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Purpose: To determine the utility of a novel serum biomarker for the outcome prediction of critically ill patients with pneumonia.
Patients and Methods: A retrospective analysis of critically ill patients was performed at an emergency department. The expression
and prediction value of parameters were assessed. Binary logistic regression analysis was utilized to determine the indicators
associated with in-hospital mortality of pneumonia patients. The Last Absolute Shrinkage and Selection Operator was used to further
determine the independent predictors, which were validated by multiple logistic regression. The receiver operator characteristic curve
was performed to assess their prediction values. A prognostic nomogram model was finally established for the outcome prediction for
critically ill patients with pneumonia.

Results: Retinol-binding protein (RBP) was significantly reduced in non-survived and pneumonia patients. CURB-65 score, levels of
RBP, and blood urea nitrogen (BUN) were associated with in-hospital mortality of critically ill patients with pneumonia. Their
combination was determined to be an ideal prognostic predictor (area under the curve of 0.762) and further developed into
a nomogram prediction model (c-index 0.764).

Conclusion: RBP is a novel in-hospital mortality predictor, which well supplements the CURB-65 score for critical pneumonia
patients.
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Introduction
Pneumonia, community-acquired pneumonia (CAP) and nosocomial pneumonia, is the most prevalent observed and
remains a major cause of mortality among critically ill patients.'” Moderate or severe pneumonia has the most potential
to cause various complications due to excessive inflammation, hypoxia, and diffuse intravascular coagulation (DIC).>*
These patients presented higher mortality, more intensive care unit (ICU) admission, and longer hospital stay because of
the increasing complexity of the disease.” Although various kinds of critical care and management have been developed
for lifesaving over the past several decades,® the mortality of critically ill patients with pneumonia remains high in the
emergency department.”®

So far, a broad range of severity scoring systems have been studied among critically ill patients such as Acute
Physiology and Chronic Health Evaluation II (APACHE 1II) scores,” Glasgow Coma Scale (GCS),'® Sequential Organ
Failure Assessment (SOFA)'' and CURB-65 scores.'*'* However, distinct factors are expected to be responsible for
patients with different etiologies or comorbidities. Therefore, it is necessary to discover novel biomarkers utilized to
assess and triage pneumonia patients with high risk, which would be critically beneficial for clinicians to perform
precision therapy, and plan the emphases for future monitoring. It is also of outstanding importance for resource
allocation and ICU management.

Retinol-binding protein (RBP) is a class of proteins binding to and transporting retinol and its active metabolites
in vivo, mainly including plasma retinol-binding protein (RBP4), cellular retinol-binding protein (CRBP), cellular
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retinoid-binding protein (CRABP), cellular retinaldehyde-binding protein (CRALBP) and interphotoreceptor retinol
binding protein (IRBP). RBP is usually considered a reliable indicator of nutritional status. Recent research has
demonstrated that RBP works as an important mediator in various physiological and pathological processes and is
associated with numerous cardiovascular diseases.'*'> RBP4 was found to have pro-inflammatory effects partially
mediated by Toll-like receptor 4 (TLR4). Elevated RBP4 is correlated positively with hypertension, diabetes, and
cardiovascular disease.'® ' There is growing evidence that circulating RBP levels decrease specifically in critical illness
patients with liver disease or sepsis.”?' However, whether RBP is diagnostically relevant to a poor prognosis in
critically ill patients with pneumonia remains unclear.

Here in this study, we determined the association of serum RBP with in-hospital mortality of critical pneumonia
patients, and validated the potential of serum RBP for the prediction of the mortality of critically ill patients with
pneumonia, especially supplementing the classic CURB-65 score.

Materials and Methods

Study Design

This was a retrospective, monocentric observational study in critically ill patients admitted to the Department of
Emergency Medicine at Beijing Chao-Yang hospital, Jingxi Branch from October 2019 to March 2021. Totally 242
patients (139 with pneumonia, 103 with non-pneumonia) enrolled in this investigation. As potential predictors, demo-
graphic data including age, sex, vital signs, and comorbidities were recorded. Biochemical tests were carried out in the
clinical pathology laboratory of the hospital following the manufacturer’s instructions, including serum RBP, blood urea
nitrogen (BUN), PCT, homocysteine, platelet (PLT), aspartate aminotransferase (AST), alanine aminotransferase (ALT),
total bilirubin (TBIL) and C-reactive protein (CRP) concentrations. Scales of disease severity including GCS, APACHE
II, SOFA, and CURB-65 scores were employed in this study. These clinical data and scales were collected on the day of
treatment beginning and less than 24 hours after admission. This study was approved by the Ethics Committee of Beijing

Chao-Yang Hospital. Written informed consent was not deemed necessary due to the retrospective design.

Inclusion and Exclusion Criteria

Critically ill patients hospitalized from October 2019 to March 2021 were above 18 year-old, diagnosed with pneumonia
with radiographic infiltration and at least 2 compatible clinical symptoms (body temperature >38°C, productive cough, chest
pain, shortness of breath, or crackles on auscultation) according to the definitions in current guidelines were included in this
study.** Critically ill patients without pneumonia were consecutively included during the study period. Patients with
incomplete information or biochemical data defined in the “Study design” section were excluded from this study.

Outcome
Critical care outcome was set as the primary outcome, which is defined as either hospital discharge or in-hospital death.

Statistical Analyses

Information was presented as number (percentage) or median (interquartile range) for categorical characteristics.
A univariate and multiple logistic regression model was employed using SPSS version 22.0 (SPSS, Inc., IL, USA).
2-tailed Chi-square (y2) statistics test and Mann—Whitney U-test were performed to evaluate the categorical data and
numerical data between survived and non-survived populations, respectively. Logistic least absolute shrinkage and
selection operator (LASSO) regression was used to identify the most relevant variables associated with in-hospital
mortality. A nomogram for predicting death risk in patients with pneumonia was established by R software, and the
discrimination and calibration of the nomogram were evaluated using the concordance index (C-index). The receiver
operator characteristic curve (ROC) was taken to evaluate the predictive ability of biomarkers for in-hospital death in

critically ill patients with pneumonia.
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Results

Demographic and Clinical Characteristics of Included Patients

A total of 139 critically ill patients with pneumonia were enrolled in this investigation, among which 36 patients (25.9%)
were non-survived in the hospital. The baseline characteristics of the study population are summarized in Table 1.
Eighty-one were male and fifty-eight were female, most of which were elderly patients above 65-year-old (86.3%). The
most common comorbidity in the whole study population was cerebrovascular disease (n = 36, 25.9%), followed by
diabetes (n = 29, 20.9%), and cardiovascular disease (n = 25, 18.0%). The prevalence of chronic obstructive pulmonary
disease, chronic kidney disease, and hepatopathy as comorbidities at baseline was presented as 10.1%, 7.9% and 3.6%,
respectively. The results of various biochemical parameters and scoring systems indicating the severity of illness,
APACHE II score, GCS score, SOFA score, CURB-65 score are presented in Table 1. Furthermore, the grouped statistics
of these characteristics are presented and compared between survived and non-survived patients in Table 1.

RBP Levels are Particularly Reduced in Critically Il Patients with Pneumonia and

Non-Survived Patients

Among all the patients enrolled, the median serum concentration of RBP in pneumonia patients was 26.0 mg/L (range,
3.2-193.9 mg/L) compared with non-pneumonia patients (median 34.5 mg/L, range 3.9-123.5 mg/L, shown in
Figure 1A). The RBP level of non-survived patients was particularly lower within the total critically ill patients

Table 1 Demographics, Laboratory and Clinical Information of the Patients

Variable Pneumonia Patients In-Hospital Death Survival (n=103) P value
(n=139) (n=36)
Age265 (n, %) 120 (86.3) 32 (88.9) 88 (85.4) 0.780
Sex (male/female) 81/58 25/11 56/47 0.114
Comorbidities
Cerebrovascular disease (yes, %) 36 (25.9) 10 (27.8) 26 (25.2) 0.765
Diabetes (yes, %) 29 (20.9) 7(194) 22 (21.4) 0.808
Cardiovascular disease (yes, %) 25 (18.0) 9 (0.25) 16 (15.5) 0.203
Chronic obstructive pulmonary disease (yes, %) 14 (10.1) 2 (5.6) 12 (11.7) 0.520
Chronic kidney disease (yes, %) 11 (7.9) 4 (11.1) 7 (6.8) 0.475
Hepatopathy (yes, %) 5 (3.6) 2 (5.6) 3(29) 0.604
Biochemical parameters
Lymphocyte ratio median (range, %) 10.8 (1.6-45.9) 8.6 (3—44.9) 12.4 (1.6-45.9) 0.025
BUN median (range, mmol/L) 6.55 (1.81-59.2) 10.19 (3.33-59.2) 6.13 (1.81-36.28) 0.001
CRP median (range, mg/L) 27 (0.37-200) 49 (5-200) 22 (0.37-200) 0.224
PCT median (range, ug/L) 0.05 (0.05-30.1) 0.135 (0.05-27.77) 0.05 (0.05-30.1) 0.010
TBIL median (range, pmol/L) 15.5 (2.1463) 14.95 (2.1-463) 15.5 (2.3-126.9) 0.831
AST median (range, U/L) 24.8 (3.5-540.8) 24.65 (9-540.8) 24.8 (3.5-465.7) 0.612
ALT median (range, U/L) 21.5 (2.6-1246.5) 20.1 (7.7491.2) 21.6 (2.6—1246.5) 0.857
PLT median (range, 107%/uL) 201 (15-518) 241.5 (15-486) 193 (35-518) 0.370
WBC (1079/L) 9.2 (3.3-28.2) 10.65 (3.3-28.2) 8.9 (4-26.6) 0.046
RBP median (range, mg/L) 26.0 (3.2-193.9) 21 (10.2-65) 27.3 (3.2-193.9) 0.003
Initial symptoms
GCS sore, median (range) 15 (0-15) 145 (2-15) 15 (0-15) 0.001
APACHE Il score median (range) 12 (0-41) 15 (0-41) 11 (0-34) 0.045
SOFA score median (range) 2 (0-14) 4 (0-14) 2 (0-13) 0.065
CURB-65 score median (range) 2 (0-5) 2 (0-5) 2 (04) 0.001

Abbreviations: APACHE, Acute Physiology and Chronic Health Evaluation; SOFA, Sequential Organ Failure Assessment; GCS, Glasgow Coma Scale; RBP, Retinol-binding
proteins; PCT, procalcitonin; BUN, blood urea nitrogen; WBC, white blood cell count; CRP, C-reaction protein; TBIL, total bilirubin; AST, aspartate Aminotransferase; ALT,

alanine aminotransferase; PLT, platelet.
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(Figure 1B) or the pneumonia patients (Figure 1C). To identify the factors impacting on mortality of pneumonia critical
patients, all the enrolled biochemical parameters and scaling systems were compared among the patients. The results
showed that survived patients exhibited higher GCS scores (P=0.001), RBP level (P=0.003), and lymphocyte ratios
(P=0.025), but lower CURB-65 scores (P=0.001), APACHE II scores (P=0.045), PCT levels (P=0.010), WBC (P=0.046)
and BUN levels (P=0.001) than those of the non-survived patients (Table 1 and Figure 1).

Identification of Potential Predictors for the Outcome of Critically lll Patients with
Pneumonia

After the identification of these related factors, we further analyzed their potential as prognostic indicators. First,
a univariate logistic regression analysis was performed to identify the specific independent indicators for the mortality
of the enrolled patients with pneumonia. As listed in Table 2, scores of SOFA, CURB-65, APACHE II, and GCS, levels
of RBP, BUN, and WBC were identified as the independent prognostic risk factors, among which CURB-65 score (OR =
2.023, P=0.001), SOFA score (OR = 1.146, P = 0.018), APACHE II score (OR = 1.055, P = 0.041), BUN (OR = 1.059,
P =0.003), WBC (OR = 1.088, P = 0.026) are positively correlated with mortality, while RBP level (OR = 0.958, P =

0.013) and GCS score (OR = 0.885, P = 0.014) are negatively correlated with mortality.
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Figure | Factors associated with mortality for critically ill patients. (A), RBP levels in serum sample from the patients with or without pneumonia. (B). RBP levels in serum
sample from survived or non-survived cases. (C), RBP levels in serum sample from survived or non-survived cases in the patients with pneumonia. CURB-65 (D), GCS
Scores (E), APACHE Il (F), PCT level (G), lymphocyte ratio (H) and BUN level (I), which showed significant difference (P<0.05) between survived or non-survived cases
with pneumonia. (*P<0.05, **P<0.01).
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Table 2 Univariate and Multiple Logistic Regression Analyses to Identify the Individual Risk Factors for Critically lI
Patients with Pneumonia

Univariate Logistics Regression Multiple Logistics Regression
Various OR 95% CI P value OR 95% CI P value
SOFA 1.146 1.024-1.283 0.018 - - -
CURB-65 2.023 1.329-3.077 0.001 1.658 1.035-2.657 0.036
APACHE Il 1.055 1.002-1.110 0.041
GCS 0.885 0.803-0.976 0.014 - - -
RBP (mg/L) 0.958 0.926-0.992 0.015 0.952 0.919-0.986 0.006
BUN (mmol/L) 1.059 1.020-1.099 0.003 1.060 1.015-1.108 0.009
WBC (1079/L) 1.088 1.010-1.171 0.026

Abbreviations: OR, odds ratio; 95%-Cl, 95% Confidence Intervals; SOFA, Sequential organ failure assessment; APACHE Il, Acute physiology and
chronic health evaluation Il; GCS, Glasgow coma scale; RBP, Retinol binding proteins; WBC, White blood cell count; BUN, Blood urea nitrogen.

Then, to determine a combination consisting of the most influencing factors, additional least absolute shrinkage and
selection operator (LASSO) regression was incorporated to select parameters associated mostly with the mortality of patients
with pneumonia. The result of LASSO regression is shown in Figure 2, which reveals that the CURB-65 score, BUN level,
and RBP level were highly associated with the outcome of critical illness. Finally, multiple logistic regression was utilized
based on the results of LASSO regression to evaluate the significance of the risk factors, listed in the multiple logistic
regression analysis in Table 2. Results show that CURB-65 (OR = 1.658, P =0.036) and BUN (OR = 1.059, P = 0.009) are
positively correlated with, and RBP (OR = 0.952, P = 0.006) is negatively correlated with the outcome as indicators.

Assessment of Performance of the Predictors

Predictive performance of the three identified individual predictors and their combinations, as well as three other classic
independent scales, SOFA, APACHE II, and GCS, were assessed by ROC curve analysis in the critically ill patients with
pneumonia, the results of which are presented in Table 3. All the three identified indicators and their combinations performed
better than SOFA, APACHE II, or GCS score, whereas the RBP level achieved an area under the ROC curve (AUC) of 0.666
(95% CI = 0.566-0.766), following the CURB-65 scores of 0.682 (95% CI = 0.582—0.782), and the BUN of 0.679 (95% CI =
0.577-0.782). The AUC for assessment of RBP and BUN combined with CURB-65 score was 0.762 (95% CI = 0.667-0.857),
with the Youden index of 42.0%, which is the best among all the predictors. Interestingly, the specificity of the classic CURB-
65 system evaluated by ROC analysis is high at 83.5% while the sensitivity is only 41.7%. RBP has a sensitivity of 63.9% and
the sensitivity of the combination of CURB-65, RBP, and BUN increases as high as 75.0% with a specificity of 67.0%.

Effects of the Survival Prediction Model Established Based on the Predictors

We introduced nomogram regression with the significantly correlated factors consisting of CURB-65 scores, RBP level,
and BUN level integrated, for predicting the mortality of an individual critically ill patient with pneumonia (Figure 3A).
The calibration curve (c-index 0.764) indicates that the novel prediction approximates the actual outcomes more closely
(Figure 3B) and is quite more accessible in common situations.

Discussion

In this study, we explored a novel serum predictor model for in-hospital mortality of critical illness patients with pneumonia.
The following are the most compelling results of this study: (1) A low level of RBP showed a close correlation with the
mortality in the population with pneumonia. (2) RBP was a novel prognostic indicator more reliable than some classic scaling
systems such as SOFA, APACHE II, and GCS in predicting the in-hospital mortality of critically ill pneumonia patients. (3)
High sensitivity of RBP concentration compensated for the disadvantage of CURB-65 in differentiating non-survivors. (4)
A more reliable and accessible nomogram was established to predict the probability of death in critically ill patients with
pneumonia.
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Figure 2 Logistic LASSO regression for the prediction of in-hospital mortality. (A), LASSO coefficient profiles of the potential risk factors for pneumonia patients. 10-fold
cross-validation was taken as the threshold value for parameter lambda selection. X axis represents the log of penalty coefficient lambda while Y axis represents the. (B),
Confidence interval in every lambda of LASSO regression. X axis represents the log (A) while Y axis represents the partial likelihood deviance (binomial deviance). Ten-fold
cross-validation in the log (A) sequence was used to plot the vertical dotted line at the value selected. The three risk factors were selected by the lambda at which the
minimal deviance was achieved (minimum criteria and the |-SE of the minimum criteria).

Despite many widely used severity scoring systems designed to stratify patients according to the severity of illness
and to predict in-hospital mortality and ICU readmission in critically ill patients, for instance, a high APACHE II

score is generally linked to severe critical illness,”*~*

there are still a lot of unmet needs for more timely and accurate
outcome prediction. One important reason for such dissatisfaction is the complex complications of the critical illness
patient in the emergency department. Different comorbidities make it more complicated when administrate proper
treatments and make predictions. Some scoring systems are designed specifically for a particular complication in
critical illness, such as SOFA, GCS, CURB-65, etc. Each of these may be effective for part of the critically ill
patients but does not work well for others. As we confirmed with our cases (data not shown), SOFA score, APACHE
IT score, GCS score, and CURB-65 score were individual risk factors for critically ill patients generally, but only
CURB-65 is correlated with the pneumonia population as presented in this study. CURB-65 is previously reported
quite suitable for mortality risk prediction for critically ill patients specifically with pneumonia,* which is in line
with our result. In this study, a novel serum biomarker, RBP level, is identified not only as an individual prognostic
predictor (in-hospital death) but also as improving the CURB-65 system when combined with it, indicating promising
clinical applicability.
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Table 3 Receiver Operating Characteristic (ROC) Curve Analyses Comparing the Diagnostic Power of

New Parameters in Predicting In-Hospital Mortality for Critically Ill Patients with Pneumonia

Parameter AUC (95% CI) Sensitivity (%) Specificity (%) Youden Index (%)
SOFA 0.602 (0.485-0.719) 41.7 79.6 21.3
APACHE Il 0.612 (0.501-0.724) 69.4 51.5 20.9
GCS 0.649 (0.540-0.759) 50.0 80.6 30.6
CURB-65 0.682 (0.582-0.782) 41.7 83.5 252
RBP (mg/L) 0.666 (0.566-0.766) 63.9 65.0 289
BUN (mmol/L) 0.679 (0.577-0.782) 69.4 65.0 345
CURB-65+RBP+BUN 0.762 (0.667-0.857) 75.0 67.0 42.0
CURB-65+RBP 0.741 (0.646-0.837) 778 64.1 41.9
RBP+BUN 0.736 (0.635-0.837) 58.3 825 40.9
CURB-65+ BUN 0.705 (0.605-0.804) 63.9 72.8 36.7

Abbreviations: CAP, community-acquired pneumonia; ICU, Intensive care unit; OR, odds ratios; 95% Cl, 95% confidence intervals; IQR,
interquartile range; APACHE I, Acute Physiology and Chronic Health Evaluation Il; ROC, Receiver-Operator Curves; AUC, Area Under
the Curve; PPV, positive predictive value; NPV, negative predictive values; WBC, white blood cell count; RBP, Retinol-binding protein;
PCT, procalcitonin; BUN, blood urea nitrogen; GCS, Glasgow Coma Scale; CRP, C-reactive protein; TBIL, total bilirubin; SOFA,
Sequential Organ Failure Assessment; AST, aspartate Aminotransferase; PLT, platelet; ALT, alanine aminotransferase.

RBP is an acute responsive protein, reflecting inflammation and nutritional determinants.’®?” Recently, the serum RBP
concentration was shown to be a crucial signal for the organ function, metabolism, and inflammation status of critically ill
patients, especially the RBP4.%® A low concentration of RBP at baseline was found associated with a bad outcome in liver ICU
patients, which could predict short-term mortality of the patients, but not long-term mortality.>” Consistent with these findings,
we also present here that RBP level is specifically reduced in the non-survived pneumonia population of the study, indicating
that low RBP was the main risk factor for in-hospital mortality in critical pneumonia patients. The predictive performance of
the baseline RBP was much better than the severity scoring systems other than CURB-65, which demonstrates it as a better
predictor in severe comorbidities. ROC analysis revealed CURB-65 is a highly specific (83.5%) predictor but relatively low
sensitive (41.7%). Then, the combination of CURB-65, RBP, and BUN showed an improved sensitivity (75.0%) analyzed
with ROC yet a compromised specificity (67.0%). This result implies that RBP probably supplements CURB-65 system in
sensitivity to achieve improvement.

High BUN concentration at admission was reported as an independent risk parameter for predicting mortality in
critically ill patients.>*>' Moreover, serum BUN concentration was significantly higher in non-survived patients, and also
shows the potential as an outcome prediction indicator combined with RBP. BUN level was implied correlated with RBP
level in some cases indicating that they may share some mechanisms.*>** BUN level is considered in the CURB-65
system (score 1 point when above 7 mmol/L), which strongly implies the role of BUN in predicting the outcome of
critical pneumonia patients. Here, the inclusion of BUN into the prediction model containing CURB-65 increases its
weight, which better balances the specificity and sensitivity.

Our study has several limitations. First, the sample size of this single-center investigation is relatively small. Selection
bias may exist so a multiple-center study with larger sample size is needed to verify the mortality-associated risk factors
identified in this study. Second, these findings proved that baseline RBP levels predicted short-term mortality well in
critically ill patients but more work should be done to assess the efficacy of RBP in predicting long-term mortality. Third,
total RBP serum level was employed in this study in which subtypes of RBP were not discriminated. A distinct subtype
of RBP probably has differentiated biological functions. Therefore, detection and analysis of specific RBP subtypes in the
prediction are needed in future investigations to optimize the model. Last, RBP showed its shortcoming of specificity as
a predictor when it supplements CURB-65 with sensitivity, which suggests that this combinational predicting model may
be optimized further by incorporating another critical illness or pneumonia highly specific biomarker in the future. On the
other hand, we only confirmed the predictive role of RBP in the pneumonia population of this study. The validity of RBP
in outcome prediction of critically ill patients with other complications needs to be further investigated in the future, to
reveal whether RBP is pneumonia specific or general for comorbidity situations.
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Figure 3 Nomogram Analysis for the prediction of the unfavorable outcome. (A) A nomogram chart for the prediction of in-hospital mortality within pneumonia patients.
(B) The corresponding calibration curves of the nomogram above. A dashed line is a reference line where an ideal nomogram should lie.

Conclusion

In summary, our findings revealed that two serum biomarkers, RBP and BUN, were identified closely correlated with the
outcome of critically ill patients with pneumonia. The combination of RBP level, BUN level, and the classic CURB-65
scoring system showed the best performance and then was developed as a prediction model.
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