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Objective: To investigate associations between novel inflammatory biomarkers and disease severity in Hypertriglyceridemia-
associated acute pancreatitis (HTG-AP) and to evaluate their prognostic utility for risk stratification.

Methods: This retrospective cohort study included 340 HTG-AP patients. Neutrophil-to-high-density lipoprotein Cholesterol Ratio
(NHR), Monocyte-to-High-Density Lipoprotein Cholesterol Ratio (MHR), Lymphocyte-to-HDL cholesterol ratio (LHR), Platelet-to-
high-density lipoprotein cholesterol ratio (PHR), Systemic Immune-Inflammation Index (SII), Systemic Inflammatory Response Index
(SIRI), and aggregate index of systemic inflammation (AISI) indices were calculated. Multivariable logistic regression (unadjusted/
age-sex-adjusted/fully-adjusted models) was conducted, and ROC analysis was performed to determine the predictive performance for
MSAP+SAP/SAP.

Results: Among 340 HTG-AP patients (156 MAP, 130 MSAP, 54 SAP), novel inflammatory markers NHR, SII, SIRI, MHR,
PHR, and AISI significantly increased with severity (P < 0.01). Restricted cubic splines revealed nonlinear associations of NHR,
SII, AISI, MHR, and SIRI with MSAP+SAP risk (Overall P < 0.05; Nonlinear P < 0.05). In fully adjusted models: For each
1-unit increase in NHR, the OR was 1.06 (95% CI: 1.03—1.09; P < 0.001). Comparing the highest tertile (Q3) to the lowest (Q1),
the OR was 6.03 (95% CI: 2.98-12.19; P < 0.001). MHR Q3 vs Q1: OR=4.52 (2.26-9.03; P < 0.001). SIRI Q3 vs Q1: OR =
3.12 (1.61-6.06; P < 0.001). SIT Q3 vs QI: OR 3.12—(1.61-6.04; P < 0.001). AISI Q3 vs Q1: OR = 2.74 (95% CI: 1.42-5.28;
P =0.003). LHR and PHR showed no statistically significant associations (P > 0.05). ROC analysis demonstrated that NHR was
the best predictor of MSAP+SAP (AUC = 0.701; optimal cutoff = 14.484), outperforming other indices (SII: AUC = 0.666; LHR:
AUC = 0.505).

Conclusion: NHR is a novel independent predictor of moderate-severe or severe HTG-AP, with the highest tertile conferring a 6.03-
fold increased risk (95% CI: 2.98-12.19; P < 0.001) and an AUC of 0.701 for MSAP+SAP prediction. SII, MHR, SIRI, and AISI
provide complementary prognostic value, supporting early risk stratification using NHR (cutoff = 14.484).

Keywords: hypertriglyceridemia-associated acute pancreatitis, novel inflammatory markers, NHR, disease severity, severity
prediction

Introduction
Acute pancreatitis (AP), a common acute condition in the digestive system, has an annual global incidence rate of
approximately 34 per 100,000 people.! With the increasing prevalence of metabolic diseases, hypertriglyceridemia
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(HTG) has surpassed alcohol to become the second leading cause of acute pancreatitis (AP) in China, accounting for 21%
of the total incidence of AP’ Multiple studies that have been conducted indicate that patients with
Hypertriglyceridemia-associated acute pancreatitis (HTG-AP) have a higher risk of developing complications and
organ failure compared to those with non-triglyceride-related acute pancreatitis (NTG-AP), are more likely to progress
to acute severe pancreatitis (SAP), have more extended hospital stays, and have a higher mortality rate.* © Early, accurate
assessment of the condition is vital for formulating a reasonable treatment plan and improving the prognosis of patients.

Since there is currently no specific scoring system for evaluating HTG-AP, the commonly used tools for predicting
the severity of acute pancreatitis include Ranson criteria, Acute Physiology and Chronic Health Evaluation System
(APACHE-II), Bedside Acute Pancreatitis Severity Index (BISAP), modified Marshall score (mMarshall), and modified
CT severity index (mCTSI), etc. Multiple studies have questioned the clinical value of traditional scoring systems in
predicting severe pancreatitis early, indicating that none apply to all forms of pancreatitis. The clinical value of the four
commonly used scoring systems (BISAP, APACHE-II, Ranson, and SIRS) in predicting severe acute pancreatitis (SAP)
has been established. It is pointed out that although traditional scoring systems such as BISAP, APACHE-II, and Ranson
are widely used, their predictive efficacy is limited, with positive predictive values (PPV) ranging from 40% to 50% and
negative predictive values (NPV) being relatively high (88% to 95%).” It indicates that the traditional scoring system
performs well in excluding severe pancreatitis (with a high negative predictive value, NPV) but has a mediocre
performance in predicting severe pancreatitis (with a low positive predictive value, PPV). Additionally, scoring systems
typically require the dynamic collection of numerous complex laboratory data and clinical parameters, which is not
convenient for implementation in primary hospitals. However, single laboratory parameters (such as neutrophils (NEU),
lymphocytes (LYM), and monocytes (MON), among others) are prone to being affected by dehydration or fluid
resuscitation, blood specimen dilution, and blood specimen processing, and thus exhibit poor stability.® Therefore,
finding more efficient and convenient new biological markers for predicting the condition and risk stratification is
a clinical need.

In recent years, numerous studies have explored the significance of novel inflammatory composite indicators (such as
the neutrophil-to-high-density lipoprotein cholesterol ratio (NHR), monocyte-to-high-density lipoprotein cholesterol ratio
(MHR), platelet-to-high-density lipoprotein ratio (PHR), systemic immune inflammation index (SII), and systemic
inflammatory response index (AISI)) in predicting the risk and prognosis of metabolic diseases, cardiovascular diseases,
neurological disorders, and infectious diseases. They have demonstrated their considerable value in this regard.” "> These
inflammatory complexes reflect inflammatory responses and metabolic manifestations, performing exceptionally well in
complex disease mechanisms. Moreover, compared with scoring systems with numerous complex parameters, they are
more convenient and have higher clinical practicability.

Based on these advantages, we conducted this study to explore the relationship between novel composite inflamma-
tory markers and the severity of the disease in patients with HTG-AP. Our study is the first systematic study in this
clinical context to evaluate the feasibility of multiple inflammatory complexes as potential prognostic indicators.

Materials and Methods

Study Design

This study was a single-center retrospective cohort study. Data from patients diagnosed with Hypertriglyceridemia-
associated acute pancreatitis (HTG-AP) at Shenzhen People’s Hospital from January 2015 to April 2025. The data mainly
came from the hospital’s electronic medical record system. This study was approved by the Medical Ethics Committee of
Shenzhen People’s Hospital (Ethical Approval Number: LL-KY-202411901).The study was conducted in accordance
with the Declaration of Helsinki.

Clinical Definitions

AP Diagnostic Criteria

The diagnosis of AP required the presence of at least two of the following three features, as per the Revised Atlanta
Classification: (1) characteristic abdominal pain (acute onset of persistent, severe epigastric pain often radiating to the
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back); (2) serum amylase and/or lipase activity >3 times the upper limit of normal; (3) characteristic imaging findings of
AP on contrast-enhanced computed tomography (CECT), magnetic resonance imaging (MRI), or transabdominal
ultrasonography.'*

HTG-AP Diagnostic Criteria

Given the absence of a universally defined minimum triglyceride threshold for hypertriglyceridemia (HTG)- associated
acute pancreatitis (AP), this study adopts diagnostic criteria aligned with current guidelines and prior research.
Specifically, HTG-AP is defined as meeting the diagnostic requirements for acute pancreatitis, plus either of the
following: a triglyceride (TG) level >1,000 mg/dL (11.30 mmol/L) or a TG level of 500-1,000 mg/dL (5.65—
11.30 mmol/L) with milky serum (chylomicronemia).ls*17

Severity Grading

According to the revised Atlanta classification (RAC),'* the severity of AP is categorized into Mild AP (No organ failure
and no local complications), Moderately severe AP (Transient organ failure (< 48 hours) or local complications), and
severe AP: Persistent organ failure (> 48 hours).

Systemic Inflammatory Response Syndrome (SIRS)

SIRS is a systemic inflammatory reaction triggered by infectious or non-infectious insults. The diagnostic criteria require
the presence of at least two of the following clinical manifestations: (1) Body temperature >38°C or <36°C; (2) Heart rate
>90 beats per minute; (3) Respiratory rate >20 breaths per minute or PaCO, <32 mmHg; (4) White blood cell count
>12x10%/L or <4x10°/L, or immature neutrophils >10%."®

Acute Peripancreatic Fluid Collection (APFC)

Acute Peripancreatic Fluid Collection (APFC) is defined as peripancreatic fluid accumulation occurring within 4 weeks
of onset in patients with interstitial edematous pancreatitis, lacking features of a pseudocyst (eg, well-defined wall or
internal septations)."*

Study Population

During the study period from January 2015 to April 2025, a total of 1996 patients with acute pancreatitis were admitted.
To ensure a homogeneous study population and to specifically investigate the role of inflammatory markers in HTG-
AP—a distinct entity with a unique pathophysiology—we exclusively enrolled patients meeting the HTG-AP criteria
detailed above, thereby excluding those with other etiologies such as biliary, alcoholic, or idiopathic AP. All HTG-AP
patients hospitalized during the study were assessed for eligibility. After applying the inclusion and exclusion criteria,
a total of 340 patients were enrolled and classified according to the RAC criteria into mild acute pancreatitis (MAP),
moderate-to-severe acute pancreatitis (MSAP), and severe acute pancreatitis (SAP).

Inclusion Criteria
(1) Diagnosed according to HTG-AP criteria (serum triglycerides > 11.3 mmol/L or with chylous blood and excluding
other causes); (2) Time from onset to admission < 48 hours; (3) Age > 18 years.

Exclusion Criteria

(1) History of chronic pancreatitis; (2) Age < 18 years; (3) Time from symptom onset to admission > 48 hours; (4)
Pregnant or lactating women; (5) Complicated with chronic liver disease (Child-Pugh B/C grade) or chronic kidney
disease (eGFR < 60 mL/min/1.73m?); (6) Autoimmune diseases (such as systemic lupus erythematosus), malignant
tumors or hematological diseases; (7) Missing clinical data > 20%. Figure 1 describes the case screening process.

Data Collection

Comprehensive clinical data were systematically collected from all enrolled patients. Demographic and clinical char-
acteristics included age, sex, smoking history, alcohol consumption history, and preexisting comorbidities (hypertension,
diabetes mellitus, fatty liver disease). Laboratory parameters assessed within 48 hours of symptom onset comprised
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Patients with acute pancreatitis were admitted between
January 2015 and April 2025 (n=1996)

Patients with other etiologies (biliary. alcoholic,
idiopathic, etc) were excluded (n=1101)

Patients with HTG-AP were extracted from the database
for eligibility assessment (n=895)

245 patients excluded
Age <18 years (n=15)
310 patients excluded PP Hospitalization delay
Chronic Liver/Kidney Included paticnts(n=650) >48 hours (n1=220)
Disease(n=80) Pregnancy
Autoimmune or/Lactation(n=10)
Disorders/Malignancy(n=35
):

Chronic Pancreatitis(n=50)
Missing Data >20%(n=145)

Patients for analysis (n=340)

MAP MSAP SAP
(n=156) (n=130) (n=54)

Figure | Flowchart of patient screening and enrollment.
Abbreviations: MAP, mild acute pancreatitis; MSAP, moderate-to-severe acute pancreatitis; SAP, severe acute pancreatitis.

neutrophil count (Neu), absolute monocyte count (Mon), absolute lymphocyte count (Lym), absolute platelet count
(PLT), serum triglyceride (TG), serum albumin (ALB), and serum calcium ion (Ca>"), high-density lipoprotein choles-
terol (HDL-C), blood urea nitrogen (BUN), serum creatinine (CR). Clinical complications, including acute peripancreatic
fluid collection (APFC) and systemic inflammatory response syndrome (SIRS), were documented. Interventions admi-
nistered within 48 hours, including plasma exchange and insulin therapy (administered intravenously and subcuta-
neously), were recorded. Laboratory parameters were measured in SI units: triglycerides (TG) and HDL cholesterol in
mmol/L; blood cell counts (neutrophils, monocytes, lymphocytes, platelets) in X109/L; hematocrit in %; blood urea
nitrogen (BUN) in mmol/L; serum creatinine (Cr) in pmol/L; albumin (ALB) in g/L; and serum calcium (Ca*") in mmol/
L. Novel inflammatory indices were calculated as follows: Neutrophil-to-HDL cholesterol ratio (NHR = Neu/HDL-C);
Monocyte-to-HDL cholesterol ratio (MHR = Mon/HDL-C); Lymphocyte-to-HDL cholesterol ratio (LHR = Lym/HDL-
C); Platelet-to-HDL cholesterol ratio (PHR = PLT/HDL-C); Systemic inflammatory response index (SII = (PLT x Neu)/
Lym); Systemic inflammation response index (SIRI = (Neu X Mon)/Lym); Aggregate index of systemic inflammation

(AISI = (Neu x PLT x Mon)/Lym). Parameter definitions were based on previous predictive studies of pancreatitis.'®*

Statistical Analysis
For continuous quantitative data, such as those following a normal distribution, the mean =+ standard deviation is used for
description, and a t-test is employed to compare two groups. In contrast, one-way ANOVA is used for comparisons
among multiple groups. If the data do not follow a normal distribution, the median [P25, P75] is used for statistical
description, and the rank sum test is used for group comparisons. For count data, the number of cases (%) is used for
description, and the chi-square test or Fisher’s exact probability method is used for group comparisons. Multiple
imputation is used to fill in missing values.

Given the relatively small sample size in the SAP group (n=54) and to enhance the statistical power for identifying
predictors of non-mild disease, the primary composite outcome was defined as MSAP+SAP. Additional analyses
comparing MAP vs MSAP and MSAP vs SAP are provided in the Supplementary Materials for reference. To explore
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the association between the numerical values of the new inflammatory markers as independent variables and MSAP +
SAP/SAP, restricted cubic spline plots were drawn using the rms package in R language. The median was used as the
reference point, and the model was corrected for relevant covariates (age, gender, drinking, smoking, hypertension,
diabetes, TG, HCT, BUN, Ca**, and serum albumin (ALB)). The overall association P value and nonlinearity P value
were calculated through the Wald test.

According to the Strengthening Statement of Observational Research Report,” single-variable and multivariate
logistic regressions were further used to explore the association between different levels of independent variables
(excluding those included in the model as continuous variables and grouped according to numerical levels using tertiles)
and MSAP + SAP/SAP, and multiple models were constructed. In model 1, confounding factors were not controlled; in
model 2, age and gender were controlled for; in model 3, age, gender, drinking, smoking, hypertension, diabetes, TG,
HCT, BUN, Ca%, ALB, and medication were controlled for. Trend tests were conducted based on the medians of
different tertiles. Finally, receiver operating characteristic (ROC) curve analysis was used to evaluate the predictive
performance for MSAP+SAP/SAP, reporting the area under the curve (AUC) with 95% confidence intervals, sensitivity,
specificity, positive predictive value (PPV), and negative predictive value (NPV).

All statistical analyses and related chart drawings were conducted in R language (version 4.4.1), and a two-sided
P value < 0.05 was considered statistically significant.

Results

Basic Characteristics
A total of 340 patients were included in the study. The severity of AP was grouped according to RAC, and the groups
were divided into three categories: mild (MAP, n = 156), moderate-severe (MSAP, n = 130), and severe (SAP, n = 54).
Among them, 273 were male (80.3%), and 67 were female (19.7%). Their median age was 36 years (interquartile range
[IQR]: 3242 years).

Table 1 presents the baseline demographic and clinical characteristics of the three groups. Patients with more severe
disease had higher SIRS incidence (p < 0.001). In terms of laboratory indicators, the higher the levels of neutrophil count

Table | Baseline Demographic and Clinical Characteristics of Patients with Hypertriglyceridemia-Associated Acute Pancreatitis,
Stratified by Disease Severity

Variables Total (n = 340) MAP (n = 156) MSAP (n = 130) SAP (n = 54) p Value
Age, Median (Q1,Q3) 36.00 (31.75, 42.25) 37.00 (33.00, 44.00) 36.00 (31.00, 41.00) 35.50 (31.00, 42.75) 0312
Gender, n (%) 0.971
| 273 (80.3) 125 (80.1) 104 (80.0) 44 (81.5)
2 67 (19.7) 31 (19.9) 26 (20.0) 10 (185)
Drinking, n (%) 0.645
0 230 (67.6) 105 (67.3) 91 (70.0) 34 (63.0)
| 110 (32.4) 51 (32.7) 39 (30.0) 20 (37.0)
Smoking, n (%) 0425
0 212 (62.4) 102 (65.4) 80 (61.5) 30 (55.6)
| 128 (37.6) 54 (34.6) 50 (38.5) 24 (44.4)
APFC, n (%) < 0.001
0 158 (46.5) 144 (92.3) 9 (6.9) 5(9.3)
| 182 (53.5) 12 (7.7) 121 (93.1) 49 (90.7)
(Continued)
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Table | (Continued).

Variables Total (n = 340) MAP (n = 156) MSAP (n = 130) SAP (n = 54) p Value
SIRS, n (%) < 0.001
0 129 (37.9) 82 (52.6) 41 (31.5) 6 (11.1)

211 (62.1) 74 (47.4) 89 (68.5) 48 (88.9)
Hypertensive, n (%) 0.658
0 275 (80.9) 129 (82.7) 102 (78.5) 44 (81.5)

65 (19.1) 27 (17.3) 28 (21.5) 10 (18.5)
Diabetes, n (%) 0.007
0 185 (54.4) 84 (53.8) 81 (62.3) 20 (37.0)

155 (45.6) 72 (46.2) 49 (37.7) 34 (63.0)
FLD, n (%) 0.621
0 116 (34.1) 57 (36.5) 43 (33.1) 16 (29.6)

224 (65.9) 99 (63.5) 87 (66.9) 38 (70.4)
Insulin therapy, n (%) 0.002
0 91 (26.8) 54 (34.6) 31 (23.8) 6 (11.1)

249 (73.2) 102 (65.4) 99 (76.2) 48 (88.9)
Plasma exchange, n (%) <0.001
0 320 (94.1) 153 (98.1) 123 (94.6) 44 (81.5)
| 20 (5.9) 3(L9) 7 (54) 10 (18.5)
TG, mmol/L, Median (QI, Q3) 13.68 (8.17, 20.64) 12.36 (8.01, 18.23) 13.78 (8.50, 22.20) 16.08 (11.39, 30.27) 0013
HDL-C, mmol/L, Median 0.75 (0.56, 1.02) 0.88 (0.68, I.11) 0.70 (0.53, 0.94) 0.64 (0.44, 0.81) <0.001
(Q1.Q3)
Neu, x10%/L, Median (Q1,Q3) 10.00 (7.65, 12.88) 9.25 (7.29, 11.65) 10.69 (7.79, 13.57) 10.51 (841, 13.71) 0.002
Mon, x10%/L, Median (Q1,Q3) 0.60 (0.46, 0.80) 0.60 (0.49, 0.80) 0.63 (0.43, 0.81) 0.55 (0.40, 0.80) 0.283
Lym, x10%/L, Median (Q1,Q3) 1.31 (1.02, 1.83) 1.60 (1.18, 2.05) 1.20 (1.00, 1.67) 1.03 (0.80, 1.31) < 0.001
PLT, x107/L, Median (Q1,Q3) 226.00 (180.00, 268.25) 230.00 (188.75, 269.25) 225.50 (173.00, 264.75) 220.00 (173.25, 266.50) 0512
HCT, %, Median (Q1,Q3) 43.20 (39.60, 46.20) 42.70 (39.00, 45.15) 43.40 (39.70, 46.20) 45.45 (41.28, 48.10) 0.005
BUN, mmol/L, Median 3.49 (2.60, 4.50) 3.50 (2.65, 4.48) 3.47 (2.54, 4.47) 3.47 (2.56, 5.41) 0.700
(Q1.Q3)
Cr, pmol/L, Median (Q1,Q3) 61.00 (47.32, 76.12) 59.30 (47.00, 74.00) 61.00 (48.17, 76.00) 67.00 (46.62, 101.00) 0.246
ALB, g/L, Mean + SD 3848 + 536 40.13 + 4.94 38.03 + 4.95 34.79 £ 5.51 < 0.001
Ca®",mmol/L,Median (Q1,Q3) 2.13 (1.98, 2.25) 222 (2.10, 2.31) 2.10 (1.91, 2.21) 1.94 (1.76, 2.05) < 0.001

Notes: Values are expressed as mean = SD or median (IQR) for continuous variables and percentage for categorical variables. P < 0.05 was considered statistically
significant. Units: TG, HDL-C, BUN, Ca2*: mmol/L; Neu, Mon, Lym: X|09/L; PLT: x |09/L; HCT: %; Cr: umol/L; ALB: g/L.

Abbreviations: FLD, Fatty Liver Disease; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; NEU, neutrophil count; LYM, lymphocyte count; MON,
monocyte count; PLT, platelet count; HCT, hematocrit; ALB, albumin; BUN, blood urea nitrogen; Cr, creatinine; Ca>*, serum calcium.

(Neu), triglycerides (TG), and hematocrit (HCT), the more severe the condition, and the difference was statistically
significant (P < 0.05). However, as the condition worsened, the values of HDL, Lym, ALB, and Ca®" became lower, and
the differences were statistically significant (P < 0.001). The differences in complications (SIRS, APFC) and treatment
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measures (insulin therapy and plasma exchange) within 48 hours among the three groups were statistically significant
(P <0.01).

Table 2 presents the baseline characteristics of the three groups of new inflammatory markers. It was observed that
NHR, MHR, PHR, SII, SIRI, and AISI all were significantly higher in patients with MSAP or SAP compared to the mild
cases (MAP) (P < 0.01). Among them, NHR, SII, and SIRI showed a strictly increasing trend with the severity of the
disease. In contrast, MHR, PHR, and AISI rose overall in the severe group but did not form a statistically significant
gradient between the MSAP and SAP groups. Figure 2 presents the pairwise comparisons of inflammatory indicators
among the three patient groups to explore the differences between these two groups further. NHR demonstrated
statistically significant differences across all comparisons: MAP vs MSAP (P<0.001), MAP vs SAP (P<0.001), and
MSAP vs SAP (P<0.05). MHR, SII, SIRI, PHR, and AISI showed significant differences between the MAP and MSAP
groups, as well as between the MAP and SAP groups (all P<0.05), but did not show statistically significant differences
between the MSAP and SAP groups (P>0.05). LHR was not statistically significant in any group comparison (all
P>0.05). It should be noted that the sample size of the SAP group was relatively small, which may have limited the
statistical power to detect differences in the MSAP vs SAP comparisons.

Nonlinear Relation of Novel Inflammatory Markers with Severity of HTG-AP

To explore the potential nonlinear relationship between various inflammatory indicators and the severity of HTG-AP,
we used restricted cubic spline (RCS) models. MSAP+SAP, representing the non-mild disease population, was used as
the primary composite outcome. As shown in Figure 3, when MSAP+SAP was used as the outcome variable,
significant nonlinear associations were observed for NHR (Overall association P < 0.001, Nonlinear P = 0.002), SII
(Overall association P < 0.001, Nonlinear P = 0.006), AISI (Overall association P = 0.003, Nonlinear P = 0.002),
MHR (Overall association P = 0.003, Nonlinear P = 0.026), and SIRI (Overall association P = 0.001, Nonlinear P =
0.011). These markers exhibited a threshold effect, with the risk of severe disease significantly increasing beyond
specific values, suggesting their potential value as prognostic indicators for HTG-AP severity. In contrast, LHR
(Overall association P = 0.267, Nonlinear P = 0.122) and PHR (Overall association P = 0.061, Nonlinear P = 0.066)
did not show significant associations. When SAP alone was used as the outcome variable (Figure 4), only SII showed
a statistically significant overall association (P = 0.014), while none of the other inflammatory indicators reached
significance. The small sample size of the SAP group may have limited the ability to detect significant nonlinear
relationships in these analyses.

Independent Associations with Full Adjustment for Confounders

Multivariable logistic regression analysis was performed to evaluate the independent associations between inflammatory
markers and disease severity, with full adjustment for clinical confounders including age, gender, drinking, smoking,
hypertension, diabetes, TG, HCT, BUN, Ca”’, albumin, and medication use. Several markers showed significant
associations for the primary outcome of MSAP+SAP (representing the non-mild disease population, Figure 5). When
analyzed as continuous variables, NHR (OR = 1.06, 95% CI: 1.03-1.10, P < 0.001), MHR (OR = 1.73, 95% CI:
1.14-2.62, P = 0.010), SII (OR = 1.00, 95% CI: 1.00-1.00, P = 0.005), and SIRI (OR = 1.09, 95% CI: 1.02—-1.15, P =
0.006) demonstrated significant positive associations. Categorical analysis by tertiles revealed significant dose-response
relationships for NHR, MHR, SII, SIRI, and AISI, with the highest tertile (Q3) showing elevated risks compared to the
reference (Q1) (all P for trend < 0.05). The fully adjusted OR for the highest tertile of NHR was 6.03 (95% CI:
2.98-12.19, P < 0.001). LHR was not significantly associated with MSAP+SAP risk in any of the models. For the
outcome of SAP alone (Figure 6), NHR and SII maintained significant trends when analyzed by tertiles (P for trend =
0.012 and 0.008, respectively). In contrast, most markers, when analyzed as continuous variables, did not retain statistical
significance after full adjustment. It should be noted that the relatively small sample size in the SAP group may have
limited the statistical power to detect significant associations. Additional analyses comparing MSAP with MAP and SAP
with MSAP are provided in Figures S1 and S2. The MSAP vs MAP comparisons showed association patterns generally
consistent with the primary outcome, whereas fewer significant associations were observed in the SAP vs MSAP
comparisons.
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Table 2 Baseline Levels of Novel Inflammatory Markers in Patients with Hypertriglyceridemia-Associated Acute Pancreatitis, Stratified by Disease Severity

Variables

Total (n = 340) MAP (n = 156) MSAP (n = 130) SAP (n = 54) p Value
NHR, (x10%/L)/(mmol/L), Median (Q1,Q3) 12.38 (8.41, 19.50) 10.18 (6.70, 14.69) 14.78 (10.00, 22.23) 18.99 (11.66, 30.28) < 0.001
MHR, (x10°/L)/(mmol/L), Median (Q1,Q3) 0.78 (0.52, 1.20) 0.72 (0.47, 1.01) 0.87 (0.58, 1.34) 0.85 (0.52, 1.74) 0.002
LHR, (x10°/L)/(mmol/L), Median (Q1,Q3) 1.83 (1.16, 2.62) 1.81 (1.25, 2.60) 1.95 (1.17, 2.58) 1.57 (1.14, 2.97) 0.887
PHR,(x 10°/L)/(mmol/L), Median (Q1,Q3) 282.32 (194.39, 392.86) 254.00 (176.21, 362.52) 304.79 (210.79, 423.66) 320.87 (243.48, 437.07) 0.001
SIl, Median (Q1,Q3) 1589.41 (1102.10, 2382.30) 1371.67 (867.20, 1972.21) 1678.11 (1312.38, 2459.25) 2192.65 (1372.41, 3251.05) < 0.001
SIRI, Median (Q1,Q3) 4.30 (2.56, 7.13) 3.61 (2.12,5.82) 4.95 (2.95, 8.08) 5.71 (3.42, 8.33) < 0.001
AlSI, Median (Q1,Q3) 960.73 (535.81, 1612.28) 836.86 (474.10, 1353.01) 1019.79 (635.76, 1878.67) 1059.41 (672.70, 1923.87) 0.005

Notes: Values are expressed as mean * SD or median (IQR) for continuous variables and percentage for categorical variables. P < 0.05 was considered statistically significant. Units: NHR, MHR, LHR, and PHR expressed as (x |0%/L)/

(mmol/L); SII, SIRI, and AISI are unitless ratios.

Abbreviations: NHR, neutrophil-to-HDL cholesterol ratio; MHR, monocyte-to-HDL cholesterol ratio; LHR, lymphocyte-to-HDL cholesterol ratio; PHR, platelet-to-HDL cholesterol ratio; Sll, systemic immune-inflammation index; SIRI,
systemic inflammation response index; AlSI, aggregate index of systemic inflammation.
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Figure 2 Distribution of novel inflammatory markers across disease severity groups. (A) The box plots among the three groups of NHR. (B) The box plots among the three
groups of MHR. (C) The box plots among the three groups of PHR. (D) The box plots among the three groups of LHR. (E) The box plots among the three groups of SII. (F)
The box plots among the three groups of SIRI. (G) The box plots for the three AlSI groups. The asterisks indicate the P-values after the Benjamini-Hochberg correction
(*P < 0.05; **P < 0.01; ** P < 0.001).

Abbreviation: ns, not significant.
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Figure 3 Restricted cubic spline analyses depicting the nonlinear associations between novel inflammatory markers and the risk of developing moderate-severe or severe
acute pancreatitis (MSAP+SAP). (A) RCS analysis of the correlation between NHR and the outcomes of MSAP + SAP. (B) RCS analysis of the correlation between MHR and
the outcomes of MSAP + SAP. (C) RCS analysis of the correlation between PHR and the outcomes of MSAP + SAP. (D) RCS analysis of the correlation between LHR and the
outcomes of MSAP + SAP. (E) RCS analysis of the correlation between Sll and the outcomes of MSAP + SAP. (F) RCS analysis of the correlation between SIRI and the
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Figure 4 Restricted cubic spline analyses depicting the nonlinear associations between novel inflammatory markers and the risk of developing severe acute pancreatitis
(SAP). (A) RCS analysis of the correlation between NHR and the outcomes of SAP. (B) RCS analysis of the correlation between MHR and the outcomes of SAP. (C) RCS
analysis of the correlation between PHR and the outcomes of SAP. (D) RCS analysis of the correlation between LHR and the outcomes of SAP. (E) RCS analysis of the
correlation between Sl and the outcomes of SAP. (F) RCS analysis of the correlation between SIRI and the outcomes of SAP. (G) RCS analysis of the correlation between
AlSI and the outcomes of SAP.
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Model 1 Model 2 Model 3

Variable Event/No. OR (95%CI) p value OR (95%CI) p value OR (95%CI) p value
NHR . ‘ .
continuous(per 1) 184/340 )- 1.07 (1.04, 1.10) <0.001 P 1.07 (1.04, 1.10) <0.001 P' 1.06 (1.03, 1.10)  <0.001
categorize

Ql 38/113 Ref. Ref. Ref.

Q2 62/113 | —— 2.40 (1.40,4.11) 0.001 | —— 2.41(1.41,4.14) 0.001 | —— 2.31(1.23,4.34) 0.009

Q3 84/114 —=— 5.53(3.12,9.78) <0.001 —=— 5.51(3.11,9.77) <0.001 —=— 6.03 (2.98, 12.19) <0.001
p for trend : <0.001 : <0.001 : <0.001
MHR Z 3 3
continuous(per 1) 184/340 —— 1.58 (1.11,2.26) 0.011 —— 1.56 (1.10,2.23) 0.014 —— 1.73 (1.14,2.62) 0.010
categorize :

Ql 50/114 Ref. i Ref. : Ref.

Q2 56/112 - 1.28 (0.76,2.16) 0.355 —'— 1.29 (0.76,2.20) 0.343 —'— 1.65 (0.86,3.15) 0.130

Q3 78/114 == 2.77 (1.61,4.76) <0.001 — 2.78 (1.61,4.81) <0.001 i —=— 4.52(2.26,9.03) <0.001
p for trend <0.001 <0.001 <0.001
LHR 5 s s
continuous(per 1) 184/340 . 1.00 (0.91, 1.09) 0.928 . 0.99 (0.91, 1.08) 0.838 - 0.97 (0.86, 1.08) 0.558
categorize : :

Ql 67/114 : Ref. : Ref. : Ref.

Q2 54/113 —— 0.64 (0.38, 1.09) 0.098 —— 0.64 (0.38, 1.08) 0.095 —e 0.73(0.39,1.36) 0.318

Q3 63/113 —— 0.88 (0.52, 1.50) 0.646 — 0.87 (0.51, 1.47) 0.600 —— 1.13 (0.60,2.11)  0.702
p for trend 0.813 0.763 i 0.603
PHR 5 s i
continuous(per 1) 184/340 + 1.00 (1.00, 1.00) 0.011 H 1.00 (1.00, 1.00) 0.015 + 1.00 (1.00, 1.00)  0.110
categorize :

Ql 48/113 : Ref. 3 Ref. 3 Ref.

Q2 65/113 —— 1.83(1.08,3.11) 0.024 —— 1.82(1.07,3.09) 0.026 —— 1.60 (0.87,2.92) 0.128

Q3 71/114 | —— 2.24(1.31,3.80) 0.003 | —— 2.19(1.28,3.75) 0.004 —— 1.80 (0.94,3.47) 0.077
p for trend : 0.005 : 0.006 : 0.086
SII : : :
continuous(per 1) 184/340 . 1.00 (1.00, 1.00) <0.001 . 1.00 (1.00, 1.00) <0.001 . 1.00 (1.00, 1.00)  0.005
categorize : 3

Ql 42/114 g Ref. 3 Ref. ; Ref.

Q2 63/113 l——  2.16(1.27,3.68) 0.005 |——  2.14(1.26,3.65) 0.005 ——  2.04(1.09,3.81) 0.025

Q3 79/113 i —— 3.98(2.29,6.93) <0.001 I —=— 3.94(2.26,6.87) <0.001 | —=—  3.12(1.61,6.04) <0.001
p for trend : <0.001 3 <0.001 3 0.001
SIRI | i i
continuous(per 1) 184/340 . 1.08 (1.02, 1.13) 0.004 . 1.07 (1.02, 1.13) 0.005 - 1.09 (1.02, 1.15)  0.006
categorize : :

Q1 50/114 : Ref. : Ref. i Ref.

Q2 58/112 —— 1.37(0.81,2.32) 0.233 —— 1.47 (0.86,2.51) 0.159 —— 1.52(0.81,2.87) 0.193

Q3 76/114 | ——  256(1.50,4.38) <0.001 | ——  2.62(1.52,4.51) <0.001 | —— 3.12(1.61,606) <0.001
p for trend <0.001 <0.001 <0.001
AISI : ; ;
continuous(per 1) 184/340 + 1.00 (1.00, 1.00) 0.066 4 1.00 (1.00, 1.00) 0.077 H 1.00 (1.00, 1.00)  0.130
categorize

Ql 51/113 : Ref. 3 Ref. 3 Ref.

Q2 59/114 —.— 1.30(0.77,2.20) 0.319 —.— 1.33(0.79,2.24) 0.291 ——— 1.41 (0.74,2.67) 0.297

Q3 74/113 | —— 2.31(1.35,3.94) 0.002 P —— 2.27(1.33,3.89) 0.003 L ——  2.74(1.42, 5.28) 0.003
p for trend i 0.002 1 0.002 1 0.002

|
0.1 051 3510 0.1 051 3510 0.1 051 3510
low risk high risk low risk high risk low risk high risk )

Figure 5 Forest plot showing the association between novel inflammatory markers and the risk of moderate-severe or severe acute pancreatitis (MSAP+SAP) in
multivariate logistic regression models. The blocks in the figure represent continuous variables (for each |-unit increase) or the odds ratio (OR) values of the interquartile
range (Q3 - Ql) in the multivariate logistic regression model. The horizontal lines represent the 95% confidence interval (Cl). Here: Model | (unadjusted), Model 2 (adjusted
for age and gender), Model 3 (adjusted for age, gender, alcohol consumption, smoking, hypertension, diabetes, triglycerides (TG), hematocrit (HCT), blood urea nitrogen
(BUN), blood calcium (Ca2+), serum albumin (ALB), and medication status).

Predictive Performance of Inflammatory Markers for Disease Severity

Receiver operating characteristic (ROC) analysis was conducted to assess the predictive accuracy of inflammatory
markers for disease severity. For the primary composite outcome of MSAP+SAP (indicating non-mild disease,
Figure 7 and Table 3), the AUC values were as follows: NHR showed the highest predictive ability (AUC = 0.701,
95% CI: 0.646-0.756), followed by SII (AUC = 0.666, 95% CI: 0.608-0.723), SIRI (AUC = 0.622, 95% CI:
0.562-0.681), MHR (AUC = 0.612, 95% CI: 0.553-0.672), PHR (AUC = 0.611, 95% CI: 0.551-0.671), and AISI
(AUC = 0.601, 95% CI: 0.541-0.661). All these markers demonstrated statistically significant predictive value (P <
0.05). Notably, SII had the highest sensitivity (0.826) for detecting non-mild cases but showed moderate specificity
(0.429), whereas NHR offered a more balanced profile, with a sensitivity of 0.565 and a specificity of 0.744.
Conversely, LHR did not show significant predictive value (AUC = 0.505, 95% CI: 0.444-0.567, P = 0.569). For
the outcome of SAP alone (Figure 8 and Table 4), the predictive performance of most markers was generally reduced.
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Model 1 Model 2 Model 3

Variable Event/No. OR (95%CI)  p value OR (95%CI)  p value OR (95%CI)  p value
NHR \ ) ,
continuous(per 1) 54/340 ' 1.04 (1.02, 1.07) 0.001 ' 1.04 (1.01, 1.06) 0.002 ' 1.03 (1.00, 1.06) 0.086
categorize | | i

Ql 9/113 ; Ref. ; Ref. ; Ref.

Q2 13/113 —— 1.50 (0.61, 3.67) 0.372 e 1.49 (0.61, 3.66) 0.378 — 1.31 (0.49, 3.50) 0.586

Q3 32/114 | —=—4.51(2.04,9.98) <0.001 | —=— 4.46(2.01,9.88) <0.001 |———— 2.96(1.17,7.48) 0.022
p for trend ; <0.001 : <0.001 : 0.012
MHR : : :
continuous(per 1) 54/340 —— 1.42 (1.05,1.91) 0.022 —-— 1.40 (1.05, 1.87) 0.021 . 1.23(0.81, 1.86) 0.338
categorize ‘

Ql 16/114 ] Ref. Ref. Ref.

Q2 14/112 — 0.88(0.41,1.89) 0.734 — 0.86 (0.39, 1.88) 0.706 —t 0.97 (0.40, 2.34) 0.949

Q3 24/114 —— 1.63 (0.82,3.27) 0.166 —— 1.59 (0.79, 3.22) 0.194 —— 1.51 (0.62, 3.66) 0.361
p for trend : 0.107 | 0.122 ; 0.321
LHR H 3 3
continuous(per 1) 54/340 . 1.04 (0.94, 1.15) 0.466 . 1.03 (0.93, 1.15) 0.523 - 0.94 (0.82,1.09) 0.411
categorize ; | |

Ql 22/114 | Ref. | Ref. | Ref.

Q2 12/113 — 0.50(0.23, 1.06) 0.070 — 0.49 (0.23, 1.05) 0.066 i 0.47(0.20, 1.09) 0.079

Q3 20/113 — 0.90 (0.46, 1.76) 0.756 — 0.88 (0.45,1.72) 0.700 —— 0.63 (0.26, 1.53) 0.306
p for trend ] 0.934 0.882 0.308
PHR | | |
continuous(per 1) 54/340 ' 1.00 (1.00, 1.00) 0.032 ' 1.00 (1.00, 1.00) 0.041 : 1.00 (1.00, 1.00) 0.560
categorize : : |

Ql 11/113 Ref. 3 Ref. 3 Ref.

Q2 20/113 —— 1.99 (0.91, 4.38) 0.086 —— 1.97 (0.89, 4.34) 0.092 —_— 1.66 (0.68, 4.05) 0.269

Q3 23/114 —=—  234(1.08,5.07) 0.031 —=—  230(1.06,5.00) 0.036 — 1.22 (0.48,3.09) 0.678
p for trend ! 0.044 | 0.050 | 0.862
si i ] i
continuous(per 1) 54/340 . 1.00 (1.00, 1.00) <0.001 . 1.00 (1.00, 1.00) <0.001 . 1.00 (1.00, 1.00) 0.007
categorize

Ql 10/114 3 Ref. 3 Ref. ; Ref.

Q2 15/113 o 1.59 (0.68, 3.71) 0.282 S 1.56 (0.67, 3.65) 0.301 — 1.16 (0.43,3.13) 0.769

Q3 29/113 i —=— 3.59(1.66,7.79) 0.001 | —=— 3.56(1.64,7.73) 0.001 i—=—— 3.02(1.16,7.85) 0.024
p for trend <0.001 <0.001 | 0.008
SIRI ; ; :
continuous(per 1) 54/340 . 1.04 (1.00, 1.09) 0.077 . 1.04 (1.00, 1.09) 0.079 . 1.05 (0.99, 1.11) 0.088
categorize 3 3 3

Ql 11/114 : Ref. : Ref. : Ref.

Q2 20/112 —— 2.04(0.93,4.47) 0.077 —— 2.19(0.98,4.89) 0.056 e 254 (1.00, 6.43) 0.049

Q3 23/114 3—'* 2.37(1.09,5.12) 0.029 §+ 2.40(1.10,5.23) 0.027 §+ 2.60 (1.03, 6.54) 0.042
p for trend 0.050 0.055 0.095
AISI | 3 ;
continuous(per 1) 54/340 i 1.00 (1.00, 1.00) 0.277 H 1.00 (1.00, 1.00) 0.302 H 1.00 (1.00, 1.00) 0.565
categorize |

Ql 14/113 3 Ref. 3 Ref. 3 Ref.

Q2 19/114 — 1.41 (0.67, 2.98) 0.362 —— 1.44 (0.68, 3.04) 0.340 e 1.39 (0.57, 3.39) 0.466

Q3 21/113 4 1.61 (0.78, 3.36) 0.201 —— 1.58 (0.76, 3.30) 0.222 ——— 1.66(0.68,4.02) 0.263
p for trend i 0.238 1 0.271 1 0.295

T T TT1 T T TT1 T T 17T
0.1 051 3510 0.1 051 3510 0.1 051 3510
low risk high risk "~ low risk high risk low risk high risk

Figure 6 Forest plot showing the association between novel inflammatory markers and severe acute pancreatitis (SAP) risk in multivariate logistic regression models. The
blocks in the figure represent continuous variables (for each I-unit increase) or the odds ratio (OR) values of the interquartile range (Q3 - QI) in the multivariate logistic
regression model. The horizontal lines represent the 95% confidence interval (Cl). Here: Model | (unadjusted), Model 2 (adjusted for age and gender), Model 3 (adjusted for
age, gender, alcohol consumption, smoking, hypertension, diabetes, triglycerides (TG), hematocrit (HCT), blood urea nitrogen (BUN), blood calcium (Ca®*), serum albumin
(ALB), and medication status).

NHR (AUC = 0.674, 95% CI: 0.587-0.762) and SII (AUC = 0.661, 95% CI: 0.582—0.739) maintained the highest
predictive ability among all markers, with NHR again showing a balanced performance (sensitivity = 0.574, specificity
= 0.745) and SII demonstrating improved specificity (0.773) compared to its performance in the composite outcome.
Other markers, such as MHR and AISI, exhibited limited discriminative ability (AUC < 0.600, P > 0.05). PHR and
SIRI, though statistically significant (P < 0.05), showed only modest AUC values (0.594 for both), with high
sensitivity but low specificity, indicating a tendency for false positives in predicting SAP. Additional ROC analyses
are provided in SAP vs MSAP (Figure S3) and MSAP vs MAP (Figure S4). The observed patterns for MSAP vs MAP
were generally consistent with those for MSAP+SAP, while the SAP vs MSAP comparisons showed reduced
discrimination across all markers. Detailed AUC values, optimal cutoff points, sensitivity, specificity, and other
performance metrics—including accuracy, positive predictive value, negative predictive value, and Youden’s index

—for all markers across these comparisons are summarized in Table S1 (SAP vs MSAP) and Table S2 (MSAP vs
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Figure 7 Receiver operating characteristic (ROC) curves assessing the predictive performance of novel inflammatory markers for moderate-severe or severe acute
pancreatitis (MSAP+SAP).

Abbreviations: NHR, neutrophil-to-HDL cholesterol ratio; MHR, monocyte-to-HDL cholesterol ratio; LHR, lymphocyte-to-HDL cholesterol ratio; PHR, platelet-to-HDL
cholesterol ratio. SIRI, systemic inflammation response index; Sll, systemic inflammatory response Index; AlSI, aggregate index of systemic inflammation.

MAP). For example, in the MSAP vs MAP comparison, NHR (cutoff = 12.146) achieved an AUC of 0.686, while SII
(cutoff = 1381.787) had an AUC of 0.643. Conversely, in the SAP vs MSAP comparison, all markers showed lower
discriminatory power, with the highest AUC being 0.597 for NHR.

Discussion

This study offers the first comprehensive assessment of a panel of novel inflammatory ratios for early risk stratification in
Hypertriglyceridemia-associated Acute Pancreatitis (HTG-AP). Our results align with our internal findings and are
strongly supported by existing scientific literature. They directly address the study’s objective and highlight their
importance in the broader context of inflammatory and metabolic disease research.

The central finding of our study is the superior predictive performance of the neutrophil-to-high-density lipoprotein
cholesterol ratio (NHR). We demonstrated that NHR was significantly elevated with increasing disease severity
(Figure 2A and Table 2) and emerged as the most powerful independent predictor of progression to MSAP + SAP
(fully-adjusted OR for Q3: 6.03; AUC: 0.701; Figures 5 and 7). The mechanistic plausibility of this finding is
supported by the well-established pathobiology of both AP and metabolic syndrome. Neutrophils are primary effector
cells in AP; their activation leads to protease release and neutrophil extracellular trap (NET) formation, directly
causing acinar cell injury and amplifying systemic inflammation.?®*” Conversely, high-density lipoprotein cholesterol
(HDL-C) is not merely a lipid marker but a potent anti-inflammatory and antioxidant agent that can mitigate
endothelial damage and neutralize inflammatory mediators.”® The NHR elegantly captures this critical balance
between a key driver of injury (neutrophils) and a crucial defender (HDL-C). Our results are further bolstered by
Mendelian randomization studies confirming that genetically lower HDL-C levels are a causal risk factor for AP,?° and
by clinical studies outside gastroenterology where NHR has proven to be a valuable prognostic marker in cardiovas-
cular and neurological diseases.'*>°

Similarly, the significant associations we observed for the systemic immune-inflammation index (SII) and systemic
inflammation response index (SIRI) reinforce their role as integrative indicators of a dysregulated immune response. The
predictive value of SII (AUC = 0.666) is consistent with its proven utility in forecasting outcomes in various cancers and
inflammatory conditions.*'*? It integrates the proliferative capacity of platelets, the inflammatory drive of neutrophils,
and the immune regulatory state of lymphocytes. Likewise, the prognostic value of the monocyte-to-HDL ratio (MHR) is
supported by growing evidence of its role in metabolic syndrome and its components,> and specifically in HTG-AP,
where monocytes are known to be significantly elevated and dynamically changed in severe cases.>* This convergence of
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Table 3 Predictive Performance of Novel Inflammatory Markers for Moderate-Severe and Severe Acute Pancreatitis (MSAP+SAP)

AUC p Value Sensitivity Specificity Accuracy PPV NPV Youden’s Index
0.701(0.646—0.756) <0.001 0.565(0.494-0.637) 0.744(0.675-0.812) 0.647(0.646—0.648) 0.722(0.649-0.795) 0.592(0.523-0.661) 0.309
0.612(0.553-0.672) <0.001 0.380(0.310-0.451) 0.840(0.782-0.897) 0.591(0.590-0.593) 0.737(0.648-0.825) 0.535(0.472-0.597) 0.220
0.505(0.444-0.567) 0.569 0.957(0.927-0.986) 0.103(0.055-0.150) 0.565(0.563-0.566) 0.557(0.502-0.612) 0.667(0.478-0.855) 0.060
0.611(0.551-0.671) <0.001 0.614(0.544-0.684) 0.590(0.513-0.667) 0.603(0.602-0.604) 0.638(0.568-0.709) 0.564(0.488-0.641) 0.204
0.666(0.608-0.723) <0.001 0.826(0.771-0.881) 0.429(0.352-0.507) 0.644(0.643-0.645) 0.631(0.570-0.692) 0.677(0.585-0.769) 0.255
0.622(0.562-0.681) <0.001 0.522(0.450-0.594) 0.699(0.627-0.771) 0.603(0.602-0.604) 0.671(0.594-0.748) 0.553(0.484-0.623) 0.221
0.601(0.541-0.661) 0.001 0.826(0.771-0.881) 0.340(0.265-0.414) 0.603(0.602-0.604) 0.596(0.536—-0.656) 0.624(0.521-0.727) 0.166

Abbreviations: PPV, Positive Predictive Value; NPV, Negative Predictive Value.
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Figure 8 Receiver operating characteristic (ROC) curves assessing the predictive performance of novel inflammatory markers for severe acute pancreatitis (SAP).
Abbreviations: NHR, neutrophil-to-HDL cholesterol ratio; MHR, monocyte-to-HDL cholesterol ratio; LHR, lymphocyte-to-HDL cholesterol ratio; PHR, platelet-to-HDL
cholesterol ratio. SIRI, systemic inflammation response index; Sll, systemic inflammatory response Index; AlSI, aggregate index of systemic inflammation.

our results with external evidence across different disciplines underscores the fundamental role of systemic inflammation
in disease progression.

In contrast to the significant associations observed for NHR and other markers, the lymphocyte-to-HDL ratio
(LHR) demonstrated no substantial prognostic value in our cohort. This finding appears to contradict several studies
in general acute pancreatitis, which have identified lymphopenia as a reliable marker of disease severity and
a predictor of complications like infected pancreatic necrosis.>>>® This discrepancy, however, may be attributed to
the unique pathophysiology of HTG-AP. The early hyperinflammatory phase of HTG-AP, captured within our 48-
hour admission window, may be so overwhelmingly dominated by neutrophilic and monocytic activation®®** that
the role of lymphocyte depletion is masked or becomes secondary in the initial risk stratification. Furthermore, the
function of specific lymphocyte subsets (eg, T cells, B cells) may be more relevant than the total lymphocyte count,
as suggested by ongoing research into lymphocyte dynamics in AP.*’ Therefore, while lymphopenia remains
a valuable prognostic marker in broader AP contexts, its derivative ratio (LHR) may not be optimal for early risk
assessment, specifically in HTG-AP.

An intriguing and nuanced finding was the limited discriminatory power of most markers between MSAP and SAP, as
opposed to their strong performance in identifying non-mild (MSAP+SAP) disease. While the limited sample size in our
SAP group (n = 54) may contribute to this, it also offers a plausible pathophysiological insight. These early (<48h)
hematological markers are exquisitely sensitive to the initial systemic inflammatory “storm” that defines the transition
from local to systemic illness (ie, from MAP to MSAP). However, the subsequent progression from transient to persistent
organ failure (ie, MSAP to SAP) is likely governed by a “second hit”, such as the development of infected pancreatic
necrosis or gut-derived sepsis, events that may not be fully predicted by admission blood counts alone. This concept is
supported by studies showing that different clinical or biochemical markers often predict later complications in AP.**%°

We acknowledge the limitations of our study, primarily the single-center retrospective design and the modest sample
size of the SAP subgroup, which constrained our power to analyze this most severe category in isolation. Future
prospective multicenter studies with larger cohorts are warranted to validate our proposed NHR cutoff and explore the
dynamic changes in these ratios throughout the disease course. Furthermore, integrating these promising inflammatory
markers with clinical scoring systems or imaging findings could yield a more powerful composite model for early
prediction.

In conclusion, our findings are relevant and directly correlate with the study’s results and objectives. We have
identified NHR as a novel, robust, and clinically accessible biomarker for the early risk stratification of HTG-AP. The
strength and consistency of our results, underpinned by solid pathophysiological mechanisms and supported by a body of
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Table 4 Predictive Performance of Novel Inflammatory Markers for Severe Acute Pancreatitis (SAP)

Marker | Optimal Cutoff | AUC p Value | Sensitivity Specificity Accuracy PPV NPV Youden’s Index
NHR 18.085 0.674(0.587-0.762) | <0.001 0.574(0.442-0.706) | 0.745(0.694-0.795) | 0.718(0.716-0.719) | 0.298(0.210-0.386) | 0.903(0.865-0.940) | 0.319
MHR 1.599 0.566(0.468-0.663) | 0.937 0.315(0.191-0.439) | 0.916(0.884-0.948) | 0.821(0.820-0.821) | 0.415(0.264-0.565) | 0.876(0.839-0.914) | 0.231I
LHR 1.637 0.515(0.423-0.607) | 0.638 0.587(0.530-0.644) | 0.556(0.423—-0.688) | 0.582(0.581-0.584) | 0.875(0.828-0.922) | 0.203(0.138-0.267) | 0.143
PHR 257.947 0.594(0.509-0.679) | 0.014 0.741(0.624-0.858) | 0.448(0.390-0.505) | 0.494(0.493-0.496) | 0.202(0.146-0.258) | 0.901(0.852-0.950) | 0.189
NI 2289.569 0.661(0.582-0.739) | <0.001 0.500(0.367-0.633) | 0.773(0.724-0.821) | 0.729(0.728-0.731) | 0.293(0.200-0.387) | 0.891(0.852-0.930) | 0.273
SIRI 3.689 0.594(0.512-0.676) | 0.014 0.741(0.624-0.858) | 0.444(0.386-0.502) | 0.491(0.490-0.493) | 0.201(0.145-0.257) | 0.901(0.851-0.950) | 0.185
AlS| 589.313 0.574(0.490-0.657) | 0.957 0.833(0.734-0.933) | 0.308(0.254-0.361) | 0.391(0.390-0.393) | 0.185(0.136-0.234) | 0.907(0.849-0.965) | 0.141

Abbreviations: PPV, Positive Predictive Value; NPV, Negative Predictive Value.
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external literature, affirm that these inflammatory ratios are not merely statistical associations but reflect core biological
processes driving HTG-AP severity. Integrating NHR (cutoff = 14.484) into initial clinical assessment provides a rapid
and straightforward tool to facilitate earlier targeted interventions for high-risk patients, aiming to improve outcomes in
this challenging disease.

Conclusion

Our findings show that the neutrophil-to-HDL-C ratio (NHR) is an independent predictor of non-mild HTG-AP (MSAP
+SAP), with the highest tertile associated with a 6.03-fold increased odds (95% CI: 2.98-12.19; P < 0.001) and an AUC
of 0.701. While NHR and SII also have predictive value for SAP alone, their performance is stronger for the combined
outcome of MSAP+SAP, emphasizing their potential in early detection of patients at risk of progressing beyond mild
disease. Further validation is needed to confirm their ability to differentiate between MSAP and SAP. Incorporating NHR
(using the optimal cutoff of 14.484 [(x 10°/L)/(mmol/L)]) into current clinical practices may support early risk stratifica-
tion and prognosis. Additional research should explore the mechanistic links between inflammatory dysregulation—such
as NHR-related neutrophil activation and HDL-C dysfunction—and the severity of HTG-AP to inform targeted
treatments.
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