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Abstract: Objective To explore the correlations of neutrophil-to-lymphocyte ratio (NLR), T helper 17 (Th17) cell to regulatory
T cell (Treg) ratio with disease severity of acute pancreatitis (AP), and analyze their predictive value for prognosis. Methods A
total of 152 AP patients admitted to NORINCO General Hospital between March 2021 and March 2025 were enrolled. On the
one hand, patients were classified into 3 groups, including mild acute pancreatitis (MAP, n=51), moderately severe acute
pancreatitis (MSAP, n=56), and severe acute pancreatitis (SAP, n=45) according to the severity of the disease. On the other hand,
patients were divided into poor prognosis and good prognosis groups based on clinical outcomes during hospitalization
(followed up for 1 month or death) . The whole blood NLR and peripheral blood Th17/Treg levels were measured and compared
among different severity groups or between different prognosis groups, respectively. Receiver operating characteristic (ROC)
curves were plotted to analyze the prognosis predictive value of each index for AP. Kaplan-Meier method was used to draw
survival curves for prognostic evaluation. Results Whole blood NLR and peripheral Th17/Treg levels progressively increased in
MAP, MSAP, and SAP groups, with statistically significant differences (P<0.05) . Among 152 patients, 42 had poor prognosis and
110 had good prognosis. The poor prognosis group showed significantly higher NLR (11.07+3.98 vs8.71+2.71, t=3.542, P<0.05)
and Th17/Treg (3.34+£0.52 vs 2.95+0.54, t=2.528, P<0.05) levels than those in the good prognosis group. ROC analysis
demonstrated that the area under the curve (AUC) of combined NLR and Th17/Treg for predicting the prognosis of patients
with AP was 0.835 (95%C/ 0.766-0.890), which was higher than that of NLR alone (AUC=0.638, 95%C/ 0.556-0.714) and
Th17/Treg alone (AUC=0.662, 95%C/ 0.581-0.736) .Kaplan-Meier survival analysis revealed that patients with elevated NLR or
Th17/Treg levels exhibited markedly poor prognoses (P<0.05) . Conclusion The levels of NLR and Th17/Treg in AP patients
increased with the aggravation of disease severity. The combined application of NLR and Th17/Treg demonstrates substantial
clinical value in predicting prognosis, providing guidance for clinical management of AP.
Keywords: Acute pancreatitis; Neutrophil-to-lymphocyte ratio; Helper T cell 17 to regulatory T cell ratio; Diagnosis; Prognosis;
Severity
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Acute pancreatitis (AP) is a self-digestive pancreatic
disease caused by the abnormal activation of pancreatic
enzymes. Its clinical manifestations and disease
progression exhibit significant heterogeneity, and it can be
classified into mild acute pancreatitis (MAP), moderately
severe acute pancreatitis (MSAP) and severe acute
pancreatitis (SAP)[1]. Among them, 85% of patients have
MAP with a favorable prognosis; however, 5%—10%may
progress to SAP, with a mortality rate as high as 36%—-50%,
making clinical management extremely challenging [2-3].
Studies have shown that the progression of AP is closely
associated with excessive inflammatory responses.
Neutrophils directly damage tissues by releasing reactive
oxygen species and proteolytic enzymes, while immune
dysregulation of lymphocyte subsets further exacerbates
the inflammatory cascade [4-5]. The neutrophil-to-
lymphocyte ratio (NLR) reflects the degree of innate
immune activation [6], whereas the T helper 17 cell
(Th17)/regulatory T cell (Treg) ratio reflects adaptive
immune imbalance [7]. Multiple clinical studies have
confirmed that elevated NLR and Th17/Treg imbalance
are both significantly associated with the clinical
progression of AP [8-10]. Combined detection of NLR and

Th17/Treg can simultaneously cover innate immune and
adaptive immune imbalance, thereby providing a more
comprehensive evaluation of the inflammatory status and
immune dysregulation characteristics in patients with AP.
This study aimed to analyze the predictive value of
combined NLR and Th17/Treg detection for disease
severity and prognosis in patients with AP.

1 Subjects and Methods
1.1 Study subjects

A total of 152 patients with acute pancreatitis (AP)
treated at the General Hospital of Ordnance Industry from
March 2021 to March 2025 were enrolled.

Inclusion criteria: (1) Meeting at least two of the
three criteria from the Guidelines for diagnosis and
treatment of acute pancreatitis in China (2021) [11]. (1)
Typical clinical manifestations including sudden,
persistent severe upper abdominal pain, often radiating to
the back, frequently accompanied by nausea, vomiting,
and other gastrointestinal symptoms; (2) Serum amylase
and/or lipase > 3 times the upper limit of normal; (3)
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Imaging features: contrast-enhanced CT/MRI showing
inflammatory changes such as pancreatic enlargement,
blurred margins, or peripancreatic fluid collections. (2)
Age 18-75 years. (3) Admitted within 48 hours of disease
onset. (4) Complete clinical data. (5) Patients and their
families were informed of the study and signed informed
consent.

Exclusion criteria: (1) Presence of serious
comorbidities, including severe liver or kidney disease,
malignant  tumours, immune system  diseases,
haematological diseases, infectious diseases, etc. (2)
Pregnant or breastfeeding women. (3) Patients who had
received anticoagulant therapy or used immunomodulators
within the past 3 months that might interfere with study
indicators. (4) Incomplete clinical data or inability to
cooperate with the study. This study was approved by the
Ethics Committee of the General Hospital of Ordnance
Industry (approval No.: 202102261102000383896).

According to the revised Atlanta classification in the
Guidelines for diagnosis and treatment of acute
pancreatitis in China (2021), the 152 AP patients were
divided into three groups based on disecase severity: MAP

group (n=51), MSAP group (n=56), and SAP group (n=45).

There was no statistically significant difference in general
data among the three groups (P>0.05). See Table 1.

Tab.1 Comparison of general information among three groups
of patients [case(%)]

2
Indicator MAP group MSAP group SAP group F/y P

(n=51) (n=56) (n=45)  value value
Gender
Male 26 (50.98) 30 (53.57) 21(46.67) 0.479 0.489
Female 25 (49.02) 26 (44.94) 24 (53.55)

Age (year, X+s) 45.08+9.60 46.30£10.93 44.33+9.94 0.484 0.617

BMI (x+s) 22.4542.41  22.0742.33  22.03+2.17 0.506 0.604
Etiology
Biliary 26 (50.98) 27 (48.21) 22 (48.89)
Hyperlipidemia 16 (31.37) 17 (30.36) 13 (28.89) 0.385 0.825
Alcoholic  and
other causes 9 (17.65) 12 (21.43) 10 (22.22)
Combined
underlying 35 (68.63) 40 (71.43) 32 (71.11) 2.392 0.122
diseases

1.2 Observation Indicators and Detection
Methods

1.2.1 Blood Sample Collection

Immediately after admission, 3 mL of venous blood
was collected from each patient and placed into two
EDTA-K2 anticoagulant tubes. Among them, 2 mL was
used for routine blood testing by an automated hematology
analyzer (Sysmex Corporation, Japan, XN-900), and 1 mL
was used for the detection of Th17 cells and Treg cells by
a flow cytometer (Beckman Coulter, USA, MoFlo
Astrios™ EQ).

1.2.2 NLR Calculation

A 2 mL whole blood sample was analyzed using an
automated hematology analyzer under the complete blood
count plus five-part white blood cell differential mode
(DIFF channel). Neutrophil count (NEUT) and absolute
lymphocyte count (LYMPH) were obtained. NLR =NEUT

/ LYMPH.
1.2.3 Th17/Treg Calculation

Four whole blood samples of 100 pL. each were
prepared and added with reagents respectively: (1) 20 pL
CD3 PerCP, 20 uL. CD4 FITC, 5 pL CD25 APC, and 20
uL CD127 PE; (2) 20 uL CD3 PerCP and 20 uL. CD4 FITC,;
(3) 20 uL CD3 FITC, 20uL CD4 PE, and 20 pL IL-17
PerCP-Cy5.5; (4) 20 pL CD3FITC and 20 pL. CD4 PE.
After incubation at room temperature in the dark for 15
minutes,2 mL hemolysin was added. Ten minutes later, the
samples were centrifuged at 1,500 r/min (centrifugal radius
16 cm) for 5 minutes, and the supernatant was discarded.
The samples were then washed with 2 mL phosphate-
buffered saline (PBS), centrifuged again under the same
conditions for 5 minutes, the supernatant discarded, and
finally resuspended in 500 pL PBS. The values of Treg
cells (Treg/CD4" T%) and Thl7 cells (Th17/CD4* T%)
were measured using the respective instruments.
Th17/Treg=(Th17/CD4*T%)/(Treg/CD4"T%) [12].

1.2.4 Assessment of AP severity

Within 24 hours of admission, patients underwent
evaluation using the Acute Physiology and Chronic Health
Evaluation IT (APACHE II) score, Ranson score, Modified
CT Severity Index (MCTSI) score, and Marshall Organ
Failure (Marshall) score to determine the severity of AP.
Higher APACHE II, Ranson, and MCTSI scores indicate
more severe disease. A Marshall score >2 indicates organ
failure [13].

1.2.5 Prognostic Evaluation Indicators

The follow-up period was 1 month (or until death).
Based on the clinical outcomes during hospitalization,
patients were divided into a good prognosis group and a
poor prognosis group. (1) Good prognosis group: Patients
showed significant improvement in their condition after
systematic treatment, with stable vital signs, marked relief
of clinical symptoms such as abdominal pain, laboratory
parameters essentially returning to normal, imaging
showing significant resolution of pancreatic inflammation,
and no complications requiring hospitalization. (2) Poor
prognosis group: Patients developed complications such as
multiple organ dysfunction syndrome, infected pancreatic
necrotic tissue, sepsis, acute respiratory distress syndrome,
disseminated intravascular coagulation, or died during
hospitalization.

1.3 Statistical Methods

SPSS 26.0 and MedCalc software were used for data
analysis. The Shapiro-Wilk test was used to assess the
normality of continuous variables. All variables
conformed to normal distribution and were expressed as
x£s. Independent-sample ¢-tests were used for
comparisons between two groups, while analysis of
variance was used for comparisons among multiple groups.
Post hoc pairwise comparisons were performed using the
LSD-¢ test. Categorical data were expressed as number of
cases (%) and analyzed using the chi-square test. Pearson
correlation analysis was used to evaluate correlations
between indicators and disease severity. Receiver
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operating characteristic (ROC) curves were plotted to
analyze the predictive value of each indicator for poor
prognosis. Kaplan-Meier survival curves were used to
assess the relationship between different NLR and
Th17/Treg levels and the prognosis of AP patients. A P
value less than 0.05 was considered significant.

2 Results

2.1 Comparison of NLR and Thl7/Treg among
the three groups

The whole-blood NLR and peripheral blood
Th17/Treg levels in the MAP group, MSAP group, and
SAP group increased progressively, and the differences
were statistically significant (P<0.05). See Table 2.

2.2 Comparison of clinical scores among the
three groups

The APACHE II score, Ranson score, MCTSI score,
and Marshall score in the MAP group, MSAP group, and
SAP group increased sequentially, and the differences
were statistically significant (P<0.05). See Table 3.

2.3 Correlation of NLR and Thl7/Treg with
clinical scores

NLR and Th17/Treg were each positively correlated
with the APACHE II score, Ranson score, MCTSI score,
and Marshall score (P<0.05). See Table 4.

Tab.2 Comparison of NLR and Th17/Treg among three groups

MAP group MSAP group SAP group Fyalue P value

Indicator (n=5s1) (n=56) (n=45)
NLR 7812223 11.02£285 13.12£3.98 37.050 <0.01
Th17/Treg  2.88:0.52  3.13:0.57  3.65:041 29.093 <0.01

Tab.3 Comparison of AP severity scores among three groups

MAP MSAP SAP
Indicator group group group  Fvalue
(n=51)  (1=56)  (n=45) value
APACHE I 6.41+1.23  9.62+£2.65 16.42+3.97 159.471 <0.01
Ranson Score 2.81+£1.07 3.75£1.34 5.78+1.43 66.058 <0.01
MCTSI 3.14£1.39 4.55+2.13  5.24+2.01 15903 <0.01

Marshall Score 1.03+£0.23  2.31+£0.84 3.46+1.25 95.905 <0.01

Tab.4 Correlation analysis between NLR, Th17/Treg and
clinical scores

2.4 Comparison of whole-blood NLR and
peripheral  blood Thi7/Treg between
different prognosis groups

After 1 month of follow-up, among the 152 AP
patients, 110 had a good prognosis and 42 had a poor
prognosis. The whole-blood NLR (11.07+£3.98 s
8.71£2.71, =3.542, P<0.001) and peripheral blood
Th17/Treg (3.34+0.52 vs 2.95+0.54, =2.528, P<0.001)
levels in the poor prognosis group were significantly
higher than those in the good prognosis group.

2.5 Predictive value of NLR and Thl7/Treg for
poor prognosis in AP patients

ROC curve analysis showed that the area under the
curve (AUC) of the combination of NLR and Th17/Treg
for predicting poor prognosis in AP patients was 0.835
(95%CI: 0.766—-0.890), which was higher than that of NLR
alone (AUC=0.638, 95%CI: 0.556-0.714) and Th17/Treg
alone (AUC=0.662, 95%CI: 0.581-0.736). See Table 5
and Figure 1.

2.6 Impact of NLR and Thl7/Treg on survival of
AP patients

Based on the ROC curve results, 152 AP patients
were divided into two groups: NLR > 10.031 (n=56) and
NLR = 10.031 (n=96). Survival curve analysis showed
that the 30-day survival rate of patients with high NLR was
lower than that of patients with low NLR (log-rank
¥*=9.147, P=0.003). Similarly, 152 AP patients were
divided into two groups: Th17/Treg > 3.230 (n=61) and
Th17/Treg < 3.230 (n=91). The 30-day survival rate of
patients with high Th17/Treg was lower than that of
patients with low Thl7/Treg (log-rank ¥*=14.608,

P<0.001). See Figure 2.
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Tab.5 Prognostic value of combined detection of NLR and Th17/Treg in patients with acute pancreatitis

Indicator Sensitivity (%) Specificity (%) AUC (95% CI) Cut-off value Youden's index Z value P value
NLR 52.38 70.00 0.638(0.556-0.714) 10.031 0.224 2.667 0.008
Th17/Treg 61.90 69.09 0.662(0.581-0.736) 3.230 0.310 3.149 0.002
Combination 76.19 78.18 0.835(0.766-0.890) 9.853 <0.001
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Fig.2 Survival curves of AP patients with different levels ofNLR or Th17/Treg

3 Discussion

At present, the pathogenesis of APP has not yet been
fully elucidated, and the various inflammatory cells, such
as neutrophils, lymphocytes, macrophages, and dendritic
cells, are abnormally activated and subsequently release
large amounts of inflammatory cytokines, including tumor
necrosis factor-alpha (TNF-a), interleukin (IL)-6, IL-1p,
and others, thereby triggering a cascade amplification
effect that ultimately leads to systemic inflammatory
responses and organ damage [14—15]. As the first line of
defense of the innate immune system, neutrophils are
extensively activated and infiltrate pancreatic tissue during
the early stage of AP onset. Through the release of
proteolytic enzymes, such as elastase and myeloperoxidase,
as well as reactive oxygen species, neutrophils directly
induce injury to pancreatic acinar cells. At the same time,
activated neutrophils secrete large amounts of pro-
inflammatory  cytokines, further amplifying the
inflammatory response. As the disease progresses, this
inflammatory response exhibits a cascade amplification
effect, resulting in a significant increase in NEUT [14,16].
In addition, during SAP, inflammatory stress induces
lymphocyte apoptosis, while the pro-inflammatory
microenvironment suppresses lymphocyte proliferation
[17-18]. The marked increase in NEUT together with the
relative decrease in lymphocytes jointly leads to a
sustained elevation of the NLR, which is positively
correlated with disease severity. The results of the present
study showed that whole blood NLR levels increased
sequentially among the MAP group, MSAP group, and
SAP group. These findings suggest that NLR levels are
positively correlated with the severity of AP, with higher
NLR values indicating more severe disease. NLR may
serve as a simple and inexpensive inflammatory biomarker
for assisting in the evaluation of disease severity and risk
stratification in patients with AP. Furthermore, the
APACHE 1I score and Ranson score directly reflect the
degree of systemic inflammatory response, while the
extent of pancreatic necrosis evaluated by the MCTSI is
closely associated with the degree of neutrophil infiltration.

Organ failure assessed by the Marshall score represents the
terminal manifestation of systemic inflammatory
responses. Correlation analysis also demonstrated that
elevated NLR was positively correlated with these scoring
systems evaluating systemic inflammation and organ
injury. These findings further confirm the cascade
amplification effect of inflammation in AP and
additionally demonstrate the advantages of using NLR in
the clinical assessment of AP severity.

During the occurrence and development of AP,
CD4'T lymphocytes play a major role. These cells secrete
various lymphokines during the effector phase of cellular
immunity and further differentiate into different subtypes,
among which Th17 cells mediate inflammatory responses
and Treg cells mediate immune tolerance. [19-20]. In the
absence of inflammatory stimulation, transforming growth
factor-beta 1 (TGF-B1) induces the differentiation of Th0
cells into Treg cells, thereby suppressing autoimmunity
and maintaining immune tolerance within the immune
system. When the body experiences injury, antigen-
presenting cells, such as dendritic cells, promote the
differentiation of CD4'T cells into Thl17 cells under
stimulation by inflammatory cytokines. During this
process, Treg cells may transiently increase in an attempt
to suppress excessive inflammation. However, when injury
persists, the pro-inflammatory effects of Th17 cells may
become uncontrolled. Excessive activation of Th17 cells is
accompanied by inhibition of Treg differentiation,
resulting in Th17/Treg imbalance and disruption of the
pro-inflammatory and anti-inflammatory equilibrium [19—
21]. In the present study, peripheral blood Th17/Treg ratios
increased sequentially among the MAP group, MSAP
group, and SAP group. Correlation analysis further
demonstrated that elevated Thl17/Treg ratios were
positively correlated with scoring systems evaluating
systemic inflammation and organ injury.

In this study, the 30-day survival outcomes of 152
patients with AP were analyzed. The results showed that
patients in the high-NLR group and those in the high-
Th17/Treg group had poorer prognoses, suggesting that
both biomarkers are associated with the mechanisms
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underlying adverse prognostic outcomes in patients. ROC
curve analysis demonstrated that the combined use of NLR
and Th17/Treg had the highest predictive value for adverse
prognosis in patients with AP, with an AUC of 0.835,
sensitivity of 76.19%, and specificity of78.18%, indicating
good diagnostic accuracy. Combined detection of these
two biomarkers may serve as a reliable biomarker
combination for evaluating the prognosis of AP patients
and provide a new laboratory basis for clinical prognostic
assessment. By reflecting the acute inflammatory state of
innate immunity dominated by neutrophils, NLR can
provide early warning of the intensity of systemic
inflammatory responses, whereas Thl17/Treg reflects
dysregulation of adaptive immunity and can dynamically
monitor the risk of chronic disease progression. The
combination of these two indicators not only covers the
entire process of AP from acute injury to persistent
deterioration, but also integrates interactions across
different immune system levels, thereby improving the
sensitivity and specificity of the predictive model.

In summary, NLR and Th17/Treg levels in patients
with AP are significantly positively correlated with disease
severity, and the combination of NLR and Th17/Treg may
be used to evaluate the prognosis of AP. Future multicenter
clinical studies are needed to validate their synergistic
value and to explore precision intervention strategies based
on these biomarkers.
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Department of Gastroenterology, China North Industries Corporation (NORINCO) General Hospital , Xi’ an, Shaanxi 710065, China
Corresponding author: LI Zhuan, E-mail: 18329906464@163.com
Abstract: Objective To explore the correlations of neutrophil-to-lymphocyte ratio (NLR) , T helper 17 (Th17) cell to
regulatory T cell (Treg) ratio with disease severity of acute pancreatitis (AP) , and analyze their predictive value for
prognosis. Methods A total of 152 AP patients admitted to NORINCO General Hospital between March 2021 and
March 2025 were enrolled. On the one hand, patients were classified into 3 groups, including mild acute pancreatitis
(MAP, n=51), moderately severe acute pancreatitis (MSAP, n=56) , and severe acute pancreatitis (SAP, n=45)
according to the severity of the disease. On the other hand, patients were divided into poor prognosis and good prognosis
groups based on clinical outcomes during hospitalization (followed up for 1 month or death). The whole blood NLR and
peripheral blood Th17/Treg levels were measured and compared among different severity groups or between different
prognosis groups , respectively. Receiver operating characteristic (ROC) curves were plotted to analyze the prognosis
predictive value of each index for AP. Kaplan-Meier method was used to draw survival curves for prognostic evaluation.
Results Whole blood NLR and peripheral Th17/Treg levels progressively increased in MAP, MSAP, and SAP groups,
with statistically significant differences (P<0.05). Among 152 patients, 42 had poor prognosis and 110 had good
prognosis. The poor prognosis group showed significantly higher NLR (11.07+3.98 vs 8.71+2.71,1=3.542, P<0.05) and
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Th17/Treg (3.34+0.52 vs 2.95 +0.54, 1=2.528, P<0.05) levels than those in the good prognosis group. ROC analysis

demonstrated that the area under the curve (AUC) of combined NLR and Th17/Treg for predicting the prognosis of
patients with AP was 0.835 (95%CI: 0.766—0.890) , which was higher than that of NLR alone (AUC=0.638, 95%ClI:
0.556-0.714) and Th17/Treg alone (AUC=0.662, 95%CI: 0.581-0.736). Kaplan-Meier survival analysis revealed that

patients with elevated NLR or Th17/Treg levels exhibited markedly poor prognoses (P<0.05). Conclusion The levels

of NLR and Th17/Treg in AP patients increased with the aggravation of disease severity. The combined application of NLR

and Th17/Treg demonstrates substantial clinical value in predicting prognosis, providing guidance for clinical

management of AP.

Keywords: Acute pancreatitis; Neutrophil-to-lymphocyte ratio; Helper T cell 17 to regulatory T cell ratio; Diagnosis;

Prognosis; Severity
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Tab.1 Comparison of general information among three groups
of patients [case( %) ]

MAPZ]  MSAP#] SAPHA

H (n=51) (n=56) (n=45) Fixfi Pl
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Tab.2 Comparison of NLR and Th17/Treg among three

groups of patients  (xs)
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MAPZH MSAP 41

I

TH (n=51) (n=56) (nmts)  FHPME
NLR 7.81+2.23 11.02+2.85*  13.12+3.98" 37.050 <0.001
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Tab.3 Comparison of AP severity scores among three groups

of patients  (xs)
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APACHE 17 6.41+1.23  9.62+2.65" 16.42+3.97" 159.471 <0.001
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Tab.4 Correlation analysis between NLR, Th17/Treg and

clinical scores
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Tab.5 Prognostic value of combined detection of NLR and Th17/Treg in patients with AP
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Fig.1 ROC curve of NLR and Th17/Treg in predicting the
prognosis of AP patients
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