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Background: Sepsis-associated liver injury (SALI) is a common complication in
sepsis patients, significantly affecting their prognosis. Previous studies have
shown that aspirin can improve the prognosis of septic patients. However,
there is currently a lack of clinical evidence supporting the use of aspirin in
the treatment of SALI. Therefore, we conducted this study to explore the
association between the use of aspirin and the prognosis of patients with SALI.

Methods: The patients in this study were obtained from the Medical Information
Mart for Intensive Care IV (MIMIC-IV) database, version 3.0. The primary outcome
was 30-day all-cause mortality. Baseline characteristics between the aspirin and
non-aspirin groups were balanced using propensity score matching (PSM). The
Kaplan-Meier survival curve and Cox regression analysis were used to investigate
the association between aspirin use and the prognosis of patients with SALI.

Results:Of 657 SALI patients in this study, 447 (68%) patients had not used aspirin
during hospitalization, whereas 210 (32%) had. After PSM, the 30-day mortality
was 33.1% in the non-aspirin group and 21% in the aspirin group, indicating a
significantly reduced mortality risk in the aspirin group (HR, 0.57; 95% CI,
0.37–0.90; P = 0.016). Similarly, the results of the multivariable Cox
regression analysis and inverse probability weighting (IPW) analysis showed
that, compared to the non-aspirin group, the aspirin group had a significantly
lower 30-day mortality risk (Multivariable Cox regression analysis: HR, 0.69; 95%
CI, 0.48–0.99; P = 0.047; IPW: HR, 0.62; 95% CI, 0.43–0.89; P = 0.010).
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Conclusion: Aspirin can reduce 30-day mortality in SALI patients, regardless of the
dose or timing of administration. However, careful assessment based on individual
differences is essential to ensure the safety and effectiveness of aspirin use.
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1 Introduction

Sepsis is a common critical illness in intensive care units (ICU),
characterized by a dysregulated host response to infection (Singer et al.,
2016; Giamarellos-Bourboulis et al., 2024). A study indicated that the
global mortality of sepsis patients is close to 20%, making it one of the
major disease burdens on global health (Rudd et al., 2020). The main
pathophysiologicalmechanismof sepsis involves the interaction between
inflammation and coagulation (Ghasemzadeh and Hosseini, 2013).
During sepsis, the coagulation system is activated at the site of
infection (Engelmann and Massberg, 2013). Firstly, thrombin and
thromboxane A2 (TXA2), two potent platelet activators, promote
platelet activation by binding to protease-activated receptors (PAR)
and TXA2 receptors, respectively (Engelmann and Massberg, 2013;
Wang et al., 2018). Secondly, in the process of endothelial cell injury
and apoptosis induced by sepsis, von Willebrand factor (vWF),
expressed during these events, further enhances platelet activation
and aggregation through glycoprotein receptors (GPVI and GPIbα--
IX-V) on the platelet membrane (Engelmann and Massberg, 2013;
Wang et al., 2018). This imbalance in the “platelets-inflammatory
cell-endothelial cell” interaction plays a crucial role in the
development of disseminated intravascular coagulation (DIC) and
multiple organ dysfunction syndrome (MODS) (Wang et al., 2018).
Therefore, by inhibiting platelet activation and reducing the interaction
between “platelets-inflammatory cells-endothelial cells”, it may help
block the “inflammation-coagulation cascade”, thereby reducing the
consumption of platelets and coagulation factors. Additionally,
platelets play a vital role in the activation, expansion, and regulation
of inflammation (Eisen, 2012; Jung et al., 2012). Platelets also directly kill
pathogens by releasing antimicrobial peptides, and enhance host
antibacterial capacity by forming platelet-neutrophil extracellular traps
(NETs) (Nicolai et al., 2024). Excessive platelet activation may lead to
microthrombosis and instead impair tissue perfusion (Yang et al., 2023;
Nicolai et al., 2024). Thus, aspirin may improve the immune balance at
the site of infection by moderately inhibiting platelet function. Aspirin is
themost widely used antiplatelet drug, and it also has anti-inflammatory
and immunomodulatory effects (Montinari et al., 2019; Menter and
Bresalier, 2023). In septic patients, the use of aspirin can improve their
prognosis (Hsu et al., 2022; Chen et al., 2023; Lu et al., 2023; Dong et al.,
2024). In addition to exerting antiplatelet and anti-inflammatory effects
by inhibiting cyclooxygenase (COX-1 and COX-2), aspirin can also
regulate the inflammatory response by inhibiting the NF-κb
inflammatory pathway (Ornelas et al., 2017). Moreover, acetylsalicylic
acid, a metabolite of aspirin, can inhibit High Mobility Group Box 1
(HMGB1), thereby suppressing the inflammatory response (Venereau
et al., 2016). Therefore, aspirin has significant potential to improve the
prognosis of infectious diseases by modulating inflammatory responses
and coagulation functions.

The liver, a crucial lymphoid organ, is pivotal in regulating immune
defense by clearing bacteria or toxins, producing acute-phase proteins

or cytokines, and regulating inflammatory metabolism (Nesseler et al.,
2012; Yan et al., 2014; Strnad et al., 2017). However, the immune
response is a double-edged sword, as an excessive systemic
inflammatory response may lead to liver injury (Nesseler et al.,
2012; Yan et al., 2014; Strnad et al., 2017). The liver is also a target
of sepsis-induced injury, including hypoxic hepatitis caused by shock or
hypoxia, cholestasis resulting from dysregulated bile metabolism,
hepatocellular damage from drug toxicity, and secondary sclerosing
cholangitis (Strnad et al., 2017). Liver dysfunction caused by sepsis is an
independent risk factor for multi-organ dysfunction and sepsis-induced
mortality (Yan et al., 2014). Sepsis-associated liver injury (SALI) is
characterized by INR >1.5, highlighting the critical role of coagulopathy
in its pathology (Dellinger et al., 2013; Xie et al., 2022; Cui et al., 2023; Yi
et al., 2024). Aspirin’s anti-inflammatory and antiplatelet properties can
help reduce inflammation responses and the risk of DIC(Wang et al.,
2018; Al-Husinat et al., 2023), which may play a positive role in
modulating the inflammatory responses and coagulation function in
SALI. Jiang et al. also found that aspirin can improve the prognosis of
patients with SALI by regulating the homeodomain-interacting protein
kinase 2 (HIPK2) (Jiang et al., 2018). Therefore, investigating the
relationship between aspirin use and the prognosis of SALI patients
is crucial, as it helps to elucidate its potential benefits in mitigating
inflammatory responses and coagulation abnormalities. To this end, we
conducted this study to explore the association between aspirin use and
the prognosis of SALI patients.

2 Materials and methods

2.1 Data source

The study’s data was exclusively sourced from the Medical
Information Mart for Intensive Care IV database, version 3.0
(MIMIC-IV, v3.0) (Johnson et al., 2023; Johnson et al., 2024).
The database provides clinical data on all patients admitted to
the ICU at the Beth Israel Deaconess Medical Center from
2008 to 2021. Authors who retrieve data from databases have
completed the Protecting Human Research Participants course
on the National Institutes of Health website and obtained
certification (NO.10756634) before accessing the data. The SQL
code for extracting the data is from https://github.com/MIT-LCP/
mimic-code/.

2.2 Study patients

We initially included patients who met the criteria for sepsis
3.0 on the first day of ICU admission (Singer et al., 2016).
According to the Surviving Sepsis Campaign Guidelines and
previous studies, the diagnostic criteria for SALI in this study
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were INR >1.5 and total bilirubin >2 mg/dL (34.2 μmol/L) in
septic patients within the first 24 h of ICU admission (Dellinger
et al., 2013; Xie et al., 2022; Cui et al., 2023; Yi et al., 2024). The
Exclusion criteria were: (1) Hospital and ICU readmission; (2)
Age <18 years old; (3) ICU length of stay <24 h; (4) All
liver diseases.

2.3 Variables

The following demographic variables were extracted from the
first ICU admission: age, gender, and race. White blood cell
(WBC), hemoglobin, platelets, lymphocyte count, neutrophils
count, monocyte count, international normalized ratio (INR),
alanine aminotransferase (ALT), aspartate aminotransferase
(AST), alkaline phosphatase (ALP), lactate dehydrogenase
(LDH), fibrinogen, albumin, lactate, partial pressure of arterial
oxygen (PaO2), partial pressure of arterial carbon dioxide
(PaCO2), heart rate, respiratory rate, temperature, mean blood
pressure (MBP), and oxygen saturation (SPO2) measured on the
first day of ICU admission were extracted. In addition, the
Patients’ comorbidities, Charlson comorbidity index (CCI),
critical treatments on the first day of ICU admission (RRT,
mechanical ventilation, and vasopressor), and severity scores
including sequential organ failure assessment score (SOFA)
and simplified acute physiology score II (SAPS II) were
extracted. Indicators representing multiple records by
calculating the worst values based on the direction of
abnormality (Supplementary Table S1).

2.4 Study outcomes

The primary outcome was 30-day all-cause mortality.
Secondary outcomes included 90-day all-cause mortality, in-
hospital mortality, ICU mortality, duration of hospital stay,
and duration of ICU stay.

2.5 Missing values and outliers of variables

There are many missing values and outliers of the variables
(Supplementary Figure S1A; Supplementary Figure S6). We
excluded variables with more than 25% missing values and
imputed others by multiple imputations or the missForest
method. The distributions of variables were compared between
the imputed cohorts and the original cohort using joy plots, and
the imputed cohort most similar to the original cohort was
selected for data analysis (Cart cohort) (Supplementary Figure
S1B). For some outliers in the data, we perform Winsorize
transformation and replace them with the boundary values—
[Quantile 1–3×IQR](lower)/[Quantile 3 + 3×IQR](upper).

2.6 Propensity score matching

Patients with SALI were matched 1:1 using the nearest
neighbor method, with a caliper width of 0.05 on the

propensity score (PS) scale. The balance of confounding
variables was evaluated using standardized differences, with
significant imbalances defined as values exceeding 10%
(Supplementary Figures S1D, E).

2.7 Statistical analysis

Count data were expressed as frequencies, and P-values for
group comparisons were calculated using the chi-square test.
Depending on the sample sizes, either Pearson’s chi-square test
or Fisher’s exact test was used. The Shapiro-Wilk test was
performed to assess the normality of continuous data. Data
that followed a normal distribution were reported as mean ±
standard deviation (SD), and comparisons between groups were
conducted using the independent samples t-test. For data that did
not meet the normality assumption, values were presented as
median (interquartile range, IQR), with the Mann-Whitney U
test employed for intergroup comparisons. Due to the
multicollinearity between variables may reduce the accuracy of
multivariate regression results, when two variables are highly
correlated (Spearman coefficient >0.7), one variable with a lower
correlation with the outcome is removed (Supplementary Figure
S1B). We used multivariate COX regression analysis to examine
the association between aspirin and mortality. Results are shown
as Hazard Ratios (HR) and 95% confidence intervals (CI). The
survival analysis was performed using the Kaplan-Meier survival
curve. We also employed restricted cubic spline (RCS) regression
models to examine the association between INR or total bilirubin
levels and 30-day mortality. A restricted cubic spline model with
three–seven nodes was fitted, and the model with the lowest
Akaike Information Criterion (AIC) was selected to determine
the optimal number of nodes. Subgroup analyses were performed
as stratified by age, gender, race, INR, total bilirubin, baseline
scores (SOFA score, SAPS II score, CCI score), comorbidities
(hypertension, CAD, cerebrovascular disease, diabetes, and AKI),
and critical treatments on the first day of ICU admission (RRT,
mechanical ventilation, and vasopressor). A P value <0.05 for two
sides is considered statistical significance. Structure Query

FIGURE 1
Flow Chart. MIMIC IV: Medical Information Mart for Intensive
Care IV; ICU: Intensive Care Unit; SALI: Sepsis-associated liver injury;
INR: International Normalized Ratio.
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TABLE 1 Characteristics of patients with SALI.

Variables Before PSM After PSM

Non-aspirin Aspirin P value Non-aspirin Aspirin P value

Patients number 447 210 148 148

Demographics

Age 69.2 (56.8, 81.4) 73.1 (64.1, 81.5) 0.002 75.1 (58.7, 83.6) 72.2 (62.6, 80.0) 0.389

Gender, male 248 (55.5) 145 (69.1) <0.001 91 (61.5) 94 (63.5) 0.719

Race 0.127 0.870

Other/Unknown 130 (29.1) 58 (27.6) 47 (31.76) 43 (29.05)

Black 48 (10.7) 13 (6.2) 9 (6.08) 10 (6.76)

White 269 (60.2) 139 (66.2) 92 (62.16) 95 (64.19)

Vital/Laboratory variables

Temperature 37.3 (37.0, 38.1) 37.3 (37.0, 38.0) 0.962 37.3 (37.0, 38.0) 37.4 (37.0, 38.1) 0.362

Heart rate, bmp 117.0 (100.0, 132.0) 108.0 (94.3, 124.0) <0.001 113.4 ± 21.9 112.3 ± 21.5 0.655

Respiratory Rate 30.0 (26.0, 35.0) 28.0 (25.0, 34.0) 0.025 29.8 (26.0, 34.0) 28.0 (25.0, 34.3) 0.607

MBP, mmHg 55.0 (47.0, 62.0) 56.0 (47.3, 62.0) 0.781 55.0 (48.8, 61.3) 56.0 (47.8, 62.0) 0.729

SpO2 92.0 (88.0, 94.0) 92.0 (89.3, 94.0) 0.237 92.0 (89.0, 94.0) 92.0 (89.0, 94.0) 0.573

WBC 16.7 (10.4, 25.4) 16.8 (10.7, 22.8) 0.876 15.5 (10.3, 24.1) 16.8 (10.0, 23.0) 0.590

Platelets 115.0 (63.0, 176.0) 133.0 (83.3, 191.5) 0.003 135.5 (82.8, 192.8) 131.5 (81.0, 192.5) 0.782

Hemoglobin 9.5 (7.7, 11.1) 9.4 (7.7, 11.4) 0.601 9.7 (8.0, 11.4) 9.2 (7.7, 11.3) 0.322

Lymphocytes count 0.8 (0.4, 1.3) 0.8 (0.5, 1.4) 0.161 0.8 (0.5, 1.1) 0.9 (0.6, 1.3) 0.123

Monocytes count 0.6 (0.3, 1.1) 0.8 (0.4, 1.2) 0.003 0.6 (0.3, 1.1) 0.8 (0.4, 1.3) 0.046

Neutrophils count 11.9 (7.1, 18.9) 11.6 (7.7, 18.0) 0.691 11.7 (7.3, 18.5) 12.4 (7.5, 17.8) 0.600

INR 2.1 (1.8, 2.8) 1.9 (1.7, 2.7) 0.121 2.1 (1.8, 2.6) 1.9 (1.7, 2.8) 0.399

Total bilirubin 3.7 (2.6, 6.1) 3.4 (2.5, 4.7) 0.009 3.4 (2.6, 4.7) 3.5 (2.7, 5.0) 0.756

Albumin 2.71 ± 0.63 2.88 ± 0.56 <0.001 2.88 ± 0.62 2.84 ± 0.54 0.608

ALT 119.0 (41.0, 367.0) 118.5 (37.3, 289.8) 0.446 115.5 (40.0, 390.0) 121.5 (33.5, 296.8) 0.639

ALP 168.0 (91.5, 295.5) 126.5 (74.3, 250.8) 0.002 165.0 (92.5, 238.0) 141.0 (76.8, 261.8) 0.310

AST 172.0 (66.5, 577.0) 175.5 (78.5, 421.3) 0.829 181.0 (57.0, 610.8) 176.0 (80.0, 472.3) 0.917

CCI score 5.0 (3.0, 8.0) 6.0 (4.0, 8.0) <0.001 6.0 (3.0, 8.0) 6.0 (4.0, 8.0) 0.601

SOFA score 9.0 (6.0, 12.5) 9.0 (7.0, 12.0) 0.532 9.0 (5.8, 12.0) 9.0 (7.0, 11.3) 0.690

SAPS II score 49.0 (39.0, 63.0) 47.5 (37.3, 58.8) 0.151 47.0 (36.8, 57.0) 47.0 (37.8, 58.0) 0.749

Comorbidity

Hypertension 89 (20.0) 65 (31.0) 0.002 38 (25.7) 45 (30.4) 0.365

CAD 50 (11.2) 104 (49.5) <0.001 49 (33.1) 47 (31.8) 0.804

Cerebrovascular 27 (6.0) 32 (15.2) <0.001 19 (12.8) 21 (14.2) 0.734

Diabetes 116 (26.0) 77 (36.7) 0.005 50 (33.8) 48 (32.4) 0.805

AKI 294 (65.8) 162 (77.1) 0.003 105 (71.0) 109 (73.7) 0.603

Critical treatments on the first day

RRT 43 (9.62) 15 (7.14) 0.297 16 (10.8) 12 (8.1) 0.427

Vasopressor 228 (51.01) 110 (52.38) 0.742 72 (48.7) 75 (50.7) 0.727

(Continued on following page)
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Language (SQL) and Navicat Premium (version 17.0) were used
to extract raw data. Statistical analysis was performed using R
software (version 4.4.0).

3 Results

3.1 Baseline characteristics of patients
with SALI

Of 657 SALI patients in this study, 447 (68%) patients had not used
aspirin during hospitalization, whereas 210 (32%) had (Figure 1). SALI
patients in the non-aspirin had a median age of 69.1 years, 55.5% were
male, 60.2% were white, the median INR was 2.1, and the median total
bilirubin was 3.7 mg/dL. In the aspirin group, the median age was
73.1 years, 69.1%weremale, 66.2%were white, themedian INRwas 1.9,
and themedian total bilirubinwas 3.4mg/dL. Therewere significant age
differences in age (P = 0.002), gender (P < 0.001), and total bilirubin
(P = 0.009) between the two groups. For comorbidities, the aspirin
group had a significantly higher proportion of each comorbidity
compared to the non-aspirin group, while there was no significant
difference in SOFA score, SAPS II score, and treatmentmeasures on the
first day between the two groups. After PSM, the baseline characteristics
of the two groups were generally balanced (Table 1).

3.2 Clinical outcomes of patients with SALI

Table 2 shows the clinical outcomes of patients in both groups.
After PSM, the non-aspirin group had a median hospital stay of

8.1 days, ICU stay of 2.8 days, in-hospital mortality of 29.1%, ICU
mortality of 25.0%, 30-day mortality of 33.1%, and 90-day mortality of
41.9%. The aspirin group had a median hospital stay of 12.0 days, ICU
stay of 4.5 days, in-hospital mortality of 23.7%, ICUmortality of 14.2%,
30-day mortality of 21%, and 90-day mortality of 33.8%. Compared to
the non-aspirin group, the aspirin group had significantly longer length
of hospital (P < 0.001) and ICU stays (P < 0.001) but significantly lower
ICU (P = 0.019) and 30-day (P = 0.018) mortality. Before PSM, the
clinical outcomes of both groups also supported this result.

3.3 Survival analysis

Kaplan-Meier survival curves showed the cumulative survival
probabilities over time for both groups. Before PSM, the aspirin
group had significantly higher 30-day (P = 0.01), 90-day (P =
0.049), and ICU (P < 0.001) cumulative survival probabilities
compared to the non-aspirin group. After PSM, the aspirin group
had significantly higher 30-day (P = 0.014), ICU (P = 0.001), and in-
hospital (P < 0.022) cumulative survival probabilities (Figure 2;
Supplementary Figure S2). Both PSM and multivariate Cox
regression analysis indicated that the use of aspirin was an
independent protective factor for 30-day mortality in patients with
SALI (PSM: HR, 0.57; 95% CI, 0.37–0.90; P = 0.016; Multivariate Cox
regression analysis: HR, 0.69; 95% CI, 0.48–0.99; P = 0.047).
Furthermore, through inverse probability weighting (IPW) analysis
to enhance the robustness of the results, it was also found that patients
in the aspirin group had a lower 30 - day mortality risk (HR, 0.62; 95%
CI, 0.43–0.89; P = 0.010) (Table 3). In addition, baseline INR and total
bilirubin levels were significantly correlated with mortality in patients

TABLE 1 (Continued) Characteristics of patients with SALI.

Variables Before PSM After PSM

Non-aspirin Aspirin P value Non-aspirin Aspirin P value

Mechanical ventilation 199 (44.52) 105 (50.00) 0.189 60 (40.5) 76 (51.4) 0.062

SALI: Sepsis-associated liver injury; MBP: mean blood pressure; SpO2: oxygen saturation; WBC: white blood cell; SOFA: sequential organ failure assessment; SAPS II: Simplified Acute

Physiology Score II; INR: international normalized ratio; ALT: alanine aminotransferase; ALP: alkaline phosphatase; AST: aspartate aminotransferase; CCI: charlson comorbidity index; CAD:

coronary artery disease; AKI: acute kidney injury; RRT: renal replacement therapy; PSM: Propensity Score Matching. P value <0.05 is considered statistical significance.

TABLE 2 Clinical outcomes of patients with SALI.

Variables Before PSM After PSM

Non-aspirin Aspirin P value Non-aspirin Aspirin P value

Patients number 447 210 148 148

Length of hospital stay 8.9 (4.5, 17.0) 11.0 (6.1, 19.0) 0.020 8.1 (4.0, 14.8) 12.0 (7.2, 19.1) <0.001

Length of ICU stay 3.0 (1.8, 5.8) 4.0 (2.2, 7.2) 0.003 2.8 (1.8, 5.2) 4.5 (2.5, 7.7) <0.001

In-hospital mortality 147 (32.9) 58 (27.6) 0.174 43 (29.1) 35 (23.7) 0.291

ICU mortality 129 (28.9) 40 (19.1) 0.007 37 (25.0) 21 (14.2) 0.019

30-day mortality 163 (36.5) 56 (26.7) 0.013 49 (33.1) 31 (21.0) 0.018

90-day mortality 199 (44.5) 79 (37.6) 0.095 62 (41.9) 50 (33.8) 0.150

SALI: Sepsis-associated liver injury; PSM: propensity score matching; ICU: Intensive Care Unit. P value <0.05 is considered statistical significance.
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with SALI. The RCS results showed a linear relationship between INR
and 30-day mortality, while total bilirubin had a “U-shaped” nonlinear
relationship (Figure 3).

To explore the association between the dosage of aspirin and
mortality in patients with SALI, patients using aspirin were divided
into high-dose (55 patients) and low-dose (155 patients) groups
based on whether the dosage exceeded 81mg. Kaplan-Meier survival
curves showed that there was no significant difference in the
cumulative survival probability between the two groups
(Supplementary Figure S3). To further investigate the association
between the timing of aspirin use and mortality in patients with
SALI, patients using aspirin were divided into the pre-ICU group
(52 patients) and the post-ICU group (158 patients). The KM
survival curves showed that patients who received aspirin post-
ICU had a higher cumulative probability of survival (30-day, 90-day,

ICU) (Supplementary Figure S4). After adjustment, the timing of
aspirin administration was associated only with ICU mortality
(Supplementary Table S2).

3.4 Absolute platelet changes and incidence
of DIC

We have found that the change in platelets in the aspirin
group was significantly lower than that in the non - aspirin group
(8.82 vs. 12.36 × 103/μL, P = 0.04) (Supplementary Table S3;
Supplementary Figure S7). The incidence of DIC was lower in the
aspirin group than in the non - aspirin group (4.3% vs. 8.3%), and
the mortality in the aspirin group was also lower
(Supplementary Figure S7).

FIGURE 2
Kaplan-Meier Survival Analysis by Aspirin after PSM. Kaplan–Meier curves (log-rank test) are plotted for 30-day mortality (A), 90-day mortality (B),
ICU mortality (C), and in-hospital mortality (D), grouped by aspirin use. The X-axis denotes the time (days) in ICU and the Y-axis denotes the cumulative
survival probability. ICU: Intensive Care Unit; PSM: Propensity Score Matching. P value <0.05 is considered statistical significance.
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TABLE 3 Association between aspirin treatment and mortality of patients with SALI.

Mortality Model HR (95% CI) P value

30-day mortality Unadjusted 0.67 (0.50 ~ 0.91) 0.011

PSM 0.57 (0.37 ~ 0.90) 0.016

Multivariate adjusted 0.69 (0.48 ~ 0.99) 0.047

IPW 0.62 (0.43 ~ 0.89) 0.010

90-day mortality Unadjusted 0.77 (0.59 ~ 0.99) 0.049

PSM 0.73 (0.50 ~ 1.05) 0.091

Multivariate adjusted 0.79 (0.58 ~ 1.08) 0.141

IPW 0.74 (0.54 ~ 1.00) 0.051

ICU mortality Unadjusted 0.53 (0.37 ~ 0.76) <0.001

PSM 0.41 (0.24 ~ 0.71) 0.001

Multivariate adjusted 0.61 (0.39 ~ 0.95) 0.030

IPW 0.43 (0.28 ~ 0.67) <0.001

In-hospital mortality Unadjusted 0.74 (0.55 ~ 1.01) 0.058

PSM 0.59 (0.37 ~ 0.93) 0.024

Multivariate adjusted 0.88 (0.61 ~ 1.27) 0.491

IPW 0.67 (0.47 ~ 0.95) 0.024

Non-aspirin is reference. Multivariate adjusted: Adjusted for age, gender, race, platelets, albumin, INR, total bilirubin, ALP, AST, CCI, SOFA, score, SAPS II, score, hypertension; CAD,

cerebrovascular, diabetes, AKI, RRT, vasopressor, and mechanical ventilation. SALI: Sepsis-associated liver injury; SOFA: sequential organ failure assessment; SAPS II: Simplified Acute

Physiology Score II; INR: international normalized ratio; ALP: alkaline phosphatase; AST: aspartate aminotransferase; CCI: charlson comorbidity index; CAD: coronary artery disease; AKI:

acute kidney injury; RRT: renal replacement therapy; PSM: propensity score matching; IPW: Inverse - ProbabilityWeighting; ICU: intensive care unit; HR: hazard ratio; CI: Confidence Interval.

P value <0.05 is considered statistical significance.

FIGURE 3
Relationship Between INR or Total Bilirubin and 30-dayMortality in Patients with SALI. Graphs showHRs between INR (A)or total bilirubin (B) and 30-
day mortality, adjusted for age, gender, race, platelets, albumin, ALP, AST, CCI, SOFA score, SAPS II score, hypertension, CAD, cerebrovascular, diabetes,
AKI, RRT, vasopressor, andmechanical ventilation. Data were fitted by a restricted cubic spline Cox proportional hazards regressionmodel, and themodel
was conducted with 4 knots. Solid lines indicate HRs, and shadow shapes indicate 95%CIs. INR: International Normalized Ratio; HR: hazard ratio; CI:
confidence interval. P value <0.05 is considered statistical significance.
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3.5 Subgroup analysis

This study used a stratified Cox proportional hazards model for
subgroup analysis, with the non-aspirin group as the common
control. For continuous variables, all were divided based on the
median, except for age, which was categorized into two subgroups at
65 years. The subgroup analysis showed that aspirin was more
effective in SALI patients who were over 65 years old, white,
INR ≤2.1, SOFA scores >9, SAPS II scores >47, without
hypertension, without CAD, with cerebrovascular disease,
without diabetes, with AKI, without RRT, and who were
receiving vasopressors or mechanical ventilation after PSM
(Supplementary Figure S5).

4 Discussion

In this study, we found that aspirin was significantly associated
with 30-day mortality in patients with SALI, regardless of aspirin
dose and timing. Previous studies reported that the mortality of
SALI patients was approximately 29.3%–43.5% (Liu et al., 2022;
Wen et al., 2024; Yi et al., 2024). Consistent with previous studies,
our study found that the 30-day mortality of SALI patients was
33.3% (219/657), with 36.5% in the non-aspirin group and 26.7% in
the aspirin group. The use of aspirin significantly improved the
prognosis of SALI patients.

A population-based cohort study conducted by Hsu et al., with a
median follow-up of 6.2 years involving 29,690 participants, found
that aspirin use did not improve the long-term outcomes of sepsis
patients (Hsu et al., 2018). Similar to the results of Hsu et al., another
large randomized controlled trial conducted by Eisen et al. included
16,703 sepsis patients aged 70 years and older (Eisen et al., 2021).
After a median follow-up of 4.6 years, the study results showed that,
compared to the control group, patients receiving low-dose aspirin
did not show lower mortality (HR, 1.08; 95%CI, 0.82–1.43; P = 0.57),
but increased risk of gastrointestinal bleeding and hemorrhagic
stroke. Therefore, Eisen et al. did not support the use of aspirin
as a preventive measure for sepsis. However, Annane highlighted the
following limitations in these two studies (Annane, 2021): First, both
studies diagnosed sepsis using the Systemic Inflammatory Response
Syndrome (SIRS) criteria, which lack precision and may have led to
the exclusion of some sepsis patients and the inclusion of a
considerable number of non-sepsis patients. Second, the follow-
up duration might still have been too short to fully observe the long-
term effects of aspirin on septic patients. Therefore, Annane believed
that the potential impact of aspirin on the long-term outcomes of
sepsis patients cannot be completely ruled out. Recent studies on
aspirin and sepsis have suggested that the use of aspirin can reduce
the 28-day, 60-day, 90-day, and 1-year mortality in sepsis patients
with damage to various organs (Chen et al., 2023; Lu et al., 2023;
Dong et al., 2024). However, our study only found that aspirin could
reduce 30-day mortality and ICU mortality, indicating an effect on
short-term outcomes in SALI patients. Trauer et al. conducted a
meta-analysis of previous studies of aspirin intervention in sepsis
and showed that aspirin reduced short-term mortality in septic
patients (Trauer et al., 2017). Based on the above, there are
significant differences in the effects of aspirin on outcomes in
septic patients. Most previous studies have suggested that aspirin

fails to improve long-term outcomes in these patients (Trauer et al.,
2017; Hsu et al., 2018; Annane, 2021). However, some recent studies
have presented an opposite view (Chen et al., 2023; Lu et al., 2023;
Dong et al., 2024).Whether aspirin improves long-term outcomes in
septic patients remains to be further explored. According to our
findings, we believe that aspirin can improve short-term outcomes
in septic patients, which is consistent with other findings. We believe
that these differences may be related to the diagnostic methods of
sepsis, the presence of concomitant organ failure, and the underlying
comorbidities of the patients.

Different doses of aspirin have different pharmacological effects
(Patrono and Baigent, 2019). Low-dose aspirin primarily inhibits
COX-1 to exert an antiplatelet effect, while high-dose aspirin exerts
both antiplatelet and anti-inflammatory effects by inhibiting COX-1,
COX-2, and NF-κb inflammatory pathway (Ornelas et al., 2017).
Although Chen et al. suggested that both the antiplatelet and anti-
inflammatory effects of aspirin can benefit sepsis patients, with high-
dose aspirin being more effective than low-dose aspirin (Chen et al.,
2023). However, our study did not observe any differences in the
effects between high-dose and low-dose aspirin, which is consistent
with the findings of most studies (Lu et al., 2023; Dong et al., 2024).
Actually, low-dose aspirin can exert anti-inflammatory effects by
triggering the synthesis of lipoxins (Eisen, 2012; Otto et al., 2013;
Toner et al., 2015). Previous studies have shown that long-term use
of low-dose aspirin before hospital admission is associated with
reduced mortality in patients with sepsis (Tsai et al., 2015; Hsu et al.,
2022). This may be because aspirin improves the outcomes of septic
patients by enhancing the inflammatory response (Kiers et al., 2016).
In addition, the use of aspirin during hospitalization can also reduce
the mortality of septic patients (Ouyang et al., 2019; Wang et al.,
2023; Dong et al., 2024). The impact of aspirin on the prognosis of
septic patients may be independent of the timing of administration.
Interestingly, our study found that reduced 30-day mortality in
patients with SALI was independent of the timing of aspirin
administration, but ICU mortality was lower when administered
in the post-ICU. Platelets play an important role in the activation,
expansion, and regulation of inflammation, and can enhance host
antimicrobial defense, however excessive platelet activation may
lead to microthrombosis and instead impair tissue perfusion, so
inhibition of platelets has important potential to improve the
prognosis of infectious diseases (Eisen, 2012; Jung et al., 2012;
Yang et al., 2023; Nicolai et al., 2024). We believe that long-term
administration of aspirin before the onset of sepsis mainly reflects its
preventive effect, which is primarily focused on enhancing the
inflammatory response in sepsis patients. In contrast, the use of
aspirin after the onset of sepsis demonstrates its therapeutic effect,
mainly through its antiplatelet action.

The liver serves as the primary source of thrombopoietin (TPO)
(Qian et al., 1998; Kaushansky, 2005). Liver injury frequently causes
thrombocytopenia, which not only impairs coagulation but may also
intensify inflammatory responses, thereby forming a
“thrombocytopenia-inflammation” vicious cycle (Eisen, 2012;
Jung et al., 2012).In sepsis, “platelets-inflammatory cell-
endothelial cell” interaction can lead to thrombocytopenia
(Engelmann and Massberg, 2013; Wang et al., 2018). In the
presence of liver injury, this process further exacerbates
“thrombocytopenia-inflammation” vicious cycle. In addition,
during liver injury, high expression of COX-1 in liver sinusoidal
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endothelial cells increases thromboxane A2 production, resulting in
endothelial dysfunction and microcirculatory disturbances in the
liver (Lin et al., 2017; Gracia-Sancho et al., 2021). Aspirin may
improve this situation by inhibiting local thromboxane A2 synthesis
(Ornelas et al., 2017). Systemic inflammatory response is one of the
important manifestations of sepsis (Giamarellos-Bourboulis et al.,
2024). During liver injury, the liver’s ability to clear bacterial
endotoxins is impaired, which may exacerbate the systemic
inflammatory response (Nesseler et al., 2012; Yan et al., 2014;
Strnad et al., 2017). Aspirin may exert a secondary anti-
inflammatory effect by inhibiting HMGB1 (Venereau et al.,
2016). Our study found that compared with the non - aspirin
group, patients in the aspirin group had lower platelet changes
and a lower incidence of DIC. Thus, our study proposes that the
potential mechanisms by which aspirin improves outcomes in
patients with SALI are as follows: 1. During infection, aspirin
inhibits excessive platelet activation and reduces platelet
consumption, thus slowing down the progression of the
“thrombocytopenia - inflammation” vicious cycle; 2. Aspirin
reduces the formation of microthrombi by inhibiting the
synthesis of thromboxane A2 in the liver, improves the hepatic
microcirculation, and slows down the further deterioration of liver
injury; 3. In the setting of liver injury, aspirin exerts a secondary anti-
inflammatory effect by inhibiting HMGB1, which alleviating the
systemic inflammatory response.

Our subgroup analysis showed a better benefit of aspirin in
certain specific SALI patients. However, unlike other studies (Chen
et al., 2023; Dong et al., 2024), We found that the use of aspirin was
associated with a lower risk of mortality in SALI patients without
coexisting coronary artery disease (CAD), hypertension, or diabetes.
We believe that this difference may be attributed to the relatively
small sample size of our study compared to other studies and the
small and uneven sample sizes of each subgroup after the subgroup
analysis, which contributed to significant heterogeneity in the
results. Additionally, we found a significant positive linear
correlation between INR and the prognosis of SALI patients.
Meantime, Aspirin did not demonstrate significant efficacy in
SALI patients with an INR greater than 2.1. This indicates that
when SALI patients exhibit severe coagulopathy, the imbalance in
the “inflammatory-coagulation cascade” may exceed the regulatory
capacity of aspirin. Therefore, careful assessment based on
individual differences is essential to ensure the safety and
effectiveness of aspirin use.

Our study has several limitations. First, this study was
retrospective, and although potential confounding variables were
balanced or adjusted using PSM or multivariate regression,
unmeasured confounding factors may still have influenced the
results. Residual confounding has the potential to introduce bias,
leading to an overestimation of the effect size. Therefore, the
findings should be interpreted with caution. Second, there were
individual differences in patients using aspirin and this difference
was ignored in this study. Third, the sample size of the study was
small, while our subgroup analysis showed a better benefit of aspirin
in certain specific SALI patients, this part of the results requires
further investigation considering the small sample size of each
subgroup variable and no adjustment for confounding factors.
Fourth, a causal relationship between aspirin used and outcome
in patients with SALI could not be established. Fifth, there is no gold

standard for the diagnosis of SALI, and it is often caused by multiple
factors such as ischemia, hypoxia, and biliary obstruction. Therefore,
the SALI patients included in this study may represent only a
subtype of SALI, and further research is needed to determine
whether the findings are fully applicable to all SALI patients.
Sixth, although this study imputed missing values through
multiple imputation and the missForest method, and selected the
dataset that was closest to the distribution of the original data to
reduce missing bias, it cannot fully address the risk of violating the
missing -at-random (MAR) assumption. Seventh, the MIMIC-IV
data lack text records of the reasons for aspirin use. And the absence
of data on indications and treatment courses may introduce
indication bias. Prospective studies are needed for verification in
the future. Eighth, the data of this study are from a tertiary medical
center in the United States. Although the MIMIC-IV database
already includes multiple ethnic groups, there is still a possibility
that the generalizability of the conclusions may be limited. In the
future, the generalization of the conclusions requires verification in
other regions. Nineth, while we employed advanced causal inference
methods to address time-dependent confounding, the observational
nature of our data fundamentally limits causal interpretation of
treatment timing effects. Small sample sizes in critical subgroups
likely introduced residual bias, and immortal time bias remains an
insurmountable challenge without prospective treatment
assignment. Future randomized trials stratifying by therapeutic
time windows are urgently needed to clarify aspirin’s temporal
effects in SALI. Therefore, the results of this study need to be
further verified through large - scale, prospective,
multicenter studies.

5 Conclusion

The use of aspirin is an independent protective factor for the 30-
day mortality in SALI patients, and its use can reduce the 30-day
mortality in these patients, regardless of aspirin dose and timing.
However, considering the limitations of this study, the clinical
application of aspirin should be carefully selected based on
individual differences, including indicators such as INR.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary Material, further inquiries can be directed
to the corresponding author.

Ethics statement

The requirement of ethical approval was waived by the
Institutional Review Board at the Beth Israel Deaconess Medical
Center for the studies involving humans because The studyandapos;
s data was exclusively sourced from the Medical Information Mart
for Intensive Care IV database, version 3.0. The collection of patient
information and creation of the research resource were reviewed by
the Institutional Review Board at the Beth Israel Deaconess Medical
Center, which granted a waiver of informed consent and approved

Frontiers in Pharmacology frontiersin.org09

Wang et al. 10.3389/fphar.2025.1514392

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2025.1514392


the data-sharing initiative. The studies were conducted in
accordance with the local legislation and institutional
requirements. The ethics committee/institutional review board
also waived the requirement of written informed consent for
participation from the participants or the participantsandapos;
legal guardians/next of kin because The studyandapos;s data was
exclusively sourced from the Medical Information Mart for
Intensive Care IV database, version 3.0. The collection of patient
information and creation of the research resource were reviewed by
the Institutional Review Board at the Beth Israel Deaconess Medical
Center, which granted a waiver of informed consent and approved
the data-sharing initiative.

Author contributions

JW: Conceptualization, Data curation, Formal Analysis,
Investigation, Methodology, Project administration, Resources,
Software, Supervision, Validation, Visualization, Writing–original
draft, Writing–review and editing. XH: Data curation, Formal
Analysis, Methodology, Project administration, Software,
Writing–review and editing. SC: Data curation, Formal Analysis,
Investigation, Methodology, Project administration, Software,
Writing–review and editing. YZ: Formal Analysis, Methodology,
Software, Writing–review and editing. MC: Formal Analysis,
Methodology, Software, Writing–review and editing. TH:
Methodology, Writing–review and editing. MY:
Conceptualization, Funding acquisition, Supervision,
Writing–review and editing.

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. This work
was supported by the National Natural Science Foundation of China
(no. 82072134), the Research Fund of Anhui Institute of trans-
lational medicine (no.2023zhyx-C64 and 2022zhyx-C76), the Basic
and Clinical Enhancement Project of Anhui Medical University

(2023xkjT042), Anhui Province Key Research and Development
Plan High-tech Special Project (no. 202304a05020071), An-hui
University Excellent Young Talents Support Plan (no.
gxyqZD2018026).

Acknowledgments

The authors thank all those who participated in the manuscript.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative AI statement

The authors declare that no Generative AI was used in the
creation of this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fphar.2025.1514392/
full#supplementary-material

References

Al-Husinat, L., Abu Hmaid, A., Abbas, H., Abuelsamen, B., Albelbisi, M., Haddad, S.,
et al. (2023). Role of aspirin, beta-blocker, statins, and heparin therapy in septic patients
under mechanical ventilation: a narrative review. Front. Med. (Lausanne) 10, 1143090.
doi:10.3389/fmed.2023.1143090

Annane, D. (2021). Aspirin for the primary prevention of sepsis. Lancet Respir. Med. 9
(2), 121–122. doi:10.1016/s2213-2600(20)30410-0

Chen, S., Li, S., Kuang, C., Zhong, Y., Yang, Z., Yang, Y., et al. (2023). Aspirin reduces
the mortality risk of sepsis-associated acute kidney injury: an observational study using
the MIMIC IV database. Front. Pharmacol. 14, 1186384. doi:10.3389/fphar.2023.
1186384

Cui, L., Bao, J., Yu, C., Zhang, C., Huang, R., Liu, L., et al. (2023). Development of a
nomogram for predicting 90-day mortality in patients with sepsis-associated liver
injury. Sci. Rep. 13 (1), 3662. doi:10.1038/s41598-023-30235-5

Dellinger, R. P., Levy, M.M., Rhodes, A., Annane, D., Gerlach, H., Opal, S. M., et al. (2013).
Surviving Sepsis Campaign: international guidelines for management of severe sepsis and
septic shock, Intensive Care Med. 39(2), 165–228. doi:10.1007/s00134-012-2769-8

Dong, Y., Wei, S., Liu, Y., Ji, X., Yin, X., Wu, Z., et al. (2024). Aspirin is associated with
improved outcomes in patients with sepsis-inducedmyocardial injury: an analysis of the
MIMIC-IV database. J. Clin. Anesth. 99, 111597. doi:10.1016/j.jclinane.2024.111597

Eisen, D. P. (2012). Manifold beneficial effects of acetyl salicylic acid and nonsteroidal
anti-inflammatory drugs on sepsis. Intensive Care Med. 38 (8), 1249–1257. doi:10.1007/
s00134-012-2570-8

Eisen, D. P., Leder, K., Woods, R. L., Lockery, J. E., McGuinness, S. L., Wolfe, R.,
et al. (2021). Effect of aspirin on deaths associated with sepsis in healthy older
people (ANTISEPSIS): a randomised, double-blind, placebo-controlled primary
prevention trial. Lancet Respir. Med. 9 (2), 186–195. doi:10.1016/s2213-2600(20)
30411-2

Engelmann, B., and Massberg, S. (2013). Thrombosis as an intravascular effector of
innate immunity. Nat. Rev. Immunol. 13 (1), 34–45. doi:10.1038/nri3345

Ghasemzadeh, M., and Hosseini, E. (2013). Platelet-leukocyte crosstalk: linking
proinflammatory responses to procoagulant state. Thromb. Res. 131 (3), 191–197.
doi:10.1016/j.thromres.2012.11.028

Giamarellos-Bourboulis, E. J., Aschenbrenner, A. C., Bauer, M., Bock, C., Calandra,
T., Gat-Viks, I., et al. (2024). The pathophysiology of sepsis and precision-medicine-
based immunotherapy. Nat. Immunol. 25 (1), 19–28. doi:10.1038/s41590-023-01660-5

Gracia-Sancho, J., Caparrós, E., Fernández-Iglesias, A., and Francés, R. (2021). Role of
liver sinusoidal endothelial cells in liver diseases. Nat. Rev. Gastroenterol. Hepatol. 18
(6), 411–431. doi:10.1038/s41575-020-00411-3

Frontiers in Pharmacology frontiersin.org10

Wang et al. 10.3389/fphar.2025.1514392

https://www.frontiersin.org/articles/10.3389/fphar.2025.1514392/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphar.2025.1514392/full#supplementary-material
https://doi.org/10.3389/fmed.2023.1143090
https://doi.org/10.1016/s2213-2600(20)30410-0
https://doi.org/10.3389/fphar.2023.1186384
https://doi.org/10.3389/fphar.2023.1186384
https://doi.org/10.1038/s41598-023-30235-5
https://doi.org/10.1007/s00134-012-2769-8
https://doi.org/10.1016/j.jclinane.2024.111597
https://doi.org/10.1007/s00134-012-2570-8
https://doi.org/10.1007/s00134-012-2570-8
https://doi.org/10.1016/s2213-2600(20)30411-2
https://doi.org/10.1016/s2213-2600(20)30411-2
https://doi.org/10.1038/nri3345
https://doi.org/10.1016/j.thromres.2012.11.028
https://doi.org/10.1038/s41590-023-01660-5
https://doi.org/10.1038/s41575-020-00411-3
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2025.1514392


Hsu, J., Donnelly, J. P., Chaudhary, N. S., Moore, J. X., Safford, M. M., Kim, J., et al.
(2018). Aspirin use and long-term rates of sepsis: a population-based cohort study. PLoS
One 13 (4), e0194829. doi:10.1371/journal.pone.0194829

Hsu, W. T., Porta, L., Chang, I. J., Dao, Q. L., Tehrani, B. M., Hsu, T. C., et al. (2022).
Association between aspirin use and sepsis outcomes: a national cohort study. Anesth.
Analg. 135 (1), 110–117. doi:10.1213/ane.0000000000005943

Jiang, Z., Bo, L., Meng, Y., Wang, C., Chen, T., Wang, C., et al. (2018). Overexpression
of homeodomain-interacting protein kinase 2 (HIPK2) attenuates sepsis-mediated liver
injury by restoring autophagy. Cell. Death Dis. 9 (9), 847. doi:10.1038/s41419-018-
0838-9

Johnson, A., Bulgarelli, L., Pollard, T., Gow, B., Moody, B., Horng, S., et al. (2024).
MIMIC-IV. London, UK: PhysioNet. doi:10.13026/hxp0-hg59

Johnson, A. E. W., Bulgarelli, L., Shen, L., Gayles, A., Shammout, A., Horng, S., et al.
(2023). MIMIC-IV, a freely accessible electronic health record dataset. Sci. Data 10 (1),
1. doi:10.1038/s41597-022-01899-x

Jung, C. J., Yeh, C. Y., Shun, C. T., Hsu, R. B., Cheng, H. W., Lin, C. S., et al. (2012).
Platelets enhance biofilm formation and resistance of endocarditis-inducing
streptococci on the injured heart valve. J. Infect. Dis. 205 (7), 1066–1075. doi:10.
1093/infdis/jis021

Kaushansky, K. (2005). The molecular mechanisms that control thrombopoiesis.
J. Clin. Investig. 115 (12), 3339–3347. doi:10.1172/jci26674

Kiers, H. D., Kox, M., van der Heijden, W. A., Riksen, N. P., and Pickkers, P. (2016).
Aspirin may improve outcome in sepsis by augmentation of the inflammatory response.
Intensive Care Med. 42 (6), 1096. doi:10.1007/s00134-016-4264-0

Lin, L., Cai, M., Deng, S., Huang, W., Huang, J., Huang, X., et al. (2017). Amelioration
of cirrhotic portal hypertension by targeted cyclooxygenase-1 siRNA delivery to liver
sinusoidal endothelium with polyethylenimine grafted hyaluronic acid. Nanomedicine
13 (7), 2329–2339. doi:10.1016/j.nano.2017.06.019

Liu, Y., Sun, R., Jiang, H., Liang, G., Huang, Z., Qi, L., et al. (2022). Development and
validation of a predictive model for in-hospital mortality in patients with sepsis-
associated liver injury. Ann. Transl. Med. 10 (18), 997. doi:10.21037/atm-22-4319

Lu, Z., Fang, P., Xia, D., Li, M., Li, S., Wang, Y., et al. (2023). The impact of aspirin
exposure prior to intensive care unit admission on the outcomes for patients with sepsis-
associated acute respiratory failure. Front. Pharmacol. 14, 1125611. doi:10.3389/fphar.
2023.1125611

Menter, D. G., and Bresalier, R. S. (2023). An aspirin a day: new pharmacological
developments and cancer chemoprevention. Annu. Rev. Pharmacol. Toxicol. 63,
165–186. doi:10.1146/annurev-pharmtox-052020-023107

Montinari, M. R., Minelli, S., and De Caterina, R. (2019). The first 3500 years of
aspirin history from its roots - a concise summary. Vasc. Pharmacol. 113, 1–8. doi:10.
1016/j.vph.2018.10.008

Nesseler, N., Launey, Y., Aninat, C., Morel, F., Mallédant, Y., and Seguin, P. (2012).
Clinical review: the liver in sepsis. Crit. Care 16 (5), 235. doi:10.1186/cc11381

Nicolai, L., Pekayvaz, K., andMassberg, S. (2024). Platelets: orchestrators of immunity
in host defense and beyond. Immunity 57 (5), 957–972. doi:10.1016/j.immuni.2024.
04.008

Ornelas, A., Zacharias-Millward, N., Menter, D. G., Davis, J. S., Lichtenberger, L.,
Hawke, D., et al. (2017). Beyond COX-1: the effects of aspirin on platelet biology and
potential mechanisms of chemoprevention. Cancer Metastasis Rev. 36 (2), 289–303.
doi:10.1007/s10555-017-9675-z

Otto, G. P., Sossdorf, M., Boettel, J., Kabisch, B., Breuel, H., Winning, J., et al. (2013).
Effects of low-dose acetylsalicylic acid and atherosclerotic vascular diseases on the
outcome in patients with severe sepsis or septic shock. Platelets 24 (6), 480–485. doi:10.
3109/09537104.2012.724482

Ouyang, Y., Wang, Y., Liu, B., Ma, X., and Ding, R. (2019). Effects of antiplatelet
therapy on the mortality rate of patients with sepsis: a meta-analysis. J. Crit. Care 50,
162–168. doi:10.1016/j.jcrc.2018.12.004

Patrono, C., and Baigent, C. (2019). Role of aspirin in primary prevention of
cardiovascular disease. Nat. Rev. Cardiol. 16 (11), 675–686. doi:10.1038/s41569-019-
0225-y

Qian, S., Fu, F., Li, W., Chen, Q., and de Sauvage, F. J. (1998). Primary role of the liver
in thrombopoietin production shown by tissue-specific knockout. Blood 92 (6),
2189–2191. doi:10.1182/blood.v92.6.2189

Rudd, K. E., Johnson, S. C., Agesa, K. M., Shackelford, K. A., Tsoi, D., Kievlan, D. R.,
et al. (2020). Global, regional, and national sepsis incidence and mortality, 1990-2017:
analysis for the Global Burden of Disease Study. Lancet 395 (10219), 200–211. doi:10.
1016/s0140-6736(19)32989-7

Singer, M., Deutschman, C. S., Seymour, C. W., Shankar-Hari, M., Annane, D., Bauer,
M., et al. (2016). The third international consensus definitions for sepsis and septic
shock (Sepsis-3). Jama 315 (8), 801–810. doi:10.1001/jama.2016.0287

Strnad, P., Tacke, F., Koch, A., and Trautwein, C. (2017). Liver - guardian, modifier
and target of sepsis. Nat. Rev. Gastroenterol. Hepatol. 14 (1), 55–66. doi:10.1038/
nrgastro.2016.168

Toner, P., McAuley, D. F., and Shyamsundar, M. (2015). Aspirin as a potential
treatment in sepsis or acute respiratory distress syndrome. Crit. Care 19, 374. doi:10.
1186/s13054-015-1091-6

Trauer, J., Muhi, S., McBryde, E. S., Al Harbi, S. A., Arabi, Y. M., Boyle, A. J., et al.
(2017). Quantifying the effects of prior acetyl-salicylic acid on sepsis-related deaths: an
individual patient data meta-analysis using propensity matching. Crit. Care Med. 45
(11), 1871–1879. doi:10.1097/ccm.0000000000002654

Tsai, M. J., Ou, S. M., Shih, C. J., Chao, P. W., Wang, L. F., Shih, Y. N., et al. (2015).
Association of prior antiplatelet agents with mortality in sepsis patients: a nationwide
population-based cohort study. Intensive Care Med. 41 (5), 806–813. doi:10.1007/
s00134-015-3760-y

Venereau, E., De Leo, F., Mezzapelle, R., Careccia, G., Musco, G., and Bianchi, M. E.
(2016). HMGB1 as biomarker and drug target. Pharmacol. Res. 111, 534–544. doi:10.
1016/j.phrs.2016.06.031

Wang, L., Li, B., Zuo, L., Pei, F., Nie, Y., Liu, Y., et al. (2023). Aspirin therapy and 28-
day mortality in ICU patients: a retrospective observational study from two large
databases. Clin. Ther. 45 (4), 316–332. doi:10.1016/j.clinthera.2023.02.005

Wang, Y., Ouyang, Y., Liu, B., Ma, X., and Ding, R. (2018). Platelet activation and
antiplatelet therapy in sepsis: a narrative review. Thromb. Res. 166, 28–36. doi:10.1016/j.
thromres.2018.04.007

Wen, C., Zhang, X., Li, Y., Xiao, W., Hu, Q., Lei, X., et al. (2024). An interpretable
machine learning model for predicting 28-day mortality in patients with sepsis-
associated liver injury. PLoS One 19 (5), e0303469. doi:10.1371/journal.pone.0303469

Xie, T., Xin, Q., Cao, X., Chen, R., Ren, H., Liu, C., et al. (2022). Clinical characteristics
and construction of a predictive model for patients with sepsis related liver injury. Clin.
Chim. Acta 537, 80–86. doi:10.1016/j.cca.2022.10.004

Yan, J., Li, S., and Li, S. (2014). The role of the liver in sepsis. Int. Rev. Immunol. 33 (6),
498–510. doi:10.3109/08830185.2014.889129

Yang, M., Jiang, H., Ding, C., Zhang, L., Ding, N., Li, G., et al. (2023). STING
activation in platelets aggravates septic thrombosis by enhancing platelet activation and
granule secretion. Immunity 56 (5), 1013–1026.e6. doi:10.1016/j.immuni.2023.02.015

Yi, X., Jin, D., Huang, S., Xie, Z., Zheng, M., Zhou, F., et al. (2024). Association
between lactate-to-albumin ratio and 28-days all-cause mortality in patients with sepsis-
associated liver injury: a retrospective cohort study. BMC Infect. Dis. 24 (1), 65. doi:10.
1186/s12879-024-08978-x

Frontiers in Pharmacology frontiersin.org11

Wang et al. 10.3389/fphar.2025.1514392

https://doi.org/10.1371/journal.pone.0194829
https://doi.org/10.1213/ane.0000000000005943
https://doi.org/10.1038/s41419-018-0838-9
https://doi.org/10.1038/s41419-018-0838-9
https://doi.org/10.13026/hxp0-hg59
https://doi.org/10.1038/s41597-022-01899-x
https://doi.org/10.1093/infdis/jis021
https://doi.org/10.1093/infdis/jis021
https://doi.org/10.1172/jci26674
https://doi.org/10.1007/s00134-016-4264-0
https://doi.org/10.1016/j.nano.2017.06.019
https://doi.org/10.21037/atm-22-4319
https://doi.org/10.3389/fphar.2023.1125611
https://doi.org/10.3389/fphar.2023.1125611
https://doi.org/10.1146/annurev-pharmtox-052020-023107
https://doi.org/10.1016/j.vph.2018.10.008
https://doi.org/10.1016/j.vph.2018.10.008
https://doi.org/10.1186/cc11381
https://doi.org/10.1016/j.immuni.2024.04.008
https://doi.org/10.1016/j.immuni.2024.04.008
https://doi.org/10.1007/s10555-017-9675-z
https://doi.org/10.3109/09537104.2012.724482
https://doi.org/10.3109/09537104.2012.724482
https://doi.org/10.1016/j.jcrc.2018.12.004
https://doi.org/10.1038/s41569-019-0225-y
https://doi.org/10.1038/s41569-019-0225-y
https://doi.org/10.1182/blood.v92.6.2189
https://doi.org/10.1016/s0140-6736(19)32989-7
https://doi.org/10.1016/s0140-6736(19)32989-7
https://doi.org/10.1001/jama.2016.0287
https://doi.org/10.1038/nrgastro.2016.168
https://doi.org/10.1038/nrgastro.2016.168
https://doi.org/10.1186/s13054-015-1091-6
https://doi.org/10.1186/s13054-015-1091-6
https://doi.org/10.1097/ccm.0000000000002654
https://doi.org/10.1007/s00134-015-3760-y
https://doi.org/10.1007/s00134-015-3760-y
https://doi.org/10.1016/j.phrs.2016.06.031
https://doi.org/10.1016/j.phrs.2016.06.031
https://doi.org/10.1016/j.clinthera.2023.02.005
https://doi.org/10.1016/j.thromres.2018.04.007
https://doi.org/10.1016/j.thromres.2018.04.007
https://doi.org/10.1371/journal.pone.0303469
https://doi.org/10.1016/j.cca.2022.10.004
https://doi.org/10.3109/08830185.2014.889129
https://doi.org/10.1016/j.immuni.2023.02.015
https://doi.org/10.1186/s12879-024-08978-x
https://doi.org/10.1186/s12879-024-08978-x
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2025.1514392

	Aspirin is associated with improved 30-day mortality in patients with sepsis-associated liver injury: a retrospective cohor ...
	1 Introduction
	2 Materials and methods
	2.1 Data source
	2.2 Study patients
	2.3 Variables
	2.4 Study outcomes
	2.5 Missing values and outliers of variables
	2.6 Propensity score matching
	2.7 Statistical analysis

	3 Results
	3.1 Baseline characteristics of patients with SALI
	3.2 Clinical outcomes of patients with SALI
	3.3 Survival analysis
	3.4 Absolute platelet changes and incidence of DIC
	3.5 Subgroup analysis

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


