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Background: Acute respiratory distress syndrome (ARDS) is a severe 
condition associated with high morbidity, mortality, and healthcare costs. 
Despite extensive research, treatment options for ARDS are suboptimal.

Methods: This study encompassed patients diagnosed with ARDS from the 
Medical Information Mart for Intensive Care-IV (MIMIC-IV) database. Pre-
intensive care unit (ICU) statin use was assessed as the exposure variable. 
Kaplan–Meier survival analysis was conducted to evaluate mortality at 30 
and 90  days. Adjusted multivariable Cox models were utilized to estimate 
hazard ratios. Subgroup analyses and propensity score-matching (PSM) 
were undertaken for further validation.

Results: Our study comprised 10,042 participants diagnosed with ARDS, 
with an average age of 61.8  ±  15.3  years. Kaplan–Meier survival analysis 
demonstrated a significantly lower prevalence of mortality at 30 and 
90  days in individuals who used statins before ICU admission. Adjusted 
multivariable Cox models consistently showed a significant decrease in 
mortality prevalence associated with pre-ICU statin use. After accounting 
for confounding factors, patients who used statins before ICU admission 
experienced a 39% reduction in 30-day mortality and 38% reduction in 90-
day mortality. We  found a significant decrease in ICU stay (0.84  days) for 
those who used statins before ICU admission. These results were supported 
by subgroup analyses and PSM.

Conclusion: This large cohort study provides evidence supporting the 
association between pre-ICU statin use, reduced risk of death, and shorter 
ICU stay in patients with ARDS, thereby suggesting the potential benefits of 
statin use in critically ill patients.
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Introduction

Acute respiratory distress syndrome (ARDS) is characterized by 
severe hypoxemic respiratory failure, with bilateral infiltrates evident 
on chest imaging, which is not fully explained by heart failure or fluid 
overload. ARDS is defined by the Berlin criteria (1). Despite significant 
advancements in the understanding of ARDS since its initial 
description over 50 years ago (2), treatments primarily offer supportive 
care rather than a definitive cure, which has led to a prevalence of 
mortality of up to 45% (3). Furthermore, survivors of ARDS often 
experience long-term physical, neuropsychiatric, and neurocognitive 
impairments that affect their quality of life significantly (4). 
Consequently, there is an immediate and pressing need to identify 
innovative and efficacious therapies to improve clinical outcomes and 
address the wide-ranging health consequences associated with ARDS.

Inhibitors of hydroxymethylglutaryl-coenzyme A reductase 
(statins) are often recommended for primary and secondary 
prevention of cardiovascular diseases because of their lipid-lowering 
properties. Recent research has highlighted the crucial anti-
inflammatory, immunomodulatory, and antioxidant properties of 
statins (5, 6). The diverse impacts of statins have attracted growing 
interest across various medical disciplines, including their potential 
role in ARDS management. These effects occur primarily at the 
transcriptional level, which leads to a decrease in the synthesis of 
cytokines, chemokines, and C-reactive protein (7, 8). A clinical trial 
comparing rosuvastatin to a placebo found no significant differences 
in the prevalence of mortality or ventilator-free days (VFDs) (9). 
Another study evaluating the effects of simvastatin on VFDs and 
mortality did not show improved clinical outcomes. Nevertheless, the 
use of statin therapy in ARDS patients appears to be safe with minimal 
adverse effects, though the exact clinical benefits in this specific 
population remain uncertain (10, 11). The application of statins in 
ARDS treatment is controversial (12–14).

We wished to investigate the potential therapeutic benefits of 
pre-intensive care unit (ICU) statin use in relation to the prognosis of 
patients with ARDS. A retrospective analysis was conducted on a 
cohort of 10,042 critically ill patients using data from the MIMIC-IV 
dataset spanning the period from 2001 to 2019. We aimed to test the 
hypothesis that pre-ICU statin use in patients suffering from ARDS 
would be  associated with a reduced prevalence of mortality and 
shorter stay in the ICU.

Methods

All study data were obtained exclusively from the MIMIC-IV 
database (version 2.2).1 The MIMIC database contains information 
from the electronic medical records of the Beth Israel Deaconess 
Medical Center (Boston, MA, USA): basic demographics, laboratory 
results, treatment prescriptions, and records on ICU monitoring (15). 
The extraction process employed the Structured Query Language 
Server to ensure systematic retrieval of relevant data. Before accessing 
the database, Yi Yu secured official permission (certificate ID: 
6477678) for utilization. The preparation of this report adhered strictly 

1 https://mimic.mit.edu/

to the Guidelines for Strengthening the Reporting of Observational 
Studies in Epidemiology (16).

Study population and data extraction

Patients included in the present study met the diagnostic criteria 
for ARDS according to the latest internationally recognized definition 
(17), the fulfillment of the criteria depends on the indicators present 
on the day of admission to the ICU. Only adult individuals aged 
≥18 years were eligible for inclusion. If patients had multiple 
admissions to the ICU, only data from their initial ICU admission 
were considered. Patients with incomplete records of respiratory-
support parameters, blood-gas analyses, and vital signs were excluded 
from the study. Comprehensive data collection encompassed patient 
demographics, vital signs, comorbidities, laboratory results, scores for 
clinical severity, treatments (including ventilation, administration of 
vasoactive drugs, and dialysis), as well as other relevant admission data.

Use of statins

To identify the pre-ICU use of statins, prescriptions for statins 
before ICU admission were identified by analyzing the medication 
records in the MIMIC-IV database.

Outcomes and covariates

The primary endpoints assessed were mortality at 30 and 90 days. 
The secondary outcomes of interest were the duration of ICU stay. The 
variables considered in the analysis encompassed demographic factors 
such as sex, age, ethnicity, marital status, and insurance status. In 
addition, physiological measures were included: body mass index 
(BMI), ARDS severity, utilization of mechanical ventilation, 
administration of vasoactive medications, continuous renal 
replacement therapy (CRRT), results of blood-gas analysis, respiratory 
rate, oxygen saturation in blood, mean arterial blood pressure, heart 
rate, white blood cell count, platelet count, as well as levels of 
hemoglobin, creatinine, and glucose. We collected data on disease-
severity scores (Charlson, Sequential Organ Failure Assessment 
(SOFA), Simplified Acute Physiology Score (SAPS) II) as well as 
information on comorbidities.

Statistical analyses

Appropriate statistical methods were employed to analyze data 
and establish a comparison of variables. Quantitative variables were 
summarized using interquartile ranges (IQRs) and median values, 
with categorical variables presented as percentages and counts. The 
Kruskal–Wallis test was used to determine a significant variation in 
continuous variables between groups given statin therapy. The 
chi-square test was employed to compare categorical variables. 
Missing data were handled by replacement with the median value. 
This approach was selected due to the low percentage of lack of 
information (0.3–4%) for height and weight variables. To ensure data 
completeness and increase the accuracy of results, multiple imputation 
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methods were used to handle missing values (5–10%) in the Cox 
regression analysis and model building. We  conducted multiple 
imputation by employing the R MI procedure using a chained 
equation approach method and 5 replications to address the 
missing data.

To investigate the potential impact of previous statin use on the 
prevalence of mortality within 30-day and 90-day timeframes, 
we conducted univariate and multivariate Cox regression analyses 
while adjusting for the aforementioned covariates. To visualize 
survival trends, Kaplan–Meier curves were generated and compared 
using the log-rank test. Furthermore, subgroup analyses were 
undertaken to examine the consistency of our findings across 
different subgroups, including age (<60 and ≥ 60 years), BMI (<25 
and ≥ 25 kg/m2), sex (male and female), ARDS severity (mild, 
moderate, severe), ethnicity (white, others), SOFA score (<6 and ≥ 6), 
and lactate level (<4 and ≥ 4 mmol/L), with interaction effects being 
assessed. Propensity-score matching (PSM) was employed to 
enhance the robustness of our results using a 1:1 nearest neighbor-
matching algorithm with a caliper width of 0.01. The hazard ratio 
(HR) for 30-day and 90-day mortality was estimated using a 
multivariable Cox proportional hazards regression model with a 
robust variance estimator. P < 0.05 (two-sided) was 
considered significant.

Statistical analyses were conducted using STATA 17.0 (College 
Station, TX, USA). This program provided the necessary tools and 
functions for the manipulation and modeling of data. In addition, 
we utilized packages from R (R Institute for Statistical Computing, 
Vienna, Austria) and Free Statistics 1.8 to augment analyses by 
leveraging the specific functionalities and statistical methods 
contained in these programs.

Results

Participants

The flowchart illustrated in Figure  1 is a comprehensive 
representation of the sequential selection process employed to identify 
suitable study participants. Initially, all 222,160 patients underwent 
screening based on the predefined diagnostic criteria for 
ARDS. Patients with repeated admissions to the ICU were 
subsequently excluded from the study cohort. The final analysis was 
conducted on a refined cohort comprising 10,042 patients. The 
flowchart captures visually the systematic approach implemented to 
identify and select this definitive group of participants for 
further investigation.

Baseline characteristics

The study cohort comprised 10,042 patients with a mean age of 
61.8 ± 15.3 years, and 34.9% of the cohort were women. Table  1 
provides an in-depth overview of the baseline characteristics 
observed within this patient population. A meticulous comparison 
between the two sets of data revealed conspicuous distinctions: the 
group who did not use statins before ICU admission tended to 
be  younger and women. They exhibited lower levels of partial 
pressure of oxygen in the arterial blood/fraction of inspired oxygen 
(PaO2/FiO2), increased lactate level, increased use of invasive 
ventilator and CRRT, higher disease scores, higher prevalence of 
comorbid sepsis, and noticeably increased prevalence of 30-day and 
90-day mortality. In contrast, the group who used statins before ICU 

FIGURE 1

Flowchart of this study.
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TABLE 1 Characteristics of participants at baseline.

Variable Total (n  =  10,042) Non pre-ICU statin 
use (n  =  6,829)

Pre-ICU statin use 
(n  =  3,213)

p

Age, years 61.8 ± 15.3 59.2 ± 16.4 67.3 ± 11.0 <0.001

Sex, female, n (%) 3,507 (34.9) 2,577 (37.7) 930 (28.9) <0.001

BMI, kg/m2 29.6 ± 6.9 29.5 ± 7.2 29.7 ± 6.1 0.3

Ethnicity, n (%) <0.001

White 6,257 (62.3) 4,047 (59.3) 2,210 (68.8)

Other 3,785 (37.7) 2,782 (40.7) 1,003 (31.2)

Insurance type, n (%) <0.001

Medicaid 802 (8.0) 652 (9.5) 150 (4.7)

Medicare 3,770 (37.5) 2,311 (33.8) 1,459 (45.4)

Other 5,470 (54.5) 3,866 (56.6) 1,604 (49.9)

Heart rate (bpm) 87.0 ± 15.2 88.4 ± 16.3 84.1 ± 12.2 <0.001

MAP (mmHg) 76.7 ± 9.0 77.4 ± 9.7 75.2 ± 7.3 <0.001

Respiration rate (bpm) 19.4 ± 4.0 19.8 ± 4.2 18.5 ± 3.3 <0.001

Temperature (°C) 36.9 ± 0.7 36.9 ± 0.8 36.8 ± 0.5 <0.001

SpO2 (%) 97.1 ± 2.8 97.0 ± 3.0 97.4 ± 2.0 <0.001

Glucose (mmol/L) 142.4 ± 45.2 144.2 ± 49.3 138.7 ± 34.9 <0.001

pH 7.4 ± 0.1 7.3 ± 0.1 7.4 ± 0.1 <0.001

PO2 (mmHg) 187.6 ± 75.3 173.8 ± 75.1 216.9 ± 67.1 <0.001

PCO2 (mmHg) 42.8 ± 9.1 43.1 ± 9.7 42.0 ± 7.5 <0.001

PaO2/FiO2 245.8 ± 95.8 241.5 ± 97.2 255.1 ± 92.0 <0.001

Lactate (mmol/L) 2.0 (1.5, 2.8) 2.0 (1.5, 3.0) 1.9 (1.5, 2.5) <0.001

WBC count (×109) 13.8 ± 9.9 13.9 ± 10.2 13.5 ± 9.4 0.045

Hb (g/L) 10.8 ± 1.9 10.9 ± 2.1 10.4 ± 1.6 <0.001

Platelets (×109) 190.0 ± 100.6 193.3 ± 105.4 183.0 ± 89.3 <0.001

BUN (mg/dL) 22.3 ± 17.6 23.2 ± 18.8 20.5 ± 14.6 <0.001

Scr (mg/dL) 0.9 (0.7, 1.3) 0.9 (0.7, 1.3) 0.9 (0.8, 1.2) 0.005

Sodium (mmol/L) 138.7 ± 4.4 138.9 ± 4.8 138.2 ± 3.4 <0.001

Potassium (mmol/L) 4.3 ± 0.6 4.3 ± 0.6 4.4 ± 0.5 <0.001

Vasoactive drugs, n (%) 6,672 (66.4) 4,318 (63.2) 2,354 (73.3) <0.001

CRRT, n (%) 634 (6.3) 533 (7.8) 101 (3.1) <0.001

Ventilation, n (%) 8,648 (86.1) 6,115 (89.5) 2,533 (78.8) <0.001

MI, n (%) 1,649 (16.4) 668 (9.8) 981 (30.5) <0.001

CHF, n (%) 217 (2.2) 139 (2) 78 (2.4) 0.207

CBVD, n (%) 1,456 (14.5) 940 (13.8) 516 (16.1) 0.002

CPD, n (%) 2,360 (23.5) 1,594 (23.3) 766 (23.8) 0.582

Rheumatic disease, n (%) 275 (2.7) 184 (2.7) 91 (2.8) 0.693

Diabetes without complication, n (%) 2,223 (22.1) 1,264 (18.5) 959 (29.8) <0.001

Diabetes with complication, n (%) 747 (7.4) 353 (5.2) 394 (12.3) <0.001

Renal disease, n (%) 1,402 (14.0) 797 (11.7) 605 (18.8) <0.001

Malignant cancer, n (%) 1,275 (12.7) 935 (13.7) 340 (10.6) <0.001

Severe liver disease, n (%) 744 (7.4) 679 (9.9) 65 (2) <0.001

Charlson comorbidity index 5.1 ± 2.8 4.8 ± 2.8 5.8 ± 2.5 <0.001

SOFA score 6.8 ± 3.4 7.1 ± 3.7 6.2 ± 2.7 <0.001

SAPS II score 41.0 ± 15.2 41.6 ± 15.8 39.6 ± 13.5 <0.001

(Continued)
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admission statin demonstrated a lower prevalence of vasoactive-drug 
administration and fewer comorbidities. Supplementary Table S1 
presents a comparison of baseline data between the two groups 
following Propensity-score matching (PSM).

Relationship between pre-ICU statin use 
and mortality at 30 and 90  days

Survival analyses using the Kaplan–Meier method revealed a 
significant decrease in the prevalence of mortality at 30 and 90 days 
among patients who had pre-ICU statin use compared with those who 
had not (log-rank test: p < 0.0001) (Figure  2). In the assessment of 
30-day mortality risk, pre-ICU statin use was associated with a 
significant reduction in death compared with non pre-ICU statin use 
(HR = 0.39, 95%CI = 0.34–0.44, p < 0.001). Consistent results were 

observed when analyzing data over the course of 90 days, which 
highlighted comparable outcomes between non pre-ICU statin use and 
pre-ICU statin use. A notable association between pre-ICU statin use 
and a lower HR was observed (HR = 0.39, 95%CI = 0.35–0.44, p < 0.001) 
(Table 2).

In extended multivariable Cox models (Table 2), the HRs for 
pre-ICU statin use remained consistently significant across all 
models (ranging from 0.36 to 0.61, p < 0.001 for all). After adjustment 
for the covariates listed in Table 2, we found a 39% lower risk of 
30-day mortality in patients who received statins before ICU 
admission (HR = 0.61, 95%CI = 0.53–0.70, p < 0.001, model 6) 
(Table 2). Similarly, there was a 38% lower risk of 90-day mortality 
in patients who received statins before ICU admission (HR = 0.62, 
95%CI = 0.54–0.71, p < 0.001, model 6) (Supplementary Table S2). 
These results indicated the robustness of the findings obtained from 
our models.

TABLE 1 (Continued)

Variable Total (n  =  10,042) Non pre-ICU statin 
use (n  =  6,829)

Pre-ICU statin use 
(n  =  3,213)

p

Sepsis, n (%) 6,994 (69.6) 5,075 (74.3) 1919 (59.7) <0.001

30-day mortality, n (%) 1,729 (17.2) 1,442 (21.1) 287 (8.9) <0.001

90-day mortality, n (%) 1,833 (18.3) 1,527 (22.4) 306 (9.5) <0.001

ICU stay, days 2.6 (1.3, 5.8) 3.5 (1.7, 7.9) 2.2 (1.3, 4.2) <0.001

For each variable, mean ± standard deviation, median (interquartile range), or number (percent) was reported (as appropriate).
BMI, body mass index; MAP, mean arterial pressure; SpO2, pulse oxygen saturation; PH, potential of hydrogen; PO2, partial pressure of oxygen; PCO2, partial pressure of carbon dioxide; PaO2/
FiO2, arterial oxygen tension/inspired oxygen fraction; WBC, white blood cell; Hb, hemoglobin; BUN, blood urea nitrogen; Scr, serum creatinine; CRRT, continuous renal replacement 
therapy; MI, myocardial infarct; CHF, congestive heart failure; CBVD, cerebrovascular disease; CPD, chronic pulmonary disease; SAPS, Simplified Acute Physiology Score; SOFA, Sequential 
Organ Failure Assessment; ICU, intensive care unit.

FIGURE 2

Kaplan–Meier survival curves for ICU patients at day 90 and categorized on pre-ICU statin use.
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TABLE 2 Values of HR and 95%CI of pre-ICU statin use for 30-day 
mortality.

HR 95%CI p

Model 1 0.39 (0.34–0.44) <0.001

Model 2 0.36 (0.32–0.41) <0.001

Model 3 0.37 (0.32–0.42) <0.001

Model 4 0.59 (0.52–0.68) <0.001

Model 5 0.59 (0.51–0.67) <0.001

Model 6 0.61 (0.53–0.7) <0.001

PSM 0.74 (0.63–0.86) <0.001

Relationship between pre-ICU use of 
statins, duration of ICU

In the univariate analysis, the group who used statins before ICU 
admission had a significantly shorter ICU stay compared with those who 
did not use used statins before ICU admission. The reduction in ICU 
stay was 2.14 days (p < 0.001, β = −2.14, 95%CI = −2.43 to −1.86). This 
finding was consistent with the results obtained from the linear 
multivariate regression model. It showed a shorter ICU stay for the group 
who used statins before ICU admission than those who did not use 
statins before ICU admission. The reduction in ICU stay was 0.84 days 
(p < 0.001, β = −0.84, 95%CI = −1.13 to −0.55) (Table 3). The results 
remained significant even after using PSM to control for potential 
confounding variables (p < 0.001, β = −0.69, 95%CI = −1 to −0.39) 
(Supplementary Table S3). These results strongly suggested pre-ICU 
statin administration to be associated with a shorter duration of ICU stay.

Subgroup analyses and sensitivity analyses

Subgroup analyses showed that the relationship between pre-ICU 
statin use and ICU outcome remained robust and reliable. Specifically, 
the protective impact of pre-ICU statin use was more pronounced in 
patients under the age of 60 years and those of non-white ethnicity. No 
other significant interactions were observed in the subgroups 
(pinteraction > 0.05) (Figure 3).

After PSM, the study included 2,547 well-matched pairs in the 
group with pre-ICU statin use and the non pre-ICU statin use group. 
There were no significant differences between the two matched 
groups. Among these matched pairs in the propensity score-matched 
pool, patients who received statins before ICU admission had a 
significantly lower prevalence of mortality at 30 and 90 days (p < 0.001) 
(Supplementary Table S1).

The robustness of these findings was confirmed through Cox 
regression models. The univariable Cox proportional hazards 
regression model showed a HR of 0.74 (95%CI = 0.63–0.86, p < 0.0001) 

for 30-day mortality and a HR of 0.76 (95%CI = 0.65–0.88, p < 0.0001) 
for 90-day mortality (Table 2). These results indicated a significant 
reduction in the prevalence of mortality among patients who received 
statins before ICU admission, which suggested the beneficial effects 
of pre-ICU statin use on the outcome.

Discussion

Main findings

Our study represents the most comprehensive cohort investigation 
examining the impact of pre-ICU statin use on mortality in patients 
suffering from ARDS. We found a significant association between 
pre-ICU statin use and a reduction in ICU stay. Moreover, our results 
suggest that patients with ARDS given statins before ICU admission 
had a lower risk-adjusted prevalence of mortality at 30 and 90 days 
compared with those who did not use statins before ICU admission. 
Importantly, these findings remained consistent even after accounting 
for potential confounding factors through PSM. Our study provides 
strong evidence supporting the potential benefits of pre-ICU statin use 
in improving the outcome in patients with ARDS.

Effects of pre-ICU statin use on mortality 
and ICU stay for patients suffering from 
ARDS

Statin administration has been associated with a reduced 
prevalence of mortality in individuals diagnosed with ARDS (18, 19). 
However, those studies used an outdated definition of 
ARDS. Therefore, the findings from those studies may not be entirely 
consistent with the current understanding of ARDS. Hence, we aimed 
to expand on those previous findings by specifically examining the 
relationship between pre-ICU statin use and death for patients 
diagnosed according to the latest definition of ARDS.

A retrospective study conducted in multiple medical centers 
explored the use of statins in patients with coronavirus disease 2019 
and found a potential reduction in the risk of developing ARDS 
(odds ratio = 0.78, 95%CI = 0.69–0.89, p < 0.001) (20). A double-
blind, randomized controlled trial conducted in the UK and Ireland 
by Agus and colleagues enrolled 540 intubated and mechanically 
ventilated patients with ARDS. They demonstrated that simvastatin 
was a cost-effective treatment for ARDS, resulting in significant 
gains in quality-adjusted life years and cost savings (21). Similarly, 
Mansur et al. conducted a prospective observational cohort study 
in Germany involving 404 patients with sepsis-associated 
ARDS. Their findings indicated that statin therapy improved 28-day 
survival exclusively in patients with severe ARDS compared with 
those not taking statins (88.5% vs. 62.5%, p = 0.0193) (19). 

TABLE 3 Pre-ICU statin use and ICU stay.

Model 1 Model 2

Variable n. total β (95%CI) p β (95%CI) p

Non pre-ICU statin use 6,829 0 (Ref) 0 (Ref)

Pre-ICU statin use 3,213 −2.14 (−2.43 to −1.86) <0.001 −0.84 (−1.13 to −0.55) <0.001
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We  observed that pre-ICU statin use was associated with a 
significant reduction in the prevalence of mortality at 30 days and 
90 days in patients with ARDS (HRs were 0.61 (95%CI = 0.53–0.70, 
p < 0.001) and 0.62 (95%CI = 0.54–0.71, p < 0.001), respectively). 
Moreover, pre-ICU statin use was linked to a reduction of 

~0.84 days in ICU stay (β = −0.84, 95%CI = −1.13 to −0.55, 
p < 0.001).

There is conflicting evidence regarding the efficacy of statin use in 
reducing the risk of ARDS-related death and improving the prognosis, 
so additional studies are needed to establish a clearer understanding. 

FIGURE 3

Association between pre-ICU statin use and 30-day mortality according to baseline characteristics. Each stratification adjusted for all the factors (age, 
sex, BMI, ethnicity, insurance, temperature, heart rate, MAP, respiration rate, SPO2, glucose, PH, PO2, PCO2, PO2/FiO2, lactate, sodium, potassium, 
WBC, HB, PLT, Scr, Bun, ventilation, vasoactive drugs, CRRT, SAPS II, SOFA, charlson comorbidity index, myocardial infarct, congestive heart failure, 
cerebrovascular disease, chronic pulmonary disease, diabetes without complication, diabetes with complication, renal disease, malignant cancer, 
severe liver disease, sepsis) except the stratification factor itself. BMI, body mass index; ARDS, Acute Respiratory Distress Syndrome; SOFA, Sequential 
Organ Failure Assessment.
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A meta-analysis conducted by Nagendran et al. did not demonstrate 
a clinical benefit from initiating statin therapy in adult patients 
diagnosed with ARDS. However, that meta-analysis had limitations, 
including a small number of studies and populations, and only a 
subset of the included studies utilized established ARDS criteria for 
patient selection (22). In a cohort study by Oh and coworkers 
involving a Korean population, pre-ICU statin use did not lead to a 
significant reduction in 30-day mortality (p = 0.215) (23). However, 
that study had important limitations, including a lack of information 
on BMI, PaO2/FiO2, SAPS-II score, vasoactive-medication usage, 
CRRT, and the presence/absence of comorbid sepsis. These factors 
influence the prognosis of patients suffering from ARDS (1, 24).

The precise mechanisms through which statins reduce the risk of 
death in patients with ARDS are not known. The efficacy of statin 
therapy in mitigating cardiovascular risk is widely acknowledged, 
particularly because of deeper understanding of atherosclerosis as an 
inflammatory condition (25, 26). Experts have identified multiple 
mechanisms by which statins alleviate inflammation (27, 28) and 
endothelial dysfunction (29, 30). One study demonstrated a notable 
reduction in systemic and pulmonary inflammation, as well as 
indicators of damage to alveolar type-1 epithelial cells and the systemic 
vascular endothelium, in patients who received statins before 
treatment. Hence, the anti-inflammatory properties of statins may 
account for the beneficial prognosis observed with their employment 
in ARDS (31). Evidence suggests that simvastatin diminishes the 
pulmonary inflammatory response to endotoxins in healthy 
individuals (32). Furthermore, statins exhibit antithrombotic 
advantages (33, 34), as validated by a well-designed, sizable, 
randomized controlled trial (35, 36).

Strengths of our study

Our study possessed four main strengths. First, we  utilized a 
comprehensive and publicly available database, thereby ensuring the 
reliability and comprehensiveness of our data. The diagnostic criteria 
used for ARDS were current and well-defined, which enhanced the 
accuracy and validity of our study. Second, no study has specifically 
examined the impact of pre-ICU statin use on the risk of death in 
patients suffering from ARDS. Our findings provide clear and 
conclusive evidence that pre-ICU statin use reduces ICU stay 
significantly and lowers the prevalence of 30-day and 90-day mortality 
among individuals with ARDS. Third, we  employed multiple 
regression analysis and conducted PSM to establish the robustness 
and reliability of our study findings. This rigorous analytical approach 
further strengthens the credibility and internal validity of our results. 
Fourth, considering the widespread use of statins for primary and 
secondary prevention of cardiovascular diseases, our findings hold 
implications and generalizability beyond the ARDS 
population specifically.

Limitations of our study

Our study had five main limitations. First, ARDS is not a 
specific disease but instead a syndrome diagnosed based on 
various clinical and physiological criteria. Patients with ARDS 

may have different underlying risk factors, complex 
premorbidities and comorbidities, and potentially diverse 
pathophysiology (37, 38). However, this shortcoming was offset 
by the large number of patients enrolled in our study. Second, 
caution should be exercised when generalizing the findings of our 
study because it was conducted using data from a single ICU in 
the USA. The sample size was substantial and fairly representative, 
but conducting a multicenter prospective study in the future 
would be valuable to confirm the generalizability of our results. 
Third, the generalizability of our findings to other causes of 
ARDS, such as trauma, aspiration, and transfusion, is limited 
because >69% of patients in our cohort had sepsis-induced 
ARDS. Nevertheless, further analysis of this specific subset is 
crucial because sepsis remains the most common cause of 
ARDS. Fourth, this study was observational, and therefore, did 
not apply the optimal methodology for evaluating the effects of 
a drug. A future randomized controlled trial would be  more 
appropriate. Nonetheless, our study provides a foundation for 
further examination of pre-ICU statin use in ARDS. Nonetheless, 
the limitations of our study can be  mitigated partially by the 
considerable number of participants involved and adoption of 
PSM methodology. Fifth, our primary objective was to assess the 
influence of different types and doses of statins on the prognosis 
of patients with ARDS. However, the limited sample size in each 
group resulted in insufficient statistical power, which affected 
statistical outcomes significantly.

Conclusion

Application of statins before ICU admission in patients with ARDS 
showed potential clinical advantages. Pre-ICU statin use significantly 
reduced the prevalence of mortality at 30 and 90 days in patients with 
ARDS, and led to a shortened ICU stay. These findings suggest the 
efficacy of statins in the treatment of ARDS. Statin therapy may be a 
feasible therapeutic choice for ARDS patients and merits further research.

Data availability statement

Publicly available datasets were analyzed in this study. This data 
can be  found here: the MIMIC-IV database (version 2.2; https://
mimic.mit.edu/).

Ethics statement

The studies involving humans were approved by the research, 
which incorporated human participants, underwent 
comprehensive scrutiny and obtained ethical approval from both 
the Massachusetts Institute of Technology and the Beth Israel 
Deaconess Medical Center. The studies were conducted in 
accordance with the local legislation and institutional 
requirements. The participants provided their written informed 
consent to participate in this study. Written informed consent 
was obtained from the individual(s) for the publication of any 
potentially identifiable images or data included in this article.

https://doi.org/10.3389/fmed.2023.1328636
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://mimic.mit.edu/
https://mimic.mit.edu/


Mao et al. 10.3389/fmed.2023.1328636

Frontiers in Medicine 09 frontiersin.org

Author contributions

HM: Writing – review & editing. YY: Writing – original  
draft. QW: Writing – review & editing. HL: Writing – review & 
editing.

Funding

The author(s) declare financial support was received for the 
research, authorship, and/or publication of this article. This study was 
funded by the Guangdong Bureau of Traditional Chinese Medicine 
(20222065 and 20232049) and the National Natural Science 
Foundation of China (82104989).

Acknowledgments

We would like to express our sincere appreciation to the Free 
Statistics team for their invaluable technical support and provision of 
essential tools for data analysis and visualization.

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.

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/fmed.2023.1328636/
full#supplementary-material

References
 1. Gorman EA, O'Kane CM, McAuley DF. Acute respiratory distress syndrome in 

adults: diagnosis, outcomes, long-term sequelae, and management. Lancet. (2022) 
400:1157–70. doi: 10.1016/S0140-6736(22)01439-8

 2. Ashbaugh DG, Bigelow DB, Petty TL, Levine BE. Acute respiratory distress in 
adults. Lancet. (1967) 2:319–23. doi: 10.1016/S0140-6736(67)90168-7

 3. Bellani G, Laffey JG, Pham T, Fan E, Brochard L, Esteban A, et al. Epidemiology, 
patterns of care, and mortality for patients with acute respiratory distress syndrome in 
intensive care units in 50 countries. JAMA. (2016) 315:788–800. doi: 10.1001/
jama.2016.0291

 4. Fan E, Dowdy DW, Colantuoni E, Mendez-Tellez PA, Sevransky JE, Shanholtz C, et al. 
Physical complications in acute lung injury survivors: a two-year longitudinal prospective 
study. Crit Care Med. (2014) 42:849–59. doi: 10.1097/CCM.0000000000000040

 5. Schenk P, Spiel AO, Huttinger F, Gmeiner M, Fugger J, Pichler M, et al. Can 
simvastatin reduce COPD exacerbations? A randomised double-blind controlled study. 
Eur Respir J. (2021) 58:2001798. doi: 10.1183/13993003.01798-2020

 6. Tong F, Dong B, Chai R, Tong K, Wang Y, Chen S, et al. Simvastatin nanoparticles 
attenuated intestinal ischemia/reperfusion injury by downregulating BMP4/COX-2 
pathway in rats. Int J Nanomedicine. (2017) 12:2477–88. doi: 10.2147/IJN.S126063

 7. Manitsopoulos N, Orfanos SE, Kotanidou A, Nikitopoulou I, Siempos I, Magkou 
C, et al. Inhibition of HMGCoA reductase by simvastatin protects mice from injurious 
mechanical ventilation. Respir Res. (2015) 16:24. doi: 10.1186/s12931-015-0173-y

 8. Sanchez MA, Thomas CB, O'Neal HR. Do aspirin and statins prevent severe sepsis? 
Curr Opin Infect Dis. (2012) 25:345–50. doi: 10.1097/QCO.0b013e3283520ed7

 9. National Heart, Lung, and Blood Institute ARDS Clinical Trials NetworkTruwit JD, 
Bernard GR, Steingrub J, Matthay MA, Liu KD, et al. Rosuvastatin for sepsis-associated 
acute respiratory distress syndrome. N Engl J Med. (2014) 370:2191–200. doi: 10.1056/
NEJMoa1401520

 10. McAuley DF, Laffey JG, O'Kane CM, Perkins GD, Mullan B, Trinder TJ, et al. 
Simvastatin in the acute respiratory distress syndrome. N Engl J Med. (2014) 
371:1695–703. doi: 10.1056/NEJMoa1403285

 11. O'Kane CM, Perkins GD, McAuley DF. Statins and sepsis: potential benefit but 
more unanswered questions. Am J Respir Crit Care Med. (2013) 187:672–4. doi: 10.1164/
rccm.201212-2305ED

 12. Kruger PS, Terblanche M. Statins in patients with sepsis and ARDS: is it over? No. 
Intensive Care Med. (2017) 43:675–6. doi: 10.1007/s00134-016-4564-4

 13. McAuley D, Charles PE, Papazian L. Statins in patients with sepsis and ARDS: is 
it over? We  are not sure. Intensive Care Med. (2017) 43:677–9. doi: 10.1007/
s00134-016-4454-9

 14. Alhazzani W, Truwit J. Statins in patients with sepsis and ARDS: is it over? Yes. 
Intensive Care Med. (2017) 43:672–4. doi: 10.1007/s00134-016-4585-z

 15. Johnson AE, Pollard TJ, Shen L, Lehman LW, Feng M, Ghassemi M, et al. MIMIC-
III, a freely accessible critical care database. Sci Data. (2016) 3:160035. doi: 10.1038/
sdata.2016.35

 16. Skrivankova VW, Richmond RC, Woolf BAR, Davies NM, Swanson SA, 
VanderWeele TJ, et al. Strengthening the reporting of observational studies in 
epidemiology using mendelian randomisation (STROBE-MR): explanation and 
elaboration. BMJ. (2021) 375:n2233. doi: 10.1136/bmj.n2233

 17. Matthay MA, Arabi Y, Arroliga AC, Bernard G, Bersten AD, Brochard LJ, et al. A 
new global definition of acute respiratory distress syndrome. Am J Respir Crit Care Med. 
(2023). doi: 10.1164/rccm.202303-0558WS, [Online ahead of print]

 18. Gonzalez H, Horie S, Laffey JG. Emerging cellular and pharmacologic therapies 
for acute respiratory distress syndrome. Curr Opin Crit Care. (2021) 27:20–8. doi: 
10.1097/MCC.0000000000000784

 19. Mansur A, Steinau M, Popov AF, Ghadimi M, Beissbarth T, Bauer M, et al. Impact 
of statin therapy on mortality in patients with sepsis-associated acute respiratory distress 
syndrome (ARDS) depends on ARDS severity: a prospective observational cohort study. 
BMC Med. (2015) 13:128. doi: 10.1186/s12916-015-0368-6

 20. Torres-Pena JD, Perez-Belmonte LM, Fuentes-Jimenez F, Lopez Carmona MD, 
Perez-Martinez P, Lopez-Miranda J, et al. Prior treatment with statins is associated with 
improved outcomes of patients with COVID-19: data from the SEMI-COVID-19 
registry. Drugs. (2021) 81:685–95. doi: 10.1007/s40265-021-01498-x

 21. Agus A, Hulme C, Verghis RM, McDowell C, Jackson C, O'Kane CM, et al. 
Simvastatin for patients with acute respiratory distress syndrome: long-term outcomes 
and cost-effectiveness from a randomised controlled trial. Crit Care. (2017) 21:108. doi: 
10.1186/s13054-017-1695-0

 22. Nagendran M, McAuley DF, Kruger PS, Papazian L, Truwit JD, Laffey JG, et al. 
Statin therapy for acute respiratory distress syndrome: an individual patient data meta-
analysis of randomised clinical trials. Intensive Care Med. (2017) 43:663–71. doi: 
10.1007/s00134-016-4649-0

 23. Oh TK, Song IA. Prior statin therapy and 30-day mortality in south Korean 
patients with acute respiratory distress syndrome. Acta Anaesthesiol Scand. (2021) 
65:236–43. doi: 10.1111/aas.13715

 24. Bos LDJ, Ware LB. Acute respiratory distress syndrome: causes, pathophysiology, 
and phenotypes. Lancet. (2022) 400:1145–56. doi: 10.1016/S0140-6736(22)01485-4

 25. Matsuura E, Atzeni F, Sarzi-Puttini P, Turiel M, Lopez LR, Nurmohamed MT. Is 
atherosclerosis an autoimmune disease? BMC Med. (2014) 12:47. doi: 10.1186/1741- 
7015-12-47

 26. Ross R. Atherosclerosis — an inflammatory disease. N Engl J Med. (1999) 
340:115–26. doi: 10.1056/NEJM199901143400207

 27. Sahebkar A, Rathouska J, Derosa G, Maffioli P, Nachtigal P. Statin impact on 
disease activity and C-reactive protein concentrations in systemic lupus erythematosus 
patients: a systematic review and meta-analysis of controlled trials. Autoimmun Rev. 
(2016) 15:344–53. doi: 10.1016/j.autrev.2015.12.007

 28. Albert MA, Danielson E, Rifai N, Ridker PM, Investigators P. Effect of statin 
therapy on C-reactive protein levels: the pravastatin inflammation/CRP evaluation 
(PRINCE): a randomized trial and cohort study. JAMA. (2001) 286:64–70. doi: 10.1001/
jama.286.1.64

https://doi.org/10.3389/fmed.2023.1328636
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fmed.2023.1328636/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmed.2023.1328636/full#supplementary-material
https://doi.org/10.1016/S0140-6736(22)01439-8
https://doi.org/10.1016/S0140-6736(67)90168-7
https://doi.org/10.1001/jama.2016.0291
https://doi.org/10.1001/jama.2016.0291
https://doi.org/10.1097/CCM.0000000000000040
https://doi.org/10.1183/13993003.01798-2020
https://doi.org/10.2147/IJN.S126063
https://doi.org/10.1186/s12931-015-0173-y
https://doi.org/10.1097/QCO.0b013e3283520ed7
https://doi.org/10.1056/NEJMoa1401520
https://doi.org/10.1056/NEJMoa1401520
https://doi.org/10.1056/NEJMoa1403285
https://doi.org/10.1164/rccm.201212-2305ED
https://doi.org/10.1164/rccm.201212-2305ED
https://doi.org/10.1007/s00134-016-4564-4
https://doi.org/10.1007/s00134-016-4454-9
https://doi.org/10.1007/s00134-016-4454-9
https://doi.org/10.1007/s00134-016-4585-z
https://doi.org/10.1038/sdata.2016.35
https://doi.org/10.1038/sdata.2016.35
https://doi.org/10.1136/bmj.n2233
https://doi.org/10.1164/rccm.202303-0558WS
https://doi.org/10.1097/MCC.0000000000000784
https://doi.org/10.1186/s12916-015-0368-6
https://doi.org/10.1007/s40265-021-01498-x
https://doi.org/10.1186/s13054-017-1695-0
https://doi.org/10.1007/s00134-016-4649-0
https://doi.org/10.1111/aas.13715
https://doi.org/10.1016/S0140-6736(22)01485-4
https://doi.org/10.1186/1741-7015-12-47
https://doi.org/10.1186/1741-7015-12-47
https://doi.org/10.1056/NEJM199901143400207
https://doi.org/10.1016/j.autrev.2015.12.007
https://doi.org/10.1001/jama.286.1.64
https://doi.org/10.1001/jama.286.1.64


Mao et al. 10.3389/fmed.2023.1328636

Frontiers in Medicine 10 frontiersin.org

 29. Fernandez-Ruiz I. Simvastatin protects against endothelial dysfunction via 
epigenetic mechanisms. Nat Rev Cardiol. (2023) 20:442. doi: 10.1038/
s41569-023-00893-z

 30. Li H, Wang Y, Liu J, Chen X, Duan Y, Wang X, et al. Endothelial Klf2-Foxp1-
TGFbeta signal mediates the inhibitory effects of simvastatin on maladaptive cardiac 
remodeling. Theranostics. (2021) 11:1609–25. doi: 10.7150/thno.48153

 31. Shyamsundar M, McAuley DF, Shields MO, MacSweeney R, Duffy MJ, Johnston 
JR, et al. Effect of simvastatin on physiological and biological outcomes in patients 
undergoing esophagectomy: a randomized placebo-controlled trial. Ann Surg. (2014) 
259:26–31. doi: 10.1097/SLA.0b013e31829d686b

 32. Shyamsundar M, McKeown ST, O'Kane CM, Craig TR, Brown V, Thickett DR, 
et al. Simvastatin decreases lipopolysaccharide-induced pulmonary inflammation in 
healthy volunteers. Am J Respir Crit Care Med. (2009) 179:1107–14. doi: 10.1164/
rccm.200810-1584OC

 33. Violi F, Calvieri C, Ferro D, Pignatelli P. Statins as antithrombotic drugs. 
Circulation. (2013) 127:251–7. doi: 10.1161/CIRCULATIONAHA.112.145334

 34. Undas A, Brummel-Ziedins KE, Mann KG. Statins and blood coagulation. Arterioscler 
Thromb Vasc Biol. (2005) 25:287–94. doi: 10.1161/01.ATV.0000151647.14923.ec

 35. Battersby CL, Bryan N, Hunt JA. Effect of simvastatin on physiological and 
biological outcomes in patients undergoing esophagectomy: a randomized placebo-
controlled trial. Ann Surg. (2015) 262:e95:–e96. doi: 10.1097/SLA.0000000000000669

 36. Glynn RJ, Danielson E, Fonseca FA, Genest J, Gotto AM Jr, Kastelein JJ, et al. A 
randomized trial of rosuvastatin in the prevention of venous thromboembolism. N Engl 
J Med. (2009) 360:1851–61. doi: 10.1056/NEJMoa0900241

 37. Famous KR, Delucchi K, Ware LB, Kangelaris KN, Liu KD, Thompson BT, et al. 
Acute respiratory distress syndrome subphenotypes respond differently to randomized 
fluid management strategy. Am J Respir Crit Care Med. (2017) 195:331–8. doi: 10.1164/
rccm.201603-0645OC

 38. Calfee CS, Delucchi K, Parsons PE, Thompson BT, Ware LB, Matthay MA, et al. 
Subphenotypes in acute respiratory distress syndrome: latent class analysis of data from 
two randomised controlled trials. Lancet Respir Med. (2014) 2:611–20. doi: 10.1016/
S2213-2600(14)70097-9

https://doi.org/10.3389/fmed.2023.1328636
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1038/s41569-023-00893-z
https://doi.org/10.1038/s41569-023-00893-z
https://doi.org/10.7150/thno.48153
https://doi.org/10.1097/SLA.0b013e31829d686b
https://doi.org/10.1164/rccm.200810-1584OC
https://doi.org/10.1164/rccm.200810-1584OC
https://doi.org/10.1161/CIRCULATIONAHA.112.145334
https://doi.org/10.1161/01.ATV.0000151647.14923.ec
https://doi.org/10.1097/SLA.0000000000000669
https://doi.org/10.1056/NEJMoa0900241
https://doi.org/10.1164/rccm.201603-0645OC
https://doi.org/10.1164/rccm.201603-0645OC
https://doi.org/10.1016/S2213-2600(14)70097-9
https://doi.org/10.1016/S2213-2600(14)70097-9

	Association between pre-ICU statin use and ARDS mortality in the MIMIC-IV database: a cohort study
	Introduction
	Methods
	Study population and data extraction
	Use of statins
	Outcomes and covariates
	Statistical analyses

	Results
	Participants
	Baseline characteristics
	Relationship between pre-ICU statin use and mortality at 30 and 90 days
	Relationship between pre-ICU use of statins, duration of ICU
	Subgroup analyses and sensitivity analyses

	Discussion
	Main findings
	Effects of pre-ICU statin use on mortality and ICU stay for patients suffering from ARDS
	Strengths of our study
	Limitations of our study

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

