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Abstract
Purpose: Coronavirus disease 2019 (COVID- 19) is associated with hypercoagulability 
and increased thrombotic risk. The impact of prehospital antiplatelet therapy on in- 
hospital mortality is uncertain.
Methods: This was an observational cohort study of 34 675 patients ≥50 years 
old from 90 health systems in the United States. Patients were hospitalized with 
laboratory- confirmed COVID- 19 between February 2020 and September 2020. For 
all patients, the propensity to receive prehospital antiplatelet therapy was calculated 
using demographics and comorbidities. Patients were matched based on propensity 
scores, and in- hospital mortality was compared between the antiplatelet and non- 
antiplatelet groups.
Results: The propensity score- matched cohort of 17 347 patients comprised of 6781 
and 10 566 patients in the antiplatelet and non- antiplatelet therapy groups, respec-
tively. In- hospital mortality was significantly lower in patients receiving prehospital 
antiplatelet therapy (18.9% vs. 21.5%, p < .001), resulting in a 2.6% absolute reduction 
in mortality (HR: 0.81, 95% CI: 0.76– 0.87, p < .005). On average, 39 patients needed 
to be treated to prevent one in- hospital death. In the antiplatelet therapy group, there 
was a significantly lower rate of pulmonary embolism (2.2% vs. 3.0%, p = .002) and 
higher rate of epistaxis (0.9% vs. 0.4%, p < .001). There was no difference in the rate 
of other hemorrhagic or thrombotic complications.
Conclusions: In the largest observational study to date of prehospital antiplatelet 
therapy in patients with COVID- 19, there was an association with significantly lower 
in- hospital mortality. Randomized controlled trials in diverse patient populations with 

www.wileyonlinelibrary.com/journal/jth
mailto:
https://orcid.org/0000-0003-1750-3416
mailto:JChow@mfa.gwu.edu


    |  2815CHOW et al.

1  |  INTRODUC TION

Severe acute respiratory syndrome coronavirus- 2 (SARS- CoV- 2), the 
virus that causes coronavirus disease 2019 (COVID- 19), has infected 
more than 222 million people worldwide and has led to more than 
4.6 million deaths globally.1 Despite an unprecedented vaccination 
effort with more than 5.5 billion doses administered to date, novel 
SARS- CoV- 2 variants with increased infectivity have accelerated the 
spread of the disease. New cases have been recorded at a rate of 
more than 412 000 infections per day in countries such as India, and 
new deaths have exceeded 12 400 patients per day worldwide.2,3

Numerous studies have found that COVID- 19 is not only a respi-
ratory disease that can cause acute respiratory distress syndrome, 
but also a disease characterized by endothelial cell dysfunc-
tion.4 Patients with severe COVID- 19 are now well known to have 
hypercoagulability and an increased risk for venous thromboembo-
lism (VTE) and arterial thrombosis.5– 8 VTEs in patients hospitalized 
with COVID- 19 have been reported at a rate ranging from 20% to 
69%, with one study finding that VTEs were associated with a 2.4- 
fold increase in the risk of death.9– 11 Therapeutic anticoagulation 
and intermediate-  to high- dose deep vein thrombosis (DVT) prophy-
laxis have been used at many institutions, and small retrospective 
studies early in the pandemic found that these interventions were 
associated with improved outcomes.12 Interim results from larger 
studies such as the Accelerating Covid- 19 Therapeutic Interventions 
and Vaccines- 4 Antithrombotics Inpatient trial found that although 
therapeutic anticoagulation decreased the need for mechanical ven-
tilation in moderately ill patients, this benefit was not observed in 
critically ill patients.13,14

Because increased megakaryocytes have been observed in mul-
tiple organs on autopsy in COVID- 19 patients, and because of the 
high rate of thromboembolic events, there may be a role for anti-
platelet therapy in the treatment of this disease.15– 17 The first study 
of aspirin use in COVID- 19 found that in 412 patients, aspirin was as-
sociated with a significantly decreased risk of mechanical ventilation, 
intensive care unit admission, and in- hospital mortality.15 Another 
study of 638 propensity- matched patients found that aspirin was as-
sociated with a lower incidence of in- hospital mortality.16 In a large 
propensity- matched study examining 12 600 predominately male 
patients in the Veterans Affairs (VA) health system, preadmission 
aspirin use was also associated with decreased 30- day mortality.17

Given these data related to aspirin use in patients with COVID- 19, 
our study objective was to explore the effect of prehospital anti-
platelet therapy on mortality in hospitalized patients with COVID- 19. 

We hypothesized that antiplatelet therapy would be associated with 
a reduced risk of in- hospital mortality.

2  |  METHODS

2.1  |  Patients

The COVID- 19 Analysis to Assess the Mortality Impact of Antiplatelet 
Regimens at North American centers (CATAMARAN) study ana-
lyzed 34 675 COVID- 19- positive patients from 90 health systems 
and 26 states in the United States. Patients were abstracted from 
the Cerner Network Real- World Dataset, which contains deidenti-
fied data of more than 89 million patients.18 The dataset contains 
more than 17 million inpatient encounters, 161 million procedures, 
6 million microbiology results, 903 million medications, and 11 bil-
lion laboratory results. These data concepts were cleansed, stand-
ardized, and deidentified with Health Insurance Portability and 
Accountability Act- compliant operating policies before publication 
in the Cerner Network Real- World data mart.

The study was deemed exempt by the institutional review board 
at the George Washington University under 45 CFR 46.101(b). The 
study was conducted in accordance with the ethical principles de-
scribed in the Declaration of Helsinki. Patients were included in this 
study if they were ≥50 years old and hospitalized between February 
2020 and September 2020 with a confirmed diagnosis of COVID- 19. 
Patients with COVID- 19 were identified using the ICD- 10 code 
U07.1. This code is given only to patients with a confirmed diagnosis 
of COVID- 19, which is defined as a positive COVID- 19 test result or 
documentation by the patient's clinician.19 Patients with suspected, 
possible, probable, or inconclusive COVID- 19 are not coded with 

high rates of baseline comorbidities are needed to determine the ultimate utility of 
antiplatelet therapy in COVID- 19.

K E Y W O R D S
antiplatelet therapy, aspirin, clopidogrel, COVID- 19, dipyridamole, prasugrel, SARS- CoV- 2, 
ticagrelor

Essentials

• Pre- hospital antiplatelet therapy (APT) may be associ-
ated with benefits in COVID- 19.

• In 34 675 patients ≥50 years old with COVID- 19, 17 292 
patients were propensity matched.

• APT prior to admission was associated with a lower rate 
of in- hospital mortality.

• APT may have protective effects and reduce the risk of 
in- hospital mortality in COVID- 19.
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U07.1. This diagnosis code has been shown to have 98.0% sensitivity 
and 99.0% specificity for a positive SARS- CoV- 2 polymerase chain 
reaction test.20 Patients were excluded if they were <50 years old, 
not hospitalized, or if COVID- 19 positivity was not confirmed with a 
positive test result.

2.2  |  Study data

Patient demographics, comorbidities, preadmission antiplatelet 
medication use, in- hospital therapeutics, and outcome data were 
collected for each patient. Antiplatelet use was defined as the use 
of aspirin, clopidogrel, dipyridamole, ticagrelor, or prasugrel before 
hospital admission. The study's primary outcome was in- hospital 
mortality. Based on previous studies, we hypothesized that anti-
platelet therapy would be associated with decreased in- hospital 
mortality. For measures of risks and safety, we examined differ-
ences in the rate of hemorrhagic complications between the groups. 
Hemorrhagic complications were identified with procedure codes 
for blood transfusion as well as with ICD- 10 codes for cerebral 
hemorrhage, gastrointestinal bleeding, epistaxis, and pulmonary 
hemorrhage. In addition, we also analyzed differences in rates of 
thrombotic complications, such as ST- segment elevation myocardial 
infarction, pulmonary embolism (PE), acute DVT, arterial thrombosis, 
and thrombotic or embolic stroke.

2.3  |  Statistical analysis

To reduce bias, propensity score analysis was used with the Scikit- 
learn Python Library.21 Specifically, for each patient, we created 
a propensity score for receiving prehospital antiplatelet therapy. 
The independent variables in the propensity score model included 
age, gender, body mass index, race, chronic kidney disease, asthma, 
chronic obstructive pulmonary disease, heart disease, hypertension, 
diabetes, prior stroke, and prior PE. Patients were then matched by 
propensity score in a one- to- two ratio using the nearest- neighbor 
approach with no replacement and a caliper size of 0.1. A matched 
dataset containing 17 347 patients was created. The standardized 
mean difference (SMD) for each covariate was calculated to evaluate 
the balance in baseline characteristics before and after matching. In 
addition, to further assess balance, the variance ratio of the continu-
ous covariates in the antiplatelet and non- antiplatelet groups were 
calculated.22 Variables with a SMD <0.1 and variance ratio <1 were 
considered to be well- balanced between the antiplatelet and non- 
antiplatelet groups.22

The Mann- Whitney U test was used for nonparametric contin-
uous variables such as admission vital signs, quick sequential organ 
failure assessment score, and laboratory values. The chi- square test 
was applied for categorical variables such as demographics and med-
ical comorbidities. p values <.05 were considered statistically signifi-
cant for all comparisons.

Differences in study outcomes between groups were tested for 
using the chi- square test. For the primary outcome, Kaplan- Meier 
estimates of cumulative survival were calculated along with the 
hazard ratio and 95% confidence interval. For in- hospital mortality, 
the number needed to treat (NNT) was calculated from the abso-
lute risk reduction with antiplatelet therapy. Additional subgroup 
analysis exploring differences in outcomes in the aspirin, clopido-
grel, and dual antiplatelet therapy groups were performed. Finally, 
a sensitivity analysis with calculation of an E- Value was performed 
to estimate the strength of an unadjusted confounding variable as-
sociated with both antiplatelet therapy and in- hospital mortality 
that would be needed to nullify the association between the two 
variables.23

Our study was retrospective, and an a priori sample size calcu-
lation was not performed. However, post hoc calculations found 
that with the 17 347 patients in the matched cohort and with the 
observed in- hospital mortality rate of 21.5% in the non- antiplatelet 
therapy group, our sample size allowed for the detection of a 1.3% 
absolute mortality reduction and 5.8% relative mortality reduction, 
given an alpha of 5% and 80% power. Statistical analysis was per-
formed using Python 3 (Python Software Foundation).

3  |  RESULTS

The study included 34 675 patients from 90 health systems who were 
admitted with COVID- 19. Median age was 69 years (interquartile 
range 60, 78) and 52.3% of patients were male (Table 1). Prehospital 
antiplatelet therapy was present in 6781 (19.6%) patients, whereas 
27 894 (80.4%) patients were not on antiplatelet therapy at the time 
of admission. Aspirin was the most common antiplatelet agent ad-
ministered (83.9%), followed by clopidogrel (8.2%), ticagrelor (0.3%), 
and prasugrel (0.1%). Dual antiplatelet therapy was used in 7.4% of 
patients. In the group who did not receive prehospital antiplatelet 
therapy, 29.4% of patients received in- hospital antiplatelet therapy 
during their hospitalization.

Propensity score matching using the previously described meth-
odology was performed and 17 347 matched patients were included 
in the final analysis cohort (Figure 1). The SMDs in the unmatched 
sample were ≥0.1 in eight of the 17 covariates (47.1%). In contrast, 
after propensity matching, all SMDs were <0.1 and all variance ra-
tios were <1 (Figure 2). This indicated that the matched cohort was 
well balanced with respect with demographics and comorbidities.22

At the time of hospital admission, there was no difference in the 
admission quick sequential organ failure assessment score. Blood 
pressure, heart rate, and temperature were not different between 
the groups, although patients on antiplatelet therapy had higher 
SpO2 on admission (95% vs 94%). Patients receiving antiplatelet 
therapy presented with lower hemoglobin (12.5 g/dl vs 12.7), lower 
international normalized ratio (1.09 vs 1.12), and lower lactate 
(1.5 mmol/L vs 1.6) than patients not receiving antiplatelet ther-
apy. Receipt of other therapeutics that have been shown in large 
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TA B L E  1  Baseline demographics and characteristics in the overall and matched cohort

Variable
Overall Cohort 
(N = 34 675)

Matched Cohort (N = 17 347)

Antiplatelet Treatment 
(N = 6781)

No Antiplatelet Treatment 
(N = 10 566) SMD p*

Demographics

Age, years 69 (60– 78) 72 (64– 80) 72 (64– 80) 0.02

Male 18143 (52.3) 3696 (54.5) 5635 (53.3) 0.02

BMI (kg/m2) 29.0 (25.0– 34.1) 28.7 (24.7– 33.8) 28.9 (24.9– 34.0) 0.002

Race

American Indian or 
Alaskan Native

604 (1.7) 175 (2.6) 162 (1.5) 0.07

Asian 610 (1.8) 106 (1.6) 207 (2.0) 0.03

African American 6585 (19) 1327 (19.6) 2382 (22.5) 0.07

Native Hawaiian or 
Other Pacific 
Islander

88 (0.3) 16 (0.2) 25 (0.2) 0.004

Other 3747 (10.8) 566 (8.3) 976 (9.2) 0.03

Unknown 830 (2.4) 171 (2.5) 230 (2.2) 0.02

White 22 211 (64.1) 4420 (65.2) 6584 (62.3) 0.06

Comorbidities

Chronic kidney disease 6326 (18.2) 1780 (26.2) 2704 (25.6) 0.02

Asthma or COPD 6040 (17.4) 1502 (22.2) 2298 (21.7) 0.01

Heart disease 22 020 (63.5) 5226 (77.1) 8039 (76.1) 0.02

Hypertension 19 327 (55.7) 4477 (66.0) 6948 (65.8) 0.01

Diabetes mellitus 13 875 (40.0) 3391 (50.0) 5171 (48.9) 0.02

Prior stroke 1706 (4.9) 570 (8.4) 743 (7.0) 0.05

Prior pulmonary embolus 2103 (6.1) 510 (7.5) 715 (6.8) 0.03

Prehospital antiplatelet therapies

Aspirin 5659 (16.3) 5690 (83.9)

Clopidogrel 555 (1.6) 555 (8.2)

Dipyridamole 0 (0.0) 0 (0.0)

Ticagrelor 23 (0.1) 23 (0.3)

Prasugrel 8 (0.0) 8 (0.1)

Dual antiplatelet therapy 505 (1.5) 505 (7.4)

Prehospital antiplatelet doses

Aspirin 81 (81– 81) 81 (81– 81)

Clopidogrel 75 (75– 75) 75 (75– 75)

Dipyridamole 200 (200– 200) 200 (200– 200)

Ticagrelor 90 (90– 90) 90 (90– 90)

Prasugrel 10 (10– 10) 10 (10– 10)

Admission vital signs and prediction scores

Admission qSOFA 1 (0– 1) 1 (0– 1) 1 (0– 1) .29

Systolic BP, mmHg 132 (116– 148) 132 (116– 149) 132 (116– 149) .38

Diastolic BP, mmHg 74 (65– 83) 73 (64 −83) 73 (64– 83) .27

HR, beats/min 89 (78 −102) 88 (76– 102) 88 (77 −101) .25

RR 20 (18 −24) 20 (18– 24) 20 (18 −24) .004

SpO2, % 94 (91– 97) 95 (91 −97) 94 (91– 97) <.001

Temperature, °C 37.0 (36.7– 37.6) 37.0 (36.7– 37.6) 37.0 (36.7– 37.6) .45

(Continues)
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inpatient randomized controlled trials to have a mortality benefit, 
such as dexamethasone and remdesivir, was not different between 
the two groups.24– 27

In the matched cohort, in- hospital mortality was significantly 
lower for patients who were on prehospital antiplatelet therapy 
(18.9% mortality antiplatelet therapy vs 21.5% non- antiplatelet 

Variable
Overall Cohort 
(N = 34 675)

Matched Cohort (N = 17 347)

Antiplatelet Treatment 
(N = 6781)

No Antiplatelet Treatment 
(N = 10 566) SMD p*

Initial laboratory values

WBC, K/μl 7.4 (5.4– 10.4) 7.4 (5.4– 10.5) 7.4 (5.4– 10.5) .28

Lymphocytes, K/μl 0.9 (0.6– 1.3) 0.9 (0.6– 1.3) 0.9 (0.6– 1.3) .27

Hemoglobin, g/dl 12.9 (11.3– 14.2) 12.5 (11.0– 14.0) 12.7 (11.1– 14.1) <.001

Platelets, K/μl 210 (160– 275) 209 (157– 275) 208 (158– 272) .24

INR 1.12 (1.03– 1.24) 1.09 (1.00– 1.19) 1.12 (1.02– 1.26) <.001

PT, s 13.5 (12.3– 15.0) 13.6 (12.4– 15.1) 13.6 (12.4– 15.3) .10

PTT, s 31.5 (28.1– 36.4) 31.8 (28.3– 36.6) 31.9 (28.4– 37.0) .33

Fibrinogen, ng/ml 544 (427– 673) 542 (422– 677) 533 (417– 662) .08

Lactate, mmol/L 1.5 (1.1– 2.2) 1.5 (1.1– 2.2) 1.6 (1.2– 2.2) .03

Receipt of other therapeutics

Dexamethasone 18 942 (54.6) 3559 (52.5) 5645 (53.4) .41

Remdesivir 8546 (24.6) 1652 (24.4) 2455 (23.2) .14

Abbreviations: BMI, body mass index; BP, blood pressure; COPD, chronic obstructive pulmonary disease; HR, heart rate; INR, international 
normalized ratio, PT, prothrombin time; PTT, partial thromboplastin time; qSOFA, quick sequential organ failure assessment; SMD, standardized 
mean difference; SpO2, peripheral capillary oxygen saturation, WBC, white blood cell.
*Categorical variables are reported as number (percent). Continuous variables are represented as median (interquartile range). Chi- squared test for 
categorical variables, Mann- Whitney U test for continuous variables, pairwise comparison between antiplatelet therapy and non- antiplatelet therapy 
groups.

TA B L E  1  (Continued)

F I G U R E  1  Flow diagram depicting 
the phases of enrollment, exclusion, and 
data analysis. Abbreviations: COVID- 19, 
coronavirus disease 2019
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therapy, p < .001; Table 2). This difference equated to a 2.6% abso-
lute mortality reduction (95% CI, 1.4- 3.8) and a 12.1% relative mor-
tality reduction (95% CI, 6.6- 17.4). On average, 39 patients needed 
to be treated with prehospital antiplatelet therapy to prevent one in- 
hospital death. A Kaplan- Meier survival curve was created to depict 

the differences in survival between the groups (adjusted HR = 0.81; 
95% CI, 0.76- 0.87; p < .005; Figure 3). The E- value indicated that an 
unmeasured confounder would need to be associated with both pre-
hospital antiplatelet therapy and in- hospital mortality at a minimum 
risk ratio of 1.77 (upper confidence limit 1.56).

F I G U R E  2  Standardized mean differences of covariates before and after propensity matching. The dashed vertical line denotes a 
standardized mean difference of 0.1. The standardized mean differences in the unmatched sample were ≥0.1 in eight of the 17 covariates 
(47.1%). After propensity matching, all standardized mean differences were <0.1, indicating that the baseline demographics and 
comorbidities were well balanced between the antiplatelet and non- antiplatelet groups. Abbreviations: BMI, body mass index; COPD, 
chronic obstructive pulmonary disease

TA B L E  2  Complications and outcomes

Variable
Overall Cohort 
(N = 34 675)

Matched Cohort (N = 17 347)

Antiplatelet Treatment 
(N = 6781)

No Antiplatelet Treatment 
(N = 10 566) p*

Thrombotic complications

Thrombotic/embolic stroke 176 (0.5) 57 (0.8) 72 (0.7) .36

PE 876 (2.5) 151 (2.2) 321 (3.0) .002

STEMI 114 (0.3) 33 (0.5) 38 (0.4) .20

Acute deep vein thrombosis 874 (2.5) 176 (2.6) 289 (2.7) .58

Arterial thrombosis 54 (0.2) 15 (0.2) 16 (0.2) .29

Hemorrhagic complications

Cerebral hemorrhage 122 (0.4) 35 (0.5) 43 (0.4) .30

Gastrointestinal hemorrhage 822 (2.4) 211 (3.1) 283 (2.7) .10

Pulmonary hemorrhage 176 (0.5) 43 (0.6) 56 (0.5) .38

Epistaxis 169 (0.5) 61 (0.9) 46 (0.4) <.001

Blood transfusion 1395 (4.0) 187 (2.8) 418 (4.0) <.001

Outcomes

Hospital LOS, days 8 (5– 14) 8 (5– 15) 8 (5– 14) <.001

Mechanical ventilation 10 633 (30.7) 2122 (31.3) 3403 (32.2) .30

In- hospital mortality 6510 (18.8) 1280 (18.9) 2271 (21.5) <.001

Abbreviations: LOS, length of stay; PE, pulmonary embolism; STEMI, ST- segment elevation myocardial infarction.
*Categorical variables are reported as number (percent). Continuous variables are represented as median (interquartile range). Chi- squared test for 
categorical variables, Mann- Whitney U test for continuous variables, pairwise comparison between antiplatelet therapy and non- antiplatelet therapy 
groups.
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When analyzing thrombotic complications, patients on antiplate-
let therapy had a significantly lower rate of PE (2.2% antiplatelet 
therapy vs 3.0% non- antiplatelet therapy, p = .002), although there 
was no difference in the rate of stroke, ST- segment elevation myo-
cardial infarction, acute DVT, or arterial thrombosis. When examin-
ing the rate of hemorrhagic complications, the rate of epistaxis was 
significantly higher in the antiplatelet therapy group (0.9% antiplate-
let therapy vs 0.4% non- antiplatelet therapy, p < .001), although the 
number of patients requiring blood transfusions were significantly 
lower in the antiplatelet group (2.8% antiplatelet vs 4.0% non- 
antiplatelet, p < .001). The rate of cerebral, gastrointestinal, and pul-
monary hemorrhage was not different between the groups.

Because P2Y12 inhibitors are either cost- prohibitive or unavail-
able in some countries, a subgroup analysis was performed exam-
ining the outcomes in those receiving aspirin (n = 5690), clopidogrel 
(n = 555), or dual antiplatelet therapy (n = 505). Bonferroni correction 
of the five exploratory outcomes was performed (pthreshold ≤ .01), and 
when comparing those receiving only aspirin against those receiving 
no antiplatelet therapy, in- hospital mortality was significantly lower 
in the aspirin group (18.5% aspirin vs 21.5% no antiplatelet therapy, 
p < .001). This resulted in an absolute risk reduction of 3.0% and NNT 
of 33. In contrast, for those receiving only clopidogrel and for those 
receiving only dual antiplatelet therapy, the difference in in- hospital 
mortality was not significant when compared with those receiving 
no antiplatelet therapy (22.0% clopidogrel vs 21.5% no antiplatelet 
therapy, p = .81; 19.2% dual antiplatelet therapy vs 21.5% no anti-
platelet therapy, p = .28). Similarly, when performing head- to- head 

comparisons of outcomes in the aspirin, clopidogrel, and dual anti-
platelet therapy groups, in- hospital mortality was not significantly 
different for aspirin versus clopidogrel (18.5% aspirin vs. 22.0% 
clopidogrel, p = .05), and for aspirin versus dual antiplatelet therapy 
(18.5% aspirin vs. 19.2% dual antiplatelet therapy, p = .73). However, 
given the reduced sample size in the clopidogrel and dual antiplatelet 
therapy groups, and assuming an alpha of 0.05 and power of 0.8, any 
analysis involving the clopidogrel or dual antiplatelet therapy groups 
was only powered to detect a 3.5% to 3.9% absolute risk reduction 
in in- hospital mortality in these groups.

4  |  DISCUSSION

In a multicenter, retrospective, observational cohort study of 17 292 
propensity- matched patients with COVID- 19, prehospital antiplate-
let therapy was associated with a significant decrease in in- hospital 
mortality and PE. In a disease that has devastated the global popu-
lation, the observed 2.6% absolute risk reduction in mortality and 
number needed to treat of 39 could translate into a large number of 
patients who could benefit from antiplatelet therapy. Importantly, 
most patients in the antiplatelet therapy arm received aspirin, which 
is a widely available medication that is inexpensive and has a well 
described risk profile.

Antiplatelet drugs act by antagonizing the P2Y12 receptor (clopi-
dogrel, ticagrelor, and prasugrel), inhibiting phosphodiesterase 
(dipyridamole), or inhibiting cyclooxygenase- 1 (COX- 1) (aspirin), all of 

F I G U R E  3  Kaplan- Meier estimates 
of cumulative survival. Patients are 
stratified by antiplatelet therapy. Patients 
discharged within the study period are 
right- censored. The 95% CIs of estimated 
cumulative survival for each group shown 
in the shaded areas. Antiplatelet use was 
associated with a decreased hazard for 
in- hospital mortality (adjusted HR = 0.81; 
95% CI, 0.76– 0.87, p < .005)
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which are critical pathways for platelet activation and aggregation.28 
Activation of COX- 1 leads to the production of thromboxane A2 and 
increased platelet reactivity.28 Aspirin irreversibly inhibits platelet 
function by inhibiting COX- 1. Similarly, the P2Y12 receptor leads to 
activation of the glycoprotein IIb/IIIa receptor, which results in plate-
let degranulation, thromboxane A2 production, and platelet aggrega-
tion.29 Clopidogrel, ticagrelor, and prasugrel act on this pathway to 
antagonize the P2Y12 receptor and decrease platelet aggregation.29

COVID- 19 leads to microthrombosis and is associated with 
megakaryocyte proliferation in the heart, lungs, and kidneys.8,30 In 
one study, one- third of postmortem patients had PE as the cause 
of death.31 VTEs were also present in more than 50% of these pa-
tients, even though they were not suspected before death.31 In 
another study of 219 patients, 4.6% of patients had suffered from 
acute ischemic stroke, which was associated with a 50% mortality 
rate.32 Finally, in a systemic review of 27 studies, the rate of arterial 
thrombosis was 4.4% and was not limited to any one organ system.33 
Our study demonstrated a significant reduction in the rate of PE in 
the antiplatelet therapy group. However, we did not detect a signif-
icant reduction in other thrombotic complications such as DVT or 
arterial thrombosis. Because this was a retrospective study examin-
ing standardized, deidentified data, these complications could only 
be identified with ICD- 10 codes, and is a limitation to our analysis. 
It may be easier to identify and code a complication in the medical 
record with high clinical significance, such as a PE. Complications 
with lower clinical significance may be more difficult to identify and 
code accurately, which may explain why we observed a significant 
reduction in the rate of PE, but not in the rate of DVT. In addition, 
in patients presenting with dyspnea, computed tomography angiog-
raphy is commonly used in the emergency department to diagnose 
PE. However, lower extremity Doppler studies are not routinely per-
formed to diagnose DVT, especially in the setting of limiting health 
care worker exposure to COVID- 19. Additionally, in a patient with 
a PE, may clinicians may not perform Doppler studies because it 
would not alter the treatment course, which is another reason that 
may explain the insignificant difference in the rate of DVTs between 
the two groups.

4.1  |  Previous studies

Our in- hospital mortality findings on antiplatelet therapy in 
COVID- 19 are consistent with three recently published obser-
vational studies and one randomized controlled trial. The first 
study was reported from the multicenter Collaborative Registry to 
Understand the Sequelae of Harm (CRUSH) COVID Registry, which 
included 412 COVID- 19 patients.15 Mechanical ventilation (adjusted 
HR: 0.56; 95% CI, 0.37- 0.85, p = .007), intensive care unit admis-
sion (adjusted HR: 0.57; 95% CI, 0.38- 0.85, p = .005), and in- hospital 
mortality rates (adjusted HR: 0.53; 95% CI, 0.31- 0.90, p = .02) were 
more favorable in patients taking aspirin in the 7 days before admis-
sion or in the first 24 hours of admission. Those in the aspirin group 
did not have a significant increase in major bleeding complications 

(p = .69). However, this study was limited by its relatively small size, 
and the results may be difficult to discern because of the inclusion of 
both patients who were chronically taking aspirin and patients who 
acutely received aspirin in the first 24 hours of admission. Although 
the CRUSH COVID study demonstrated a larger effect size for aspi-
rin than the present study, it also included more critically ill patients.

Another study of 638 propensity- matched patients found 
that in- hospital aspirin use was associated with a lower incidence 
of in- hospital mortality (HR: 0.522; 95% CI, 0.336- 0.812).16 Even 
after accounting for the confounding effect of time inherent in the 
before- after study design, the sensitivity analysis demonstrated sig-
nificantly lower in- hospital mortality in the aspirin group (HR: 0.036; 
95% CI, 0.002- 0.576).16

Before our study, the largest investigation of aspirin in COVID- 19 
involved 12 600 propensity- matched patients from the VA health 
system.17 The odds of 30- day mortality were significantly lower in 
patients with an active outpatient aspirin prescription (OR: 0.38; 
95% CI, 0.33- 0.45).17 Mortality was reduced from 10.5% in the 
nonaspirin group to 4.3% in the aspirin group, which represented 
a 59.0% relative risk reduction in mortality. With its large sample 
size, this study further provides a strong rationale for the use of as-
pirin in COVID- 19. However, as expected in many VA health system 
studies, the matched cohort comprised of 95.8% male veterans, 
and the results may not be generalizable to a more diverse patient 
population.

The Randomized Evaluation of COVID- 19 therapy (RECOVERY) 
trial randomized 14 892 patients to either aspirin or usual care.34 
Although all- cause 28- day mortality was no different between the 
groups (rate ratio 0.96; 95% CI, 0.89- 1.04, p = .35), aspirin was as-
sociated with a reduction in hospital length of stay (median 8 days 
vs 9 days) and a modest improvement in 28- day in- hospital sur-
vival (74.8% aspirin vs 73.6% nonaspirin, rate ratio 1.06; 95% CI, 
1.02- 1.10, p = .006).34 This represents a 1.2% absolute reduction 
in in- hospital mortality, which is similar to the 2.6% absolute re-
duction found in our study. However, there are several important 
distinctions between the populations of RECOVERY and our study, 
CATAMARAN. CATAMARAN examined patients ≥50 years of age, 
whereas RECOVERY enrolled adults ≥18 years of age, which re-
sulted in older patients in our study (median age 72 vs 59 years). 
In addition, patients in CATAMARAN were more ethnically diverse 
(non- White 34.3% vs 16.0%) and had higher rates of comorbidities 
such as diabetes (49.4% vs. 21.8%), cardiovascular disease (76.5% vs. 
10.5%), lung disease (21.9% vs. 19.0%), and renal disease (25.8% vs. 
3.1%).34 Likewise, patients in CATAMARAN had more severe illness, 
as evidenced by a higher mechanical ventilation rate (31.8% vs 4.9%). 
These reasons may explain why the effect size of antiplatelet therapy 
is larger in CATAMARAN than in RECOVERY. Finally, an overwhelm-
ing majority of patients in RECOVERY received corticosteroids 
(94.1% vs 53.1%), which may decrease the observed effect size of 
aspirin. Nonetheless, the prior studies on aspirin therapy, in com-
bination with the results from RECOVERY and now CATAMARAN, 
provide evidence that antiplatelet agents may hold therapeutic value 
in the treatment of high- risk COVID- 19 patients.
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4.2  |  Adverse events

The administration of antiplatelet drugs is not without complications 
and studies in non- COVID- 19 populations have found an increased 
risk of bleeding in patients receiving aspirin for primary prevention 
of cardiovascular disease.35,36 Patients in the Aspirin in Reducing 
Events in the Elderly randomized controlled trial were 1.38 times 
more likely to have a major hemorrhagic complication, and a system-
atic review found that patients were 1.43 times more likely to have 
a serious bleeding complication while on aspirin.35,36 We did not 
find that antiplatelet therapy resulted in an increase in blood trans-
fusions during hospitalization. With the exception of epistaxis, we 
also did not find an increased risk of serious hemorrhagic complica-
tions such as cerebral, gastrointestinal, and pulmonary hemorrhage. 
Although this is contrary to previous cardiovascular disease stud-
ies, it consistent with previous COVID- 19 studies, possibly because 
COVID- 19 is such a prothrombotic disease. These data suggest that 
although aspirin use may be associated with significant benefits in 
COVID- 19, the bleeding risks should be carefully considered in each 
patient before therapy is initiated.

4.3  |  Limitations

Although our study is strengthened by a diverse population of pa-
tients from 90 health care systems in the United States, it is not 
without limitations. Our dataset relied on data extraction from the 
electronic medical record, which then underwent data cleaning and 
standardization. The reliability of the data is therefore subject to the 
accurate reporting of antiplatelet medications by patients and the 
clinicians who treated those patients. It is possible that clinicians 
may have failed to document the presence of an antiplatelet medica-
tion at admission. In this case, a patient would be misallocated to the 
non- antiplatelet therapy cohort, thus reducing the true effect size of 
antiplatelet therapy.

Our study is also limited by the bias inherent in retrospective, 
observational studies. The matching process intrinsically results in 
the loss of some patients, which could affect the generalizability 
of our study's results.37 The target matching ratio was 1:2, but not 
all patients in the treatment group could be matched with exactly 
two control patients, resulting in an actual matching ratio of 1:1.6. 
Perfect 1:2 matching of the 6781 patients in the antiplatelet therapy 
group requires 13 562 patients in the non- antiplatelet therapy group 
to be matched. With an available pool of 27 894 non- antiplatelet 
therapy patients, almost 50% of these patients need to be matched 
to attain this 1:2 matching ratio. Patients were matched on propen-
sity to receive prehospital antiplatelet therapy, and with antiplatelet 
therapy so widely used in the United States, especially in patients 
with multiple comorbidities who are older than 50 years of age, it 
may have been difficult to match patients with similar demographics 
and comorbidities who were not already on an antiplatelet agent. 
Although propensity score matching can account for observed 

biases, it cannot account for unmeasured confounders such as the 
quality of care provided to individual patients.37 It is possible that 
unmeasured confounders could have introduced treatment bias to 
patients in our cohort. However, in our sensitivity analysis, the E- 
value indicated that any confounding variable would have to have 
a minimum risk ratio of 1.77 to nullify the relationship between 
antiplatelet therapy and mortality that was observed in our study. 
Finally, some patients in the control group received in- hospital anti-
platelet therapy, and this may have led to an underestimation of the 
true effect size of prehospital antiplatelet therapy.

5  |  FUTURE INVESTIGATION

Finally, because each class of antiplatelet agent has a unique mecha-
nism of action, it is plausible that they may influence mortality out-
comes differently. Our subgroup analysis found significant mortality 
improvements in the aspirin versus the non- antiplatelet therapy 
groups. However, the differences in mortality between the clopi-
dogrel versus non- antiplatelet groups and in the dual antiplatelet 
therapy versus non- antiplatelet therapy groups were not significant. 
Similarly, head- to- head post hoc comparisons of each antiplatelet 
agent were performed to help guide future studies. No differences 
in mortality were found when comparing aspirin with clopidogrel 
and when comparing aspirin with dual antiplatelet therapy. However, 
given the reduced sample size in both the clopidogrel and dual anti-
platelet therapy cohorts, subgroup analyses involving these groups 
may have been underpowered to detect any differences. Future 
studies are necessary to determine if mortality outcomes are differ-
ent for P2Y12 antagonists, COX- 1 inhibitors, or phosphodiesterase 
inhibitors.

6  |  CONCLUSION

After more than 1 year and 4.6 million lives lost because of the 
COVID- 19 pandemic, extraordinary global efforts, unprecedented 
collaboration, and an accelerated pace of scientific research have led 
to inclusion of dexamethasone, remdesivir, monoclonal antibodies, 
and vaccines in our repertoire against COVID- 19. Our analysis adds 
to the existing evidence supporting the use of antiplatelet therapy 
in COVID- 19. Among patients ≥50 years old, there was a 12.1% rela-
tive reduction and 2.6% absolute reduction in mortality observed 
in our study, resulting in an NNT of 39. Like dexamethasone, anti-
platelet agents such as aspirin are inexpensive and widely available 
throughout the world. Antiplatelet drugs are not a substitute for 
vaccination, but as the global population continues to experience 
high infection rates, alarming variants, and overwhelmed health care 
systems, adjunct therapies are needed. Our study suggests that an-
tiplatelet drugs are associated with a modest reduction in mortality 
in an older, diverse patient population with relatively high rates of 
baseline cardiovascular comorbidities.
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