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Abstract: Objective To initially establish a prediction model for death during hospitalization in elderly patients with sepsis 

combined with acute kidney injury (AKI) and validate it. Methods Clinical data of 378 elderly patients with sepsis combined with 

AKI treated in the First Affiliated Hospital of Harbin Medical University from January 2019 to December 2023 were retrospectively 

included. The clinical data of 378 elderly patients with sepsis combined with AKI treated in The First Affiliated Hospital of Harbin 

Medical University from January 2019 to December 2023 were retrospectively included. Based on the outcome during 

hospitalization, they were divided into death group (122 cases, 32.28%) and survival group (256 cases, 67.72%). Multivariate 

logistic regression was used to screen the independent risk factors for hospitalized death in septic AKI patients, and a prediction 

model was established accordingly. The model was evaluated using receiver operating characteristic (ROC)  curves. Results  

The results of multivariate logistic regression showed that age>70 years (OR=1.387, 95%CI:1.083-1.776), AKI stage III (OR=2.006, 

95 CI: 1.388-2.899), Sequential Organ Failure Assessment (SOFA) score>10 (OR=1.791, 95%CI:1.266-2.536), procalcitonin 

(PCT)>3.67 ng/mL (OR=1.553, 95%CI: 1.166-2.068), and activated partial thromboplastin time (APTT)>40 s (OR=1.290, 

95%CI:1.090, 95%CI: 1.090, 95%CI: 1.090, 95%CI: 1.090, 95%CI: 1.090). 95%CI:1.040-1.602) were independent risk factors for all-

cause mortality during hospitalization in elderly patients with sepsis combined with AKI (P<0.05). Based on the results of 

multivariate analysis, an equation for the risk of in-hospital death (C-index) in patients with sepsis combined with AKI was 

established, C-index = -1.722 + 0.327 × (age) + 0.696 × (AKI stage) + 0.583 × (SOFA) + 0.440 × (PCT) + 0.255 × (APTT). 

The ROC curves showed that the C-index predicted all-cause mortality in elderly patients with sepsis combined with AKI. The 

index predicted in-hospital death in elderly patients with sepsis combined with AKI with an AUC of 0.876 (95% CI: 0.837-0.915), 

an accuracy of 81.22%, a sensitivity of 78.69% and a specificity of 82.42%. Conclusion The prediction model based on age, SOFA 

score, PCT, AKI staging, and APTT can help to identify the high-risk group of elderly patients with sepsis combined with AKI at 

an early stage of death during hospitalization, and then intervene and adjust the treatment strategy at an early stage, which can 

help to improve the prognosis of patients. 
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Sepsis, a systemic syndrome due to dysregulated 

infection, is a common critical condition in intensive care 

medicine, which can cause multi-system injury and high 

risk of short-term mortality, and is one of the major 

challenges in global public health. Acute kidney injury 

(AKI) is the most common peripheral organ injury in 

sepsis, which manifests itself as an acute decline in renal 

function, and sepsis-associated AKI accounts for about 50% 

of all types of AKIs. Even with early intervention, renal 

function is difficult to fully recover in a short period of 

time in the majority of cases, and adversely affects the 

patient's prognosis, and is an important cause of ICU death 

[1-2]. Currently, there are major difficulties in the 

prevention of AKI, and common molecular markers for 

early diagnosis of AKI also have the limitation of 

insufficient sensitivity, so early identification of AKI is 

also difficult. Early intervention to reduce deaths in 

patients with sepsis-associated AKI is a key clinical 

concern [3]. To date, studies related to sepsis-associated 

AKI have focused on the clinical characterization of the 

patients and the diagnostic aspects of AKI, with a lack of 

in-depth analysis of prognosis [4-6]. The establishment of 

a prediction model that can predict the death of AKI 

patients with sepsis is of great clinical significance, as it 

can help to identify the high-risk group for death at an early 

stage and then provide targeted interventions according to 

the risk factors, which can not only improve the efficiency 

of diagnosis and treatment, but also help to optimize the 

medical resources. This study established a preliminary 

prediction model of death during hospitalization in elderly 

patients with sepsis combined with AKI and evaluated it, 

aiming to provide reference for clinical decision-making. 
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1 Material and methodology 
 

1.1 Study subjects  

 
The clinical data of 378 elderly patients with sepsis 

combined with AKI who were hospitalized from January 

2019 to December 2023 in the First Hospital of Harbin 

Medical University were retrospectively included.  

Inclusion criteria: (1) meeting the diagnostic criteria 

related to AKI due to sepsis [7-8] ; (2) elderly population, 

aged ≥60 years; (3) hospitalization with clear clinical 

regression during hospitalization.  

Exclusion criteria: (1) the presence of previous renal 

diseases; (2) the combination of other critical diseases, 

such as acute pancreatitis, severe pneumonia; (3) the 

presence of immune dysfunction, hematologic diseases 

and chronic infectious diseases; (4) hospitalization time of 

less than 24 hours. 

 

1.2 Methodology 
 
1.2.1 Data collection  

Baseline clinical data of patients were collected through 

online medical records, which mainly included 

demographic characteristics, comorbidities, severity of 

sepsis, hematological indexes at admission and AKI stage. 

Among them, demographic characteristics included gender, 

age, smoking, and alcohol consumption. Comorbidities 

included diabetes mellitus and hypertension. The severity 

of sepsis was primarily assessed using the APACHE II 

score and the Sequential Organ Failure Assessment (SOFA) 

score. Hematological indicators included complete blood 

count (leukocytes, platelets), liver function [albumin, 

alanine aminotransferase (ALT), aspartate transferase 

(AST), lactate], renal function (uric acid), inflammatory 

factors [C-reactive protein (CRP), procalcitoninogen 

(PCT), interleukin 17 (IL-17)], and coagulation function 

[fibrinogen, D-dimer, prothrombin time (PT), activated 

partial thromboplastin time (APTT)]. 

 

1.2.2 Study grouping  

Based on the regression during hospitalization, patients 

with sepsis AKI were divided into 122 cases (32.28%) in 

the death group and 256 cases (67.72%) in the survival 

group. 

 

1.3 Statistical methods  

 
Statistical analysis was performed using the R 

software. Continuous variables were described by x̄±s, 

and independent sample t test was used for comparison 

between groups. Categorical variables were described 

by cases (%), and2 test was performed for comparison 

between groups. Multivariate logistic regression was 

used to screen the independent risk factors for in-

hospital death in septic AKI patients, and a prediction 

model was established accordingly. The model was 

evaluated using the ROC curve. P<0.05 was considered 

as statistically significant difference. 

 

2 Results 
 

2.1 Univariate analysis of death in patients with 

sepsis combined with AKI  

 
Compared with the survival group, the death group 

accounted for a significantly higher proportion of 

advanced age (>70 years), coronary heart disease, AKI 

stage III, high SOFA score, elevated lactate levels, 

increased PCT, IL-17, fibrinogen, APTT levels, and 

decreased albumin levels, and the difference was 

statistically significant (P<0.05). The difference between 

the two groups in terms of gender and underlying 

coexisting diseases was not statistically significant 

(P>0.05). [Table 1] 

 
Tab.1 Comparison of clinical data between the death group and 

the survival group  

Item Death group 

(n=122) 

Survival 

group 

(n=256) 

t/χ2 

value 

P 

value 

Sex [cases (%)]   1.131 0.288 

  male 78 (63.93) 149 (58.20)   

  female 44 (36.07) 107 (41.80)   

Age [cases (%)]   5.648 0.018 

  ≤ 70 years 32 (26.23) 99 (38.67)   

  >70 years old 90 (73.78) 157 (61.33)   

Diabetes mellitus [cases 

(%)] 

43 (35.25) 77 (30.08) 1.018 0.312 

Hypertension [cases (%)] 50 (40.98) 81 (31.64) 3.185 0.074 

Coronary heart disease 

[cases (%)] 

23 (18.85) 26 (10.16) 6.154 0.013 

Smoking [cases (%)] 48 (39.34) 91 (35.54) 0.512 0.474 

Alcohol consumption 

[cases (%)] 

49 (40.16) 112 (43.75) 0.435 0.510 

AKI staging [cases (%)]   36.008 <0.001 

Ⅰ 24 (19.67) 115 (44.92)   

II 36 (29.51) 84 (32.81)   

III 62 (50.82) 57 (22.27)   

APACHE II ( x±s) 27.35±5.84 26.13±5.37 1.952 0.052 

SOFA ( x±s) 10.53±2.76 9.11±2.32 5.091 0.000 

Platelets (×109 /L, x±s) 116.33±27.91 122.15±30.06 1.746 0.082 

Albumin (g/L, x±s) 28.89±5.17 30.12±4.94 2.167 0.031 

Leukocytes (×109 /L, x±s) 14.98±3.56 14.21±3.69 1.862 0.064 

ALT (U/L, x±s) 36.17±7.62 34.92±8.15 1.380 0.168 

AST (U/L, x±s) 43.78±12.39 41.80±10.11 1.610 0.108 

Uric acid (μmol/L, x±s) 323.59±68.13 308.77±72.16 1.843 0.066 

Lactate (mmol/L, x±s) 2.60±0.51 2.48±0.49 2.135 0.033 

CRP (mg/L, x±s) 49.38±12.17 47.56±10.91 1.421 0.156 

PCT (ng/mL, x±s) 3.82±1.13 3.29±0.84 4.990 <0.001 

IL-17 (ng/L, x±s) 32.12±7.91 30.40±6.58 2.166 0.031 

Fibrinogen (g/L, x±s) 4.80±1.22 4.29±1.43 3.287 0.001 

D-dimer (mg/L, x±s) 4.21±0.95 4.10±0.92 1.045 0.297 

PT (s, x±s) 21.59±5.83 20.37±5.56 1.908 0.057 

APTT (s, x±s) 41.32±6.76 38.67±5.49 3.962 <0.001 

 

2.2 Multivariate analysis of death in patients with 

sepsis combined with AKI  
 

Indicators with P <0.05 in the univariate analysis 

were further screened for factors influencing in-hospital 
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death in patients with sepsis combined with AKI using 

multivariate logistic regression. The variable assignments 

are shown in Table 2. The results showed that age >70 

years, SOFA score >10, PCT >3.67 ng/mL, AKI stage III, 

and APTT >40 s were independent risk factors for all-cause 

mortality during hospitalization in elderly patients with 

sepsis-combined AKI (P<0.05). [Table 3] 

 
Tab. 2 Multivariate analysis variables for mortality in sepsis 

patients with AKI 

Variables Description of the assignment 

Y (dependent variable) Death during hospitalization = 1, 

survival = 0 

Independent variable  

X1 (age) >70 years = 1, ≤70 years = 0 

X2 (coronary heart disease) Yes = 1, No = 0 

X3 (AKI staging) Phase III = 1, I-II = 0 

X4 (SOFA) >10 points = 1, ≤10 points = 0 

X5 (Albumin) >30 g/L=1, ≤30 g/L=0 

X6 (lactate) >2.56 mmol/L=1, ≤2.56 mmol/L=0 

X7 (PCT) >3.67 ng/mL=1, ≤3.67 ng/mL=0 

X8 (IL-17) ＞32 ng/L=1, ≤32 ng/L=0 

X9 (fibrinogen) ＞4.50 g/L=1, ≤4.50 g/L=0 

X10 (APTT) ＞40 s=1, ≤40 s=0 

 
Tab. 3 Multivariate logistic regression analysis of mortality in 

sepsis patients with AKI 

Variables β SE Wald OR (95% CI) P value 

Constant -1.722 0.442 15.212 -  

Age 0.327 0.126 6.718 1.387 (1.083-1.776) 0.009 

AKI staging 0.696 0.188 13.716 2.006 (1.388-2.899) <0.001 

SOFA 0.583 0.177 10.811 1.791 (1.266-2.536) 0.001 

PCT 0.440 0.146 9.057 1.553 (1.166-2.068) 0.003 

APTT 0.255 0.110 5.348 1.290 (1.040-1.602) 0.021 

 

2.3 Prediction model  

 
According to the results of multivariate analysis, 

assuming that the risk index of hospitalized death in 

patients with sepsis combined with AKI is C-index, it can 

be seen that C-index = -1.722 + 0.327 × (age) + 0.696 × 

(AKI stage) + 0.583 × (SOFA) + 0.440 × (PCT) + 0.255 × 

(APTT). ROC curve showed that the AUC of C-index for 

predicting in-hospital death in elderly patients with sepsis 

combined with AKI was 0.876 (95% CI: 0.837-0.915), 

with an accuracy of 81.22%, a sensitivity of 78.69%, and 

a specificity of 82.42%, as shown in Figure 1. 

 

 
Fig.1 ROC curve for predicting in-hospital mortality in elderly 

sepsis patients with AKI using the model 

3 Discussion 

 
Sepsis in elderly has its own characteristics, such as 

atypical symptoms, susceptibility to multi-organ disorder, 

and the occurrence of AKI is more common. After the 

emergence of AKI, due to the sharp decline in renal 

function, it can lead to various metabolic toxic substances 

can not be excreted from the body and re-enter the 

circulation, which then exacerbates the severity of sepsis 

and further aggravates the multi-organ damage, and even 

leads to the death of the patient. Reports show that AKI is 

an independent risk factor for sepsis death, and the 

mortality rate can reach 80% if hemodialysis is needed[1]. 

In clinical practice, the mortality during hospitalization of 

patients with sepsis AKI varies in different studies due to 

factors such as patients' underlying conditions, medical 

conditions, and disease severity. White et al.[5] in a 

retrospective cohort study included 84,528 patients in 12 

ICUs from 2015 to 2021, of which 13,451 met the 

diagnostic criteria for sepsis combined with AKI, and the 

mortality rate of such patients had a mortality rate of 18% 

during hospitalization. A study included 2,192 patients 

with sepsis-combined AKI in the MIMIC-IV database 

between 2008 and 2019, and the mortality rate during 

hospitalization ranged from 28.3% to 41.3%. The results 

of this study showed that 32.28% of patients with sepsis 

combined with AKI died during hospitalization, which is 

in line with the above report and similar to the results of 

previous data from our center (35.23%) [6], suggesting that 

patients with sepsis combined with AKI still face a high 

threat of death during hospitalization, and that it is 

important to strengthen the identification of high-risk 

groups. 

The results of this study showed that age >70 years, 

SOFA score >10, PCT >3.67 ng/mL, AKI stage III, and 

APTT >40 s were independent risk factors for all-cause 

mortality during hospitalization in elderly patients with 

sepsis combined with AKI. Advanced age is one of the 

susceptibility factors for AKI, with age, multiple organ 

functions gradually decrease, and most of them are 

combined with underlying diseases, which further increase 

the damage to the kidneys[10]. In addition, after the 

development of AKI, elderly people may be unfavorable to 

early diagnosis and treatment due to the fact that their 

symptoms are masked by the underlying diseases, which 

increases the risk of death. A study based on the clinical 

data of 14,240 patients with sepsis in the MIMIC-IV 

database analyzed the risk factors for death in such patients 

and found that advanced age directly increased both 

immediate and long-term mortality[11]. A retrospective 

cohort study found that age >70 years was an independent 

risk factor for sepsis death in the elderly, and a model based 

on five indicators, including age and lactate, allowed early 

identification of individuals at high risk of death[12]. 

Clinical management of elderly patients with sepsis AKI 

should be strengthened and renal function should be 

closely monitored for early identification of individuals at 

high risk of death. 

The SOFA score is the most commonly used clinical 

system for assessing critical illness and its severity, and it 
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is particularly applicable to patients with organ failure. He 

et al. [13] evaluated the correlation between the SOFA 

score and AKI due to sepsis by using different machine 

learning models, and found that the change in the SOFA 

score from day 1 to day 3 could help to predict the onset of 

acute kidney disease including AKI, and it has a good 

recognition value for AKI. Luo et al. [14] in their study 

based on the clinical data of 12,132 patients with sepsis-

induced AKI from the MIMIC-IV database, found that as 

the SOFA score increased, the in-hospital mortality 

increased. Previous studies have shown that monitoring 

SOFA changes can help in early identification of trends in 

renal function in patients with sepsis-induced AKI and 

early development of interventions[6]. Screening of 

patients with septic AKI is facilitated by SOFA score in 

order to identify individuals at high risk of death. 

PCT is a traditional inflammatory marker and injury 

due to inflammatory response plays a dominant role in the 

development of AKI, and the index has a higher specificity 

for sepsis, and its level changes significantly only in severe 

infections. Therefore, an elevated level of PCT suggests 

that there is a high level of inflammatory response in the 

patient, and their risk of AKI increases. Xu et al. [6] 

showed that PCT was an independent risk factor for death 

in patients with sepsis-associated AKI, with a 39.8% 

increase in the risk of in-hospital death for each unit of 

elevation. Lai et al. [15] constructed a model based on PCT, 

hypertension, diabetes mellitus and C-reactive protein that 

had a high discriminatory ability for individuals with 

sepsis-associated AKI and death at 28 days. The effect of 

PCT on the predictive ability of the model has the most 

significant effect on the predictive ability of the model. The 

inflammatory state of patients with sepsis-associated AKI 

combined with elevated PCT should be promptly corrected 

to reduce mortality. 

AKI staging measures changes in renal function, with 

higher stages indicating more severe renal injury and 

causing irreversible damage and increased risk of death. 

Xing et al.[11] analyzed the causes of death in elderly 

sepsis patients and found that the proportion of AKI stage 

III was significantly higher in the death group, and after 

correcting for confounders, sepsis patients with AKI stage 

III were found to have a 98.2% increased risk of death. A 

cohort study based on 2,066 patients with sepsis combined 

with AKI from the MIMIC III database showed a 

significant positive correlation between AKI stage and risk 

of death[16]. Therefore, patients with higher AKI stage 

should be actively intervened to prevent further 

progression of the disease. 

Abnormal coagulation is one of the common systemic 

manifestations in sepsis patients and is closely related to 

disease regression, manifested by prolonged APTT and PT, 

low platelet counts, and a hypercoagulable state of the 

blood leading to microthrombosis, which further 

aggravates renal lesions and systemic multiorgan damage. 

A study included 615 patients admitted to ICU with sepsis 

and showed that elevated APTT was an independent risk 

factor for developing AKI and had a predictive value for 

the risk of near-term mortality in patients with septic AKI 

[15]. A retrospective cohort study showed that among 

septic AKI patients, the death group had a higher level of 

APTT than the survival group, and there was a positive 

correlation between prolonged APTT and significantly 

shorter survival rate and survival time, and multivariate 

analysis confirmed that an APTT of >40 s was an 

independent risk factor for death in septic AKI patients[17]. 

It is suggested that monitoring the changes of coagulation 

indexes in septic AKI patients can help to predict their 

clinical regression. 

Currently, researchers have developed many models 

for sepsis, such as Xing et al.[11] established a prediction 

model for all-cause mortality during hospitalization for 

elderly sepsis based on age, lactate, and AKI stage. Li et al. 

[18] developed a prediction model for the occurrence of 

AKI in sepsis patients, and they pointed out that the 

inflammatory state should be corrected in time to reduce 

the occurrence of AKI. Lin [19] and Zhao et al. [20] 

developed a column chart of 28-d mortality in patients with 

sepsis-induced AKI based on the screening of clinical data, 

which could help to identify patients at high risk of death 

at an early stage. However, both studies did not target the 

elderly, and the sample sizes were small, resulting in 

unstable analysis results. In the present study, we 

established a prediction model of death during 

hospitalization in elderly patients with sepsis-induced AKI, 

which consisted of 5 indicators, namely, age, SOFA score, 

PCT, AKI stage, and APTT, which could assess the 

severity of sepsis and renal lesions from multiple 

dimensions and then predict the risk of death, and was 

evaluated to have a high accuracy in identifying high-risk 

patients, which has a potential value for clinical application. 

In summary, a prediction model based on age, SOFA 

score, PCT, AKI stage, and APTT can help in early 

identification of elderly patients with sepsis combined with 

AKI who are at high risk of death during hospitalization 

and thus early intervention. Since the model component 

indicators are all readily available, it is expected to offer 

healthcare providers a practical tool that can transform 

patient care and ultimately improve clinical prognosis. 

However, due to the lack of an independent dataset to 

externally validate the model in this study, the exact 

conclusions still require in-depth research. 
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