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Abstract: Objective: To construct a predictive model for the severity of sepsis using the Acute Physiology and Chronic Health
Evaluation Il (APACHE IlI) score, interleukin-6 (IL-6), and T lymphocyte subsets, and to evaluate the model's effectiveness.
Methods A total of 225 patients with sepsis admitted to the Anging Municipal Hospital from January 2021 to September 2023
were selected as the study subjects. IL-6, T lymphocyte subsets (CD4", CD8", CD4"/CD8"), C-reactive protein (CRP), procalcitonin
(PCT), and APACHE Il scores were measured within 24 hours after diagnosis. Based on the Sepsis-3.0 diagnostic criteria, patients
were divided into the sepsis group (109 cases) and the septic shock group (116 cases). Logistic regression analysis was used to
select variables and construct a predictive model for the severity of sepsis. Calibration plots and decision curve analysis were
employed to evaluate the model's fit and clinical value. Results The levels of CD4" and CD4'/CD8" in the septic shock group
were lower than those in the sepsis group, while CRP, PCT, IL-6, and APACHE Il scores were higher in the septic shock group
than in the sepsis group (P<0.05). The constructed predictive model was as follows: In[#/(1- )] =0.999+0.054xAPACHE Il score
—-0.054xCD4"-0.180xCD4"/CD8"+0.001 xIL-6. Calibration plots and decision curve analyses indicated that the model had good
fit and clinical value. Conclusion: The predictive model composed of CD4", CD4'/CD8", IL-6, and APACHE Il score can be used
for early assessment of the severity of sepsis, providing assistance for clinical diagnosis and treatment.
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Sepsis refers to a syndrome of organ dysfunction
caused by dysregulated host response to infection,
typically presenting with clinical symptoms such as altered
consciousness, chills, fever, etc. If not promptly treated
with effective interventions, the condition may progress to
septic shock, which poses a life-threatening risk [1]. Early
assessment of the disease severity and timely, appropriate
intervention can improve the prognosis of sepsis patients.
Currently, there is no available effective biomarker for
accurate prediction and analysis of sepsis. Traditional
biomarkers, such as C-reactive protein (CRP) and
procalcitonin (PCT), have their limitations, necessitating
the development of new predictive models for early
evaluation of the severity of sepsis [2]. Previous studies
have shown that sepsis can lead to immune stress responses
and inflammatory changes in the body [3]. Among these,
T lymphocyte subsets, including CD4* and CD8" cells, are
common indicators reflecting inflammatory changes and
are typically used to assess the severity of the disease, with
immunosuppressed patients showing more severe illness
and higher mortality. Thus, these markers can be used to
assess disease severity and prognosis in the early stages [4].
Interleukin-6 (IL-6) directly participates in the body’s
inflammatory response process and is closely related to the
degree of infection and inflammation [5]. The Acute
Physiology and Chronic Health Evaluation II (APACHE 1II)
score can be used to assess disease severity. Based on these
factors, this study aims to develop a preliminary predictive

model for sepsis severity by combining the APACHE II
score, IL-6, and T lymphocyte subsets.

1 Materials and Methods

1.1 Study Subjects

This study enrolled 225 sepsis patients admitted to
the Department of Intensive Care Medicine at Anqing
Municipal Hospital between January 2021 and September
2023. Among them, 127 were male and 98 were female,
with a median age of 70 (58, 78) years and a median body
mass index (BMI) of 21.7 (19.5, 22.75) kg/m?. A total of
104 patients required invasive mechanical ventilation. The
median APACHE 1II score was 16 (15, 22). This study was
approved by the hospital’s ethics committee (2024045).

Inclusion criteria: patients meeting the diagnostic
criteria for sepsis as defined in Third International
Consensus Definitions for Sepsis and Septic Shock
(Sepsis-3) [6]; age>18 years; complete clinical data and
follow-up information.

Exclusion criteria: patients with malignancies who
have received chemotherapy or radiotherapy within the
past 3 months; patients who have taken glucocorticoids,
immunosuppressants, or other drugs that suppress immune
function within the past 3 months; pregnant or postpartum
women; patients with hematologic diseases, malignancies,
or autoimmune diseases.
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1.2 Laboratory Tests

Within 24 hours of sepsis diagnosis, venous blood was
collected from patients for the following laboratory tests:
(1) Immunoturbidimetric method was used to detect CRP
levels (Roche Fully Automated Immunoassay Analyzer).
Chemiluminescence was used to measure PCT (Mindray
chemiluminescence analyzer) and IL-6 levels (Hotgen
chemiluminescence analyzer).

(2) T lymphocyte subsets (CD4" and CD8" cells) were
detected using fluorescence labeling (Beckman Coulter
flow cytometer), and the CD4'/CD8" ratio was calculated,
following the manufacturer’s guidelines.

1.3 Grouping

According to the Sepsis-3.0 diagnostic criteria [6],
septic shock is defined as sepsis with persistent
hypotension despite adequate fluid resuscitation, with two
of the following criteria met: (1) mean arterial pressure >
65 mmHg with the use of vasopressors, and (2) serum
lactate level>2 mmol/L. Based on whether the patient
progressed to septic shock, the patients were divided into
two groups: the sepsis group (#=109) and the septic shock
group (n=116).

1.4 Statistical Methods

Data were processed using R4.2.3 software.
Normally distributed continuous variables were expressed

as X3S, and differences between groups were compared
using the independent #-test. Non-normally distributed
continuous variables were expressed as M (Pzs, P7s), and
differences between groups were compared using the rank-
sum test. Categorical data were expressed as count (%) and
compared using the chi-square test. Logistic regression
was used to analyze factors related to sepsis severity, and
a predictive model for diagnosing septic shock was
developed and visualized as a nomogram. The model's
calibration was assessed using a calibration plot, and its
clinical value was evaluated using decision curve analysis
(DCA). P<0.05 was considered statistically significant.

2 Results

2.1 Baseline Data

There was no significant difference in age, BMI,
gender, and length of ICU stay between two groups
(P>0.05). The APACHE 1I score and the proportion of
invasive mechanical ventilation in the sepsis group were
lower than those in the septic shock group, and the
differences were significant (P<0.05) [Table 1].

2.2 Laboratory Indicators

Compared with sepsis group, the levels of IL-6, CRP,
and PCT were higher, and CD4" and CD4"/CD8" ratio
were lower in the septic shock group (P<0.05). There was
no significant difference in CD8" between two groups
(P>0.05) [Table 2].

Tab.1 Comparison of the basic clinical data between two groups

Invasive Mechanical

Group Case Age(year)? Male [case(%6)] BMI (kg/m?)? Ventilation [case(%)] APACHE II?  Length of ICU Stay (d)?
Sepsis Group 109 68(58, 77) 58(53.2) 22.10(19.90,22.90) 39(35.78) 16(12, 21) 5(3,9)
Septic Shock Group 116 72(59, 79) 69(59.5) 21.50(19.30, 22.60) 65(56.03) 17(15, 23) 5(3,9)
ZIAIt value 1.484 0.899 1.647 8.443 3.146 0.595
P value 0.138 0.416 0.100 0.004 0.002 0.552
Note: * meant the data was represent in the form of M(P.s, Ps).
Tab.2 Comparison of laboratory indexes between two groups
Group Case 1L-6(pg/mL)? CD4*(%)P° CD8*(%)® CD4*/CD8* CRP(mg/L)° PCT(mg/mL)?
Sepsis Group 109 63.20(15.9,183.0) 37.37+12.49 18.0049.92 2.09(1.38,3.58) 113.7481.05 5.12(1.40,23.85)
Septic Shock Group 116 158.75(44.8,1 000.0) 27.73+1.22 20.0449.35 1.44(0.87.2.33) 140.89489.46 15.55(2.44,46.99)
Z It value 4.529 6.097 1.583 4.251 2.384 3.148
P value <0.001 <0.001 0.115 <0.001 0.018 0.002

Note: 2 meant the data was represent in the form of M(P5s, Pys). ® meant the data was represent in the form of x3s.

2.3 ROC Analysis of Laboratory Indicators to
Predict the Severity of Sepsis

ROC showed that CD4*, IL-6, and CD4*/CD8" were
more effective than CRP and PCT in predicting the severity
of sepsis [Figure 1].

2.4 Predictive Model

A risk prediction model was established based on
logistic regression analysis. The formula for the model was
as follows: In[P/(1-P)] = 0.999+0.054x APACHE II score
—0.054xCD4" —0.180xCD4*/CD8" +0.001 xIL-6.
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Fig.1 Related laboratory indicators predict the severity of sepsis in
ROC curve
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2.5 Nomogram Construction

A nomogram for predicting the occurrence of septic
shock in sepsis patients was constructed based on the
predictive factors identified in the model. The nomogram
is shown in Figﬂure 2%.
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Fig.2 Predict the severity of sepsis in the column chart
2.6 Model Performance Evaluation

Goodness of fit evaluation: The Hosmer-Lemeshow
test indicated that the model's predicted severity of sepsis
closely matched the ideal curve (P = 0.253), suggesting
good model fit [Figure 3].

Clinical value evaluation: The decision curve
analysis for the model's prediction of sepsis severity
showed that when the high-risk threshold range was 0 to
0.99, Model 1 had a net benefit rate over 0, indicating
clinical significance. The net benefit rate was negatively
correlated with the high-risk threshold [Figure 4].
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Fig.4 Model predict the severity of sepsis in DCA curves

3 Discussion

Sepsis is a systemic inflammatory response syndrome
caused by various microbial infections, characterized by
high incidence and mortality rates. Studies have shown that
without timely treatment, sepsis can progress to septic
shock, which not only threatens the patient's life but also
impacts various bodily functions. Some surviving patients
may develop complications such as cognitive dysfunction,
affecting daily life and increasing the burden on families
[7]. Therefore, early detection and treatment are crucial.

This study showed that the CD4" and CD4'/CD8"
levels in the septic shock group were lower than those in
the sepsis group, while IL-6, CRP, and PCT levels were
higher in the septic shock group. Furthermore, CD4",
CD4*/CD8", and IL-6 were better predictors of sepsis
severity than CRP and PCT. This may be because CRP has
low specificity and cannot distinguish between infectious
and sterile inflammatory diseases, while PCT can also be
elevated in conditions like renal insufficiency, heat shock,
and cardiogenic shock. Current research suggests that
immune dysfunction is a major pathophysiological process
in sepsis. Sepsis triggers immune responses, but in septic
shock, there is an immune suppression state [8-9]. T
lymphocytes are key immune cells in the body’s defense
against infections. They are divided into CD4" and CD8"
subsets based on surface differentiation markers [10]. The
apoptosis of these cells plays a critical role in the immune
function. In sepsis, the body may experience immune
suppression, evidenced by changes in the number and
proportion of T lymphocyte subsets. Abnormal apoptosis
of immune cells leads to immune suppression and paralysis
[11]. This is because, in a state of immune suppression,
sepsis patients cannot effectively regulate specific immune
functions, making them vulnerable to pathogen infections,
which worsen the infection and lead to septic shock and
other complications, endangering life. This aligns with
previous studies [12].

IL-6, a major pro-inflammatory cytokine, is a
commonly used serum marker for evaluating inflammatory
diseases [13]. Studies have shown that IL-6 has superior
diagnostic and prognostic value for sepsis and septic shock
compared to PCT and CRP [5]. It is positively correlated
with the severity of the condition. Prolonged elevation of
IL-6 indicates the presence of septic shock and a poor
prognosis. IL-6 is one of the most effective biomarkers for
diagnosing and assessing sepsis severity. It can guide
antibiotic use and help clinicians adopt more appropriate
treatment strategies to achieve the desired therapeutic
goals [14].

This study established a predictive model combining
IL-6, T lymphocyte subsets, and the APACHE II score,
suggesting that lower CD4" and CD4*/CD8" ratios, and
higher IL-6 and APACHE II scores, indicate a more severe
sepsis condition and higher mortality risk. The
performance of the model was evaluated, and the model
based on CD4*, CD4"/CDS8", IL-6, and APACHE II scores
showed high goodness of fit and clinical value, assisting in
the early prediction of sepsis progression.

However, this study has some limitations. First, it is
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a single-center study with a relatively small sample size.
Future studies should collect data from multiple centers to
validate the results. Second, the study did not include
additional inflammatory markers. Although the inclusion
of CD4*, CD4'/CD8*, IL-6, and APACHE II scores
simplifies the model and increases its practicality, it may
reduce the model's performance. Lastly, since this is a
retrospective study, further prospective studies are needed
to optimize the model.

In summary, CD4*, CD4'/CD8", IL-6, and APACHE
II scores can be used to construct a predictive model for
sepsis severity, which can assist clinical practice. However,
further validation with large multi-center studies and
continuous prospective research is needed to optimize the
model.
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Construction of a predictive model for the severity of sepsis based
on APACHE Il score, IL-6, and T lymphocyte subsets
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Abstract: Objective To construct a predictive model for the severity of sepsis using the Acute Physiology and Chronic
Health Evaluation I (APACHEII ) score, interleukin-6 (IL-6) , and T lymphocyte subsets, and to evaluate the model’s
effectiveness. Methods A total of 225 patients with sepsis admitted to the Anqing Municipal Hospital from January
2021 to September 2023 were selected as the study subjects. IL-6, T lymphocyte subsets (CD4", CD8", CD4"/CD8") ,
C-reactive protein ( CRP ), procalcitonin ( PCT), and APACHE ]I scores were measured within 24 hours after
diagnosis. Based on the Sepsis-3.0 diagnostic criteria, patients were divided into the sepsis group (109 cases) and the
septic shock group (116 cases). Logistic regression analysis was used to select variables and construct a predictive
model for the severity of sepsis. Calibration plots and decision curve analysis were employed to evaluate the model’s fit
and clinical value. Results The levels of CD4" and CD4"/CD8" in the septic shock group were lower than those in the
sepsis group, while CRP, PCT, IL-6, and APACHEII scores were higher in the septic shock group than in the sepsis
group (P<0.05). The constructed predictive model was as follows: In[ P/(1-P) ] =0.999+0.054x APACHEI score—
0.054xCD4" -0.18xCD4"/CD8"+0.001 XIL-6. Calibration plots and decision curve analyses indicated that the model had
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good fit and clinical value. Conclusion The predictive model composed of CD4", CD4"/CD8", IL-6, and APACHEI

score can be used for early assessment of the severity of sepsis, providing assistance for clinical diagnosis and treatment.
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Predictive model
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Tab. 2 Comparison of laboratory indexes between two groups
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