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The effect of serum triglyceride levels and different lipid-lowering methods 
on the prognosis of hypertriglyceridemic  acute pancreatitis: a single-center 
12-year retrospective study by propensity score matching

Yang Liu, Jian-ping Cheng and Xiao-lin Zhao

Department of Gastroenterology, Civil Aviation General Hospital, School of Civil Aviation Clinical Medicine, Peking University, Beijing, China

ABSTRACT
Aim:  To investigate the impact of triglyceride on hypertriglyceridemic acute pancreatitis (HTG-AP) and 
different lipid-lowering methods on triglyceride-lowering efficiency and HTG-AP.
Methods:  The patients with HTG-AP from January 2012 to December 2023 in Civil Aviation General 
Hospital were analyzed, retrospectively. Patients were divided and compared according to whether their 
triglycerides were below 5.56 mmol/L at 48 and 72 h of admission. The patients were divided into control 
group, insulin group, and low molecular weight heparin (LMWH)+bezafibrate group based on the 
different methods of lipid-lowering. Propensity score matching (PSM) was employed to balance the 
baseline characteristics.
Results: There was no correlation between the severity of HTG-AP and the triglyceride at admission. The 
incidence of severity, local complications, and persistent organ failure (POF) were significantly decreased 
in patients with 48-h and 72-h triglyceride attainment. Following PSM, the incidence of infectious 
pancreatic necrosis (IPN) (3.3% vs. 13.3%) was significantly reduced in insulin group compared with 
control group (p < .05). Compared with control group, LMWH + bezafibrate group had higher lipid 
reduction efficiency, and the incidence of IPN (0.9% vs. 10.1%) and POF (8.3% vs. 19.3%) was significantly 
decreased (p < .05). There was no significant difference in the efficiency of lipid-lowering, complications, 
and POF between LMWH + bezafibrate group and insulin group (p > .05).
Conclusion:  The severity of HTG-AP is not associated with the triglyceride levels at admission. However, 
rapid reduction of triglyceride levels can lower the incidence of local complications and respiratory 
failure. Compared with conservative treatment, insulin and LMWH + bezafibrate can both reduce the 
incidence of IPN in patients with HTG-AP.

Introduction

Acute pancreatitis (AP) is an inflammatory disease with 
abnormal activation of pancreatic enzymes and damage to 
pancreatic tissues caused by a variety of etiologic factors [1]. 
AP is a prevalent critical illness worldwide, common causes 
include choledocholithiasis, hypertriglyceridemia, and alcohol. 
In recent years, the incidence of hypertriglyceridemic acute 
pancreatitis (HTG-AP) has been increasing [2–4]. Triglycerides 
(TG) play an important role in the development of HTG-AP, 
but they do not have a toxic effect on the pancreas. The 
pathogenesis of HTG-AP is mainly related to the damage of 
pancreatic cells by free fatty acid (FFA), a metabolite of TG 
[5]. The relationship between TG level and the severity of 
HTG-AP is still controversial. Pothoulakis et  al. [6] reported 
that TG levels were independently associated with AP sever-
ity. However, a meta-analysis by Kiss et  al. [7] showed that 
there were no significant differences in AP severity, mortality, 
and organ failure between TG levels > 11.3 mol/L and TG lev-
els at 1.7 mmol/L–11.3 mmol/L. There were two defects in 
previous studies, one was that the AP of biliary origin and 

alcohol could influence the results, and the other was 
whether there was still an impact after TG > 11.3 mol/L.

Although the relationship between the level of TG at 
onset and the severity of HTG-AP is inconclusive, it has been 
recognized by many scholars that rapid reduction of TG lev-
els is required in the early stages [8]. Guidelines and expert 
consensus in China recommend rapid reduction of serum TG 
to 500 mg/dl (5.56 mmol/L) [9]. Currently, commonly used 
drugs to lower serum TG levels such as oral lipid-lowering 
drugs, insulin, low molecular weight heparin (LMWH), and 
heparin. Fasting and fluid replacement can also reduce serum 
TG, whether various methods to lower TG have better clinical 
outcomes remains controversial. A study by Dhindsa et  al. 
[10] showed that insulin did not accelerate the decline in TG 
levels in patients with HTG-AP compared with fasting and 
fluid replacement.

This study aimed to explore the following controversial clini-
cal issues by analyzing and summarizing the HTG-AP data of the 
Civil Aviation General Hospital from January 2012 to December 
2023: the influence of TG level on the severity of HTG-AP, the 
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effect of different lipid-lowering methods on the efficiency of 
lowering TG, the severity and complications of HTG-AP.

Materials and methods

Subjects

The data of patients diagnosed with AP in the Civil Aviation 
General Hospital from January 2012 to December 2023 were 
collected. The study included patients who met the inclusion 
criteria and did not meet the exclusion criteria. Inclusive cri-
teria: (1) met the diagnostic criteria of HTG-AP, (2) admission 
within 48 h after onset, with onset measured as the start of 
abdominal pain, (3) over 18 years old. Exclusion criteria: (1) 
acute attack of chronic pancreatitis, (2) pregnancy, (3) under-
gone active treatment in other hospitals, (4) patients with 
severe infection or organ failure caused by a malignant tumor 
or other reasons, (5) patients who left hospital voluntarily for 
various reasons during disease, (6) patients with incomplete 
clinical information. Figure 1 shows the research sample 
selecting and grouping process.

The study was approved by the Medical Ethics Committee 
of the Civil Aviation General Hospital (2024-L-K-01). Informed 
consent was not required because it was a retrospective 
study, and the data were analyzed anonymously, according 
to (approaches to ethical review of biomedical research 
involving human beings) of China. The ethics committee spe-
cifically waived the need for consent. The study protocol con-
forms to the ethical guidelines of the 1975 Declaration of 
Helsinki (6th revision, 2008) as reflected in a priori approval 
by the institution’s human research committee.

Diagnostic criteria

AP diagnostic criteria
Refer to the Revised Atlanta Definitions [11]: (1) abdominal 
pain consistent with the clinical presentation of AP; (2) serum 
amylase and/or lipase were 3 times or higher than the upper 
limit of normal; (3) the imaging findings were by the typical 
imaging changes of AP. Two or more of the above three cri-
teria were met.

HTG-AP diagnostic criteria
Based on AP diagnosis, serum TG levels should be ≥ 
11.3 mmol/L or 5.65–11.3 mmol/L but serum chylous, while 
other causes of AP are excluded, such as biliary tract disease, 
alcohol, iatrogenic, and infection [9].

AP severity rating
Refer to the Revised Atlanta Definitions [11]: severe acute 
pancreatitis (SAP) is accompanied by persistent organ failure 
(POF). Moderately severe acute pancreatitis (MSAP) is accom-
panied by transient organ failure or systemic or local compli-
cations. Mild acute pancreatitis (MAP) is not accompanied by 
organ failure and local or systemic complications.

Definition of organ failure
The assessment is based on the Marshall score. Organ failure 
is defined as a respiratory, circulatory, and renal score of ≥ 2, 
with recovery to transient organ failure within 48 h, and POF 
beyond 48 h.

Figure 1. T he process of data inclusion and grouping. AP: acute pancreatitis; HTG-AP: hypertriglyceridemic acute pancreatitis; SAP: severe acute pancreatitis; MSAP: 
moderately severe acute pancreatitis; MAP: mild acute pancreatitis; LMWH: low molecular weight heparin; BISAP: bedside index for severity in acute 
pancreatitis.
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Research methods
The clinical data, including age, gender, smoking, drinking, 
diabetes, fatty liver, blood routine, biochemistry, abdominal 
CT, ultrasound, MRI, and vital signs, were collected from the 
medical record system. During subsequent treatment, we col-
lected clinical data on local complications such as acute 
necrotic accumulation, acute encapsulated necrosis, acute 
peripancreatic fluid accumulation, pancreatic pseudocyst, and 
infectious pancreatic necrosis (IPN), as well as organ failure 
including respiratory, renal, and circulatory issues.

For MAP patients, we administered fasting, oxygen, proton 
pump inhibitors to inhibit gastric acid secretion, growth 
inhibitors to inhibit pancreatic exocrine secretion, gabexate 
to inhibit trypsin and other enzyme activities, fluid supple-
mentation, correction of acid-base imbalance and electrolyte 
disorders, and antispasmodic and analgesic medications 
when necessary, and autonomous fasting as early as possible 
when it was tolerated. For patients admitted with local or 
systemic complications or organ failure, in addition to the 
treatments received by MAP patients, we also performed 
early fluid resuscitation, organ function maintenance, early 
enteral nutrition, rational use of antibiotics, and management 
of local and systemic complications. Due to the limitation of 
medical resources, ICU would only treat patients with com-
bined multiple organ failure at the time of admission or 
patients with persistent organ failure with no improvement 
after 48 h of admission.

The control group did not receive any medication to lower 
the TG levels. The insulin group received continuous insulin 
infusion after admission and the blood glucose levels were 
monitored every hour. The insulin infusion rate was adjusted 
based on the blood glucose level, and intravenous glucose 
supplementation was provided as needed. The patients in 
the LMWH + bezafibrate group received LMWH 100 U/kg sub-
cutaneously once a day, in combination with bezafibrate 
0.4 g orally three times a day after admission. Patients with 
gastrointestinal intolerance were administered gastrointesti-
nal nasal feeding drugs. Serum TG levels were measured at 
24, 48, and 72 h of admission. Patients were categorized into 

MAP, MSAP, and SAP groups according to the severity of the 
disease. Propensity score matching (PSM) was used to com-
pare the control group, insulin group, and LMWH + bezafi-
brate group. The independent variables included gender, 
smoking history, drinking history, diabetes, fatty liver, and 
BISAP score at admission. The dependent variable was the 
method of lipid-lowering. The nearest matching method was 
used for 1:1 matching, with a matching tolerance of 0.01.

Statistical analysis
SPSS 26.0 statistical software was used for statistical analysis. 
Normally distributed measures were expressed as mean ± stan-
dard deviation and analyzed using independent-sample 
t-tests or analysis of variance. Non-normally distributed mea-
sures were presented as median/interquartile range (IQR) and 
compared using the Kruskal–Wallis H test or Mann–Whitney 
U test. The categorical variables were described as percent-
ages, and comparisons between groups were performed by 
chi-square test or Fisher exact probability method. The area 
under the receiver operating characteristic (ROC) curve was 
used to analyze the predictive efficacy of TG at admission, 24, 
48, and 72 h of admission for SAP. Multivariate logistic regres-
sion was used to estimate the PSM score. A significant differ-
ence was observed with p < .05.

Results

The incidence of HTG-AP

A total of 2477 patients with AP were admitted to the Civil 
Aeronautics General Hospital over the past 12 years, 401 
patients met the inclusion criteria, while 16 patients met the 
exclusion criteria. Finally, 385 patients were incorporated into 
this study. The process of data inclusion and grouping is 
shown in Figure 1. In our hospital, the number of patients 
with HTG-AP and AP increased annually, with the prevalence 
of HTG-AP rising from 8.1% to over 22.6% in 12 years 
(Figure 2).

Figure 2. T he number of patients with HTG-AP and other AP in the Civil Aviation General Hospital from January 2012 to December 2023. AP: acute pancreatitis; 
HTG-AP: hypertriglyceridemic acute pancreatitis.
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General clinical data

The patients diagnosed with HTG-AP were predominantly 
young and middle-aged males, with a mean age of 39 ± 9 years 
and a male/female ratio of 299/86. Among the HTG-AP 
patients, 40.5% had diabetes and 82.9% had fatty liver, 
including 97 with MAP, 232 with MSAP, and 56 with SAP. The 
differences in TG levels at admission, gender, age, smoking 
history, alcohol history, and concomitant diabetes were not 
statistically significant (p > .05). While the differences in con-
comitant fatty liver, lipid-lowering methods, BISAP score at 
admission, TG at 24, 48, 72 h of admission, the rate of achiev-
ing TG at 48 h of admission, and the rate of reaching TG at 
72 h of admission were statistically significant (p < .05). Table 
1 shows the general clinical data of MAP, MSAP, and SAP.

Prognostic impact of 48-h TG attainment

Two hundred and ten patients had their TG levels fall below 
5.56 mmol/L within 48 h of admission, while 175 patients did 
not. The differences in disease severity, local complications, 
acute peripancreatic fluid accumulation, pancreatic pseudo-
cysts, POF, and incidence of respiratory failure were statisti-
cally significant (p < .05). The differences in fatty liver, diabetes, 
combined SIRS, and BISAP score at admission were statisti-
cally significant (p < .05) (Table 2).

Prognostic impact of 72-h TG attainment

Two hundred and sixty-nine patients had their TG levels fall 
below 5.56 mmol/L within 72 h of admission, while 175 

patients did not. The differences in the incidence of local 
complications, acute peripancreatic fluid accumulation, pan-
creatic pseudocysts, POF, and respiratory failure were statisti-
cally significant (p < .05). The differences in fatty liver, diabetes, 
combined SIRS, and BISAP score at admission were statisti-
cally significant (p < .05) (Table 2).

ROC curve of TG predicting SAP

ROC analysis of patients’ TG levels at admission, 24, 48, and 
72 h of admission revealed that TG levels at admission were 
not significantly associated with the severity of HTG-AP 
(p > .05). However, the TG level at 48 h of admission was the 
most effective predictor of SAP, with an optimal cutoff value 
of 6.74 mmol/L, a sensitivity of 64.3%, and a specificity of 
74.2% (Table 3).

Effect of different lipid-lowering methods on the 
prognosis of HTG-AP

The study included 206 patients in the control group, 70 
patients in the insulin group, and 109 patients in the 
LMWH + bezafibrate group (Table 4). The differences in initial 
TG levels and TG attainment rates at 48 and 72 h of admis-
sion were not statistically significant between the groups 
(p > .05). The severity and prognostic impact of different 
lipid-lowering schedules on HTG-AP showed statistically sig-
nificant differences, with the lowest incidence of IPN occur-
ring in patients receiving LMWH in combination with 
bezafibrate (p < .05). However, this was a retrospective study 
and there were differences in baseline characteristics between 
the groups. These statistically significant differences included 
alcohol history, diabetes, and SIRS at admission (p < .05). 
Therefore, propensity score matching analysis was used for 
further analysis.

Effect of different lipid-lowering methods on the 
prognosis of HTG-AP by propensity score matching 
analysis

PSM was performed in a 1:1 ratio using gender, smoking his-
tory, drinking history, diabetes, fatty liver, and BISAP score at 
admission as independent variables and different 
lipid-lowering modalities as dependent variables. The match-
ing tolerance was set at 0.01. The results showed that the 
differences between the insulin group and the control group 
for the initial TG level, and the rate of TG attainment at 48 h 
and 72 h were not statistically significant (p > .05). However, 
the incidence of IPN was reduced in the insulin group 
(p < .05). There were no statistically significant differences in 
the TG levels at 24, 48, and 72 h of admission, the rate of 
reaching the TG standard at 48 h and 72 h of admission 
between the LMWH + bezafibrate group and the control 
group (p > .05). However, the TG levels at admission in the 
control group were even lower (p < .05), which indicated that 
LMWH combined with bezafibrate was more efficient than 
the control group in lowering lipids. The incidence of IPN and 

Table 1. T he general clinical data of MAP,MSAP and SAP.

MAP 
(n = 97)

MSAP 
(n = 232) SAP (n = 56) t／Z／X2 P

Age (mean, SD) 40.27(9.09) 38.84(8.88) 37.91(8.43) 2.527 .238
Gender (Men) 70(72.2) 184(79.3) 45(80.4) 2.287 .319
Smoking (n, %) 47(48.5) 109(47.0) 27(48.2) 0.072 .965
Drinking (n, %) 30(30.9) 64(27.6) 19(33.9) 1.031 .597
Diabetes (n, %) 36(37.1) 99(42.7) 21(37.5) 1.125 .570
Fatty liver (n,%) 59(60.8) 207(89.2) 53(94.6) 45.248 <.001
BISAP score at 

admission (n, %)
281.499 <.001

0 94(96.9) 22(9.5) 3(5.4)
1 3(3.1) 196(84.5) 41(73.2)
2 0(0.0) 14(6.0) 12(21.4)
Lipid-lowering 

methods (n, %)
11.998 .017

Control 58(59.8) 111(47.8) 37(66.1)
Insulin 10(10.3) 50(21.6) 10(17.9)
LMWH + bezafibrate 29(29.9) 71(30.6) 9(16.1)
TG at admission 

(median, IQR)
24.28(15.70, 

32.49)
27.38(15.89, 

43.63)
23.12(16.12, 

35.87)
4.998 .082

TG at 24 h of 
admission 
(median, IQR)

6.54(4.57, 
9.56)

8.65(5.79, 
14.23)

10.98(7.44, 
21.36)

25.235 <.001

TG at 48 h of 
admission 
(median, IQR)

4.22(3.75, 
5.52)

5.24(4.21, 
8.20)

7.09(5.77, 
10.22)

32.417 <.001

TG at 72 h of 
admission 
(median, IQR)

3.27(2.85, 
4.25)

4.21(3.16, 
5.84)

5.86(3.85, 
6.68)

31.595 <.001

48-h TG attainment 
(n, %)

73(75.3) 124(53.4) 13(23.2) 39.069 <.001

72-h TG attainment 
(n, %)

83(85.6) 164(70.7) 22(39.3) 36.310 <.001
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POF in the LMWH + bezafibrate group was significantly lower 
than that in the control group (p < .05). Compared with the 
insulin group, the LMWH + bezafibrate group had similar 
baseline characteristics, and the differences in lipid-lowering 
efficiency, the incidence of local complications, the incidence 
of POF, and the severity of AP were not statistically signifi-
cant (p > .05) (Table 5).

Discussion

The number of AP and HTG-AP cases admitted to our hospi-
tal has been increasing year by year, especially in the past 
two years. Over 12 years, HTG-AP accounted for over 22% of 
AP, a 2.7-fold increase, which was consistent with the data 
reported by Lin et  al. [12]. Compared with other etiologies of 
AP, HTG-AP is associated with faster disease progression and 
higher incidence of complications and organ failure[13,14].

TG is the primary cause of HTG-AP. However, the patho-
genesis of HTG-AP is mainly related to the TG metabolite 
FFA. The FFA can accumulate in the pancreas, leading to 
pancreatic microcirculation disorders and calcium overload, 
which cause pancreatitis [15,16]. Additionally, it can 

stimulate the release of inflammatory mediators, potentially 
leading to pancreatic cell injury and multi-organ failure [17]. 
It is currently controversial whether the level of TG at onset 
influences the prognosis of HTG-AP because TG itself does 
not damage the pancreas. A study [6] showed that patients 
with elevated TG levels had a significantly higher incidence 
of SAP, ICU admissions, and mortality regardless of the etiol-
ogy of AP. However, the study did not differentiate between 
pancreatitis caused by biliary origin, alcohol, or other factors. 
In our study, the severity of HTG-AP was not related to the 
level of TG at admission to hospital. Although the relation-
ship between initial TG levels and the severity of HTG-AP is 
controversial, sustained high levels of TG are metabolized to 
produce more FFA, which can exacerbate AP. This study 
showed that rapid reduction of TG after admission may 
reduce the incidence of local complications and organ fail-
ure, particularly when TG levels are less than 5.56 mmol/L 
within 48 h after admission.

Fatty liver and diabetes were statistically different between 
the two groups based on whether or not TG levels were met 
at 48 or 72 h (p < .05). Fatty liver and diabetes may affect the 
decrease in TG levels.TG is metabolized to glycerol and FFA 
primarily by lipoprotein lipase (LPL) [18]. Elevated blood 

Table 2. C haracteristics and clinical outcomes of 48-h and 72-h TG attainment.

48-h TG 
attainment(n = 210)

48-h TG not 
attainment(n = 175) t／Z／X2 p

72-h TG 
attainment 

(n = 269)
72-h TG not 

attainment(n = 116) t／Z／X2 p
Age (mean, SD) 39.54(9.05) 38.49(8.67) 0.539 0.463 39.67(9.06) 37.66(8.33) 0.846 .358
Gender (men) 169(80.5) 130(74.3) 2.109 0.146 206(76.6) 93(80.2) 0.603 .437
Smoking (n,%) 101(48.1) 82(46.9) 0.059 0.809 126(46.8) 57(49.1) 0.172 .679
Drinking (n,%) 63(30.0) 50(28.7) 0.073 0.787 78(29.0) 35(30.4) 0.080 .777
Diabetes (n,%) 68(32.4) 88(50.3) 12.697 <0.001 97(36.1) 59(50.9) 7.369 .007
Fatty liver (n, %) 163(77.6) 156(89.1) 8.924 0.003 213(79.2) 106(91.4) 8.489 .004
BISAP score at admission (n, %) 21.955 <0.001 15.052 .001
0 86(41.0) 33(18.9) 99(36.8) 20(17.2)
1 111(52.9) 129(73.7) 155(57.6) 85(73.3)
2 13(6.2) 13(7.4) 15(5.6) 11(9.5)
Severity (n, %) 39.069 <0.001 36.310 <.001
MAP 73(34.8) 24(13.7) 83(30.9) 14(12.1)
MSAP 124(59.0) 108(61.7) 164(61.0) 68(58.6)
SAP 13(6.2) 43(24.6) 22(8.2) 34(29.3)
Lipid-lowering methods (n, %) 2.764 0.251 1.688 .430
Control 120(57.1) 86(49.1) 149(55.4) 57(49.1)
Insulin 37(17.6) 33(18.9) 45(16.7) 25(21.6)
LMWH + bezafibrate 53(25.2) 56(32.0) 75(27.9) 34(29.3)
SIRS at admission (n, %) 123(58.6) 138(78.9) 17.990 <0.001 167(62.1) 94(81.0) 13.334 <.001
Local complications (n, %) 84(40.0) 102(58.3) 12.781 <0.001 118(43.9) 68(58.6) 7.066 .01
Acute necrotic accumulation (n, %) 4(1.9) 7(4.0) 1.510 0.237 6(2.2) 5(4.3) 1.263 .318
Acute encapsulated necrosis (n, %) 3(1.4) 1(0.6) 0.682 0.629 4(1.5) 0(0.0) 1.743 .320
Acute peripancreatic fluid 

accumulation (n, %)
80(38.1) 93(53.1) 8.735 0.004 111(41.3) 62(53.4) 4.863 .034

Pancreatic pseudocyst (n, %) 4(1.9) 18(10.3) 12.444 0.001 10(3.7) 12(10.3) 6.607 .015
Infectious pancreatic necrosis (n, %) 9(4.3) 10(5.7) 0.415 0.638 12(4.5) 7(6.0) 0.428 .608
Persistent organ failure (n, %) 13(6.2) 43(24.6) 25.946 <0.001 22(8.2) 34(29.3) 29.118 <.001
Respiratory failure (n, %) 12(5.7) 40(22.9) 24.012 <0.001 21(7.8) 31(26.7) 24.828 <.001
Renal failure (n, %) 2(1.0) 8(4.6) 4.942 0.048 4(1.5) 6(5.2) 4.351 .072
Circulatory failure (n, %) 0(0.0) 2(1.1) 2.413 0.206 1(0.4) 1(0.9) 0.377 .512

Table 3. T he area under the ROC curve of TG predicting SAP.

AUC 95%CI P cut-off value sensitivity(%) specificity(%) Youden’s index

TG at admission 0.471 0.388–0.554 .487
TG at 24 h of admission 0.659 0.584–0.734 <.001 8.44 71.4 54.1 0.255
TG at 48 h of admission 0.680 0.599–0.761 <.001 6.74 64.3 74.2 0.385
TG at 72 h of admission 0.679 0.602–0.756 <.001 5.14 66.1 73.6 0.397
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glucose inhibits the synthesis of LPL, leading to a short-term 
sharp increase in TG levels inducing HTG-AP and causing 
impaired TG metabolism that cannot be rapidly reduced. A 
clinical study [19] showed that elevated TG levels were 
strongly associated with poor glycemic control. Fatty liver is 
due to excessive deposition of lipids such as TG in liver cells. 
A large genome-wide meta-analysis conducted by Ghodsian 
et  al. [20] showed that the gene expression of LPL in the 
subcutaneous adipose tissues of patients with NAFLD was 
significantly reduced, and its expression level was negatively 
correlated with the severity of NAFLD. Reduced LPL gene 
expression and LPL synthesis in patients with fatty liver 
affect TG metabolism. Therefore, for patients with HTG-AP, 
active glycemic control and amelioration of fatty liver can 
not only rapidly reduce TG, but also reduce the recurrence 
of HTG-AP [21].

Currently, there are two major categories of methods used 
in clinical practice to lower serum TG: non-invasive and inva-
sive. Non-invasive therapeutic measures include oral 
lipid-lowering drugs, insulin, LMWH, and heparin. Invasive 
measures refer to blood purification techniques, such as 
hemofiltration, hemoperfusion, plasma exchange, and other 
modalities. Compared with drug therapy, blood purification 
can not only reduce TG faster [22], but also remove celiac par-
ticles, toxins, and inflammatory factors in the blood [23], and 
correct water, electrolyte, and acid-base balance disorders. 
However, several previous studies had revealed [22,24,25] that 
blood purification not only failed to significantly improve clin-
ical outcomes such as organ failure but also increased ICU 
admissions and additional medical costs. In addition, many 
hospitals were unable to implement this medical technology 
because of the constraints. Therefore, noninvasive lipid-lowering 
measures are more favored in the clinic now.

Insulin can accelerate the degradation of celiac particles 
by increasing the activity of LPL, which reduces the level of 
TG. Additionally, it can inhibit hormone-sensitive lipase in 
adipocytes, reducing the release of FFA from stored TG [26]. 
This has a more significant lipid-lowering effect and is widely 
used in clinical practice [27,28]. Our study indicated that 
insulin reduced TG levels by up to 83.5% within 72 h. However, 
there was no advantage in lipid-lowering efficiency compared 
with conservative treatment solely. Insulin significantly 
reduced the incidence of IPN (p < .05), suggesting that insulin 
had an additional pathway to improve the clinical outcomes 
of HTG-AP, in addition to lowering TG. Bruce et  al. [29] iden-
tified that insulin-protected pancreatic alveolar cells during 
AP by preserving the supply of glycolytic ATP from the cal-
cium pump, attenuated pancreatic injury. Although there are 
so many advantages, frequent blood glucose monitoring is 
required during insulin administration to prevent hypoglyce-
mia, which will undoubtedly greatly increase the workload of 
medical workers and the pain of patients.

It had been reported that heparin and LMWH not only 
promoted the release of LPL from endothelial cells to accel-
erate the degradation of TG [30] but also exerted anticoag-
ulant and antithrombotic effects to enhance pancreatic 
microcirculation and ameliorate the prognosis of AP. In 
addition, heparin and LMWH exerted anti-inflammatory 
effects by inhibiting IFNγ and IL-6 activities [31]. Several 
previous studies showed that LMWH significantly decreased 
the incidence of pancreatic necrosis, mortality, and POF 
[32,33]. Typical oral lipid-lowering drugs include fibrates, 
statins, niacin, and omega-3 fatty acids, with fibrates being 
preferred, which increase LPL and hepatic lipase activity to 
lower TG [34]. Our study indicated that LMWH combined 
with bezafibrate was more efficient in lipid lowering 

Table 4. C haracteristics and clinical outcomes of different lipid-lowering methods.

Control group (n = 206) insulin group(n = 70)
LMWH + bezafibrate group 

(n = 109) t／Z／X2 p
Severity (n, %) 11.998 .017
MAP 58(28.2) 10(14.3) 29(26.6)
MSAP 111(53.9) 50(71.4) 71(65.1)
SAP 37(18.0) 10(14.3) 9(8.3)
Gender (men) 165(80.1) 51(72.9) 83(76.1) 1.780 .411
Age (mean, SD) 39.61(9.12) 39.20(9.26) 37.94(8.11) 1.262 .283
Smoking (n, %) 97(47.1) 37(52.9) 49(45.0) 1.103 .576
Drinking (n, %) 72(35.1) 15(21.4) 26(23.9) 6.988 .030
Diabetes (n, %) 59(28.6) 54(77.1) 43(39.4) 51.068 <.001
Fatty liver (n, %) 167(81.1) 62(88.6) 90(82.6) 2.080 0.353
TG at admission (median, IQR) 23.81(15.87, 35.23) 26.00(15.84, 44.35) 28.63(16.27, 46.04) 4.011 .135
48-h TG attainment (n, %) 120(58.3) 37(52.9) 53(48.6) 2.764 .251
72-h TG attainment (n, %) 149(72.3) 45(64.3) 75(68.8) 1.688 .430
SIRS at admission (n, %) 129(62.6) 57(81.4) 75(68.8) 8.536 .014
BISAP score at admission (n, %) 8.102 .088
0 72(35.0) 14(20.0) 33(30.3)
1 119(57.8) 49(70.0) 72(66.1)
2 15(7.3) 7(10.0) 4(3.7)
Local complications (n, %) 102(49.5) 38(54.3) 46(42.2) 2.749 .253
Acute necrotic accumulation (n, %) 7(3.4) 2(2.9) 2(1.8) 0.628 .731
Acute encapsulated necrosis (n, %) 3(1.5) 0(0.0) 1(0.9) 1.100 .577
Acute peripancreatic fluid accumulation (n, %) 93(45.1) 35(50.0) 45(41.3) 1.317 .518
Pancreatic pseudocyst (n, %) 12(5.8) 5(7.1) 5(4.6) 0.527 .768
Infectious pancreatic necrosis (n, %) 16(7.8) 2(2.9) 1(0.9) 7.916 .019
Persistent organ failure (n, %) 37(18.0) 10(14.3) 9(8.3) 5.405 .067
Respiratory failure (n, %) 33(16.0) 10(14.3) 9(8.3) 3.721 .156
Renal failure(n, %) 7(3.4) 2(2.9) 1(0.9) 1.757 .415
Circulatory failure (n, %) 1(0.5) 1(1.4) 0(0.0) 1.693 .429
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compared with conservative treatment. The incidence of IPN 
and POF was also significantly decreased with LMWH com-
bined with bezafibrate (p < .05). Meanwhile, serious side 
effects related to LMWH such as gastrointestinal bleeding 
and intracranial hemorrhage were not observed in our 
study. It had been reported that prolonged use of LMWH 
might deplete LPL on the surface of vascular endothelial 
cells, leading to a resurgence in blood TG levels [35]. The 
patient in this report was given heparin for a prolonged 
period. Usually, heparin and LMWH are not kept for such a 
long time in the treatment of AP. In our study, the maxi-
mum duration of LMWH was 14 days and no re-elevation of 
TG was observed. Therefore, we deemed LMWH to be safe 
and effective during routine HTG-AP treatment, and there is 
no need to worry about this side effect. Kuchay et  al. [26] 
share the same view.

The differences in lipid-lowering efficiency, local compli-
cations, POF, and severity of AP disease were not statisti-
cally significant for LMWH combined with bezafibrate 
compared with insulin (p > .05). However, compared with 
insulin, LMWH combined with bezafibrate is more conve-
nient in the clinic and can significantly reduce the workload 
of medical workers and the pain of patients. Based on pre-
vious experience, we recommend the use of insulin only in 
patients with poor glycemic control or comorbid diabetic 
ketoacidosis. It is necessary to closely monitor blood glu-
cose levels during use and combine LMWH and bezafibrate 
if possible. Several previous studies had shown [26,36,37] 
that insulin combined with LMWH in the treatment of 
HTG-AP had a definite lipid-lowering effect, a good safety 
profile, and a low medical expenditure. For patients with no 
requirement for glycemic control, LMWH in combination 
with a fibrate may be a preferable option.

The strengths of this study are the large sample size and 
strict inclusion and exclusion criteria to ensure the accuracy 
of the data and conclusions. When comparing the prognostic 
impact of different lipid-lowering methods on HTG-AP, vari-
ables such as gender, smoking history, drinking history, dia-
betes, fatty liver, and BISAP score at admission were included 
in the propensity score matching to minimize the effect of 
confounding factors, ensuring that there was no statistical 
difference in baseline information between the groups. This 
statistical approach leads to more reliable final results. The 
BISAP score is a good prognosticator of AP severity [38]. In a 
previous study [12], the BISAP score at admission was not 
taken into account but rather the severity of illness grading 
when doing propensity score matching to equalize baseline 
characteristics. The severity of the disease is the outcome of 
AP, and the BISAP score at admission is more reflective of 
the patient’s status at admission. Therefore, we believe that 
the BISAP score at admission is more appropriate to repre-
sent the severity of the disease at admission.

This study also has some limitations. This study was a 
single-center retrospective study, and the choice of 
lipid-lowering modality was influenced by the personal pref-
erence of different physicians thus there was a selection bias. 
The time from onset to admission varies from patient to 
patient, and our measured TG levels at admission to hospital 
do not reflect the actual onset TG levels.

Conclusion

In summary, we suggest that the severity of HTG-AP is not 
associated with the TG levels at admission. However, rapid 
reduction of triglyceride levels can lower the incidence of 
local complications and respiratory failure. Compared with 
conservative treatment, insulin and LMWH + bezafibrate can 
both reduce the incidence of IPN in patients with HTG-AP.
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