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1  |  BACKGROUND

Acute respiratory distress syndrome (ARDS) refers to acute diffuse 
lung injury that may progress into acute respiratory failure. It is 
caused by various intrapulmonary and extrapulmonary pathogenic 
factors and is common in critically ill patients. Although protective 

pulmonary ventilation, limited fluid resuscitation, prone position 
ventilation, and other strategies are implemented for the treatment 
of ARDS, the mortality rate of patients with ARDS can be as high 
as 40%.1 Trauma is a common predisposing factor for ARDS, ac-
counting for about 10% of all ARDS cases.2 Studies have shown that 
the mortality rate trauma-related ARDS in adults ranges from 16% 
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Abstract
Purpose: The purpose of this study was to construct and validate a simple model for 
the prediction of survival in patients with trauma-related ARDS.
Methods: This is a single-center, retrospective cohort study using MIMIC-III Clinical 
Database.
Results: 842 patients were included in this study. 175 (20.8%) died in-hospital, whereas 
215 (25.5%) died within 90 days. The deceased group had higher Acute Physiology 
Score (APS III), Sequential Organ Failure Assessment (SOFA), and Simplified Acute 
Physiology Score II (SAPS II). In multivariate logistic regression model, independent 
risk factors for mortality in ARDS patients included age ([odds ratio] OR, 1.035; 95% 
confidence interval [CI], 1.020–1.049), body mass index (OR, 0.957; 95% CI, 0.926–
0.989), red blood cell distribution width (OR, 1.283; 95% CI, 1.141–1.443), hematocrit 
(OR, 1.055; 95% CI, 1.017–1.095), lactate (OR, 1.226; 95% CI, 1.127–1.334), blood 
urea nitrogen (OR, 1.025; 95% CI, 1.007–1.044), acute kidney failure (OR, 1.875; 95% 
CI, 1.188–2.959), sepsis (OR, 1.917; 95% CI, 1.165–3.153), type of admission (emer-
gency vs. elective [OR, 2.822; 95% CI, 1.647–4.837], and urgent vs. elective [OR, 
5.156; 95% CI, 1.896–14.027]). The area under the curve (AUC) of the model was 
0.826, which was superior than the SAPS II (0.776), APS III (0.718), and SOFA (0.692). 
In the cross-validation model, the accuracy of the test set was 0.823, the precision 
was 0.643, and the AUC was 0.813.
Conclusions: We established a prediction model using data commonly used in the 
clinic, which has high accuracy and precision and is worthy of use in clinical practice.
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to 24% and can get as high as 35%–45% in critically ill patients.3 
Therefore, greater attention needs to be paid to trauma-related 
ARDS.

Progress has been made in the understanding and manage-
ment of ARDS. However, the treatment methods for ARDS are 
still limited. The strategic focus of ARDS has shifted to early iden-
tification of high-risk patients and reduction in organ dysfunction 
and mortality.4 The Glasgow Coma Score, Revised Trauma Score, 
Abbreviated Injury Score of the Thorax, and Injury Severity Score 

are used to assess the occurrence of ARDS in trauma patients.5 The 
Simplified Acute Physiology Score (SAPS) and the Acute Physiology 
and Chronic Health Evaluation (APACHE II) score are also used to 
assess outcomes in critically ill patients and patients with ARDS.6,7 
However, these scores are not specific enough for the evaluation of 
prognosis in such cases. Thus, the aim of this study was to use con-
ventional clinical parameters to construct a model for the prediction 
of in-hospital survival in patients with ARDS after trauma or severe 
surgery.

TA B L E  1 Baseline between survivors and non-survivors in-hospital mortality

Variable Total (n = 842) Survivors (n = 667) Non-survivors (n = 175) p Value

Age (year) 61.97 ± 17.40 60.52 ± 17.70 67.52 ± 15.00 0.001

BMI (kg/㎡) 29.11 ± 7.01 29.49 ± 7.04 27.63 ± 6.70 0.002

ICU LOS 9.28 (4.13–17.39) 10.10 (4.62–18.19) 6.86 (2.43–13.38) 0.001

Male (n%) 486 (57.72%) 387 (58.02%) 99 (56.57%) 0.730

Laboratory Inspection

PH value 7.34 ± 0.10 7.35 ± 0.10 7.32 ± 0.12 0.001

OI (mmHg) 185.66 ± 72.31 189.03 ± 71.37 172.82 ± 74.62 0.008

WBC (k/ul) 13.76 ± 7.54 13.58 ± 6.99 14.48 ± 9.34 0.235

RBC (m/ul) 3.53 ± 0.67 3.51 ± 0.66 3.60 ± 0.71 0.145

HB (g/l) 10.70 ± 1.95 10.64 ± 1.92 10.94 ± 2.04 0.068

RDW (%) 14.81 ± 1.73 14.62 ± 1.57 15.52 ± 2.11 0.001

PLT (k/ul) 211.51 ± 113.59 214.36 ± 110.05 200.63 ± 125.92 0.189

HCT (%) 31.53 ± 5.89 31.22 ± 5.75 32.68 ± 6.28 0.004

INR 1.44 ± 0.49 1.40 ± 0.44 1.60 ± 0.64 0.001

PT (seconds) 15.36 ± 3.47 15.08 ± 3.00 16.39 ± 4.73 0.001

APTT (seconds) 39.94 ± 24.37 38.48 ± 22.50 45.49 ± 29.90 0.004

Lactate (mmol/l) 3.05 ± 2.51 2.69 ± 2.01 4.43 ± 3.54 0.001

Glucose (mg/dl) 150.06 ± 58.52 147.59 ± 53.79 159.46 ± 73.25 0.046

BUN (mg/dl) 21.65 ± 14.42 19.80 ± 12.33 28.69 ± 18.97 0.001

Creatinine (mg/l) 0.90 (0.70–1.20) 0.90 (0.70–1.20) 1.00 (0.80–1.60) 0.001

ICU Severity Score

APS III 42.37 ± 14.98 46.71 ± 19.28 66.81 ± 29.07 0.001

SOFA 6.62 ± 3.50 6.06 ± 3.03 8.75 ± 4.28 0.001

SAPS II 42.37 ± 14.98 39.17 ± 12.76 54.55 ± 16.51 0.001

Admission Type 0.001

Elective 231 (27.77%) 209 (31.33%) 22 (12.57%)

Emergency 579 (68.76%) 439 (65.82%) 140 (80.00%)

Urgent 32 (3.80%) 19 (2.85%) 13 (7.43%)

Treatment Method

MV (n%) 810 (96.2%) 638 (95.65%) 172 (98.29%) 0.162

CRRT (n%) 66 (7.84%) 28 (4.20%) 38 (21.71%) 0.001

Note: Continuous variables were presented using mean and standard deviation or median and interquartile range. A two-tailed independent student's 
t test or Wilcoxon rank-sum test was used for continuous variables in two groups. Categorical variables were presented as percentages, and 
differences between the two groups were compared using the chi-square test.
Abbreviations: APS III, Acute Physiology Score III; APTT, activated partial prothrombin time; BMI, body mass index; BUN, blood urea nitrogen; CRRT, 
continuous renal replacement therapy; HB, hemoglobin; HCT, hematocrit; ICU LOS, intensive care unit length of stay; INR, international normalized 
ratio; MV, mechanical ventilation; OI, oxygenation index; PLT, platelets; PT, prothrombin time; RBC, red blood cells; RDW, red blood cell distribution 
width; SAPS II, Simplified Acute Physiology Score II; SOFA, Sequential Organ Failure Assessment; WBC, white blood cells.
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2  |  MATERIAL S AND METHODS

2.1  |  Patient population

This was a single-center, retrospective cohort study conducted 
using data extracted from the Medical Information Mart for 

Intensive Care-III Clinical Database, version 1.3 (mimic-iii v1.3). 
All data extracted from the database are public and free.8 The 
database contains more than 50,000 records of admissions to 
intensive care units (ICU) from 2001 to 2012, including details 
of 38,000 different patients and 49,000 admission records. In 
addition, nursing records, results of imaging examinations, and 
laboratory results can be obtained from the database.9 To protect 
the patients’ privacy, all personal information is hidden before 
the database is accessed. The information is available to all re-
searchers through the National Institutes of Health online course 
"Protecting human research participants."(Certification number: 
9555299).

2.2  |  Selection of study participants

All the patients included in the database were screened. The in-
clusion criteria for this study were as follows: (1) age older than 
18 years; (2) patients transferred to the ICU; (3) patients who under-
went surgery or experienced trauma (International Classification 
of Diseases [ICD]-9 code, 5185 [pulmonary insufficiency follow-
ing trauma and surgery]); and (4) patients with ARDS that met the 
criteria in the Berlin definition for ARDS.10 The criteria for ARDS 
included acute onset, partial pressure of oxygen (PaO2)/fraction 
of inspired oxygen (FiO2) ≤300 mmHg, bilateral infiltrates on chest 
radiograph, and absence of heart failure. Mild, moderate, and se-
vere ARDS were classified based on the PaO2/FiO2 ratios of the 
patients. Pregnant women or perinatal patients transferred to the 
ICU due to trauma or surgery were excluded from this study. The 
main endpoint was in-hospital mortality, whereas the secondary 
clinical outcome was 90-day mortality. For patients with multi-
ple ICU stays, only data related to the first ICU admission were 
considered.

2.3  |  Data sources

The PostgreSQL tool (version 9.5) was used to extract data. The 
original data of the same variable were missing <5%. We ex-
tracted information on patients’ age, sex, body mass index (BMI), 

Comorbidities, n(%)
Total 
(n = 842)

Survivors 
(n = 667)

Non-survivors 
(n = 175)

p 
Value

Pneumonia 356 (42.3) 292( 43.8) 64 (36.6) 0.086

Hypertension 336 (39.9) 281 (42.1) 55 (31.4) 0.01

Infection 295 (35.0) 246 (36.9) 49 (28.0) 0.028

Acute kidney failure 208 (24.7) 130 (19.5) 78 (44.6) 0.001

Diabetes 173 (20.5) 147 (22.0) 26 (14.9) 0.036

Sepsis 170 (20.2) 101 (15.1) 69 (39.4) 0.001

Shock 163 (19.4) 110 (16.5) 53 (30.3) 0.001

Acute posthemorrhagic anemia 138 (16.4) 119 (17.8) 19 (10.9) 0.026

Acidosis 117 (13.9) 76 (11.4) 41 (23.4) 0.001

TA B L E  2 Major complications of two 
group

TA B L E  3 Multivariate logistic regression models in-hospital 
mortality

Predictor OR (95% CI)
p 
Value

Age (year) 1.035 (1.020–1.049) 0.001

BMI (kg/㎡) 0.957 (0.926–0.989) 0.008

PH value 0.754 (0.099–5.764) 0.786

OI (mmHg) 0.998 (0.995–1.000) 0.096

RDW (%) 1.283 (1.141–1.443) 0.001

HCT (%) 1.055 (1.017–1.095) 0.004

INR 1.691 (0.735–3.892) 0.217

PT (seconds) 0.953 (0.842–1.077) 0.44

APTT (seconds) 0.998 (0.989–1.008) 0.731

Lactate (mmol/l) 1.226 (1.127–1.334) 0.001

Glucose (mg/dl) 1.003 (1.000–1.006) 0.07

BUN (mg/dl) 1.025 (1.007–1.044) 0.007

Creatinine (mg/l) 0.881 (0.700–1.108) 0.279

Hypertension 0.689 (0.442–1.074) 0.1

Diabetes 0.602 (0.340–1.064) 0.081

Acute posthemorrhagic anemia 0.572 (0.310–1.054) 0.073

Acute kidney failure 1.875 (1.188–2.959) 0.007

Sepsis 1.917 (1.165–3.153) 0.01

Shock 0.818 (0.471–1.422) 0.477

Admission type

Emergency VS elective 2.822 (1.647–4.837) 0.001

Urgent VS elective 5.156 (1.896–14.027) 0.001

Abbreviations: APTT, activated partial prothrombin time; BMI, 
body mass index; BUN, blood urea nitrogen; HCT, hematocrit; INR: 
international normalized ratio; OI, oxygenation index; PT, prothrombin 
time; RDW, red blood cell distribution width.
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ICU length of stay, and other indicators. Laboratory results were 
all derived from the first recorded within 24 h of transfer to the 
ICU. Missing values were filled by the mean or median. The labo-
ratory results extracted included oxygenation index (OI), white 
blood cell (WBC), red blood cell (RBC), hemoglobin, red blood 
cell distribution width (RDW), platelet (PLT), hematocrit (HCT), 
international normalized ratio (INR), prothrombin time (PT), ac-
tivated partial prothrombin time (APTT), lactate, blood glucose, 
blood urea nitrogen (BUN), and blood creatinine. To avoid the 
influence of maximum or minimum values on the research results, 
winsorization was applied to process the laboratory results, with 
1% and 99% as the cutoff points. We also used ICD-9 codes to 
define the main disease complications, including pneumonia, hy-
pertension, infection, acute kidney failure, and diabetes. Acidosis 
was defined as a blood pH <7.35. Acute kidney failure (now acute 
kidney injury) refers to increase in serum creatinine level by 
≥0.3 mg/dl within 48 h, or urine volume <0.5 ml/kg/h for 6 h or 
more, or a ≥1.5-fold increase from the baseline serum creatinine 
level within the seven days prior.11 Shock refers to systolic blood 
pressure (SBP) ≤90  mmHg. The treatment methods included 
mechanical ventilation (MV) and continuous renal replacement 
therapy. Several scoring systems, such as the Acute Physiology 
Score (APS III), Sequential Organ Failure Assessment (SOFA), and 
Simplified Acute Physiology Score II (SAPS II), were also used to 
assess the severity of the patients’ conditions and their mortal-
ity rates during hospitalization. The type of admission is related 
to the prognosis of trauma patients; thus, it was also included in 
the analysis.

2.4  |  Statistical analysis

Statistical data were analyzed using SPSS version 26, and relevant 
figures were drawn using GraphPad prism8. Continuous variables 
are presented as means and standard deviations or medians and 
interquartile ranges. A two-tailed independent Student's t test or 
Wilcoxon rank–sum test was used for the assessment of continu-
ous variables in the two groups. Categorical variables are presented 
as percentages, and the differences between the two groups were 
compared using the chi-square test. Multivariable logistic regression 
was performed to identify the determinant risk factors for in-hospital 
death. Variables that were significant between the survival and death 
groups were included in the model. Acidosis was defined as a blood 
pH. Infection, which is a relatively long-term complication, increases 
gradually with the extension of hospital stay. Therefore, they were 
not included in the multivariable regression model. Adjusted odds 
ratios (ORs) and 95% confidence intervals (CIs) were reported as 
well. We calculated the area under the curve (AUC) of the prediction 
model, APS III, SAPS II, and SOFA scores to evaluate the predictive 
efficacy of the model. To avoid overfitting or poor fitting, the data 
were randomly divided into 7:3 groups for 10 times cross-validation 
to evaluate the mean accuracy and precision of the model.

3  |  RESULTS

A total of 842 patients with trauma-related ARDS were included in 
this study. Of these, 667 were included in the survivor group and 175 

F I G U R E  1 Construction of a nomogram with clinical indices to predict traumatic ARDS in-hospital mortality (based on the model). The 
score for each value is assigned by drawing a line upward to the points line, and the sum of the nine scores is plotted on the total points line. 
ARDS, acute respiratory distress syndrome
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in the deceased group. Males accounted for 57.72% of the partici-
pants. The average age of the participants was 61.97 ± 17.40 years 
old, whereas their average BMI was 29.11 ± 7.01 kg/㎡. The median 
length of stay in the ICU was 9.28 (4.13–17.39) days, and the hospital 
mortality rate was 20.8%. The deceased group had lower pH, OI, 
higher red blood cell distribution width, hematocrit level, INR, PT, 
APPT, lactate level, blood glucose level, BUN level, and blood cre-
atinine level than the survivor group. The differences between the 
APS III (p = 0.001), SOFA (p = 0.001), and SAPS II (p = 0.001) scores 
of the two groups were statistically significant. Type of admission 
had a significant impact on the in-hospital mortality of the patients. 
The mortality rate at the time of emergency admission was 24.18%. 
In addition, there was no significant difference in MV between 
the deceased and survivor groups (98.29% vs. 95.65%, p = 0.162). 
Continuous renal replacement therapy was significantly different 
between the two groups (21.71% vs. 4.2%, p = 0.001). The results 
are presented in Table 1.

We investigated the major complications and comorbidities that 
were recorded during hospitalization (Table  2). The occurrence of 
post-traumatic secondary pneumonia was not statistically signifi-
cant in either group (p = 0.086), whereas the occurrence of infection, 
acute renal failure, sepsis, shock, acute posthemorrhagic anemia, 
and acidosis were statistically significant. The significant variables of 
the multivariate logistic regression analysis Table 3 were included in 
the nomogram (Figure 1).

In Figure 2, we show the calibration curves of survival group 
and death group .The relationship between continuous variables 
and in-hospital death in the model is shown in   Figure 3 using the 
Locally Weighted Scatterplot Smoothing (Lowess). Survival curves 
were generated by analyzing the relationship between the categori-
cal variables and 90-day mortality using a univariate Cox regression 
model (Figure 4). The AUCs and 95% CIs of the logistic regression 
model and the SAPS II, APS III, and SOFA scores are shown in 
Figure 5 Table 4. In the cross-validated model, the test set achieved 
a mean accuracy of 0.823, a precision of 0.643, and an AUC of 0.813, 
which shows good predictive value (Table 5).

4  |  DISCUSSION

Post-traumatic ARDS is a systemic inflammatory response syn-
drome (SIRS) and compensatory anti-inflammatory response 
(CARS) that is pathologically characterized by diffuse lung injury, 
pulmonary edema, and inflammatory cell infiltration.12 Reduced 
lung compliance and disproportionate ventilatory flow after tho-
racic trauma, neurogenic pulmonary edema after head trauma,13 
fat embolism after fracture of the extremities, and second surgery 
are the most important predisposing factors for post-traumatic 
ARDS.14 The incidence rate of ARDS increases significantly within 
24 h when the infusion of red blood cells is more than 5U.15 It is be-
lieved that trauma-induced SIRS is a major cause of post-traumatic 
ARDS.1 In severe trauma, the body can activate and release 

inflammatory cytokines, including tumor necrosis factor (TNF) 
and interleukin (IL). ARDS occurs when SIRS is out of balance with 
CARS.

Previous studies have confirmed that many patients with ARDS 
die from sepsis and multiple organ failure, with only about 9% dying 
from respiratory failure.16,17 The findings of an ARDS study con-
ducted over three years suggested that the incidence of trauma-
related ARDS is decreasing (3%–1.1%), whereas its mortality rate 
is increasing (18%-21%).18 Therefore, it is important to establish a 
prognostic model to facilitate timely identification of high-risk pa-
tients and reduction in hospital mortality.

In the study, age, BMI, red blood cell distribution width, hema-
tocrit, lactate, BUN, type of admission, acute renal failure, and sep-
sis were independently associated with the prognoses of patients. 
The similarities and differences in the prognoses of patients with 

F I G U R E  2 Calibration Plot of Death Group and Survival Group 
show the relationship between the observed outcome frequencies 
and the predicted frequencies; model is adjusted by age, BMI, 
red blood cell distribution width, hematocrit, lactate, blood urea 
nitrogen, admission type, acute renal failure, and sepsis
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trauma-related ARDS, sepsis-related ARDS, and trauma patients 
were also assessed in this study. These results suggest that ARDS is 
a heterogeneous group of disorders and that its clinical features vary 
according to its different types.

F I G U R E  3 LOWESS Smooth Curve shows continuous variables and in-hospital mortality in logistic regression model
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F I G U R E  4 Univariate Cox regression model showed the relationship between categorical variables and 90-day mortality
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F I G U R E  5 ROC shows area under curve of model, APS 
III, SOFA, SAPS II. APS III, acute physiology score III; SAPS II, 
simplified acute physiology score II; SOFA, sequential organ failure 
assessment
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TA B L E  4 AUC and 95% CI of model and ICU severity score

Score AUC 95% CI
p 
Value

Model 0.826 0.793–0.861 0.001

APS III 0.718 0.673–0.763 0.001

SOFA 0.692 0.645–0.739 0.001

SAPS II 0.776 0.736–0.817 0.001

Note: Model is adjusted by age, BMI, red blood cell distribution width, 
hematocrit, lactate, blood urea nitrogen, admission type, acute renal 
failure, and sepsis.
Abbreviations: APS III, Acute Physiology Score III; SAPS II, simplified 
acute physiology score II; SOFA, sequential organ failure assessment.
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The results of previous trauma studies suggest that obese 
elderly patients have poor prognoses.19,20 The findings of a few 
studies suggest that obesity is not associated with mortality.21,22 
In short, obesity tends to be a non-protective factor in trauma 
patients. However, in an ARDS study, Gong et al. and Anzueto 
et al.23,24 reported that obesity increases the incidence rate of 
ARDS and has no significant effect on mortality. The results of 
some previous studies suggest that BMI is negatively correlated 
with mortality due to ARDS,25,26 a finding that is similar to our 
results. There are also some hypotheses about the protective ef-
fects of moderate obesity. For example, fat can provide energy and 
fat-soluble nutrients under high metabolic conditions. Adipocytes 
also secrete immunomodulatory substances, such as leptin and 
IL-10, which attenuate inflammatory responses and improve sur-
vival in critically ill patients.27 However, poor distribution of fat, 
muscle loss-related obesity,28 and obesity are easily misdiagnosed 
as ARDS. In addition, these factors may affect the interpretation 
of examination results. The relationship between obesity and the 
prognosis of patients with traumatic ARDS still needs further 
research.

Most studies indicate that patients with diabetes have an in-
creased risk of infection compared to the general population, 
especially in the skin, soft tissue, urogenital system, gastroin-
testinal tract, and respiratory system. The prognosis of patients 
with diabetes is worse than that of patients without diabetes.29–31 
However, in most ARDS cohorts, diabetes significantly increases 
the incidence rate of ARDS, especially sepsis or pneumonia-
related ARDS, but does not increase its long-term mortality rate. 
In the present study, diabetes (OR, 0.602; 95% CI, 0.340–1.064) 
was not correlated with the prognoses of the patients. This may be 
mediated by reduced peroxide production, decreased TNF-1 β and 
IL-10, and other mechanisms involved in bronchoalveolar fluid.32 
In addition, leptin resistance confers protection against lung injury 
in diabetes.33

The prognostic factors of trauma-related ARDS are different 
from those of sepsis-related ARDS. Urea nitrogen, an end prod-
uct of protein metabolism in humans, has been infrequently re-
ported in to be associated with septic ARDS. Further, elevation of 
BUN level occurs in chronic renal failure and trauma after severe 
surgery. A urea nitrogen/creatinine ratio greater than 10:1 be-
tween the two groups in the present study suggests that patients 
with traumatic ARDS have predominantly prerenal azotemia. The 

results of studies by Brown et al. and Komara et al.34,35 also sug-
gest that high urea nitrogen level is associated with poor outcomes 
in patients with ARDS. We also observed that the hematocrit level 
of the deceased group in the present study was higher than that 
of the survivor group; however, both were lower than the normal 
value. Even after adjustment, the hematocrit level remained sta-
tistically significant (OR = 1.055, p = 0.004). This may be related 
to the higher blood concentration caused by capillary leakage.36 In 
addition, pneumonia is regarded as a risk factor for ARDS in most 
studies.1 However, we observed no significant difference in post-
traumatic pneumonia between the two groups (48.8% vs. 36.6%, 
p = 0.086).

As previously mentioned, ARDS is a heterogeneous disease; 
thus, the APACHE II score does not have high accuracy (0.623–
0.777) for the prediction of ARDS.37,38 The APS III, SOFA, and SAPS 
II scores analyzed in this study also have poor prediction effects. 
Therefore, we developed a model to predict in-hospital mortality 
in patients with ARDS using simple and easily available variables. 
The combined use of multiple data provides a more accurate predic-
tion of the probability of survival. The results of the present study 
show that the model can be used as an economical and effective 
tool for predicting the prognosis of ARDS and assisting in clinical 
decision-making.

This study has several limitations. First, although many studies 
have confirmed that immune response and cardiovascular overload 
caused by blood transfusion can increase the incidence of ARDS and 
mortality in critically ill patients, we did not evaluate the correlation 
between blood transfusion and mortality in this study. Second, dif-
ferent aspects of trauma that affect the mortality of patients with 
ARDS may impact the results of the present study. Third, we did not 
study the mechanism of trauma on patient mortality. At last, this was 
a single-center, retrospective study with a long study period; thus, 
the research results may have some deviation and may need more 
external data for verification.

5  |  CONCLUSION

We used clinical variables to develop a new model for the prediction 
of in-hospital mortality in patients with ARDS. The results of this 
study can aid the timely identification of high-risk patients and the 
development intervention strategies.

TA B L E  5 Cross-validation model of 10 times random groups

Group 1 2 3 4 5 6 7 8 9 10

Accuracy 0.815 0.802 0.825 0.838 0.823 0.840 0.829 0.847 0.799 0.802

Precision 0.700 0.666 0.640 0.621 0.576 0.576 0.653 0.772 0.551 0.724

AUC 0.831 0.803 0.816 0.807 0.811 0.845 0.789 0.844 0.771 0.828

Note: Model is adjusted by age, age, BMI, red blood cell distribution width, hematocrit, lactate, blood urea nitrogen, admission type, acute renal 
failure, and sepsis. Data were randomly divided into 7:3 groups for 10 times cross-validation. The table shows the accuracy, precision, and AUC (area 
under curve) of the test set. In this article, we report the average of 10 results (accuracy: 0.823; precision: 0.643; AUC: 0.813).
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