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Abstract

BACKGROUND

The incidence of hypertriglyceridemia (HTG)-induced acute pancreatitis (AP) is
steadily increasing in China, becoming the second leading cause of AP. Clinical
complications and outcomes associated with HTG-AP are generally more severe
than those seen in AP caused by other etiologies. HTG-AP is closely linked to
metabolic dysfunction and frequently coexists with metabolic syndrome or its
components. However, the impact of metabolic syndrome components on HTG-
AP clinical outcomes remains unclear.

AIM
To investigate the impact of metabolic syndrome component burden on clinical
outcomes in HTG-AP.

METHODS

In this retrospective study of 255 patients diagnosed with HTG-AP at the First
Affiliated Hospital of Guangxi Medical University, we collected data on patient
demographics, clinical scores, complications, and clinical outcomes. Subsequently,
we analyzed the influence of the presence and number of individual metabolic
syndrome components, including obesity, hyperglycemia, hypertension, and low
high-density lipoprotein cholesterol (HDL-C), on the aforementioned parameters
in HTG-AP patients.

RESULTS

This study found that metabolic syndrome components were associated with an
increased risk of various complications in HTG-AP, with low HDL-C being the
most significant risk factor for clinical outcomes. The risk of complications
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increased with the number of metabolic syndrome components. Adjusted for age and sex, patients with high-
component metabolic syndrome had significantly higher risks of renal failure [odds ratio (OR) = 3.02, 95%ClI: 1.12-
8.11)], SAP (OR = 5.05, 95%CI: 2.04-12.49), and intensive care unit admission (OR = 6.41, 95%CI: 2.42-16.97)
compared to those without metabolic syndrome.

CONCLUSION
The coexistence of multiple metabolic syndrome components can synergistically worsen the clinical course of HTG-
AP, making it crucial to monitor these components for effective disease management.

Key Words: Hypertriglyceridemia-induced acute pancreatitis; Metabolic syndrome; High density lipoprotein cholesterol;
Obesity; Hyperglycemia; Hypertension; Clinical outcomes
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Core Tip: This retrospective study, the first to systematically investigate the association between the metabolic syndrome
component burden and clinical outcomes in patients with hypertriglyceridemia-induced acute pancreatitis, found that
individual metabolic syndrome components, especially low high density lipoprotein cholesterol, increased the risk of
complications. The number of metabolic syndrome components was positively correlated with the incidence of these
complications. Patients with high-component metabolic syndrome had an elevated risk of developing renal failure, severe
acute pancreatitis, and requiring intensive care unit admission.
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INTRODUCTION

Acute pancreatitis (AP) is an acute inflammatory disease characterized by a variable clinical course, which can lead to a
series of complications, potentially even resulting in death[1]. The common etiologies of AP include gallstones, alcohol
consumption, and hyperlipidemia, among other causes[2]. Hypertriglyceridemia-induced AP (HTG-AP), a specific form
of AP caused by elevated triglyceride levels, accounts for 4%-10% of AP cases globally[3]. Recent research indicates a
concerning trend in China, with the prevalence of HTG-AP increasing approximately 2.6-fold between 2012 and 2021[4].
This surge has positioned HTG-AP as the second leading cause of AP within the Chinese population[5].The rising trend
of HTG-AP in China is likely attributed to the increasing caloric intake associated with lifestyle changes and the growing
prevalence of metabolic syndrome among the Chinese population[6]. Patients with HTG-AP generally experience more
severe clinical outcomes compared to those with AP from other etiologies, characterized by a higher incidence of complic-
ations, prolonged hospital stays, and increased mortality[7]. Furthermore, a multicenter study demonstrated that patients
with HTG-AP had a significantly higher incidence of potentially fatal complications, including acute kidney injury, acute
respiratory distress syndrome (ARDS), and multiple organ dysfunction syndrome (MODS), compared to those with
biliary AP[8].

Metabolic syndrome is a cluster of metabolic disorders characterized by hypertriglyceridemia, low high-density
lipoprotein cholesterol (HDL-C), hyperglycemia, hypertension, and obesity[9]. Patients with metabolic syndrome exhibit
poorer overall metabolic health. In addition, metabolic syndrome, characterized by poorer overall metabolic health, can
accelerate the progression of other primary diseases and increase the risk of developing complications when coexisting
with them[10]. A substantial body of evidence has confirmed the contribution of metabolic syndrome and its individual
components to the progression of various systemic diseases, including cardiovascular disease, chronic kidney disease,
and numerous types of cancer[9]. Furthermore, research has shown that metabolic syndrome not only increases suscept-
ibility to AP but also raises the risk of AP patients developing moderate severe AP (MSAP), severe AP (SAP), and
increased risk of mortality[11,12].

Hypertriglyceridemia is a component of metabolic syndrome and closely interacts with other components, exerting
mutual influence[13]. Given their hypertriglyceridemic state, patients with HTG-AP often present with metabolic
syndrome or its individual components. While prior research suggests that HTG-AP patients with co-existing metabolic
disturbances, such as high body mass index (BMI) or diabetes, experience worse outcomes, however, the comprehensive
influence of metabolic syndrome on the clinical outcomes of HTG-AP remains underexplored[14,15]. Therefore, this
study will systematically analyze the impact of individual metabolic syndrome components, and their overall burden, on
clinical outcomes in HTG-AP. Clarifying this relationship is crucial for the early identification of patients at risk of severe
clinical outcomes, playing a pivotal role in the effective management of this disease.
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MATERIALS AND METHODS

Study design and patients

This retrospective study included patients diagnosed with HTG-AP at the First Affiliated Hospital of Guangxi Medical
University between January 2012 and February 2023. Patients were included if they met the established criteria for HTG-
AP and excluded if they met any of the following criteria: (1) Age under 18 years; (2) Pre-existing chronic pancreatitis; (3)
Pregnancy; (4) Any malignancy; or (5) Lack of complete clinical data, such as abdominal CT scans or other examinations
necessary to assess for the presence of complications. This study employed strict inclusion and exclusion criteria to
minimize selection bias and relied on medical records to reduce recall bias. However, the retrospective design makes it
impossible to fully eliminate these biases. This study was approved by the Ethics Committee of the First Affiliated
Hospital of Guangxi Medical University (2024-E278-01). Participants were stratified into subgroups based on the presence
or absence of individual metabolic syndrome components, including low HDL-C, obesity, and hypertension. Hypertrigly-
ceridemia was not included as a stratifying factor because all HTG-AP patients inherently exhibit hypertriglyceridemia.
Further stratification was conducted according to the total number of coexisting metabolic syndrome components.

Definition

AP was diagnosed based on the presence of at least two of the following three criteria: (1) Acute onset of persistent
abdominal pain; (2) Serum lipase or amylase level exceeding three times the upper limit of normal; and (3) Abdominal
imaging findings consistent with AP[16]. HTG-AP was diagnosed when all of the following criteria were met: (1)
Established AP diagnosis; (2) Serum triglyceride level greater than 11.3 mmol/L (or 5.65-11.3 mmol/L with lactescent
serum); and (3) Exclusion of other AP etiologies[4]. AP severity was classified according to the Revised Atlanta Classi-
fication as follows: Mild AP (MAP), characterized by the absence of organ failure and local or systemic complications;
moderately SAP (MSAP), characterized by the presence of transient organ failure (< 48 hours) and/or local or systemic
complications without persistent organ failure; and SAP (SAP), characterized by persistent organ failure (> 48 hours)[16].
Organ failure was defined as a modified Marshall score 2 2 in the respiratory, cardiovascular, or renal systems. Local
complications included acute peripancreatic fluid collection (APFC), acute necrotic collection (ANC), pancreatic pseudo-
cyst, walled-off necrosis (WON), and infected pancreatic necrosis. Systemic complications encompassed organ failure,
systemic inflammatory response syndrome (SIRS), and abdominal compartment syndrome.

The components of metabolic syndrome were defined according to the diagnostic criteria for the Chinese population:
Hyperglycemia (fasting plasma glucose = 6.1 mmol/L and/or a previous diabetes diagnosis); hypertension (blood pre-
ssure > 130/85 mmHg and/or a previous hypertension diagnosis); hypertriglyceridemia (triglyceride level > 1.7 mmol/
L); low HDL-C (HDL-C level < 1 mmol/L); and obesity, which was defined in this study as BMI > 28 kg/m? instead of
waist circumference. Metabolic syndrome was diagnosed in the presence of three or more of these components[17].

Data collection

To ensure data accuracy, two trained extractors independently collected demographic, clinical, and laboratory data from
electronic medical records using standardized data extraction forms. All extracted data were then reviewed by clinical
experts in gastroenterology. These data included age, sex, BMI, medical history (hypertension, diabetes), and the presence
of pleural effusion and peritoneal effusion. Additionally, information regarding disease severity and clinical outcomes
was collected, encompassing localized and systemic complications, ARDS, MODS, severity of AP, length of hospital stays,
intensive care unit (ICU) admission, and mortality. Clinical and radiological parameters required for the Bedside Index of
Severity in AP (BISAP)[18], the modified computed tomography severity index (MCTSI)[19], and the Ranson score[20]
were recorded, and the corresponding scores were calculated. Laboratory indicators were measured within 24 hours of
admission. The Ranson score was calculated using laboratory values obtained within the initial 48 hours. Imaging exami-
nations were conducted within 5 days of admission.

Statistical analysis

Continuous variables were presented as mean + SD when normally distributed, and assessed using Student’s -test. Non-
normally distributed variables were reported as median (interquartile range) and compared using the Mann-Whitney U
test or Kruskal-Wallis test as appropriate. Categorical variables were presented as counts (percentages) and analyzed
using the y? test or Fisher’s exact test, as appropriate. Kolmogorov-Smirnov test was used to assess the normality of
continuous variables. The missing values in this study were confirmed to be missing completely at random (MCAR)
using Little's MCAR test performed in SPSS. The expectation maximization algorithm was then used to impute the
missing values. A Mantel-Haenszel y? test was employed to assess for linear trends across groups. To identify inde-
pendent risk factors associated with different clinical courses of HTG-AP, logistic regression analysis was performed,
with results reported as odds ratios (OR) and 95%CI. Statistical analyses were performed using SPSS (version 26.0), and P
values < 0.05 were considered statistically significant. Bar charts and box plots were generated using GraphPad Prism
(version 8).

RESULTS

Demographic and clinical characteristics of patients with HTG-AP
This retrospective study included 255 patients diagnosed with HTG-AP. Detailed baseline characteristics of the patients
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are summarized in Table 1. The study population consisted of 195 males (76.5%) and 60 females (23.5%). The mean age of
the patients was 40.2 + 8.9 years, and the mean BMI was 26.7 £ 3.9 kg/m?. A history of hypertension was present in 16.5%
(n = 42) of patients, and a history of diabetes was present in 23.5% (n = 60). Among these patients, 28.2% (n = 72) had
MAP, 49.4% (n = 126) had MSAP, and 22.4% (n = 57) had SAP. Given the small sample size of patients with WON and
limited data on mortality, further analysis of these parameters was not performed in this study.

Associations of metabolic syndrome components with clinical scores and hospitalization characteristics in patients
with HTG-AP

As shown in Figures 1, 2, 3 and 4, patients were categorized into two groups based on the presence or absence of obesity,
hyperglycemia, hypertension, or low HDL-C. Compared to non-obese patients, obese patients were younger (P = 0.005),
had a higher proportion of males (P < 0.001), and exhibited a higher BISAP score. In contrast to those without
hyperglycemia, hyperglycemic patients were older (P = 0.029) and had significantly higher Ranson scores (P < 0.001),
BISAP scores (P = 0.005), and MCTSI scores (P = 0.030). Furthermore, patients with hypertension were older than those
without hypertension (P = 0.008). Patients with low HDL-C, compared to those without, had significantly higher Ranson
scores (P = 0.035), BISAP scores (P < 0.001), and MCTSI scores (P < 0.001). Only patients with low HDL-C had
significantly longer hospital stays (P = 0.001) and higher total hospital costs (P < 0.001), while no significant differences in
these parameters were observed between patients with and without obesity, hyperglycemia, or hypertension. Detailed
data are presented in Supplementary Tables 1-4.

The impact of individual components of metabolic syndrome on clinical outcomes in patients with HTG-AP
Univariate logistic regression analysis was performed to investigate the influence of obesity, hyperglycemia,
hypertension, and low HDL-C on clinical outcomes in HTG-AP patients. Table 2 reveals that obesity increased the risk of
localized complications (OR = 2.07, 95%ClI: 1.07-4.00), APFC (OR = 2.73, 95%ClI: 1.50-4.96), systemic complications (OR =
1.81, 95%ClI: 1.05-3.14), respiratory failure (OR = 2.16, 95%Cl: 1.15-4.04), and renal failure (OR = 2.06, 95%CI: 1.02-4.14).
Hyperglycemia increased the risk of localized complications (OR = 3.04, 95%ClI: 1.53-6.06), systemic complications (OR =
2.86, 95%CI: 1.40-5.82), and SIRS (OR = 3.04, 95%Cl: 1.53-6.06). Hypertension increased the risk of systemic complications
(OR =1.81, 95%CI: 1.09-2.98) and SIRS (OR = 1.84, 95%ClI: 1.12-3.03). Low HDL-C was associated with an increased risk of
pleural effusion (OR = 2.57, 95%Cl: 1.55-4.27), peritoneal effusion (OR = 3.02, 95%CI: 1.70-5.36), localized complications
(OR =2.06, 95%ClI: 1.18-3.59), ANC (OR = 2.32, 95%CI: 1.37-3.94), systemic complications (OR = 2.38, 95%ClI: 1.37-3.93),
respiratory failure (OR = 4.94, 95%CI: 2.35-10.37), renal failure (OR = 3.40, 95%CI: 1.54-7.49), SIRS (OR =1.76, 95%Cl: 1.07-
2.90), ARDS (OR = 4.02, 95%ClI: 1.12-14.47), MODS (OR = 3.54, 95%CI: 1.47-8.52), SAP (OR = 4.32, 95%Cl: 2.16-8.66), and
ICU admission (OR = 3.91, 95%CI: 1.94-7.85).

The association of the number of metabolic syndrome components with clinical scores and hospitalization

characteristics in patients with HTG-AP

To assess the impact of the number of metabolic syndrome components on HTG-AP clinical course, patients were
stratified into five groups based on the number of metabolic syndrome components (1 to 5) present. Table 3 demonstrates
that patients exhibiting a greater number of metabolic syndrome components had significantly higher Ranson (P < 0.001),
BISAP (P < 0.001), and MCTSI (P = 0.005) scores, as well as increased hospital costs (P = 0.014) and prolonged hospital
stays (P < 0.001).

Metabolic syndrome components exhibit an additive effect on adverse clinical outcomes in HTG-AP

To further assess whether the incidence of adverse clinical outcomes demonstrates a linear trend with increasing numbers
of metabolic syndrome components, a Mantel-Haenszel y? test was conducted. As shown in Figure 5, the incidence of
pleural effusion (P < 0.001), peritoneal effusion (P = 0.006), local complications (P = 0.001), APFC (P = 0.049), systemic
complications (P < 0.001), respiratory failure (P < 0.001), renal failure (P = 0.002), SIRS (P < 0.001), ARDS (P = 0.026),
MODS (P = 0.008), SAP (P < 0.001), and ICU admission (P < 0.001) demonstrated a significant linear increase with an
increasing number of metabolic syndrome components. Detailed data, including complications that did not demonstrate
a statistically significant association with the number of metabolic syndrome components, are presented in Supple-
mentary Table 5.

Metabolic syndrome increases the risk of multiple adverse clinical outcomes in patients with HTG-AP

To assess the impact of metabolic syndrome on the clinical outcomes of HTG-AP, patients were categorized into three
groups based on the number of metabolic syndrome components present: Non-metabolic syndrome group (< 3
components), low-component metabolic syndrome group (3 components), and high-component metabolic syndrome
group (= 4 components). As shown in Table 4, multivariate logistic regression analysis, adjusted for age and sex, revealed
that patients with low-component metabolic syndrome had a significantly higher risk of pleural effusion (OR = 2.16,
95%CI: 1.13-4.14), peritoneal effusion (OR = 2.27, 95%CI: 1.04-4.92), localized complications (OR = 2.14, 95%CI: 1.11-4.13),
systemic complications (OR = 2.67, 95%ClI: 1.38-5.16), respiratory failure (OR = 3.24, 95%CI: 1.03-10.16), and SIRS (OR =
2.54, 95%CI: 1.30-4.93) compared with patients without metabolic syndrome. Patients with high-component metabolic
syndrome exhibited a significantly higher risk of pleural effusion (OR = 3.43, 95%ClI: 1.73-6.80), peritoneal effusion (OR =
3.78, 95%Cl: 1.72-8.34), localized complications (OR = 3.63, 95%CI: 1.73-7.65), systemic complications (OR = 6.49, 95%CI:
3.17-13.30), respiratory failure (OR = 9.32, 95%CI: 3.07-28.25), renal failure (OR = 3.02, 95%CI: 1.12-8.11), SIRS (OR = 4.54,
95%Cl: 2.25-9.14), SAP (OR = 5.05, 95%CI: 2.04-12.49), and ICU admission (OR = 6.41, 95%CI: 2.42-16.97) compared to
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Table 1 Patient characteristics at baseline, n (%)

Characteristic All (n = 255)
Age (years), mean + SD 402+89
Sex

Male 195 (76.5)

Female 60 (23.5)
BMI (kg/m?), mean + SD 26.7+3.9
History of hypertension 42 (16.5)
History of diabetes 60 (23.5)
Pleural effusion 129 (50.6)
Peritoneal effusion 78 (30.6)
Localized complications 183 (71.8)
APFC 62 (24.3)
ANC 93 (36.5)
PPC 17 (6.7)
WON 3(1.2)
IPN 8(3.1)
Systemic complications 135 (52.9)
Respiratory failure 53 (20.8)
Renal failure 39 (15.3)
Circulatory failure 16 (6.3)
SIRS 123 (48.2)
Sepsis 17 (6.7)
ACs 22 (8.6)
ARDS 16 (6.3)
MODS 32 (12.5)

Grades of severity

MAP 72 (28.2)
MSAP 126 (49.4)
SAP 57 (22.4)
ICU admission 54 (21.2)
Length of hospital stays (days), median (IQR) 10 (6, 14)
Total costs (thousand CNY), median (IQR) 19.7 (11.0, 37.8)
Mortality 2(0.78)

IQR: Interquartile range; BMI: Body mass index; APFC: Acute peripancreatic fluid collection; ANC: Acute necrotic collection; PPC: Pancreatic pseudocyst;
WON: Walled-off necrosis; IPN: Infected pancreatic necrosis; SIRS: Systemic inflammatory response syndrome; ACS: Abdominal compartment syndrome;
ARDS: Acute respiratory distress syndrome; MODS: Multiple organ dysfunction syndrome; MAP: Mild acute pancreatitis; MSAP: Moderately severe acute
pancreatitis; SAP: Severe acute pancreatitis; CNY: China yuan; ICU: Intensive care unit.

patients without metabolic syndrome. Notably, renal failure (OR = 3.02, 95%CI: 1.12-8.11), SAP (OR = 5.05, 95%ClI: 2.04-
12.49) and ICU admission (OR = 6.41, 95%Cl: 2.42-16.97) were only significantly increased in patients with high-
component metabolic syndrome. suggesting a greater impact of a higher number of metabolic syndrome components on
these specific complications.
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Table 2 Impact of individual metabolic syndrome components on adverse clinical outcomes in hypertriglyceridemia-acute pancreatitis

Obesity Hyperglycaemia Hypertension Low HDL-C
Outcome

OR (95%CI)  Pvalue OR (95%Cl) Pvalue OR (95%Cl)  Pvalue OR (95%CI)  Pvalue
Pleural effusion 1.52 (0.89-2.61)  0.129 175 (0.88-3.46)  0.109 112 (0.69-1.84)  0.644 257 (1.55-4.27)  <0.001°
Peritoneal effusion  0.98 (0.55-1.75)  0.941 144 (0.67-3.11)  0.349 1.20 (0.70-2.05)  0.505 3.02 (1.70-5.36)  <0.001°
Localized complic- ~ 2.07 (1.07-4.00)  0.031° 3.04 (1.53-6.06)  0.002° 0.82 (0.47-1.42) 0476 2,06 (1.18-3.59)  0.011°
ations
APFC 2.73 (1.50-4.96)  0.001° 2.61(0.98-6.99)  0.055 0.96 (0.54-1.71)  0.889 0.82 (0.46-1.46)  0.499
ANC 1.02 (0.59-1.79)  0.963 147 (0.71-3.05)  0.298 0.75 (0.45-1.25)  0.271 232 (1.37-3.94)  0.002°
PPC 048 (0.13-1.74)  0.484 0.89 (0.24-3.24)  0.855 145 (0.54-3.89)  0.461 0.58 (0.21-1.58)  0.288
Systemic complic- 1.81 (1.05-3.14)  0.034° 2.86 (1.40-5.82)  0.004° 1.81 (1.09-2.98)  0.021° 238 (1.43-3.93)  0.001°
ations
Respiratory failure ~ 2.16 (1.15-4.04)  0.016 2.08 (0.77-5.60)  0.146 1.40 (0.76-2.57)  0.276 4.94 (2.35-10.37) <0.001°
Renal failure 2.06 (1.02-4.14)  0.044° 2,56 (0.75-8.75)  0.133 0.85 (043-1.71)  0.654 3.40 (1.54-7.49)  0.002"
Circulatory failure  1.08 (0.36-3.21)  0.896 3.02 (0.39-23.48)  0.292 0.55 (0.19-1.64)  0.283 2.74 (0.86-8.73)  0.089
SIRS 1.39 (0.81-2.37)  0.235 3.04 (1.53-6.06)  0.002° 1.84 (1.12-3.03)  0.017 1.76 (1.07-2.90)  0.026
Sepsis 0.71 (0.22-2.25)  0.560 147 (0.32-6.69)  0.618 113 (0.42-3.02)  0.814 2,99 (0.95-9.43)  0.062
ACS 1.11 (0.43-2.84)  0.829 1.23 (0.35-4.38)  0.745 1.57 (0.65-3.78)  0.315 247 (0.93-6.53)  0.069
ARDS 1.92 (0.69-5.35)  0.214 1.37 (0.30-6.25)  0.688 1.28 (0.46-3.51)  0.637 4.02 (1.12-14.47)  0.033"
MODS 1.74 (0.81-3.73)  0.156 3.18 (0.73-13.86)  0.124 0.84 (0.40-1.79)  0.654 3.54 (1.47-8.52)  0.005"
SAP 1.85 (1.00-3.43)  0.050 1.83 (0.73-4.59)  0.201 1.17 (0.65-2.12)  0.598 4.32(2.16-8.66) < 0.001°
ICU admission 1.69 (0.90-3.17)  0.102 214 (0.80-5.74)  0.132 147 (0.80-2.69)  0.211 3.91 (1.94-7.85)  <0.001°
3P < 0.05.

Adjusted for age and sex. OR: Odds ratio; HDL-C: High-density lipoprotein cholesterol; APFC: Acute peripancreatic fluid collection; ANC: Acute necrotic
collection; PPC: Pancreatic pseudocyst; SIRS: Systemic inflammatory response syndrome; ACS: Abdominal compartment syndrome; ARDS: Acute
respiratory distress syndrome; MODS: Multiple organ dysfunction syndrome; SAP: Severe acute pancreatitis; ICU: Intensive care unit.

DISCUSSION

While the pathogenesis of HTG-AP remains incompletely understood, the prevailing hypothesis suggests that high trigly-
ceride levels are hydrolyzed by pancreatic lipase, generating excessive free fatty acids (FFAs) that damage pancreatic
acinar and vascular endothelial cells, leading to pancreatic edema, necrosis, and systemic inflammation[21]. Concurrently,
elevated concentrations of chylomicrons contribute to increased pancreatic capillary viscosity, further exacerbating
pancreatic ischemia and injury[22]. Therefore, metabolic disturbances, including individual components and the overall
burden of metabolic syndrome, may negatively impact the progression of HTG-AP. This study systematically analyzes
the association between individual components and the number of metabolic syndrome components with key clinical
outcomes, including severity, complications, ICU admission, and hospitalization costs, in patients with HTG-AP.

Dysregulation of HDL-C metabolism is a hallmark of metabolic syndrome. Evidence suggests that serum HDL-C levels
are inversely correlated with the SAP and can serve as an effective prognostic marker for persistent organ failure in AP
patients[23,24]. A case-control study of 1127 AP patients revealed that, after adjusting for confounders, HDL-C was found
to have a protective effect against SAP development and demonstrated superior predictive value for SAP compared to
other lipid parameters[25]. However, the influence of low levels of HDL-C on the progression of HTG-AP still unclear.
This study found that patients with low HDL-C experienced significantly higher Ranson, BISAP, and MCTSI scores,
prolonged hospital stays, and increased total medical expenses compared to those with normal HDL-C levels.
Furthermore, low HDL-C was associated with an increased risk of various local and systemic complications, including
ANC, respiratory and renal failure, SIRS, ARDS, MODS, as well as SAP and ICU admission. Evidence suggests that HDL-
C exerts potent anti-inflammatory, antioxidant, and endotoxin-neutralizing effects, playing a central role in the clearance
of FFAs[26,27]. However, the development of SIRS disrupts the balance of HDL-C, contributing to AP progression
towards organ failure and death by inhibiting its synthesis and accelerating its degradation through inflammatory
cytokines such as TNF-a and IL-6[23,28]. Furthermore, inflammation can alter HDL-C structure and composition, leading
to the formation of dysfunctional HDL-C[29]. These alterations may explain the observed association between low HDL-
C levels and poor clinical outcomes in HTG-AP.
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Table 3 Association of metabolic syndrome component count with clinical severity scores and hospitalization characteristics in

hypertriglyceridemia-acute pancreatitis, n (%)

Number of metabolic syndrome components

Characteristic P value
1(n=6) 2(n=61) 3(n=102) 4 (n=69) 5(n=17)
Age (years) 35.8+8.8 39.8+9.6 409+82 39.5+9.9 402+89 0.545
Sex
Male 5 (2.6) 42 (21.5) 76 (39.0) 57 (29.2) 15 (7.7) 0.290
Female 1(1.7) 19 (31.7) 26 (43.3) 12 (20.0) 2(3.3)

Scoring systems

Ranson 0.5(0,1) 1(1,3) 2(1,3) 2(1,4) 4(2,5) <0.001°
BISAP 0(0,0.5) 0(0,1) 1(0,2) 2(1,2) 2(1,2.5) <0.001*
MCTSI 4(2,6.5) 4(2,8) 6(2 8) 8(4,8) 8(4,8) 0.005"
Length of hospital stays (days) 6(4.3,9.8) 8(5,12.5) 10 (7, 14.3) 11 (6, 17) 19 (13, 19.5) 0.014"
Total costs (thousand CNY) 8.6 (5.9,17.1) 14.0 (6.8, 24.6) 17.9 (114, 37.7) 26.1 (14.7, 61.1) 25.8 (16.7, 81.3) <0.001"
2P <0.05.

CNY: China yuan; BISAP: Bedside Index of Severity in acute pancreatitis; MCTSI: Modified computed tomography severity index.

Table 4 Relationship between metabolic syndrome and clinical outcomes in hypertriglyceridemia-acute pancreatitis

Group

T T e R e Low-component metabolic High-component metabolic
Syndrome syndrome

OR (95%Cl) Pvalue OR (95%Cl) P value OR (95%Cl) Pvalue
Pleural effusion Reference - 2.16 (1.13-4.14) 0.019* 3.43 (1.73-6.80) <0.001*
Peritoneal effusion Reference - 2.27 (1.04-4.92) 0.039° 3.78 (1.72-8.34) 0.001"
Localized complications Reference - 2.14 (1.11-4.13) 0.023% 3.63 (1.73-7.65) 0.001"
APFC Reference - 1.61 (0.73-3.55) 0.240 2.09 (0.94-4.65) 0.071
ANC Reference - 0.99 (0.52-1.93) 0.992 1.64 (0.84-3.20) 0.149
PPC Reference - 1.10 (0.33-3.62) 0.876 0.72 (0.18-2.89) 0.638
Systemic complications Reference - 2.67 (1.38-5.16) 0.004" 6.49 (3.17-13.30) <0.001"
Respiratory failure Reference - 3.24 (1.03-10.16) 0.044" 9.32 (3.07-28.25) <0.001"
Renal failure Reference - 1.54 (0.55-4.30) 0.414 3.02 (1.12-8.11) 0.028°
Circulatory failure Reference - 2.86 (0.56-14.73) 0.207 3.14 (0.60-16.26) 0.173
SIRS Reference 2.54 (1.30-4.93) 0.006" 4.54 (2.25-9.14) <0.001°
SAP Reference - 1.88 (0.74-4.82) 0.187 5.05 (2.04-12.49) <0.001*
ICU admission Reference - 2.25 (0.83-6.13) 0.112 6.41 (2.42-16.97) <0.001°

P <0.05.
OR: Odds ratio; APFC: Acute peripancreatic fluid collection; ANC: Acute necrotic collection; PPC: Pancreatic pseudocyst; SIRS: Systemic inflammatory
response syndrome; SAP: Severe acute pancreatitis; ICU: Intensive care unit.

According to the World Health Organization definition, obesity is characterized by abnormal or excessive fat accumu-
lation[30]. Obesity is associated with a variety of chronic diseases, including cardiovascular disease, type 2 diabetes, and
certain cancers[31]. Furthermore, evidence suggests that obesity influences the course of AP, increasing the likelihood of
early shock, respiratory failure, renal failure, and prolonged hospital stays, leading to more severe outcomes[32]. Yang et
al[33] found that abdominal obesity is an independent risk factor for respiratory failure and local complications in AP
patients, with those exhibiting both obesity and hypertriglyceridemia having a higher incidence of SAP, organ failure,
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Figure 1 Associations of obesity with clinical scores and hospitalization characteristics in hypertriglyceridemia-acute pancreatitis.
Comparison between patients with and without obesity. A: Age; B: Sex; C: Hospital stays; D: Hospital costs; E: Ranson scores; F: Bedside index of severity in acute
pancreatitis scores; G: Modified computed tomography severity index scores. 2P < 0.05; CNY: China yuan; BISAP: Bedside index of severity in acute pancreatitis;
MCTSI: Modified computed tomography severity index.

and local complications compared to those with obesity alone. BMI is widely employed as a measure for assessing obesity
because it is easily obtainable in clinical practice. A retrospective study demonstrated that patients with AP and a BMI
within the Class I obesity range (25-29.9 kg/m?) exhibited a significantly higher incidence of organ failure and local
complications compared to those with normal weigh[34]. HTG-AP often occurs in younger patients with a high BMI[7].
Our study demonstrates that obesity (BMI = 28) significantly increases the risk of complications in patients with HTG-AP,
including local complications such as APFC and systemic complications like respiratory and renal failure. However, these
findings are not entirely consistent with those of another retrospective study of 96 HTG-AP patients. While that study
found a positive correlation between higher BMI and an increased risk of respiratory failure, it did not identify an
association with local complications or renal dysfunction[14]. These discrepancies may be attributed to differences in
patient characteristics, specifically a larger sample size and a higher prevalence of renal dysfunction and local complic-
ations in our cohort. These factors may have contributed to statistically significant findings. Obesity exacerbates clinical
outcomes in HTG-AP, driven by a complex interplay of factors. As BMI increases, so too does peripancreatic and
intrapancreatic fat deposition, making the pancreas and surrounding adipose tissue more susceptible to extensive
necrosis during HTG-AP episodes[35]. This increased necrosis leads to a surge in FFA release, triggering a cascade of
inflammatory responses that can ultimately contribute to multi-organ failure[36]. Furthermore, obesity can elevate the
diaphragm and impair pulmonary ventilation, increasing the risk of respiratory complications associated with HTG-AP
[32].

Hyperglycemia is closely associated with the development and progression of many diseases, and its role in the
advancement of AP has been increasingly studied. A prospective international cohort study revealed a dose-dependent
relationship between both admission and peak in-hospital blood glucose levels and AP severity, mortality, length of
hospital stays, and systemic and local complication rates. Notably, patients with peak blood glucose levels exceeding 7
mmol/L exhibited a 15-fold increased risk of developing SAP and a 5-fold increased risk of mortality[37]. In another
retrospective study, AP patients with comorbid diabetes mellitus (DM) experienced higher rates of SAP, necrotizing
pancreatitis, and local complications, as well as prolonged hospital stays, compared to non-diabetic patients[38].
Likewise, a meta-analysis has revealed that patients with AP and comorbid DM experience a significantly elevated risk of
local and systemic complications, ICU admission, and mortality compared to those with AP without DM[39]. The positive
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Figure 2 Associations of hyperglycaemia with clinical scores and hospitalization characteristics in hypertriglyceridemia-acute
pancreatitis. Comparison between patients with and without hyperglycaemia. A: Age; B: Sex; C: Hospital stays; D: Hospital costs; E: Ranson scores; F: Bedside
index of severity in acute pancreatitis scores; G: Modified computed tomography severity index scores. P < 0.05; CNY: China yuan; BISAP: Bedside Index of
Severity in acute pancreatitis; MCTSI: Modified computed tomography severity index.

correlation between triglyceride levels and the severity of hyperglycemia often leads to coexisting hyperglycemia in
patients with HTG-AP[40]. Liao et al[15] found that patients with HTG-AP and coexisting DM presented with a signi-
ficantly older age at onset, a heightened risk of ischemic heart disease, and elevated Acute Physiology and Chronic
Health Evaluation II scores compared to their non-diabetic counterparts. Our study also demonstrated that patients with
hyperglycemia in the context of HTG-AP demonstrated significantly higher Ranson, BISAP, and MCTSI scores, as well as
a significantly older age, compared to those without hyperglycemia. Furthermore, we found that hyperglycemia
increased the risk of SIRS, local complications, and systemic complications in HTG-AP patients. This heightened risk may
be attributed to the exacerbating effects of hyperglycemia on the inflammatory cascade within the pancreas. Elevated
blood glucose levels can increase intracellular reactive oxygen species production, leading to mitochondrial dysfunction,
promoting inflammation, and inducing cell death[41]. Consequently, these patients have a reduced physiological reserve
to respond to acute illnesses, making them more susceptible to severe complications when faced with the stress of AP
[42]. However, our study found that hyperglycemia did not significantly increase the risk of SAP in HTG-AP patients, a
finding that diverges from previous research on the impact of DM on AP. This discrepancy may be attributed to
differences in inclusion criteria. While previous studies primarily focused on patients with pre-existing diabetes, our
study defined hyperglycemia based on metabolic syndrome diagnostic criteria, encompassing individuals with both
diagnosed diabetes and elevated fasting blood glucose.

Despite hypertension is a systemic disease that can affect multiple organ systems and cause chronic damage to organs
and tissues, research exploring the link between hypertension and AP remains limited[43]. A study by Szentesi et al[44]
revealed hypertension to be an independent risk factor associated with the occurrence of SAP, systemic complications,
and renal failure. Additionally, another study has demonstrated that hypertension serves as an independent predictor of
30-day readmission among patients with HTG-AP[45]. Our study revealed that hypertension in patients with HTG-AP is
associated with an increased risk of developing systemic complications and SIRS. This association may be driven by
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Figure 3 Associations of hypertension with clinical scores and hospitalization characteristics in hypertriglyceridemia-acute pancreatitis.
Comparison between patients with and without hypertension. A: Age; B: Sex; C: Hospital stays; D: Hospital costs; E: Ranson scores; F: Bedside index of severity in
acute pancreatitis scores; G: Modified computed tomography severity index scores. 2P < 0.05; CNY: China yuan; BISAP: Bedside Index of Severity in acute
pancreatitis; MCTSI: Modified computed tomography severity index.

hypertension-induced immune dysregulation and endothelial dysfunction, leading to increased susceptibility to
infections and a potential progression to SIRS[46]. However, our study found no significant association between
hypertension and HTG-AP severity, a finding that contrasts with previous research on the impact of hypertension on AP
of other etiologies. This discrepancy may be attributed to the unique pathogenesis of HTG-AP, where hypertension plays
a less prominent role in disease severity.

Our study found that individual components of metabolic syndrome were associated with an increased risk of adverse
clinical outcomes in HTG-AP. Notably, low HDL-C significantly impacted a broader range of complications, making it
the most significant risk factor influencing clinical outcomes. This suggests that individual components of metabolic
syndrome, particularly low HDL-C, could potentially serve as predictors of adverse clinical outcomes in HTG-AP.

The interplay and synergistic effects among the various components of metabolic syndrome is crucial in influencing
the clinical outcomes of AP, and should not be solely attributed to any single component. A previous prospective cross-
sectional study demonstrated that AP patients with comorbid metabolic syndrome had a significantly higher incidence of
complications and longer hospital stays compared to patients without metabolic syndrome[47]. Furthermore, a study
reported that the incidence of adverse outcomes in AP progressively increased with the number of metabolic syndrome
components, rising by 9.5%, 24.1%, and 66.7% when two, three, and four components were present, respectively[44].
However, these studies primarily focused on the impact of metabolic syndrome on AP of all etiologies, with limited
research specifically addressing its influence on HTG-AP. Our study is the first to demonstrate a linear increase in the
incidence of various adverse clinical complications and outcomes, including local complications, systemic complications,
ARDS, SIRS, MODS, SAP, and ICU admission, as the number of metabolic syndrome components progressively
increased. Furthermore, a higher number of metabolic syndrome components was associated with elevated clinical
severity scores, prolonged hospital stays, and increased hospitalization costs. These findings suggest a cumulative effect
of multiple metabolic syndrome components on adverse clinical outcomes in HTG-AP. For further analysis, both the low-
component and high-component metabolic syndrome groups exhibited a significantly increased risk of pleural effusion,
peritoneal effusion, local complications, systemic complications, respiratory failure, and SIRS compared to the non-
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Figure 4 Associations of low high-density lipoprotein cholesterol with clinical scores and hospitalization characteristics in
hypertriglyceridemia-acute pancreatitis. Comparison between patients with and without low high-density lipoprotein cholesterol. A: Age; B: Sex; C: Hospital
stays; D: Hospital costs; E: Ranson scores; F: Bedside index of severity in acute pancreatitis scores; G: Modified computed tomography severity index scores. 2P <

0.05; CNY: China yuan; HDL-C: High-density lipoprotein cholesterol; BISAP: Bedside Index of Severity in acute pancreatitis; MCTSI: Modified computed tomography
severity index.

metabolic syndrome group. Interestingly, only the high-component metabolic syndrome group demonstrated an
increased risk of renal failure, SAP, and ICU admission. These findings suggest that a greater number of metabolic
syndrome components indicates a progressively worse metabolic state. Consequently, the presence of metabolic
syndrome, particularly the high-component metabolic syndrome, significantly increases the risk of adverse clinical
outcomes in patients with HTG-AP.

This study's strength lies in systematically analyzing the relationship between the number of metabolic syndrome
components and adverse clinical outcomes in HTG-AP patients, rather than simply classifying them as having or not
having metabolic syndrome. However, this study still has several limitations. First, the low number of observed in-
hospital deaths precluded its inclusion in the analysis. This may be partially attributed to some critically ill patients
choosing to leave the hospital to die at home, driven by personal or cultural beliefs. Second, the study employed a BMI >
28 kg/m?” to define obesity, aligning with the metabolic characteristics of the Chinese population but not fully adhering to
the metabolic syndrome criteria for abdominal obesity. Third, the relatively small sample size may have limited the
statistical power to identify true associations. Finally, this single-center retrospective study is inherently susceptible to
biases, including information bias, recall bias, and selection bias. Patient recall may be inaccurate, and medical records
might be incomplete or contain errors. Furthermore, the selection of patients solely from tertiary hospitals introduces
limitations, as these patients tend to have more complex conditions and higher rates of comorbidities, potentially limiting
the generalizability of the findings. Moreover, due to the limited availability of accurate data on smoking and alcohol
consumption in medical records, this study did not adjust for these potential confounders, which may have introduced
bias into the study findings.
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Figure 5 The additive effect of metabolic syndrome components on adverse clinical outcomes in hypertriglyceridemia-acute pancreatitis.
The impact of different numbers of metabolic syndrome components (1-5) on the incidence. A: Pleural effusion; B: Peritoneal effusion; C: Local complications; D:
Acute peripancreatic fluid collection; E: Systemic complications; F: Respiratory failure; G: Renal failure; H: Systemic inflammatory response syndrome; I: Acute
respiratory distress syndrome; J: Multiple organ dysfunction syndrome; K: Severe acute pancreatitis; L: Intensive care unit admission. APFC: Acute peripancreatic
fluid collection; SIRS: Systemic inflammatory response syndrome; ARDS: Acute respiratory distress syndrome; MODS: Multiple organ dysfunction syndrome; SAP:
Severe acute pancreatitis; ICU: Intensive care unit.
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CONCLUSION

The presence of individual metabolic syndrome components can increase the risk of certain adverse outcomes in patients
with HTG-AP. Crucially, the coexistence of multiple metabolic syndrome components can exert synergistic effects,
further worsening the clinical course of HTG-AP. These findings highlight the importance of vigilant monitoring and
tailored interventions for HTG-AP patients with multiple metabolic syndrome components to prevent severe outcomes.
Further validation through multicenter prospective studies is needed to confirm the findings.
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