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Abstract: Background: Ventilator-associated pneumonia (VAP) is a frequent complication for those receiving invasive 

mechanical ventilation in the ICU, exerts significant impacts on clinical outcomes. We aimed to explore the association 

between LAR and 28-day mortality in those suffering from VAP. Methods: This investigation utilized clinically granular 

data from MIMIC-IV database. Altogether, 591 patients with VAP were ultimately collected for analysis. Participants 

were categorized into three groups in accordance with tertiles of LAR. The key clinical endpoint was 28-day all-cause 

mortality. Univariate Cox Regression, Multivariate Cox Regression, RCS (Restricted cubic spline), Kaplan–Meier curve, 

and Subgroup analyses were used to examine the association between LAR and 28-day mortality among critical care 

patients with VAP. Results: Of the VAP patients, 22.0% succumbed within the 28-day observational window. According 

to the multivariable Cox regression analysis, LAR independently influenced the 28-day mortality risk in VAP patients 

(adjusted HR = 1.22, 95% CI: 1.06~1.39, P = 0.005). Restricted cubic spline analysis revealed a positive correlation 

between LAR and 28-day mortality. Subgroup analyses confirmed consistent associations across diverse patient 

characteristics. Kaplan-Meier curves demonstrated that patients in the high-LAR group had significantly lower survival 

probabilities compared to the low- and medium-LAR groups, suggesting that patients with VAP who have elevated LAR 

face a greater risk of mortality within 28 days. Conclusion: In summary, our study revealed a positive dose-response 

association between LAR and 28-day mortality in patients with VAP, suggesting that LAR is identified as an 

independent risk factor for unfavorable clinical outcomes in this population. 
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1 Introduction 

VAP is characterized by an infection in the lung pa-

renchyma that appears after 48 hours of invasive mechan-

ical ventilation and is universally regarded as one of the 

most frequent and consequential infections acquired in 

hospital settings. [1] Emerging evidence suggests that the 

incidence of VAP in ICU patients ranges from 5% to 40%, 

[2] with a mortality rate of 6.3% to 66.9%. [3] Several 

studies have found that VAP contributes to extended hos-

pitalization and poses a major economic and societal 

challenge. [2-4] Notwithstanding considerable progress in 

VAP prevention and therapeutic interventions, the prog-

nosis continues to be unfavorable. [4] To optimize clinical 

outcomes, it is important to identify patients at high risk 

for VAP as soon as possible. [5] 

In humans, lactic acid is typically maintained at a low con-

centration under normal conditions, though some severe ill-
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nesses can result in higher levels. [6, 7] Conversely, serum 

albumin levels drop in certain chronic pathological states. [8, 9] 

Lactate levels can vary swiftly in acute conditions, yet they 

can not represent chronic pathological states, while albumin 

fails to promptly reflect acute pathological processes. LAR 

offers a thorough risk evaluation by combining immediate 

metabolic conditions with long-term health reserves. [10] 

Recent findings have shown that LAR is linked to un-

favorable clinical outcomes in patients with severe condi-

tions, such as sepsis, hepatic failure, acute ischemic stroke, 

chronic obstructive pulmonary disease. [11-14] However, 

whether LAR associated with mortality in individuals 

with VAP is not yet explored. 

2 Materials and Methods 

2.1 Study Design 

Employing a retrospective cohort design, the research 

complied with STROBE standards. [15] The research re-

lied solely on data from the MIMIC-IV (version 2.2) da-

tabase, an open-access platform dynamically incorporat-

ing critical care records. This analysis focused on VAP 

cases in ICU at Beth Israel Deaconess Medical Center 

over the period spanning 2008 through 2019. This reposi-

tory aggregates multidimensional ICU data from 73,181 

hospitalizations at Beth Israel Deaconess Medical Center 

(2008-2019), with structured domains covering physio-

logical monitoring, diagnostic laboratory profiles, comor-

bidity documentation via ICD codes, and granular thera-

peutic interventions. Qi Chen (ID: 13278941) completed 

the online training program and passed the required certi-

fication exam administered by the database platform prior 

to data extraction (completion record ID: 62438361). This 

study was conducted without requiring informed consent 

because the MIMIC database provides fully de-identified 

patient records. 

 

Figure 1 Flowchart of study patients 

2.2 Inclusion and Exclusion Criteria 

Adult patients (age≥18 years old) who were diagnosed 

with VAP during their first ICU admission were included 

in this retrospective cohort analysis. Using ICD-9 (4957, 

99731) and ICD-10 (J95851) classification codes from the 

MIMIC-IV database, we identified 1,268 patients meeting 

the diagnostic criteria for ventilator-associated pneumonia 
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(VAP) in the initial screening phase. Exclusions were 

made for: (1) absence of lactate or albumin measurements 

within the initial 24-hour period following ICU admission 

(n=647), and (2) ICU length of stay less than 48 hours 

(n=30). The remaining 591 VAP cases constituted the 

study population, as illustrated in Figure 1. 

2.3 Data Collection 

Data extraction was performed using SQL queries 

within Navicat Premium (Version 16.3.9). Demographic 

and clinical variables captured in the study were: age, 

gender, race, body mass index, mean arterial pressure, 

respiratory rate, saturation of pulse oxygen, heart rate, 

lactate, albumin, GCS, SOFA, SAPS II, chronic pulmo-

nary disease, myocardial infarct, sepsis, malignant cancer, 

diabetes, renal disease, congestive heart failure, liver dis-

ease, vasopressor, renal replacement therapy, antibiotics 

and 28-day all-cause mortality. Data captured within the 

first 24 hours of ICU admission encompassed vital signs, 

biomarkers (lactate, albumin), antibiotic prescriptions, and 

validated scoring systems. Additionally, in cases with 

multiple laboratory measurements, only the first recorded 

value within the specified timeframe was retained for 

analysis. 

2.4 Outcome 

The main outcome measure was mortality from any 

cause within 28 days. 

2.5 Missing Data 

Missing data distributions are cataloged in Table A1. 

The proportions of missing data for height and weight 

were 11.34% and 0.85%, respectively. Multiple imputa-

tion by chained equations was used to handle missing 

values. To predict missing values, all gathered variables 

were used to impute five datasets. We randomly chose an 

imputed dataset from these for baseline characterization, 

fitting both univariate and multivariate Cox regression 

models, and conducting subgroup analyses. 

Table 1 Baseline characteristics of the patients according to tertiles of LAR 

Variables 
Total 

(n = 591) 

LAR<0.50 

(n = 195) 

0.50≤LAR<0.88 

(n = 197) 

LAR≥0.88 

(n = 199) 
P-value 

Baseline characteristic      

Age 61.4 ± 16.7 61.8 ± 15.5 62.5 ± 16.2 59.9 ± 18.1 0.286 

Gender, n (%)     0.086 

Female 212 (35.9) 82 (42.1) 66 (33.5) 64 (32.2)  

Male 379 (64.1) 113 (57.9) 131 (66.5) 135 (67.8)  

Race, n (%)     0.291 

White 314 (53.1) 114 (58.5) 94 (47.7) 106 (53.3)  

Black 34 (5.8) 11 (5.6) 11 (5.6) 12 (6)  

Other or Unknow 243 (41.1) 70 (35.9) 92 (46.7) 81 (40.7)  

BMI 29.7 ± 8.7 30.6 ± 9.7 29.3 ± 8.2 29.1 ± 8.1 0.19 

Vital signs      

MAP (mmHg) 84.5 ± 21.5 88.0 ± 21.2 84.6 ± 22.4 80.8 ± 20.4 0.004 

HR (bpm) 92.5 ± 21.5 90.8 ± 20.7 90.4 ± 20.7 96.3 ± 22.5 0.009 

RR (Bpm) 20.6 ± 6.5 19.9 ± 6.0 20.2 ± 6.3 21.6 ± 7.0 0.023 

SpO2 (%) 96.4 ± 5.3 96.8 ± 4.1 96.7 ± 4.0 95.6 ± 7.1 0.039 

Scoring systems      

GCS 14.5 ± 1.8 14.5 ± 1.6 14.5 ± 1.6 14.4 ± 2.1 0.717 

SOFA 3.0 (1.0, 5.0) 2.0 (1.0, 4.0) 3.0 (1.0, 5.0) 4.0 (2.0, 6.0) < 0.001 

SAPS II 44.1 ± 15.5 40.3 ± 13.5 42.5 ± 14.5 49.3 ± 16.8 < 0.001 

Comorbidities      

Myocardial infarct, n (%) 104 (17.6) 36 (18.5) 29 (14.7) 39 (19.6) 0.412 

Congestive heart failure, n (%) 173 (29.3) 64 (32.8) 60 (30.5) 49 (24.6) 0.183 

Chronic pulmonary disease, n (%) 161 (27.2) 58 (29.7) 52 (26.4) 51 (25.6) 0.622 

Liver disease, n (%) 154 (26.1) 35 (17.9) 50 (25.4) 69 (34.7) < 0.001 

Renal disease, n (%) 125 (21.2) 50 (25.6) 40 (20.3) 35 (17.6) 0.138 

Diabetes, n (%) 162 (27.4) 59 (30.3) 56 (28.4) 47 (23.6) 0.311 

Sepsis, n (%) 221 (37.4) 58 (29.7) 80 (40.6) 83 (41.7) 0.026 
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Variables 
Total 

(n = 591) 

LAR<0.50 

(n = 195) 

0.50≤LAR<0.88 

(n = 197) 

LAR≥0.88 

(n = 199) 
P-value 

Malignant cancer, n (%) 54 (9.1) 16 (8.2) 20 (10.2) 18 (9) 0.798 

Interventions      

Antibiotic, n (%) 364 (61.6) 109 (55.9) 123 (62.4) 132 (66.3) 0.099 

Vasopressor, n (%) 451 (76.3) 132 (67.7) 153 (77.7) 166 (83.4) 0.001 

RRT, n (%) 118 (20.0) 33 (16.9) 33 (16.8) 52 (26.1) 0.028 

Outcome      

28-day mortality, n (%) 130 (22.0) 30 (15.4) 46 (23.4) 54 (27.1) 0.016 

Data are presented as mean ± standard deviation (SD) or median (interquartile range, IQR) for continuous variables, and as counts (propor-

tions) for categorical variables. Abbreviations: MAP, mean arterial pressure, HR, heart rate, RR, Respiratory rate, SpO2, Peripheral capillary 

oxygen saturation, GCS, Glasgow Coma Scale, SAPS II, Simplified Acute Physiology Score II, SOFA, Sequential Organ Failure Assessment, 

RRT, renal replacement therapy. 

2.6 Statistical Analysis 

When continuous variables followed normal distribu-

tion, we reported mean ± standard deviation; otherwise 

median and interquartile ranges (25th–75th) were applied. 

Categorical variables were quantified through absolute 

numbers and relative percentages. To evaluate group dif-

ferences, one-way ANOVA or the Kruskal-Wallis H test 

was employed based on the normality of the data, and 

categorical variables were analyzed using chi-square tests. 

Using tertile thresholds of LAR, three classifications were 

made for the patients.: low-LAR group (LAR<0.50, 

n=195), medium-LAR group (0.50≤LAR<0.88, n=197), 

and high-LAR group (LAR≥0.88, n=199). The selection 

of covariates was directed by the following criteria: those 

with preliminary regression coefficients that fluctuate by 

more than 10%, guided by earlier studies and comparative 

analysis of variable incorporation/exclusion patterns be-

tween the foundational model and the comprehensive 

model. The variance inflation factor (VIF) was employed 

to assess the presence of collinearity. A VIF greater than 2 

suggests collinearity. Furthermore, to control for potential 

confounding factors, three Cox regression models with 

increasing levels of adjustment were developed: a basic 

model without any adjustments, Model I which accounted 

for demographic factors (age, gender, race) and Model II 

additionally incorporating heart rate, GCS, SAPS II, ma-

lignant cancer, myocardial infarct, liver disease, conges-

tive heart failure, renal disease, renal replacement therapy, 

and antibiotic use. Stratified analyses and interaction tests 

were performed to assess subgroup heterogeneity in LAR 

effects, with results visualized through forest plots. 

Kaplan-Meier survival curves were generated to analyze 

survival distributions. 

Analyses were conducted using R Statistical Software 

(v4.2.2) and the Free Statistics analysis platform (v2.0). 

All tests employed a two-tailed method, with significant 

differences marked by P-values less than 0.05. 

3 Results 

3.1 Baseline Characteristics 

As depicted in Table 1, the baseline clinical profiles 

and 28-day survival outcomes of the study cohort are de-

tailed. Three groups were derived from LAR tertiles. Par-

ticipants were aged 61.4 ± 16.7 years, 64.1% of whom 

identified as male. 22.0% of the study population suc-

cumbed to any cause within 28 days. The high-LAR 

group exhibited significantly elevated values in physio-

logical parameters (HR, RR), severity scores (SOFA, 

SAPS II), and higher prevalence of comorbidities (liver 

disease, sepsis). Additionally, this group demonstrated 

increased utilization of clinical interventions (vasopres-

sors, RRT) and a greater 28-day mortality rate compared 

to the other two groups (p < 0.05). However, MAP and 

SpO2 were lower than the other two groups (p < 0.05). No 

significant differences were observed in age, gender, race, 

BMI, GCS, renal disease, diabetes, chronic pulmonary 

disease, malignant cancer, congestive heart failure, myo-

cardial infarct and antibiotics among the three groups. 

3.2 LAR Is an Independent Risk Factor 

for 28-day Mortality 

Univariate Cox regression analysis identified covariates 

with potential associations to 28-day survival outcomes 

(Table A2). Variables that had a p-value less than 0.1 in 

the univariate analysis were incorporated into the multi-

variate regression model for adjustment. Key associations 

identified through multivariable Cox regression are tabu-

lated in Table 2. LAR displayed consistent mortality risk 
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escalation across progressively adjusted models (Crude 

model: HR = 1.19, 95% CI: 1.05~1.34; Model I: HR = 

1.23, 95% CI: 1.09~1.39; Model II: HR = 1.22, 95% CI: 

1.06~1.39). Additionally, sensitivity analyses were con-

ducted by categorizing LAR into tertiles, changing it from 

a continuous variable to a categorical one. Using the 

low-LAR group as the reference, the high-LAR group 

exhibited significantly elevated 28-day mortality risk 

across all models (Crude model: HR=1.87, 95% CI: 

1.20~2.93; Model I: HR=1.91, 95% CI: 1.22~3.00; Model 

II: HR=2.03, 95% CI: 1.25~3.27). Notably, all three mod-

els showned statistically significant trends associated with 

28-day mortality (p for trend < 0.05). The findings sug-

gest a dose-response link between LAR and 28-day mor-

tality, where elevated LAR levels correspond to higher 

hazard ratios. We implemented restricted cubic spline 

modeling to assess potential nonlinear association. After 

comprehensive adjustment for confounders, LAR was 

found to be positively associated with 28-day mortality. 

(Figure A1). 

Table 2 Multivariate COX analysis between LAR and 28-day mortality 

Variable 
Crude model Model I Model II 

HR (95%CI) p-value Adjusted HR (95%CI) p-value Adjusted HR (95%CI) p-value 

LAR 1.19 (1.05~1.34) 0.005 1.23 (1.09~1.39) 0.001 1.22 (1.06~1.39) 0.005 

0.50<LAR Reference  Reference  Reference  

0.50≤LAR<0.88 1.57 (0.99~2.48) 0.056 1.49 (0.94~2.37) 0.09 1.69 (1.06~2.71) 0.029 

LAR≥0.88 1.87 (1.20~2.93) 0.006 1.91 (1.22~3.00) 0.005 2.03 (1.25~3.27) 0.004 

P for trend  0.006  0.005  0.004 

Crude model: unadjusted 

Model I: adjusted for age, gender, race 

Model II: Model I plus HR, GCS, SAPS II, malignant cancer, myocardial infarct, liver disease, congestive heart failure, renal disease, renal 

replacement therapy, and antibiotic. 

3.3 Kaplan–Meier Curve 

Using LAR tertiles as cutoff values, participants were 

classified into three subgroups: high-, medium-, and 

low-LAR groups. Survival analysis via the Kaplan-Meier 

method indicated a significant elevation in 28-day mortal-

ity risk in the high-LAR subgroup versus the low-LAR 

subgroup (Log-rank P < 0.05) (Figure 2). 

 

Figure 2 KM survival curves for 28-day mortality in VAP patients 
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3.4 Subgroup Analysis 

We performed stratified analyses among VAP patients 

to assess potential interaction effects of LAR on 28-day 

mortality. The concordant outcomes observed across all 

subgroup stratifications confirmed the stability of the 

primary results (Figure 3). 

 

Figure 3 Subgroup analyses of the association between LAR and 28-day all-cause mortality 
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4 Discussion 

In our study, a positive correlation was observed be-

tween LAR and 28-day mortality in VAP patients, with 

increasing LAR levels associated with elevated mortality 

risk. Kaplan-Meier curves revealed significantly reduced 

28-day survival probability in the high-LAR cohort versus 

comparative groups. Multivariable Cox regression analysis, 

after comprehensive adjustment for potential confounding 

variables, consistently revealed that VAP patients with 

higher LAR had a substantially increased mortality risk. 

According to recent studies, LAR is a predictor of the risk 

of short-term mortality in patients with several critical ill-

nesses, including acute respiratory failure, acute respiratory 

distress syndrome (ARDS), heart failure and so on. [16-18] 

Our findings align with prior studies, showing a strong link 

between increased LAR levels and a higher risk of death 

(adjusted HR = 1.22, 95% CI: 1.06~1.39, p = 0.005). 

APACHE II score is a commonly used scoring system to 

evaluate the severity of illness and forecast mortality risk in 

ICU patients. [19, 20] The study by Wang et al. showed that 

LAR had better predictive accuracy for mortality in sepsis 

patients than the APACHE II score. [21] Acharya et al. 

found that LAR outperformed albumin and SOFA scores [22] 

individually in predicting in-hospital mortality for sepsis, 

acute respiratory failure, and their combination. [23] 

Lactate serves as a critical biomarker of tissue oxygenation, 

[24, 25]
 
hemodynamic perfusion [26], and systemic metabolic 

status, [27] whereas albumin reflects integrated nutritional 

reserves [28]
 
and inflammatory burden. [29-31]

 
The seminal 

study by Broder and Weil established that blood lactate con-

centrations exceeding 4 mmol/L are associated with adverse 

clinical outcomes. [32]
 
The study by Domínguez de Villota E 

and Goldwasser P et al. demonstrated that low serum albumin 

levels are associated with increased risks of infection and 

mortality. [33, 34]
 
As a predominant complication of mechan-

ical ventilation, VAP ranks as a leading hospital-acquired in-

fection in critical care settings. [35] Accordingly, We hypoth-

esized that the effects of LAR on mortality in patients with 

VAP might be related to impaired tissue oxygen utilization, 

metabolic derangements and systemic inflammatory response 

intensity. The underlying mechanisms require additional in-

vestigation to confirm the observed associations. 

Arterial blood gas (ABG) analysis and liver function 

tests (LFTs) are routinely performed in the ICU setting. 

Their simple analytical procedures, low costs, and free-

dom from geographical or technical constraints make 

them accessible in most clinical settings, enabling wide-

spread implementation within compressed timelines. This 

finding may provide ICU clinicians with a novel clinical 

tool for the early detection of critically ill patients at high 

risk, potentially enabling timely intervention. 

Our study has several inherent limitations. Firstly, the 

single-center retrospective cohort design introduces poten-

tial selection bias and limits the generalizability of the 

findings, requiring confirmation via extensive multicenter 

prospective studies. In addition, our analysis focused solely 

on the association between baseline LAR at ICU admission 

and 28-day mortality, precluding evaluation of potential 

mortality risk modulation through LAR temporal dynamics 

during critical illness. Finally, the study population was 

selected from the period between 2008 and 2019. We did 

not know the exact timing of VAP occurrence, and with the 

advancement of medical treatments and interventions, there 

may have been differences in treatment protocols among 

these patients, which may have introduced certain biases. 

5 Conclusion 

In summary, our study revealed a positive dose-response 

association between LAR elevation and 28-day mortality in 

patients with VAP, suggesting that monitoring LAR might 

assist in pinpointing high-risk patients and introduces a new 

biomarker for assessing clinical prognosis. Its generaliza-

bility and objectivity need further confirmation in large 

prospective study conducted across multiple centers. 
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Appendix 

 

Figure A1 RCS Analyses of the LAR and 28-day mortality in patients with VAP 

Table A1 Specific value and percentage of missing variable 

Variable Miss frequency Miss percentage% 

height 67 11.3367 

weight 5 0.8460 

Table A2 Univariate cox regression analysis 

Variables HR (95%CI) P-value 

Age 1.04 (1.03,1.05) < 0.001 

Gender   

Female Reference  

Male 1.05 (0.73,1.5) 0.804 

Race  
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Variables HR (95%CI) P-value 

White Reference  

Black 0.28 (0.07,1.14) 0.076 

Other or Unknow 1.36 (0.96,1.92) 0.085 

BMI 0.99 (0.97,1.01) 0.242 

LAR 1.17 (1.03,1.33) 0.012 

MAP 0.9967 (0.9889,1.0046) 0.413 

Heart rate 0.9908 (0.9826,0.999) 0.028 

Respiratory rate 0.9925 (0.9657,1.0201) 0.591 

SpO2 1.01 (0.98,1.05) 0.458 

GCS 0.93 (0.86,1.01) 0.08 

SOFA 1.03 (0.98,1.09) 0.211 

SAPS II 1.02 (1.01,1.03) 0.003 

Myocardial infarct 2.24 (1.54,3.27) < 0.001 

Congestive heart failure 1.7 (1.19,2.41) 0.003 

Chronic pulmonary disease 1.24 (0.85,1.8) 0.262 

Liver disease 1.01 (0.69,1.49) 0.951 

Renal disease 1.5 (1.02,2.21) 0.041 

Diabetes 1.25 (0.86,1.81) 0.24 

Sepsis 1.29 (0.91,1.82) 0.153 

Malignant cancer 0.75 (0.39,1.43) 0.378 

Antibiotic 0.62 (0.44,0.88) 0.007 

Vasopressor 1.26 (0.80,1.98) 0.313 

RRT 1.27 (0.86,1.87) 0.231 

Abbreviations: MAP, mean arterial pressure, HR, heart rate, RR, Respiratory rate, SpO2, Peripheral capillary oxygen saturation, GCS, Glas-

gow Coma Scale, SAPS II, Simplified Acute Physiology Score II, SOFA, Sequential Organ Failure Assessment, RRT, renal replacement 

therapy. 
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