American Heart Journal Plus: Cardiology Research and Practice 20 (2022) 100191

ELSEVIER

Contents lists available at ScienceDirect

American Heart Journal Plus:
Cardiology Research and Practice

journal homepage: www.sciencedirect.com/journal/
american-heart-journal-plus-cardiology-research-and-practice o

Short communication

Check for

Aspirin use is associated with decreased inpatient mortality in patients with [

COVID-19: A meta-analysis

Aswin Srinivasan®, Jonathan Brown ?, Pavitra Parimala Krishnamani ”, Brendon Cornett C',
Ramesh Babu Kesavan ®, Siva T. Sarva®‘, Syed Arman Raza ®¢, Waleed Tallat Kayani "’

@ Department of Internal Medicine, HCA Kingwood/University of Houston College of Medicine, Kingwood, TX, United States of America

Y Department of Emergency Medicine, Baylor College of Medicine, Houston, TX, United States of America

¢ Department of Biostatistics, HCA Kingwood/University of Houston College of Medicine, Kingwood, TX, United States of America

4 Department of Pulmonary Medicine, HCA Kingwood,/University of Houston College of Medicine, Kingwood, TX, United States of America
¢ Department of Cardiology, HCA Kingwood/University of Houston College of Medicine, Kingwood, TX, United States of America

f Section of Cardiology, Baylor College of Medicine, Houston, TX, United States of America

ARTICLE INFO ABSTRACT

Keywords:

Aspirin

COVID-19

Mortality
Anti-thrombotic therapy
Thromboembolism

Thromboembolism is a major cause of death in patients who suffer from COVID-19. Studies examining the effects
of aspirin (ASA) on mortality relating to this phenomenon have showed conflicting results with varying degrees
and certainties of evidence. We performed an aggregate data meta-analysis of fourteen studies encompassing
164,539 COVID-19 patients, which showed a reduced risk of in-hospital mortality associated with ASA use in
eight studies that reported risk ratios (RR 0.90; 95 % CI 0.82-0.98; 2 =27.33 %,
reported hazard ratios (HR 0.56; 95 % CI 0.41-0.76, P < 0.01; I? = 85.92 %) and pooled effect size (0.71; 95 % CI

= 0.01), six studies that

0.59-0.85, P = 0.00, I2 = 91.51 %). The objective of this study is to report the association between low dose ASA
and a reduced risk of in-hospital mortality in patients with COVID-19.

1. Introduction

Coronavirus disease 2019 (COVID-19) is associated with an
increased risk of arterial and venous thrombosis through a proposed
mechanism involving endothelial inflammation, thrombin and platelet
recruitment, and complement activation [1]. Pulmonary microvascular
thrombosis and venous thromboembolism have been associated with
increased mortality in patients with COVID-19, although optimal inpa-
tient therapy for these complications has yet to be well-defined [2].
Acetylsalicylic acid (ASA), or aspirin — an affordable, widely available
anti-inflammatory, anticoagulant, and antithrombotic agent — has been
proposed to be potentially protective among hospitalized COVID-19
patients given these thrombotic complications [3]. Prior data address-
ing this therapy has been derived from a small number of studies with
conflicting results which makes it hard to draw robust conclusions. We
performed aggregated data to study the association between pre-
hospital and in-hospital administration of ASA among COVID-19 pa-
tients and mortality.

Abbreviations: ASA, Acetylsalicylic acid; NOS, Newcastle-Ottawa scale.

2. Materials and methods

Using PubMed, Google Scholar, OVID Medline, and the Cochrane
Library, we performed a literature search for all peer-reviewed and
published studies until March 30th, 2022 pertaining to the use of ASA in
COVID-19 patients. The terms used in the search criteria were: Aspirin
AND COVID-19 OR Aspirin AND SARS-CoV-2 OR Acetylsalicylic acid
AND COVID-19 OR Acetylsalicylic acid AND SARS-CoV-2. Studies were
assessed using the PRISMA guideline (Fig. S1). Two separate researchers
(AS and JB) conducted the search and screening of the articles. The
detailed search strategy is outlined in the supplemental materials. In-
clusion criteria included clinical trials or observational studies, hospi-
talized adults (age >18) positive for SARS-CoV-2 with confirmed reverse
transcriptase-polymerase chain reaction test, and use of ASA prior to
hospitalization or during admission. Our outcome of interest was all-
cause mortality among ASA users which could be calculated and
compared with that among non-ASA users.

The quality of studies was assessed by calculating the Newcastle-
Ottawa scale (NOS) for observational studies and JADAD score for
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RCTs (Table S1). Studies with NOS > 7 and JADAD score > 4 were
included (Table S1). Discrepancies in the score were resolved by dis-
cussion. Table S1 shows the extracted data outlining the characteristics
of included studies. Fourteen studies were included in the meta-analysis
with a total of 164,539 COVID-19 patients. 30,438 patients were in the
ASA cohort, and 134,101 patients were in non-ASA cohort. Twelve
studies included in this meta-analysis were retrospective cohort studies,
one study had a cross-sectional design, and one was a randomized
controlled trial (RCT). The mean age of patients ranged from 18 to 81
years old.

The effect of ASA on mortality was assessed by pooling the odds ratio
(OR), risk ratio (RR), and hazard ratio (HR) between the ASA and non-
ASA group. Studies were analyzed using a Random Effects Model, spe-
cifically Restricted Maximum Likelihood as the heterogeneity estima-
tion method within Stata 17.0, which allows for significant
heterogeneity between studies while still pooling. Studies that reported
OR were converted to RR, and heterogeneity between these two groups
was tested for conformity before grouping into a single stratum. This
stratum was compared to studies utilizing a HR for effect size. Hetero-
geneity between the strata was present and was expected (Fig. 1). Sta-
tistical heterogeneity between studies was evaluated using the I?

American Heart Journal Plus: Cardiology Research and Practice 20 (2022) 100191

Heterogeneity testing was conducted to compare daily prophylactic dose
and inpatient ASA administration. We also conducted heterogeneity
testing to compare studies included and not included in prior meta-
analyses (Table 1).

3. Results

Table 1

Heterogeneity test for timing of ASA administration (inpatient versus pro-
phylaxis) showed no difference in mortality. Heterogeneity test for studies
included and not included in prior meta-analyses showed no difference in
mortality.

P-Value
Heterogeneity Test for timing (inpatient vs prophylactic)
Risk ratio 0.16
Hazard ratio 0.19

Heterogeneity test for previous inclusion (yes vs no)

statistic as a measure of variability. In addition, variables of clinical Risk ratio 0.14

suspicion such as age and sex ratio were investigated for the source of Hazard ratio 0.44

heterogeneity using mixed effect meta-regression (Table S4).

Effect Size with Weight (%)

Study 95% Confidence Interval By Sample Size
Chow, Khanna Et Al. —i— 0.53[0.31, 0.90] 5.63
Chow, Rahnavard Et Al. . 0.86[0.81, 0.93] 10.65
Chow, Yin EtAl. ] 0.81[0.76, 0.87] 10.65
Haiji EtAl. - 0.75[0.56, 0.99] 8.54
Horby Et Al [ | 0.96[ 0.89, 1.04] 10.60
Kim Et Al. (Inpatient) — 00— 0.66 [ 0.36, 1.23] 483
Kim Et Al. (Prophylaxis) —— 0.63[0.41, 0.97) 6.82
Liu Et AL —_— 0.19[0.05, 0.75] 1.52
Meizlish Et Al. —i— 0.52[0.32, 0.85] 6.14
Merzon EtAl. 0.40[0.05, 3.34] 0.69
Oh EtAl. —- 0.99[0.68, 1.44] 7.46
Pan EtAl —— 1.10[0.75, 1.62] 7.35
Russo Et Al —a— 0.51[0.22, 1.19] 3.24
Sahai Et Al —— 0.86 [ 0.54, 1.37] 6.34
Santoro Et Al . 3 0.39[0.32, 0.48] 9.54
Overall . 4 0.71[0.59, 0.85)

Heterogeneity: = 0.08, P = 91.51%, H®=11.78
Test of 6, = 6;: Q(14) = 86.59, p = 0.00
Test of = 0: z=-3.65, p = 0.00

T
116 1/8
Random-effects REML model

T
172 1 2

Fig. 1. Forest plot showing pooled two way measure of effect using random effects model.
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Table 2
Mean thromboembolic events in ASA and non-ASA users.
Mean 95 %
confidence
interval

Average percent of aspirin patients with thrombotic events ~ 2.95 295 296
Average percent of non-aspirin patients with thrombotic 1.62 1.59 1.65
events

4. Discussion

Based on six studies which measured HR, the association of ASA use
with reduced mortality was statistically significant (HR 0.56; 95 % CI
0.41-0.76; 1% = 85.92 %, P < 0.01). Based on eight studies that measured
RR, the association of ASA use with reduced mortality was also statis-
tically significant (RR 0.90; 95 % CI 0.82-0.98; 12 =27.33 %, P = 0.01).
The pooled effect size showed reduced mortality was both statistically
and clinically significant (0.71; 95 % CI 0.59-0.85, P = 0.00, I? = 91.51
%). Heterogeneity testing for inpatient versus prophylactic ASA use
showed no difference (P = 0.16 for RR; P = 0.19 for HR; Table 1).
Heterogeneity testing showed no difference between studies included or
not included in prior meta-analyses (P = 0.14 for RR; P = 0.44 for HR;
Table 1). ASA use was relatively homogeneous, with most studies
reporting ASA doses between 80 and 150 mg. The duration of ASA use
was unspecified in several studies, ranging from a minimum of 7 days to
several months. ASA users had higher rates of hypertension, diabetes
mellitus, coronary artery disease and renal disease.

Each study was relatively equally weighted (Fig. 1) with the excep-
tion of studies from Horby et al. [4] (weight 10.60 %), Chow, Rahnavard
et al. [5] (weight 10.65 %) and Chow, Yin et al. [6] (weight 10.65 %).
The two largest cohort studies from Chow et al. reported decreased
mortality associated with inpatient ASA use, with subgroup analysis
demonstrating a greater benefit among elderly patients and those with
additional comorbidities [5,7]. The decreased mortality associated with
ASA can be explained by its mechanism of action. ASA acts by inhibiting
platelet function through irreversible inhibition of COX activity. It
additionally reduces levels of C-Reactive Protein and interleukin-6,
which helps mitigate cytokine storm [8,9]. ASA also lowers serum
fibrinogen levels through fibrinogen acetylation and fibrinolysis, which
consequently decreases the risk of thrombotic events [7]. Observational
studies in the literature show conflicting clinical outcomes, with the
majority demonstrating an association between ASA use and decreased
mortality.

Included in this meta-analysis, the RECOVERY RCT examined almost
15,000 patients with COVID-19 and found no significant association
between ASA use and mortality [4]. However, this open-label RCT's
sample was limited to patients who received ASA after hospitalization,
whereas our meta-analysis also included patients who received ASA
therapy prior to hospitalization. Notably, our meta-analysis found that
ASA therapy significantly decreases mortality among hospitalized
COVID-19 patients and found no difference in outcomes regardless of
whether a patient received ASA inpatient or pre-hospital prophylactic
use. Even within its limited sample, RCT reported a small increase in the
rate (4 %) of being discharged alive within 28 days among patients who
were given ASA after hospitalization.

In regards to hemorrhagic complications, four studies reported no
difference in major bleeding between ASA and non-ASA users [5-7,10].
The RECOVERY trial reported a 0.6 % absolute increase in major
bleeding events in ASA group. Patients on ASA for cardiovascular dis-
ease were excluded. 150 mg of ASA was administered in the trial,
whereas the median ASA dose was 81 mg in the four studies that re-
ported no difference in major bleeding [5-7,10]. Additionally, six
studies reported thromboembolic events and the weighted mean in ASA
users was 2.95 % [95 % CI 2.95-2.96] compared to 1.62 % [1.59-1.65]
in non-ASA group (Table 2). Patients were either initiated on ASA within
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24 h of admission, or were on chronic therapy for secondary prevention.
This suggests that patients on long-term ASA for COVID-19 may be at a
higher baseline risk for thromboembolic events. However, it is impor-
tant to note that the raw average percentages can be misleading as these
are not regression adjusted numbers. More studies are needed to confirm
the role of thromboembolic events in mortality among COVID-19
patients.

Our meta-analysis could not determine the optimal duration of an-
tiplatelet therapy for COVID-19 due to limited data. There was difficulty
in capturing ASA in electronic medical records prior to admission as ASA
is an over-the-counter medication requiring no prescription. There was
also insufficient data available to be able to compare the use of dual
antiplatelet therapy to ASA monotherapy alone. The findings in our
meta-analysis are not generalizable to the outpatient setting, as the data
available addressed inpatient mortality only. Limitations stemming from
the observational nature of included studies were addressed through
qualitative assessment using the NOS scale. Asymmetry in the funnel
plot was indicative of potential publication bias (Fig. 3S). In addition,
variations in the baseline risk of death among studies could not be
accounted for, therefore potentially leading to a difference in treatment
effect.

In the HR studies, intra-strata heterogeneity was present, which was
expected given the small number of studies within the HR group. Leave-
one-out analysis (Fig. S1) was done on the HR group to help determine
the source of heterogeneity, as well as sensitivity analysis for both strata
across two factors considered for possible sources of differences. No
source of heterogeneity was discovered, and with the use of a random
effects model, and small number of studies used, and the I? statistic bias,
the confidence interval for the pooled effect size should be the most
important metric. Regardless of which study was removed from the
leave-one-out analysis (Fig. S2), the effect size confidence interval
remained significant.

5. Conclusion

Overall, the use of ASA was associated with a protective effect,
showing decreased inpatient mortality in patients hospitalized with
COVID-19 infection. This is likely due to anti-inflammatory and anti-
thrombotic effects. Further RCTs can help elucidate the benefits and
risks of using ASA in conjunction with anticoagulant and antiplatelet
medications for COVID-19 patients. Additional data can also explore the
optimal length and time to initiation of ASA for these patients.
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