
https://doi.org/10.1093/eurheartj/ehaa231
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110255537314
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110255537314
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110255537314
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110255537314
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110255537314
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110255537314
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110255537314
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110255537314
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110255537314
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110255537314
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110255537314
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110255537314
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110255537314
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110255537314
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110255537314
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110255537314
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110255537314
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110255537314
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110255537314
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110255537314
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110255537314
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110255537314
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110255537314
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110255537314
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110255537314
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110255537314
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110255537314
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110255537314
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110255537314
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110255537314
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110255537314
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110255537314
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110255537314
https://doi.org/10.1001/jamainternmed.2021.6203
https://doi.org/10.1093/ehjcvp/pvab070
https://doi.org/10.1136/bmj.n2400
https://doi.org/10.1136/bmj.n2400
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110257144691
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110257144691
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110257260784
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110257260784
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110257260784
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110257260784
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110257260784
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110257260784
https://doi.org/10.1016/S0140-6736(21)01203-4
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110257388767
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110257388767
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110257388767
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110257388767
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110257431410
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110257431410
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110257431410
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110257431410
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110257452369
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110257452369
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110257452369
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110257452369
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110257495483
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110257495483
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110257495483
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110257495483
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110257495483
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110257495483
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110308274294
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110308274294
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110308274294
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110308295925
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110308295925
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110308295925
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110308295925
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110308295925
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110258283187
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110258283187
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110258283187
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110258283187
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110259171307
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110259171307
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110259171307
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110259171307
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110259171307
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110259171307
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110259171307
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110300008015
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110300008015
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110300008015
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110300008015
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110300104587
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110300104587
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110300104587
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110300104587
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110308467329
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110308467329
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110308467329
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110300237408
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110300237408
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110308486062
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110308486062
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110308486062


Thrombosis Research 211 (2022) 114–122

122

[30] D.S. Lee, L. Donovan, P.C. Austin, Y. Gong, P.P. Liu, J.L. Rouleau, J.V. Tu, 
Comparison of coding of heart failure and comorbidities in administrative and 
clinical data for use in outcomes research, Med. Care 43 (2) (2005) 182–188. 

[31] M.J. Vermeulen, J.V. Tu, M.J. Schull, ICD-10 adaptations of the Ontario acute 
myocardial infarction mortality prediction rules performed as well as the original 
versions, J. Clin. Epidemiol. 60 (9) (2007) 971–974. 

[32] K. Tu, T. Mitiku, D.S. Lee, H. Guo, J.V. Tu, Validation of physician billing and 
hospitalization data to identify patients with ischemic heart disease using data 
from the electronic medical record administrative data linked database (EMRALD), 
Can. J. Cardiol. 26 (7) (2010) e225–e228. 

[33] L.L. Lipscombe, J. Hwee, L. Webster, B.R. Shah, G.L. Booth, K. Tu, Identifying 
diabetes cases from administrative data: a population-based validation study, BMC 
Health Serv. Res. 18 (1) (2018) 316. 

[34] K. Tu, M. Wang, J. Young, D. Green, N.M. Ivers, D. Butt, L. Jaakkimainen, M. 
K. Kapral, Validity of administrative data for identifying patients who have had a 
stroke or transient ischemic attack using EMRALD as a reference standard, Can. J. 
Cardiol. 29 (11) (2013) 1388–1394. 

[35] K. Tu, R. Nieuwlaat, S.Y. Cheng, L. Wing, N. Ivers, C.L. Atzema, J.S. Healey, 
P. Dorian, Identifying patients with atrial fibrillation in administrative data, Can. J. 
Cardiol. 32 (12) (2016) 1561–1565. 

[36] K. Tu, N.R. Campbell, Z.L. Chen, K.J. Cauch-Dudek, F.A. McAlister, Accuracy of 
administrative databases in identifying patients with hypertension, Open. Med 1 
(1) (2007) e18–e26. 

[37] A.S. Gershon, L. Warner, P. Cascagnette, J.C. Victor, T. To, Lifetime risk of 
developing chronic obstructive pulmonary disease: a longitudinal population 
study, Lancet (London, England) 378 (9795) (2011) 991–996. 

[38] T. Gomes, M.M. Mamdani, A.M. Holbrook, J.M. Paterson, C. Hellings, D. 
N. Juurlink, Rates of hemorrhage during warfarin therapy for atrial fibrillation, 
Can. Med. Assoc. J. 185 (2013) E121–E127. 

[39] R.L. Jaakkimainen, S.E. Bronskill, M.C. Tierney, N. Herrmann, D. Green, J. Young, 
N. Ivers, D. Butt, J. Widdifield, K. Tu, Identification of physician-diagnosed 
Alzheimer’s disease and related dementias in population-based administrative 
data: a validation study using family Physicians’ electronic medical records, 
J. Alzheimers Dis. 54 (1) (2016) 337–349. 

[40] L. Lapointe-Shaw, F. Georgie, D. Carlone, O. Cerocchi, H. Chung, Y. Dewit, J. 
J. Feld, L. Holder, J.C. Kwong, B. Sander, Identifying cirrhosis, decompensated 
cirrhosis and hepatocellular carcinoma in health administrative data: a validation 
study, PloS One 13 (8) (2018), e0201120. 

[41] T. Gilbert, J. Neuburger, J. Kraindler, E. Keeble, P. Smith, C. Ariti, S. Arora, 
A. Street, S. Parker, H.C. Roberts, Development and validation of a hospital frailty 
risk score focusing on older people in acute care settings using electronic hospital 
records: an observational study, Lancet 391 (10132) (2018) 1775–1782. 

[42] R. Hall, L. Mondor, J. Porter, J. Fang, M.K. Kapral, Accuracy of administrative data 
for the coding of acute stroke and TIAs, Can. J. Neurol. Sci. 43 (6) (2016) 765–773. 

[43] G.S. Alotaibi, C. Wu, A. Senthilselvan, M.S. McMurtry, The validity of ICD codes 
coupled with imaging procedure codes for identifying acute venous 
thromboembolism using administrative data, Vasc. Med. 20 (4) (2015) 364–368. 

[44] D.C. Scales, J. Guan, C.M. Martin, D.A. Redelmeier, Administrative data accurately 
identified intensive care unit admissions in Ontario, J. Clin. Epidemiol. 59 (8) 
(2006) 802–807. 

[45] D.M. Needham, S.E. Bronskill, W.J. Sibbald, P.J. Pronovost, A. Laupacis, 
Mechanical ventilation in Ontario, 1992–2000: incidence, survival, and hospital 
bed utilization of noncardiac surgery adult patients*, Crit. Care Med. 32 (7) (2004) 
1504–1509. 

[46] P.C. Austin, C. van Walraven, W.P. Wodchis, A. Newman, G.M. Anderson, Using 
the Johns Hopkins aggregated diagnosis groups (ADGs) to predict mortality in a 
general adult population cohort in Ontario, Canada, Med. Care 49 (10) (2011) 932. 

[47] J. Weiner, C. Abrams, The Johns Hopkins ACG Case-Mix System, Documentation & 
Application Manual, Johns Hopkins University, Baltimore, MD, 2001. 

[48] S. Faghanipour, S. Monteverde, E. Peter, COVID-19-related deaths in long-term 
care: the moral failure to care and prepare, Nurs. Ethics 27 (5) (2020) 1171–1173. 

[49] P.C. Austin, Balance diagnostics for comparing the distribution of baseline 
covariates between treatment groups in propensity-score matched samples, Stat. 
Med. 28 (25) (2009) 3083–3107. 

[50] R.J. Desai, J.M. Franklin, Alternative approaches for confounding adjustment in 
observational studies using weighting based on the propensity score: a primer for 
practitioners, BMJ 367 (2019), l5657. 

[51] L. Li, T. Greene, A weighting analogue to pair matching in propensity score 
analysis, The international journal of biostatistics 9 (2) (2013) 215–234. 

[52] K. Yoshida, S. Hernández-Díaz, D.H. Solomon, J.W. Jackson, J.J. Gagne, R. 
J. Glynn, J.M. Franklin, Matching weights to simultaneously compare three 
treatment groups: comparison to three-way matching, Epidemiology (Cambridge, 
Mass.) 28 (3) (2017) 387. 

[53] P.C. Austin, E.A. Stuart, Moving towards best practice when using inverse 
probability of treatment weighting (IPTW) using the propensity score to estimate 
causal treatment effects in observational studies, Stat. Med. 34 (28) (2015) 
3661–3679. 

[54] P.C. Austin, D.S. Lee, J.P. Fine, Introduction to the analysis of survival data in the 
presence of competing risks, Circulation 133 (6) (2016) 601–609. 

[55] H. D’Adamo, T. Yoshikawa, J.G. Ouslander, Coronavirus disease 2019 in geriatrics 
and long-term care: the ABCDs of COVID-19, J. Am. Geriatr. Soc. 68 (5) (2020) 
912–917. 

[56] D.N. Fisman, I. Bogoch, L. Lapointe-Shaw, J. McCready, A.R. Tuite, Risk factors 
associated with mortality among residents with coronavirus disease 2019 (COVID- 
19) in long-term care facilities in Ontario, Canada, JAMA network open 3 (7) 
(2020) e2015957-e2015957. 

[57] N.M. Stall, A. Jones, K.A. Brown, P.A. Rochon, A.P. Costa, For-profit long-term care 
homes and the risk of COVID-19 outbreaks and resident deaths, CMAJ 192 (33) 
(2020) E946–E955. 

[59] R. Rossi, F. Coppi, M. Talarico, G. Boriani, Protective role of chronic treatment with 
direct oral anticoagulants in elderly patients affected by interstitial pneumonia in 
COVID-19 era, Eur.<span><span/></span>J.<span><span/ 
></span>Intern<span>. Med.</span> 77 (2020) 158–160. 

[60] H. Sivaloganathan, E.E. Ladikou, T. Chevassut, COVID-19 mortality in patients on 
anticoagulants and antiplatelet agents, Br. J. Haematol. 190 (4) (2020) e192–e195. 

[61] D. Tremblay, M. van Gerwen, M. Alsen, S. Thibaud, A. Kessler, S. Venugopal, 
I. Makki, Q. Qin, S. Dharmapuri, T. Jun, S. Bhalla, S. Berwick, J. Feld, 
J. Mascarenhas, K. Troy, C. Cromwell, A. Dunn, W.K. Oh, L. Naymagon, Impact of 
anticoagulation prior to COVID-19 infection: a propensity score-matched cohort 
study, Blood 136 (1) (2020) 144–147. 

[62] B. Flam, V. Wintzell, J.F. Ludvigsson, J. Mårtensson, B. Pasternak, Direct oral 
anticoagulant use and risk of severe COVID-19, J. Intern. Med. 289 (3) (2020) 
411–419, https://doi.org/10.1111/joim.13205. 

[63] Financial Times, Coronavirus Tracked: See How Your Country Compares, Available 
online at, https://ig.ft.com/coronavirus-chart/?areas=swe&areasRegional 
=usny&areasRegional=usca&areasRegional=usfl&areasRegional=ustx&cumulati 
ve=1&logScale=1&per100K=0&startDate=2020-02-01&values=cases. (Accessed 
6 February 2021). 

H. Abdel-Qadir et al.                                                                                                                                                                                                                           

http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110308494386
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110308494386
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110308494386
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110308503947
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110308503947
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110308503947
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110308587118
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110308587118
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110308587118
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110308587118
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110309151538
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110309151538
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110309151538
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110309276077
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110309276077
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110309276077
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110309276077
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110309365915
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110309365915
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110309365915
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110300257258
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110300257258
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110300257258
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110309379815
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110309379815
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110309379815
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110309400597
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110309400597
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110309400597
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110309415126
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110309415126
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110309415126
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110309415126
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110309415126
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110300371574
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110300371574
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110300371574
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110300371574
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110300410483
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110300410483
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110300410483
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110300410483
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110309566440
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110309566440
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110310011563
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110310011563
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110310011563
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110310039875
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110310039875
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110310039875
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110310048701
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110310048701
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110310048701
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110310048701
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110310058742
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110310058742
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110310058742
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110301455150
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110301455150
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110310070851
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110310070851
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110310111015
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110310111015
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110310111015
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110301531938
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110301531938
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110301531938
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110310141169
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110310141169
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110302591841
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110302591841
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110302591841
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110302591841
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110310579950
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110310579950
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110310579950
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110310579950
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110310590405
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110310590405
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110311005003
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110311005003
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110311005003
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110305064806
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110305064806
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110305064806
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110305064806
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110311024816
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110311024816
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110311024816
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110311212753
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110311212753
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110311212753
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110311212753
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110311267277
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110311267277
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110311315724
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110311315724
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110311315724
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110311315724
http://refhub.elsevier.com/S0049-3848(21)00569-7/rf202112110311315724
https://doi.org/10.1111/joim.13205
https://ig.ft.com/coronavirus-chart/?areas=swe&amp;areasRegional=usny&amp;areasRegional=usca&amp;areasRegional=usfl&amp;areasRegional=ustx&amp;cumulative=1&amp;logScale=1&amp;per100K=0&amp;startDate=2020-02-01&amp;values=cases
https://ig.ft.com/coronavirus-chart/?areas=swe&amp;areasRegional=usny&amp;areasRegional=usca&amp;areasRegional=usfl&amp;areasRegional=ustx&amp;cumulative=1&amp;logScale=1&amp;per100K=0&amp;startDate=2020-02-01&amp;values=cases
https://ig.ft.com/coronavirus-chart/?areas=swe&amp;areasRegional=usny&amp;areasRegional=usca&amp;areasRegional=usfl&amp;areasRegional=ustx&amp;cumulative=1&amp;logScale=1&amp;per100K=0&amp;startDate=2020-02-01&amp;values=cases

