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Abstract

Purpose—To evaluate the association between acute respiratory distress syndrome (ARDS) 

onset time and prognosis.

Methods—Patients with moderate to severe ARDS (N = 876) were randomly assigned into 

derivation (N = 520) and validation (N = 356) datasets. Both 28-day and 60-day survival times 

after ARDS onset were analyzed. A data-driven cutoff point between early- and late-onset ARDS 

was determined on the basis of mortality risk effects of onset times. We estimated the hazard ratio 

(HR) and odds ratio (OR) of late-onset ARDS using a multivariate Cox proportional hazards 

model of survival time and a multivariate logistic regression model of mortality rate, respectively.

Results—Late-onset ARDS, defined as onset over 48 h after intensive care unit (ICU) admission 

(N = 273, 31%), was associated with shorter 28-day survival time: HR = 2.24, 95% CI 1.48–3.39, 

P = 1.24 × 10−4 (derivation); HR = 2.16, 95% CI 1.33–3.51, P = 1.95 × 10−3 (validation); and HR 

= 2.00, 95% CI 1.47–2.72, P = 1.10 × 10−5 (combined dataset). Late-onset ARDS was also 
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associated with shorter 60-day survival time: HR = 1.70, 95% CI 1.16–2.48, P = 6.62 × 10−3 

(derivation); HR = 1.78, 95% CI 1.15–2.75, P = 9.80 × 10−3 (validation); and HR = 1.59, 95% CI 

1.20–2.10, P = 1.22 × 10−3 (combined dataset). Meanwhile, late-onset ARDS was associated with 

higher 28-day mortality rate (OR = 1.46, 95% CI 1.04–2.06, P = 0.0305) and 60-day mortality rate 

(OR = 1.44, 95% CI 1.03–2.02, P = 0.0313).

Conclusions—Late-onset moderate to severe ARDS patients had both shorter survival time and 

higher mortality rate in 28-day and 60-day observations.
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Introduction

Acute respiratory distress syndrome (ARDS) is life-threatening [1] and the major cause of 

morbidity and mortality in intensive care units (ICU) [2]. Few effective therapies exist for 

ARDS [3–7]. Even with protective ventilation [8], the mortality rate remains over 40% [9], 

resulting in a high public health impact [10].

ARDS patients with different predisposing conditions (e.g., sepsis or trauma) may have 

clinical and biological heterogeneity [11, 12]. Different ARDS onset times might also affect 

prognosis [13]. The association between ARDS onset time and prognosis (survival time or 

mortality rate) has been widely discussed for decades [14–18]. Late-onset ARDS patients 

have a slightly higher mortality rate than early-onset patients [15, 17, 18], though only one 

study reported a statistically significant mortality difference [15]. Further, late-onset patients 

may die significantly faster after onset of ARDS [14, 15], but the findings have not been 

consistent across studies [16]. Thus, the association between ARDS onset time and 

prognosis remains unclear.

We therefore conducted a two-stage study to determine the cutoff point between early- and 

late-onset ARDS and then test the association between ARDS onset time and prognosis.

Materials and methods

Study populations

ARDS patients were collected from the Molecular Epidemiology of ARDS (MEARDS) 

prospective cohort study (ClinicalTrials.gov Identifier: NCT00006496). All patients were 

recruited at the ICUs of Massachusetts General Hospital (MGH) and Beth Israel Deaconess 

Medical Center (BIDMC) between 1998 and 2014. Study population and procedures were 

described previously [19]. Briefly, eligible samples enrolled in MEARDS were critically ill 

patients with at least one predisposing condition for ARDS: bacteremia, sepsis, septic shock, 

pneumonia, multiple fractures, pulmonary contusion, aspiration, or massive blood 

transfusion, and without any of the exclusion criteria: age under 18 years, HIV infection, 

diffuse alveolar hemorrhage, chronic lung diseases other than chronic obstructive pulmonary 

disease or asthma, directive to withhold intubation, immunosuppression not secondary to 
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corticosteroid, treatment with granulocyte colony-stimulating factor, cytotoxic therapy, and 

solid organ or bone marrow transplant. Two physicians performed independent X-ray 

readings. A third physician, who was blinded to former interpretations, reviewed any 

inconsistent decisions. We collected demographics, past history, vital signs, hematology, 

chemistry, and performed frequent arterial blood gas (ABG) analysis and chest X-ray (CXR) 

examinations within 24 h of admission. After 24 h, patients were followed daily for the 

development of ARDS. All ARDS patients met the Berlin definition [20]. ARDS is 

categorized into three grades. Optimal therapeutic approaches are based on their ARDS 

severity [21, 22]. We only enrolled moderate to severe ARDS patients in MEARDS study 

since they have higher mortality compared to mild ARDS patients [20]. Moderate to severe 

ARDS patients were retained in analyses only if they (1) had onset of ARDS after ICU 

admission; and (2) received initial ABG and CXR examinations within 24 h of ICU 

admission.

The study was reviewed and approved by institutional review boards of Harvard School of 

Public Health, MGH and BIDMC. All participants or their surrogate care providers gave 

written informed consent.

Clinical outcomes

Both 28-day and 60-day overall survival times (time to death) after ARDS onset were 

analyzed [15], which were calculated from ARDS onset to the 28th and 60th day of 

admission, respectively [23–25]. Survival time for patients alive or lost to follow-up at the 

end of study was a censored value.

ARDS onset time definition

ARDS onset time was defined as the interval from admission to the time all Berlin diagnosis 

criteria (including ABG and CXR criteria) were met. ARDS onset time within 24 h of ICU 

admission was defined as day 0, and 24 h to 48 h was day 1, etc. Since all ARDS patients 

had onset within 1 week, the onset time ranged from day 0 to day 6.

Statistical analysis

We applied a two-stage design (Fig. 1). ARDS patients were randomly assigned to 

derivation (N = 520, ≈60%) and validation (N = 356, ≈40%) datasets. First, we conducted a 

homogeneity analysis to compare patients in both datasets, including all collected 

demographic and clinical variables, as well as lung injury score [26], multiple organ 

dysfunction (MODS) score [27] and Acute Physiology and Chronic Health Evaluation 

(APACHE) III score [28]. Second, we used a multivariate Cox proportional hazards model 

of survival time to estimate the hazards ratio (HR) of onset time. In the derivation data-set, 

the data-driven cutoff point between early- and late-onset ARDS was determined on the 

basis of the HR of onset time. Then, association between late-onset ARDS and survival time 

was tested. We replicated these findings in the validation dataset. Third, we explored clinical 

characteristics associated with late-onset ARDS. Finally, we performed three types of 

sensitivity analyses to assess robustness of the association between ARDS onset time and 

prognosis: (1) survival analysis in five randomly generated derivation (60%) and validation 

(40%) datasets; (2) subgroup survival analysis by predisposing conditions of ARDS; and (3) 
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analysis of death status (dead vs alive) using multivariate logistic regression models of 

mortality rate. The effect size of late-onset ARDS was measured by odds ratio (OR). 

Detailed statistical methods are provided in the online supplement.

All P values were two-sided. The significance level was set to be 5%. STATA 14.0 

(StataCorp, College Station, Texas, USA) was used to perform all statistical analyses.

Results

Homogeneity analysis for patients in derivation and validation datasets

We enrolled 876 qualified moderate to severe ARDS patients on the basis of predefined 

criteria (Fig. 1, Table S1). Patients were comparable for all variables across derivation and 

validation datasets (Table 1, Table S2). The main triggers of ARDS were sepsis, septic 

shock, or pneumonia. The distribution of ARDS onset time was positively skewed and 

comparable between datasets (Fig. S1).

Cutoff point between early- and late-onset moderate to severe ARDS

ARDS onset time was included as a dummy variable in the statistical model of 28-day 

survival time. Adjusted HRs of day 0 and day 1 ranged from 1 to 1.11, indicating weak risk 

effects. However, HRs of days 2–6 increased substantially, ranging from 1.46 to 2.86, 

indicating high risk effects (Table S3). Thus, early-onset was defined as day 0 to day 1 

(within 48 h of admission), and late-onset was defined as day 2 to day 6 (over 48 h after 

admission). The onset time effect size pattern was similar in the derivation dataset, the 

validation dataset, and the combined dataset, indicating that this cutoff point was robust (Fig. 

S2a). This pattern was confirmed by using penalized smoothing splines in the statistical 

model (Fig. S3a). We also observed a similar pattern using 60-day survival time (Table S3, 

Fig. S2b, Fig. S3b). Our cutoff point was concordant with that adopted in several other 

studies [14–16, 18].

Risk effect of late-onset moderate to severe ARDS on survival time

Late-onset ARDS was associated with shorter 28-day survival time: HR = 2.24, 95% CI 

1.48–3.39, P = 1.24 × 10−4 (derivation); HR = 2.16, 95% CI 1.33–3.51, P = 1.95 × 10−3 

(validation); and HR = 2.00, 95% CI 1.47–2.72, P = 1.10 × 10−5 (combined dataset) (Table 

2). Late-onset ARDS was also associated with shorter 60-day survival time: HR = 1.70, 95% 

CI 1.16–2.48, P = 6.62 × 10−3 (derivation); HR = 1.78, 95% CI 1.15–2.75, P = 9.80 × 10−3 

(validation); and HR = 1.20, 95% CI 1.22–2.10, P = 1.22 × 10−3 (combined dataset). 

Kaplan–Meier survival curve demonstrates that late-onset ARDS patients died more quickly 

than early-onset ARDS patients (Fig. 2).

However, for Cox proportional hazards model of 28-day and 60-day survival time, ARDS 

onset time only improved 1.3 and 1.7% of model prediction accuracy, having an average 

time-dependent area under receiver operating characteristic curve (AUC) value of 0.75 and 

0.73 (Fig. S4), with other covariates (see Table 2) in the combined dataset, respectively.
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Clinical characteristics by early- and late-onset moderate to severe ARDS

At time of admission, there was no significant difference between early- and late-onset 

patients for age, gender, ethnicity, smoking status, patient source, medical history, chronic 

disease, and MODS score. Most variables of vital signs, hematology, and chemistry were 

also comparable for early- and late-onset patients (Tables 3, S4, and S5). However, late-

onset patients had less septic shock and pneumonia, and slightly more multiple fractures. 

Since late-onset patients had higher systolic blood pressure and mean arterial pressure, fewer 

of them received vasopressors before admission. Late-onset patients had higher PaO2/FiO2 

ratios and lower lung injury scores, and fewer of them received intubation and ventilation at 

time of ICU admission. Generally, late-onset patients had lower APACHE III score.

Compared to early-onset patients, late-onset patients had greater decline of PaO2/FiO2 ratio 

from time of admission to time of ARDS onset (Table S5). Even though MODS scores were 

comparable between early- and late-onset patients, late-onset patients had higher PaO2/FiO2 

ratios (more moderate ARDS), but lower platelet counts, more thrombocytopenia, and lower 

creatinine levels (Table 3, Table S6).

Sensitivity analyses

Association between ARDS onset time and 28-day survival time, as well as 60-day survival 

time, was significant in five randomly generated derivation and validation datasets (Table 

S7). In subgroup analysis by different ARDS risk factors, the association remained 

significant in ARDS patients with major triggers: sepsis, septic shock, and pneumonia (Table 

S8). Late-onset patients had both higher 28-day mortality (OR = 1.46, 95% CI 1.04–2.06, P 
= 0.0305) and 60-day mortality (OR = 1.44, 95% CI 1.03–2.02, P = 0.0313) (Table S9).

Discussion

Conflicting findings in previous studies of ARDS onset time are probably due to several 

factors. First, all studies had a small sample size (N < 400). Second, studies differed in 

ARDS definitions (American-European Consensus Conference [14–17] or Berlin [18]) and 

late-onset ARDS definition (over 48 h [14–16, 18] or 24 h [17] of admission). Third, 

outcome measures differed (in-hospital [18], out-of-hospital [16, 17] mortality or both [14, 

15]). Finally, studies included ARDS patients with different major risk factors (trauma [14, 

18], sepsis or pneumonia [15–17]).

We performed a two-stage association study of ARDS onset time and prognosis (survival 

time and mortality rate) using well-defined ARDS patients. We not only verified a cutoff 

point between early- and late-onset ARDS but also demonstrated that late-onset patients had 

both shorter survival time and higher mortality rate in 28-day and 60-day observations using 

large sample size.

The proportion of patients experiencing ARDS onset within 2 days in our study (69%) 

differs from that in the LUNG-SAFE study (93%) [29]. However, they might be 

incomparable because of the following factors. First, the LUNG-SAFE study defined onset 

day from the first day the acute hypoxemic respiratory failure criteria were satisfied, 

irrespective of ICU admission date, as used in our study. Thus, the onset set time point in the 
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LUNG-SAFE study is later than ours, and some early-onset patients would likely be late-

onset ones if their starting time point was earlier. Second, all our ARDS patients were 

diagnosed by clinical physicians. The LUNG-SAFE study used a computer algorithm to 

define ARDS, and 40% of ARDS cases were not diagnosed by clinicians. Finally, the 

LUNG-SAFE study enrolled all grades of ARDS patients, while we focused on moderate to 

severe ARDS. In the LUNG-SAFE study, there are 70% moderate to severe ARDS patients. 

Thus, there might be 65% (93% × 70%) moderate to severe ARDS patients within 2 days of 

onset, which is similar to our proportion.

Croce first reported that the early- and late-onset post-traumatic ARDS are two distinct 

clinical entities, and late-onset patients die significantly faster within 1 week of onset [14]. 

Our results were consistent with another study which focused on moderate to severe ARDS 

and an enrollment period of about 1.5 years [15]. In contrast, another study that enrolled all 

grades of ARDS patients over a 2-week period did not report a significant association [16].

We found that 31% of patients were likely to have late-onset ARDS. Late-onset patients had 

both shorter survival time and higher mortality rate in comparison with early-onset patients. 

Uncertainty remains regarding how diverse initial insults result in a sequence of events 

culminating in the clinical syndrome of ARDS. More research is needed to understand the 

mechanism of late-onset of ARDS and why late-onset patients have a worse prognosis.

Early- and late-onset ARDS patients may have different trajectories of recovery and 

dysfunction after ARDS onset [30]. In a “Big Hit” trajectory, ARDS patients have an acute 

loss of function during their critical illness, from which they may gradually recover. They 

may survive longer and have lower mortality. In a “Slow Burn” trajectory, patients have 

slight loss of function in the beginning, but keep more rapid function decline persistently 

later, resulting in worse prognosis.

At the time of both ICU admission and ARDS onset, early-onset patients had a lower 

PaO2/FiO2 ratio, indicating severe lung injury. Previous study also indicated that early-onset 

patients might be characterized by a higher degree of initial vascular injury and disrupted 

alveolar capillary barrier integrity [18]. On the other hand, early-onset patients had better 

prognosis. The available evidence thus suggests that early-onset patients may be on a Big 

Hit trajectory, while late-onset patients might be on a Slow Burn trajectory.

Our previous study indicated that low platelet count was associated with increased ARDS 

risk [31] and poor survival [32]. Here, we observed that late-onset patients, who had 

significantly lower platelet count at the time of ARDS onset, had worse prognosis. Platelets 

play a role in conjunction with fibrinogen to mediate endothelial damage through multiple 

signal transduction pathways [33]. If patients with ARDS develop thrombocytopenia or 

systemic coagulation disorders, such as platelet consumption or disseminated intravascular 

coagulation (DIC), they are at increased risk for a poor prognosis [34]. Our study suggests 

that late-onset patients with low platelet count might be an ideal population for anticoagulant 

treatment [35].

Our study has several advantages. First, to our knowledge, this is the first two-stage 

association study of ARDS onset time with the largest sample size to date. We observed 
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consistent significant associations in two independent groups of samples. Thus, we had a 

lower probability of a false positive result. Second, the cutoff point between early- and late-

onset ARDS remains consistent in all analyses, which is a robust finding. Third, we only 

recruited ARDS patients who met the Berlin definition. Fourth, we performed a 

comprehensive analysis using outcomes including both in-hospital and out-of-hospital 

survival time and mortality rate. Late-onset ARDS was significantly associated with all 

outcomes. Finally, we found significant associations in all scenarios of sensitivity analyses, 

which increased our confidence in the results. All results indicate that late-onset ARDS 

might be an independent risk factor of prognosis.

We also acknowledge limitations in this study. First, we cannot identify the molecular 

mechanisms of late-onset ARDS and why it is associated with worse prognosis in this 

clinical epidemiology study. Though we proposed possible explanations based on available 

evidence, further studies are warranted. Second, it is possible that some patients were 

already on the way to developing ARDS at the time of enrollment [17], or died before 

ARDS diagnosis. It is difficult to estimate the onset time from initial insult. Hence, all the 

previous studies calculated onset time from hospital [14, 15, 17] or ICU admission [16, 18, 

36]. In our study, the onset was also defined from ICU admission to the date all Berlin 

definition criteria were met. Since ABG and CXR tests might delay ARDS diagnosis, only 

those patients who received their initial diagnosis within 24 h of admission were retained in 

the final analysis. Third, there is a possibility that patients developed ARDS as a result of a 

secondary insult, instead of initial risk factors, such as blood transfusions, amiodarone 

treatment, high tidal volume mechanical ventilation, and aspiration [37]. However, the real 

trigger of ARDS for each patient is difficult to distinguish. Fourth, ventilation before ARDS 

onset might affect survival and mortality. However, ventilation days for patients before ICU 

admission were not available. We could not evaluate severity of illness for each patient at 

time of ARDS onset based on the study design either. It would be more reasonable to adjust 

for ventilation days before ICU admission and APACHE III score at time of onset. Finally, 

we may miss some important but unmeasured variables (e.g., tidal volumes, plateau 

pressure, driving pressure, invasive ventilation, or prone positioning) that are correlated with 

mortality [6, 29], since our study was designed and initialized at pre-electronic medical 

record period. Additional data may help to improve statistical model prediction accuracy and 

explain mechanisms of late-onset ARDS and its worse prognosis. Further external studies 

exclusively designed for monitoring ARDS onset are warranted to confirm our findings.

Conclusion

This two-stage association study demonstrated that late-onset moderate to severe ARDS 

patients with onset time over 48 h after ICU admission had both shorter survival time and 

higher mortality rate during 28-day and 60-day observations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Take-home message

We conducted a two-stage study to determine the data-driven cutoff point between early- 

and late-onset moderate to severe ARDS and then tested the association between ARDS 

onset time and prognosis. This, the largest recent study, demonstrated that late-onset 

moderate to severe ARDS patients with onset time over 48 h after ICU admission had 

both shorter survival time and higher mortality rate.
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Fig. 1. 
Diagram of ARDS patient enrollment and statistical analyses
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Fig. 2. 
Kaplan–Meier curves of survival time after ARDS onset for early- and late-onset ARDS 

patients. ARDS onset within 48 h after admission was defined as early-onset, and otherwise 

as late-onset stage. HR and P value were derived from multivariate Cox proportional hazards 

model
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Table 1

Description of ARDS patients in the derivation dataset, the validation dataset, and the combined dataset

Variable Derivation dataset (N = 520) Validation dataset (N = 356) Combined dataset (N = 876) P

Age 56.71 ± 17.54 58.54 ± 18.10 57.45 ± 17.78 0.1362

Gender

 Male 329 (63.27%) 221 (62.08%) 550 (62.79%) 0.7203

 Female 191 (36.73%) 135 (37.92%) 326 (37.21%)

Ethnicity

 White 470 (90.38%) 318 (89.33%) 788 (89.95%) 0.2999

 Black 20 (3.85%) 20 (5.62%) 40 (4.57%)

 Hispanic 22 (4.23%) 13 (3.65%) 35 (4.00%)

 Asian 7 (1.35%) 2 (0.56%) 9 (1.03%)

 Other 1 (0.19%) 3 (0.84%) 4 (0.46%)

Body mass index 28.82 ± 8.93 28.55 ± 9.19 28.71 ± 9.04 0.6750

Smoking status

 Never 143 (32.06%) 104 (33.88%) 247 (32.80%) 0.2484

 Former 129 (28.92%) 101 (32.90%) 230 (30.54%)

 Current 174 (39.01%) 102 (33.22%) 276 (36.65%)

Alcohol abuse within 12 months 90 (17.31%) 57 (16.01%) 147 (16.78%) 0.6140

Prednisone prior ICU 36 (6.92%) 25 (7.02%) 61 (6.96%) 0.9547

Vasopressors within 24 h 391 (75.19%) 258 (72.47%) 649 (74.09%) 0.3668

Patient source

 Operating room 69 (13.27%) 46 (12.92%) 115 (13.13%) 0.6865

 Recovery room 4 (0.77%) 2 (0.56%) 6 (0.68%)

 Emergency room 182 (35.00%) 126 (35.39%) 308 (35.16%)

 Floor 130 (25.00%) 104 (29.21%) 234 (26.71%)

 Other special care unit 23 (4.42%) 12 (3.37%) 35 (4.00%)

 Other hospital floor 112 (21.54%) 66 (18.54%) 178 (20.32%)

 ICU readmission 52 (10.00%) 38 (10.67%) 90 (10.27%) 0.7469

ARDS risk factors

 Bacteremia 90 (17.31%) 50 (14.04%) 140 (15.98%) 0.1955

 Sepsis 449 (86.35%) 307 (86.24%) 756 (86.30%) 0.9628

 Septic shock 360 (69.23%) 235 (66.01%) 595 (67.92%) 0.3160

 Pneumonia 393 (75.58%) 258 (72.47%) 651 (74.32%) 0.3015

 Multiple fractures 20 (3.85%) 14 (3.93%) 34 (3.88%) 0.9481

 Pulmonary contusion 23 (4.42%) 20 (5.62%) 43 (4.91%) 0.4214

 Aspiration 55 (10.58%) 32 (8.99%) 87 (9.93%) 0.4402

 Multiple transfusion 39 (7.50%) 32 (8.99%) 71 (8.11%) 0.4278

ARDS onset day

 0 242 (46.54%) 139 (39.04%) 381 (43.49%) 0.0966
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Variable Derivation dataset (N = 520) Validation dataset (N = 356) Combined dataset (N = 876) P

 1 135 (25.96%) 87 (24.44%) 222 (25.34%)

 2 53 (10.19%) 55 (15.45%) 108 (12.33%)

 3 37 (7.12%) 30 (8.43%) 67 (7.65%)

 4 27 (5.19%) 20 (5.62%) 47 (5.37%)

 5 13 (2.50%) 16 (4.49%) 29 (3.31%)

 6 13 (2.50%) 9 (2.53%) 22 (2.51%)

Lung injury score 2.53 ± 0.76 2.44 ± 0.81 2.50 ± 0.78 0.0897

APACHE III score 76.63 ± 25.26 74.37 ± 22.42 75.71 ± 24.16 0.1650

ICU duration days 13.00 (7.00–21.00) 14.00 (8.00–21.00) 13.00 (8.00–21.00) 0.2388

ICU 28-day ventilator-free days 2.00 (0.00–4.00) 2.00 (0.00–4.00) 2.00 (0.00–4.00) 0.5795

Normal and non-normal distributed continuous variables were described using mean ± standard and median (25th quantile–75th quantile), 
respectively. ARDS onset within 24 h of ICU admission was defined as day 0, and 24–48 h was day 1, etc. ARDS patients between two phases are 
comparable if P > 0.05
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Table 3

Comparison of variables collected at time of ICU admission and ARDS onset for early- and late-onset ARDS 

patients

Variable Early-onset ARDS (N = 603) Late-onset ARDS (N = 273) P

At time of ICU admission

 Age 56.93 ± 17.99 58.62 ± 17.28 0.1922

 Gender (male) 384 (63.68%) 166 (60.81%) 0.4148

Ethnicity

 White 539 (89.39%) 249 (91.21%) 0.3507

 Black 25 (4.15%) 15 (5.49%)

 Hispanic 29 (4.81%) 6 (2.20%)

 Asian 7 (1.16%) 2 (0.73%)

Smoking status

 Never 178 (34.17%) 69 (29.74%) 0.4581

 Former 154 (29.56%) 76 (32.76%)

 Current 189 (36.28%) 87 (37.50%)

 Other 3 (0.50%) 1 (0.37%)

Year of sample enrollment

 1995–2000 33 (5.47%) 20 (7.33%) 0.2173

 2001–2005 229 (37.98%) 118 (43.22%)

 2006–2010 254 (42.12%) 97 (35.53%)

 2011–2015 87 (14.43%) 38 (13.92%)

ARDS risk factors

 Bacteremia 98 (16.25%) 42 (15.38%) 0.7455

 Sepsis 522 (86.57%) 234 (85.71%) 0.7338

 Septic shock 434 (71.97%) 161 (58.97%) 0.0001

 Pneumonia 464 (76.95%) 187 (68.50%) 0.0080

 Multiple fractures 18 (2.99%) 16 (5.86%) 0.0412

 Pulmonary contusion 28 (4.64%) 15 (5.49%) 0.5892

 Aspiration 65 (10.78%) 22 (8.06%) 0.2124

 Multiple transfusion 44 (7.30%) 27 (9.89%) 0.1927

 Prednisone prior admission 46 (7.63%) 15 (5.49%) 0.2504

 Vasopressors prior admission 468 (77.61%) 181 (66.30%) 0.0004

 Transfusion within 7 days prior admission 305 (51.35%) 158 (59.40%) 0.0286

 Intubation within 24 h of admission 473 (78.44%) 170 (62.27%) <0.0001

 Ventilation within 24 h of admission 587 (97.35%) 198 (72.53%) <0.0001

 Ventilation days before ARDS onset 1.00 (1.00–2.00) 3.00 (0.00–4.00) <0.0001

 Lung injury score 2.63 ± 0.68 2.21 ± 0.91 <0.0001

 APACHE III score 77.18 ± 24.56 72.45 ± 22.94 0.0072

 Multiple organ dysfunction score 6.27 ± 2.55 6.03 ± 2.83 0.2152
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Variable Early-onset ARDS (N = 603) Late-onset ARDS (N = 273) P

At time of ARDS onset

 Multiple organ dysfunction score 5.98 ± 2.43 5.93 ± 2.60 0.7905

  Pulmonary: PaO2/FiO2 103.00 (72.00–137.00) 118.00 (87.00–153.00) <0.0001

  Hematologic: platelet (109/L) 184.50 (114.00–288.50) 151.50 (82.00–248.00) 0.0002

  Thrombocytopenia 224 (38.16%) 132 (49.25%) 0.0023

  Renal: creatinine (mg/dL) 1.27 (0.81–2.10) 1.10 (0.70–2.06) 0.0203

  Hepatic: total bilirubin (mg/dL) 0.80 (0.50–1.60) 0.90 (0.50–2.40) 0.1241

  Cardiovascular: vasopressors 417 (73.81%) 169 (69.60%) 0.0691

  ARDS severity

  Moderate 318 (52.74%) 182 (66.67%) <0.0001

  Severe 285 (47.26%) 91 (33.33%)

Normal and non-normal distributed continuous variables were described using mean ± standard and median (25th quantile–75th quantile), 
respectively; ARDS onset within 48 h after admission was defined as early-onset, and otherwise as late-onset stage
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