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Objective: To explore the serial measurement of heparin-binding protein and D-dimer in the prediction of 28-day mortality and 
efficacy evaluation of critically-ill patients with sepsis.
Methods: We recruited a total of 51 patients with sepsis in the ICU of our hospital. They were divided into a survival group or a death 
group according to their prognosis 28 days after treatment. The HBP and D-dimer levels in these patients were determined on the 1st 
(24h), 3rd, and 5th days. Besides, the sequential organ failure assessment (SOFA) score of these patients was recorded at admission. 
The patients in both groups were subjected to comparison regarding HBP and D-dimer levels and SOFA scores within 24h of 
admission. Additionally, a correlation between the levels of HBP and D-dimer and the SOFA score was statistically measured, while 
the predictive effectiveness of these factors for the prognosis of patients with sepsis was also determined. Moreover, the dynamic 
changes in HBP and D-dimer during the treatment of both groups were analyzed.
Results: The HBP and D-dimer levels and the SOFA scores in the survival group were considerably lower than those in the death 
group, and the differences were statistically significant (P<0.05). Additionally, the levels of HBP and D-dimer in sepsis patients were 
positively correlated with the SOFA score (P<0.05). The area under the curve (AUC) of HBP, D-dimer, and their combination in 
predicting the prognosis of patients with sepsis was 0.824, 0.771, and 0.830, respectively. Besides, the sensitivity and specificity of 
their combination in predicting the prognosis of patients with sepsis were 68.42% and 92.31%, respectively. The HBP and D-dimer 
levels presented a downward trend in the survival group during treatment, while they exhibited an upward trend in the death group.
Conclusion: HBP and D-dimer realize high predictive effectiveness for the prognosis of patients with sepsis, while the combined use 
of these two factors achieves superior effectiveness. Thus, they can be applied to the prediction of 28-day mortality and efficacy 
evaluation of sepsis patients.
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Introduction
Sepsis is an inflammatory response syndrome that is caused by numerous infectious factors and mediated by various 
inflammatory reaction substances. The disease is a life-threatening organ dysfunction caused by maladjustment of the 
host’s immune response to infection.1,2 It affects millions of people all over the world every year, accounting for between 
one-sixth and one-third of all deaths. Cases of sepsis have witnessed increasing incidence in recent years,3 and it has 
become a global burden in critical medicine. Patients with sepsis usually present rapid progression and it is difficult to 
achieve favorable outcomes. Therefore, early diagnosis, efficacy monitoring, and prognosis assessment are of great 
clinical significance for the prevention of sepsis.4 Biomarkers have been used to assist with the diagnosis of sepsis as well 
as determining the severity of the disease.5 In the past decade, researchers have verified that conventional cell blood 
count (CBC) parameters are effective biomarkers for the screening of septicemia.6 Besides, emerging biological markers 
such as pentraxin-3 (PTX3),7 clusterin,8 IL-18,9 and circRNA-miRNA-lncRNA networks10 can also be used to obtain 
prognostic information on patients with sepsis, thereby providing guidance and monitoring for relevant treatment. 
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Heparin-binding protein (HBP) is a novel biomarker related to infectious diseases. As an acute phase protein (APP), HBP 
can be used to effectively assess the severity of sepsis. Besides, it is more crucial in the early diagnosis and efficacy 
monitoring of patients with septic shock.11,12 As revealed by a previous study,13 patients with sepsis suffer from varying 
degrees of coagulation dysfunction. D-dimer is a specific degradation product derived from the hydrolysis of cross-linked 
fibrin by fibrinolytic enzymes. Moreover, it is a molecular marker of hypercoagulability and secondary hyperfibrinolysis 
in the body. Thus, D-dimer expression effectively reflects the severity of sepsis, so it can be used as an index for the 
efficacy monitoring and prognosis assessment of sepsis. Sepsis is an infection associated with organ failure and it is 
a pathogenic factor that causes sequential organ failure. Clinically, the sequential organ failure assessment (SOFA) score 
(previously known as the sepsis-related organ failure assessment score) is generally applied to the prognosis assessment 
of patients with multiple organ failure. This assessment system dynamically reflects changes in organ function and has 
been widely used in the classification and prognosis assessment of critically ill patients.14–16 In this study, the HBP and 
D-dimer levels in patients with sepsis were detected and the SOFA score was calculated to establish a correlation 
between HBP and D-dimer levels and the SOFA score. Also, we aimed to identify the predictive value of these factors for 
assessing the severity of sepsis and relevant efficacy.

Materials and Methods
Samples
This study was a prospective study. We included a total of 51 patients with sepsis who were admitted to the ICU of our 
hospital from January 2019 to September 2022. The cohort comprised 27 males and 24 females, with an age of 55.24 
±16.24 years, ranging from 24 to 88 years old. These patients were diagnosed and treated for sepsis according to existing 
conventions.17 The inclusion criteria included:① Patients aged over 18 years; ② Patients admitted to the ICU for the 
first time; ③ Patients with complete clinical data. The exclusion criteria were: ① Patients who died of illness within 24h; 
② Patients requiring large-volume blood transfusions; ③ Patients with blood system diseases; ④ Patients with 
advanced-stage tumors; ⑤ Patients with severe organ dysfunction or immunodeficiencies. The patients were divided 
into a survival group (n = 38) and a death group (n = 13), according to their prognosis 28 days after treatment. The 
enrollment and research processes are presented in Figure 1.

Instruments and Consumables
A Jet-iStar3000 automatic immune analyzer and heparin-binding protein detection reagents (batch number: 
HBP2206005F) were purchased from Joinstar Biomedical Technology Co., Ltd. (China). Besides, a Sysmex CS5100 
automatic coagulation analyzer and D-dimer detection reagents (reagent batch number: 568,816; buffer batch number: 
569,216; supplement batch number: 56,938,816; diluent batch number: 5,689,816; calibrator batch number: 569,416) 
were procured from Sysmex Medical Electronics (Shanghai) Co., Ltd.

Methods
On the 1st, 3rd, and 5th day after admission, peripheral blood samples were collected and placed in a vacuum blood 
collection tube with sodium citrate in a 1:9 ratio, two tubes per patient. After the samples were statically cultured for 
30min, they were centrifuged at 2000g for 10min. Then, the levels of HBP and D-dimer were detected using theJet- 
iStar3000 automatic immune analyzer and Sysmex CS5100 automatic coagulation analyzer, respectively. Subsequently, 
the SOFA scores for all patients were calculated within 24h. The overall SOFA score is based on six individual scores for 
the respiratory, hepatic, coagulation, cardiovascular, renal, and neurological systems. The score of each organ function 
was 0–4 points, where lower scores indicated lower disease severity.

Statistical Analysis
Data processing was performed using SPSS 26.0. Besides, the Shapiro–Wilk test was applied to confirm whether the 
continuous variables followed a normal distribution. The data with normal distribution were expressed as x�s. Additionally, 
the independent samples t-test was performed to draw a comparison between the two groups and the chi-square test was 
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carried out to compare the rates. Moreover, the enumeration data were analyzed using the Mann–Whitney Wilcoxon rank 
sum test. The correlation between HBP and D-dimer levels and the SOFA scores was tested with the Pearson correlation 
coefficient as a basis. Also, receiver operating characteristic (ROC) curves were plotted to analyze the predictive value of 
these factors for the prognosis of patients with sepsis. P< 0.05 indicated that the difference was statistically significant.

Results
Comparison of General Data Between Both Groups
There was no significant difference in gender, age, and primary disease between the two groups (P> 0.05). However, the 
ICU stay of patients in the survival group was significantly shorter than that of patients in the death group (P< 0.05), as 
presented in Table 1.

Comparison of HBP and D-Dimer Levels and SOFA Score Between Both Groups
The levels of HBP and D-dimer and the SOFA score in the survival group were substantially lower than those in the 
death group (P<0.05), as Table 2 shows.

Figure 1 Flowchart of the recruitment and review process for patients with sepsis in intensive care units.
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Correlation Analysis
Table 3 indicates that the levels of HBP and D-dimer were positively correlated with the SOFA score in patients with 
sepsis (P<0.05).

Predictive Value of HBP and D-Dimer Levels for the Prognosis of Patients with Sepsis
Results from the ROC curve analysis showed that the AUC of HBP, D-dimer, and their combination in predicting the 
prognosis of patients with sepsis was 0.824 (95% CI: 0.690–0.958), 0.771 (95% CI: 0.634–0.909), and 0.830 (95% CI: 

Table 1 Comparison of General Data Between Both Groups

Item Survival Group Death Group χ2/t P

Cases (n) 38 13 – –

Gender (n/%) Male 20(52.6) 7(53.8) χ2=0.006 0.940

Female 18(47.4) 6(46.2)

Age (x�s, years) 55.21±16.93 55.31±14.64 t=−0.018 0.985

Hospital stay (x�s, days) 7.61±2.24 10.38±2.66 t=−3.684 0.001

Primary Disease (n/%) Digestive diseases 10(26.32) 4(30.77) χ2 = −0.248 0.804

Respiratory diseases 14(36.84) 4(30.77)

Urinary diseases 6(15.79) 2(15.38)

Other diseases 8(21.05) 3(23.08)

Pathogens tested for by clinical laboratory (n/%) Bacterium 30(78.95) 10(76.92) Z=−0.227 0.821

Virus 5(13.16) 2(15.38)

Both bacterium and virus 2(5.26) 1(7.69)

Neither bacterium nor virus 1(2.63) 0(0)

Table 2 Levels of HBP and D-Dimer and SOFA Scores for Both Groups at Admission (x�s)

Item Survival Group Death Group t P

Cases (n) 38 13 – –

HBP (μg/L) 83.08±14.85 115.40±31.53 −3.563 0.003

D-dimer (mg/L FEU) 2.54±0.54 3.09±0.61 −2.914 0.005

SOFA Score 7.97±1.57 11.46±3.78 −3.235 0.006

Table 3 Correlation Between the Levels of 
HBP and D-Dimer and the SOFA Score in 
Both Groups at Admission

Item SOFA Score

r P

HBP 0.720 <0.001

D-dimer 0.592 <0.001
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0.700–0.960), respectively. Additionally, the sensitivity of HBP and D-dimer in predicting the prognosis of patients with 
sepsis was 69.23% and 68.42%, respectively. Also, the specificity of HBP and D-dimer in predicting the prognosis of 
sepsis patients was 69.23% and 76.92%. The sensitivity and specificity of their combination in predicting the prognosis 
of patients with sepsis were 68.42% and 92.31%, respectively, as Table 4 and Figure 2 illustrate.

Dynamic Changes in the Levels of HBP and D-Dimer in Both Groups
The levels of HBP and D-dimer exhibited a downward trend in the survival group during treatment, while they presented 
an upward trend in the death group (Figure 3).

Table 4 Predictive Value of HBP and D-Dimer for the Prognosis of Patients with Sepsis

Item Cut off 
Point

AUC 95% CI Standard 
Error

P Sensitivity 
(%)

Specificity 
(%)

Lower 
Limit

Upper 
Limit

HBP (μg/L) 114.40 0.824 0.690 0.958 0.068 0.001 69.23 69.23

D-dimer (mg/L FEU) 2.61 0.771 0.634 0.909 0.070 0.004 68.42 76.92

Combination of HBP and 

D-dimer

– 0.830 0.700 0.960 0.066 <0.001 68.42 92.31

Figure 2 ROC curves of HBP, D-dimer, and their combination.
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Discussion
Sepsis is a common cause of death in critically ill patients and it involves individuals with a wide range of conditions. 
Patients with chronic diseases or immunodeficiencies, those who have undergone a splenectomy, and those aged under 
1 year old or over 60 years old have a higher risk of contracting sepsis. Sepsis is commonly caused by pneumonia, 
urinary tract infections, abdominal infections, blood flow infections, skin or soft tissue infections, meningitis, viral 
infections, and other factors. Almost 50 million patients are newly diagnosed with sepsis worldwide every year, 
approximately 20% of all fatalities are related to sepsis and up to 50% of survivors suffer from physical and emotional 
pain in the long term.18 Since there are many complex influencing factors for sepsis, disease monitoring and prognosis 
assessment remain difficult problems in the ICU.5 Currently, sepsis risk, prognosis assessment, and disease monitoring 
are the primary focus of clinical research in this field. Accurate disease condition assessment and prognosis facilitate the 
provision of better treatment protocols and improve the diagnosis and management of this disease.

The occurrence of sepsis is influenced by several complex factors and its early clinical diagnosis and prognosis 
assessment pose serious challenges in the ICU. Although researchers have made several advances in the mechanism and 
clinical treatment of sepsis, the morbidity and mortality rates of this disease have not been successfully reduced. Early 
diagnosis and effective symptomatic treatment significantly improve clinical outcomes. However, there are several 
limitations for traditional infection biomarkers such as CRP, PCT, and WBC in the diagnosis and treatment of sepsis. 
Therefore, it is essential to explore new biological indicators with high diagnostic effectiveness for the efficacy 
observation and prognosis assessment of sepsis. HBP, a granular protein derived from neutrophils, has attracted much 
attention due to its antibacterial properties. After neutrophils are activated by chemokines, vesicles are rapidly secreted, 
releasing HBP. This leads to endothelial cytoskeleton rearrangement and cell contraction, thereby increasing endothelial 
permeability. As an inducer, HBP recruits more white blood cells to the infected sites, which further enhances immune 
response. Increased vascular endothelial permeability and over-activated immune response are important forms of 
pathogenesis in organ dysfunction and shock in patients with sepsis.19,20 According to a previous study,21 HBP has 
excellent predictive value for sepsis in the early stages of the disease and it is closely related to circulatory failure. In 
patients with sepsis, after inflammatory cells are activated, the coagulation system in the body is activated via various 
routes. Subsequently, anticoagulants are generated in the body to initiate the fibrinolytic system, resulting in micro-
thrombosis in the blood vessels and generating large amounts of D-dimer.22 Additionally, disseminated intravascular 
coagulation (DIC) may occur in patients with severe conditions. In this study, one patient died as a result of DIC.

According to the findings of this study, the levels of HBP and D-dimer and the SOFA score in the survival group are 
significantly higher than those in the death group. According to the dispersion trends of both groups, the variability of 
these factors in the survival group is smaller than in the death group, which indicates that HBP and D-dimer are closely 
related to sepsis. This result is consistent with the findings of previous studies (Zhang23 and Lu24), which suggested that 
the expression of these factors in the death group was higher. As the diagnostic standard of sepsis, the SOFA score is 

Figure 3 Dynamic changes in HBP and D-dimer levels in both groups within 5 days of admission. 
Note: (A) HBP; (B) D-dimer.
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calculated according to the severity of organ failure and it is the predictor with the highest correlation in patients with 
sepsis. The correlation analysis indicates that HBP and D-dimer levels are positively correlated with the SOFA score, 
while HBP is more effective than D-dimer. This suggests that HBP better reflects the severity of organ failure in patients 
with sepsis, which is consistent with the conclusions of a recently published multicenter study of patients in the 
emergency department.21 This may be because HBP is rapidly mobilized from neutrophils under migration to cope 
with bacterial infection when it occurs in the body. HBP induces vascular leakage and edema and has pro-inflammatory 
effects on several kinds of leukocytes and epithelial cells. However, D-dimer can only be produced after several steps, 
such as when the coagulation system is activated by inflammatory factors. Additionally, results from the ROC curve 
analysis indicate that both HBP and D-dimer have high diagnostic effectiveness and can be used to predict the outcome 
of patients with sepsis. Moreover, the AUC of HBP is larger than that of D-dimer, demonstrating that HBP is more 
effective in the diagnosis of this disease. This further confirms the value of using both HBP and D-dimer for predicting 
the prognosis of patients with sepsis. These results are generally consistent with the findings of Zhang23 and Lu.24 The 
results from the analysis and comparison in this study revealed that the AUC of the combined use of HBP and D-dimer in 
predicting the prognosis of patients with sepsis has the largest value (0.830). This indicates that combining HBP and 
D-dimer achieves higher predictive effectiveness for the prognosis of patients with sepsis. Thus, this combined method 
provides superior support for doctors in prognosis assessment and treatment guidance.

The dynamic changes in HBP and D-dimer levels in patients with sepsis reveal that the levels of both substances 
present a downward trend in the survival group, while they show an upward trend in the death group. This suggests that 
high-frequency dynamic monitoring of HBP and D-dimer can be used to continually evaluate treatment efficacy. Based 
on this, treatment plans can be optimized according to changes in HBP and D-dimer expression, thereby avoiding 
deterioration in the patient’s condition. In theory, the rate of change in HBP and D-dimer expression should correlate 
positively with the therapeutic effect. However, the patients in this study suffered from severe sepsis with complex 
conditions and the study was performed with a small sample size in a single center. As a result, we did not detect 
a relationship between the rate of change in HBP and D-dimer expression and the therapeutic effect. Also, the different 
half-lives and baseline values of HBP and D-dimer may explain this result. Although we confirmed that HBP and 
D-dimer can be applied to prognosis assessment and efficacy monitoring in sepsis, some limitations remain in this study. 
First, increases in HBP and D-dimer levels are also often detected in patients with non-infectious diseases in the ICU (eg, 
trauma, acute pancreatitis, respiratory and cardiac arrest, and other circulatory failure). This reduces the specificity of 
HBP and D-dimer as sepsis biomarkers. Additionally, the complex and diverse etiology and pathogenesis of sepsis also 
lead to poor sensitivity to HBP and D-dimer. Furthermore, the clinical value of this small sample study based on a single 
center needs to be verified through an exploration based on a larger sample size. In summary, HBP and D-dimer in 
combination with classical methods and new biomarkers can be employed to assist in the treatment of patients with 
severe sepsis.

Conclusions
As common clinical indicators for predicting sepsis, both HBP and D-dimer have high diagnostic effectiveness. 
Furthermore, the combined application of these two biomarkers can achieve favorable effects. In clinical practice, the 
combined application of these two biomarkers with the SOFA score and other indicators can predict the 28-day mortality 
and monitor the curative effect of treatment on patients with severe sepsis. Also, dynamic monitoring of HBP and 
D-dimer can quickly determine the prognosis and predict the treatment effect. These findings can be applied in clinical 
treatment, allowing clinicians to comprehensively evaluate the condition of patients and promptly improve therapeutic 
regimens, thereby improving the prognosis of patients with sepsis.

Data Sharing Statement
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