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Abstract
Background Both sepsis and acute respiratory distress syndrome (ARDS) are common severe diseases in the 
intensive care unit (ICU). There is no large-scale multicenter study to clarify the attributable mortality of ARDS among 
septic patients. This study aimed to evaluate the excess mortality of ARDS in critically ill patients with sepsis.

Methods The data were obtained from a multicenter, prospective cohort study in 18 Chinese ICUs between January 
2014 and August 2015. The study population was septic patients after ICU admission. The patients were categorized 
into two groups: those who developed ARDS (ARDS group) within seven days following a sepsis diagnosis and those 
who did not develop ARDS (non-ARDS group). Applying propensity score matching (PSM), patients were matched 
1:1 as ARDS and non-ARDS groups. Mortality attributed to ARDS was calculated. Subsequently, we conducted a 
survival analysis to estimate the impact of ARDS on mortality. The primary endpoint was 30-day mortality after sepsis 
diagnosis.

Results 2323 septic patients were eligible, 67.8% developed ARDS. After PSM, 737 patients with ARDS were matched 
1:1 with 737 non-ARDS patients. ARDS’s overall 30-day attributable mortality was 11.9% (95% CI 7.5–16.3%, p < 0.001). 
Subgroup analysis showed that the 30-day attributable mortality of mild, moderate, and severe ARDS was 10.5% 
(95% CI 4.0-16.8%, p < 0.001), 11.6% (95% CI 4.7–18.4%, p < 0.001) and 18.1% (95% CI 4.5–30.9%, p = 0.006), respectively. 
ARDS was an independent risk factor for 30-day mortality, with adjusted hazard ratios of 1.30 (95% CI 1.03–1.64, 
p = 0.027), 1.49 (95% CI 1.20–1.85, p < 0.001), and 1.95 (95% CI 1.51–2.52, p < 0.001) for mild, moderate, and severe 
ARDS, respectively.

Conclusions The overall 30-day attributable mortality of ARDS among critically ill patients with sepsis was 11.9%. 
Compared with mild and moderate ARDS, severe ARDS contributed more to death. ARDS was significantly associated 
with an increase in the 30-day mortality.
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Background
Sepsis, a life-threatening illness caused by acute infec-
tion characterized by dysregulated host inflammatory 
response and multiple organ dysfunction, is a leading 
cause of preventable death in the intensive care unit 
(ICU) [1–3]. According to a worldwide multicenter epi-
demiological survey in 2017, there were approximately 
48.9 million cases of sepsis and 11 million sepsis-related 
deaths worldwide, representing 19.7% of all global deaths 
[4]. From 2017 to 2019, there were 13.1% of sepsis-related 
deaths in China, and this proportion is still increasing [5]. 
Acute respiratory distress syndrome (ARDS) is a clinical 
syndrome of acute hypoxic respiratory failure caused by 
pulmonary inflammation rather than cardiogenic pul-
monary edema [6]. According to a recent international 
multicenter prospective cohort study, ARDS may be 
present in up to 10% of patients in the ICU, and the mor-
tality ranges from about 34.9% in mild cases to 46.1% in 
severe cases [7]. ARDS usually develops in patients with 
predisposing conditions that induce a systemic inflam-
matory response, and sepsis is the most common extra-
pulmonary cause of ARDS [7–9]. Sepsis-related ARDS is 
a grave condition with greater disease severity and mor-
tality [10].

Due to the complex condition of septic patients in the 
ICU, it is difficult to determine the exact proportion of 
sepsis-related deaths caused by ARDS itself. The esti-
mation of the impact of ARDS on mortality is of vital 
importance for the design of future clinical trials [11]. 
UP to now, no large-scale multicenter study has clari-
fied the attributable mortality of ARDS among critically 
ill patients with sepsis. Thus, we performed a secondary 
data analysis from a large, prospective multicenter cohort 
study and applied propensity score matching (PSM) anal-
ysis to eliminate confounding factors, calculate attrib-
utable mortality of ARDS in critically ill patients with 
sepsis, and assess whether ARDS was an independent 
risk factor for 30-day mortality.

Materials and methods
Study setting and participants
Data for the PSM analysis were obtained from a prospec-
tive multicenter cohort study conducted by the China 
Critical Care Sepsis Trial (CCCST) working group in 18 
Chinese ICUs. The period was from January 1, 2014, to 
August 31, 2015. The CCCST aimed to investigate the 
epidemiology and characteristics of critically ill patients 
with sepsis, which recruited admitted patients and 
stayed in the ICU for at least 24 h. Our study focused on 
patients with an unequivocal diagnosis of sepsis, meeting 
sepsis 3.0 criteria [1], after ICU admission. Patients were 
observed for the occurrence of ARDS within the first 
seven days after diagnosis of sepsis, as ARDS is charac-
terized by the sudden onset or worsening development of 

breathing difficulty within one week of a clear incentive. 
The exclusion criteria included: (1) patients already suf-
fered from ARDS of ICU admission; (2) ARDS occurred 
before sepsis; (3) ARDS occurred seven days later after 
the diagnosis of sepsis; (4) missing data; (5) patients 
younger than 18 years of age. All patients or their rela-
tives had signed an informed consent form. The man-
agement of patients with sepsis and ARDS followed the 
International Guidelines for the Management of Severe 
Sepsis and Septic Shock (2012) [12].

The included patients were categorized into two 
groups: those who developed ARDS (ARDS group) 
within seven days following a sepsis diagnosis and those 
who did not develop ARDS (non-ARDS group).

Definitions and clinical outcomes
The definition of sepsis 3.0 was used to define sepsis [1]. 
For cases before 2016, this definition was applied retro-
spectively. Septic shock was defined as sepsis requiring 
vasopressors after adequate fluid resuscitation to main-
tain mean arterial pressure (MAP) ≥ 65 mmHg and blood 
lactate concentration ≥ 2 mmol/L [1, 13]. ARDS was diag-
nosed according to the Berlin Definition (2012) [14]. 
At least two physicians independently assessed ARDS 
based on the clinical condition, chest X-ray or computed 
tomography scan, and arterial blood gases. The severity 
of ARDS was determined by oxygenation index according 
to the Berlin classification, using the oxygenation index at 
the time of the first diagnosis of ARDS, namely, mild (200 
mmHg < PaO2/FiO2 ≤ 300 mmHg with PEEP or CPAP ≥ 5 
cmH2O), moderate (100 mmHg < PaO2/FiO2 ≤ 200 mmHg 
with PEEP ≥ 5 cmH2O), and severe (PaO2/FiO2 ≤ 100 
mmHg with PEEP ≥ 5 cmH2O).

The primary outcome was 30-day mortality after sepsis 
diagnosis. The secondary outcome was the length of stay 
(LOS) in ICU days, LOS in hospital days, ICU mortality, 
and hospital mortality.

Data collection
Information collected from the dataset included demo-
graphic characteristics [gender, age, and body mass 
index (BMI)], comorbidities [chronic obstructive pulmo-
nary disease (COPD) or asthma, cardiovascular disease, 
hypertension, diabetes, cancer, chronic kidney disease 
(CKD) and chronic liver disease], admission type, site of 
infection, organism responsible for sepsis, and diagnosis. 
The severity of the illness was represented by the Acute 
Physiology and Chronic Health Evaluation II (APACHE 
II) score and the Sequential Organ Failure Assessment 
(SOFA) score on the day of sepsis diagnosis. We collected 
clinical management data, including mechanical ventila-
tion and renal replacement therapy (RRT), on the day of 
sepsis diagnosis. We recorded daily oxygenation index 
(PaO2/FiO2), positive end-expiratory pressure (PEEP), 
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use of corticosteroid, mean arterial pressure (MAP), 
and the occurrence of septic shock and ARDS within 
seven days of the definitive diagnosis of sepsis. We also 
recorded the LOS in ICU days, LOS in hospital days, ICU 
mortality, 30-day mortality, and hospital mortality.

Statistical analysis
Statistical analysis was performed using SPSS statistics 
26 (IBM, Chicago, IL) and R 4.2.3 (R Project for Statis-
tical Computing). Continuous variables were presented 
as medians (interquartile range, IQR) and categori-
cal variables as percentages. Continuous data between 
two groups were compared using the Mann-Whitney U 
test, and categorical variables were compared using the 
Chi-square test. Applying PSM between septic patients 
with and without ARDS to estimate the excess mortal-
ity attributed to ARDS (Fig.  1A). Using the “matchit” 
package for PSM can effectively eliminate the impact 
of baseline characteristics and clinical covariates on the 
outcome. PSM estimators included age, gender, BMI, 
comorbidities, APACHE II score, SOFA score, mechani-
cal ventilation, RRT, MAP, and septic shock. Analysis 
was based on the lowest MAP. We established a matched 
control sample by using the nearest neighbor method. 
The value for the ratio was set to 1.0, and the width of the 
caliper was set to 0.09. The standardized differences were 
used to examine the covariate balance before and after 
matching. A value of 25% was considered a threshold for 
meaningful differences. McNemar’s test was applied to 
sensitivity analysis to assess the stability of outcomes [15]. 
Then, the 30-day mortality in matched septic patients 
with and without ARDS was calculated. Subgroup anal-
ysis of matched septic patients with and without ARDS 
was based on the severity of ARDS (Fig.  1B). Attribut-
able mortality refers to the proportion of deaths that can 
be statistically attributed to the underlying cause [16], in 

this case, ARDS. The attributable mortality of ARDS was 
calculated by subtracting the mortality of matched sep-
tic patients without ARDS from the mortality of matched 
septic patients with ARDS. A 95% confidence interval 
(CI) for the attributable mortality difference was calcu-
lated by Newcombe’s method [17].

All ARDS and non-ARDS patients were included in the 
survival analysis. The Kaplan-Meier survival curve was 
used to describe the survival status of each group. The 
log-rank test was used to compare the survival time and 
survival rate differences between groups. The multivari-
ate Cox proportional hazard model was used to calculate 
the hazard ratio (HR) of 30-day mortality and the cor-
responding 95% CI after adjusting for age, gender, BMI, 
comorbidities (COPD or asthma, cardiovascular disease, 
hypertension, diabetes, cancer, CKD and chronic liver 
disease), the need for mechanical ventilation and RRT, 
APACHE II score, SOFA score, septic shock, and MAP. 
Subsequently, the model was simplified by applying the 
stepwise method to derive the optimal model. All tests 
were two-tailed, and p < 0.05 was considered statistically 
significant.

Result
Characteristics of the demographics and proportion of 
ARDS
Of all 4910 patients in the study, 2323 septic patients 
were included in this analysis (Table 1), which included 
749 (32.2%) cases of non-ARDS and 1574 (67.8%) cases 
of ARDS. The ARDS diagnosis time was shown in Sup-
plemental Material Table S1. Of the total, 1490 (64.1%) 
were male. The median (IQR) age was 64 (50–77) years. 
Compared to the non-ARDS group, patients in the ARDS 
group had a higher BMI (p < 0.05). In total, 179 (7.7%) 
patients had COPD or asthma. The proportion of COPD 
or asthma was higher in the ARDS group (p < 0.05). 1311 

Fig. 1 Study flow diagram. (A) Flowchart of all the participants. (B) Flowchart of the subgroup analysis. Abbreviations: ICU, intensive care unit; ARDS, acute 
respiratory distress syndrome
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(56.4%) were medical. The most common site of infection 
leading to sepsis was the lungs, accounting for 49.8%. The 
median (IQR) APACHE II score and SOFA score were 
19 (14–25) and 7 (5–10) on the day of sepsis diagnosis, 
respectively. The ARDS group had higher APACHE II 
and SOFA scores (p < 0.05). 1809 (77.9%) and 439 (18.9%) 
patients received mechanical ventilation and RRT sepa-
rately. 1133 (48.8%) patients suffered from septic shock. 

The ARDS group had a higher probability of receiving 
mechanical ventilation, RRT and experiencing septic 
shock (p < 0.05). In the entire cohort, the median (IQR) 
LOS in ICU and hospital were 8 (4–17) days and 18 (10–
28) days, respectively. The 30-day mortality of ARDS was 
33.1%.

Among 1,574 ARDS patients, 603 (38.3%) were mild, 
707 (44.9%) were moderate, and 264 (16.8%) were severe. 

Table 1 Baseline characteristics of septic patients classified by ARDS
Variables All patients

n = 2323
Non-ARDS group n = 749 ARDS group

n = 1574
p-value

Male, n (%) 1490 (64.1) 450 (60.1) 1040 (66.1) 0.005
Age, median (IQR), years 64 (50–77) 62 (47–75) 65 (51–77) < 0.001
BMI, median (IQR), kg/m2 23.3 (20.9–25.3) 22.9 (20.8–24.8) 23.4 (21.2–25.4) 0.002
Chronic comorbidities, n (%)

COPD/asthma 179 (7.7) 32 (4.3) 147 (9.3) < 0.001
Cardiovascular disease 362 (15.6) 122 (16.3) 240 (15.2) 0.518
Hypertension 775 (33.4) 238 (31.8) 537 (34.1) 0.263
Diabetes 449 (19.3) 149 (19.9) 300 (19.1) 0.634
Cancer 231 (9.9) 78 (10.4) 153 (9.7) 0.602
CKD 148 (6.4) 41 (5.5) 107 (6.8) 0.222
Chronic liver disease 43 (1.9) 9 (1.2) 34 (2.2) 0.109

Admission type, n (%)
Medical 1311 (56.4) 429 (57.3) 882 (56.0) < 0.001
Surgical 482 (20.7) 200 (26.7) 282 (17.9) < 0.001
Emergency 530 (22.8) 120 (16.0) 410 (26.0) < 0.001

Site of infection, n (%)
Lung 1156 (49.8) 289 (38.6) 867 (55.1) < 0.001
Abdomen 448 (19.3) 219 (29.2) 229 (14.5) < 0.001
Bloodstream 345 (14.9) 112 (15.0) 233 (14.8) 0.924
Urinary tract 317 (13.6) 104 (13.9) 213 (13.5) 0.817
Others 57 (2.4) 25 (3.3) 32 (2.1) 0.057

Organism responsible for sepsis, n (%)
GPC 471 (20.3) 143 (19.1) 328 (20.8) 0.328
GNB 548 (23.6) 173 (23.1) 375 (23.8) 0.700
Virus 106 (4.6) 31 (4.1) 75 (4.8) 0.499
Fungus 73 (3.1) 21 (2.8) 52 (3.3) 0.519
Others 40 (1.7) 11 (1.5) 29 (1.8) 0.517

PaO2/FiO2, median (IQR), mmHg 229 (151–350) 400 (355–434) 178 (122–232) < 0.001
Use of corticosteroid, n (%) 396 (17.0) 114 (15.2) 282 (17.9) 0.106
APACHE II score, median (IQR) 19 (14–25) 17 (12–23) 20 (15–26) < 0.001
SOFA score, median (IQR) 7 (5–10) 6 (3–9) 8 (5–11) < 0.001
Mechanical ventilation, n (%) 1809 (77.9) 528 (70.5) 1281 (81.4) < 0.001
RRT, n (%) 439 (18.9) 112 (15.0) 327 (20.8) < 0.001
Septic shock, n (%) 1133 (48.8) 343 (45.8) 790 (50.2) 0.048
MAP, median (IQR), mmHg 75 (60–90) 73 (60–87) 76 (61–90) 0.095
Outcomes

LOS in ICU, median (IQR), days 8 (4–17) 6 (3–15) 9 (5–18) < 0.001
LOS in hospital, median (IQR), days 18 (10–28) 17 (9–28) 19 (11–29) 0.019
ICU mortality, n (%) 363 (15.6) 82 (10.9) 280 (17.8) < 0.001
30-day mortality, n (%) 649 (27.9) 128 (17.1) 521 (33.1) < 0.001
Hospital mortality, n (%) 875 (37.7) 178 (23.8) 697 (44.3) < 0.001

Abbreviations: ARDS, acute respiratory distress syndrome; BMI, body mass index; COPD, chronic obstructive pulmonary disease; CKD, chronic kidney disease; GPC, 
Gram positive cocci; GNB, Gram negative bacteria; APACHE II, acute physiologic and chronic health evaluation II; SOFA, sequential organ failure assessment; RRT, 
renal replacement therapy; MAP, mean arterial pressure; LOS, length of stay; ICU, intensive care unit
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The 30-day mortality was 26.7%, 33.9%, and 45.5%, 
respectively (p < 0.05). Baseline characteristics of patients 
with ARDS by severity category were shown in Supple-
mental Material Table S2.

Attributable mortality of ARDS in septic patients
Of the 2323 septic patients, 737 patients with ARDS were 
matched 1:1 with 737 non-ARDS patients, according to 
PSM. Characteristics and standardized differences of 
the matched patients in the two groups were displayed 
in Table 2. The standardized differences before and after 
matching for all matched variables were less than 25%, 
meaning no variable exhibited a significant imbalance. 
The histograms of propensity score before and after 
matching in cohorts with and without ARDS were shown 
in Fig. 2. The density plot of propensity score before and 
after matching in cohorts with and without ARDS was 
shown in Supplemental Material Fig. S1. The Q-Q plots 
of the balance of the covariates were presented in Supple-
mental Material Fig. S2. The Jitter plots of the distribu-
tion of propensity scores were shown in Supplemental 

Material Fig. S3. The standardized difference before and 
after matching in cohorts with and without ARDS was 
shown in Supplemental Material Fig. S4. The 30-day 
mortality of the matched patients with total ARDS was 
216 of 737 (29.3%) compared with 128 of 737 (17.4%) for 
their matched controls without ARDS (p < 0.001). The 
overall 30-day attributable mortality of total ARDS was 
11.9% (95% CI 7.5–16.3%).

Matched septic patients with and without ARDS were 
subgrouped according to ARDS severity. A total of 325 
patients with mild ARDS, 318 patients with moderate 
ARDS, and 94 patients with severe ARDS were matched 
1:1 with their controls without ARDS, respectively. Sub-
group analysis showed that the 30-day attributable mor-
tality of mild, moderate, and severe ARDS was 10.5% 
(95% CI 4.0-16.8%, p < 0.001), 11.6% (95% CI 4.7–18.4%, 
p < 0.001) and 18.1% (95% CI 4.5–30.9%, p = 0.006), 
respectively, as shown in Fig. 3.

Sensitivity analysis
Propensity score analysis was based on the assump-
tion that all relevant covariates had been measured. 
Therefore, we could disregard the effect of unmeasured 
covariates. We conducted a sensitivity analysis to assess 
the impact of unmeasured covariates on the results. The 
gamma value reflects the sensitivity of the estimated 
treatment effect to the hidden bias of the unmeasured 
covariates [18, 19]. The effect estimate was considered 
robust to hidden bias if the statistical significance did not 
change until a very large gamma. Our sensitivity analysis 
showed that the estimation of 30-day attributable mortal-
ity of ARDS was reliable for the hidden bias of unmea-
sured covariates, with a gamma coefficient of up to 3. 
The sensitivity analysis of 30-day attributable mortality 
results was shown in Supplemental Material Table S3.

Survival analysis
In Fig.  4A, the Kaplan-Meier curve revealed signifi-
cantly higher mortality in the ARDS group compared to 
the non-ARDS group (p < 0.001). Survival probabilities 
at the 30-day were 74.7% (95% CI 70.6–79.0%) for non-
ARDS patients and 53.0% (95% CI 49.8–56.3%) for ARDS 
patients. Subgroup analysis showed a statistically signifi-
cant decrease in survival with worsening ARDS sever-
ity (p < 0.001), as shown in Fig. 4B. Survival probabilities 
at the 30-day were 60.9% (95% CI 56.0-66.3%) for mild 
ARDS patients, 50.9% (95% CI 46.3–56.0%) for moder-
ate ARDS patients, and 41.5% (95% CI 34.7–49.7%) for 
severe ARDS patients.

In our optimal multivariate Cox regression adjusted 
model (Fig. 5), ARDS was associated with higher 30-day 
mortality. In the adjusted model, mild, moderate, and 
severe ARDS were independent risk factors of 30-day 
mortality, with adjusted HRs of 1.30 (95% CI 1.03–1.64, 

Table 2 Characteristics between matched septic patients with 
and without ARDS
Variables Non-ARDS 

group 
n = 737

ARDS
group 
n = 737

p- 
value

Stan-
dardized 
differ-
ence (%)

Male, n (%) 445 (60.4) 456 (61.9) 0.557 0.1
Age, median (IQR), 
years

62 (48–75) 64 (48–77) 0.204 0.1

BMI, median (IQR), 
kg/m2

22.9 
(20.8–24.9)

22.9 
(20.9–25.1)

0.686 2.5

Chronic comorbidities, n (%)
COPD/asthma 32 (4.3) 33 (4.5) 0.899 5.0
Cardiovascular 

disease
121 (16.4) 128 (17.4) 0.627 4.6

Hypertension 237 (32.2) 241 (32.7) 0.824 2.3
Diabetes 149 (20.2) 145 (19.7) 0.794 2.1
Cancer 77 (10.5) 65 (8.8) 0.289 8.5
CKD 41 (5.6) 48 (6.5) 0.444 7.4
Chronic liver disease 9 (1.2) 7 (1.0) 0.817 6.4

APACHE II score, me-
dian (IQR)

17 (12–23) 18 (13–23) 0.090 10.5

SOFA score, median 
(IQR)

6 (3–9) 7 (4–9) 0.058 21.8

Mechanical ventilation, 
n (%)

527 (71.5) 539 (73.1) 0.485 2.3

RRT, n (%) 112 (15.2) 124 (16.8) 0.394 2.9
Septic shock, n (%) 336 (45.6) 340 (46.1) 0.834 12.6
MAP, median (IQR), 
mmHg

74 (60–88) 75 (62–88) 0.787 1.5

Abbreviations: ARDS, acute respiratory distress syndrome; BMI, body mass 
index; COPD, chronic obstructive pulmonary disease; CKD, chronic kidney 
disease; APACHE II, acute physiologic and chronic health evaluation II; SOFA, 
sequential organ failure assessment; RRT, renal replacement therapy; MAP, 
mean arterial pressure
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Fig. 3 The attributable mortality of total ARDS and different severity of ARDS in subgroups. Abbreviations: ARDS, acute respiratory distress syndrome

 

Fig. 2 Histograms of propensity score before and after matching in cohorts with and without ARDS. (A) PS before matching. (B) PS after matching. Ab-
breviations: PS, propensity score
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Fig. 5 Forest plot of multivariable Cox proportional hazard regression analysis for 30-day mortality stratified by severity of ARDS. Abbreviations: ARDS, 
acute respiratory distress syndrome; RRT, renal replacement therapy; APACHE II, acute physiologic and chronic health evaluation II; MAP, mean arterial 
pressure

 

Fig. 4 Kaplan-Meier survival analysis. (A) Kaplan-Meier survival analysis comparing non-ARDS and ARDS groups. (B) Kaplan-Meier survival analysis com-
paring non-ARDS, mild ARDS, moderate ARDS, and severe ARDS groups. p < 0.001 for all comparisons. The numbers of patients at risk at each time point 
were shown below the graph. Abbreviations: ARDS, acute respiratory distress syndrome
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p = 0.027), 1.49 (95% CI 1.20–1.85, p < 0.001), and 1.95 
(95% CI 1.51–2.52, p < 0.001), respectively. Supplemen-
tal Material Table S4 showed the optimal multivariable 
Cox proportional hazard regression analysis for 30-day 
mortality stratified by severity of ARDS. Supplemental 
Material Table S5 and Fig. S5 showed the full model of 
the multivariable Cox regression.

Discussion
Sepsis is a major global health issue that affects millions 
of people worldwide every year and leads to one-third 
to one-sixth of deaths [20–23]. Cytokine storms during 
sepsis can lead to intractable lung inflammation and the 
development of ARDS, causing lung damage and high 
mortality [24]. ARDS is a common clinical complication 
of sepsis. It is associated with increased mortality and 
a threatening impact on human health. Compared with 
ARDS due to other causes, sepsis-associated ARDS has a 
higher mortality rate of 30–40% [25]. Sepsis is a risk fac-
tor and a leading cause of death in ARDS, with a close 
relationship and mutual influence. Due to the complex 
condition of critically ill patients, it is hard to identify the 
cause of death in a short time. We determined the pro-
portion of deaths attributable to ARDS in septic patients. 
This finding would help calculate the sample size for 
future clinical trials of ARDS in critically ill patients with 
sepsis. Our research found that the overall 30-day attrib-
utable mortality of ARDS in septic patients was 11.9%. 
Subgroup analysis showed that the excess 30-day mor-
tality of mild, moderate, and severe ARDS were 10.5%, 
11.6%, and 18.1%, respectively. Severe ARDS was associ-
ated with higher excess mortality than mild and moderate 
ARDS, highlighting the importance of early intervention 
to prevent the progression of ARDS.

The studies on the attributable mortality of ARDS vary 
significantly among different studies. In 2020, a study by 
Auriemma [26] concluded that the proportion of ARDS 
in-hospital attributable mortality risk was between 27% 
and 37% in septic patients through a retrospective analy-
sis of two prospective sepsis cohorts studies in ICU, with 
an attributable mortality of 27% in the Early Assessment 
of Renal and Lung Injury (EARLI) [27, 28] cohort includ-
ing 474 patients, and 37% in the Validating Acute Lung 
Injury markers for Diagnosis (VALID) [29, 30] cohort 
including 337 patients. Their results were higher than 
ours, probably because of the relatively higher severity 
of the disease in their study population, and their pri-
mary outcome was in-hospital mortality. Shortly after the 
publication of Auriemma’s research [26], de Grooth [31] 
penned a correspondence to the editor, outlining poten-
tial reasons for the overstatement of the ARDS-related 
mortality risk proportion. The analysis in Auriemma’s 
study may not have accounted for certain extrapulmonary 
organ failures, which could have elevated the estimated 

ARDS attributable risk. In another study, Torres [32] 
found that ARDS increased 28-day mortality by 15% in 
critically ill patients by analyzing 658 septic patients with 
significant increases in mortality for severe ARDS (23%) 
and moderate ARDS (16%), which was similar to our 
findings. However, they found that mild ARDS did not 
increase mortality. Our study suggested that mild ARDS 
also increases mortality by 10.5%, which was inconsistent 
with their results, possibly due to the differences in the 
study population. However, the sample sizes of the two 
studies conducted respectively by Auriemma and Tor-
res were relatively small. Recently, through the second-
ary analysis of data from the Large observational study 
to UNderstand the Global impact of Severe Acute respi-
ratory FailurE (LUNG SAFE) [7] cohort, Saha reported 
that the average overall attributable mortality of ARDS 
was between 20.9% and 38.0% [33]. Their research results 
were higher than ours, probably because the ARDS pop-
ulation they included not only had sepsis but also other 
causes, such as trauma, blood transfusion, and drowning.

We found that septic patients with ARDS had higher 
ICU stay, hospital stay, ICU mortality, hospital mor-
tality, and 30-day mortality than non-ARDS patients 
(p < 0.05). In our study, the ARDS 30-day mortality in 
septic patients was 33.1%. Upon further analysis, the 
30-day mortality of ARDS was 26.7% for mild ARDS 
patients, 33.9% for moderate ARDS patients, and 45.5% 
for severe ARDS patients, similar to the LUNG SAFE 
study in 2016. Our survival analysis showed that as the 
severity of ARDS worsens, mortality tends to increase. 
We also found that ARDS was associated with higher 
30-day mortality, highlighting ARDS as an independent 
risk factor for 30-day mortality. The 30-day mortality 
of mild, moderate, and severe ARDS patients was 0.30 
times, 0.49 times, and 0.95 times higher than that of non-
ARDS patients, respectively, indicating a worse prognosis 
for patients with severe ARDS.

This study has the following strengths. The data came 
from a large, multicenter, prospective clinical study in 
China. Secondly, we used the definition of sepsis 3.0 and 
the Berlin criteria for ARDS. Thirdly, the new statisti-
cal PSM method was used to eliminate the confound-
ing factors, similar to the randomized controlled trial, 
and sensitivity analysis was carried out. However, there 
were also a few limitations. Firstly, it was a retrospective 
secondary analysis that might introduce unmeasured 
bias. Secondly, the site of infection was not incorporated 
into the propensity score analysis, as the model could 
not accommodate multi-categorical variables. Never-
theless, we extensively analyzed how unmeasured vari-
ables might affect the robustness of our propensity score 
analysis results. The sensitivity analysis indicated that 
excluding these variables did not markedly influence 
the stability of our findings. Thirdly, while around 39% 
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of the patients in the non-ARDS group presented with 
sepsis of pulmonary origin, they did not meet the crite-
ria for an ARDS diagnosis based on the PaO2/FiO2 ratio 
(greater than 300 mmHg) as defined in the Berlin defini-
tion acquired within the first seven days following sepsis 
diagnosis. Nonetheless, it is important to note that some 
patients could go on to develop ARDS more than seven 
days after being diagnosed with sepsis. Fourthly, the 
database only recorded the PEEP and PaO2/FiO2 ratio for 
the ventilation parameter, while other parameters were 
not recorded. The risk of ventilator-induced lung injury 
may increase the 30-day mortality in septic patients who 
developed ARDS, and this could be a potential cause of 
ARDS-related mortality in these patients. Notably, 16.8% 
of patients with moderate ARDS and 12.1% with severe 
ARDS did not undergo invasive mechanical ventilation 
in our study. The majority of these patients received non-
invasive ventilation (NIV) with PEEP ≥ 5 cmH2O, while 
a smaller fraction underwent high-flow nasal cannula 
oxygen therapy (HFNC). HFNC can generate a flow-
dependent positive airway pressure [34], which mim-
ics the physiological effects of PEEP. However, the level 
of PEEP remained uncertain. In our study, we incorpo-
rated patients who received HFNC with PaO2/FiO2 ≤ 300 
mmHg into the diagnosis and stratification of ARDS. 
These patients likely belonged to the ARDS category, as 
mentioned in the 2023 updated global definition of ARDS 
[35]. We note that confidence in the study’s findings may 
be compromised because HFNC did not have the PEEP 
parameter, which did not meet the Berlin definition. 
Additionally, when subgroup analysis was conducted 
according to the severity of ARDS, the relatively small 
amount of data for each subgroup resulted in a wide 
range of CIs for attributable mortality of ARDS. Thus, the 
subgroup analysis result should be interpreted carefully 
and further demonstrated in subsequent studies.

Conclusion
The overall 30-day attributable mortality of ARDS among 
critically ill patients with sepsis was 11.9%. Compared 
with mild and moderate ARDS, severe ARDS contributed 
more to death. ARDS was significantly associated with an 
increase in the 30-day mortality.
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