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Background:The incidence of hyperlipidemic acute pancreatitis (HLAP) has been

increasing yearly, presenting a younger demographic and high mortality rates.

Early assessment of severity is essential for improving treatment strategies and

outcomes. Various serum biomarkers, including neutrophil-to-lymphocyte ratio

(NLR) and platelet-to-lymphocyte ratio (PLR), have shown prognostic value in

inflammatory conditions.

Objective: This study aims to evaluate NLR, PLR, procalcitonin (PCT), and

D-dimer (D-D) as biomarkers in assessing HLAP severity, identify independent

predictors factors for moderate-to-severe HLAP, and provide evidence for

tailored therapeutic interventions.

Methods: A retrospective analysis was conducted on 145 HLAP patients

admitted between mid-2021 and mid-2023 at Jining No. 1 People’s Hospital.

Patients were categorized into mild HLAP andmoderate-to-severe HLAP groups

based on severity. Clinical and biochemical data were analyzed using SPSS 26.0,

and the diagnostic e�cacy of NLR, PLR, PCT, and D-Dwas evaluated via Receiver

Operating Characteristic (ROC) curve.

Results: Elevated levels of NLR, PLR, PCT, and D-D were identified as

independent predictors formoderate-to-severeHLAP. The combined ROCcurve

for these biomarkers yielded an area under the curve (AUC) of 0.898 (95% CI:

0.841–0.956), with sensitivity and specificity of 0.818 and 0.892, respectively,

outperforming individual biomarkers.

Conclusions: The combined assessment of NLR, PLR, PCT, and D-D is a simple,

e�cient, and cost-e�ective method for early HLAP severity evaluation. Further

large-scale studies are warranted to validate these findings.
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1 Introduction

The incidence of hyperlipidemic acute pancreatitis (HLAP) is rising globally, with

an increasing number of cases reported among younger individuals. This trend may be

linked to lifestyle changes, including poor dietary habits and rising rates of hyperlipidemia.

HLAP is associated with a high risk of complications, substantial mortality, and frequent

recurrence, making early and accurate assessment of disease severity essential for guiding

timely clinical interventions and improving patient outcomes (1, 2).
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Recent studies have shown that several serum biomarkers—

including the neutrophil-to-lymphocyte ratio (NLR) (3), platelet-

to-lymphocyte ratio (PLR) (4), procalcitonin (PCT) (5), and

D-dimer (D-D) (6)—have demonstrated considerable value in

monitoring inflammation, predicting complications, and assessing

disease severity in acute pancreatitis (AP). Among them, NLR

and PLR reflect systemic inflammation and immune status,

PCT is highly sensitive to bacterial infection and sepsis, and

D-D indicates a hypercoagulable state, often associated with

disease severity (4, 5, 7–9). Based on these characteristics, this

study selected NLR, PLR, PCT, and D-D as key biomarkers to

evaluate their predictive value in hyperlipidemic acute pancreatitis.

Although these markers have been individually investigated

in AP, their combined application in HLAP remains largely

unexplored. Recent literature supports the utility of multi-

biomarkermodels in improving early risk stratification and severity

prediction (4, 10).

Compared to previous studies that primarily focused on single

biomarkers or general acute pancreatitis (AP) populations, this

study presents a novel approach by developing and validating

a four-biomarker assessment model tailored specifically for

hyperlipidemic acute pancreatitis (HLAP). The model integrates

three critical pathological dimensions of HLAP—systemic

inflammation, coagulation dysfunction, and infection risk—

through the combination of NLR, PLR, PCT, and D-D, all

of which are routinely available laboratory indicators. This

strategy facilitates rapid and accurate early risk stratification

and demonstrates favorable feasibility, cost-effectiveness, and

clinical applicability. While prior studies have largely investigated

these biomarkers separately or in broader AP contexts, our

study comprehensively evaluates their combined predictive

performance in HLAP, helping to fill an existing gap in

the literature. Additionally, we have identified independent

predictors for moderate to severe HLAP, and showed that

this biomarker model improves diagnostic accuracy, supports

individualized treatment planning, and minimizes unnecessary

testing and resource use, thereby contributing to enhanced

clinical outcomes.

2 Materials and methods

2.1 Study design

We retrospectively analyzed 145 patients diagnosed with

hyperlipidemic acute pancreatitis (HLAP) who were admitted

to the Department of Gastroenterology at Jining No. 1 People’s

Hospital between the second half of 2021 and the second half of

2023. Inclusion Criteria: patients meeting the following criteria

were included in the study: acute pancreatitis (AP) diagnosis:

diagnosed based on the 2012 Atlanta Consensus criteria. AP

was diagnosed if at least two of the following criteria were met:

(1) acute upper abdominal pain typical of AP, often radiating

to the back and associated with nausea or vomiting; (2) serum

amylase and/or lipase levels ≥ three times the upper normal

limit; (3) characteristic imaging findings (e.g., pancreatic edema

or peripancreatic fluid collection on CT or MRI. HLAP was

diagnosed when AP criteria were met along with one of the

following: (1) serum triglyceride (TG) ≥ 11.3 mmol/L; or (2) TG

between 5.65–11.3 mmol/L with a milky serum appearance, after

excluding other causes of AP (e.g., biliary disease, drug use, alcohol

abuse, or pancreatic duct abnormalities). Signed informed consent

for participation in the study. Exclusion Criteria: patients were

excluded under the following conditions: (1) Received treatment

for AP prior to admission. (2) Admission occurred more than

24 h after AP onset. (3) Concurrent infections of other organs

upon onset (e.g., pneumonia, cholecystitis, or appendicitis). (4)

Incomplete clinical data or lack of blood samples collected within

24 h of admission.

Patients were categorized into two groups based on the revised

Atlanta classification: a mild HLAP group (n = 75) and a

moderate-to-severe HLAP group (n = 70). The study protocol

was approved by the Ethics Review Committee of Jining No. 1

People’s Hospital.

All patients were managed according to standardized

HLAP treatment protocols based on national guidelines (11),

including early fasting, aggressive fluid resuscitation, and low-

molecular-weight heparin (LMWH) administration within the

first 24 h of admission. Antibiotics were reserved for cases with

confirmed infection.

2.2 Variables and definitions

Baseline data collected included patient age, body mass

index (BMI), and the frequency of recurrence within 1 year.

Vital signs, including heart rate, systolic blood pressure,

diastolic blood pressure, body temperature, and respiratory

rate, were also recorded. Laboratory data included complete

blood count (neutrophils, lymphocytes, platelets), PCT, and

biochemical markers (triglycerides, cholesterol, low-density

lipoprotein, high-density lipoprotein, alanine aminotransferase,

aspartate aminotransferase, gamma-glutamyl transferase, and

total bilirubin). D-dimer (D-D) levels were measured, and the

neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte

ratio (PLR) were calculated.

2.3 Statistical analysis

Data were analyzed using SPSS 26.0 software. A normality test

was performed for all quantitative data. Normally distributed data

were presented as mean ± standard deviation (SD) and compared

using independent-samples t-tests. Non-normally distributed data

were expressed as medians (interquartile range, IQR) and analyzed

using non-parametric tests (Z-tests). Statistical significance was

defined as P < 0.05. For variables with significant differences,

multivariate logistic regression analysis was performed to identify

independent risk factors for moderate-to-severe HLAP. Receiver

operating characteristic (ROC) curves were used to evaluate the

diagnostic performance of NLR, PLR, PCT, and D-D levels, both

individually and in combination, for moderate-to-severe HLAP.

The cutoff values were determined using the Youden Index,
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and the area under the curve (AUC), sensitivity, and specificity

were calculated.

3 Results

3.1 Patient characteristics

In the two patient groups, the moderate-to-severe HLAP group

exhibited a significantly higher recurrence rate within 1 year

compared to the mild HLAP group (P < 0.05). Age and BMI did

not differ significantly between the two groups (P > 0.05; Table 1).

3.2 Comparison of vital signs between the
two groups

Heart rate, temperature, diastolic pressure, and respiratory

rate were comparable between groups (P > 0.05). Systolic blood

pressure was significantly higher in the moderate-to-severe group

(P < 0.05; Table 2).

TABLE 1 Baseline characteristics comparison between the two groups.

Variable Mild
HLAP
group
(n = 75)

Moderate/
severe
HLAP
group
(n = 70)

T/Z P-value

Age (years) 32.86± 6.98 30.85± 6.22 1.65 0.10

BMI (kg/m2) 27.16± 4.23 28.10± 5.15 −1.09 0.28

Number of

recurrences

within 1 year

(times/year)

1.03± 0.79 1.76± 1.09 −4.15 <0.01∗

∗Indicates statistical significance (P < 0.05).

TABLE 2 Comparison of vital signs between the two groups.

Variable Mild
HLAP
group
(n = 75)

Moderate/
severe
HLAP
group
(n = 70)

T/Z P-value

Heart rate

(times/min)

87.28± 16.77 87.24± 16.74 0.13 0.99

Systolic blood

pressure

(mmHg)

131.20±

18.61

148.69± 24.08 −4.39 <0.01∗

Diastolic blood

pressure

(mmHg)

85.08± 12.98 81.58± 11.93 1.53 0.13

Body

temperature

(◦C)

36.53± 0.28 36.60± 0.34 −1.38 0.17

Respiratory rate

(times/min)

19.06± 2.21 18.38± 3.03 1.42 0.16

∗Indicates statistical significance (P < 0.05).

3.3 Comparison of hematological,
infection, and coagulation indicators
between the two groups

NLR, PLR, PCT, and D-D levels were significantly elevated in

the moderate-to-severe group (P < 0.05; Table 3).

3.4 Comparison of biochemical indicators
between the two groups

Triglyceride and cholesterol levels were also significantly higher

in the moderate-to-severe group (P < 0.05; Table 4).

3.5 Multivariate logistic regression analysis
of the moderate-to-severe HLAP group

Multivariate analysis identified NLR (OR= 1.225), PLR (OR=

1.008), D-D (OR = 2.535), and PCT (OR = 4.033) as independent

predictors of moderate-to-severe HLAP (P < 0.05; Table 5).

TABLE 3 Comparison of hematological, infection, and coagulation

indicators between the two groups.

Variable Mild HLAP
group
(n = 75)

Moderate/
severe
HLAP
group
(n = 70)

T/Z P-value

NLR 8.25± 7.93 15.38± 6.49 0.13 <0.01∗

PLR 126.92± 84.86 306.67± 143.25 −4.39 <0.01∗

D-D (mg/L) 1.26± 0.96 2.62± 1.25 1.53 <0.01∗

PCT (pg/mL) 0.75± 0.87 1.87± 0.71 1.42 <0.01∗

∗Indicates statistical significance (P < 0.05).

TABLE 4 Comparison of biochemical indicators between the two groups.

Variable Mild
HLAP
group
(n = 75)

Moderate/
severe
HLAP
group
(n = 70)

T/Z P-value

Triglyceride

(mmol/L)

7.98± 2.55 12.51± 8.89 −3.65 <0.01∗

Cholesterol

(mmol/L)

6.90± 2.53 9.99± 5.86 −3.63 <0.01∗

LDH (mmol/L) 2.41± 1.23 2.69± 1.06 −1.29 0.20

HDL (mmol/L) 0.91± 0.46 1.32± 1.71 −1.73 0.09

ALT (µ/L) 28.93± 18.98 23.30± 17.27 1.69 0.09

AST (µ/L) 23.57± 15.56 28.66± 18.65 −1.63 0.11

GGT (µ/L) 28.93± 18.98 23.30± 17.27 1.69 0.09

TBIL (µmol/L) 19.37± 8.02 20.80± 12.14 −0.77 0.44

∗Indicates statistical significance (P < 0.05).
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3.6 ROC curve analysis of NLR, PLR, D-D,
PCT, and their combination

ROC curve analysis revealed AUCs of 0.752 for NLR, 0.892 for

PLR, 0.809 for D-D, 0.839 for PCT, and 0.898 for the combined

model. The corresponding Youden indices were 0.571, 0.708, 0.528,

0.647, and 0.710, with optimal cutoff values of 7.48, 209.66, 1.535,

1.09, and 207.92, respectively. Sensitivities were 0.909, 0.800, 0.836,

0.909, and 0.818; specificities were 0.662, 0.908, 0.692, 0.738, and

0.892, respectively. The combined use of NLR, PLR, D-D, and PCT

achieved the highest AUC and demonstrated superior predictive

performance compared to individual markers (Table 6; Figure 1).

4 Discussion

Hyperlipidemic acute pancreatitis (HLAP) is a clinically diverse

and life-threatening condition with an increasing incidence and

TABLE 5 Multivariate logistic regression analysis of independent predictors for moderate-to-severe HLAP.

Variable B SE Waldx2 P OR 95%Cl

NLR 0.203 0.064 10.013 0.002∗ 1.225 1.080–1.389

PLR 0.008 0.004 3.984 0.046∗ 1.008 1.000–1.016

D-D 0.930 0.436 4.559 0.033∗ 2.535 1.079–5.952

PCT 1.395 0.525 7.050 0.008∗ 4.033 1.441–11.291

Number of recurrences within a year 0.354 0.415 0.728 0.394 1.425 0.632–3.216

Triglyceride 0.273 0.143 3.677 0.055 1.314 0.994–1.738

Cholesterol 0.033 0.141 0.055 0.814 1.034 0.785–1.362

Systolic blood pressure 0.005 0.019 0.062 0.803 1.005 0.968–1.042

∗Indicates statistical significance (P < 0.05).

TABLE 6 ROC curve analysis of NLR, PLR, D-D, PCT, and their combination.

Variable AUC P 95%CI Youden Cut-o� Sensitivity Specificity

NLR 0.752 <0.001∗ 0.661–0.843 0.571 7.48 0.909 0.662

PLR 0.892 <0.001∗ 0.833–0.951 0.708 209.66 0.8 0.908

D-D 0.809 <0.001∗ 0.733–0.885 0.528 1.535 0.836 0.692

PCT 0.839 <0.001∗ 0.767–0.911 0.647 1.09 0.909 0.738

Fourfold union 0.898 <0.001∗ 0.841–0.956 0.71 207.92 0.818 0.892

∗Indicates statistical significance (P < 0.05).

FIGURE 1

ROC curves for NLR, PLR, D-D, PCT, and their combination.
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mortality rate. Early identification and assessment of HLAP

severity are critical for guiding treatment strategies and improving

patient outcomes.

Although NLR is not a specific diagnostic marker for AP,

elevated levels have been associated with disease severity and

prognosis (12). High NLR levels may indicate a more pronounced

inflammatory response and immune dysregulation. During AP,

inflammation and tissue injury in the pancreas can trigger systemic

inflammatory responses and alterations in immune function (7,

13). During AP, neutrophils increase while lymphocytes decrease,

reflecting immune dysregulation (7, 13). The calculation of NLR

reflects changes in inflammation and immune status.

In HLAP, tissues are damaged by inflammatory cytokines,

proteases, and oxidative stress, primarily driven by inflammation.

Neutrophils, which secrete these damaging substances, further

accelerate the inflammatory process (14). Inflammatory cytokines

can stimulate platelet production, contributing to elevated PLR

(15). The immune system, including lymphocytes and the

lymphatic system, plays a crucial role in modulating and slowing

the inflammatory process. Uncontrolled inflammation in HLAP

can lead to lymphocyte apoptosis and redistribution, reducing

immune cells, particularly lymphocytes (16). The combination

of systemic inflammatory response syndrome (SIRS) and multi-

organ failure (MOF) accelerates the progression to moderate-to-

severe HLAP, with inflammatory mediators driving SIRS (17).

While these markers have demonstrated utility in AP, limited data

exist regarding their application in HLAP. This study aims to

determine the predictive value of these biomarkers in evaluating

HLAP severity.

Procalcitonin (PCT) plays a critical role in immune responses,

with a half-life of 24 h. PCT helps diagnose infection and monitor

antibiotic response. Its broad-spectrum antimicrobial properties

and favorable pharmacokinetics make it a valuable clinical tool.

Under PCT-guided protocols, the use of antibiotics can reduce side

effects and improve clinical outcomes. PCT levels also increase in

conditions such as trauma, burns, heart failure, pancreatitis, and

infections. Inflammatory cytokines (e.g., IL-6, TNF-α) in the tumor

microenvironment stimulate PCT production, rapidly elevating

its blood concentration. Studies have shown that PCT is more

sensitive and specific than C-reactive protein (CRP) in assessing

AP prognosis and disease severity (5). Yin et al. (18) also observed

significantly higher PCT levels in moderate-to-severe AP patients

compared to those with mild AP, further supporting its role as a

promising serum biomarker for evaluating AP severity.

Elevated D-dimer (D-D) levels in AP patients may indicate

systemic inflammation and thrombosis, correlating with more

severe disease and poor outcomes (6, 19). AP often triggers

coagulation processes early in its course (20), leading to pancreatic

necrosis, bleeding, and shock. As a fibrin degradation product, D-

D is a sensitive marker of thrombosis and is used in conditions

like pulmonary embolism (PE), myocardial infarction (MI), and

disseminated intravascular coagulation (DIC). Studies indicate that

higher D-D levels are associated with severe AP and adverse

outcomes (6). Recent research highlights significant differences in

D-D levels across AP severity groups, confirming its relevance in

evaluating HLAP severity (21).

This study analyzed independent predictor’s factors for

moderate-to-severe HLAP, focusing on the utility of NLR,

PLR, PCT, and D-D in improving early diagnostic accuracy

and guiding tailored treatment strategies. These biomarkers

reflect distinct pathophysiological processes such as systemic

inflammation, coagulation activation, and infection. Their

elevation may collectively indicate systemic dysregulation in

severe HLAP, serving as predictive indicators rather than direct

causal factors. Unlike traditional scoring systems such as Ranson

and BISAP, which require multiple clinical parameters and take

up to 48 h to complete, this four-biomarker model offers a

rapid, cost-effective, and accessible method for early HLAP risk

stratification. The combination of NLR, PLR, PCT, and D-D not

only improves predictive accuracy but also captures several key

pathophysiological pathways—including systemic inflammation,

immune dysregulation, thrombosis, and infection. This is

particularly valuable in HLAP, which tends to progress rapidly and

affects younger patients without significant comorbidities. To our

knowledge, this is the first study to systematically evaluate this

specific combination in HLAP, providing both methodological

novelty and practical clinical value. These biomarkers can aid in

timely identification of disease progression, improving patient

prognosis, and reducing unnecessary diagnostic procedures

to alleviate economic burdens. The combined ROC curve for

NLR, PLR, PCT, and D-D yielded an AUC of 0.898 (95% CI:

0.841–0.956), with sensitivity and specificity of 0.818 and 0.892,

respectively. This combined approach outperformed individual

markers in predicting HLAP severity. The combination of NLR,

PLR, D-D, and PCT is a simple, rapid, cost-effective, and practical

method for assessing HLAP severity, warranting broader clinical

application. Compared to Ranson’s criteria, which require a

48 h data collection period and multiple biochemical tests, our

biomarker panel enables risk stratification at the time of admission.

Although the BISAP score has shown comparable predictive

performance (22), it incorporates semi-subjective components

such as altered mental status, which may be inconsistently assessed.

In contrast, our approach is based entirely on objective, routinely

measured laboratory parameters, offering timely, reproducible,

and easily accessible results for early clinical decision-making.

Our NLR cutoff (7.48) is comparable to thresholds reported

in general acute pancreatitis research (e.g., NLR >5.0 in Suppiah

et al.) (3), but is slightly higher than typical values for non-

hyperlipidemic AP. Thismay reflect themore intense inflammatory

response characteristic of HLAP. The PLR cutoff (209.66) is

consistent with previous studies that associated PLR >200 with

poor prognosis in AP patients (4). For D-dimer, our identified

cutoff (1.535 mg/L) is notably higher than those used in general AP

populations likely due to HLAP-related hypercoagulability induced

by elevated lipid levels (23). Although these thresholds are not yet

included in current pancreatitis management guidelines, they are

pathophysiologically relevant to HLAP and may help guide future

research and clinical decision-making.

However, this study has limitations, including a relatively small

sample size, which may restrict the generalizability of the findings.

Larger, prospective studies are needed to validate the predictive

value of these biomarkers in assessing HLAP severity.
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5 Conclusion

This study shows that NLR, PLR, D-D, and PCT combined

offer an objective and accessible tool for assessing HLAP severity.

These biomarkers hold significant value for early intervention

and improving clinical outcomes in HLAP patients. Further

research is needed to confirm their utility and expand their

clinical applications.
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