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ABSTRACT

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

Keywords: system (USA). We investigated the relationship between (1) 90-day anticoagulation therapy among out-
COVID-19 patients before COVID-19 diagnosis and the risk for hospitalization and mortality and (2) Inpatient anti-
Anticoagulation coagulation therapy and mortality risk.
ll;lAf;SrI:;tl?tl;Zﬂtlon Findings: Of 6195 patients, 598 were immediately hospitalized and 5597 were treated as outpatients.
D-dimer The _over:flll case—fata_llity rate was 2<8% (n = 175 deaths). Amo_ng th_e _p_atients who were hospitalized,
Inpatient the inpatient mortality was 13%. Among the 5597 COVID-19 patients initially treated as outpatients, 160
Outpatient (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/)
Abbreviations: COVID-19, coronavirus disease 2019; OPAC, outpatient persis- angiotensin-converting enzyme inhibitors; ARBs, angiotensin receptor blockers; MI,
tent anticoagulation therapy; IPAC, inpatient anticoagulation therapy; SARS-CoV-2, prior myocardial infarction; VTE, venous thromboembolism; IRB, institutional re-
severe Acute Respiratory Syndrome Coronavirus-2; rt-PCR, reverse transcriptase- view board; DIC, disseminated intravascular coagulation; HIT, heparin-induced
polymerase chain reaction; EHR, electronic health records; EMR, electronic medi- thrombocytopenia; HR, hazard ratio; SD, standard deviations; SE, standard errors;
cal records; DOAC, direct oral anticoagulant; mg/dl, milligram per deciliter; ACEi, Cl, confidence intervals; %, percentage; (n), number; SBP-min, minimum systolic
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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.

1. Introduction

Coronavirus disease 2019 (COVID-19) caused by Severe Acute
Respiratory Syndrome Coronavirus-2 (SARS-CoV-2) affects multiple
cell types with systemic effects outside the respiratory tract [1-3].
Observational studies have noted adverse thromboembolic events
in those with COVID-19, prompting further research on the pre-
vention and treatment of thrombosis [4-8].

The pathophysiology of hypercoagulability in COVID-19 is in-
completely understood. However, the increased risk of throm-
boembolic events is likely related to traditional risk factors and
mechanisms unique to COVID-19, such as increased inflamma-
tion, hypoxia, and endothelium inflammation [9,10]. The binding
of SARS-CoV-2 to the target host cell generates the release of in-
flammatory cytokines, promoting immune cell migration to the
site of tissue damage [11]. These activated immune cells exacer-
bate endothelial damage through increased vascular leak and micro
thrombus formation [12,13]. The higher mortality rates observed
among COVID-19 patients with elevated D-dimers may be related
to these mechanisms [7,14,15].

Anticoagulants are indicated in patients with venous throm-
boembolism and atrial fibrillation with the shortest duration of
three months for provoked venous thromboembolism [16,17]. We
decided to study the impact of persistent outpatient anticoagu-
lation (OPAC) on the risk of adverse outcomes in the setting of
COVID-19. A retrospective Italian study involving seventy elderly
patients found that outpatient anticoagulation was associated with
reduced COVID-19 mortality [18]. In an uncontrolled study from

blood pressure; SpO,-min, minimum oxygen saturation; T1DM, type 1 diabetes
mellitus; T2DM, type 2 diabetes mellitus; COPD, chronic obstructive pulmonary dis-
ease; CKD, chronic kidney disease; CO2, carbon dioxide; HCT, hematocrit; RDW, red
blood cell distribution width; SBP, systolic blood pressure; WBC, white blood cell.
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the USA, one hundred patients on outpatient anticoagulation had
lower thrombotic complications and less severe disease when they
are diagnosed with COVID-19 [19].

While some studies have explored the role of outpatient anti-
coagulation, most have focused on inpatient anticoagulation strate-
gies to reduce thrombotic events and mortality. For example, in a
study of 4389 hospitalized COVID-19 patients from the USA, anti-
coagulation lowered in-hospital mortality and intubation, although
there was no statistically significant difference in patients’ out-
comes with prophylactic versus therapeutic anticoagulation strate-
gies [20]. In another retrospective study of 395 COVID-19 in-
patients in New York City requiring mechanical ventilation, in-
hospital mortality was 29% for those treated with therapeutic anti-
coagulant versus 62% for those who did not receive any anticoagu-
lation [21]. In a Chinese single-center study of hospitalized COVID-
19 patients, 99 of 449 were treated with prophylactic dose low
molecular weight heparin. Heparin treatment was not associated
with mortality overall; however, heparin treatment was associated
with a lower risk of death among patients with elevated D-dimer
or an elevated sepsis-induced coagulopathy score [22]. Few studies
have examined the impact of risk-stratified initiation of anticoag-
ulation based on illness severity using age, gender, comorbid con-
ditions, vital signs, and D-dimer value among patients hospitalized
with COVID-19 despite their widespread use [23-28]. To that ef-
fect, the improved outcomes of hospitalized COVID-19 patients on
anticoagulation negated prior concerns in the scientific commu-
nity for disseminated intravascular coagulopathy (DIC) that were
reported earlier in the pandemic [29]. This paper defined inpatient
anticoagulation (IPAC) as the initiation of anticoagulation for pro-
phylactic, escalated prophylactic or therapeutic dose, or continua-
tion of outpatient anticoagulation.

To further explore the impact of anticoagulation on COVID-19
outcomes, we leveraged data from a large sample of adult COVID-
19 patients from a single hospital system in the upper Midwest.
Based on the improved outcomes among hospitalized patients ex-
posed to anticoagulation, we hypothesized that outpatient antico-
agulation (OPAC) would be associated with decreased risk of hospi-
tal admission and mortality among patients on anticoagulation be-
fore COVID-19 diagnosis compared to patients who were not. We
also hypothesized that IPAC would decrease the risk of mortality
among inpatients compared to patients who are not on any anti-
coagulation.

2. Methods
2.1. Design and source population

We conducted a cohort study among patients primarily man-
aged in a large academic health care system of 12 Midwest hos-
pitals and 60 primary care clinics between March 4th and August
27th, 2020. Inclusion criteria included being actively managed as
of March 4th, 2020, age > 18 years, and nasopharyngeal reverse
transcriptase-polymerase chain reaction (rt-PCR) confirmed COVID-
19 infection. This resulted in a total sample of n = 6195 patients
for analysis and included 5597 individuals initially treated as out-
patients (Fig. 1). To account for patient transfers across hospitals or
clinics, data were pooled across different electronic health records
(EHRs), and a unique patient identifier was created accounting for
the clinic, emergency department, or hospital. In cases where a pa-
tient had been encountered in two different EHRs, the most com-
prehensive EHR record was utilized. The COVID-19 subject-oriented
database includes individual-level data for patients with rt-PCR-
confirmed COVID-19, covering a diverse range of ages, races, eth-
nicities, and geographic regions within the Midwest as described in
prior publications from this group [30,31]. All patients that opted
out of research were excluded from the analysis. This study was
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Fig. 1. Flow chart of patient enrollment and progression to hospitalization and death.

approved by the University of Minnesota institutional review board
(IRB) (STUDY00001489), which provided a waiver of consent for
this study. The IRB has issued the waiver of the consent process
for this study since our study fulfilled the following four criteria: i.
involved no more than minimal risk to the subjects; ii. The waiver
will not affect the subjects’ rights adversely; iii. We could not carry
out the study without the waiver; iv. Finally, we could not carry
out the study without using biological and epidemiological infor-
mation in an identifiable format.

2.2. Medication assessment

Medications were abstracted from electronic medical records
(EMR). The use of outpatient angiotensin-converting enzyme in-
hibitors/angiotensin receptor blockers (ACEi/ARBs) was also ex-
plored due to the proposed impact on COVID-19 outcomes. Other
antihypertensive medications were not individually examined.
Among patients with positive rt-PCR initially treated as outpa-
tients, those prescribed any anticoagulant class including warfarin,
a direct oral anticoagulant (DOAC, i.e., apixaban, rivaroxaban, dabi-
gatran, edoxaban), or enoxaparin in the immediate 90 days prior
to COVID-19 diagnosis were included. We chose 90 days since this
is the shortest duration for persistent outpatient anticoagulation
(for provoked venous thromboembolism) [16]. Among inpatients,
we created an integrated definition of outpatient/inpatient anti-
coagulant therapy as follows: (i) patients who never used anti-
coagulation, neither inpatient or outpatient use; (ii) patients who
were initiated on anticoagulation upon admission; (iii) patients
who were on anticoagulation as an outpatient and were contin-
ued as an inpatient. Based on our institutional policy, universal
anticoagulation was required for all COVID-19 patients admitted
to the hospital starting May 2020 unless there was a contraindi-
cation. We stratified the patients deemed high risk based on the
D-dimer (> 10 times the upper limit of normal), admission to in-
tensive care units or being on high flow oxygen, active cancer, and
prior history of venous thromboembolism. Those who qualified to
be high risk received escalated prophylactic dose anticoagulation
with 0.5 mg/kg of enoxaparin or low-intensity heparin infusion as
permitted by their renal clearance. Patients who did not qualify
as high risk received routine weight-based enoxaparin or heparin
as determined by their glomerular filtration rate. Those who were
on therapeutic anticoagulation prior to admission continued at the
same intensity. Anticoagulation was held if platelet count was be-
low 30,000 or if there was another contraindication such as ac-
tive gastrointestinal bleeding or recent intracerebral hemorrhage.
Patients would be prescribed anticoagulation with a DOAC for 14

days after discharge. Interruption of anticoagulation was planned
prior to invasive procedures and also for a very limited number
of bleeding events. Physicians’ adherence to our institutional an-
ticoagulation algorithm was more than 90%. Prior to the date of
institutional policy enforcement (May 2020), anticoagulation was
used based on the discretion of the treating physician, given con-
cerns for DIC in the scientific community as detailed above [29].
Our rate of adherence for venous thromboembolism prophylaxis in
COVID-19 patients hospitalized prior to that date was similar to
the national average of about 50% [32].

2.3. Outcome assessment

Our analysis was focused on two groups. Our first group (out-
patient COVID-19) consisted of patients diagnosed with COVID-19
who were deemed to be stable enough to be managed as out-
patients. For this group, our primary outcome was hospital ad-
mission for all causes and in-hospital and out-of-hospital death
on or before August 27th, 2020. We compared patients who re-
ceived OPAC to patients who did not. Our second group (inpatient
COVID-19) consisted of all COVID-19 patients admitted to the hos-
pital for all causes regardless of whether they were immediately
admitted to the hospital or initially managed as an outpatient. For
this group, our primary outcome was death. We compared patients
who were on anticoagulation (initiated on IPAC or continued out-
patient anticoagulation) to patients who were not on anticoagula-
tion. Risk stratification included age, gender, the Elixhauser comor-
bidity score, vital signs, and D-dimer value [33].

2.4. Demographic, clinical, and laboratory variables

The following information was obtained from EHRs: (i) demo-
graphic information (age, sex, race/ethnicity); (ii) clinical charac-
teristics in the first 24 h following admission including respira-
tory distress (defined as < 10 respirations/minute or > 29 res-
pirations/minute), maximum heart rate, minimum systolic blood
pressure (SBP-min), minimum oxygen saturation (SpO,-min), max-
imum temperature; (iii) medical history of relevant comorbidities
with disease-specific ICD-10 codes as described by our group in
other papers [30,31]; (iv) the Elixhauser comorbidity score was cal-
culated for every single patient to represent comorbidity burden
[33]; (v) D-dimer values; (vi) patients were also categorized ac-
cording to having versus not having any of the following cardio-
vascular, immunological or hematological comorbidities: coronary
artery disease, heart failure, prior myocardial infarction (MI), heart
valve replacement, cardiac pacemaker, automatic implantable car-
dioverter device, left ventricular assist device, pulmonary arterial
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hypertension, atrial fibrillation, supraventricular tachycardia, cere-
brovascular disease, lupus anticoagulant, VTE, DIC, heparin-induced
thrombocytopenia (HIT), and other hypercoagulable states.

2.5. Statistical analysis

All analyses were performed using Stata version 16 or R ver-
sion 3.6.3. Descriptive data are presented as means + standard de-
viations (SD) for the full sample and as means =+ standard errors
(SE) for all between-group comparisons. Since we did not use the
continuous variables as an outcome measure, we did not address
normality. Categorical variables are presented as % (n). Kaplan-
Meier survival curves for time to admission or death were plot-
ted among patients using versus not using anticoagulant therapy
as detailed in Fig. 1. Hazard ratios (HR) and 95% confidence inter-
vals (CI) were calculated using multivariable Cox proportional haz-
ards models. The least absolute shrinkage and selection operator
(LASSO) model was utilized to select variables from the univariable
analysis to be used in multivariable analysis [34]. Follow-up time
began at COVID-19 diagnosis and accrued until: (i) date of admis-
sion or up to day 45 post-diagnosis, for the admission outcome;
or (ii) date of death, or August 27th, 2020 for the death-outcome.
In addition, for models predicting hospitalization, we performed a
sensitivity analysis by fitting cause-specific competing risk models
to account for the competing risk of death [35]. Multivariable mod-
els were adjusted for age, sex, self-identified race/ethnicity (as a
proxy for social, not biological risk factors), Elixhauser comorbidity
score, and the presence/absence of any cardiovascular, immunolog-
ical or hematological comorbidities. The same analytical approach
was utilized among all inpatients for the primary outcome of time
to death. We additionally performed a sensitivity analysis among
only inpatients with D-dimer values to better assess the potential
for confounding by indication.

2.6. Role of the funding source

No funding was obtained for this study. Dr. Michael Usher and
Dr. Christopher ] Tignanelli accessed the data. The decision to sub-
mit for publication was a collaborative decision among all the au-
thors.

3. Results

Among the 6195 adults included in this analysis, 598 were
immediately hospitalized upon diagnosis and 5597 were initially
treated as outpatients. The overall case-fatality rate among 6195
adults was 2.8%, with 175 deaths occurring (54 out-of-hospital).
Three hundred thirty-one patients were subsequently hospitalized
after failing outpatient therapy (5.9%) (Fig. 1). The overall inpatient
case-fatality rate was 13% (121 deaths).

The 5597 COVID-19 patients initially treated as outpatients had
a mean age of 51 & 22 years, 57% were women, and 45% self-
identified as White, 17 as Black, 9 as Asian, and 11% as others.
Among those 5597 patients, patients who failed outpatient man-
agement (n = 331) and needed to be admitted were ten years
older on average, more likely to be male, Hispanic, to have a higher
Elixhauser comorbidity score, and to be taking prescription medi-
cations reflecting their higher risk profile (Table 1). Results were
similar for death (Supplemental Table 1). Supplemental Table 2
summarizes univariable predictors of hospital admission or death.
After multivariable adjustment, male gender, non-White race, in-
creased Elixhauser scores, and any cardiovascular, immunological
or hematological comorbidities were all associated with increased
risk of hospital admission. Age, increased Elixhauser scores, and
any cardiovascular, immunological, and hematological comorbidi-
ties were associated with an increased risk of death. The HR for
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hospital admission or death (95% CI) for having any (versus none)
of these cardiovascular, immunological, and hematological comor-
bidities was 2.58 (1.93,3.43), p < 0.0001. Additional multivariable
predictors of admission or death from competing risk analyses are
shown in Table 2.

3.1. Outpatient anticoagulation therapy and risk of hospital
admission or death

Among those 5597 patients, 160 patients were on OPAC (2.9%)
which consisted of 11 enoxaparin users, 82 DOAC users, and 67
warfarin users. Table 3 summarizes participants’ characteristics
among anticoagulant users versus non-users, with anticoagulant
users being significantly sicker patients with increased age, higher
incidence of cardiovascular, immunological, and hematological co-
morbidities, and Elixhauser scores. In a multivariable analysis, any
OPAC use was associated with a 43% reduction in risk for hospi-
tal admission, HR (95% CI) = 0.57 (0.38, 0.86), p = 0.007 (Fig. 2).
In a multivariable competing risk analysis (considering death as
a competing risk), results for OPAC predicting hospital admission
were unchanged, HR (95% CI) = 0.57 (0.38, 0.87), p = 0.009. After
multivariable adjustment, any OPAC use was not empirically asso-
ciated with mortality, though precision was poor and not statisti-
cally significant, HR (95% CI) = 0.88 (0.50, 1.52), p = 0.64. Results
were unchanged when adjusting for the more concise cardiovas-
cular, immunological, and hematological comorbidities. When con-
sidering warfarin, versus DOAC, versus enoxaparin use, all patterns
were consistent with the aggregate findings for any anticoagulant
use, though precision was poor due to a low number of users for
any specific medication class (data not shown).

3.2. Inpatient anticoagulation therapy and risk of death

There were 929 admitted patients, with 598 patients admitted
upon COVID-19 diagnosis and 331 admitted after failing outpatient
treatment. Forty-two percent were admitted to the ICU and 20%
were placed on mechanical ventilation (48% of those in the ICU).
The mortality rates among those with hospital admission, ICU ad-
mission, or those treated with a ventilator were 13%, 22%, and
30%, respectively. Among admitted patients, factors associated with
death are detailed in Supplemental Table 3.

In hospitalized patients, after multivariable adjustment for age,
sex, self-identified race/ethnicity, presence of cardiovascular, im-
munological, and hematological comorbidities, Elixhauser comor-
bidity score, maximum temperature, SBP-min, respiratory distress,
Sp0O2-min, patients who did not use any anticoagulation experi-
enced increased mortality, HR (95% Cl)= 2.26 (1.17, 4.37), p = 0.015
as compared to anticoagulation users. Additional predictors for
death are shown in Table 4. The prediction was not enhanced
when considering whether anticoagulation was prophylactic, es-
calated prophylactic, or therapeutic: HRs (95% Cls) for prophylac-
tic/escalated initiation or therapeutic initiation (vs. continuation)
was 1.24 (0.73, 2.11) and 1.45 (0.70, 3.02), respectively (both p-
values > 0.30).

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

Among inpatients (n = 929), 556 patients had D-dimer lev-
els available. D-dimer levels were not significantly different across
all patients on anticoagulation. Those who continued anticoagula-
tion versus patients on prophylactic/escalated anticoagulation ver-
sus patients on therapeutic anticoagulation were similar (data ex-
pressed as mean (SE)): 1.68(0.38), 2.16(0.17), and 2.76(0.58), re-
spectively (p = 0.31). In this subgroup, after adjusting for age,
sex, self-identified race/ethnicity, presence of cardiovascular, im-
munological, and hematological comorbidities, Elixhauser comor-
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Table 1
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Characteristics 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
COoPD 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) 8 (200) 0.2818
ARB 3.4 (189) 6.6 (22) 2 (167) 0.0012
Any antiplatelet 9.1 (510) 18.4 (61) 5 (449) < 0.0001
Any anticoagulant 2.9 (160) 8.8 (29) (131) < 0.0001
Enoxaparin 0.2 (11) 0.3 (1) 2 (10 1
DOAC 1.5 (82) 4.2 (14) l 3 (68) < 0.0001
Warfarin 1.2 (67) 4.2 (14) 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

bidity score, maximum temperature, SBP-min, respiratory distress,
Sp0O2-min, every 1 mg/dL increase in the D-dimer level was as-
sociated 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
death associated with the patients who were initiated on antico-
agulation (versus patients who were continued on anticoagulation)
was 1.13 (0.58, 2.19), p = 0.72. Additional adjustment for D-Dimer
levels attenuated this association: HR (95% CI) = 0.98 (0.50,1.90),
p = 0.95. We were unable to compare patients who were never
on anticoagulation to patients who were continued on anticoagu-
lation as there were very few inpatients with D-dimer levels not
treated with anticoagulation. We examined the outcomes of pa-

tients on anticoagulation versus antiplatelets versus no anticoag-
ulation nor antiplatelets. There was no meaningful difference in
outcomes between the antiplatelet group and no anticoagulation
or antiplatelets (data not shown).

4. Discussion

In this study, individuals using anticoagulation therapy who de-
veloped COVID-19 had a 43% lower risk of hospital admission. This
study is the largest to date, to our knowledge, to examine all types-
anticoagulation in COVID-19 patients in a large and robust dataset.
Our study confirms on a larger scale the study by Chocron et al.
that 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
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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
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Predictors of mortality among all inpatients and among the subgroup of patients with D-dimer among 1485 patients of M health fairview system.

Variable

All Inpatients (n = 929)

Death (n = 121)

Hazard Ratio (95% CI)

Inpatients with D-dimer (n = 556)

Age (years)

Female

Race White

Other/Unknown

Comorbidities Comorbidity score Any Anticoagulation Indication
Anticoagulation changes Continuation Initiation Never Biomarkers
Oxygen saturation Respiratory distress SBP Temperature

D-dimer

1.05 (1.03, 1.06)
0.75 (0.51, 1.09)

Reference

0.68 (0.45, 1.03)
1.05 (1.00, 1.11)
1.63 (0.88, 3.02)
Reference

1.27 (0.75, 2.14)
2.26 (1.17, 4.37)
0.99 (0.97, 1.00)
2.10 (1.38, 3.21)
0.98 (0.97, 0.99)
1.02 (0.89, 1.15)
NA

p-value Death (n = 73) p-value
Hazard Ratio (95% CI)
< 0.0001 1.05 (1.03, 1.07) < 0.0001
0.1319  0.91 (0.55, 1.51) 0.7214
Reference
0.0678  0.55 (0.32, 0.95) 0.0314
0.0623  1.02 (0.95, 1.10) 0.5543
0.1198  1.12 (0.54, 2.29) 0.7653
Reference
0.3763  0.98 (0.50, 1.90) 0.9477
0.0151 NA* NA*
0.1322  0.99 (0.97, 1.02) 0.6098
0.0006  1.93 (1.13, 3.32) 0.0169
<0.0001 0.99 (0.98, 1.00) 0.0103
0.8163  1.06 (0.90, 1.25) 0.4947
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.

sive care unit in patients on anticoagulation before COVID-19 re-
lated hospitalization that was published [36]. It is more general-
izable than the study by Rossi et al. given a broader age range in
non-cardiac patients [18]. In spite of the significantly worse risk
profile of patients on anticoagulation than patients not on anti-
coagulation in our study, these patients were admitted less often,
which may be secondary to the biological protective effect of anti-
coagulation in COVID-19. This finding confirms our hypothesis that
in patients deemed stable enough for outpatient management, an-
ticoagulation can provide a more favorable outcome.

Earlier during the pandemic, before May 2020, there was no
widespread consensus about the role of anticoagulation in COVID-
19 [20-22]. As such, we had a comparison group of hospitalized
COVID-19 patients not on anticoagulation. In this study, any form
of anticoagulation offered a favorable mortality outcome in hospi-
talized COVID-19 patients compared to patients not on any anti-
coagulation. Our findings were independent of known risk factors
for admission and mortality, including age, sex, race/ethnicity, car-
diovascular, immunological, and hematological comorbidities, and
Elixhauser comorbidity score. Our findings were regardless of the
anticoagulation strategy: continued outpatient anticoagulation, or
the initiation of prophylactic, escalated prophylactic, or therapeu-
tic anticoagulation during hospitalization. This study also confirms
data from Paranjpe et al. and Tang et al. for potentially favorable
outcomes for hospitalized COVID-19 patients on anticoagulation in
a larger sample size [20,21]. It also confirms the data of Nadkarni
et al. and Billett et al. that showed no difference in outcomes be-
tween different anticoagulation strategies [22,27]. There have been
concerns about the potential for adverse bleeding events negating
the benefits of anticoagulation in hospitalized COVID-19 patients.
However, serious bleeding events tend to be relatively uncommon
in this population based on prior data [22,27]. While our study
was underpowered to study bleeding complications, the compara-
ble mortality rates between those initiated on anticoagulation or
were continued on anticoagulation are reassuring. Similar to other
studies, those with elevated D-dimer levels had an increased risk
of death [29,37].

At the time of this publication, multiple randomized trials are
examining the use of anticoagulation in COVID-19. A recently pub-
lished open-label clinical trial randomized 615 hospitalized COVID-
19 patients with elevated D-dimer into receiving therapeutic anti-
coagulation while hospitalized followed by rivaroxaban for 30 days
versus prophylactic anticoagulation while hospitalized only. There
was increased bleeding among patients randomized to therapeutic

anticoagulation with no improvement in outcomes [38]. In another
clinical trial, 600 COVID-19 intensive care unit patients were ran-
domized to escalated prophylactic anticoagulation versus prophy-
lactic anticoagulation. There was no difference in clinical outcomes
between the two groups [39]. Even more recently, two new articles
published results of randomized controlled trials for anticoagula-
tion in COVID-19 patients. One article based on data of 2219 non
critically ill COVID-19 patients showed improved outcomes with
therapeutic anticoagulation compared to prophylactic or escalated
dose anticoagulation [40]. The caveat was that 20% of the patients
in the intervention arm did not receive therapeutic anticoagulation
versus 26% of the patients in the control arm received escalated
prophylactic anticoagulation. The second article was based on data
of 1089 critically ill COVID-19 patients, did not show a difference
in outcomes between patients randomized to therapeutic antico-
agulation versus the control arm [41]. Again, the caveat was that
22% of patients in the intervention arm did not receive therapeutic
anticoagulation and 51% of patients in the control arm received es-
calated prophylactic anticoagulation. Results are awaited for other
trials examining anticoagulant use among COVID-19 outpatients. In
due course, these trials will provide rigorous evidence regarding
the benefits of anticoagulant therapy in the context of COVID-19
and insights regarding the optimal anticoagulant type, dosage, and
duration of therapy.

Unfortunately, many patients with an indication for anticoagu-
lation are not receiving therapy. In a study of almost 100,000 vet-
erans with nonvalvular atrial fibrillation, only 49% were on antico-
agulation even after the introduction of DOAC [42]. Similar results
were observed among a cohort of Medicare patients [43]. Even if
patients were prescribed anticoagulation, suboptimal adherence to
anticoagulation use exposes patients to a higher risk of thrombotic
events, as noted in a study of more than half a million atrial fib-
rillation patients [44]. Our study demonstrates that, in addition to
reducing the risk for thrombotic complications of atrial fibrillation,
OPAC reduces the risk for hospital admission in those diagnosed
with COVID-19. This finding can help improve adherence of pa-
tients eligible for anticoagulation to their medications as a public
health approach to minimize COVID-19 hospitalization as we, un-
fortunately, approach the next pandemic surge.

Inflammatory cytokines and the subsequent endothelium in-
flammation observed in COVID-19 likely contribute to the observed
risk for thrombosis. Several plausible pathways have been pro-
posed. The genes most significantly upregulated in the lungs of
COVID-19 patients are SERPINS E1, F1, G1 that encode for antiplas-
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min, tissue plasminogen activator inhibitor 1, and C1-esterase in-
hibitor, as well as the prothrombinase FGL2 (fibrinogen like protein
2). All of these possess significant prothrombotic activity. The rela-
tionship between inflammation and hypercoagulability is well es-
tablished in the literature [45]. In addition, coagulation factors and
platelets have been shown to modulate the host immune response
to widespread infections, but how this may lead to an increased
risk for thrombosis is unknown [46]. Several mechanisms have
been proposed to explain how anticoagulation therapy can im-
prove COVID-19 outcomes. Anticoagulants may lead to a reduction
of COVID-19 associated macrovascular thrombosis, including a re-
duction of pulmonary embolism, thrombotic stroke, and hemodial-
ysis circuit clots [47]. Alternatively, anticoagulants may reduce mi-
crovascular thrombosis, including alveolar and glomerular capillary
microthrombi [48,49].

Limitations of this study include the relatively low number of
patients on anticoagulation (n = 160, which is 2.9%) despite a large
number of enrolled patients (n = 5597) which may have led to an
imbalance of statistical power. However, this percentage of patients
on anticoagulation is consistent if not slightly higher than expected
in the USA [50]. Although the crude HR for the protective effect
of anticoagulation was 0.57 for hospitalizations in outpatients us-
ing anticoagulation, there is the possibility of unmeasured con-
founding. For instance, patients receiving anticoagulants could be
more health-conscious with an increased likelihood of taking other
health-promoting measures that might have helped minimize the
severity of the infection and improved their outcomes. For exam-
ple, these patients may have maintained more strict social distanc-
ing when infected thus had less viral load that led to their disease.
Higher viral load has been linked to worse COVID-19 outcomes
[51]. Our study also had an incomplete adjustment for prognosis at
baseline with a lack of body mass index and hemoglobin A1C lev-
els among diabetics. Both markers are beyond the categorical data
that the Elixhauser comorbidity score is based upon. Both charac-
teristics have been linked to the severity of outcomes in COVID-
19 patients [52,53]. Another point to consider is the possibility
that anticoagulation treatment is so powerful at reducing poor out-
comes, it overcomes the poor prognosis of patients on those med-
ications. From that perspective, it is conceptually possible to see a
crude HR < 1.0.

Furthermore, the exact indications and dosage for anticoagula-
tion were inferred from diagnostic codes and were not fully re-
ported, which may have contributed to confounding. Additionally,
among inpatients, the reasons for withholding or initiating antico-
agulation may not have been well captured in our multivariable
model and could be an essential source of residual confounding.
Our data was extracted from a single healthcare system, and we
cannot rule out the possibility that outpatients were hospitalized
outside of our healthcare system. However, it is unlikely that hos-
pitalization outside of our system would include a large number of
patients, which would bias results. Mortality data were informed
by state-level death certificates, which would identify deaths out-
side of our system within our state, so again if patients were ad-
mitted to another healthcare system and died, those would have
been captured. Despite our study’s large size, we were underpow-
ered to detect potentially subtle protective effects of specific types
of anticoagulation for the mortality outcome given the relatively
low number of patients who passed away. We were also under-
powered to look at thrombosis and adverse bleeding outcomes.
Although aspirin has been linked to improved outcomes of hos-
pitalized COVID-19 patients, we did not examine the impact of
aspirin specifically in this study [54]. As such results from large
randomized clinical trials, which randomize both known and un-
known confounders, are eagerly awaited to define dose, type, and
duration of anticoagulation for COVID-19 patients in outpatient, in-
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patient, and post-hospital discharge settings as well as the role of
aspirin.

An essential strength of our study is the large sample size,
powered to detect modest associations between anticoagulation
and hospitalization. Our large healthcare system includes patients
across a broad range of localities, from urban to rural, and is likely
to be highly generalizable to many health systems. This study also
represents real-world data showing beneficial anticoagulation ef-
fects in older and sicker populations who are on outpatient anti-
coagulation.

In conclusion, we have found a reduced risk for hospitaliza-
tion among patients using outpatient anticoagulation for at least
90 days before a diagnosis of COVID-19. We also observed a mod-
est but not statistically significant trend towards reduced mortal-
ity in outpatient COVID-19 patients. To date, there is no consensus
on the type of anticoagulant, dosage, or duration of therapy. Ran-
domized controlled trials for anticoagulation therapy among both
inpatients and outpatients are urgently awaited to address these
critical questions for COVID-19 patients.

Funding

None
Data sharing statement

Data will be made available upon request to the authors.
Declaration of Competing Interest

Dr. Tignanelli has a relationship (contract/grant) with the Gates
Foundation and Minnesota Partnerships to conduct randomized
controlled trial(s) of Losartan in COVID-19, outside the submit-
ted work. Dr. Haslbauer and Dr. Tzankov received funding support
from the Botnar Research Centre for Child Health Foundation Re-
search Grant on COVID-19 for all their COVID-19 related research,
outside the submitted research. Dr. Lutsey received NIH grants out-
side the submitted work. Dr. Shah received a MHealth Fairview
Learning health system K12 grant, travel award for HTRS collo-
quium and ASH Medical educator institute award, and has a ASH
system-based hematology committee leadership role. All theother
authors have nothing to disclose

Acknowledgments

We acknowledge the role of M Health Fairview information
technology for all their help in building and setting up the envi-
ronment for this database especially Dr.Genevieve Melton-Meaux,
the professor of surgery and health informatics and chief analytics
and care innovation office at M Health Fairview.

We also acknowledge the role of Jordyn Klein, academic assis-
tant at the general internal medicine division of the department of
medicine at the University of Minnesota, for helping the authors to
adhere to the EClinicalMedicine journal editing format.

Supplementary materials

Supplementary material associated with this article can be
found in the online version at doi:10.1016/j.eclinm.2021.101139.

References

[1] Puelles VG, Liitgehetmann M, Lindenmeyer MT, et al. Multiorgan and renal
tropism of SARS-CoV-2. N Engl ] Med 2020;383(6):590-2.

[2] Wang D, Hu B, Hu C, et al. Clinical characteristics of 138 hospitalized pa-
tients with 2019 novel coronavirus-infected pneumonia in Wuhan, China.
JAMA 2020;323(11):1061. doi:10.1001/jama.2020.1585.


https://doi.org/10.1016/j.eclinm.2021.101139
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0001
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0001
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0001
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0001
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0001
https://doi.org/10.1001/jama.2020.1585

S.M. Hozayen, D. Zychowski, S. Benson et al.

[3] Zou L, Ruan F, Huang M, et al. SARS-CoV-2 viral load in upper respiratory spec-

imens of infected patients. N Engl ] Med 2020;382(12):1177-9.

[4] Klok FA, Kruip M, van der Meer NJM, et al. Confirmation of the high cu-

mulative incidence of thrombotic complications in critically ill ICU patients

with COVID-19: an updated analysis Thromb Res; 2020. Published online.
doi:10.1016/j.thromres.2020.04.041.

Llitjos JF, Leclerc M, Chochois C, et al. High incidence of venous thromboem-

bolic events in anticoagulated severe COVID-19 patients. ] Thromb Haemost

2020;n/a(n/a). doi:10.1111/jth.14869.

Menter T, Haslbauer JD, Nienhold R, et al. Postmortem examination of

COVID-19 patients reveals diffuse alveolar damage with severe capillary con-

gestion and variegated findings in lungs and other organs suggesting vascular

dysfunction. Histopathology 2020;77(2):198-209.

Tang N, Li D, Wang X, Sun Z. Abnormal coagulation parameters are associated

with poor prognosis in patients with novel coronavirus pneumonia. ] Thromb

Haemost 2020;18(4):844-7. doi:10.1111/jth.14768.

[8] Wichmann D, Sperhake JP, Liitgehetmann M, et al. Autopsy findings and ve-
nous thromboembolism in patients with COVID-19: a prospective cohort study.
Ann Intern Med 2020;173(4):268-77.

[9] Cao W, Li T. COVID-19: towards understanding of pathogenesis. Cell Res
2020;30(5):367-9. doi:10.1038/s41422-020-0327-4.

[10] Gupta N, Zhao YY, Evans CE. The stimulation of thrombosis by hypoxia.
Thromb Res 2019;181:77-83. doi:10.1016/j.thromres.2019.07.013.

[11] Ingraham NE, Lotfi-Emran S, Thielen BK. Immunomodulation in COVID-19.
Lancet Respir Med 2020;8(6):544-6.

[12] Tay MZ, Poh CM, Rénia L, MacAry PA, Ng LFP. The trinity of COVID-19: immu-
nity, inflammation and intervention. Nat Rev Immunol 2020 Published online.
doi:10.1038/s41577-020-0311-8.

[13] Yang Y, Tang H. Aberrant coagulation causes a hyper-inflammatory response
in severe influenza pneumonia. Cell Mol Immunol 2016;13(4):432-42. doi:10.
1038/cmi.2016.1.

[14] Han H, Yang L, Liu R, et al. Prominent changes in blood coagulation of patients
with SARS-CoV-2 infection. Clin Chem Lab Med (CCLM) 2020;58(7):1116-20.

[15] Artifoni M, Danic G, Gautier G, et al. Systematic assessment of venous
thromboembolism in COVID-19 patients receiving thromboprophylaxis: in-
cidence and role of D-dimer as predictive factors. ] Thromb Thrombolysis
2020;50:211-16.

[16] Kearon C, Akl EA, Ornelas ], et al. Antithrombotic therapy for VTE disease:
CHEST guideline and expert panel report. Chest 2016;149(2):315-52.

[17] January CT, Wann LS, Alpert ]S, et al. 2014 AHA/ACC/HRS guideline for the
management of patients with atrial fibrillation: a report of the American Col-
lege of Cardiology/American heart association task force on practice guidelines
and the heart rhythm society. ] Am Coll Cardiol 2014;64(21):e1-e76.

[18] Rossi R, Coppi F, Talarico M, Boriani G. Protective role of chronic treatment
with direct oral anticoagulants in elderly patients affected by interstitial pneu-
monia in COVID-19 era. Eur | Intern Med 2020;77:158-60.

[19] Lachant DJ, Lachant NA, Kouides P, Rappaport S, Prasad P, White R]. Chronic
therapeutic anticoagulation is associated with decreased thrombotic complica-
tions in SARS-CoV-2 infection. ] Thromb Haemost 2020;18(10):2640-5.

[20] Paranjpe I, Fuster V, Lala A, et al. Association of treatment dose anticoagu-
lation with in-hospital survival among hospitalized patients with COVID-19. ]
Am Coll Cardiol 2020;76(1):122-4.

[21] Tang N, Bai H, Chen X, Gong J, Li D, Sun Z. Anticoagulant treatment is associ-
ated with decreased mortality in severe coronavirus disease 2019 patients with
coagulopathy. ] Thromb Haemost 2020;18(5):1094-9. doi:10.1111/jth.14817.

[22] Nadkarni GN, Lala A, Bagiella E, et al. Anticoagulation, Bleeding, Mortality,
and Pathology in Hospitalized Patients With COVID-19. ] Am Coll Cardiol
2020;76(16):1815-26.

[23] Zheng Z, Peng F, Xu B, et al. Risk factors of critical & mortal COVID-19 cases:
a systematic literature review and meta-analysis. ] Infect 2020;81(2):e16-25.

[24] Tritschler T, Mathieu M, Skeith L, et al. Anticoagulant interventions in hos-
pitalized patients with COVID-19: a scoping review of randomized con-
trolled trials and call for international collaboration. ] Thromb Haemost
2020;18(11):2958-67.

[25] Cohoon KP, Mahé G, Tafur AJ], Spyropoulos AC. Emergence of institutional
antithrombotic protocols for coronavirus 2019. Res Pract Thromb Haemost
2020;4(4):510-17.

[26] Al-Samkari H, Karp Leaf RS, Dzik WH, et al. COVID-19 and coagulation: bleed-
ing and thrombotic manifestations of SARS-CoV-2 infection. Blood ] Am Soc
Hematol 2020;136(4):489-500.

[27] Billett H, Reyes Gil M, Szymanski ], et al. Anticoagulation in COVID-19: ef-
fect of enoxaparin, heparin and Apixaban on mortality. Thromb Haemost
2020;120(12):1691-9.

[28] Rentsch CT, Beckman JA, Tomlinson L, et al. Early initiation of prophylactic an-
ticoagulation for prevention of coronavirus disease 2019 mortality in patients
admitted to hospital in the United States: cohort study. BM] (Clinical research
ed.) 2021;372:n311.

[29] Iba T, Levy JH, Levi M, Thachil J. Coagulopathy in COVID-19. ] Thromb Haemost
2020;18(9):2103-9.

[30] Lusczek ER, Ingraham NE, Karam BS, et al. Characterizing COVID-19 clinical
phenotypes and associated comorbidities and complication profiles. PLoS One
2021;16(3):e0248956.

[31] Ingraham NE, Purcell LN, Karam BS, et al. Racial and ethnic disparities in hos-
pital admissions from COVID-19: determining the impact of neighborhood de-
privation and primary language. ] Gen Intern Med 2020:1-9.

[32] Cohen AT, Tapson VF, Bergmann JF, et al. Venous thromboembolism risk and

[5

(6

(7

EClinicalMedicine 41 (2021) 101139

prophylaxis in the acute hospital care setting (ENDORSE study): a multina-
tional cross-sectional study. Lancet North Am Ed 2008;371(9610):387-94.

[33] Moore BJ, White S, Washington R, Coenen N, Elixhauser A. Identifying in-
creased risk of readmission and in-hospital mortality using hospital admin-
istrative data. Med Care 2017;55(7):698-705.

[34] Tibshirani R. Regression shrinkage and selection via the lasso. ] R Stat Soc Ser
B (Methodol.) 1996;58(1):267-88.

[35] Austin PC, Lee DS, Fine JP. Introduction to the analysis of survival data in the
presence of competing risks. Circulation 2016;133(6):601-9.

[36] Chocron R, Galand V, Cellier ], et al. Anticoagulation before hospitalization is
a potential protective factor for COVID-19: insight from a French multicenter
cohort study. ] Am Heart Assoc 2021;10(8):e018624.

[37] Tian W, Jiang W, Yao ], et al. Predictors of mortality in hospitalized
COVID-19 patients: a systematic review and meta-analysis. ] Med Virol
2020;92(10):1875-83.

[38] Lopes RD, de BE, Silva PGM, Furtado RHM, et al. Therapeutic versus prophy-
lactic anticoagulation for patients admitted to hospital with COVID-19 and
elevated D-dimer concentration (ACTION): an open-label, multicentre, ran-
domised, controlled trial. Lancet 2021;397(10291):2253-63.

[39] Sadeghipour P, Talasaz AH, et al., INSPIRATION Investigators Effect of inter-
mediate-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 2021;325(16):1620-30.

[40] Goligher EC, Bradbury CA, McVerry BJ, Lawler PR, Berger JS, Gong MN, Car-
rier M, Reynolds HR, Kumar A, Turgeon AF, Kornblith LZ, Kahn SR, Marshall JC,
Kim KS, Houston BL, Derde L, Cushman M, Zarychanski RREMAP-CAP Inves-
tigators, ACTIV-4a Investigators, ATTACC Investigators. Therapeutic anticoag-
ulation with heparin in critically Il patients with Covid-19. N Engl | Med
2021;385(9):777-89.

[41] Lawler PR, Goligher EC, Berger ]S, Neal MD, McVerry BJ, Nicolau ]JC, Gong MN,
Carrier M, Rosenson RS, Reynolds HR, Turgeon AF, Escobedo ], Huang DT, Brad-
bury CA, Houston BL, Kornblith LZ, Kumar A, Zarychanski RATTACC Investiga-
tors, ACTIV-4a Investigators, REMAP-CAP Investigators. Therapeutic anticoagu-
lation with heparin in Noncritically Il patients with Covid-19. N Engl ] Med
2021;385(9):790-802.

[42] Rose AJ, Goldberg R, McManus DD, et al. Anticoagulant prescribing for non-
valvular atrial fibrillation in the veterans health administration. ] Am Heart
Assoc 2019;8(17):e012646.

[43] Hernandez I, He M, Brooks MM, Saba S, Gellad WF. Adherence to anticoagu-
lation and risk of stroke among Medicare beneficiaries newly diagnosed with
atrial fibrillation. Am ] Cardiovasc Drugs 2020;20(2):199-207.

[44] Salmasi S, Loewen PS, Tandun R, Andrade ]G, de Vera MA. Adherence to oral
anticoagulants among patients with atrial fibrillation: a systematic review and
meta-analysis of observational studies. BM] open 2020;10(4):e034778.

[45] Ackermann M, Verleden SE, Kuehnel M, et al. pulmonary vascular endotheliali-
tis, thrombosis, and angiogenesis in Covid-19. N Engl ] Med 2020 Published
online May 21. doi:10.1056/NEJMo0a2015432.

[46] Jackson SP, Darbousset R, Schoenwaelder SM. Thromboinflammation: chal-
lenges of therapeutically targeting coagulation and other host defense mecha-
nisms. Blood 2019;133(9):906-18.

[47] Iba T, Levy JH. Inflammation and thrombosis: roles of neutrophils, platelets
and endothelial cells and their interactions in thrombus formation during sep-
sis. ] Thromb Haemost 2018;16(2):231-41.

[48] Claushuis TAM, de Stoppelaar SF, Stroo I, et al. Thrombin contributes to pro-
tective immunity in pneumonia-derived sepsis via fibrin polymerization and
platelet-neutrophil interactions. ] Thromb Haemost 2017;15(4):744-57.

[49] Chen ], Li X, Li L, et al. Coagulation factors VII, IX and X are effective
antibacterial proteins against drug-resistant gram-negative bacteria. Cell Res
2019;29(9):711-24.

[50] K.M. Beauregard, K. Carper Outpatient prescription anticoagulants utilization
and expenditures for the US civilian noninstitutionalized population age 18
and older, 2007. Statistical Brief# 268. 2009. Published online 2010. https:
//meps.ahrq.gov/data_files/publications/st268/stat268.pdf.

[51] Rao SN, Manissero D, Steele VR, Pareja J. A systematic review of the clinical
utility of cycle threshold values in the context of COVID-19. Infect Dis Ther
2020;9(3):573-86.

[52] Leong A, Cole ]B, Brenner LN, Meigs JB, Florez JC, Mercader JM. Car-
diometabolic risk factors for COVID-19 susceptibility and severity: a mendelian
randomization analysis. PLoS Med 2021;18(3):e1003553.

[53] Prattichizzo F, de Candia P, Nicolucci A, Ceriello A. Elevated HbAlc levels in
pre-Covid-19 infection increases the risk of mortality: a systematic review and
meta-analysis. Diabetes Metab Res Rev 2021:e3476 Advance online publication.

[54] Chow JH, Khanna AK, Kethireddy S, et al. Aspirin use is associated with de-
creased mechanical ventilation, intensive care unit admission, and in-hospital
mortality in hospitalized patients with coronavirus disease 2019. Anesth Analg
2021;132(4):930-41.


http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0003
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0003
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0003
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0003
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0003
https://doi.org/10.1016/j.thromres.2020.04.041
https://doi.org/10.1111/jth.14869
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0006
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0006
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0006
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0006
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0006
https://doi.org/10.1111/jth.14768
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0008
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0008
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0008
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0008
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0008
https://doi.org/10.1038/s41422-020-0327-4
https://doi.org/10.1016/j.thromres.2019.07.013
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0011
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0011
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0011
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0011
https://doi.org/10.1038/s41577-020-0311-8
https://doi.org/10.1038/cmi.2016.1
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0014
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0014
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0014
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0014
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0014
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0015
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0015
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0015
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0015
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0015
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0016
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0016
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0016
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0016
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0016
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0017
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0017
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0017
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0017
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0017
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0018
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0018
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0018
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0018
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0018
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0019
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0019
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0019
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0019
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0019
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0019
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0019
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0020
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0020
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0020
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0020
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0020
https://doi.org/10.1111/jth.14817
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0022
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0022
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0022
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0022
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0022
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0023
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0023
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0023
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0023
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0023
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0024
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0024
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0024
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0024
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0024
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0025
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0025
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0025
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0025
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0025
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0026
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0026
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0026
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0026
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0026
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0027
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0027
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0027
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0027
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0027
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0028
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0028
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0028
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0028
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0028
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0029
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0029
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0029
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0029
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0029
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0030
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0030
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0030
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0030
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0030
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0031
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0031
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0031
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0031
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0031
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0032
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0032
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0032
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0032
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0032
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0032
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0033
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0033
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0033
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0033
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0033
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0033
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0034
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0034
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0035
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0035
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0035
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0035
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0036
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0036
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0036
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0036
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0036
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0037
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0037
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0037
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0037
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0037
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0038
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0038
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0038
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0038
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0038
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0038
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0039
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0039
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0039
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0039
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0040
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0040
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0040
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0040
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0040
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0040
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0040
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0040
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0040
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0040
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0040
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0040
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0040
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0040
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0040
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0040
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0040
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0040
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0040
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0041
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0041
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0041
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0041
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0041
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0041
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0041
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0041
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0041
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0041
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0041
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0041
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0041
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0041
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0041
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0041
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0041
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0041
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0041
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0042
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0042
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0042
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0042
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0042
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0043
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0043
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0043
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0043
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0043
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0043
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0044
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0044
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0044
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0044
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0044
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0044
https://doi.org/10.1056/NEJMoa2015432
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0046
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0046
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0046
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0046
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0047
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0047
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0047
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0048
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0048
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0048
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0048
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0048
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0049
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0049
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0049
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0049
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0049
https://meps.ahrq.gov/data_files/publications/st268/stat268.pdf
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0051
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0051
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0051
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0051
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0051
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0052
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0052
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0052
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0052
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0052
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0052
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0052
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0053
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0053
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0053
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0053
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0053
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0054
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0054
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0054
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0054
http://refhub.elsevier.com/S2589-5370(21)00419-3/sbref0054

	Outpatient and inpatient anticoagulation therapy and the risk for hospital admission and death among COVID-19 patients
	Evidence before this study
	Added value of this study
	Implications of all the available evidence
	1 Introduction
	2 Methods
	2.1 Design and source population
	2.2 Medication assessment
	2.3 Outcome assessment
	2.4 Demographic, clinical, and laboratory variables
	2.5 Statistical analysis
	2.6 Role of the funding source

	3 Results
	3.1 Outpatient anticoagulation therapy and risk of hospital admission or death
	3.2 Inpatient anticoagulation therapy and risk of death
	3.3 D-dimer level and risk of death in hospitalized COVID-19 patients

	4 Discussion
	Funding
	Data sharing statement
	Declaration of Competing Interest
	Acknowledgments
	Supplementary materials
	References


