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Background: Recent studies have shown that prior antiplatelet drug use could
ameliorate the risk and mortality of acute respiratory distress syndrome (ARDS).
However, the connection between prior acetylsalicylic acid (aspirin) use and the risk of
ARDS is unknown. Our primary objective was to perform a meta-analysis on the currently
available studies to assess the association between aspirin use prior to ARDS onset and
ARDS incidence in at-risk patients.

Methods: Two investigators separately searched four research databases: MEDLINE,
EMBASE, Cochrane Library, and Web of Science for relevant articles from the earliest
available data through to July 14, 2019. In this paper, we performed a meta-analysis of the
fixed effects model using the inverse variance-weighted average method to calculate the
pooled odds ratios (ORs) and 95% confidence intervals (CIs). The primary outcome was
risk of ARDS, and the secondary outcome was the hospital mortality of at-risk patients.

Results: This article included seven studies altogether, enrolling 6,764 at-risk patients.
Our meta-analysis revealed that, compared to non-aspirin use, prior aspirin use was linked
with a significantly lower incidence of ARDS in at-risk patients (OR, 0.78; 95% CI, 0.64–
0.96; P = 0.018) with low statistical heterogeneity (I2 = 1.7%). Additionally, difference
between prior aspirin use and non-aspirin use was not remarkable for hospital mortality in
at-risk patients (OR, 0.88; 95% CI, 0.73–1.07; P = 0.204), and this analysis did not involve
statistical heterogeneity (I2 = 0%).

Conclusions: This article indicates an association between prior aspirin use and a lower
incidence of ARDS in at-risk patients, suggesting that aspirin use could potentially lower
the risk of ARDS, and the investigation of such an effect is an interesting area for future
clinical studies.
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INTRODUCTION

Acute respiratory distress syndrome (ARDS) is a clinical
syndrome with high morbidity and mortality. ARDS is
characterized by severely hypoxemic respiratory failure that
requires mechanical ventilation and often induces organ
failure. In addition, ARDS results in lower quality of life in
patients after hospital discharge (Herridge et al., 2003; Rubenfeld
et al., 2005; Herridge et al., 2011).

Mechanistically, ARDS is described as an inflammatory
syndrome characterized by inflammatory injuries to the lungs
mediated by immune cells, such as neutrophils and macrophages
(Abraham, 2003; Frank et al., 2006; Perkins et al., 2007). The
inflammatory response in the lungs is not under control and
would lead to alveolar and capillary endothelial barrier injury,
increasing its permeability to fluid. As the disease progresses,
inflammatory factors, such as tumor necrosis factor alpha (TNF-
a), interleukin (IL)-1, IL-6, and IL-12 increase, and inflammatory
cells infiltrate the lungs. Moreover, an increase in proteinaceous
fluid within the alveolar space leads to complete hypoxemia.
Furthermore, widespread coagulation cascade activation causes
microvascular thrombosis and fibroproliferation (Ware and
Matthay, 2000). A previous study showed that albuterol could
reduce the number of ventilator-free and organ failure-free days,
yet it could not improve ARDS patient survival (Wu et al., 2015). At
present, despite advancements in our understanding of ARDS
pathogenesis, there remains a lack of effective therapy for ARDS
(Boyle et al., 2013; Boyle et al., 2014).

Previous reports demonstrate that platelets play a substantial
role in the onset of ALI or ARDS (Zarbock et al., 2007; Looney
et al., 2009; Zarbock and Ley, 2009), as well as in the progression
of these diseases (Fukunaga et al., 2005; El Kebir et al., 2009;
Maderna and Godson, 2009). Experimental studies suggest that
aspirin could ameliorate neutrophil activation and reduce
inflammatory factors, such as TNF-a and IL-1 expression in
lung macrophages, and it could also lower the levels of plasma
thromboxane and reduce the degree of platelet sequestration in
lung tissues (Chelucci et al., 1993; Yasuda et al., 2008).
Unfortunately, this effect in clinical patients has been
controversial. For instance, a prospective cohort study has
shown that preadmission aspirin use was associated with a
lower risk of ARDS (Chen et al., 2015). However, several other
observational cohort studies (Kor et al., 2011; O'Neal et al., 2011;
Tuinman et al., 2012; Boyle et al., 2015; Mazzeffi et al., 2015) and
one RCT (Kor et al., 2016) have reported contrary results that,
compared to non-aspirin use, prior aspirin use could not lower
ARDS incidence. Numerous studies have demonstrated an
effective therapeutic role of antiplatelet treatment in at-risk
patients (Kor et al., 2011; Erlich et al., 2011; Chen et al., 2015;
Boyle et al., 2015). A meta-analysis showed that aspirin use prior
to the onset of sepsis could improve the mortality of septic
Abbreviations: ARDS, acute respiratory distress syndrome; OR, odds ratio; CI,
confidence interval; TNF-a, tumor necrosis factor alpha; IL, interleukin; NOS,
Newcastle-Ottawa Scale; CENTRAL, Cochrane Central Register of Controlled
Trials; RCTs, randomized clinical trial; ALI, acute lung injury.
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patients (Mohananey et al., 2016); however, there is no relevant
evidence that shows whether aspirin is associated with lower
ARDS risk or hospital mortality in at-risk patients. Therefore,
collecting the available data and assessing the collective effects of
aspirin on ARDS incidence are necessary to resolve the
current controversy.
MATERIALS AND METHODS

This meta-analysis was performed in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (Additional File 1) (Moher et al., 2009). The protocol
of this meta-analysis has been registered in PROSPERO (http://
www.crd.york.ac.uk/PROSPERO), and the registration number
is CRD42018103854.

Screening of Relevant Studies
A flowchart of the screening procedure for relevant studies is
presented in Figure 1. We searched all the available data of
MEDLINE, EMBASE, Cochrane Central Register of Controlled
Trials (CENTRAL), and Web of Science until July 14, 2019. We
also searched MeSH/Emtree and title/abstract terms for the
combined key words, “acute lung injury”, “acute respiratory
distress syndrome”, “critically ill patients”, “aspirin”, and
“acetylsalicylic acid”. The search strategy for relevant studies
are detailed in Additional File 2.

Inclusion Criteria
This article includes the relevant studies to analyze the effects of
aspirin on ARDS incidence in at-risk patients if: (1) the studies
were observational cohort studies or randomized clinical trials
(RCTs); (2) the study's participants were at-risk of ARDS or
ARDS patients in the original articles; (3) the experimental arms
of the studies were aspirin use prior to ARDS onset; (4) the
control arms of the studies were at-risk ARDS patients who did
not use aspirin or used placebo; (5) the studies measured the risk
of ARDS or hospital mortality in at-risk patients that used
aspirin and at-risk patients that did not use aspirin; and (6)
the studies were published in the English language. The patients
included in this meta-analysis were all adults. At-risk patients are
defined as patients with the presence of at least one major risk
factor for acute lung injury (ALI), including aspiration,
pneumonia, sepsis, shock, pancreatitis, high-risk trauma, or
high-risk surgery.

Extraction of Data
First, two investigators (HoL and YY) extracted the data from the
above four databases. In cases where disagreements occurred, the
determination of whether the study would be included was
discussed with the presence of a third reviewer (HuL). Then,
the relevant data, including the first name of the first author in
the original studies, the publication date, the represented country
of the articles, the design type of the included studies, the number
of experimental arms and control arms, the study period, the
dose of aspirin used, the ARDS or acute lung injury definition,
May 2020 | Volume 11 | Article 738
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and the ARDS risk and hospital mortality were extracted from
the original reports. Moreover, we evaluated the risk of ARDS as
the primary outcome and hospital mortality as the
secondary outcome.

Risk of Bias Assessment
According to the principle of the Cochrane Collaboration (GS,
2011), all domains of bias in the RCT mainly included random
sequence generation, allocation concealment, the blinding of
participants, staff and outcomes assessors, incomplete outcome
data, selective outcome reporting, and other biases. Additionally,
we used the Newcastle-Ottawa Scale (NOS) to assess the risk of
bias in the observational cohort studies (Sterne et al., 2016), and
the items included the cohort selection, the comparability of the
cohort design and analysis, as well as the adequacy of outcome
measures. The total score was equal to or greater than seven
points (high quality, Additional File 3).
Frontiers in Pharmacology | www.frontiersin.org 3
Statistical Analysis
The outcomes in this meta-analysis were the risk of ARDS and
the hospital mortality in at-risk patients. In the meta-analysis,
the heterogeneity included methodological heterogeneity,
clinical heterogeneity, and statistical heterogeneity. Most of the
meta-analysis contained statistical heterogeneity, which was
evaluated by I2 and P values. The degree of variability was due
to the heterogeneity, not the sample error (Higgins and
Thompson, 2002; Higgins et al., 2003), and when I2 was less
than 50%, between 51 and 75%, or equal to or greater than 76%,
the heterogeneity was considered low, moderate, or high,
respectively. Since the heterogeneity was low in ARDS risk and
hospital mortality outcomes, we performed a meta-analysis of
the fixed effects model using the inverse variance-weighted
average method to calculate the pooled odds ratios (ORs) and
95% confidence intervals (CIs) for each patient outcome. To
confirm the statistical significance, we performed a two-sided
FIGURE 1 | Flowchart of the study screening process.
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t-test, in which a P-value smaller than 0.05 was considered
statistically significant. The software Stata 14.0 (College
Station, Texas 77845 USA, Serial number: 401406267051) was
used for all the statistical analyses in this meta-analysis.
RESULTS

Screening of Relevant Studies
Based on the combined keywords, a total of 1,470 articles were
found in our search of the four databases, 272 of which were
duplicate studies. Among the remaining reports, 37 studies were
considered potential articles based on their titles and abstracts. In
the end, based on the inclusion criteria, seven studies (Kor et al.,
2011; O'Neal et al., 2011; Tuinman et al., 2012; Chen et al., 2015;
Boyle et al., 2015; Mazzeffi et al., 2015; Kor et al., 2016) were
confirmed for meta-analysis after full text reading and judgment.
The flowchart of the screening strategy for relevant studies is
shown in Figure 1.

Study Characteristics
A total of seven articles (Kor et al., 2011; O'Neal et al., 2011;
Tuinman et al., 2012; Chen et al., 2015; Boyle et al., 2015;
Mazzeffi et al., 2015; Kor et al., 2016) with 6,764 at-risk
patients were included in this study. All patients were
considered at risk of ARDS or diagnosed with ARDS.
Additionally, the eligible participants in this study were the
patients with ARDS/ALI, or with the presence of at least one
major risk factor for acute lung injury, including aspiration,
pneumonia, sepsis, shock, pancreatitis, high-risk trauma, or
high-risk surgery. Moreover, the outcomes were the risk of
ARDS/ALI and hospital mortality, and the data extracted from
all eligible articles were the risk adjusted OR and 95% CI. In case
the OR and its 95% CI were not reported, it was computed using
related data reported in the original articles. Moreover, the first
name of the first author in the original studies, the publication
date, the represented country of the articles, the design type of
the included studies, the number of the experimental arms and
control arms, the study period, the dose and duration of aspirin
use, and the ARDS or acute lung injury definition were also
extracted. Further details of the study populations and
interventions are shown in Table 1.

Assessing the Risk of Bias
Six of the included articles (Kor et al., 2011; O'Neal et al., 2011;
Tuinman et al., 2012; Chen et al., 2015; Boyle et al., 2015;
Mazzeffi et al., 2015; Kor et al., 2016) were observational
cohorts and one was an RCT (Kor et al., 2016), all of which
had the risk of bias scores equal to or greater than seven points,
suggesting a low risk of bias (Table 1 and Additional File 3).

Effects of Aspirin on Patient Outcomes
In the seven eligible studies (Kor et al., 2011; O'Neal et al., 2011;
Tuinman et al., 2012; Chen et al., 2015; Boyle et al., 2015;
Mazzeffi et al., 2015; Kor et al., 2016), the risk of ARDS was
chosen as the primary outcome (6,764 patients). Prior aspirin use
Frontiers in Pharmacology | www.frontiersin.org 4
was significantly associated with a decreased risk of ARDS in at-
risk patients (OR, 0.78; 95% CI, 0.64–0.96; P = 0.018; I2 = 1.7%;
Figure 2). Hospital mortality was treated as the secondary
outcome, and the difference between prior aspirin use and
non-aspirin use for hospital mortality in at-risk patients was
not significant (OR, 0.88; 95% CI, 0.73–1.07; P = 0.204; I2 = 0%;
Figure 3).

Sensitivity Analysis
Since all of the included studies were observational studies or an
RCT with a low risk of bias (Table 1), the sensitivity analysis was
not conducted on the meta-analysis, according to the
methodological criteria. Instead, the analysis was used to
evaluate the effect of each study on the collective OR and 95%
CI by omitting articles one at a time. Our data suggested that the
results were robust and reliable (Figure 4 and Supplemental
Figure 1).

Publication Bias
A funnel plot revealed that no asymmetry was found upon visual
inspection (Figure 5 and Supplemental Figure 2). The Egger
linear regression test showed that there was no potential
publication bias (P = 0.600 and 0.544; Figure 6 and
Supplemental Figure 2 and 3, respectively).
DISCUSSION

This article includes seven studies with 6,764 patients. Our meta-
analysis demonstrates that prior aspirin use could improve the
risk of ARDS incidence, but may not decrease hospital mortality
in at-risk patients. To the best of our knowledge, this is the first
time that systematic evidence was found for describing the effect
of prior aspirin use on ARDS risk and hospital mortality in at-
risk patients. However, further clinical studies are necessary to
explore whether aspirin is efficacious in the hospital in at-risk
patients previously untreated by aspirin.

Leeman et al. (1988) first reported that aspirin could decrease
the intrapulmonary shunt in pig ALI model by decreasing the
prostacyclin level or increasing leukotriene level. Subsequently,
Zarbock et al. (2006) demonstrated that an important feature of
ARDS is platelet neutrophil aggregation, and aspirin could
reduce the platelet neutrophil aggregation and increase the gas
exchange, thereby decreasing the mortality of ARDS animal
model. However, the Gongalves de Moraes et al. (1996)
showed that aspirin treatment could increase the neutrophil
number in the bronchial alveolar fluid in the ALI mouse
model. Interestingly, a systematic review (Panka et al., 2017)
showed that aspirin could attenuate inflammation and
pulmonary edema and improve the survival of preclinical
ARDS models. These preclinical experiments provided
evidence for the use of aspirin in future clinical studies. A
randomized clinical trial (Kor et al., 2016) reported that aspirin
did not reduce the incidence of ARDS, which do not support
continuation to a larger clinical trial, which was inconsistent with
the conclusion of our meta-analysis. Importantly, a subsequent
May 2020 | Volume 11 | Article 738

https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles


TABLE 1 | Characteristics of the included studies.
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FIGURE 2 | Forest plot showing the association between prior aspirin use and ARDS incidence in at-risk patients. The synthetic odds ratios (ORs) of the included
studies indicate that prior aspirin use could decrease the incidence of ARDS in at-risk patients based on the fixed effects model.
FIGURE 3 | Forest plot showing the association between prior aspirin use and hospital mortality in at-risk patients. The pooled odds ratios (ORs) of the included
studies indicate that prior aspirin use cannot decrease hospital mortality in at-risk patients, according to the fixed effects model.
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prospective human trial (Hamid et al., 2017) indicated that
aspirin can inhibit pulmonary neutrophilic inflammation, at
both low and high doses, which was agreed with the potential
effect of aspirin treatment for ARDS in our study, and the further
clinical studies should be required and evaluate the aspirin for
the prevention and treatment of ARDS.

Several mechanisms underlying the effect of aspirin on
improving the risk of ARDS in at-risk patients have been
elucidated. Numerous studies have shown that immune cells,
especially macrophages and neutrophils, migrate to and activate
in the lung endothelium, possibly inducing alveolar-capillary
membrane injury (Kodama et al., 2007; Perl et al., 2008).
Furthermore, studies indicate that inflammatory factors could
activate platelets, change platelet granule secretion and platelet
shape that regulate immune function and the inflammatory
response, and subsequently promote the onset and progression
Frontiers in Pharmacology | www.frontiersin.org 7
of ARDS (Tabuchi and Kuebler, 2008; Zarbock and Ley, 2009;
Yadav and Kor, 2015). Mechanistically, aspirin is an antiplatelet
drug that may exert anti-inflammatory functions, such as
decreasing nuclear factor kB and intracellular adhesion molecule-
1 expression. Interestingly, aspirin can also reduce levels of the
platelet, p-selectin (Grommes et al., 2012; Papadakos, 2013;
Tuinman et al., 2013; Eickmeier et al., 2013). Moreover, studies
also attest to the ability of aspirin to inhibit thromboxane A2
production by acetylating cyclooxygenase-1, thereby ameliorating
aggregation of neutrophils within the lung (Looney et al., 2009;
Grommes et al., 2012). Furthermore, a review reported that aspirin
acetylates cyclooxygenase-1, which inhibits its activity and thereby
restrains the expression of prostaglandin and leukotriene, resulting
in the alleviation of the inflammatory response (Awtry and
Loscalzo, 2000). Aspirin was also confirmed to protect endothelial
cells fromactivatedplatelets and tosubsequently reduce thenumber
of inflammatory cells as well as the levels of inflammatory factors
andadhesionmolecules (Marik, 2001). Furthermore, several studies
have revealed that aspirin could improve the pulmonarybarrier and
lung injury by promoting the resolution of lipoxins, leading to
pivotal anti-inflammatory responses and pro-resolution bioactions
(Claria and Serhan, 1995; Chiang et al., 2005; Jin et al., 2007). A
growing body of evidence shows that aspirin functions to decrease
the intrapulmonary shunt, protect from pulmonary hypertension,
and ameliorate lung edema and inflammation, thereby decreasing
the risk of ARDS (Sigurdsson et al., 1989; Leeman et al., 1992).

Our meta-analysis used a synthetic statistical analysis of the
available data to provide systematic evidence to resolve the
aforementioned controversy regarding the aspirin use in the
clinic. A meta-analysis is considered to be statistically
heterogeneous when the difference of the outcomes in each
study is beyond what is expected. In this meta-analysis, the
pooled effect of whether ARDS risk or hospital mortality showed
a low degree of heterogeneity reflected that the included studies
exhibited no differences.

This article is advantageous in a number of ways. First, the
results of the original studies were adjusted for confounding
factors, which means the pure effect of prior aspirin use on ARDS
FIGURE 4 | Sensitivity analysis indicating that the included studies were
conclusive and reliable regarding the use of aspirin and the risk of ARDS in
at-risk patients.
FIGURE 5 | Funnel plot assessing the risk of ARDS after prior aspirin use in
at-risk patients.
FIGURE 6 | Egger regression line evaluating the publication bias of the
included studies.
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risk and hospital mortality was obtained. Second, the sample size
from each study was relatively large to ensure the sample is
representative to produce robust results. Third, one RCT was
enrolled in this meta-analysis, demonstrating the high quality of
the original articles and making our study more conclusive and
reliable. Fourth, the risk of bias assessment indicated a low risk of
bias in all the included studies. Fifth, a fixed-effect model with
generic inverse variance was performed, and the adjusted ORs
and 95% CIs were extracted, so that the collective outcome of the
ORs for the effect of aspirin on ARDS risk and hospital mortality
could be calculated. Finally, the sensitivity analysis revealed that
the results of this study were conclusive and reliable.

This meta-analysis also has several limitations. We studied
the association between prior aspirin use and ARDS risk or
hospital mortality in at-risk patients; however, only one RCT
investigated such an association, and how long one should take
aspirin to prevent ARDS ideally has not been determined.
Further clinical studies are necessary to explore whether
aspirin is efficacious in the hospital in at-risk patients
previously untreated by aspirin. Although at-risk patients may
benefit from prior aspirin use, the effects, safety, and dose of
aspirin administration, initiation, and continuation in patients
who are at risk of ARDS still require exploration.
CONCLUSIONS

This is the first article to elucidate the efficacy of prior aspirin use
on ARDS risk and hospital mortality in at-risk patients. Our
results indicate that, in at-risk patients, prior aspirin use is
associated with a decreased risk of ARDS, but prior aspirin use
and hospital mortality are not significantly associated. However,
the results presented in this article should be further confirmed
by clinical studies.
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