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Anticoagulation Use as an Independent Predictor of Mortality 
and Major Adverse Cardiovascular Events in Hospitalized 
COVID-19 Patients: A Multicenter Retrospective Analysis

Nathan DeRon, Jra, d, Lawrence Hoanga, Kristopher Atena, Sri Prathivadab, Manavjot Sidhub, c

Abstract

Background: Coronavirus disease 2019 (COVID-19) is associated 
with increased incidence of cardiac arrhythmias and thrombotic 
events. The adverse cardiovascular outcomes related to ambulatory 
anticoagulation (AC) therapy in COVID-19 patients are unknown. 
The goal of this study was to identify the effects of AC use in hospi-
talized COVID-19 patients.

Methods: This is a multicenter, retrospective study that identified 
2,801 hospitalized COVID-19 polymerase chain reaction (PCR)-pos-
itive patients admitted between March 2020 and July 2021. Of these, 
375 (13.4%) were ambulatory AC users. Data were collected from the 
electronic health records of hospitalized patients. Mortality included 
in-hospital death and hospice referral. Major adverse cardiovascular 
events (MACEs) included acute heart failure (HF), myocardial in-
farction (MI), myocarditis, pulmonary embolism (PE), deep venous 
thrombosis (DVT), pericardial effusion, pericarditis, stroke, shock, 
and cardiac tamponade. A Chi-square test was used to analyze cat-
egorical variables, and multivariate logistic regression analysis was 
performed to account for comorbidities.

Results: AC non-users exhibited a higher incidence of mortality than 
AC users (13.9% vs. 7.7%, P = 0.001). However, MACE incidence 
was higher in AC users than AC non-users (44.8% vs. 26.8%, P < 
0.001). The higher MACE incidence was driven by higher rates of 
acute HF (8.3% vs. 2.5%, P < 0.001), MI (26.9% vs. 18.2%, P < 
0.001), PE/DVT (16.3% vs. 2.7%, P < 0.001), pericardial effusion 
(1.6% vs. 0.5%, P = 0.025), and stroke (2.9% vs. 1.2%, P = 0.018). 
After multivariate logistic regression, MACE incidence remained 
higher (odds ratio (OR) = 1.61, 95% confidence interval (CI): 1.27 - 

2.05, P < 0.001) and all-cause mortality rate lower (OR = 0.34, 95% 
CI: 0.23 - 0.52, P < 0.001) in AC users.

Conclusions: Ambulatory AC use is associated with increased MAC-
Es but decreased all-cause mortality in patients hospitalized with 
COVID-19. This study will help physicians identify patients at risk of 
cardiovascular mortality and direct management based on the identi-
fied risk.
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events; COVID-19; Ambulatory anticoagulation

Introduction

Cardiovascular disease is the most common cause of mortality 
in the world [1]. It is also associated with increased incidence 
of morbidity and mortality in hospitalized coronavirus disease 
2019 (COVID-19) patients [2]. Additionally, COVID-19 caus-
es inflammatory and prothrombotic states, which increase the 
incidence of major adverse cardiovascular events (MACEs) 
and cardiovascular mortality [3]. Atrial fibrillation has also 
been shown to increase the incidence of MACEs and cardio-
vascular mortality in COVID-19 patients [4]. COVID-19 has 
been linked to the development of new arrhythmias [5] and 
an overall elevated incidence of MACEs during hospitaliza-
tion [6]. Also, COVID-19 patients not vaccinated against se-
vere acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
are at increased risk of endothelial dysfunction, and therefore 
negative cardiovascular outcomes, compared to patients with-
out COVID-19 and those vaccinated against SARS-CoV-2 [7]. 
More data are required regarding unvaccinated individuals 
given their elevated risk of complications from COVID-19 in-
fection [8]. Given the prothrombotic and proarrhythmic states 
caused by COVID-19 and the prevalence of atrial fibrillation 
in the hospitalized COVID-19 population, the question of 
whether to provide anticoagulation (AC) therapy to this cohort 
of patients arose. This consideration is especially pertinent in 
the subgroup of patients currently compliant with ambulatory 
AC medications. Recent data showed AC therapy is beneficial 
to non-intensive care unit (ICU) COVID-19 patients, reduc-
ing their need for cardiovascular and respiratory organ support 
[9], as well as reducing instances of major thromboembolism 
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and death [10]. However, there remains a shortage of data re-
garding cardiovascular outcomes of AC therapy in hospital-
ized COVID-19 patients. In this study, we aimed to determine 
whether hospitalized ambulatory AC users with COVID-19 
are at increased risks for MACEs and all-cause mortality.

Materials and Methods

This is a multicenter, retrospective study that included 2,801 
unvaccinated adults over the age of 18 years with COVID-19 
confirmed by polymerase chain reaction (PCR). Patients were 
admitted to four hospitals within the Methodist Health System 
in Dallas, Texas between March 2020 and July 2021. All pa-
tients who were hospitalized and diagnosed with COVID-19 
by PCR were included. Data were de-identified prior to analy-
sis. Data abstraction was approved by WCG/Aspire Institu-
tional Review Board (IRB) (IRB#: 20201424).

Data were collected from the electronic medical records 
and included demographics, vitals and symptoms on arrival, 
laboratory measurements, inpatient medications, comor-
bidities (e.g., congestive heart failure (HF), diabetes, stroke, 
chronic obstructive pulmonary disease (COPD), hypertension, 
chronic kidney disease (CKD), asthma, and hepatic cirrho-
sis), and outcomes including all-cause MACEs and mortality 
which included in-hospital death and hospice referral. MACE 
was defined as a composite of acute HF, myocardial infarction 
(MI), myocarditis, pulmonary embolism (PE), deep venous 
thrombosis (DVT), pericardial effusion, pericarditis, stroke, 
shock, and cardiac tamponade. Patients were determined to be 
ambulatory AC users based on outpatient medication lists and 
history of medication compliance.

Depending on normal variable distribution, continuous 

variables were characterized by either median and interquar-
tile range or mean and standard deviation. Chi-square testing 
was used to analyze categorical variables. One-way analysis 
of variance or Kruskal-Wallis’s test was used for normal vari-
ables for multiple means or medians. Multivariate logistic re-
gression analysis was performed to account for demograph-
ics and comorbidities such as coronary artery disease, chronic 
HF, stroke, diabetes, hypertension, COPD, and CKD. Base 
regression included variables with data available for > 90% 
of patients. Imputation was not performed for absent labora-
tory values due to the probability that those values were non-
random. Statistical analysis was performed in R version 4.2.2 
using the EZR package version 1.61 (Saitama Medical Center, 
Jichi Medical University) [11]. A P value ≤ 0.05 was consid-
ered significant.

Results

Among 2,801 patients with PCR-positive COVID-19, 375 
(13.4%) were ambulatory AC users and 2,426 (86.6%) were 
not (Fig. 1). There was a greater proportion of males than fe-
males in both the AC users (54.4% vs. 45.6%) and AC non-
users (51.7% vs. 48.3%) (Table 1). The mean age was greater 
(68.2 ± 15.1 vs. 60.4 ± 17.4 years, P < 0.001) and the me-
dian body mass index (BMI) was slightly lower (29.95 (25.40 
- 35.10) vs. 30.00 (25.50 - 35.50) kg/m2, P = 0.826) in the 
AC users compared to the AC non-users. AC users had a sig-
nificantly higher prevalence of coronary artery disease (21.9% 
vs. 13.5%, P < 0.001), CKD (20.0% vs. 14.8%, P = 0.011), 
COPD/asthma (21.1% vs. 15.2%, P = 0.005), diabetes (45.1% 
vs. 39.1%, P = 0.031), HF (28.0% vs. 12.0%, P < 0.001), hy-
pertension (68.8% vs. 61.1%, P = 0.004), and history of stroke 

Figure 1. Flow chart of the study’s patient population. SARS-CoV-2: severe acute respiratory syndrome coronavirus 2; AC: anti-
coagulation; MACE: major adverse cardiovascular event.
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(12.8% vs. 8.8%, P = 0.017).
The incidence of MACE was higher in the AC users com-

pared to non-users (44.8% vs. 26.8%, P < 0.001) (Fig. 2). The 
higher MACE incidence was driven by higher rates of acute 
HF (8.3% vs. 2.5%, P < 0.001) (Fig. 3), MI (27.0% vs. 18.2%, 
P < 0.001) (Fig. 4), PE/DVT (16.3% vs. 2.7%, P < 0.001) (Fig. 
5), pericardial effusion (1.6% vs. 0.5%, P = 0.025) (Fig. 6), 
and stroke (2.9% vs. 1.2%, P = 0.018) (Fig. 7) in the AC user 
cohort. Logistic regression analysis accounting for underlying 
comorbidities determined that AC use was associated with in-
creased risk of MACEs (odds ratio (OR) = 1.61, 95% confi-
dence interval (CI): 1.27 - 2.05, P < 0.001).

Examination of all-cause mortality showed that AC non-

users had higher incidence of all-cause mortality compared to 
AC users (13.9% vs. 7.7%, P = 0.001) (Fig. 8). Logistic re-
gression analysis confirmed that AC use was associated with 
decreased risk of all-cause mortality (OR = 0.34, 95% CI: 0.23 
- 0.52, P < 0.001).

Discussion

We demonstrated that ambulatory AC use significantly in-
creased the risk of MACEs, including acute HF, MI, PE/DVT, 
pericardial effusion, and stroke in our patient cohort. How-
ever, AC users had a significantly decreased risk of all-cause 

Table 1.  Demographics of the Study Cohort

Factors AC non-users (n = 2,426) AC users (n = 375) P value
Age, mean (SD), years 60.43 (17.35) 68.22 (15.07) < 0.001*
Gender, n (%)
  Male 1,254 (51.7) 204 (54.4) 0.345
  Female 1,172 (48.3) 171 (45.6)
BMI, median (IQR), kg/m2 30.00 (25.50, 35.50) 29.95 (25.40, 35.10) 0.826
Comorbidities, n (%)
  CAD
    No 2,098 (86.5) 293 (78.1) < 0.001*
    Yes 328 (13.5) 82 (21.9)
  Cirrhosis
    No 2,368 (97.6) 366 (97.6) 1
    Yes 58 (2.4) 9 (2.4)
  CKD
    No 2,068 (85.2) 300 (80.0) 0.011*
    Yes 358 (14.8) 75 (20.0)
  COPD/asthma
    No 2,057 (84.8) 296 (78.9) 0.005*
    Yes 369 (15.2) 79 (21.1)
  Diabetes
    No 1,478 (60.9) 206 (54.9) 0.031*
    Yes 948 (39.1) 169 (45.1)
  Heart failure
    No 2,136 (88.0) 270 (72.0) < 0.001*
    Yes 290 (12.0) 105 (28.0)
  Hypertension
    No 943 (38.9) 117 (31.2) 0.004*
    Yes 1,483 (61.1) 258 (68.8)
  History of stroke
    No 2,213 (91.2) 327 (87.2) 0.017*
    Yes 213 (8.8) 48 (12.8)

*P < 0.05. AC: anticoagulation; BMI: body mass index; CAD: coronary artery disease; CKD: chronic kidney disease; COPD: chronic obstructive pul-
monary disease; SD: standard deviation; IQR: interquartile range.
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Figure 2. Major adverse cardiovascular event incidence by use of anticoagulation. Bars illustrate mean ± SD. MACEs: major 
adverse cardiovascular events; AC: anticoagulation; SD: standard deviation.

Figure 3. Acute heart failure incidence by use of anticoagulation. Bars illustrate mean ± SD. AC: anticoagulation; SD: standard 
deviation.
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Figure 4. Myocardial infarction (MI) incidence by use of anticoagulation. Bars illustrate mean ± SD. AC: anticoagulation; SD: 
standard deviation.

Figure 5. Incidence of pulmonary embolism (PE) and deep venous thrombosis (DVT) by use of anticoagulation. Bars illustrate 
mean ± SD. AC: anticoagulation; SD: standard deviation.
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Figure 6. Pericardial effusion incidence by use of anticoagulation. Bars illustrate mean ± SD. AC: anticoagulation; SD: standard 
deviation.

Figure 7. Stroke incidence by use of anticoagulation. Bars illustrate mean ± SD. AC: anticoagulation; SD: standard deviation.
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mortality when hospitalized for COVID-19 infection. The 
mechanism of this disparity between MACEs and cardiovas-
cular mortality may reflect the age disparity between the AC 
group and the non-AC group as the aging population likely has 
increased propensity toward MACEs. An additional possibil-
ity behind these findings is that AC, while preventing cata-
strophic adverse events such as stroke, may be causing more 
harm in this patient population as evidenced by the increased 
incidence of MACEs. However, it is unclear whether this risk 
of increased MACEs outweighs the benefit of decreased car-
diovascular mortality in this population.

Based on the current literature, this appears to be the first 
large cohort study addressing the effect of ambulatory AC use 
in unvaccinated COVID-19 patients on all-cause mortality and 
MACEs. A recent meta-analysis of patients starting either ther-
apeutic or prophylactic dosing of AC after hospital admission 
concluded that prophylactic AC is at least as effective as thera-
peutic AC at reducing all-cause mortality and the incidence of 
intubation [12]. However, this study did not distinguish be-
tween ambulatory AC and non-AC users and did not specifi-
cally assess MACE. Regarding inpatient AC use in COVID-19 
patients, Paranjpe et al [13] showed that treating mechani-
cally ventilated patients with AC doubled the median length 
of survival. Furthermore, Nadkarni et al [14] and Stone et al 
[15] showed AC use was associated with decreased all-cause 
mortality and incidence of intubation in COVID-19 patients. 
However, Lopes et al [16] showed no difference in clinical 
outcomes between COVID-19 patients receiving therapeutic 
or prophylactic AC but did show increased bleeding risk in 

therapeutic AC patients. Tremblay et al [17] also showed no 
significant difference in survival or time to mechanical venti-
lation in AC users with COVID-19. However, these previous 
studies did not assess specific mortality or MACEs in patients 
and are limited by the assessment of only inpatient AC use. 
Our study is unique given that it shows a decrease in all-cause 
mortality. Also, previous studies did not assess MACEs in this 
population.

Study strengths include a large and diverse patient popu-
lation with known COVID-19 infection and ambulatory AC 
use from four different hospitals, individual chart review and 
comprehensive validation of data, and a focus on all-cause 
mortality and MACEs in a disproportionately vulnerable 
population of unvaccinated ambulatory AC users. However, 
this study does have limitations. Vaccinated patients were ex-
cluded from this study by design. Therefore, we have no data 
on the response of vaccinated patients to the continuation of 
AC after hospital admission. Additionally, a component of the 
data in this study relied on subjective information gathered 
from the patient to characterize compliance with ambulatory 
AC therapy which may lead to bias. Furthermore, the data do 
not analyze the initiation of AC after admission in this patient 
population and only serves to comment on the decision to con-
tinue AC inpatient if the patient is compliant with their outpa-
tient regimen. In addition, the increased rate of MACEs in the 
AC group may be complicated by the age discrepancy in this 
retrospective study, as more AC users were significantly older 
than non-AC users. Future research, perhaps in a prospective 
fashion, is needed to further stratify the risk of MACE in an 

Figure 8. All-cause mortality incidence by use of anticoagulation. Bars illustrate mean ± SD. AC: anticoagulation; SD: standard 
deviation.
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age-matched patient population. Finally, this cohort represents 
a subgroup of patients who suffer from chronic cardiovascular 
disease and therefore are excessively vulnerable; therefore, the 
generalizability of these findings remains to be determined.

This study showed ambulatory use of AC is associated 
with increased incidence of MACEs and decreased incidence of 
mortality in unvaccinated patients hospitalized with COVID-19 
infection. Regarding the increased incidence of MACEs in AC 
users, it is important to remember the age discrepancy among 
the population in this study as increased incidence of MACEs 
would be expected in older individuals such as the AC user 
group in this data analysis. These results will help physicians 
stratify the risk of ambulatory AC users with COVID-19 for 
both MACEs and mortality, help guide the decision to continue 
AC inpatient in this patient population and prepare for and pre-
dict adverse outcomes. Given the findings of this study contra-
dict various previous studies regarding the finding of increased 
MACE, further investigation is warranted. Future research may 
focus on prospective data regarding continuation of AC during 
the transition from outpatient to inpatient, as well as proper se-
lection of patients for which increased MACEs outweighs the 
benefits of continuing AC after hospital admission.
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