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Abstract

Introduction: This study evaluated the prognostic value of serum cytokines tumor necrosis factor-alpha (TNF-a), procalcitonin (PCT),
interleukin-8 (IL-8), and heparin binding protein (HBP); combined with acute physiology and chronic health evaluation IT (APACHE II) score
in sepsis patients.

Methodology: Patients were divided into sepsis and septic shock groups based on sepsis-3 criteria, with non-sepsis individuals as controls.
Serum TNF-a, PCT, IL-8, and HBP levels; and APACHE II scores were recorded upon intensive care unit (ICU) admission. The diagnostic
value was evaluated using receiver operating characteristic (ROC) curves and areas under the curves (AUCs).

Results: Correlation analysis revealed that serum TNF-a (r = 0.701), PCT (r = 0.623), IL-8 (r = 0.617), and HBP (r = 0.721) were positively
correlated with the APACHE II score (p < 0.05). Serum TNF-a, PCT, IL-8, HBP levels, and APACHE II scores were significantly higher in
non-survivors than survivors (p < 0.05). The AUC for combined indicators in predicting mortality was 0.913 (confidence interval, CI: 0.861—
0.912), significantly higher than individual indicators. HBP showed AUC of 0.798 (CI: 0.707-0.879) and APACHE II1 0.769 (CI: 0.782-0.892).
The combined prediction demonstrated 96.21% sensitivity and 79.34% specificity.

Conclusions: Serum TNF-o0, PCT, IL-8, and HBP levels influenced sepsis patient prognosis, and their combined detection with APACHE II

score provided a high predictive value for patient outcomes.
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Introduction

Sepsis is a life-threatening condition characterized
by a dysregulated host response to infection, leading to
organ dysfunction. The pathophysiology involves
complex interactions between the immune system,
coagulation cascade, and endothelial dysfunction [1].
The global incidence of sepsis in 2017 was estimated to
be 677.5 cases per 100,000, and the age-standardized
mortality was 148.1 cases per 100,000, accounting for
19.7% of all deaths in the world [2]. A meta-analysis
showed that the 30-day mortality of sepsis was 29.5%
in China, which was higher than that in European and
American countries (24.4%) [3]. The higher mortality
rate of sepsis in China compared with western countries
highlights the urgent need for improved prognostic
tools and management strategies specific to the Chinese
population. This disparity may be due to differences in
healthcare systems, treatment protocols or genetic
factors; underscoring the importance of developing
tailored approaches for sepsis management in China.

Clinical biomarkers are of great significance in
improving the accuracy of early diagnosis, determining

the severity of diseases, predicting the prognosis, and
instructing the treatment of diseases. The biomarkers
currently used for the diagnosis of sepsis include white
blood cell count, neutrophil percentage, erythrocyte
sedimentation  rate, C-reactive  protein, and
inflammatory cytokine interleukin-6 (IL-6) [4].
However, the diagnostic specificity of these indicators
for sepsis is poor. Timely prognostic prediction in
patients with sepsis is critical to improve the success
rate of sepsis treatment.

The acute physiology and chronic health evaluation
IT (APACHE 1I) score is currently used to predict the
prognosis of patients with sepsis in clinical practice [5].
Tumor necrosis factor-alpha (TNF-a) is produced by
activated monocytes/macrophages in the early stages of
inflammatory response. It can activate various signal
transduction pathways and induce the production of
downstream cytokines, exerting extensive biological
activities that affect the progression of sepsis [6].
Procalcitonin (PCT) is one of the biomarkers of early
cell infection and can effectively reflect the infection
and inflammatory response [7]. Interleukin-8 (IL-8) is a
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cytokine involved in the comprehensive process of
systemic inflammatory response. Studies have shown
that the level of IL-8 changes significantly in patients
with sepsis and septic shock [8]. Heparin-binding
protein (HBP) is a neutrophil granule protein that has
been increasingly recognized as an important
inflammatory biomarker in severe sepsis and septic
shock [9]. It can be used to predict the development and
progression of circulatory failure, respiratory failure,
acute kidney injury, and organ dysfunction in patients
with sepsis [10].

The objective of this study was to evaluate the
prognostic value of combining serum TNF-a, PCT, IL-
8, and HBP levels with the APACHE 1I score in patients
with sepsis. We hypothesized that this combination
provides superior prognostic accuracy compared with
individual markers or APACHE II score alone, thereby
improving risk stratification and potentially guiding
clinical decision-making in sepsis management.

Methodology
Study participants

A total of 172 patients with sepsis admitted to
Ganzhou People's Hospital between January 2019 and
July 2023 were selected and divided into the sepsis
group (n = 104) and the septic shock group (n = 68)
according to the sepsis-3 diagnostic criteria [1].

The inclusion criteria were as follows: (1) patients
who met the sepsis-3 criteria of life-threatening organ
dysfunction caused by a dysregulated host response to
infection, with organ dysfunction defined as an acute
change in total sequential organ failure assessment
score > 2 points consequent to the infection; (2) septic
shock was defined as a subset of sepsis in which
underlying circulatory and cellular metabolism
abnormalities are profound enough to substantially
increase mortality, identified by a vasopressor
requirement to maintain a mean arterial pressure of 65
mm Hg or greater and serum lactate level greater than 2
mmol/L in the absence of hypovolemia; (3) patients
aged > 18 years; (4) patients whose complete clinical
data were available; and (5) patients or family members
were informed and signed consent forms.

The exclusion criteria were as follows: (1) patients
who died within 24 hours after admission to the
intensive care unit (ICU); (2) patients with
complications of malignant tumors or hematopoietic or
immune system damage; (3) patients who were
pregnant and lactating; (4) patients in the end stages of
chronic  diseases; (5) patients with severe
cardiovascular or cerebrovascular diseases; and (6)
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patients with a history of immunosuppressive therapy
within the last 3 months.

A total of 102 individuals without acute illness or
known chronic diseases undergoing routine health
check-ups during the same period were randomly
selected as the non-sepsis control group. The exclusion
criteria for the control group were the same as for the
patients with sepsis. This study was approved by the
ethics committee of the hospital.

Data collection

Baseline data of patients, including gender, age,
body mass index (BMI), vital signs (body temperature,
heart rate, mean arterial pressure, systolic and diastolic
blood pressure measured immediately after admission
to the ICU), and underlying diseases, were collected.
All  baseline demographic data and clinical
characteristics, cytokine levels, and APACHE II scores
were collected simultaneously upon admission to the
ICU.

Scoring criteria

The APACHE II scores of patients were evaluated
immediately after admission to the ICU. A total of 11
physiological parameters in three aspects — acute
physiology, chronic health, and age — were scored,
with a total score of 0-71 points. Higher scores
indicated more severe conditions [11].

Measurement of serum TNF-a, PCT, IL-8, and HBP
levels

Venous blood samples were collected from patients
immediately after admission to the ICU. The blood
samples were allowed to clot for 60 minutes at room
temperature before centrifugation. The samples were
then centrifuged at 3,000 g for 15 minutes to separate
the serum. The levels of serum TNF-o and IL-8 were
determined using enzyme-linked immunosorbent assay
(ELISA) kits (TNF-a: DTA00D, IL-8: D8000C; R&D
Systems, Minneapolis, MN, USA). The HBP was
measured using an ELISA kit from Hycult Biotech
(HK368-01; Hycult Biotech, Wayne, PA, USA). The
PCT was measured using an electrochemiluminescence
immunoassay on a Roche Cobas €601 analyzer (Roche
Diagnostics, Basel, Switzerland). All testing personnel
were professionally trained, and all patient-related
operations were performed by the same group of testing
personnel to avoid unnecessary deviations during the
study.
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Table 1. Comparison of clinical characteristics among sepsis, septic shock, and control groups.

Characteristic Sepsis group (n = 104)
Male [n (%)] 62 (59.62)
Age (years) 69.33 +7.65
BMI (kg/m?) 23.83+2.57
Heart rate (/min) 99.54 +10.78
Respiratory rate (/min) 26.71 +4.33
Systolic pressure (mm Hg) 117.68 £24.46
Diastolic pressure (mm Hg) 73.49+£8.74
History of diabetes [n (%)] 11 (10.58)
History of coronary heart disease [n (%)] (15.38)
History of hypertension [n (%)] 21(20.19)
Hospital stay (days) 16.57 +7.22

Non-survivors/survivors 19/85
BMI: body mass index.

Prognostic grouping

All patients were divided into the non-survivor
group (n = 49) and the survivor group (n = 123)
according to their outcomes within 30 days after
admission. Poor prognosis was defined as mortality
within 30 days after admission to the ICU. Deaths
caused by nosocomial infections were excluded from
the mortality analysis.

Statistical analysis

The SPSS 26.0 statistical software package (IBM
Corp, Armonk, NY, USA) was used for data analysis.
Enumeration data were presented as n (%) and the
test was used for comparison between groups. The U
test was used for ranked data. Measurement data with a
normal distribution were presented as X + s, and the t-
test was used for comparison between groups; those
with a skewed distribution were presented as median,
M (P25, P75), and the Mann—Whitney U test was used
for comparison between groups and the Kruskal-Wallis
H test for comparison of multiple groups. Correlation
analysis was used to evaluate the relationship between
the cytokine levels and APACHE II scores. Receiver
operating characteristic curve (ROC) analysis was
performed to assess the diagnostic and prognostic value
of cytokines and APACHE II scores. Differences with
a p value of < 0.05 were considered statistically
significant.

Septic shock group (n =68)  Control group (n = 102) p value

40 (58.82) 54 (52.94) >0.05

65.23 +7.89 73.24 £7.86 >0.05

2441 +£2.65 2524 +£2.66 >0.05

102.59 £ 12.71 103.3+12.93 >0.05

27.32+4.56 25.39+£4.56 >0.05

120.45 +£26.37 122.56 +26.34 >0.05

75.37+£8.62 76.16 = 8.61 >0.05

9(13.24) 22 (21.57) <0.05

8 (11.79) 25(24.51) <0.05

13 (19.12) 31(30.39) <0.05

26.84+6.57 22.27+6.52 <0.05

30/38 N/A <0.001
Results

Comparison of clinical data

A total of 172 patients with sepsis were divided into
the sepsis group and the septic shock group according
to the sepsis-3 classification criteria. There were 104
patients, comprising 62 men and 42 women, in the
sepsis group, with an average age of 69.33 + 7.65 years;
and 68 patients, comprising 40 men and 28 women, in
the septic shock group, with an average age of 65.23 +
7.89 years. Among the 102 individuals in the non-sepsis
control group enrolled in the same period, 54 were men
and 48 were women, with an average age of 73.24 +
7.86 years.

There were no significant differences in gender,
age, BMI, heart rate, respiratory rate or systolic and
diastolic blood pressure among the three groups (all p >
0.05); and significant differences in underlying diseases
and hospital stay were observed among the three groups
(all p <0.05) (Table 1).

As shown in Table 1, there were significant
differences in underlying diseases among the three
groups (p < 0.05). The control group had higher rates of
diabetes mellitus, coronary heart disease, and
hypertension; compared to both the sepsis and septic
shock groups. Specifically, among the individuals in the
control group, 21.57% had a history of diabetes,
24.51% had coronary heart disease, and 30.39% had
hypertension. In contrast, the sepsis group had lower
rates of these conditions: 10.58% for diabetes, 15.38%
for coronary heart disease, and 20.19% for
hypertension. The septic shock group showed similar

Table 2. Comparison of biomarker levels and APACHE II scores among sepsis, septic shock, and control groups.

Biomarker/score Sepsis group (n = 104) Septic shock group (n = 68) Control group (n =102) p value
TNF-a (pg/mL) 62.4+5.8 75.6+6.2 153+3.2 <0.001
PCT (ng/mL) 6.3+2.9 10.2+3.8 0.5+0.2 <0.001
IL-8 (pg/mL) 301.3+32.1 356.7+40.2 45.6+10.3 <0.001
HBP (ng/mL) 51.2+13.5 63.8+15.9 12.4+4.7 <0.001
APACHE II score 17.3+6.2 26.4+8.5 N/A <0.001

APACHE II: acute physiology and chronic health evaluation II; HBP: heparin-binding protein; IL-8: interleukin-8; PCT: procalcitonin; TNF-a: tumor necrosis

factor-alpha.
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trends with 13.24% having diabetes, 11.79% with
coronary heart disease, and 19.12% with hypertension.

There were 85 survivors and 19 non-survivors in the
sepsis group; and there were 38 survivors and 30 non-
survivors in the septic shock group. The mortality rate
was significantly higher in the septic shock group
compared with the sepsis group (p < 0.001).

The 30-day mortality rate of the 172 patients with
sepsis enrolled in this study was 28.5% (49/172), with
19 deaths in the sepsis group and 30 deaths in the septic
shock group.

Table 2 presents the comparison of biomarker
levels and APACHE II scores among the sepsis, septic
shock, and control groups. All four biomarkers (TNF-
a, PCT, IL-8, and HBP) showed significantly higher
levels in both the sepsis and septic shock groups
compared to the control group (all p < 0.001).
Moreover, the septic shock group exhibited
significantly elevated levels of all biomarkers compared
to the sepsis group (p < 0.001 for all comparisons).

Correlation of serum TNF-o, PCT, IL-8, and HBP
levels, with APACHE I score in patients with sepsis

Spearman correlation analysis showed that levels of
serum TNF-a (r =0.701, p = 0.001), PCT (r = 0.623, p
= 0.001), IL-8 (r = 0.617, p = 0.001), and HBP (r =
0.721, p = 0.001) were positively correlated with the
APACHE 1II score in patients with sepsis (p < 0.05)
(Table 3), indicating that the levels of serum TNF-a,
PCT, IL-8, and HBP affected the prognosis of patients
with sepsis.
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Table 3. Correlation between serum biomarkers and APACHE 11
score in sepsis patients.

Biomarker Correlation coefficient (r) p value
TNF-a (pg/mL) 0.701 <0.05
PCT (ng/mL) 0.623 <0.05
IL-8 (pg/mL) 0.617 <0.05
HBP (ng/mL) 0.721 <0.05

APACHE II: acute physiology and chronic health evaluation II; HBP:
heparin-binding protein; IL-8: interleukin-8; PCT: procalcitonin; TNF-a:
tumor necrosis factor-alpha.

Comparison of serum TNF-o, PCT, IL-8, and HBP
levels;, and APACHE II score between the survivor
group and the non-survivor group

As shown in Table 4, the levels of TNF-a (69.33 +
5.12 vs 52.54 £ 4.80 pg/mL), PCT (8.45 + 3.25 vs 4.28
+2.11 ng/mL), IL-8 (322.42 + 34.67 vs 285.52 + 25.35
pg/mL), and HBP (57.56 + 14.76 vs 45.67 + 12.32
ng/mL), as well as the APACHE 1I score (26.43 + 8.49
vs 17.29 + 6.17) were significantly higher in the non-
survivor group compared with the survivor group (all p
<0.05).

Predictive value of serum TNF-o, PCT, IL-8, and HBP
levels;, and APACHE II score for mortality in patients
with sepsis

The results showed that the intercepts of serum
TNF-o, PCT, IL-8, and HBP levels; and the APACHE
IT score for predicting the mortality of patients with
sepsis were 74.33 pg/mL, 4.83 ng/mL, 337.72 pg/mL,
49.67 ng/mL, and 23.78 points, respectively.

The area under the curve (AUC) (95% confidence
interval [CI]) of the combination of the five indicators
for predicting the mortality of patients with sepsis was
0.913 (0.861-0.912), which was significantly higher
compared with that of each indicator alone (TNF-a,
0.831 [0.825-0.910]; PCT, 0.783 [0.689-0.847]; IL-8,

Table 4. Comparison of biomarker levels and APACHE II score between survivor and non-survivor groups.

Parameter Survivors (n = 123)
TNF-a (pg/mL) 52.54+4.80
PCT (ng/mL) 428+2.11
IL-8 (pg/mL) 285.52 +£25.35
HBP (ng/mL) 45.67 £12.32
APACHE II score 17.29 £ 6.17

Non-survivors (n = 49) p value
69.33£5.12 <0.05
8.45+3.25 <0.05
322.42 £34.67 <0.05
57.56 = 14.76 <0.05
26.43 £ 8.49 <0.05

APACHE II: acute physiology and chronic health evaluation II; HBP: heparin-binding protein; IL-8: interleukin-8; PCT: procalcitonin; TNF-a: tumor necrosis

factor-alpha.

Table 5. Predictive value of individual biomarkers, APACHE II score, and their combination for sepsis mortality.

Parameter AUC (95% CI)

TNF-a (pg/mL) 0.831 (0.825-0.910)
PCT (ng/mL) 0.783 (0.689-0.847)
IL-8 (pg/mL) 0.837 (0.741-0.881)
HBP (ng/mL) 0.798 (0.707-0.879)

APACHE 11 score
Combined model

0.769 (0.782-0.892)
0.913 (0.861-0.912)

Cut-off value Sensitivity (%) Specificity (%)
74.33 82.45 87.95
4.83 88.43 66.48
337.72 68.57 80.65
49.67 87.19 67.47
23.78 82.34 72.94
N/A 96.21 79.34

APACHE II: acute physiology and chronic health evaluation II; AUC: area under curve; CI: confidence interval; HBP: heparin-binding protein; IL-8:

interleukin-8; PCT: procalcitonin; TNF-a: tumor necrosis factor-alpha.
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0.837 [0.741-0.881]; HBP, 0.798 [0.707-0.879]; and
APACHE 11, 0.769 [0.782—-0.892]). The sensitivity and
specificity of the combined diagnosis were 96.21% and
79.34%, respectively (Table 5).

The high AUC value of 0.913 (95% CI: 0.861—
0.912) for the combination of TNF-a, PCT, IL-8, HBP,
and APACHE 1I score indicates a strong predictive
ability for mortality in patients with sepsis.

The prognostic value of the combined biomarkers
and APACHE II score was higher in the septic shock
group (AUC 0.945, 95% CI: 0.892-0.978) compared
with the sepsis group (AUC 0.887, 95% CI: 0.832—
0.942), indicating its particular utility in more severe
cases (Table 6).

Discussion

Sepsis is a life-threatening organ dysfunction
caused by the dysregulated response to infection in the
hosts and seriously threatens human health. The
pathogenesis of sepsis is complex, and its
pathophysiological mechanisms involve immune
inflammation, coagulation and microcirculation
dysfunction, among others. The efficacy of treatments
specific to an individual mechanism is poor, and
mortality due to sepsis remains high [12].

Although the APACHE 1I score remains a valuable
prognostic tool, the addition of serum biomarkers
provides complementary information that can enhance
prognostic accuracy. The combination of APACHE II
with these biomarkers offers a more comprehensive
assessment of the patient's condition, potentially
leading to improved clinical decision-making.

The combination of multiple biomarkers (TNF-a,
PCT, IL-8, HBP) with the APACHE II score provides
several advantages in predicting mortality in patients
with sepsis. This approach captures different aspects of
the complex pathophysiology of sepsis, including
inflammatory responses, infection severity, and overall
organ dysfunction. By integrating these diverse
indicators, we can achieve a more comprehensive and
accurate assessment of the patient's condition and
prognosis, potentially leading to improved clinical
decision-making and patient management.

TNF-a is an inflammation-related cytokine, which
can promote tissue damage and development of long-
term complications by activating inflammatory
response [13]. Our findings show that TNF-a levels
were significantly elevated in non-survivors compared
with survivors, with an AUC of 0.831 for predicting
mortality. This suggests that TNF-a could be a valuable
addition to the prognostic toolkit for sepsis, potentially
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Table 6. Predictive value of the combined model in sepsis and
septic shock groups.

Group AUC (95% CI)
Sepsis 0.887 (0.832-0.942)
Septic shock 0.945 (0.892-0.978)

AUC: area under curve; CI: confidence interval.

reflecting the degree of systemic inflammation in these
patients.

PCT plays a significant role in the pathogenesis of
sepsis. During bacterial infections, PCT is produced by
various cell types throughout the body in response to
pro-inflammatory  stimuli, particularly bacterial
endotoxins and cytokines, such as TNF-a and IL-6.
Elevated PCT levels contribute to the amplification of
the inflammatory response and may directly contribute
to organ dysfunction in sepsis. Furthermore, PCT has
been shown to modulate nitric oxide synthesis and
affect vasodilation, potentially contributing to the
hemodynamic instability seen in septic shock. Our
findings of significantly higher PCT levels in non-
survivors underscore its importance not only as a
diagnostic marker but also as a key player in sepsis
pathophysiology.

IL-8 is a cytokine involved in the comprehensive
process of systemic inflammatory response. Our study
found that the level of IL-8 in the non-survivor group
was increased compared with that in the survivor group,
suggesting that IL-8 was probably correlated with the
prognosis of sepsis. This is consistent with the findings
of Liu et al., who reported that significantly increased
IL-8 expression is associated with severe disease in
patients with severe sepsis/septic shock [14]. When the
level of IL-8 was > 337.72 pg/mL, the AUC for
predicting the prognosis of patients with sepsis was
0.837, indicating that serum IL-8 level can be used to
classify patients with sepsis, with a definite prognostic
value on sepsis.

HBP is a multifunctional inflammatory mediator
released from neutrophils. It plays a crucial role in the
pathophysiology of sepsis by increasing vascular
permeability and promoting tissue edema. Our findings
show that HBP levels were significantly elevated in
non-survivors compared with survivors, with an AUC
of 0.798 for predicting mortality. This suggests that
HBP could be a valuable addition to the prognostic
toolkit for sepsis, potentially reflecting the degree of
neutrophil activation and vascular dysfunction in these
patients. Studies [15-17] have suggested that HBP
plays an essential role in the pathogenesis of sepsis by
increasing endothelial permeability and enhancing
inflammatory response and cell cycle arrest.
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The combination of these biomarkers with the
APACHE II score significantly improved the predictive
accuracy for sepsis mortality. The AUC of the
combined model (0.913) was significantly higher than
any individual marker or the APACHE II score alone.
This underscores the potential of this multi-marker
approach in enhancing risk stratification and guiding
clinical decision-making in sepsis management.

Interestingly, our results showed that the prognostic
value of the combined biomarkers and APACHE II
score was even higher in the septic shock group (AUC
0.945) compared with the sepsis group (AUC 0.887).
This suggests that this combined approach may be
particularly useful in identifying high-risk patients
among those with more severe presentations of sepsis.

Several limitations to our study should be
addressed. First, this was a single-center study with a
relatively small sample size, which may limit the
generalizability of our findings. Future multi-center
studies with larger cohorts are needed to validate these
results. Second, we lacked longitudinal data on the
progression of these biomarkers throughout sepsis.
Future studies should address the temporal changes in
TNF-o, PCT, IL-8, and HBP levels in relation to clinical
outcomes. Such data could provide valuable insights
into the dynamics of these markers during sepsis
progression or resolution, potentially identifying
critical time points for intervention or prognostic
assessment.  Additionally, although we have
demonstrated the prognostic value of these biomarkers,
further research is needed to understand how this
information can be integrated into clinical practice to
improve patient outcomes. Studies investigating the
impact of biomarker-guided management strategies on
sepsis outcomes would be valuable.

Finally, it is important to note that while our
combined model showed high predictive accuracy, no
single biomarker or scoring system can capture the full
complexity of sepsis. Clinical judgment remains crucial
in the management of these patients, and these tools
should be used to support, rather than replace, clinical
decision-making.

Conclusions

The combination of serum TNF-a, PCT, IL-8, and
HBP levels, with the APACHE 11 score significantly
improved prognostic prediction in patients with sepsis.
This combined approach offered a more comprehensive
and accurate assessment of sepsis severity and patient
outcomes. The levels of these serum biomarkers
increased in patients with sepsis as the severity of the
disease increased and were closely related to the
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increased APACHE 11 score and poor prognosis,
making them potential predictive indicators for poor
outcomes in sepsis. Moreover, the predictive value of
the combined detection was particularly high in patients
with septic shock, suggesting its utility in identifying
high-risk patients among those with more severe
disease. Future research should focus on validating
these findings in larger, multi-center cohorts, and
investigating how this prognostic information can be
effectively integrated into clinical practice to improve
patient care and outcomes in sepsis.
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