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Background: Community-acquired pneumonia (CAP) is a global health concern due to its high rates of morbidity and mortality. 
Bacterial pathogens are common causes of CAP. It is one of the most common causes of acute respiratory distress syndrome (ARDS), 
a common severe respiratory system manifestation threatening human health. This study aimed to establish a predictive model for 
ARDS in patients with bacterial pneumonia, which was conducive to early identification of the occurrence and effective prevention of 
ARDS.
Methods: We collected the clinical data of hospitalized patients with bacterial pneumonia in Affiliated Huzhou Hospital of Zhejiang 
University School of Medicine from January 2022 to November 2022. The independent risk factors for ARDS in patients with 
bacterial pneumonia were determined by univariate and multivariate binary logistic regression analyses. The nomogram was 
constructed to display the predictive model, and the receiver-operating characteristic curve was plotted to evaluate the predictive 
value of ARDS.
Results: This study included 254 patients with bacterial pneumonia, of which 114 developed ARDS. The multivariate logistic 
regression analysis revealed age [odds ratio (OR) = 1.041, P = 0.003], heart rate (OR = 1.020, P = 0.028), lymphocyte count (OR = 
0.555, P = 0.033), white blood cell count (OR = 1.062, P = 0.033), bilateral lung lesions (OR = 7.352, P = 0.011) and pleural effusion 
(OR = 2.512, P = 0.002) as the independent risk factors for ARDS. The predictive model was constructed based on the six independent 
factors, which was valuable in predicting ARDS with area under the curve of 0.794.
Conclusion: The predictive model was beneficial to evaluate the disease progression in patients with bacterial pneumonia and 
identify ARDS. Further, our nomogram might help doctors predict the incidence of ARDS and conduct treatment as early as possible.
Keywords: acute respiratory distress syndrome, bacterial pneumonia, nomogram, retrospective study, risk factors

Introduction
Community-acquired pneumonia (CAP) is associated with high rates of morbidity and mortality globally, imposing 
a huge burden on healthcare system and the economy.1 Approximately 40% of patients with CAP require hospitalization, 
and 5% of them are admitted to the intensive care unit.2 The mortality rate of severe CAP (sCAP) has significantly 
increased.3 Hence, evaluating the severity and risk factors of CAP for physicians, and implementing suitable therapeutic 
strategies to improve prognosis are of great significance. Bacteria, including Streptococcus pneumoniae, Staphylococcus 
aureus, Pseudomonas aeruginosa, and Haemophilus influenzae, are considered to be common causes of CAP.1,4,5 Also, 
CAP is one of the most common causes of acute respiratory distress syndrome (ARDS).6

ARDS is characterized by hypoxemia and bilateral radiographic opacities. It is a type of acute diffuse inflammatory 
lung injury associated with a predisposing risk factor, which leads to increased pulmonary vascular permeability, 
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increased lung weight, and loss of aerated lung tissue.7 At present, ARDS is diagnosed in accordance with the Berlin 
definition, which evaluates patients based on four aspects: respiratory symptoms, chest imaging, origin of edema and 
oxygenation.8 ARDS progresses rapidly; however, no useful biomarker is available to enhance the diagnostic sensitivity 
and specificity, and effective treatments for ARDS are limited at present.9,10 The mortality of ARDS remains high, 
ranging from 34.9% to 46.1%, with different degrees of lung injury severity.11 Therefore, early diagnosis and interven-
tion are essential to improve survival rate. Pneumonia, mainly CAP, is the most common cause of acute ARDS.11,12 

Previous studies have demonstrated that the dysregulation of lung microbiota and immune defenses may have an 
important influence in patients with ARDS.13 The alterations may be associated with the respiratory complications of 
the patients,14 playing an essential role in the risk of early-stage ARDS.15 Pneumonia is commonly diagnosed by the 
comprehensive assessment of clinical manifestations, radiological findings, laboratory tests, and microbiological findings. 
The precise diagnosis and proper treatment of pulmonary infection in ARDS are challenging due to the imperfection of 
the existing techniques. The prognosis of ARDS with pulmonary superinfections is poor.16 Therefore, the risk factors of 
ARDS in patients with bacterial pneumonia need to be urgently explored to provide doctors with instructive information 
for the timely selection of suitable therapeutic strategies. The purpose of this study was to analyze the clinical data of 
patients with bacterial pneumonia, screen the characteristic factors of these patients, construct and verify the nomogram 
model, and provide a reference for the clinical diagnosis and treatment of the disease.

Materials and Methods
Patients
Patients with bacterial pneumonia hospitalized in Affiliated Huzhou Hospital, Zhejiang University School of Medicine 
(Huzhou Central Hospital) between January 2022 and November 2022 were eligible for this retrospective study.

The inclusion criteria were as follows: (1) diagnosis consistent with guidelines for the diagnosis and treatment of 
adult CAP in China (2016 edition);17 (2) clear bacterial pathogens;17 (3) ARDS identified within the first 24 h of hospital 
admission based on the Berlin definition; and (4) patients with complete clinical data, including their medical history and 
treatment.

The exclusion criteria were as follows:(1) immune dysfunction [blood diseases, organ transplantation, human 
immunodeficiency virus, malignancies, and infectious diseases]; (2) age <18 years or incomplete data; and (3) clear 
diagnosis of viral infection, fungal infection, atypical pneumonia, lung cancer, and other diseases.

Data Collection
The following variables were included in this study: (1) demographic information and vital signs upon admission; (2) 
comorbidities such as hypertension, diabetes, coronary heart disease, cerebral infarction/cerebral hemorrhage, heart 
failure, hyperlipidemia, and anemia; (3) laboratory tests: lymphocytes, neutrophils, platelets, C-reactive protein (CRP), 
white blood cell (WBC), prothrombin time, D-dimer, albumin/globulin, alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), AST/ALT ratio, creatinine, lactate dehydrogenase (LDH), globulin, homocysteine, and albumin; 
and (4) computed tomography (CT) manifestations such as bilateral lung lesions, pleural effusion and pericardial 
effusion. The laboratory test results from the initial sample taken upon admission were recorded for statistical analysis. 
The retrospective study was approved by the medical ethics committee of Huzhou Central Hospital (Approval No: 
202311018-01), and the requirement for patient consent was waived.

Statistical Analysis
The normality of the included variables was confirmed by the Kolmogorov–Smirnov test. Normally distributed variables 
were presented as mean ± standard deviation and analyzed using independent-sample Student t test. Non-normally 
distributed variables were presented as median (interquartile range) and compared using the Mann–Whitney U-test. In 
addition, the χ2 test or Fisher’s exact test was used to compare the differences in categorical variables. The univariate and 
multivariate logistic regression analyses were performed to find independent risk factors of ARDS in included patients 
with bacterial pneumonia. We constructed a predictive model for ARDS using logistic regression with significant factors 
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identified in multivariate logistic regression. Finally, the receiver operating-characteristic (ROC) curve was drawn to 
validate the predictive value and constructed model, and area under the ROC curve (AUC) was calculated. A nomogram 
corresponding to the predictive model was drawn to illustrate the probability of developing ARDS. Statistical analyses 
were performed using SPSS Version 26.0 (SPSS, Inc., IL, USA) software, with statistical significance set at P < 0.05. 
R (version 3.6.1; R Foundation) was used for all statistical analyses and for drawing figures.

Results
Baseline Characteristics
A total of 254 patients with bacterial pneumonia were finally included in this study, of which 114 developed ARDS, with 
an incidence of 44.88% (Table 1). The patients in the ARDS group were of higher age (74.5 vs 71, P < 0.001) than those 

Table 1 Baseline Characteristics of Included Patients

Variables Full Cohort  
(N = 254)

ARDS  
(n = 114, 44.88%)

Non-ARDS  
(n = 140, 55.12%)

P value

Gender (male) 175(68.90%) 83(72.80%) 92(65.71%) 0.225

Age (years) 72.5(65–79) 74.5(69–82) 71(61–77) <0.001
Underlying lung diseases 113(44.49%) 54(47.37%) 59(42.14%) 0.405

Smoking 121(47.64%) 58(50.88%) 63(45.00%) 0.351

Alcoholism 70(27.56%) 27(23.68%) 43(30.71%) 0.212
Hypertension 105(41.34%) 54(47.37%) 51(36.43%) 0.078

Diabetes 30(11.81%) 21(18.42%) 9(6.43%) 0.003
Coronary heart disease 27(10.63%) 9(7.89%) 18(12.86%) 0.202
Cerebrovascular diseases 20(7.87%) 13(11.40%) 7(5.00%) 0.059

Heart failure 13(5.12%) 9(7.89%) 4(2.86%) 0.070

Hyperlipidemia 29(11.42%) 15(13.16%) 14(10.00%) 0.431
Anemia 136(53.54%) 60(52.63%) 76(54.29%) 0.793

Temperature (°C) 37.3(36.7–38.3) 37.5(36.8–38.4) 37.2(36.7–38.2) 0.422

Heart rate(bpm) 95(84–108) 99(88.75–112) 91.5(81–102) 0.002
SBP (mmHg) 124(111–144) 123(106.75–145) 125(112.75–140) 0.621

DBP (mmHg) 73.07±13.56 72.61±14.58 73.44±12.70 0.625

Lymphocyte(×109/L) 0.80(0.5–1.3) 0.6(0.4–0.9) 1(0.625–1.475) <0.001
Neutrophil(×109/L) 7.15(4.78–11.33) 9.45(6.15–12.43) 5.9(4.0–8.9) <0.001
Platelet(×109/L) 187.50(138.5–242.75) 180(124.75–252.25) 192.5(144.25–242.00) 0.380

CRP (mg/L) 41.45(5.48–137.78) 59.1(16.18–148.50) 29.35(3.05–127.13) 0.008
WBC(×109/L) 8.75(6.48–12.48) 10.5(7.38–14.20) 7.65(5.60–10.68) <0.001
Prothrombin time(s) 12.7(11.8–13.83) 12.95(11.80–14.70) 12.6(11.70–13.40) 0.020
D-dimer(mg/L) 0.88(0.5–1.75) 1.33(0.73–2.38) 0.69(0.39–1.24) <0.001
Albumin/Globulin 1.19 (1.01–1.40) 1.16(0.99–1.44) 1.22 (1.04–1.40) 0.252

ALT(U/L) 17.85(12.60–33.03) 18.1(12.78–35.45) 17.6(12.28–30.60) 0.308

AST(U/L) 21.15(17.80–34.13) 23.5(18.35–39.00) 20.5(17.60–31.45) 0.058
AST/ALT 1.28(0.93–1.65) 1.3(0.96–1.70) 1.26(0.91–1.58) 0.187

Creatinine(μmol/L) 68.40(57.55–87.00) 71.85(60.15–114.70) 65.75(55.90–76.50) 0.002
LDH(U/L) 219.25(176.88–274.20) 239.4(190.70–322.90) 197.5(165.75–239.43) <0.001
Homocysteine(μmol/L) 11.70(8.90–17.13) 13.15(9.25–20.43) 10.7(8.63–14.50) 0.008
Albumin(g/L) 32.28±4.68 30.78±4.47 33.51±4.49 <0.001
Bilateral lung lesions 229(90.16%) 112(98.25%) 117(83.57%) <0.001
Pleural effusion 130(51.18%) 78(68.42%) 52(37.14%) <0.001
Pericardial effusion 37(14.57%) 25(21.93%) 12(8.57%) 0.003

Notes: Continuous variables were presented as mean± standard deviation or median (interquartile range), and categorical variables as number (percentage). 
The statistically significant P values are in bold. 
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; CRP, C-reactive protein; DBP, diastolic blood pressure; LDH, lactate 
dehydrogenase; SBP, systolic blood pressure; WBC, white blood cell.
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in the non-ARDS group. The ARDS group included more patients with diabetes (18.42% vs 6.43%, P = 0.003). The heart 
rate of patients was significantly lower in the non-ARDS group than in the ARDS group (99 vs 91.5, P = 0.002). 
Regarding the laboratory tests, neutrophil count (9.45 vs 5.9, P <0.001), CRP level (59.1 vs 29.35, P = 0.008) and WBC 
count (10.5 vs 7.65, P <0.001) were found to be higher in the ARDS group than in the non-ARDS group. The 
lymphocyte count was lower in the ARDS group (0.6 vs 1, P < 0.001). The prothrombin time (12.95 vs 12.6, P = 
0.020) and D-dimer level (1.33 vs 0.69, P <0.001) were higher in the ARDS group. The creatinine (71.85 vs 65.75, P = 
0.002), LDH (239.4 vs 197.5, P < 0.001), and homocysteine levels (13.15 vs 10.7, P = 0.008) were higher in patients in 
the ARDS group compared with those in the non-ARDS group. However, the albumin level (30.78 vs 33.51, P <0.001) 
was lower in the ARDS group than in the non-ARDS group. The CT imaging results showed that patients with ARDS 
had a higher proportion of bilateral lung lesions (98.25% vs 83.57%, P <0.001), pleural effusion (68.42% vs 37.14%, 
P <0.001) and pericardial effusion (21.93% vs 8.57%, P = 0.003).

Risk Factors of ARDS in Patients with Bacterial Pneumonia
The univariate logistic regression showed that age (OR = 1.044, P <0.001), diabetes (OR = 3.287, P = 0.005), heart rate 
(OR = 1.021, P = 0.004), lymphocyte count (OR = 0.333, P < 0.001), neutrophil count (OR = 1.062, P =0.013), CRP 
level (OR = 1.004, P = 0.026), WBC count (OR = 1.080, P = 0.003), prothrombin time (OR = 1.222, P =0.005), ALT 
level (OR = 1.004, P = 0.046), creatinine level (OR = 1.007, P = 0.004), LDH level (OR = 1.004, P = 0.006), albumin 
level (OR = 0.874, P < 0.001), bilateral lung lesions (OR = 11.009, P = 0.001), pleural effusion (OR = 3.667, P < 0.001), 
and pericardial effusion (OR = 2.996, P =0.004) were associated with ARDS (Table 2). The multivariate logistic 
regression analysis revealed that the factors independently associated with the development of ARDS were age (OR = 
1.041, P =0.003), heart rate (OR = 1.020, P = 0.028), lymphocyte count (OR = 0.555, P = 0.033), WBC count (OR = 
1.062, P = 0.033), bilateral lung lesions (OR = 7.352, P = 0.011), and pleural effusion (OR = 2.512, P = 0.002).

Table 2 Univariate and Multivariate Logistic Regression Analyses of Risk Factors for ARDS in Patients with 
Bacterial Pneumonia

Variables Univariate Analysis Multivariate Analysis

OR 95% CI P value OR 95% CI P value

Gender (male) 0.716 0.417–1.229 0.225

Age (years) 1.044 1.020–1.068 <0.001 1.041 1.014–1.069 0.003
Underlying lung diseases 1.236 0.751–2.032 0.405
Smoking 1.266 0.771–2.078 0.351

Alcoholism 0.700 0.399–1.228 0.213

Hypertension 1.627 0.983–2.691 0.058
Diabetes 3.287 1.441–7.499 0.005
Coronary heart disease 1.248 0.478–3.255 0.651

Cerebrovascular diseases 2.446 0.941–6.352 0.066
Heart failure 2.914 0.873–9.724 0.082

Hyperlipidemia 1.364 0.629–2.958 0.432

Anemia 0.936 0.570–1.536 0.793
Temperature (°C) 1.062 0.836–1.348 0.624

Heart rate(bpm) 1.021 1.007–1.036 0.004 1.020 1.002–1.038 0.028
SBP (mmHg) 0.999 0.990–1.009 0.913
DBP (mmHg) 0.995 0.977–1.014 0.624

Lymphocyte (×109/L) 0.333 0.203–0.549 <0.001 0.555 0.324–0.953 0.033
Neutrophil(×109/L) 1.062 1.013–1.114 0.013
Platelet(×109/L) 0.999 0.996–1.002 0.612

CRP (mg/L) 1.004 1.000–1.007 0.026
WBC (×109/L) 1.080 1.027–1.135 0.003 1.062 1.005–1.123 0.033

(Continued)
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Predictive Value of the Novel Constructed Model
The novel model incorporating age, heart rate, lymphocyte count, WBC count, bilateral lung lesions and pleural effusion 
for predicting ARDS during hospitalization had an AUC value of 0.794 with a sensitivity and specificity of 0.825 and 
0.629, respectively (Figure 1). The model was presented in the form of nomogram for visualizing its clinical use 
(Figure 2a). The calibration plot indicated a good consistency between the predicted and observed values (Figure 2b).

Table 2 (Continued). 

Variables Univariate Analysis Multivariate Analysis

OR 95% CI P value OR 95% CI P value

Prothrombin time (s) 1.222 1.061–1.408 0.005 1.136 0.980–1.317 0.091

D-dimer (mg/L) 1.057 0.997–1.143 0.166

Albumin/Globulin 0.665 0.293–1.510 0.329
ALT (U/L) 1.004 1.000–1.008 0.046
AST (U/L) 1.001 0.999–1.004 0.157

AST/ALT 1.384 0.932–2.055 0.107
Creatinine (μmol/L) 1.007 1.002–1.011 0.004
LDH (U/L) 1.004 1.001–1.007 0.006
Homocysteine(μmol/L) 1.005 0.996–1.015 0.252
Albumin(g/L) 0.874 0.823–0.927 <0.001
Bilateral lung lesions 11.009 2.536–47.781 0.001 7.352 1.578–34.249 0.011
Pleural effusion 3.667 2.173–6.186 <0.001 2.512 1.397–4.517 0.002
Pericardial effusion 2.996 1.430–6.277 0.004

Notes: The data were calculated using logistic regression analysis. The statistically significant P values are in bold. 
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; CRP, C-reactive protein; 95% CI: 95% confidence interval; 
DBP, diastolic blood pressure; LDH, lactate dehydrogenase; OR, odds ratio; SBP, systolic blood pressure; WBC, white blood cell.

Figure 1 ROC curve of the constructed predictive model and single factors for predicting ARDS in patients with bacterial pneumonia. 
Abbreviations: ARDS, acute respiratory distress syndrome; ROC, receiver-operating characteristic.
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Figure 2 (a) Nomogram of the predictive model for predicting ARDS in patients with bacterial pneumonia. (b) Calibration plot.
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Discussion
In ARDS, bacterial infection, endotoxins, and subsequent inflammation result in capillary endothelial barrier disruption 
and pulmonary venous congestion. This disrupts the balance of pulmonary capillary fluid and excessive alveolocapillary 
permeability, eventually leading to the acute onset of hypoxemia and bilateral pulmonary oedema.18,19 The pathogenesis 
of ARDS encompasses a confluence of intense inflammatory cascade, endothelial injury, epithelial injury, coagulation 
disorder, fibrosis, and apoptosis.20 The occurrence of ARDS has an important impact on the morbidity and mortality of 
critically ill patients. Summarizing and analyzing the clinical characteristics and risk factors related to bacterial 
pneumonia with ARDS may be of immense value to the early identification of ARDS and an improvement in the 
therapeutic effect.

In our study, the incidence of ARDS in hospitalized patients with bacterial pneumonia was 44.88%. Additionally, this 
study identified six factors associated with ARDS in bacterial pneumonia: age, heart rate, lymphocyte count, WBC count, 
bilateral lung lesions and pleural effusion. Incorporating these factors, the predictive model achieved an AUC value of 
0.794. This provided clinicians with a valuable tool to evaluate the probability of developing ARDS and taking 
preventive measures against acute lung injury. We can easily acquire these six factors through clinical investigations 
and employ our model to assess the scores of patients with bacterial pneumonia, thereby obtaining their probability of 
developing ARDS for treatment guidance.

The patients in the ARDS group were older compared with those in the non-ARDS group. The incidence and 
mortality rate of ARDS were much higher in elderly patients, which might be related to excessive inflammatory 
responses and larger changes in lung permeability.21–23 Elderly patients exhibit a higher prevalence of underlying 
diseases, impaired visceral metabolism, and compromised reserve function. Consequently, the prognosis for them with 
ARDS is unfavorable, leading to increased mortality rates.

The results of our study showed that the heart rate was significantly higher in the ARDS group than in the non-ARDS 
group. The heart rate could reflect respiratory function, cardiac function and immune response.24–28 Several studies 
showed that the heart rate could be exploited for the early identification of infections and respiratory diseases.29,30 The 
vagus nerve was an important neuroimmunomodulator in the inflammatory pathway, and heart rate could reflect the 
function of the vagus nerve.25 Heart rate was a key element in the morbidity and mortality of patients with pulmonary 
disease.31 Higher heart rate could be used as an independent predictor of adverse events of pneumonia, which was 
consistent with our results.25,32

Inflammation played a crucial role in both the prognosis and symptoms of ARDS, underscoring its significance in the 
development of the condition.33 After pathogens entered the lung, numerous pattern recognition receptors recognized the 
microbial structures and endogenous molecules released after cell injury through pathogen-associated molecular patterns 
and danger-associated molecular patterns. Then, the innate immune response was activated. Subsequently, the production 
of inflammatory cytokines, interferons and chemokines led to the activation of local cells and the recruitment of 
macrophages and neutrophils. Eventually, pathogens and infected cells were eliminated.34 Compared with viral-related 
ARDS, the level of IL-8, IL-17 and TNF-α was significantly higher in bacterial-related ARDS.35 Interestingly, the 
research showed antibiotics could destroy bacterial cell walls, releasing a large number of products to promote 
inflammation and worsen lung injury.33 In our study, lymphocyte count, neutrophil count, CRP level and WBC count 
were four meaningful inflammation indexes with statistically significant differences between the two groups. The 
neutrophil count, WBC count and CRP level were higher in the ARDS group than in the non-ARDS group. In contrast, 
the patients in the ARDS group had lower lymphocyte count. Lymphocyte and WBC counts were independent risk 
factors of ARDS in patients with bacterial pneumonia. The accumulation of WBCs, especially neutrophils, played an 
important role in the development of pulmonary edema associated with ARDS.36 Studies showed that the changes in the 
neutrophil and lymphocyte counts were related to extensive activation of the immune system and immune 
dysfunction.37,38 The neutrophil count was positively correlated with the severity of ARDS.39 Neutrophils were the 
first WBCs recruited to the sites of inflammation in ARDS.40 They released reactive oxygen species, antimicrobial 
peptides, and multiple proteinases, which formed extracellular traps to execute the function of neutrophils.41 However, 
the inappropriate or excessive activation of neutrophils could lead to lung tissue injury and an increased permeability of 
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lung epithelium and endothelium by releasing toxic mediators. The pathology ultimately resulted in respiratory failure 
and ARDS.42,43 Lymphopenia was associated with a more severe clinical presentation and early mortality of CAP.44,45 

Persistent lymphopenia was found to predict sepsis mortality.46 Besides, reduced lymphocyte count was also an 
independent predictor of mortality risk in patients with severe pulmonary infection.46–48 Lymphocytes were essential 
in the immune response, and lymphopenia might lead to a harmful inflammatory status.49 The exhaustion and apoptosis 
of T cells seemed to be central to lymphocytic defects, especially in critically ill patients.50

Patients with ARDS had a higher proportion of bilateral lung lesions and pleural effusion. Levitt et al established 
a definition of early ALI.51 The score could be used to evaluate the likelihood of patients with bilateral infiltrates and 
hypoxemia progressing to ARDS excluding heart failure as a cause.52 A study by Ko et al showed that 27% of patients 
with severe acute respiratory syndrome (SARS) (14/52) had initial bilateral lung involvement, of which 9 died. When the 
disease progressed to maximal severity (before the occurrence of ARDS), 63% of patients (33/52) displayed bilateral 
lung involvement. Besides, the patients had more lung lesion distributions, and the mortality was extremely high. The 
bilateral lung involvement by SARS indicated the wide distribution of the viral-load droplets, which had an unfavorable 
prognosis.53

Pleural effusion was independently associated with the mortality of patients with CAP and sepsis.44 The lung weight 
increased, and lung collapse occurred due to non-cardiogenic pulmonary edema in ARDS. The clinical factors of lung 
edema formation could influence the normal efficient absorptive mechanisms and lead to pleural effusion. An increasing 
accumulation of pleural effusion had significant effects on lung and chest wall distention. The influence of respiratory 
mechanics reduced lung gas volume and increased shunt fraction, leading to impaired gas exchange.54 Pieces of evidence 
showed that the extent of these abnormalities depended on the perfusion of compressed airspaces, such as hypoxic 
vasoconstriction and vascular compression.55

Despite a practical model established in this study, certain limitations need to be addressed in our future investiga-
tions. First, this was a single-center study and selection bias was inevitable. Hence, more clinical data in multiple centers 
should be analyzed to validate our findings. Second, we did not collect the risk scores for patients, such as acute 
physiology and chronic health evaluation II and sequential organ failure assessment. Therefore, our risk score should be 
compared with previously developed scores for improved scores in future studies. Finally, our study lacked external 
verification of the risk model using an independent cohort. The aforementioned factors need to be addressed in further 
studies to improve our evaluation accuracy.

Conclusion
This study found that old age, high heart rate, low lymphocyte count, high WBC count, bilateral lung lesions and pleural 
effusion were independent risk factors for ARDS in patients with bacterial pneumonia. The predictive model incorporat-
ing these six factors can facilitate clinicians to identify and diagnose ARDS as early as possible. Clinicians can adjust 
therapeutic strategies to prevent ARDS in patients with bacterial pneumonia by evaluating the risk of ARDS during 
hospitalization.
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