
47

Introduction

Sepsis refers to a type of organ dysfunction clinical 
syndrome that can endanger the life and health of patients 
caused by the body’s imbalance of infection response, 
which has high morbidity and mortality (1). Sepsis deve-
lopment can trigger septic shock, multiple organ dysfunc-
tion syndrome, cardiac dysfunction, and other diseases, 
and sepsis are one of the main factors leading to death in 
critically ill patients in ICU, and ICU mortality and in-hos-
pital mortality in such patients reach more than 25% and 
35%, respectively (2,3). Mortality in sepsis is associated 
with disease severity, as well as with early diagnosis as 
prognostic evaluation (4). Therefore, it is very important 
to find the indicators for early diagnosis and evaluation 
of the prognosis of patients with sepsis in clinical practice 
to effectively control the process of sepsis and reduce the 
mortality of patients. At present, the evaluation systems 
used to diagnose sepsis or in-hospital death in clinical prac-
tice include systemic inflammatory response syndrome, 
sequential organ failure assessment (SOFA), quick SOFA 
(aSOFA), and so on (5). In addition, it also includes acute 
physiology and chronic health evaluation (APACHE), 
which is widely used in the ICU, but its calibration in the 
prediction of the risk of death in ICU patients is low (6).

Neutrophil gelatinase-associated lipocalin (NGAL) 
was first discovered in neutrophil peroxidase granules and 
belongs to the lipocalin superfamily, which can be used 
to predict the 28-day risk of death in septic patients (7). 
Fetuin-A is a calcification inhibitor that is able to induce 

an inflammatory response during metabolism in vivo (8). 
However, it has been confirmed that some non-specific 
inflammatory markers can be used in the prognostic eva-
luation of adult sepsis patients (9). NGAL has some pre-
dictive value for sepsis but has low predictive specificity 
for disease severity. Moreover, machine learning techno-
logy also plays a very important role in the clinical field 
of critical care medicine, which can assist physicians in 
the diagnosis of diseases, outcome prediction, and clinical 
decision-making (10). Machine learning has been used in 
the construction of clinical prediction models for sepsis, 
and has achieved good results (11).

In order to construct a reasonable and feasible sepsis 
mortality prediction model, the clinical data of sepsis pa-
tients were included to compare the differences in blood 
basic indicators and NGAL and Fetuin-A levels among 
28-day survival and death patients, and a 28-day mortality 
risk prediction model was also constructed. The aim was 
to lay the foundation for improving the predictive efficacy 
of mortality risk in septic patients.

Materials and Methods

General information
According to the inclusion and exclusion criteria, 120 

patients with sepsis who received treatment in The Affilia-
ted Hospital of Xuzhou Medical University Hospital from 
May 2019 to March 2022 were selected as the study sub-
jects, including 87 males and 33 females, with an average 
age of (57.31 ± 12.53) years. Inclusion criteria: (i) patients 
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aged over 16 years old; (ii) patients meeting the diagnostic 
criteria of sepsis, and confirmed by imaging and laboratory 
tests; (iii) patients with complete clinical data; (iv) patients 
who have good treatment compliance. Exclusion criteria: 
(i) patients combined with malignant tumor; (ii) primary 
immunodeficiency; (iii) patients needing to receive emer-
gency surgery at admission; (iv) death or discharge within 
24 hours after admission; (v) pregnant or lactating women; 
(vi) clinical data missing, outcome measures are not clear. 
It obtained approval from the ethics committee of The 
Affiliated Hospital of Xuzhou Medical University Hospi-
tal (Approval No.: *), and the patients or their families 
were informed of the procedures and signed the informed 
consent form.

Collection of clinical data
Telephone, WeChat, or outpatient visits were used for 

a 28-day follow-up period, and the endpoint time was all-
cause death. Patients were divided into a survival group (n 
= 80) and a death group (n = 40) according to their survival 
at 28 days.

(i) Basic data: The clinical data of all patients were col-
lected, including age, gender, body mass index (BMI), and 
length of hospital stay.

(ii) Serological parameters: 5 mL of fasting venous 
blood was collected from the patients at admission, and 
serum was collected after anticoagulant treatment. The 
levels of white blood cell count (WBC), red blood cell 
volume (RBCV), platelet count (PLT), serum creatinine 
(SCr), and blood urea nitrogen (BUN) in the serum were 
measured using an automatic hematology analyzer. Serum 
levels of lactic acid (Lac) were measured by a blood gas 
analyzer. Serum C-reactive protein (CRP) and procalcito-
nin (PCT) levels were measured by microparticle enzyme 
immunoassay. D-dimer levels in serum were measured 
using immunoturbidimetry. Blood levels of NGAL and Fe-
tuin-A were measured by enzyme-linked immunosorbent 
assay. Neutrophil to platelet ratio (NPR) and platelet to 
lymphocyte ratio (PLR) was calculated.

(iii) Scale score: APACHE II scale (12) was used to 
evaluate the acute physiology, age, and chronic health 
of patients. The total scores of each dimension were 20 
points, 20 points, and 10 points, respectively. The total 
score on the APACHE II scale was 50 points. The higher 
the score, the more severe the patient’s condition. Respi-
ratory system function, PLT, bilirubin, circulatory system 
function, Glasgow coma scale (GCS), and renal function 
were evaluated by the SOFA scale (13). The total score on 
the SOFA scale was 24 points. The higher the score, the 
worse the prognosis of patients. The Oxford acute severity 
of illness score (OASIS) scale (14) was used to evaluate 
patient age, length of hospital stay before ICU, heart rate, 
mean arterial pressure, respiratory rate, body temperature, 
mechanical ventilation on the first day of ICU, emergency 
surgery before ICU, 24-hour urine volume on the first day 
of ICU, and GCS score, and the total score of the OASIS 
scale was 73 points, and the higher the score, the worse the 
prognosis of patients.

Statistical analysis
SPSS 19.0 software was used for the statistical analysis 

of data. Data with less than 5% missing outcome measures 
were supplemented completely by means. The clinical 
data were randomly divided into a training set and vali-

dation set according to the ratio of 7:3. Statistical analy-
sis of outcome measures was performed using SPSS 19.0 
software, enumeration data were expressed as frequency 
(%), and chi-square test was used for comparison between 
groups; measurement data were expressed as mean ± stan-
dard deviation , and an independent sample t-test 
was used for comparison between groups.

The training set data were selected to construct a 28-
day mortality risk prediction model for sepsis patients, 
logistic regression models were constructed using the 
MASS package in R software, and variables included in 
the models were selected according to the previous univa-
riate analysis results. Variance inflation factor (VIF) was 
used to determine the collinearity between variables. It 
was considered that VIF > 5.0 and P < 0.05 had signifi-
cant collinearity between variables. After excluding such 
variables, other variables were included in the logistic re-
gression model for analysis. Random forest models were 
constructed using the Random Forest package. A random 
forest model was needed to select the optimal parameters 
according to mean square error (MES). The receiver ope-
rating characteristic curve (ROC) and Youden index were 
drawn to select the optimal cutoff point, and the predictive 
sensitivity, specificity, positive predictive value (PPV), 
negative predictive value (NPV), positive likelihood ratio 
(PLR’), negative likelihood ratio (NLR’), and area under 
the concentration-time curve (AUC) of the risk prediction 
model were calculated. The above indicators were used 
to evaluate the performance of the risk prediction model. 
Differences were considered statistically significant at P 
< 0.05.

Results

Analysis of general data of patients with sepsis
According to the 28-day survival, 120 patients with 

sepsis were divided into a survival group and a death group, 
including 80 patients and 40 patients, respectively. A com-
parative analysis of the basic data of patients in different 
groups showed that there was no significant difference in 
gender ratio, mean age, mean BMI, and mean body tem-
perature between the survival group and the death group 
(P > 0.05). However, systolic blood pressure and diastolic 
blood pressure were higher and heart rate was lower in the 
survival group than in the death group, and the differences 
were statistically significant (P < 0.05). Results are shown 
in Table 1.

Comparison of serum parameters in sepsis patients 
with different survival periods

The serum levels of WBC, PLT, RBCV, SCr, Lac, 
CRP, BUN, PCT, D-dimer, NPR, and PLR were compared 
between the survival group and the death group. It was 
found that there was no significant difference in serum 
CRP and BUN levels between sepsis patients in the survi-
val and death groups (P > 0.05). Compared with the survi-
val group, the serum WBC, PLT, RBCV, and PLR levels in 
sepsis patients in the death group were significantly lower, 
and the differences were statistically significant (P < 
0.05). Compared with the survival group, the serum levels 
of SCr, Lac, PCT, D-dimer, and NPR in patients with sep-
sis in the death group were significantly increased, and the 
differences were statistically significant (P < 0.05). The 
results are shown in Figure 1.
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Analysis of 28-day mortality risk factors in patients 
with sepsis

The training set was used to construct the risk prediction 
model. The logistic regression model showed that the VIF 
value of each variable was less than 5%, so it indicated that 
there was no obvious collinear relationship between each 
variable and it could be directly included in the model for 
analysis. According to the multivariate logistic regression 
model, 12 independent factors were identified, including 
PLT, RBCV, SCr, Lac, PCT, D-dimer, NLR, APACHE II, 
SOFA, OASIS, NGAL, and Fetuin-A. Among them, PLT 
and RBCV were independent protective factors for 28-day 
death in septic patients, while SCr, Lac, PCT, D-dimer, 
NLR, APACHE II, SOFA, OASIS, NGAL, and Fetuin-A 
were independent risk factors (Table 2).

A random forest model for mortality risk prediction 
was constructed, and the number of independent trees in 
the random forest model should be 251 according to the 
MSE minimum, and the forest node purity improvement 
value was performed and plotted. Age ≥ 70 years (OR = 

Comparison of scores of each scale in sepsis patients 
with different survival periods

The differences in the APACHE II scale, SOFA scale, 
and OASIS scale scores between sepsis patients in the sur-
vival and death groups were compared. The scores of the 
APACHE II scale, SOFA scale, and OASIS scale in sepsis 
patients in the survival group were (14.07 ± 2.81), (1.73 ± 
0.28), and (23.61 ± 3.78), respectively; the scores of sepsis 
patients in death group were (22.65 ± 4.43), (2.32 ± 0.51), 
and (43.76 ± 4.41), respectively. It was found that the 
APACHE II scale, SOFA scale, and OASIS scale scores 
were significantly increased in the death group compared 
with the survival group (P < 0.05) (Figure 2).

Comparison of serum NGAL and Fetuin-A levels in 
sepsis patients with different survival periods

The serum levels of NGAL and Fetuin-A were com-
pared between the survival group and the death group. 
The serum levels of NGAL and Fetuin-A in the survival 
group were (316.73 ± 35.61) mg/L and (0.21 ± 0.03) g/L, 
respectively; the serum levels of NGAL and Fetuin-A in 
the death group were (579.82 ± 59.95) mg/L and (0.60 ± 
0.05) g/L, respectively. Compared with the survival group, 
the serum NGAL and Fetuin-A levels were significantly 
increased in the death group (P < 0.05). The results are 
shown in Figure 3.

Figure 2. Comparison of scores of each scale in sepsis patients with 
different survival conditions. (A) APACHE II scale score; (B) SOFA 
scale score; (C) OASIS scale score; compared with the survival 
group, **P < 0.01.

Information Survival group (n=80) Death group (n=40) t/χ2 P
Gender [n (%)] 0.291 0.653
Male 59 (73.8) 28 (70.0)
Female 21 (26.3) 12 (30.0)
Age (years) 58.94±9.82 59.42±7.39 0.785 0.479
BMI (kg/m2) 23.51±2.74 24.03±3.21 0.650 0.311
Heart rate (beats/min) 86.30±10.53 90.22±17.63 6.792 <0.001
Systolic blood pressure (mmHg) 117.72±10.91 104.59±8.84 6.895 <0.001
Diastolic blood Pressure (mmHg) 61.37±5.27 57.46±6.60 7.114 <0.001
Body temperature (℃) 36.79±0.54 36.55±0.46 0.681 0.709

Table 1. Analysis of general data of sepsis patients with different survival conditions.

Figure 1. Comparison of blood routine parameters in sepsis patients 
with different survival conditions. (A) WBC level; (B) PLT level; (C) 
RBCV level; (D) SCr level; (E) Lac level; (F) CRP level; (G) BUN 
level; (H) PCT level; (I) D-dimer level; (J) NPR level; (K) PLR level; 
compared with the survival group, **P < 0.01.
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group, **P < 0.01.
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1.228; 95% CI = 0.931 ~ 1.672), heart rate ≥ 92 beats/min 
(OR = 0.630; 95% CI = 0.226 ~ 1.028), SCr ≥ 408 μmol/L 
(OR = 1.291; 95% CI = 1.019 ~ 1.683), Lac ≥ 2.3 mmol/L 
(OR = 1.504; 95% CI = 1.182 ~ 1.895), PCT ≥ 30 ng/mL 
(OR = 2.151; 95% CI = 1.344 ~ 3.569), D-dimer ≥ 2.33 
mg/L (OR = 1.518; 95% CI = 1.252 ~ 2.196), PLR ≥ 190 
(OR = 0.906; 95% CI = 0.412 ~ 1.167), APACHE II ≥ 18 
(OR = 1.747; 95% CI = 1.240 ~ 2.891), SOFA ≥ 2 (OR = 
2.016; 95% CI = 1.448 ~ 3.093), OASIS ≥ 30 points (OR 
= 1.895; 95% CI = 1.451 ~ 2.337), NGAL ≥ 352 mg/L (OR 
= 1.760; 95% CI = 1.326 ~ 1.995), and Fetuin-A ≥ 0.32 g/L 
(OR = 2.179; 95% CI = 1.659 ~ 3.240) were risk factors 
for 28-day death in septic patients; WBC ≥ 12 × 109/L (OR 
= 0.489; 95% CI = 0.116 ~ 0.894), PLT ≥ 172 × 103/μL 
(OR = 0.671; 95% CI = 0.301 ~ 0.968), and RBCV ≥ 30% 
(OR = 0.652; 95% CI = 0.245 ~ 0.978) were protective 
factors for 28-day death in septic patients (Figure 4). 

Efficacy evaluation of 28-day mortality risk prediction 
model in septic patients

ROCs were drawn to compare the efficacy of clinical 
indicators APACHE II, SOFA, OASIS, NGAL, Fetuin-A 
and risk prediction model logistic regression model, ran-
dom forest model for 28-day death prediction in patients 
with sepsis, and the sensitivity, specificity, PPV, NPV, PLR’ 

NLR’, and AUC of the assessment indicators were calcu-
lated. Predicted AUCs for APACHE II, SOFA, OASIS, 
NGAL, Fetuin-A, NGAL & Fetuin-A, logistic regression 
model, and random forest model was found to be 0.80, 
0.71, 0.77, 0.69, 0.86, 0.92, 0.83, and 0.81, respectively 
(Figure 5 and Figure 6).

Discussion

Sepsis is a disease caused by inflammatory dysregu-
lation caused by infection, which can cause organ failure 
and has a high mortality rate in clinical practice, and is 
also the main cause of death in critically ill patients in the 

Variables β S.E. Wald P OR
95% CI
Lower limit Upper limit

PLT -0.341 0.051 4.781 0.038 0.894 0.398 1.341
RBCV -0.408 0.180 5.553 0.029 0.912 0.590 1.362
SCr 0.431 0.062 23.692 <0.001 1.126 0.781 1.719
Lac 0.553 0.041 25.118 <0.001 1.475 1.122 1.805
PCT 0.398 0.083 26.703 <0.001 1.892 1.307 2.216
D-dimer 0.509 0.060 24.164 <0.001 1.654 1.288 2.052
NLR 0.671 0.108 25.092 <0.001 1.341 1.031 1.708
APACHE II 0.440 0.095 22.267 <0.001 1.790 1.145 2.239
SOFA 0.569 0.057 23.141 <0.001 2.117 1.434 2.890
OASIS 0.247 0.069 24.558 <0.001 1.875 1.352 2.344
NGAL 0.533 0.074 27.890 <0.001 1.609 1.176 2.151
Fetuin-A 0.451 0.120 25.617 <0.001 2.141 1.403 2.892

Table 2. Multivariate logistic regression analysis of 28-day death in patients with sepsis.

Figure 4. Random forest model analysis of risk factors of 28-day 
mortality in patients with sepsis.
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Figure 5. Predictive efficacy analysis of each index and model for 28-
day death in patients with sepsis.
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Sensitivity 0.725 0.575 0.675 0.575 0.775 0.850 0.800 0.675
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ICU (15). At present, the main clinical methods used for 
the treatment of sepsis are fluid resuscitation, antibacterial 
drugs, and respiratory support therapy (16). Studies have 
confirmed that PCT, CRP, SOFA score, and SIRS score are 
all prognostic factors in patients with sepsis (17). Disease 
severity score OASIS is a commonly used severe score 
system for ICU patients, which can be used for progno-
sis prediction of sepsis patients and evaluation system of 
disease severity (18). However, the pathogenesis of sepsis 
is very complex, and the efficacy of a single index for pre-
dicting the prognosis of sepsis patients is limited. There-
fore, it is very important to find prognostic predictors with 
strong sensitivity, high specificity, and high accuracy for 
the clinical treatment of patients.

According to the 28-day survival of patients with sep-
sis, they were divided into a survival group and a death 
group, and the differences in the clinical data between the 
two groups were compared. The results showed that se-
rum WBC, PLT, RBCV, and PLR levels were significantly 
decreased, while SCr, Lac, PCT, D-dimer, and NPR levels 
were significantly increased in patients with sepsis in the 
death group. Studies have confirmed that factors such as 
prolonged malnutrition and viral infection can lead to a 
decrease in WBC levels in the peripheral blood of patients 
(19). Decreased PLT increases the risk of bleeding in 
patients, and in severe cases, it can cause visceral blee-
ding or cerebral hemorrhage in patients, and even affect 
the patient’s life (20). RBCV is the ratio of red blood cell 
volume to whole blood volume in peripheral blood, and 
anemia triggers a decrease in RBCV (21). SCr is an impor-
tant indicator for assessing renal function in patients, and 
normal SCr levels in adults are within 30 to 106 μmol/L, 
and exceeding normal values can be regarded as renal in-
sufficiency (22). Increased levels of Lac may be due to 
impaired clearance mechanisms leading to the retention 
of acidic metabolites in the body, indicating infectious 
disease or acidosis (23). PCT is an indicator used to assess 
the degree of systemic inflammatory response. Patients 
with elevated PCT expression have a significant infection, 
which has been widely used in the evaluation of sepsis 
and multiple organ failure (24). D-dimer is a product gene-
rated after fibrinolysis in the body, and elevated D-dimer 
indicates thrombosis and lysis in the patient’ body, while 
sepsis can affect the coagulation system to some extent, 
which in turn leads to systemic disseminated intravascular 
coagulation (25). PLT, RBCV, SCr, Lac, PCT, D-dimer, 
NLR, APACHE II, SOFA, and OASIS were independent 
risk factors or protective factors affecting 28-day mortality 
in septic patients. 

NGAL is a multifunctional protein, which is mainly se-
creted by activated neutrophils and released into the blood 
due to a patient body infection, so it can be used as an 
indicator for the assessment of acute infection (26). Under 
normal physiological conditions, NGAL showed a tenden-
cy for low expression in neutrophils and organ epithelial 
cells (27). It has been confirmed that NGAL is involved in 
cell differentiation and apoptosis, inflammatory response, 
immune response, and lipid metabolism (28). Chang et al. 
(2018) (29) evaluated the efficacy of serum NGAL in pre-
dicting 28-day mortality in patients with severe sepsis and 
found that serum NGAL levels were increased in patients 
with sepsis who died, and its AUC for 28-day mortality 
prediction in patients with sepsis was 0.752, which was 
superior to creatinine levels. This is consistent with the 

finding that serum NGAL levels were higher in septic 
patients who died than in surviving patients. Fetuin-A is 
a liver-synthesized glycoprotein that inhibits calcium and 
phosphorus deposition in the body (30). Karampela and 
Dalamaga (2021) (31) confirmed that septic liver dysfunc-
tion was associated with a decrease in Fetuin-A levels, 
and the serum bilirubin/Fetuin-A ratio was increased in 
patients who died of sepsis, which can be used to predict 
the prognosis of septic patients. This is similar to the fin-
ding that serum levels of Fetuin-A were higher in patients 
who died of sepsis than in surviving patients. In addition, 
NGAL and Fetuin-A were shown to be risk factors for 28-
day mortality in patients with sepsis, and the predictive 
efficacy of NGAL combined with Fetuin-A was better than 
that of NGAL alone and Fetuin-A alone, indicating that 
NGAL and Fetuin-A can be used as biological markers for 
predicting the prognosis of sepsis. 

Logistic regression and random forest prediction models 
for 28-day mortality risk in sepsis patients were construc-
ted, and it was found that the prediction accuracy and sta-
bility of the logistic regression model and random forest 
model were similar. The multivariate logistic regression 
model was used to predict PLT and RBCV as independent 
protective factors for 28-day death in patients with sepsis, 
while SCr, Lac, PCT, D-dimer, NLR, APACHE II, SOFA, 
OASIS, NGAL, and Fetuin-A were independent risk fac-
tors. Random forest prediction showed that age ≥ 70 years, 
heart rate ≥ 92 beats/min, SCr ≥ 408 μmol/L, Lac ≥ 2.3 
mmol/L, PCT ≥ 30 ng/mL, D-dimer ≥ 2.33 mg/L, PLR ≥ 
190, APACHE II ≥ 18 points, SOFA ≥ 2 points, OASIS ≥ 
30 points, NGAL ≥ 352 mg/L, and Fetuin-A ≥ 0.32 g/L 
were risk factors for 28-day death in septic patients, while 
WBC ≥ 12 × 109/L, PLT ≥ 172 × 103/μL, and RBCV ≥ 
30% were protective factors for 28-day death in septic pa-
tients. Random forest prediction model analysis obtained 
more indicators than the logistic regression model because 
the random forest model has the ability of high-dimen-
sional data processing, which can apply various predictor 
variables to improve the accuracy (32).

Conclusion
The efficacy of the 28-day mortality risk prediction 

model in sepsis patients was evaluated, and it was found 
that serum NGAL and Fetuin-A could be used as 28-day 
mortality predictors in sepsis patients, and NGAL combi-
ned with Fetuin-A had better predictive efficacy. Howe-
ver, only the clinical data of 120 patients with sepsis were 
included to construct a 28-day mortality risk prediction 
model. Because the included sample size is limited, the 
sensitivity and specificity of constructing a prediction 
model need to be improved. In conclusion, the results can 
lay a foundation for improving the prognostic predictive 
efficacy of sepsis patients.
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