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Purpose: To investigate the clinical value of serum lysophosphatidylcholine (LPC) as a predictive biomarker for determining disease 
severity and mortality risk in hospitalized elderly patients with community-acquired pneumonia (CAP).
Methods: This prospective, single-center study enrolled 208 elderly patients, including 67 patients with severe CAP (SCAP) and 141 
with non-SCAP between November 1st, 2020, and November 30th, 2021 at the Qingdao Municipal Hospital, Shandong Province, 
China. The demographic and clinical parameters were recorded for all the included patients. Serum LPC levels were measured on day 
1 and 6 after admission using ELISA. Propensity score matching (PSM) was used to balance the baseline variables between SCAP and 
non-SCAP patient groups. Receiver operative characteristic (ROC) curve analysis was used to compare the predictive performances of 
LPC and other clinical parameters in discriminating between SCAP and non-SCAP patients and determining the 30-day mortality risk 
of the hospitalized CAP patients. Univariate and multivariate logistic regression analyses were performed to identify the independent 
risk factors associated with SCAP. Cox proportional hazard regression analysis was used to determine if serum LPC was an 
independent risk factor for the 30-day mortality of CAP patients.
Results: The serum LPC levels at admission were significantly higher in the non-SCAP patients than in the SCAP patients (P = 
0.011). Serum LPC level <24.36 ng/mL, and PSI score were independent risk factors for the 30-day mortality in the elderly patients 
with CAP. The risk of 30-day mortality in the elderly CAP patients with low serum LPC levels (< 24.36ng/mL) was >5-fold higher 
than in the patients with high serum LPC levels (≥ 24.36ng/mL).
Conclusion: Low serum LPC levels were associated with significantly higher disease severity and 30-day mortality in the elderly 
patients with CAP. Therefore, serum LPC is a promising predictive biomarker for the early identification of elderly CAP patients with 
poor prognosis.
Keywords: lysophosphatidylcholine, community-acquired pneumonia, biomarker, severity, mortality, propensity score matching

Introduction
Community-acquired pneumonia (CAP) is a common infectious respiratory disease that is associated with high morbidity 
and mortality rates, especially in patients with severe co-morbidities.1 In patients with severe community-acquired 
pneumonia (SCAP), the mortality rate is >35% for those with septic shock and requiring mechanical ventilation; 
mortality rate is >30% for those who develop acute respiratory distress syndrome.2 The advanced age and underlying 
disease in the elderly CAP patients is associated with higher mortality rates, the need of intensive care, and increased 
disease burden.3,4
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Currently, the early clinical diagnosis and assessment of CAP severity is based on the pneumonia severity index (PSI) score5 

and the CURB-65 score.6 However, these methods are not effective in predicting the morbidity and mortality outcomes of the 
elderly SCAP patients.4,7,8 Biomarkers such as C-reactive protein (CRP),9 procalcitonin (PCT),10 and interleukin-6 (IL-6)11 can 
be measured with high accuracy in the blood samples and are widely used to assess the severity of adverse outcomes. Several 
studies have demonstrated that CRP, PCT, and IL-6 are potential prognostic risk factors in CAP patients.12,13

Lysophosphatidylcholine (LPC) is a core component of the cellular membranes and is the most abundant lysopho-
spholipid in human blood. LPC activates immune cells such as monocytes, macrophages, T-lymphocytes, and neutrophils 
by binding to the G protein-coupled receptors (GPCRs)14 and toll-like receptors.15 Furthermore, LPC activates several 
signaling pathways that regulate oxidative stress and inflammatory responses.16,17 In patients with pneumonia, low serum 
levels of LPC are associated with poor prognosis18 and acute phase of the disease.19,20 The association between serum 
LPC levels and the severity of COVID-19 is controversial. Metabolomics and lipidomics data demonstrated that low 
serum LPC levels were associated with increased disease severity in patients with COVID-19.21,22 However, Barberis 
et al and Song et al reported that serum LPC levels were elevated in patients with COVID-19.23,24 The reasons for these 
contradictory findings are not clear. However, these data suggested that lipids and metabolic dysfunction were sig-
nificantly associated with the disease severity in patients with COVID-19. Serum LPC levels are altered in patients with 
cardiovascular disease25 and diabetes26 as well as elderly subjects,27 and even in gender,28 all of which are risk factors for 
assessing the severity of pneumonia. Therefore, we hypothesized that serum LPC levels may be used to accurately 
predict the disease severity in elderly patients with CAP. In this study, we investigated the predictive value of serum LPC 
levels in accurately estimating the disease severity and prognosis of hospitalized elderly patients with CAP.

Materials and Methods
Institutional Review Board Statement
This study involving human participants was reviewed and approved by the Ethics Committee of the Qingdao Municipal 
Hospital (Approval No. 2020CXJJ001-052). The written informed consent was obtained from the patients or the patient’s 
guardian. This study was performed in accordance with the Declaration of Helsinki guidelines.

Study Design
This prospective study was conducted between November 2020 and November 2021 at the Department of Pulmonary 
and Critical Care Medicine, the Intensive Care Unit (ICU), and the Emergency room of the Qingdao Municipal Hospital, 
Shandong Province, China. The diagnostic criteria for all the included subjects were strictly according to the Guidelines 
for the Diagnosis and Treatment of Community-Acquired Pneumonia in Chinese Adults (2016 revision).29 Patients were 
diagnosed with CAP if they met criterion A, criterion C, and any one of the conditions for criterion B. Criterion A was 
defined as the onset of pneumonia in a community setting. Criterion B included the following clinical manifestations of 
pneumonia: (1) new onset of cough or expectoration, or aggravation of existing symptoms of respiratory tract diseases 
with or without purulent sputum, chest pain, dyspnea, or hemoptysis; (2) fever; (3) signs of pulmonary consolidation and/ 
or moist rales; and (4) peripheral white blood cell (WBC) counts were >10 × 109/L or <4 × 109/L with or without a left 
shift. Criterion C was defined by chest radiograph findings showing new patchy infiltrates, lobar or segmental 
consolidation, ground-glass opacities or interstitial changes with or without pleural effusion. Patients were diagnosed 
with severe CAP30 if they met any one of the major criteria or ≥3 of the minor criteria for severe pneumonia. Sepsis was 
diagnosed according to the revised sepsis 3 definition (infection + an increase ≥ e r2 in the Sequential Organ Failure 
Assessment (SOFA) score).31 The exclusion criteria were as follows: (1) patients undergoing anti-infection treatment for 
more than 3 days prior to hospitalization; (2) pregnant women; (3) immunocompromised patients, including those with 
an history of taking glucocorticoids for more than 4 weeks, history of immunosuppressive therapy, human immunode-
ficiency virus infection, solid tumor or hematologic malignancy; (4) patients hospitalized during the past one month; or 
(5) patients participating in other clinical trials.
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Patient Data Collection
A case report form was used to collect the data from patients for parameters such as age, sex, comorbidities, other 
demographic parameters, and clinical signs and symptoms. The following laboratory parameters were measured for all 
the patients within 24 hours of hospital admission: routine blood parameters, biochemical indices, C-reactive protein 
(CRP), procalcitonin (PCT), and other clinical parameters. We also extracted data for chest computed tomography, length 
of hospital stays, and death. We calculated the CURB-65 and PSI scores for all the patients. We used structured telephone 
interviews on day 30 after enrollment to assess the outcomes (mortality or survival).

Measurement of Serum LPC Levels
Peripheral blood was collected in a sterile pro-coagulation tube on days 1 and 6 after hospital admission and centrifuged 
within 3 hours at 3000 rpm for 10 minutes. The serum was separated and stored at −80°C for further analysis. Serum 
LPC levels were measured using a specific ELISA kit (Cat. no.MM-50888H1; Jiangsu Meimian Industrial Co., Ltd, 
Jiangsu, China) according to the manufacturer’s instructions.

Propensity Score Matching Analysis
Propensity score matching (PSM) analysis was used to match non-SCAP and SCAP patients to balance the potential 
baseline confounding factors.32 “Matchit” package in R studio (http://www.r-project.org) was used to match the 
propensity scores between the cohorts. The matching approach was set as the nearest neighbor algorithm with 
a matching ratio of 1:1 and a caliper value of 0.02. PSM was used to balance variables such as age, cardiovascular 
disease, chronic lung diseases, and diabetes.

Statistical Analysis
We grouped the patients according to disease severity (non-severe CAP group vs severe CAP group) and described the 
following characteristics of the groups separately: demographics; underlying conditions; clinical characteristics; labora-
tory results; and case fatality rate (survivors v. non-survivors). The categorical variables were reported as numbers or 
percentages. The categorical variables between distinct groups were compared using the Fisher’s exact test or the chi- 
squared test. The distributions of continuous variables were analyzed using the Kolmogorov–Smirnov test. The 
continuous variables with a normal distribution were expressed as means ± SD. The continuous variables with a non- 
normal distribution were reported as median and interquartile range (IQR). The inter-group differences for continuous 
variables with a non-normal distribution were analyzed using the Wilcoxon signed-rank test for 2 paired samples, the 
Kruskal–Wallis H-test for 2 or more groups that were independent of each other, and the Mann–Whitney U-test or 
Wilcoxon signed-rank test for 2 independent samples. Univariate and multivariate logistic regression analyses were 
performed to determine the association between LPC levels and severity of the disease. The results were presented as 
odds ratios (ORs) and 95% CI. P-values <0.10 (two-sided) were considered as statistically significant when evaluating 
the logistic regression models. Stepwise regression analysis was used to screen the indicators and obtain the probability 
prediction model for combined prediction indicators. The prediction accuracy was evaluated using the receiver operating 
characteristic (ROC) curves and the area under the ROC curve (AUC) values were calculated for each parameter. The 
Kaplan–Meier survival curves were used to determine the 30-day mortality rates for distinct groups of patients, and the 
log–rank test was used to compare the mortality rates. The data was entered in pairs using the epidata (v3.1) software and 
was uniformly quality controlled. Statistical analyses were performed using the SPSS software v26.0 (IBM, Armonk, NY, 
USA) and GraphPad Prism software v9.3.1 (GraphPad Software, San Diego, CA, USA).

Results
Study Design and Patients
This study enrolled 208 elderly patients (age ≥ 65 years) with CAP, including 67 (32.2%) patients with SCAP and 141 
(67.8%) patients with non-SCAP (Figure 1).
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Basic Characteristics of the Included Patients
In the unmatched cohort, the proportion of male and elderly patients in the SCAP group were significantly higher than in 
the non-SCAP group (both P < 0.05); moreover, the proportion of patients with cardiovascular diseases were significantly 
higher in the SCAP group than in the non-SCAP group (P = 0.042) (Table 1). Furthermore, the indicators of 
inflammatory response, including WBC counts, neutrophil (NEU) counts, neutrophil-to-lymphocyte ratio (NLR), and 
the serum levels of procalcitonin (PCT) and interleukin-8 (IL-8) were significantly higher in the SCAP group than in the 
non-SCAP group (all P < 0.001) (Table 1). Our data also showed that 18 (8.6%) CAP patients died within 30 days of 
hospitalization and one patient in the non-SCAP group died because of acute myocardial infarction.

Propensity Score Matching
Considering that shows LPC levels are significantly lower in the SCAP patients compared with the non-SCAP patients.

LPC is a low-density lipoprotein and its level is affected by statins.33 Therefore, we excluded 20 patients prescribed with 
statins for a prolonged period. Subsequently, to accurately evaluate the clinical value of LPC levels, we performed a 1:1 PSM 
for age, cardiovascular disease, and diabetes. PSM analysis showed that the LPC levels were significantly lower in patients 
from the SCAP group than those in the non-SCAP group (P = 0.007) (Figure 2a). Patients in the non-survivor group showed 
lower LPC levels compared to the survivor group, but the differences were not statistically significant (P = 0.104); 
furthermore, LPC levels before and after treatment did not show statistically significant differences between patients in the 
survivor and non-survivor groups (P = 0.079 and 0.843, respectively) (Figures 2b and c).

Figure 1 Flow diagram of patient selection and grouping in this study.
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Predictive Value of Serum LPC Levels in Discriminating SCAP Patients from 
Non-SCAP Patients
Multivariate logistic regression analysis showed that CURB-65 score (OR: 4.712, 95% CI: 1.292–17.191, P = 0.019) and 
PSI (OR: 1.052, 95% CI: 1.010–1.097, P = 0.016) were independent risk factors of SCAP (Table 2).

ROC curve analysis was performed to determine the predictive performance of serum LPC levels in discriminating 
between SCAP and non-SCAP patients. The AUC value for the serum LPC levels was 0.698 (95% CI: 0.566–0.831, P = 
0.007) with a sensitivity of 51.6% and specificity of 87.1%. The AUC values for CURB-65 and PSI scores were 0.893 
(0.813–0.974) and 0.914 (0.842–0.986), respectively. Furthermore, predictive performance of the serum LPC levels in 
combination combining the PSI score (AUC: 0.914 to 0.926) or the CURB65 score (AUC: 0.893 to 0.924) was higher 
than the serum LPC levels alone. Subsequently, we performed the DeLong test to compare the ROC curves for the SCAP 
and non-SCAP patients and did not find any significant differences in the predictive performance of the serum LPC levels 
before or after combination with the PSI or CURB-65 scores (P = 0.43 and 0.08, respectively) (Figure 3).

Predictive Value of Serum LPC Levels in Predicting 30-Day Mortality in the Elderly 
Patients with CAP
We compared the clinical performances of serum LPC, IL-6, and IL-8 levels as well as CURB-65 and PSI scores in 
predicting the 30-day mortality of patients with CAP. ROC curve analysis showed that the predictive performance of the 
serum LPC levels (AUC = 0.692; sensitivity = 86.0%, specificity = 58.3%, P = 0.040) were lower than the performance 
of the serum IL-8 levels (AUC = 0.707, 95% CI: 0.539–0.874, P = 0.027), CURB-65 score (AUC = 0.768, 95% CI: 
0.643–0. 892, P = 0.004), and PSI score (AUC=0.906, 95% CI: 0.827–0.985, P < 0.001), and higher than the serum IL-6 
levels (AUC=0.578, 95% CI:0.402–0.754, P = 0.402) (Table 3).

Table 1 Clinical Characteristics of Non-SCAP and SCAP Patients Before and After Propensity Score Matching Analysis

Characteristics Unmatched Cohort Matched Cohort

Non-SCAP (N = 141) SCAP (N = 67) P value Non-SCAP (N = 31) SCAP (N = 31) P value

Males (%) 81 (57.4) 48 (71.6) 0.049 16 (51.6) 21 (67.7) 0.196

Age (years) 75.04 ± 8.37 83.93 ± 9.20 <0.001 79.87 ± 9.72 80.71 ± 9.60 0.734

Underlying diseases (%)

Cardiovascular diseases (%) 92 (65.2) 53 (79.1) 0.042 28 (90.3) 25 (80.6) 0.473

Diabetes mellitus (%) 29 (20.6) 22 (32.8) 0.055 11 (35.5) 9 (29.0) 0.587

Chronic pulmonary diseases (%) 14 (9.9) 8 (11.9) 0.659 3 (9.7) 1 (3.2) 0.612

Laboratory results

WBC (×109/L) 7.77 (6.33–10.44) 10.67 (8.85–14.68) <0.001 8.11 (6.25–10.35) 11.19 (8.30–15.03) 0.004

NEU (×109/L) 5.40 (4.21–7.73) 9.22 (7.16–12.49) <0.001 6.50 (4.24–8.15) 9.37 (7.18–12.49) 0.001

LYM (×109/L) 1.29 (0.90–1.78) 0.75 (0.47–1.30) <0.001 1.01 (0.61–1.61) 0.72 (0.40–1.12) 0.029

NLR 3.97 (2.51–9.17) 11.43 (6.63–20.82) <0.001 5.55 (3.21–10.67) 11.43 (7.86–20.00) 0.027

CRP (mg/L) 28.94 (6.38–91.46) 53.72 (22.91–122.25) 0.004 63.13 (2.77–150.26) 52.88 (22.23–122.25) 0.782

PCT (μg/L) 0.10 (0.04–0.34) 0.52 (0.17–2.51) <0.001 0.21 (0.07–0.70) 0.57 (0.26–3.39) 0.039

Interleukin-6 (pg/mL) 5.34 (2.77–11.36) 10.65 (5.18–17.56) <0.001 7.41 (2.94–15.21) 10.06 (5.73–13.32) 0.435

Interleukin-8 (pg/mL) 16.62 (12.38–23.90) 26.79 (17.82–48.98) <0.001 19.21 (14.23–29.63) 27.02 (17.82–44.09) 0.060

Day 1 LPC (ng/mL) 29.64 (23.54–36.24) 28.69 (22.79–33.65) 0.360 33.44 (26.91–37.63) 28.29 (23.50–31.35) 0.011

Day6 LPC (ng/mL) 28.89 (21.83–35.99) 22.21 (19.33–33.34) 0.038 29.17 (18.68–42.64) 21.71 (19.41–29.36) 0.035

CURB-65 score 1.00 (1.00–1.00) 3.00 (2.00–3.00) <0.001 1.00 (1.00–2.00) 3.00 (2.00–3.00) <0.001

PSI score 80.00 (66.50–96.00) 137.00 (122.00–164.00) <0.001 95.00 (69.00–106.00) 136.00 (124.00–159.00) <0.001

30-day mortality (%) 1 (0.01) 17 (25.37) <0.001 1 (0.03) 11 (35.48) 0.001

Notes: Categorical variables are expressed as numbers (percentages); continuous variables with a normal distribution are expressed as mean ± SD; continuous variables 
with a normal distribution are expressed as median (interquartile range). 
Abbreviations: CAP, community-acquired pneumonia; SCAP, severe community-acquired pneumonia; SBP, systolic blood pressure; DBP, diastolic blood pressure; WBC, 
white blood cell; NEU, neutrophil counts; LYM, lymphocyte counts; NLR, neutrophil-to-lymphocyte ratio; CRP, c-reactive protein; PCT, procalcitonin; LPC, lysopho-
sphatidylcholine; CURB-65, confusion, uremia, respiratory rate, blood pressure, and age ≥65 years; PSI, pneumonia severity index.
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Serum LPC Level <24.36 Ng/mL is an Independent Predictor of the Risk of Mortality 
in the Elderly CAP Patients
CAP patients were categorized into two groups, high LPC group (≥ 24.36 ng/mL) and low LPC group (< 24.36 ng/mL) 
based on the optimal cut-off value for the serum LPC levels (24.36 ng/mL), which was as calculated by the ROC curve 

(a) (b)

(c)

Figure 2 Serum LPC levels in elderly patients with CAP. (a) Serum LPC levels of patients in the non-SCAP (blue circles) and SCAP (red squares) groups on days 1. (b) 
Serum LPC levels of patients in the survivor (purple circles) and non-survivor (brown squares) groups on days 1. (c) Serum LPC levels of patients in the survivor and non- 
survivor groups on days 1 and 6 after treatment. The data are represented as the median value.

Table 2 Binary Logistic Regression Analysis of SCAP Incidence

Variable Univariate Analysis Multivariate Analysis

HR (95% CI) P value HR (95% CI) P value

WBC (×109/l) 1.221 (1.050–1.419) 0.009

NEU (×109/l) 1.282 (1.083–1.518) 0.004

LYM (×109/l) 0.428 (0.184–0.998) 0.048
PCT (ng/mL) 1.169 (0.972–1.404) 0.097

IL-8 (pg/mL) 1.026 (0.997–1.055) 0.079

LPC (ng/mL) 0.920 (0.859–0.986) 0.018
CURB-65 score 12.304 (3.783–40.025) <0.001 4.712 (1.292–17.191) 0.019

PSI score 1.087 (1.044–1.132) <0.001 1.052 (1.010–1.097) 0.016

Abbreviations: CI, confidence interval; WBC, white blood cell; NEU, neutrophil count; LYM, lymphocyte 
count; NLR, neutrophil-to-lymphocyte ratio; PCT, procalcitonin; IL-8, interleukin 8; LPC, lysophosphati-
dylcholine; CURB-65, confusion, uremia, respiratory rate, blood pressure, and age ≥65 years; PSI, 
pneumonia severity index.
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analysis. Cox proportional regression analysis demonstrated that the serum LPC levels <24.36 ng/mL (OR:6.212; 95% 
CI:1.155–33.413) and PSI score (OR:0.960; 95% CI:0.937–0.985) were independent risk factors for predicting the 30- 
day mortality in elderly CAP patients (Table 4).

Furthermore, Kaplan-Meier survival curve analysis showed that the 30-day mortality rates were significantly higher 
for patients in the low-LPC group compared to the patients in the high-LPC group (log-rank χ2 =10.76, P = 0.001); the 
hazard ratio (HR) was 5.459 (1.341–22.220) (Figure 4).

Discussion
This is the first study to investigate the clinical value of serum LPC levels in elderly patients with CAP. Our data showed 
that the serum LPC level within 24 hours of hospital admission was significantly lower in patients with SCAP compared 
to patients with non-SCAP (p = 0.011). Furthermore, ROC curve analysis showed that the AUC value for serum LPC 
levels in predicting the 30-day mortality in CAP patients was 0.692 (95% CI: 0.518–0.865, P = 0.040) with a sensitivity 

Figure 3 ROC curve analysis shows the prediction performances of LPC, PSI score, CURB-65 score, LPC + PSI score, and LPC + CURB-65 score in discriminating between 
SCAP and non-SCAP patients.

Table 3 Area Under the Curve Values and Thresholds of Different Parameters for Predicting the 30-Day 
Mortality in CAP Patients

Variable AUC 95% CI Sensitivity (%) Specificity (%) Threshold P value

Lower Limit Upper Limit

WBC (×109/L) 0.712 0.569 0.855 91.7 51.0 >8.58 0.024
NEU (×109/L) 0.759 0.633 0.886 100.0 53.1 >7.08 0.006

LYM (×109/L) 0.539 0.336 0.743 98.0 25.0 < 0.27 0.675

PCT (ng/mL) 0.690 0.551 0.828 91.7 49.0 >0.25 0.043
IL-6 (pg/mL) 0.578 0.402 0.754 83.3 38.0 >5.97 0.402

IL-8 (pg/mL) 0.707 0.539 0.874 50.0 88.0 >43.48 0.027

LPC (ng/mL) 0.692 0.518 0.865 86.0 58.3 <24.36 0.040
CURB-65 0.768 0.643 0.892 100 46.0 >1.50 0.004

PSI score 0.906 0.827 0.985 83.3 90.0 >136.50 <0.001

Abbreviations: AUC, area under the curve; CI, confidence interval; WBC, white blood cell; NEU, neutrophil count; LYM, lymphocyte count; PCT, 
procalcitonin; CURB-65, confusion, uremia, respiratory rate, blood pressure, and age ≥65 years; IL-6/8, interleukin 6/8; PSI, pneumonia severity 
index.
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of 86.0% and specificity of 58.3%. Cox proportional hazards regression analysis results showed that serum LPC level 
<24.36 ng/mL and PSI score were independent risk factors predicting the 30-day mortality in patients with CAP. 
K-M survival curve analysis results showed that the mortality rate of elderly CAP patients with low serum LPC levels 
(< 24.36 ng/mL) was significantly higher than those with high serum LPC levels (> 24.36 ng/mL), with a hazard ratio of 
5.459 (1.341–22.220).

LPC is the most abundant lysophosphatidylcholine in human blood and accounts for 8–12% of the blood plasma; its 
level is dynamically regulated by the activities of phospholipase A2 (PLA2) and lysophosphatidylcholine acyltransferase 
(LPCAT) through the Lands cycle.34 Furthermore, activation of the autotaxin/lysophosphatidic acid (ATX/LPA) axis at 
the onset of pneumonia decreased LPC levels.35 Phospholipids such as phosphatidylcholine (PC) play an important role 
in the Lands cycle.36 PC and LPC are important components of cell membranes and function as lung surfactants. During 
respiratory infection or lung injury, LPC metabolism and levels are significantly affected because of alveolar epithelial 
cell damage and dysfunction.

Previous studies have demonstrated that the blood LPC levels are candidate biomarkers for inflammatory diseases. 
Banoei et al reported that lower LPC levels were significantly associated with mortality in bacterial CAP; therefore, LPC 
levels are useful biomarkers for predicting in-hospital mortality, the need for ICU admission, and the severity of bacterial 
CAP.37 Cho et al performed a single-center prospective study that included 56 patients with CAP and showed that low 
LPC levels were associated with poor hospital outcomes, the need for mechanical ventilation, vascular compressors, and 

Figure 4 Kaplan–Meier survival curve analysis shows the 30-day mortality rates of elderly CAP patients stratified by high- or low-LPC levels using LPC concentration of 
24.36 ng/mL as the cut-off value.

Table 4 Cox Proportional Hazard Regression Analysis of Multiple Variables for 
Predicting the 30-Day Mortality of Elderly Patients with CAP

Variable Univariate Analysis Multivariate Analysis

HR (95% CI) P value HR (95% CI) P value

WBC (×109/L) 0.901 (0.804–1.009) 0.072
NEU (×109/L) 0.890 (0.790–1.002) 0.053

LYM (×109/L) 1.284 (0.536–3.073) 0.575

PCT (ng/mL) 0.964 (0.874–1.063) 0.464
IL-6 (pg/mL) 0.987 (0.969–1.006) 0.177

IL-8 (pg/mL) 0.964 (0.937–0.993) 0.014

LPC <24.36 (ng/mL) 8.600 (2.124–34.815) 0.003 6.212 (1.155–33.413) 0.033
CURB-65 score 0.341 (0.157–0.738) 0.006

PSI score 0.955 (0.930–0.981) 0.001 0.960 (0.937–0.985) 0.001

Abbreviations: CI, confidence interval; WBC, white blood cell; NEU, neutrophil count; LYM, lymphocyte 
count; PCT, procalcitonin; IL-6/8, interleukin 6/8; LPC, lysophosphatidylcholine; CURB-65, confusion, uremia, 
respiratory rate, blood pressure, and age ≥65 years; PSI, pneumonia severity index.
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admission to the intensive care unit, and hospital mortality.18 In this study, the mean age of the patients was 64 years. 
Therefore, our data reflects the role of LPC in older patients. Park et al investigated the predictive value of LPC in sepsis 
patients and reported that there were no significant differences between the survivor and non-survivor groups at 
admission; however, on the 7th day of hospitalization, LPC levels of patients in the survivor group were significantly 
higher than those in the non-survivor group; therefore, serial measurement of LPC levels were beneficial in predicting the 
28-day mortality rate in hospitalized patients with severe sepsis or septic shock.38 The average age of patients in this 
study was 69 years old and most of the sepsis cases were pulmonary in origin, thereby further supporting our conclusion. 
Nan et al used metabolomics to identify potential biomarkers for assessing the disease severity and potential therapeutic 
targets of CAP disease and reported significant differences in LPC levels between the acute phase and the remission 
phase; moreover, serum LPC levels negatively correlated with disease severity; among the various LPC subgroups, LPC 
14:0 showed the best diagnostic performance.39 Based on numerous studies, serum LPC levels show significant 
association with disease severity and show great promise for clinical application as a prognostic prediction biomarker. 
Ma et al21 reported that the serum LPC levels were significantly lower in patients with SCAP than in patients with non- 
SCAP. Furthermore, the AUC value for LPC was 0.708 (P = 0.0044) for predicting SCAP and 0.789 for predicting 30- 
day death in CAP patients (P < 0.0001). These data are consistent with our results. In our study, the clinical performance 
of LPC for predicting the 30-day mortality was weak in the elderly CAP patients but improved significantly after 
stratification at 24.36 ng/mL. Therefore, our data suggested that stratification of the elderly CAP patients based on serum 
LPC levels would be better for prognostic prediction.

Muller et al19 continuously monitored LPC levels in 33 patients with CAP and reported that LPC levels significantly 
decreased during the acute phase of pneumonia (within 48 hours) and gradually returned to normal levels (60 days) after 
antimicrobial treatment. In our study, we did not observe significant differences in the LPC levels between the survivor 
and non-survivor groups before and after treatment. We speculate that this may be caused by the underlying diseases in 
the elderly patients. Furthermore, the status of the patients in the survival group was poor. This may have resulted in a lag 
in the recovery of the serum LPC levels over time. However, further research is needed to confirm these findings. 
Although the blood lipid levels of the elderly subjects are influenced by age and the underlying diseases, significant 
changes are observed during SCAP. Therefore, it may be more valuable and convincing to compare the changes in LPC 
levels of the patient with his/her own baseline lipid levels.

There are several limitations in this study. Firstly, the sample size of this study was small, especially in the matched 
group. Secondly, we did not select healthy controls matched for age and underlying disease. Finally, this study was 
limited to older patients and may not be applicable to younger CAP patients.

Conclusion
In conclusion, this study showed that serum LPC was a promising biomarker for assessing disease severity and predicting 
the in-hospital mortality of elderly patients with CAP. Our data suggested that early monitoring of serum LPC levels may 
help the clinicians to adjust the treatment strategy and improve the survival rates of elderly patients with CAP. Therefore, 
monitoring the serum LPC levels can help in the early management of elderly patients with CAP.

Abbreviations
AUC, Area under the ROC curve; CAP, Community-acquired pneumonia; CRP, C-reactive protein; HR, Hazard ratio; 
ICU, Intensive Care Unit; NLR, Neutrophil-to-lymphocyte ratio; OR, Odds ratios; PSI, Pneumonia severity index; PSM, 
Propensity score matching; ROC, Receiver operative characteristic; SOFA, Sequential Organ Failure Assessment; WBC, 
White blood cell.
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