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a b s t r a c t 

Background: Coronavirus disease 2019 (COVID-19) is associated with a hypercoagulable state. Limited 

data exist informing the relationship between anticoagulation therapy and risk for COVID-19 related hos- 

pitalization and mortality. 

Methods: We evaluated all patients over the age of 18 diagnosed with COVID-19 in a prospective co- 

hort study from March 4th to August 27th, 2020 among 12 hospitals and 60 clinics of M Health Fairview 

system (USA). We investigated the relationship between (1) 90-day anticoagulation therapy among out- 

patients before COVID-19 diagnosis and the risk for hospitalization and mortality and (2) Inpatient anti- 

coagulation therapy and mortality risk. 

Findings: Of 6195 patients, 598 were immediately hospitalized and 5597 were treated as outpatients. 

The overall case-fatality rate was 2 • 8% ( n = 175 deaths). Among the patients who were hospitalized, 

the inpatient mortality was 13%. Among the 5597 COVID-19 patients initially treated as outpatients, 160 

(2.9%) were on anticoagulation and 331 were eventually hospitalized (5.9%). In a multivariable analysis, 

outpatient anticoagulation use was associated with a 43% reduction in risk for hospital admission, HR 

(95% CI = 0.57, 0.38–0.86), p = 0.007, but was not associated with mortality, HR (95% CI = 0.88, 0.50 

- 1.52), p = 0.64. Inpatients who were not on anticoagulation (before or after hospitalization) had an 

increased risk for mortality, HR (95% CI = 2.26, 1.17–4.37), p = 0.015. 

Interpretation: Outpatients with COVID-19 who were on outpatient anticoagulation at the time of diag- 

nosis experienced a 43% reduced risk of hospitalization. Failure to initiate anticoagulation upon hospital- 

ization or maintaining outpatient anticoagulation in hospitalized COVID-19 patients was associated with 

increased mortality risk. 

Funding: No funding was obtained for this study. 

© 2021 The Authors. Published by Elsevier Ltd. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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Abbreviations: COVID-19, coronavirus disease 2019; OPAC, outpatient persis- 

ent anticoagulation therapy; IPAC, inpatient anticoagulation therapy; SARS-CoV-2, 

evere Acute Respiratory Syndrome Coronavirus-2; rt-PCR, reverse transcriptase- 

olymerase chain reaction; EHR, electronic health records; EMR, electronic medi- 

al records; DOAC, direct oral anticoagulant; mg/dl, milligram per deciliter; ACEi, 
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Research in context 

Evidence before this study 

We searched the MEDLINE database of references and 

abstracts using the words: anticoagulation, COVID-19, inpa- 
tient, outpatient, outcomes, mortality between February 2020 
through March 2021. We didn’t limit the search to publica- 
tions in the English language. We found a meta-analysis of 
five studies showing that anticoagulation was not associated 

with mortality in hospitalized COVID-19 patients. We also 
found a study showing that anticoagulation was associated 

with reduced mortality in elderly outpatients diagnosed with 

COVID-19. 

Added value of this study 

Outpatients with COVID-19 who were on outpatient anti- 
coagulation at the time of diagnosis experienced a 43% re- 
duced risk of hospitalization. Failure to initiate anticoagula- 
tion upon hospitalization or maintaining outpatient anticoag- 
ulation in hospitalized COVID-19 patients has been associated 

with increased mortality risk. 

Implications of all the available evidence 

Randomized controlled trials for anticoagulation therapy 
among both inpatients and outpatients are urgently needed 

to address the type, dosage, and duration of anticoagulation 

for COVID-19 patients. 

. Introduction 

Coronavirus disease 2019 (COVID-19) caused by Severe Acute 

espiratory Syndrome Coronavirus-2 (SARS-CoV-2) affects multiple 

ell types with systemic effects outside the respiratory tract [1–3] . 

bservational studies have noted adverse thromboembolic events 

n those with COVID-19, prompting further research on the pre- 

ention and treatment of thrombosis [ 4–8 ]. 

The pathophysiology of hypercoagulability in COVID-19 is in- 

ompletely understood. However, the increased risk of throm- 

oembolic events is likely related to traditional risk factors and 

echanisms unique to COVID-19, such as increased inflamma- 

ion, hypoxia, and endothelium inflammation [ 9 , 10 ]. The binding 

f SARS-CoV-2 to the target host cell generates the release of in- 

ammatory cytokines, promoting immune cell migration to the 

ite of tissue damage [11] . These activated immune cells exacer- 

ate endothelial damage through increased vascular leak and micro 

hrombus formation [ 12 , 13 ]. The higher mortality rates observed 

mong COVID-19 patients with elevated D-dimers may be related 

o these mechanisms [ 7 , 14 , 15 ]. 

Anticoagulants are indicated in patients with venous throm- 

oembolism and atrial fibrillation with the shortest duration of 

hree months for provoked venous thromboembolism [ 16 , 17 ]. We 

ecided to study the impact of persistent outpatient anticoagu- 

ation (OPAC) on the risk of adverse outcomes in the setting of 

OVID-19. A retrospective Italian study involving seventy elderly 

atients found that outpatient anticoagulation was associated with 

educed COVID-19 mortality [18] . In an uncontrolled study from 
lood pressure; SpO 2 -min, minimum oxygen saturation; T1DM, type 1 diabetes 

ellitus; T2DM, type 2 diabetes mellitus; COPD, chronic obstructive pulmonary dis- 

ase; CKD, chronic kidney disease; CO2, carbon dioxide; HCT, hematocrit; RDW, red 

lood cell distribution width; SBP, systolic blood pressure; WBC, white blood cell. 
∗ Corresponding author. 

E-mail address: shozayen@umn.edu (S.M. Hozayen). 
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he USA, one hundred patients on outpatient anticoagulation had 

ower thrombotic complications and less severe disease when they 

re diagnosed with COVID-19 [19] . 

While some studies have explored the role of outpatient anti- 

oagulation, most have focused on inpatient anticoagulation strate- 

ies to reduce thrombotic events and mortality. For example, in a 

tudy of 4389 hospitalized COVID-19 patients from the USA, anti- 

oagulation lowered in-hospital mortality and intubation, although 

here was no statistically significant difference in patients’ out- 

omes with prophylactic versus therapeutic anticoagulation strate- 

ies [20] . In another retrospective study of 395 COVID-19 in- 

atients in New York City requiring mechanical ventilation, in- 

ospital mortality was 29% for those treated with therapeutic anti- 

oagulant versus 62% for those who did not receive any anticoagu- 

ation [21] . In a Chinese single-center study of hospitalized COVID- 

9 patients, 99 of 449 were treated with prophylactic dose low 

olecular weight heparin. Heparin treatment was not associated 

ith mortality overall; however, heparin treatment was associated 

ith a lower risk of death among patients with elevated D-dimer 

r an elevated sepsis-induced coagulopathy score [22] . Few studies 

ave examined the impact of risk-stratified initiation of anticoag- 

lation based on illness severity using age, gender, comorbid con- 

itions, vital signs, and D-dimer value among patients hospitalized 

ith COVID-19 despite their widespread use [ 23–28 ]. To that ef- 

ect, the improved outcomes of hospitalized COVID-19 patients on 

nticoagulation negated prior concerns in the scientific commu- 

ity for disseminated intravascular coagulopathy (DIC) that were 

eported earlier in the pandemic [29] . This paper defined inpatient 

nticoagulation (IPAC) as the initiation of anticoagulation for pro- 

hylactic, escalated prophylactic or therapeutic dose, or continua- 

ion of outpatient anticoagulation. 

To further explore the impact of anticoagulation on COVID-19 

utcomes, we leveraged data from a large sample of adult COVID- 

9 patients from a single hospital system in the upper Midwest. 

ased on the improved outcomes among hospitalized patients ex- 

osed to anticoagulation, we hypothesized that outpatient antico- 

gulation (OPAC) would be associated with decreased risk of hospi- 

al admission and mortality among patients on anticoagulation be- 

ore COVID-19 diagnosis compared to patients who were not. We 

lso hypothesized that IPAC would decrease the risk of mortality 

mong inpatients compared to patients who are not on any anti- 

oagulation. 

. Methods 

.1. Design and source population 

We conducted a cohort study among patients primarily man- 

ged in a large academic health care system of 12 Midwest hos- 

itals and 60 primary care clinics between March 4th and August 

7th, 2020. Inclusion criteria included being actively managed as 

f March 4th, 2020, age ≥ 18 years, and nasopharyngeal reverse 

ranscriptase-polymerase chain reaction (rt-PCR) confirmed COVID- 

9 infection. This resulted in a total sample of n = 6195 patients 

or analysis and included 5597 individuals initially treated as out- 

atients ( Fig. 1 ). To account for patient transfers across hospitals or 

linics, data were pooled across different electronic health records 

EHRs), and a unique patient identifier was created accounting for 

he clinic, emergency department, or hospital. In cases where a pa- 

ient had been encountered in two different EHRs, the most com- 

rehensive EHR record was utilized. The COVID-19 subject-oriented 

atabase includes individual-level data for patients with rt-PCR- 

onfirmed COVID-19, covering a diverse range of ages, races, eth- 

icities, and geographic regions within the Midwest as described in 

rior publications from this group [ 30 , 31 ]. All patients that opted 

ut of research were excluded from the analysis. This study was 

mailto:shozayen@umn.edu
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Fig. 1. Flow chart of patient enrollment and progression to hospitalization and death. 
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pproved by the University of Minnesota institutional review board 

IRB) (STUDY0 0 0 01489), which provided a waiver of consent for 

his study. The IRB has issued the waiver of the consent process 

or this study since our study fulfilled the following four criteria: i. 

nvolved no more than minimal risk to the subjects; ii. The waiver 

ill not affect the subjects’ rights adversely; iii. We could not carry 

ut the study without the waiver; iv. Finally, we could not carry 

ut the study without using biological and epidemiological infor- 

ation in an identifiable format. 

.2. Medication assessment 

Medications were abstracted from electronic medical records 

EMR). The use of outpatient angiotensin-converting enzyme in- 

ibitors/angiotensin receptor blockers (ACEi/ARBs) was also ex- 

lored due to the proposed impact on COVID-19 outcomes. Other 

ntihypertensive medications were not individually examined. 

mong patients with positive rt-PCR initially treated as outpa- 

ients, those prescribed any anticoagulant class including warfarin, 

 direct oral anticoagulant (DOAC, i.e., apixaban, rivaroxaban, dabi- 

atran, edoxaban), or enoxaparin in the immediate 90 days prior 

o COVID-19 diagnosis were included. We chose 90 days since this 

s the shortest duration for persistent outpatient anticoagulation 

for provoked venous thromboembolism) [16] . Among inpatients, 

e created an integrated definition of outpatient/inpatient anti- 

oagulant therapy as follows: (i) patients who never used anti- 

oagulation, neither inpatient or outpatient use; (ii) patients who 

ere initiated on anticoagulation upon admission; (iii) patients 

ho were on anticoagulation as an outpatient and were contin- 

ed as an inpatient. Based on our institutional policy, universal 

nticoagulation was required for all COVID-19 patients admitted 

o the hospital starting May 2020 unless there was a contraindi- 

ation. We stratified the patients deemed high risk based on the 

-dimer ( > 10 times the upper limit of normal), admission to in- 

ensive care units or being on high flow oxygen, active cancer, and 

rior history of venous thromboembolism. Those who qualified to 

e high risk received escalated prophylactic dose anticoagulation 

ith 0.5 mg/kg of enoxaparin or low-intensity heparin infusion as 

ermitted by their renal clearance. Patients who did not qualify 

s high risk received routine weight-based enoxaparin or heparin 

s determined by their glomerular filtration rate. Those who were 

n therapeutic anticoagulation prior to admission continued at the 

ame intensity. Anticoagulation was held if platelet count was be- 

ow 30,0 0 0 or if there was another contraindication such as ac- 

ive gastrointestinal bleeding or recent intracerebral hemorrhage. 

atients would be prescribed anticoagulation with a DOAC for 14 
3 
ays after discharge. Interruption of anticoagulation was planned 

rior to invasive procedures and also for a very limited number 

f bleeding events. Physicians’ adherence to our institutional an- 

icoagulation algorithm was more than 90%. Prior to the date of 

nstitutional policy enforcement (May 2020), anticoagulation was 

sed based on the discretion of the treating physician, given con- 

erns for DIC in the scientific community as detailed above [29] . 

ur rate of adherence for venous thromboembolism prophylaxis in 

OVID-19 patients hospitalized prior to that date was similar to 

he national average of about 50% [32] . 

.3. Outcome assessment 

Our analysis was focused on two groups. Our first group (out- 

atient COVID-19) consisted of patients diagnosed with COVID-19 

ho were deemed to be stable enough to be managed as out- 

atients. For this group, our primary outcome was hospital ad- 

ission for all causes and in-hospital and out-of-hospital death 

n or before August 27th, 2020. We compared patients who re- 

eived OPAC to patients who did not. Our second group (inpatient 

OVID-19) consisted of all COVID-19 patients admitted to the hos- 

ital for all causes regardless of whether they were immediately 

dmitted to the hospital or initially managed as an outpatient. For 

his group, our primary outcome was death. We compared patients 

ho were on anticoagulation (initiated on IPAC or continued out- 

atient anticoagulation) to patients who were not on anticoagula- 

ion. Risk stratification included age, gender, the Elixhauser comor- 

idity score, vital signs, and D-dimer value [33] . 

.4. Demographic, clinical, and laboratory variables 

The following information was obtained from EHRs: (i) demo- 

raphic information (age, sex, race/ethnicity); (ii) clinical charac- 

eristics in the first 24 h following admission including respira- 

ory distress (defined as < 10 respirations/minute or > 29 res- 

irations/minute), maximum heart rate, minimum systolic blood 

ressure (SBP-min), minimum oxygen saturation (SpO 2 -min), max- 

mum temperature; (iii) medical history of relevant comorbidities 

ith disease-specific ICD-10 codes as described by our group in 

ther papers [ 30 , 31 ]; (iv) the Elixhauser comorbidity score was cal- 

ulated for every single patient to represent comorbidity burden 

33] ; (v) D-dimer values; (vi) patients were also categorized ac- 

ording to having versus not having any of the following cardio- 

ascular, immunological or hematological comorbidities: coronary 

rtery disease, heart failure, prior myocardial infarction (MI), heart 

alve replacement, cardiac pacemaker, automatic implantable car- 

ioverter device, left ventricular assist device, pulmonary arterial 



S.M. Hozayen, D. Zychowski, S. Benson et al. EClinicalMedicine 41 (2021) 101139 

h

b

t

2

s

v

(

c

n

M

t

a

v

a

(

a

b

s

o

I

s

t

e

p

s

i

w

t

o

f

2

D

m

t

3

i

t

a

T

a

c

a

i

A

a

o

E

c

s

s

A

c

o

r

a

t

h

o

b

p

s

3

a

w

w

a

u

i

m

O

t  

I

a

w

m

c

c

w

c

s

w

u

a

3

u

t

w

T

m

3

d

s

m

b

S

e

a

d

w

c

t

w

v

3

e

a

t

s

p

s

s

m

ypertension, atrial fibrillation, supraventricular tachycardia, cere- 

rovascular disease, lupus anticoagulant, VTE, DIC, heparin-induced 

hrombocytopenia (HIT), and other hypercoagulable states. 

.5. Statistical analysis 

All analyses were performed using Stata version 16 or R ver- 

ion 3.6.3. Descriptive data are presented as means ± standard de- 

iations (SD) for the full sample and as means ± standard errors 

SE) for all between-group comparisons. Since we did not use the 

ontinuous variables as an outcome measure, we did not address 

ormality. Categorical variables are presented as % ( n ). Kaplan- 

eier survival curves for time to admission or death were plot- 

ed among patients using versus not using anticoagulant therapy 

s detailed in Fig. 1 . Hazard ratios (HR) and 95% confidence inter- 

als (CI) were calculated using multivariable Cox proportional haz- 

rds models. The least absolute shrinkage and selection operator 

LASSO) model was utilized to select variables from the univariable 

nalysis to be used in multivariable analysis [34] . Follow-up time 

egan at COVID-19 diagnosis and accrued until: (i) date of admis- 

ion or up to day 45 post-diagnosis, for the admission outcome; 

r (ii) date of death, or August 27th, 2020 for the death-outcome. 

n addition, for models predicting hospitalization, we performed a 

ensitivity analysis by fitting cause-specific competing risk models 

o account for the competing risk of death [35] . Multivariable mod- 

ls were adjusted for age, sex, self-identified race/ethnicity (as a 

roxy for social, not biological risk factors), Elixhauser comorbidity 

core, and the presence/absence of any cardiovascular, immunolog- 

cal or hematological comorbidities. The same analytical approach 

as utilized among all inpatients for the primary outcome of time 

o death. We additionally performed a sensitivity analysis among 

nly inpatients with D-dimer values to better assess the potential 

or confounding by indication. 

.6. Role of the funding source 

No funding was obtained for this study. Dr. Michael Usher and 

r. Christopher J Tignanelli accessed the data. The decision to sub- 

it for publication was a collaborative decision among all the au- 

hors. 

. Results 

Among the 6195 adults included in this analysis, 598 were 

mmediately hospitalized upon diagnosis and 5597 were initially 

reated as outpatients. The overall case-fatality rate among 6195 

dults was 2.8%, with 175 deaths occurring (54 out-of-hospital). 

hree hundred thirty-one patients were subsequently hospitalized 

fter failing outpatient therapy (5.9%) ( Fig. 1 ). The overall inpatient 

ase-fatality rate was 13% (121 deaths). 

The 5597 COVID-19 patients initially treated as outpatients had 

 mean age of 51 ± 22 years, 57% were women, and 45% self- 

dentified as White, 17 as Black, 9 as Asian, and 11% as others. 

mong those 5597 patients, patients who failed outpatient man- 

gement ( n = 331) and needed to be admitted were ten years 

lder on average, more likely to be male, Hispanic, to have a higher 

lixhauser comorbidity score, and to be taking prescription medi- 

ations reflecting their higher risk profile ( Table 1 ). Results were 

imilar for death (Supplemental Table 1). Supplemental Table 2 

ummarizes univariable predictors of hospital admission or death. 

fter multivariable adjustment, male gender, non-White race, in- 

reased Elixhauser scores, and any cardiovascular, immunological 

r hematological comorbidities were all associated with increased 

isk of hospital admission. Age, increased Elixhauser scores, and 

ny cardiovascular, immunological, and hematological comorbidi- 

ies were associated with an increased risk of death. The HR for 
4 
ospital admission or death (95% CI) for having any (versus none) 

f these cardiovascular, immunological, and hematological comor- 

idities was 2.58 (1.93,3.43), p < 0.0 0 01. Additional multivariable 

redictors of admission or death from competing risk analyses are 

hown in Table 2 . 

.1. Outpatient anticoagulation therapy and risk of hospital 

dmission or death 

Among those 5597 patients, 160 patients were on OPAC (2.9%) 

hich consisted of 11 enoxaparin users, 82 DOAC users, and 67 

arfarin users. Table 3 summarizes participants’ characteristics 

mong anticoagulant users versus non-users, with anticoagulant 

sers being significantly sicker patients with increased age, higher 

ncidence of cardiovascular, immunological, and hematological co- 

orbidities, and Elixhauser scores. In a multivariable analysis, any 

PAC use was associated with a 43% reduction in risk for hospi- 

al admission, HR (95% CI) = 0.57 (0.38, 0.86), p = 0.007 ( Fig. 2 ).

n a multivariable competing risk analysis (considering death as 

 competing risk), results for OPAC predicting hospital admission 

ere unchanged, HR (95% CI) = 0.57 (0.38, 0.87), p = 0.009. After 

ultivariable adjustment, any OPAC use was not empirically asso- 

iated with mortality, though precision was poor and not statisti- 

ally significant, HR (95% CI) = 0.88 (0.50, 1.52), p = 0.64. Results 

ere unchanged when adjusting for the more concise cardiovas- 

ular, immunological, and hematological comorbidities. When con- 

idering warfarin, versus DOAC, versus enoxaparin use, all patterns 

ere consistent with the aggregate findings for any anticoagulant 

se, though precision was poor due to a low number of users for 

ny specific medication class (data not shown). 

.2. Inpatient anticoagulation therapy and risk of death 

There were 929 admitted patients, with 598 patients admitted 

pon COVID-19 diagnosis and 331 admitted after failing outpatient 

reatment. Forty-two percent were admitted to the ICU and 20% 

ere placed on mechanical ventilation (48% of those in the ICU). 

he mortality rates among those with hospital admission, ICU ad- 

ission, or those treated with a ventilator were 13%, 22%, and 

0%, respectively. Among admitted patients, factors associated with 

eath are detailed in Supplemental Table 3. 

In hospitalized patients, after multivariable adjustment for age, 

ex, self-identified race/ethnicity, presence of cardiovascular, im- 

unological, and hematological comorbidities, Elixhauser comor- 

idity score, maximum temperature, SBP-min, respiratory distress, 

pO2-min, patients who did not use any anticoagulation experi- 

nced increased mortality, HR (95% CI) = 2.26 (1.17, 4.37), p = 0.015 

s compared to anticoagulation users. Additional predictors for 

eath are shown in Table 4 . The prediction was not enhanced 

hen considering whether anticoagulation was prophylactic, es- 

alated prophylactic, or therapeutic: HRs (95% CIs) for prophylac- 

ic/escalated initiation or therapeutic initiation (vs. continuation) 

as 1.24 (0.73, 2.11) and 1.45 (0.70, 3.02), respectively (both p - 

alues > 0.30). 

.3. D-dimer level and risk of death in hospitalized COVID-19 patients 

Among inpatients ( n = 929), 556 patients had D-dimer lev- 

ls available. D-dimer levels were not significantly different across 

ll patients on anticoagulation. Those who continued anticoagula- 

ion versus patients on prophylactic/escalated anticoagulation ver- 

us patients on therapeutic anticoagulation were similar (data ex- 

ressed as mean (SE)): 1.68(0.38), 2.16(0.17), and 2.76(0.58), re- 

pectively ( p = 0.31). In this subgroup, after adjusting for age, 

ex, self-identified race/ethnicity, presence of cardiovascular, im- 

unological, and hematological comorbidities, Elixhauser comor- 
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Table 1 

C haracteristics of 5597 outpatients of M health fairview system from march 4th-August 27th, 2020. Data presented as mean (standard 

deviation) or % ( n ) in the ‘All’ group. For group comparisons, standard errors are presented parenthetically. 

Variable All Admitted Not Admitted P-value 

% ( n = 5597) % ( n = 331) % ( n = 5266) 

Age (years) 50.68 (22.15) 60.50 (1.09) 50.06 (0.31) < 0 .0001 

Female 57.1 (3196) 51.4 (170) 57.5 (3026) 0 .0341 

Race 0 .0028 

White 45.3 (2537) 48.6 (161) 45.1 (2376) 

African American 17.1 (955) 17.5 (58) 17.0 (897) 

Asian 8.7 (489) 12.4 (41) 8.5 (448) 

Hispanic 5.6 (311) 11.2 (37) 5.2 (274) 

Alaskan/Other/Unknown 5.1 (285) 5.4 (18) 5.1 (267) 

Comorbidities 

T1DM 2.4 (133) 8.2 (27) 2.0 (106) < 0 .0001 

T2DM 15.7 (876) 36.6 (121) 14.3 (755) < 0 .0001 

Heart Failure 7.3 (409) 20.2 (67) 6.5 (342) < 0 .0001 

Cerebrovascular Disease 6.6 (372) 16.0 (53) 6.1 (319) < 0 .0001 

Arrhythmia 12.0 (670) 42.6 (141) 10.0 (529) < 0 .0001 

Autoimmune Disease 4.0 (224) 9.4 (31) 3.7 (193) < 0 .0001 

Cancer 5.0 (280) 11.8 (39) 4.6 (241) < 0 .0001 

COPD 4.5 (250) 12.1 (40) 4.0 (210) < 0 .0001 

Hypertension 34.7 (1944) 67.7 (224) 32.7 (1720) < 0 .0001 

CKD 10.1 (568) 29.6 (98) 8.9 (470) < 0 .0001 

Acute MI 2.3 (129) 9.1 (30) 1.9 (99) < 0 .0001 

Cardiovascular, immunological and hematological comorbidities 21.0 (1177) 63.4 (210) 18.4 (967) < 0 .0001 

Elixhauser Comorbidity score 2.11 (3.02) 6.27 (0.22) 1.84 (0.04) < 0 .0001 

Medications 

ACE 3.9 (217) 5.1 (17) 3.8 (200) 0 .2818 

ARB 3.4 (189) 6.6 (22) 3.2 (167) 0 .0012 

Any antiplatelet 9.1 (510) 18.4 (61) 8.5 (449) < 0 .0001 

Any anticoagulant 2.9 (160) 8.8 (29) 2.5 (131) < 0 .0001 

Enoxaparin 0.2 (11) 0.3 (1) 0.2 (10) 1 

DOAC 1.5 (82) 4.2 (14) 1.3 (68) < 0 .0001 

Warfarin 1.2 (67) 4.2 (14) 1.0 (53) < 0 .0001 

Statin 10.8 (603) 21.8 (72) 10.1 (531) < 0 .0001 

Metformin 2.5 (142) 4.2 (14) 2.4 (128) 0 .0660 

Antivirals 0.8 (45) 0.9 (3) 0.8 (42) 1 

Nutritional Supplements 12.5 (699) 22.7 (75) 11.8 (624) < 0 .0001 

Table 2 

Multivariable adjusted predictors of hospital admission or death among 5597 outpatients of M health fairview 

system. 

Variable Admission ( n = 331) P -value Death ( n = 54) P -value 

Hazard Ratio (95% CI) Hazard Ratio (95% CI) 

Age (1-year increase) 1.00 (0.99, 1.00) 0 .5798 1.05 (1.04, 1.06) < 0 .0001 

Female 0.79 (0.63, 0.98) 0 .0343 0.69 (0.48, 1.00) 0 .0493 

Race < 0 .0001 

White Reference Reference 

Other/Unknown 1.75 (1.37, 2.24) < 0 .0001 1.10 (0.69, 1.75) 

Comorbidities 

Elixhauser Comorbidity 1.20 (1.17, 1.24) < 0 .0001 1.15 (1.10, 1.20) < 0 .0001 

score (1 unit increase) 

Cardiovascular, 2.89 (2.04, 4.10) < 0 .0001 2.98 (1.75, 5.06) < 0 .0001 

immunological and 

hematological 

comorbidities 

Medication 

Outpatient anticoagulant use 0.57 (0.38, 0.87) 0 .0086 0.88 (0.50, 1.52) 0 .6372 
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idity score, maximum temperature, SBP-min, respiratory distress, 

pO2-min, every 1 mg/dL increase in the D-dimer level was as- 

ociated with a 6% greater risk of death (HR (95% CI) = 1.06 

1.02,1.10)). In this same multivariable analysis, the HR (95% CI) for 

eath associated with the patients who were initiated on antico- 

gulation (versus patients who were continued on anticoagulation) 

as 1.13 (0.58, 2.19), p = 0.72. Additional adjustment for D-Dimer 

evels attenuated this association: HR (95% CI) = 0.98 (0.50,1.90), 

 = 0.95. We were unable to compare patients who were never 

n anticoagulation to patients who were continued on anticoagu- 

ation as there were very few inpatients with D-dimer levels not 

reated with anticoagulation. We examined the outcomes of pa- 

t

5 
ients on anticoagulation versus antiplatelets versus no anticoag- 

lation nor antiplatelets. There was no meaningful difference in 

utcomes between the antiplatelet group and no anticoagulation 

r antiplatelets (data not shown). 

. Discussion 

In this study, individuals using anticoagulation therapy who de- 

eloped COVID-19 had a 43% lower risk of hospital admission. This 

tudy is the largest to date, to our knowledge, to examine all types- 

nticoagulation in COVID-19 patients in a large and robust dataset. 

ur study confirms on a larger scale the study by Chocron et al. 

hat showed improved outcomes and reduced admission to inten- 
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Table 3 

Characteristics of 5597 outpatients of M health fairview system according to anticoagulant therapy status data presented as mean 

(standard deviation) or % ( n ) in the ‘All’ group. For group comparisons, standard errors are presented parenthetically. 

Variable Taking any Anticoagulant No Anticoagulant P -value 

%( n = 160) %( n = 5437) 

Age (years) 70.34 (1.33) 50.10 (0.30) < 0 .0001 

Female 51.3 (82) 57.3 (3114) 0 .1509 

Race < 0 .0001 

White 75.6 (121) 44.4 (2416) 

African American 8.1 (13) 17.3 (942) 

Asian 3.8 (6) 8.9 (483) 

Hispanic 3.8 (6) 5.6 (305) 

Alaskan/Other/Unknown 1.9 (3) 5.2 (282) 

Comorbidities 

T1DM 10.0 (16) 2.2 (117) < 0 .0001 

T2DM 41.3 (66) 14.9 (810) < 0 .0001 

Heart Failure 52.5 (84) 6.0 (325) < 0 .0001 

Cerebrovascular Disease 34.4 (55) 5.8 (317) < 0 .0001 

Arrhythmia 75.0 (120) 10.1 (550) < 0 .0001 

Autoimmune Disease 17.5 (28) 3.6 (196) < 0 .0001 

Cancer 25.0 (40) 4.4 (240) < 0 .0001 

COPD 23.1 (37) 3.9 (213) < 0 .0001 

Hypertension 84.4 (135) 33.3 (1809) < 0 .0001 

CKD 41.9 (67) 9.2 (501) < 0 .0001 

Acute MI 16.9 (27) 1.9 (102) < 0 .0001 

Cardiovascular, immunological, and hematological comorbidities 93.8 (150) 18.9 (1027) < 0 .0001 

Elixhauser Comorbidity 8.26 (0.34) 1.92 (0.04) < 0 .0001 

score 

Medications 

Warfarin 41.9 (67) NA NA 

DOAC 51.3 (82) NA NA 

Enoxaparin 6.9 (11) NA NA 

Any antiplatelet 28.8 (46) 8.5 (464) < 0 .0001 

ACE 13.8 (22) 3.6 (195) < 0 .0001 

ARB 15.6 (25) 3.0 (164) < 0 .0001 

Statin 60.0 (96) 9.3 (507) < 0 .0001 

Metformin 6.9 (11) 2.4 (131) 0 .0010 

Antivirals 3.8 (6) 0.7 (39) 0 .0002 

Nutritional Supplements 42.5 (68) 11.6 (631) < 0 .0001 

Fig. 2. Kaplan-Meier curve describing the probability of admission among COVID-19 outpatients using (blue line) vs. not using (red) anticoagulant therapy. 
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Table 4 

Predictors of mortality among all inpatients and among the subgroup of patients with D-dimer among 1485 patients of M health fairview system. 

All Inpatients ( n = 929) Inpatients with D-dimer ( n = 556) 

Variable Death ( n = 121) p -value Death ( n = 73) p -value 

Hazard Ratio (95% CI) Hazard Ratio (95% CI) 

Age (years) 1.05 (1.03, 1.06) < 0 .0001 1.05 (1.03, 1.07) < 0 .0001 

Female 0.75 (0.51, 1.09) 0 .1319 0.91 (0.55, 1.51) 0 .7214 

Race White 

Other/Unknown Reference Reference 

Comorbidities Comorbidity score Any Anticoagulation Indication 0.68 (0.45, 1.03) 0 .0678 0.55 (0.32, 0.95) 0 .0314 

Anticoagulation changes Continuation Initiation Never Biomarkers 1.05 (1.00, 1.11) 0 .0623 1.02 (0.95, 1.10) 0 .5543 

Oxygen saturation Respiratory distress SBP Temperature 1.63 (0.88, 3.02) 0 .1198 1.12 (0.54, 2.29) 0 .7653 

Reference Reference 

1.27 (0.75, 2.14) 0 .3763 0.98 (0.50, 1.90) 0 .9477 

2.26 (1.17, 4.37) 0 .0151 NA ∗ NA* 

0.99 (0.97, 1.00) 0 .1322 0.99 (0.97, 1.02) 0 .6098 

2.10 (1.38, 3.21) 0 .0006 1.93 (1.13, 3.32) 0 .0169 

0.98 (0.97, 0.99) < 0 .0001 0.99 (0.98, 1.00) 0 .0103 

1.02 (0.89, 1.15) 0 .8163 1.06 (0.90, 1.25) 0 .4947 

D-dimer NA NA 1.06 (1.02, 1.10) 0 .0038 

∗D-dimer tests were not consistently ordered until the change in institutional policy to initiate anticoagulation among all admitted patients. Therefore, all patients in 

the subgroup with D-dimer lab values received anticoagulation. 
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ive care unit in patients on anticoagulation before COVID-19 re- 

ated hospitalization that was published [36] . It is more general- 

zable than the study by Rossi et al. given a broader age range in

on-cardiac patients [18] . In spite of the significantly worse risk 

rofile of patients on anticoagulation than patients not on anti- 

oagulation in our study, these patients were admitted less often, 

hich may be secondary to the biological protective effect of anti- 

oagulation in COVID-19. This finding confirms our hypothesis that 

n patients deemed stable enough for outpatient management, an- 

icoagulation can provide a more favorable outcome. 

Earlier during the pandemic, before May 2020, there was no 

idespread consensus about the role of anticoagulation in COVID- 

9 [ 20–22 ]. As such, we had a comparison group of hospitalized 

OVID-19 patients not on anticoagulation. In this study, any form 

f anticoagulation offered a favorable mortality outcome in hospi- 

alized COVID-19 patients compared to patients not on any anti- 

oagulation. Our findings were independent of known risk factors 

or admission and mortality, including age, sex, race/ethnicity, car- 

iovascular, immunological, and hematological comorbidities, and 

lixhauser comorbidity score. Our findings were regardless of the 

nticoagulation strategy: continued outpatient anticoagulation, or 

he initiation of prophylactic, escalated prophylactic, or therapeu- 

ic anticoagulation during hospitalization. This study also confirms 

ata from Paranjpe et al. and Tang et al. for potentially favorable 

utcomes for hospitalized COVID-19 patients on anticoagulation in 

 larger sample size [ 20 , 21 ]. It also confirms the data of Nadkarni

t al. and Billett et al. that showed no difference in outcomes be- 

ween different anticoagulation strategies [ 22 , 27 ]. There have been 

oncerns about the potential for adverse bleeding events negating 

he benefits of anticoagulation in hospitalized COVID-19 patients. 

owever, serious bleeding events tend to be relatively uncommon 

n this population based on prior data [ 22 , 27 ]. While our study

as underpowered to study bleeding complications, the compara- 

le mortality rates between those initiated on anticoagulation or 

ere continued on anticoagulation are reassuring. Similar to other 

tudies, those with elevated D-dimer levels had an increased risk 

f death [ 29 , 37 ]. 

At the time of this publication, multiple randomized trials are 

xamining the use of anticoagulation in COVID-19. A recently pub- 

ished open-label clinical trial randomized 615 hospitalized COVID- 

9 patients with elevated D-dimer into receiving therapeutic anti- 

oagulation while hospitalized followed by rivaroxaban for 30 days 

ersus prophylactic anticoagulation while hospitalized only. There 

as increased bleeding among patients randomized to therapeutic 
7 
nticoagulation with no improvement in outcomes [38] . In another 

linical trial, 600 COVID-19 intensive care unit patients were ran- 

omized to escalated prophylactic anticoagulation versus prophy- 

actic anticoagulation. There was no difference in clinical outcomes 

etween the two groups [39] . Even more recently, two new articles 

ublished results of randomized controlled trials for anticoagula- 

ion in COVID-19 patients. One article based on data of 2219 non 

ritically ill COVID-19 patients showed improved outcomes with 

herapeutic anticoagulation compared to prophylactic or escalated 

ose anticoagulation [40] . The caveat was that 20% of the patients 

n the intervention arm did not receive therapeutic anticoagulation 

ersus 26% of the patients in the control arm received escalated 

rophylactic anticoagulation. The second article was based on data 

f 1089 critically ill COVID-19 patients, did not show a difference 

n outcomes between patients randomized to therapeutic antico- 

gulation versus the control arm [41] . Again, the caveat was that 

2% of patients in the intervention arm did not receive therapeutic 

nticoagulation and 51% of patients in the control arm received es- 

alated prophylactic anticoagulation. Results are awaited for other 

rials examining anticoagulant use among COVID-19 outpatients. In 

ue course, these trials will provide rigorous evidence regarding 

he benefits of anticoagulant therapy in the context of COVID-19 

nd insights regarding the optimal anticoagulant type, dosage, and 

uration of therapy. 

Unfortunately, many patients with an indication for anticoagu- 

ation are not receiving therapy. In a study of almost 10 0,0 0 0 vet-

rans with nonvalvular atrial fibrillation, only 49% were on antico- 

gulation even after the introduction of DOAC [42] . Similar results 

ere observed among a cohort of Medicare patients [43] . Even if 

atients were prescribed anticoagulation, suboptimal adherence to 

nticoagulation use exposes patients to a higher risk of thrombotic 

vents, as noted in a study of more than half a million atrial fib- 

illation patients [44] . Our study demonstrates that, in addition to 

educing the risk for thrombotic complications of atrial fibrillation, 

PAC reduces the risk for hospital admission in those diagnosed 

ith COVID-19. This finding can help improve adherence of pa- 

ients eligible for anticoagulation to their medications as a public 

ealth approach to minimize COVID-19 hospitalization as we, un- 

ortunately, approach the next pandemic surge. 

Inflammatory cytokines and the subsequent endothelium in- 

ammation observed in COVID-19 likely contribute to the observed 

isk for thrombosis. Several plausible pathways have been pro- 

osed. The genes most significantly upregulated in the lungs of 

OVID-19 patients are SERPINS E1, F1, G1 that encode for antiplas- 
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in, tissue plasminogen activator inhibitor 1, and C1-esterase in- 

ibitor, as well as the prothrombinase FGL2 (fibrinogen like protein 

). All of these possess significant prothrombotic activity. The rela- 

ionship between inflammation and hypercoagulability is well es- 

ablished in the literature [45] . In addition, coagulation factors and 

latelets have been shown to modulate the host immune response 

o widespread infections, but how this may lead to an increased 

isk for thrombosis is unknown [46] . Several mechanisms have 

een proposed to explain how anticoagulation therapy can im- 

rove COVID-19 outcomes. Anticoagulants may lead to a reduction 

f COVID-19 associated macrovascular thrombosis, including a re- 

uction of pulmonary embolism, thrombotic stroke, and hemodial- 

sis circuit clots [47] . Alternatively, anticoagulants may reduce mi- 

rovascular thrombosis, including alveolar and glomerular capillary 

icrothrombi [ 4 8 , 4 9 ]. 

Limitations of this study include the relatively low number of 

atients on anticoagulation ( n = 160, which is 2.9%) despite a large 

umber of enrolled patients ( n = 5597) which may have led to an

mbalance of statistical power. However, this percentage of patients 

n anticoagulation is consistent if not slightly higher than expected 

n the USA [50] . Although the crude HR for the protective effect 

f anticoagulation was 0.57 for hospitalizations in outpatients us- 

ng anticoagulation, there is the possibility of unmeasured con- 

ounding. For instance, patients receiving anticoagulants could be 

ore health-conscious with an increased likelihood of taking other 

ealth-promoting measures that might have helped minimize the 

everity of the infection and improved their outcomes. For exam- 

le, these patients may have maintained more strict social distanc- 

ng when infected thus had less viral load that led to their disease. 

igher viral load has been linked to worse COVID-19 outcomes 

51] . Our study also had an incomplete adjustment for prognosis at 

aseline with a lack of body mass index and hemoglobin A1C lev- 

ls among diabetics. Both markers are beyond the categorical data 

hat the Elixhauser comorbidity score is based upon. Both charac- 

eristics have been linked to the severity of outcomes in COVID- 

9 patients [ 52 , 53 ]. Another point to consider is the possibility

hat anticoagulation treatment is so powerful at reducing poor out- 

omes, it overcomes the poor prognosis of patients on those med- 

cations. From that perspective, it is conceptually possible to see a 

rude HR < 1.0. 

Furthermore, the exact indications and dosage for anticoagula- 

ion were inferred from diagnostic codes and were not fully re- 

orted, which may have contributed to confounding. Additionally, 

mong inpatients, the reasons for withholding or initiating antico- 

gulation may not have been well captured in our multivariable 

odel and could be an essential source of residual confounding. 

ur data was extracted from a single healthcare system, and we 

annot rule out the possibility that outpatients were hospitalized 

utside of our healthcare system. However, it is unlikely that hos- 

italization outside of our system would include a large number of 

atients, which would bias results. Mortality data were informed 

y state-level death certificates, which would identify deaths out- 

ide of our system within our state, so again if patients were ad- 

itted to another healthcare system and died, those would have 

een captured. Despite our study’s large size, we were underpow- 

red to detect potentially subtle protective effects of specific types 

f anticoagulation for the mortality outcome given the relatively 

ow number of patients who passed away. We were also under- 

owered to look at thrombosis and adverse bleeding outcomes. 

lthough aspirin has been linked to improved outcomes of hos- 

italized COVID-19 patients, we did not examine the impact of 

spirin specifically in this study [54] . As such results from large 

andomized clinical trials, which randomize both known and un- 

nown confounders, are eagerly awaited to define dose, type, and 

uration of anticoagulation for COVID-19 patients in outpatient, in- 
8 
atient, and post-hospital discharge settings as well as the role of 

spirin. 

An essential strength of our study is the large sample size, 

owered to detect modest associations between anticoagulation 

nd hospitalization. Our large healthcare system includes patients 

cross a broad range of localities, from urban to rural, and is likely 

o be highly generalizable to many health systems. This study also 

epresents real-world data showing beneficial anticoagulation ef- 

ects in older and sicker populations who are on outpatient anti- 

oagulation. 

In conclusion, we have found a reduced risk for hospitaliza- 

ion among patients using outpatient anticoagulation for at least 

0 days before a diagnosis of COVID-19. We also observed a mod- 

st but not statistically significant trend towards reduced mortal- 

ty in outpatient COVID-19 patients. To date, there is no consensus 

n the type of anticoagulant, dosage, or duration of therapy. Ran- 

omized controlled trials for anticoagulation therapy among both 

npatients and outpatients are urgently awaited to address these 

ritical questions for COVID-19 patients. 
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