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Abstract
Background  The incidence of hyperlipidemic acute pancreatitis (HLAP) has been increasing annually. However, 
population-based morbidity assessments need to be updated. Early, rapid, and effective lipid-lowering may minimize 
pancreatic injury and improve clinical prognosis. It is essential to choose the proper treatment. However, treatment 
options for HLAP are controversial, and there is no uniform treatment protocol.

Methods  In this retrospective study, 127 patients with hyperlipidemic severe acute pancreatitis (HL-SAP) were 
registered from January 2018 to December 2022 at the General Hospital of Ningxia Medical University. Medical and 
radiological records of hospitalized patients were collected to determine clinical features, severity, complications, 
mortality, recurrence rate, and treatment. Risk factors for HL-SAP were analyzed using multifactorial logistic regression. 
A propensity score matching method was used to compare the clinical outcomes of standard and plasma exchange 
therapies.

Results  In this research, the prevalence of HLAP increased about 1.6 times, and the prevalence of HL-SAP was 
50.60%. HL-SAP occurs most often in people between the ages of 30 and 39. Amylase exceeded 110 U/L in 84.3% 
of patients and 330 U/L in only 47.2%. 83.5% of HL-SAP patients had fatty livers and high body mass index (BMI). A 
total of 48.0% of patients experienced organ failure, ICU treatment (55.1%), recurrence (33.1%), and death (21.3%). 
Between the hyperlipidemic group and the biliary group in terms of age, gender, BMI, fatty liver, pleural effusion, 
abdominal constriction syndrome (ACS), multiple organ dysfunction syndrome (MODS), length of hospital, medical 
costs, morbidity and mortality, triglyceride, cholesterol, creatinine, blood glucose, D-dimer, amylase, albumin, 
lactate dehydrogenase, serum phosphorus, serum calcium, oxygenation index, and recurrence rate were statistically 
significant (P < 0.05). High BMI (P = 0.0038, odds ratio (OR) = 1.336, 95%CI: 0.99–1.804), high C-reactive protein (CRP) 
(P = 0.022, OR = 1.011, 95%CI: 1.003–1.019), low calcium (P = 0.003, OR = 0.016, 95%CI. 0.001–0.239), low albumin 
(P = 0.012, OR = 0.045, 95%CI: -0.062-0.192), and high D-dimer (P = 0.041, OR = 0.619, 95%CI: 0.053–2.510) were risk 
factors for HL-SAP, according to multifactorial logistic regression analysis. Adjusted for propensity score matching 
(PSM), Serum triglyceride (TG) was significantly lower in both the standard treatment (P < 0.001) and plasma exchange 
(P < 0.001) groups at 48 h compared with the initial test after the attack. Clearance (83.20% ± 0.0% vs. 84.4% ± 0.0%, 
P = 0.531), length of hospital stay (19.9 ± 4.9 vs. 19.8 ± 11.1, P = 0.092), and death (26.3% vs. 23.6%, P = 0.791) showed no 
difference between the two groups. However, the difference in medical costs(P = 0.039)between the two groups was 
statistically significant.
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Introduction
Acute pancreatitis is characterized by inflammation in 
the pancreas and is regarded as a common digestive ill-
ness that may result in hospitalization. Diagnosing acute 
pancreatitis relies upon observing characteristic abdomi-
nal imaging abnormalities [1–3]. The etiology of acute 
pancreatitis differs by region worldwide. Currently, the 
most frequently observed causes in most studies are 
gallstones (40–70%) and alcohol consumption (25–35%) 
[4]. Recent studies have indicated a growing prevalence 
of hyperlipidemic acute pancreatitis (HLAP) in Asia [5]. 
According to multiple studies, HLAP accounts for 2–5% 
of global acute pancreatitis cases, but this percentage has 
reached 10–15% in Asian populations [6]. A study con-
ducted in Beijing showed that 10.36% of patients with 
HLAP developed acute hemorrhagic necrotizing pancre-
atitis [7]. Furthermore, there is evidence indicating that 
HLAP may be linked to a more intense clinical progres-
sion and increased mortality compared to other forms of 
pancreatitis. Patients in remote areas with severe acute 
pancreatitis who exhibit pancreatic necrosis or organ 
failure have mortality rates as high as 40% [4, 8–10].

Regarding the pathogenesis of HLAP, the widely 
accepted Havel theory suggests that triglycerides (TG) 
and their free fatty acids (FFA) are closely related to the 
development of HLAP, and some studies have also con-
firmed the toxic effects of TG and FFA on the pancreas 
[11]. Therefore, early, rapid, and effective elimination of 
high concentrations of TG and FFA from the body may 
help to reduce pancreatic damage and improve clinical 
prognosis. Effective treatments for lowering serum TG 
levels include lipid-lowering drugs, insulin, heparin, low-
molecular heparin, and blood purification techniques, 
including haemoperfusion, plasma exchange, and con-
tinuous renal replacement therapy [12, 13]. However, 
standardized guidelines for the treatment of HLAP have 
not been developed. Currently, there is still controversy 
about whether to adopt conventional or plasma exchange 
therapy for patients with HLAP after admission.

Early diagnosis of pancreatitis and identification of 
risk factors for severe disease are essential for targeted 
treatment of HLAP. This study aimed to develop safe, 
effective, and low-cost therapies for patients with hyper-
lipidemic severe acute pancreatitis (HL-SAP) by summa-
rising the clinical profile of HL-SAP.

Materials and methods
Study population
A retrospective research method was employed to 
include 3446 patients who were admitted to the General 
Hospital of Ningxia Medical University between Janu-
ary 2018 and December 2022 with a definitive diagnosis 
of acute pancreatitis. Among these patients, 373 met the 
inclusion criteria for inclusion in the study. After adjust-
ing for gender, age, severity, and baseline TG using pro-
pensity score matching (PSM), 92 patients were included 
in the study. A comparison was made between the clini-
cal outcomes of these 92 patients who received con-
ventional therapy and plasma exchange therapy(Fig.  1). 
This study was approved by the Medical Research Ethics 
Review Committee of the General Hospital of Ningxia 
Medical University (KYLL-2023-0013).

The exclusion criteria were as follows: (1) age < 18 
years, (2) admitted for less than 48 h, and (3) incomplete 
medical records, (4) lipid testing is not performed within 
24 h of hospital admission.

Methods
The severity grading criteria of the Revised Atlanta Types 
were utilized to categorize severe acute pancreatitis into 
biliary and hyperlipidemic groups according to etiology. 
Patients were divided into two groups according to treat-
ment modality: standard treatment and plasma exchange 
(PE). All scores were assigned by specialists who evalu-
ated the patient data. All patients received primary care, 
and the plasma exchange group was ordered to execute 
plasma exchange at least once within 48  h after admis-
sion. Plasma exchange plan: (1) Select plasma as the 
exchange solution (supplement with albumin when insuf-
ficient); (2) Each exchange of 1-1.5 times plasma volume: 
Use Kaplan’s formula to calculate plasma volume, with 
plasma volume = 0.065 ∗ body weight(kg) ∗ (1-hemato-
crit). The minimum exchange plasma volume is 50% of 
the ideal plasma exchange volume, and the portion that 
does not reach the perfect plasma volume is replaced 
with an albumin injection. PE adopts a membrane plasma 
separator, Plasmaflo (OP-08 W).

Definition
The diagnostic criteria for hyperlipidemic acute pancre-
atitis were as follows: (1) the patient fulfilled the diag-
nostic criteria for acute pancreatitis according to the 
2012 Atlanta, GA New Grading Classification System 

Conclusion  The incidence of HLAP exhibited a significant increase, remarkable severity, recurrent trend, and 
mortality. High BMI, high CRP, low calcium, low albumin, and high D-dimer are risk factors for HL-SAP. Compared with 
standardized treatment, plasma exchange does not improve the prognosis of HL-SAP patients, and standardized 
treatment is equally effective, safe, and low-cost in early treatment.
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for Acute Pancreatitis 2a [14]; (2) the patient also had 
elevated levels of triglycerides, with a serum triglyceride 
level of at least 11.3 mmol/L; or a serum triglyceride level 
between 5.65 and 11.3 mmol/L in the presence of coeliac 
disease [15]. The diagnosis of HLAP was confirmed when 
both criteria (1) and (2) were satisfied.

The cause of AP is considered to be related to biliary 
stones when the gallbladder or bile ducts or both are 
found by abdominal ultrasound, CT, magnetic resonance, 
or endoscopic retrograde cholangiopancreatography 
(ERCP).

The Revised Atlanta Definitions [14] classify AP sever-
ity as mild acute pancreatitis (MAP), moderately severe 
acute pancreatitis (MSAP), and severe acute pancre-
atitis (SAP). Individuals with MAP do not experience 
organ failure or local or systemic consequences. MSAP 
is characterized by transitory organ failure (< 48  h) or 
local/systemic consequences without chronic organ fail-
ure. Patients with SAP experience organ failure lasting 
beyond 48 h.

Organ failure was defined for this study using a modi-
fied Marshall score of ≥ 2 or an APACHE II score of ≥ 8 
[14].

Data collection
Data were extracted from hospital electronic database 
records and patients’ medical records. Comorbidities, 
age, and gender were gathered. During hospitalization, 
the following information was documented: clinical 
manifestations, modified computed tomography sever-
ity index (MCTSI) score, organ failure status, laboratory 
and imaging data, treatments administered, intensive 
care unit admission, duration of stay, and prognosis. All 
laboratory results were obtained within 24  h of admis-
sion. Baseline triglyceride (TG) and serum amylase 
(AMY) levels were determined using the initial test after 
the attack. Serum lipid levels were assessed within 48 h of 
lipid-lowering treatment administration.

Statistical analysis
GraphPad Prism 9.0 was used for graphing, and SPSS 
26.0 was used for data analysis. Normally distributed 
measures are shown as mean ± standard deviation and 
analyzed using Student’s t-test or analysis of variance. 
Abnormal distribution data were described by median 
and interquartile spacing and analyzed using the Mann-
Whitney U or Kruskal-Wallis tests. Absolute values 
and proportions represented the categorical variables 
using the X2 or Fisher exact tests. For continuous vari-
ables before and following treatment, paired t-tests were 

Fig. 1  Research sample screening and grouping process
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utilized. Risk factors were identified using multifactorial 
logistic regression analysis, each with a 95% confidence 
interval odds ratio. Furthermore, a one-way analysis was 
conducted after executing a 1–1 PSM. A difference at 
P < 0.05 was deemed to be statistically significant.

Results
Basic demographic features
In the last five years, 251 patients were diagnosed with 
HLAP in the General Hospital of Ningxia Medical Uni-
versity. Research has pointed to an upward trend in the 
incidence of HLAP in the region. The incidence of HLAP 
has increased by approximately 1.6 times in the past five 
years, with the range of 6.09%~9.44%, while the incidence 
of alcoholic acute pancreatitis decreased from 14.16 to 
2.13%. The study showed that hyperlipidemic has become 

the second leading cause of acute pancreatitis in recent 
years (Fig. 2).

5-year severe acute pancreatitis (SAP) morbidity
A total of 1926 patients were diagnosed with acute bili-
ary pancreatitis (ABP) during the period 2018–2022, of 
which 246 cases (12.8% of total morbidity) were SAP. A 
total of 251 patients were diagnosed with HLAP during 
the same period, of which 127 patients (50.6% of total 
morbidity) were diagnosed with SAP. The difference in 
incidence between hyperlipidemic severe acute pancre-
atitis (HL-SAP) and biliary severe acute pancreatitis was 
statistically significant over five years(P < 0.05) (Fig. 3).

Clinical characteristics of HL-SAP
A total of 127 patients were diagnosed with HL-SAP. 
The mean age of the patients was 37.1 ± 8.7 years, and 

Fig. 3  Percentage of patients with severe acute pancreatitis caused by two etiologies within five years. SAP: severe acute pancreatitis; N-SAP: Non-severe 
acute pancreatitis

 

Fig. 2  (a) Percentage of acute pancreatitis of different etiologies from 2018–2022. (b) Trends in the incidence of HLAP over 2018–2022
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the majority were young and middle-aged (about 92.1%). 
The male-to-female ratio was 2.3 (89/38). The mean base-
line TG was 28.25 ± 13.28 mmol/L for HL-SAP. Amylase 
exceeded 110 U/L in 84.3% of patients and 330 U/L in 
only 47.2%. Patients with HL-SAP who also had fatty liver 
were 83.5%. The mean Body mass index (BMI) in patients 
was 27.8 ± 3.3 kg/m2. Standardized lipid-lowering therapy 
without plasma exchange was used in 41.7% of patients, 
with plasma exchange in 58.3% and ERCP in 43.3%. The 
incidence of organ failure (61, 48.0%), recurrence rate 
(42, 33.1%), and CTSI score (5.1 ± 0.9) in patients with 
HL-SAP. Approximately 55.1% of patients were admitted 
to the ICU for intensive treatment. The average length of 
hospital stay for HL-SAP patients was 22.5 ± 6.6 days, the 
average medical cost was 64,920.73 ± 68,965.56 Chinese 
Yuan (CNY), and 27 (21.3%) patients died during hospi-
talization (Table 1).

Comparison of the general clinical information of SAP 
patients in the hyperlipidemic group and the biliary group
A total of 373 patients with severe acute pancreatitis met 
the inclusion criteria and were divided into 127 cases in 

the hyperlipidemic group and 246 cases in the biliary 
group by etiology.

Table  2 shows that there were significant differences 
between the two groups of patients in terms of age 
(P < 0.001), gender (P = 0.013), BMI (P < 0.001), comorbid 
fatty liver (P < 0.001), and recurrence rate (P < 0.001). In 
contrast, there was no statistically significant difference 
in comorbid diabetes (P = 0.139) between the two groups.

Comparison of complications and severity during the 
disease in SAP patients in the hyperlipidemic group versus 
the biliary group
There was a statistical difference in hydrothorax, abdomi-
nal compartment syndrome (ACS), organ failure (respi-
ratory, multiple organ dysfunction syndrome, MODS), 
length of hospital stay, medical costs, and death between 
the two groups (P < 0.05). In comparison, there was no 
statistically significant difference between the two groups 
for organ failure (renal, cardiovascular) and patients 
requiring ICU admission (P > 0.05). There was a statis-
tically significant difference (P < 0.05) between the two 
groups in APACHE II score (14.9 ± 6.2 vs. 13.2 ± 4.5, 
P = 0.021. The CTSI score was significantly higher in the 
hyperlipidemic group than in the biliary group (5.1 ± 0.9 
vs. 4.6 ± 0.7, P < 0.001). In contrast, there was no statisti-
cally significant difference in the Ranson score (3.72 ± 1.40 
vs. 3.66 ± 1.36, P = 0.74) between the two groups (P > 0.05) 
(Table 3).

Comparison of laboratory parameters between the two 
groups
Baseline TG (P < 0.001), baseline AMY (P < 0.001), cre-
atinine (P = 0.009), lactate (P < 0.001), glucose (P < 0.001), 
D-dimer (P < 0.001), albumin (P < 0.001), LDH (P < 0.001), 
phosphorus (P = 0.001), calcium (P < 0.001), and oxy-
genation index (P = 0.024) were statistically significant 
(P < 0.05) (Table 4).

Analysis of associated risk factors
Multifactorial logistic regression analysis confirmed that 
high BMI (P = 0.0038, OR = 1.336, 95%CI: 0.99–1.804), 

Table 1  Clinical characteristics of patients with hyperlipidemic 
severe acute pancreatitis
Characteristic All(N = 127)
Age,yr 37.1 ± 8.7
Sex, n(%)
Male 89(70.1)
Female 38(29.9)
BMI, kg/m2 27.8 ± 3.3
Complications, n(%)
Diabetes 66(52.0)
Fatty liver 106(83.5)
Hypertensive 62(48.8)
Recurrence, n(%) 42(33.1)
APACHE II 14.9 ± 6.2
CTSI 5.1 ± 0.9
Ranson 3.72 ± 1.4
Organ failure, n(%) 61(48.0)
Treatment, n(%)
Standard treatment 53(41.7)
PE 74(58.3)
ERCP 55(43.3)
Baseline TG,mmol/L 28.25 ± 13.28
Baseline AMY, U/L
> 110U/L,n(%)

539.94 ± 418.00
107(84.3)

> 330U/L,n(%) 60(47.2)
Admission to ICU,n(%) 70(55.1)
Medical costs,CNY 64920.73 ± 68965.56
Length of hospital, d 22.5 ± 6.6
Death, n(%) 27(21.3)
BMI: Body mass index; APACHE II: Acute Physiology and Chronic Health 
Evaluation II; CTSI: CT severity index; PE: plasma exchange; TG: Triglyceride; 
AMY: Amylase; ICU: Intensive care unit; ERCP: Endoscopic Retrograde Cholangio 
Pancreatography; CNY: Chinese Yuan

Table 2  Comparison of general clinical data between the two 
groups
Characteristic Hyperlipidemic

(n = 127)
Biliary
(n = 246)

X2/Z P

Age, yr 37.1 ± 8.7 60.7 ± 15.8 -11.936 < 0.001
Male, n(%) 89(70.1) 140(57.0) 6.128 0.013
BMI, kg/m2 27.82 ± 3.33 24.19 ± 1.69 -11.036 < 0.001
Complications, 
n(%)
Diabetes 66(52.0) 108(43.9) 2.190 0.139
Fatty liver 106(83.5) 26(10.6) 194.651 < 0.001
Recurrence, n(%) 42(33.1) 23(9.3) 32.754 < 0.001
BMI: Body mass index
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high CRP (P = 0.022, OR = 1.011, 95%CI: 1.003–1.019), 
low calcium (P = 0.003, OR = 0.016, 95%CI. 0.001–0.239), 
low albumin (P = 0.012, OR = 0.045, 95%CI: -0.062-0.192), 
and high D-dimer (P = 0.041, OR = 0.619, 95%CI: 0.053–
2.510) were risk factors for HL-SAP (Table 5).

Comparisons between standard and PE treatments
Of the 127 patients, 53 received standard treatment, 
and 74 received PE. Significant differences in APACHE 
II (P = 0.001) and baseline TG (P = 0.004) were observed 
between patients treated with standard and PE treat-
ments (Table  6). Due to disease severity, baseline TG, 

and other confounding factors, propensity score match-
ing (PSM) analyses were used. PSM adjusted for gender, 
age, severity score, and baseline TG. After PSM, were 46 
cases in the standard group and 46 cases in the PE group 
(1:1, matching tolerance = 0.02) (Table  6). APACHE II 
score (P = 0.786), CTSI score (P = 0.693), baseline TG 
(P = 0.108), length of hospital stay (P = 0.092), and mortal-
ity (P = 0.791) were not statistically significant (P > 0.05). 
In HL-SAP patients, baseline serum TG levels were sig-
nificantly lower in standard (P < 0.001) and PE (P < 0.001) 
treatment groups within 48  h of treatment (Fig.  4). 
48-hour TG clearance was 83.20%±0.0% for the standard 

Table 3  Comparison of severity and complications between the two groups
Characteristic Hyperlipidemic

(N = 127)
Biliary
(N = 246)

X2/Z P

Hydrothorax, n(%) 47(37.0) 39(15.9) 21.128 < 0.001
ACS 27(21.3) 11(4.5) 25.801 < 0.001
Organ failure, n(%)
Respiratory 96(75.6) 68(27.6) 78.163 < 0.001
Renal 18(14.2) 23(9.3) 1.992 0.158
Cardiovascular 26(20.5) 32(13.0) 3.554 0.059
MODS 48(37.8) 21(8.5) 47.559 < 0.001
Admission to ICU,n(%) 70(55.1) 129(52.4) 0.242 0.623
Length of hospital, d 16.1 ± 9.7 12.9 ± 10.3 -3.490 < 0.001
Medical costs,CNY 64920.73 ± 68965.56 49011.05 ± 52150.54 -2.515 0.012
APACHE II 14.9 ± 6.2 13.2 ± 4.5 -2.914 0.021
CTSI 5.1 ± 0.9 4.6 ± 0.7 -6.687 < 0.001
Ranson 3.72 ± 1.40 3.66 ± 1.36 -0.332 0.740
Death, n(%) 27(21.3) 30(12.2) 5.316 0.021
ACS: Abdominal compartment syndrome; MODS: Multiple organ dysfunction syndrome; ICU: Intensive care unit; APACHE II: Acute Physiology and Chronic Health 
Evaluation II; CTSI: CT severity index; CNY: Chinese Yuan

Table 4  Comparison of laboratory parameters between the two groups
Characteristic Hyperlipidemic

(N = 127)
Biliary
(N = 246)

Z P

Baseline TG,mmol/L 26(16.3,35.0) 1.6(1.1,2.1) -15.831 < 0.001
Baseline AMY,U/L 440.8(270.8, 690.0) 712.7(238.8, 1165.5) -3.42 < 0.001
TC,mmol/L 7.8(6.9, 11.6) 3.0(2.3, 3.9) -15.416 < 0.001
CRP,mg/L 210.0(114.0, 282.0) 202.0(99.1, 275.0) -1.080 0.280
Albumin,g/L 29.8(25.6, 33.8) 33.5(30.3, 37.5) -6.210 < 0.001
TBIL, mmol/L 29.0(16.3, 117.3) 35.2(19.1, 92.8) -1.485 0.138
LDH, U/L 659.0(510.0, 1071.0) 736.5(510.5, 1418.2) -5.043 < 0.001
Creatinine,µmol/L 64.1 (50.3, 110.0) 59.4(45.9, 80.7) -2.627 0.009
Lactate,mmol/L 3.0(2.1, 4.1) 1.9(1.3, 2.5) -7.894 < 0.001
Glucose,mmol/L 13.1(9.8, 17.8) 7.6(5.6, 9.7) -10.461 < 0.001
WBC,× 109/L 10.47 (8.21,14.50) 10.20(7.10, 14.88) -0.843 0.399
PLT,× 109/L 184.0(132.0, 255.0) 187.0(141.0, 258.0) -0.447 0.655
Hb,g/L 112.0(92.0, 130.0) 105.0(82.7, 128.0) -1.595 0.111
HCT,% 32.3(27.8, 37.8) 34.7(29.5, 38.6) -1.612 0.107
Phosphorus, mmol/L 0.90(0.70, 1.16) 1.03(0.83, 1.30) -3.198 0.001
Calcium, mmol/L 1.06(0.90, 1.21) 1.86(1.14, 2.06) -9.870 < 0.001
Oxygenation index 180.5(140.0, 224.5) 210.0(131.0, 281.0) -2.254 0.024
D-dimer 8.03(7.43, 8.82) 5.73(4.14, 8.30) -7.081 < 0.001
TG: Triglyceride; AMY:Amylase;TC:total cholesterol; CRP: C-reactive protein; TBIL: Total bilirubin; LDH:Lactate dehydrogenase; WBC: White blood cell; PLT: Blood 
platelet; Hb: Hemoglobin; HCT: Hematocrit
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treatment group and 84.4%±0.0% for the PE group 
(P = 0.531), indicating no significant difference between 
the two groups. However, the difference in medical 
costs (P = 0.039) between the two groups was statistically 
significant.

Discussion
Acute pancreatitis is a pancreatic inflammatory disease 
with a mortality rate of up to 20–25% in severe instances 
[16]. AP is the leading cause of hospitalization and emer-
gency room visits in the United States and many other 
nations, with an estimated yearly hospitalization cost of 
$2.6 billion in the United States [17]. The cause of acute 
pancreatitis varies by location. Extensive retrospec-
tive investigations from Ireland and the United States 
revealed a 1:1 ratio of alcoholic to gallstone pancreati-
tis, with each etiology accounting for 23–36% of AP 
cases in these countries [18]. AP due to gallstones were 
discovered to be substantially more common in south-
ern European countries than AP due to alcohol, accord-
ing to a European study [19]. However, HLAP has been 
rapidly developing throughout Asia in recent years. In 
Denmark, the standardized incidence of HLAP episodes 
increases from 0.7 per 100,000 population years to 1.7 
per 100,000 from 2008 to 2019, representing a 2.4-fold 
increase in incidence during the previous ten years [20]. 
In Taiwan, the frequency of hyperlipidemic as a cause 
of AP was reported to be 6.3–12.3% [21]. Consistent 

Table 5  Factors associated with HL-SAP according to 
multivariate logistic Regression Analysis
Variable B OR 95%CI P
BMI 0.153 1.336 0.99–1.804 0.038
TG 0.018 1.360 1.213–1.524 0.895
AMY 0.001 1.412 0.916–2.175 0.285
CRP 0.110 1.011 1.003–1.019 0.022
Calcium 0.472 0.016 0.001–0.238 0.003
Hb -0.005 -0.030 -0.024-0.015 0.624
Albumin 0.065 0.045 -0.062-0.192 0.012
D-dimer 1.282 0.619 0.053–2.510 0.041
OR: Odds ratio; TG: Triglyceride; AMY: Amylase; CRP: C-reactive protein; Hb: 
Hemoglobin

Table 6  Comparison between Standard and PE treatment
Characteristic Entire cohort P PSM P

Standard group (N = 53) PE group
(N = 74)

Standard group (N = 46) PE group
(N = 46)

Age, yr 37.1 ± 8.7 36.0 ± 8.3 0.098 38.1 ± 6.9 37.9 ± 7.1 0.63
Male, n(%) 37(69.8) 52(70.3) 0.956 25(65.7) 24(63.1) 0.811
APACHE II 14.3 ± 5.5 18.1 ± 7.6 0.001 16.5 ± 6.9 16.0 ± 6.2 0.786
CTSI 2.7 ± 1.1 3.2 ± 1.2 0.026 3.0 ± 1.2 3.1 ± 1.1 0.693
TG,mmol/L 27.1 ± 12.4 36.1 ± 14.0 0.004 26.01 ± 11.8 29.85 ± 14.11 0.108
Treated TG within 48 h, mmol/L 5.9 ± 3.5 4.6 ± 1.3 0.107 6.0 ± 3.4 5.2 ± 1.4 0.489
Clearance rate of TG within 
48 h, %

76.77 ± 7.83 83.07 ± 3.93 < 0.001 83.20 ± 0.0 84.4 ± 0.0 0.531

CRP,mg/L 188.0 ± 120.4 264.3 ± 121.4 0.014 198.7 ± 145 234.2 ± 123.3 0.095
Albumin,g/L 32.6 ± 5.5 34.4 ± 4.9 0.029 34.57 ± 5.02 32.51 ± 6.59 0.088
TBIL, mmol/L 68.6 ± 66.2 58.2 ± 59.9 0.520 78.8 ± 68.2 52.4 ± 60.1 0.110
LDH, U/L 545.8 ± 349 762.9 ± 536.5 0.027 957.3 ± 703.9 743.9 ± 409.7 0.377
Creatinine,µmol/L 104.5 ± 71 77.1 ± 44.5 0.007 89.0 ± 47.7 85.4 ± 53.5 0.303
Lactate,mmol/L 5.2 ± 5 2.9 ± 1.4 < 0.001 4.8 ± 4.3 4.1 ± 1.6 0.061
Glucose,mmol/L 15.4 ± 7.2 13.3 ± 4.9 0.318 15.4 ± 7.8 13.0 ± 4.9 0.303
WBC,× 109/L 10.6 ± 3.6 11.9 ± 4.5 0.138 10.9 ± 3.6 12.1 ± 4.5 0.220
PLT,× 109/L 177.1 ± 83.6 214.9 ± 103 0.040 185.0 ± 79.1 213.0 ± 116.1 0.366
Hb,g/L 105.2 ± 38.4 100.5 ± 43.2 0.494 103.0 ± 41.1 108.8 ± 32.9 0.366
Phosphorus, mmol/L 0.93 ± 0.32 0.97 ± 0.40 0.604 0.96 ± 0.31 0.92 ± 0.39 0.519
Calcium, mmol/L 0.93 ± 0.32 1.1 ± 0.26 0.914 1.13 ± 0.32 1.14 ± 0.32 0.574
Oxygenation index 262 ± 151 223 ± 118 0.329 242.3 ± 146.8 215.5 ± 119.8 0.380
D-dimer 8.41 ± 0.86 7.90 ± 0.94 0.002 8.26 ± 0.86 8.19 ± 1.02 0.807
HCT,% 34.2 ± 8.0 33.5 ± 7.5 0.803 35.8 ± 8.4 34.2 ± 8.1 0.062
Length of hospital, d 20.5 ± 5.7 15.7 ± 9.6 < 0.001 19.9 ± 4.9 19.8 ± 11.1 0.092
Medical costs,CNY 38515.06 ± 34216.37 61072.88 ± 82837.10 0.025 42934.62 ± 34654.60 75377.40 ± 102191.18 0.039
Death, n(%) 16(30.2) 11(14.9) 0.037 10(26.3) 9(23.6) 0.791
PSM: Propensity score matching; APACHE II: Acute Physiology and Chronic Health Evaluation II; CTSI: CT severity index; TG: Triglyceride; CRP: C-reactive protein; TBIL: 
Total bilirubin; LDH: Lactate dehydrogenase; WBC: White blood cell; PLT: Blood platelet; Hb: Hemoglobin; HCT: Hematocrit; CNY: Chinese Yuan
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with the previous studies, the prevalence of HLAP in 
this research has increased around 1.6-fold in the last 
five years, ranging from 6.09 to 9.44%. Hyperlipidemic 
has now surpassed alcohol as the second cause of pan-
creatitis development. This phenomenon may be related 
to the rapid economic growth in Northwest China in 
recent years and changes in people’s dietary structure 
and lifestyles. High-fat diets, overweight, and poor gly-
caemic control affect triglyceride levels, leading to fatty 
liver and HALP. Furthermore, improved medical care has 
increased the diagnostic efficiency of this disease.

The prognosis and severity of disease in patients with 
AP associated with hyperlipidemic are subjects of debate. 
Some reports imply that the progression of AP caused 
by hyperlipidemic is more severe than other causes [22]. 
In contrast, others indicate that the disparity in disease 
severity is not statistically significant [23]. Nevertheless, 
the lack of consistency among these studies (regarding 
case selection, diagnostic criteria, sample size, and tri-
glyceride cutoff values) obscures the true nature of pan-
creatitis associated with hyperlipidemic. The data from 
this study show that hyperlipidemic acute pancreatitis 
was associated with a higher risk of MODS (37.8%) and 
respiratory failure (75.6%), as well as more extended hos-
pitalization, higher healthcare costs, and a poorer prog-
nosis compared to biliary pancreatitis. This study found 
that patients with HLAP were more likely to develop 
severe acute pancreatitis (50.60% vs. 12.77%, P < 0.001). 
Therefore, early prediction of severe pancreatitis is essen-
tial. CRP, calcium, and albumin are predictive factors for 
severe acute pancreatitis. Yu et al. [24]study confirmed 

that low calcium is associated with developing HL-SAP. 
A retrospective study demonstrated that high CRP and 
low albumin are risk factors for moderate to HL-SAP 
[25]. Whereas high BMI and high D-dimer were unique 
risk factors for HL-SAP in the present study, Guo et al. 
[26]showed that D-dimer is a sensitive predictor of 
HLAP severity. Therefore, early diagnosis and interven-
tion treatment are essential.

Safe and effective lipid-lowering therapy is essen-
tial for patients with HL-SAP. Fasting, lipid-lowering 
medications, including fibrates, insulin, and heparin, 
as well as blood purification techniques like hemofiltra-
tion, hemoperfusion, double-filtration plasmapheresis, 
PE, and other blood therapies, are often used in lipid-
lowering treatments. There is still controversy about 
whether patients admitted with HL-SAP can benefit 
from plasma exchange. In an observational study, Chris-
tian JB et al. found that conventional therapies were also 
effective in decreasing lipids and had the advantage of 
being non-invasive and low-cost [27]. Conversely, blood 
purification has the disadvantages of being invasive and 
expensive. The current study compared PE and standard 
therapy’s effects on lowering lipids and patient progno-
sis. The results showed that TG levels were significantly 
reduced in the standard treatment group (P < 0.001) and 
the PE group (P < 0.001) at 48  h. Compared to conven-
tional therapy, PE has no advantage in clearing serum TG 
(83.20% ± 0.0% vs. 84.4% ± 0.0%, P = 0.531). There were 
no significant differences between the two groups regard-
ing the length of hospitalization (19.9 ± 4.9 vs. 19.8 ± 11.1, 
P = 0.092) and mortality (26.3% vs. 23.6, P = 0.791). 

Fig. 4  Changes in serum triglyceride levels in both groups before and after treatment. TG: Triglyceride; PE: Plasma exchange; PSM: Propensity score 
matching
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However, compared to plasma exchange, the standard 
treatment is low-cost. In summary, this investigation 
demonstrated that PE did not shorten the course of the 
disease, reduce the incidence of organ failure, or improve 
the prognosis of the patients. In a small retrospective 
study conducted in Japan, Miyamoto K. et al. noted that 
PE did not reduce TG levels faster or improve prognosis 
compared to patients who did not undergo PE and, there-
fore, did not support the use of PE [28].

In conclusion, this retrospective study confirms that 
hyperlipidemic is the second leading cause of acute pan-
creatitis and is markedly severe by summarising clinical 
profile, severity, and associated risk factors. Furthermore, 
plasma exchange does not improve clinical outcomes in 
HL-SAP and is costly, whereas standardized treatments 
are equally safe, effective, and low-cost in early treatment.

Study strengths and limitations
The study’s strengths include the precision of the data 
due to rigorous inclusion and exclusion criteria and the 
use of PSM to eliminate testing errors. There are few 
studies detailing how to choose a treatment modality for 
HL-SAP, which speaks to the innovation of this study.

There were also limitations to this study. The present 
study used a single-centre retrospective design. The prev-
alence of HLAP varies geographically, so this research 
only reflects the prevalence in a particular region. Multi-
centre, more extensive sample size statistical evaluations 
still need to be included.

Conclusion
The incidence of HLAP exhibited a significant increase, 
remarkable severity, recurrent trend, and mortality. High 
BMI, high CRP, low calcium, low albumin, and high 
D-dimer are risk factors for HL-SAP. Plasma exchange 
does not improve the prognosis of patients with HL-SAP 
compared with standardized therapy. Therefore, stan-
dardized therapy in early clinical management is equally 
effective, safe, and low-cost in early treatment.

Abbreviations
HLAP	� Hyperlipaemic acute pancreatitis
TG	� Triglyceride
HL-SAP	� Hyperlipaemic severe acute pancreatitis
ACS	� Abdominal compartment syndrome
MODS	� Multiple organ dysfunction syndrome
CRP	� C-reactive protein
OR	� Odds ratio
BMI	� Body mass index
PSM	� Propensity score matching
AP	� Acute pancreatitis
FFA	� Free fatty acid
PE	� Plasma exchange
APACHE II	� Acute Physiology and Chronic Health Evaluation
MCTSI	� Modified Computed Tomography Severity Index
MAP	� Mild acute pancreatitis
MSAP	� Moderately severe acute pancreatitis
SAP	� Severe acute pancreatitis
AMY	� Amylase

ABP	� Acute biliary pancreatitis
ERCP	� Endoscopic Retrograde Cholangio Pancreatography
CRRT	� Continuous renal replacement therapy
TC	� Total cholesterol
TBIL	� Total bilirubin
LDH	� Lactate dehydrogenase
WBC	� White blood cell
PLT	� Blood platelet
Hb	� Hemoglobin
HCT	� Hematocrit

Author contributions
Weidong Zhou: The research idea, design, and data are analyzed and 
interpreted, and the manuscript is drafted. Qinfu Liu: data collection and 
analysis.Zhaojun Wang: a review of relevant literature and partial writing. 
Liying Yao, Jian Chen: revision and refinement of manuscripts. Xiaojun Yang: 
research concept and design, critical revision of manuscripts for important 
intellectual content, and research oversight.

Funding
Ningxia Key R&D Projects Key Projects(2023BEG02024).

Data availability
All data are contained in the article. The raw data will be shared upon request. 
Contact the corresponding author.

Declarations

Ethics approval and consent to participate
This study was approved by the Medical Research Ethics Review Committee of 
the General Hospital of Ningxia Medical University (KYLL-2023-0013). Informed 
written consent was obtained from the patient to publish this report and any 
accompanying images.

Consent for publication
All authors have agreed to the publication of this paper.

Competing interests
The authors declare no competing interests.

Author details
1The First Clinical Medical College of Ningxia Medical University, 
Yinchuan, Ningxia 750004, China
2General Hospital of Ningxia Medical University, Yinchuan,  
Ningxia 750004, China

Received: 12 January 2024 / Accepted: 23 February 2024

References
1.	 Iannuzzi J, Leong JH, Quan J, et al. A246 the global incidence of acute pan-

creatitis is increasing over time: a systematic review and meta-analysis. J Can 
Association Gastroenterol. 2021;4:304–6.

2.	 Petrov MS, Yadav D. Global epidemiology and holistic prevention of pancre-
atitis. Annals Am Thorac Soc 2019.

3.	 Boxhoorn L, Voermans RP, Bouwense SA et al. Acute pancreatitis. Lancet 
2020:396.

4.	 Zyromski, Nicholas J et al. Systematic review of hypertriglyceridemia-induced 
acute pancreatitis: a more virulent etiology? Pancreatology Official J Int 
Association Pancreatology 2016.

5.	 Jung YG, Chul CW, Min LJ, et al. The etiologic evaluation of Acute Pancreatitis 
in a General Hospital of Seoul-Gyeonggi Province in Korea. Korean J Gastro-
enterol = Taehan Sohwagi Hakhoe Chi. 2017;70:190.

6.	 Andrea P, Balázs K, Andrea S, et al. Prospective, Multicentre, Nationwide Clini-
cal Data from 600 cases of Acute Pancreatitis. PLoS ONE. 2016;11:e0165309.

7.	 Jin M, XiaoyinChen. XuanfuZhang, HuiminLu, BoLi, YiLai, YaminQian, Jiaming-
Yang, Hong: a 16-year trend of etiology in acute pancreatitis: the increasing 
proportion of hypertriglyceridemia-associated acute pancreatitis and its 
adverse effect on prognosis. J Clin Lipidol 2019, 13.



Page 10 of 10Zhou et al. Lipids in Health and Disease           (2024) 23:70 

8.	 Stefanutti C, Labbadia G, Morozzi C. Severe hypertriglyceridemia-related 
Acute Pancreatitis. Therapeutic Apheresis Dialysis. 2013;17:130–7.

9.	 Goyal H, Smith B, Bayer C, et al. Differences in Severity and outcomes 
between Hypertriglyceridemia and Alcohol-Induced Pancreatitis. N Am J 
Med. 2016;8:82–7.

10.	 Woode DE, Kitabchi AE. Hyperglycemic crises in diabetes Mellitus: Diabetic 
Ketoacidosis and Hyperglycemic Hyperosmolar State. Humana; 2011.

11.	 Adiamah A, Psaltis E, Crook M et al. A systematic review of the epidemiology, 
pathophysiology and current management of hyperlipidaemic pancreatitis. 
Clin Nutr 2017:S0261561417313602.

12.	 Akhila G, Sahoo I, Priyadarshini D et al. Intravenous insulin in Hypertriglyceri-
demic Pancreatitis. Indian J Pediatr 2023.

13.	 Ewald N, Hardt PD, Kloer HU. Severe hypertriglyceridemia and pancreatitis: 
presentation and management. Curr Opin Lipidol. 2009;20:497–504.

14.	 Banks PA, Bollen TL, Dervenis C et al. Classification of acute pancreati-
tis—2012: revision of the Atlanta classification and definitions by interna-
tional consensus. Gut 2013, 62.

15.	 Wang Q, Wang G, Qiu Z, et al. Elevated serum triglycerides in the Prognostic 
Assessment of Acute Pancreatitis: a systematic review and Meta-analysis of 
Observational studies. J Clin Gastroenterol. 2017;51:586–93.

16.	 Lankisch PG, Apte M, Banks PA. Acute pancreatitis. Lancet. 2015;386:85–96.
17.	 Peery A, Dellon ES, Lund J et al. Burden of gastrointestinal disease in the 

United States: 2012 update. Gastroenterology 2012.
18.	 Chen Y, Zak Y, Hernandez-Boussard T, et al. The epidemiology of idiopathic 

acute pancreatitis, analysis of the nationwide inpatient sample from 1998 to 
2007. Pancreas. 2013;42:1–5.

19.	 Nesvaderani M, Eslick GD, Vagg D et al. Epidemiology, aetiology and out-
comes of acute pancreatitis: a retrospective cohort study. Int J Surg 2015.

20.	 Zheng Y, ZhenLi, HaichaoLi JL. AngMa, BinrongZhang, TaipingLiao, QuanYe, 
YingjiangZhang, ZhongtaoYang, YinmoWang, ZhenjunZhang, ZaixingYang, 
JinshanLi, Fei: a Multicenter Study on etiology of Acute Pancreatitis in Beijing 
during 5 years. Pancreas 2015, 44.

21.	 Olesen SS, Harakow A, Krogh K, et al. Hypertriglyceridemia is often under rec-
ognized as an aetiologic risk factor for acute pancreatitis: a population-based 
cohort study. Pancreatology: Official J Int Association Pancreatology (IAP) [et 
al]. 2021;21:334–41.

22.	 Vipperla K, Somerville C, Furlan A, et al. Clinical Profile and Natural Course in 
a large cohort of patients with hypertriglyceridemia and pancreatitis. J Clin 
Gastroenterol. 2016;51:1.

23.	 Monk IN. High-volume hemofiltration is not preferred for hypertriglyceride-
mia-induced pancreatitis. Clin Res Pract J Team Hippocrates 2018.

24.	 Yu S, Wu D, Jin K,Low Serum Ionized Calcium, High-Sensitivity E, Protein C-R 
et al. Neutrophil-Lymphocyte Ratio, and Body Mass Index (BMI) Are Risk 
Factors for Severe Acute Pancreatitis in Patients with Hypertriglyceridemia 
Pancreatitis. Med Sci Monit 2019, 25:6097–6103.

25.	 Chen L, Huang Y, Yu H, et al. The association of parameters of body composi-
tion and laboratory markers with the severity of hypertriglyceridemia-
induced pancreatitis. Lipids Health Dis. 2021;20:9.

26.	 Gou Y, Yao L, Cao J. Changes in coagulation indices and D-dimer levels in 
hypertriglyceridemic acute pancreatitis and their value in predicting disease 
severity. Zhong Nan Da Xue Xue Bao Yi Xue Ban. 2023;48:1050–8.

27.	 Christian JB, Arondekar B, Buysman EK, et al. Clinical and economic benefits 
observed when follow-up triglyceride levels are less than 500 mg/dL in 
patients with severe hypertriglyceridemia. J Clin Lipidol. 2012;6:450–61.

28.	 Miyamoto K, Horibe M, Sanui M, et al. Plasmapheresis therapy has no 
triglyceride-lowering effect in patients with hypertriglyceridemic pancreatitis. 
Intensive Care Med. 2017;43:949–51.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Analysis of the clinical profile and treatment efficiency of hyperlipidemic acute pancreatitis
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Study population
	﻿Methods
	﻿Definition
	﻿Data collection
	﻿Statistical analysis

	﻿Results
	﻿Basic demographic features
	﻿5-year severe acute pancreatitis (SAP) morbidity
	﻿Clinical characteristics of HL-SAP
	﻿Comparison of the general clinical information of SAP patients in the hyperlipidemic group and the biliary group
	﻿Comparison of complications and severity during the disease in SAP patients in the hyperlipidemic group versus the biliary group
	﻿Comparison of laboratory parameters between the two groups
	﻿Analysis of associated risk factors
	﻿Comparisons between standard and PE treatments

	﻿Discussion
	﻿Study strengths and limitations

	﻿Conclusion
	﻿References


