Tan et al. Lipids in Health and Disease ~ (2025) 24:108 |_|p|d5 in Health and Disease
https://doi.org/10.1186/512944-025-02511-y

LESS IS MORE: classified management @
of hypertriglyceridemia-induced acute

pancreatitis on the basis of a propensity score
matching cohort study

PanTan'", Shasha Lu'", Qingxia Chen'", Huijian Ma', Wei Kong?, Xiawei Huang', Chaohui Yu' and Meng Jin'"

Abstract

Background Effective management of hypertriglyceridemia is crucial in the treatment of hypertriglyceridemia-
induced acute pancreatitis (HTG-AP). The prognosis of HTG-AP may vary with different serum triglyceride levels,
suggesting the need for stratified treatment approaches. In this study, we investigated hypertriglyceridemia
management in HTG-AP patients and the optimal strategy.

Methods Patients with HTG-AP from October 2020 to October 2022 were included in the study. Propensity score
matching was used to balance the bias and confounding variables. A mixed-effects model was used to analyse the
decreasing tendency of triglycerides.

Results A total of 171 patients who were diagnosed with HTG-AP were enrolled in this cohort. Patients with very
severe serum triglycerides (>22.6mmol/L) had a higher proportion of severe acute pancreatitis (p <0.05) than patients
with severe hypertriglyceridemia (11.3-22.6 mmol/L). For the very severe hypertriglyceridemia group, no significant
differences in prognosis were noted between the insulin and heparin group and the plasma exchange group. The
cost of the insulin and heparin group was significantly lower than that of the plasma exchange group (p<0.01). In
patients with severe hypertriglyceridemia, no significant differences in prognosis were noted between the nothing-
by-mouth (NPO) group and the insulin and heparin group. Compared with the insulin and heparin group, the NPO
group had lower hospital costs (p < 0.05).

Conclusion HTG-AP patients with very severe hypertriglyceridemia may be treated safely and effectively with

insulin and heparin, potentially offering a more cost-effective treatment approach. Similarly, patients with severe
hypertriglyceridemia might benefit from treatment involving NPO, which may be associated with lower costs. Further
studies are needed to validate these findings in diverse populations and through long-term follow-up.

Pan Tan, Shasha Lu, Qingxia Chen equally contributed to the work.

*Correspondence:
ChaohuiYu
zyyyych@zju.edu.cn

Meng Jin
jinmeng_daisy@zju.edu.cn

Full list of author information is available at the end of the article

© The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the

licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http:/creati
vecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12944-025-02511-y&domain=pdf&date_stamp=2025-3-17

Tan et al. Lipids in Health and Disease (2025) 24:108

Page 2 of 11

Keywords Acute pancreatitis, Hypertriglyceridemia, Propensity score matching, Insulin and heparin, Nothing by

mouth, Plasma exchange

Introduction

Acute pancreatitis (AP) is a potentially fatal disease
requiring prompt hospitalization. Hypertriglyceridemia
(HTG) has become the third most common cause of AP
[1], resulting in considerable economic and health bur-
dens [2]. HTG is an independent risk factor for the prog-
nosis of HTG-AP patients [3—5], and early lipid lowering
is helpful for improving the prognosis [6, 7].

Acute triglyceride lowering measures are divided into
noninvasive treatments, including nothing by mouth
(NPO, also known as cessation of oral intake), intrave-
nous insulin and heparin, and invasive treatments, such
as plasma exchange [8]. Many studies have compared
insulin and heparin with respect to plasma exchange,
and most believe that the two treatments are comparable
[9-11]. Studies have suggested that NPO can efficiently
lower serum triglyceride levels [12]; however, the appli-
cation of triglyceride-lowering measures in HTG-AP
patients has not become standardized.

At present, the confusion regarding HTG management
in AP involves whether the triglyceride-lowering strat-
egy needs to be classified according to HTG levels. The
European Endocrine Society distinguished severe HTG
(triglyceride 11.3-22.6 mmol/L) from very severe HTG
(triglyceride >22.6 mmol/L) and proposed standard long-
term management [13]. However, standard acute HTG
management in AP patients has not been investigated.
Studies have reported that patients with very severe
hypertriglyceridemia (>22.6 mmol/L) are at a signifi-
cantly greater risk of developing complications such as
pancreatic necrosis, systemic inflammation, and persis-
tent organ failure, as shown in studies by Mosztbacher
et al. [5] and Zhang et al. [4]. Therefore, it is question-
able whether patients with severe HTG can benefit from
relatively aggressive acute triglyceride-lowering treat-
ments such as plasma exchange. Notably, Berberich et
al. reported a 22-case series that showed that NPO-only
management can safely and effectively reduce triglyceride
levels without the need for plasma exchange. The evalu-
ation of NPO efficacy in HTG-AP patients with severe
HTG warrants further investigation.

Accordingly, we performed this retrospective cohort
study with propensity score matching (PSM) to explore
acute triglyceride-lowering strategies. First, we proposed
the standard strategy and divided patients into very
severe HTG (triglyceride >22.6 mmol/L) and severe HTG
(triglyceride 11.3—22.6 mmol/L) subgroups [13]. Second,
we investigated the effects of insulin, heparin and plasma
exchange in the very severe HTG group and investigated

the effects of NPO, insulin and heparin in the severe
HTG group.

Materials and methods

Study subjects

Patients with HTG-AP admitted to a hospital from Octo-
ber 2020 to October 2022 were retrospectively and con-
secutively included in the study.

The diagnosis of AP requires 2 of the following 3 cri-
teria: (1) abdominal pain consistent with acute pancre-
atitis (acute onset of persistent, severe, epigastric pain
often radiating to the back); (2) serum lipase activity (or
amylase activity) above three times the upper limit of
normal; and (3) characteristic findings of AP on imaging
[14]. The HTG-AP diagnosis criteria were as follows: (1)
met the diagnostic criteria for AP; (2) the serum triglyc-
eride level exceeded 11.3 mmol/L or ranged from 5.6 to
11.3 mmol/L with chylous serum; and (3) other causes of
induced AP were excluded [15].

The Endocrine Society classified HTG as mild (1.7-2.3
mmol/L), moderate (2.3—-11.3 mmol/L), severe (11.3-22.6
mmol/L), or very severe (>22.6 mmol/L) on the basis of
the degree of serum triglyceride elevation [13]. In this
study, patients were categorized into two groups on the
basis of their serum triglyceride levels measured within
the first 48 h of admission (very severe HTG group >22.6
mmol/L; severe HTG group 11.3-22.6 mmol/L).

This study adhered to the STROBE guidelines for
observational studies. The checklist was used throughout
the preparation of the manuscript to ensure comprehen-
sive reporting of the study design, methods, results, and
limitations. (Supplement file STROBE-checklist)

As this was a retrospective study, obtaining individual
informed consent was waived by the Clinical Research
Ethics Committee of the First Affiliated Hospital, Col-
lege of Medicine, Zhejiang University, owing to the use
of anonymized data and the minimal risk to participants.
The waiver aligns with ethical guidelines for retrospective
research, including those outlined by the Declaration of
Helsinki.

Data collection

Patient demographic and clinical characteristics, includ-
ing sex, age, body mass index (BMI), presence of diabetes
mellitus (DM), daily triglyceride level, local complica-
tions, and Acute Physiology and Chronic Health Evalu-
ation II (APACHE IJ, a scoring system used to assess the
severity of disease in critically ill patients on the basis of
physiological and laboratory data), were collected dur-
ing hospitalization. The severity of AP was based on the
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following criteria: (1) mild acute pancreatitis (MAP):
without organ failure or systemic or local complications;
(2) moderate severe acute pancreatitis (MSAP): with
transient (<48 h) organ failure or/and systemic or local
complications; and (3) severe acute pancreatitis (SAP):
acute pancreatitis characterized by persistent organ fail-
ure lasting more than 48 h. The diagnosis of organ fail-
ure was based on the modified Marshall Organ Failure
Score. The APACHE II score was used to assess patient
condition.

Study procedures

This study is a retrospective cohort study. Patients who
met the diagnostic criteria for HTG-AP were treated ini-
tially with intravenous therapy (IV) fluids/hydration and
symptomatic care, including pain management together
with modalities after admission. Acute triglyceride-low-
ering treatments such as NPO, heparin combined with
insulin or invasive plasma exchange were used to manage
HTG [16-18]. The choice of triglyceride-lowering ther-
apy was at the discretion of the treating physicians.

NPO protocol: (1) Duration: patients were placed
on complete NPO for 72 h or until significant clinical
improvement was observed. Daily reassessments were
performed determine whether to extend the NPO period.
(2) Fluid type: intravenous fluids included isotonic
saline or balanced crystalloids (e.g., Ringer’s lactate). For
patients at risk of hypoglycaemia, 5% dextrose was added.
Electrolyte levels were monitored and supplemented as
needed. (3) Nutritional support: For patients requiring
prolonged NPO (>72 h), enteral nutrition was initiated
with careful monitoring of triglyceride levels to avoid
exacerbating hyperlipidaemia. (4) Risk monitoring: (a)
Electrolyte imbalances: frequent monitoring and supple-
mentation with potassium, magnesium, and calcium are
necessary. (b) Patient compliance: hunger and weakness
were managed through clear communication and sup-
portive care. (c) Hypoglycaemia risk: blood glucose levels
were monitored closely, and IV dextrose concentrations
were adjusted accordingly. (d) Transition to oral intake:
oral intake was gradually reintroduced, starting with
clear liquids and advancing to low-fat diets, minimizing
the risk of recurrence.

The empirical dosing regimen for low-molecular-
weight heparin is as follows [15]: (1) For HTG-AP patients
without bleeding tendency, low-molecular-weight hepa-
rin 100 U/kg (a single dose not more than 5000 U) is
recommended at admission, at 12-h intervals. (2) Sub-
cutaneous injection is the preferred method of admin-
istration. (3) Coagulation function should be monitored
during the treatment of HTG-AP patients with low-
molecular-weight heparin [15]. A continuous infusion
of unfractionated heparin (12 500 U/2 mL) was adminis-
tered at a rate of 10—15 U/kg/h, and the infusion rate was
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then adjusted to maintain an activated partial thrombo-
plastic time of 46 to 70 s [19].

The insulin application scheme was based on the blood
glucose concentration [15]: (1) Intravenous pumping of
insulin 0.1~0.3 U-kg ":H"!. (2) Blood glucose was moni-
tored every hour to adjust the insulin pumping dose. (3)
It is necessary to be alert to the occurrence of hypogly-
caemia, and 5% glucose can be administered in a timely
manner to prevent hypoglycaemia. (4) Control blood
glucose to 6.1 ~8.3 mmol/L, and stop insulin when the
serum triglyceride level is lower than 5.6 mmol/L [15].

Plasma exchange was selected in this study because
of its ability to rapidly and effectively reduce triglyc-
eride levels, particularly in patients with very severe
HTG (>22.6 mmol/L). The plasma exchange protocol
for HTG-AP patients is as follows: (1) It can be imple-
mented using a dual lumen central venous catheter. (2)
Citrate can be a beneficial replacement for heparin as an
anticoagulant. (3) Liquid substitutes can be plasma or
5% albumin. (4) The plasma volume was calculated using
the Kaplan formula, and the plasma volume = [0.065 x
mass (kg)] x (1-haematocrit), which is 1.2-1.5 times
the plasma volume per exchange. (5) The frequency of
plasma exchange was determined according to the spe-
cific serum triglyceride control target [15]. Risk moni-
toring of plasma exchange: (1) Coagulation parameters
were routinely monitored, and patients with significant
bleeding risk were excluded. (2) Vital signs and haemo-
dynamic parameters were continuously monitored dur-
ing and after the procedure, with fluid and electrolyte
management as needed. (3) A standardized protocol was
followed to minimize procedural variability, including the
use of citrate as an anticoagulant to reduce bleeding risk.

Statistical analysis
The statistical analysis of the data was performed using
R4.3.0 software. The qualitative data are presented as
percentages and were tested with the chi-square test. The
quantitative data are presented as the means+standard
deviations (SDs). T tests were used for normally distrib-
uted variables or as medians (IQRs), and nonparametric
tests were used for nonnormally distributed variables.
Propensity score matching (PSM) is a statistical tech-
nique used in observational studies to balance baseline
characteristics between treatment groups, thereby reduc-
ing confounding. The propensity score is the probability
that the patient will receive the treatment of interest,
which is inferred from the patient’s baseline and clinical
data. Cases from different groups are matched accord-
ing to similar or identical PSs. After PSM, the reliabil-
ity of the studies was practically comparable to that of
randomized controlled trials. In this study, a 1:3 match-
ing ratio was chosen to balance the statistical efficiency
and the availability of matched pairs. Research shows
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that increasing the ratio beyond 1:3 provides diminish-
ing returns in efficiency and may introduce bias due to
less similar matches [20]. The calliper width was set at 0.2
times the standard deviation of the logit of the propensity
score, as recommended by Austin [21]. This threshold
minimizes bias and ensures sufficient similarity between
matched pairs. Specifically, we included the following
variables in the matching process:

+ Age.

+ Gender.

+ Body mass index (BMI).

» Diabetes mellitus (DM) status.

+ Serum triglyceride (TG) levels at admission.

+ Acute Physiology and Chronic Health Evaluation II
(APACHE II) score.

Given that triglyceride levels are a critical confounding
factor influencing both the choice of treatment and clini-
cal outcomes in HTG-AP patients, we explicitly included
serum triglyceride levels at admission as a matching vari-
able. By accounting for triglyceride severity, our analysis
aimed to ensure balance between treatment groups and
minimize bias related to baseline differences in disease
severity.

Mixed-effects regression models were used to analyse
the effects of different TG-lowering strategies over time.
Mixed-effects models offer a robust statistical framework
for analysing complex data structures, particularly those
involving repeated measures, and provide a powerful tool
for understanding the dynamics of data within a hierar-
chical structure. Given that TG was measured repeatedly,
we applied a multilevel model.

To verify the robustness of our results, we conducted
a series of sensitivity analyses as follows: (1) Matching
ratio: Different matching ratios (1:1, 1:2) were tested to
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determine whether the number of controls matched to
each case affected the balance of covariates or the results.
(2) Calliper width: The calliper width for propensity score
matching varied (0.1, 0.15, and 0.25 times the standard
deviation of the logit of propensity scores) to assess its
influence on sample size and covariate balance. (3) A sec-
ond statistical approach for lowering the TG efficiency
was performed after PSM. Briefly, the decline rate of tri-
glycerides for the first 48 h of enrolment was obtained
from linear regression, and the regression coefficient was
the slope of the triglyceride decline. Comparisons of dif-
ferences between groups in the slope of the triglyceride
decline were performed using the Wilcoxon rank-sum
test.

Results

Analysis of serum triglyceride levels

A total of 171 patients meeting the inclusion criteria
were ultimately enrolled in the study (Fig. 1). Among
them, 100 (58.5%) were assigned to the very severe HTG
group (triglyceride>22.6 mmol/L), and 71 (41.5%) were
assigned to the severe HTG group (triglyceride 11.3-22.6
mmol/L). Compared with patients with severe HTG,
patients with very severe HTG had a greater APACHE
II score (p<0.05) and a greater incidence of severe acute
pancreatitis (SAP) (p<0.05, Table 1). Consistent with
the above findings, patients with very severe HTG were
more likely to spend more on hospitalization expenses
(p<0.05, Table 1).

Analysis of patients with very severe HTG

Among patients with very severe HTG, 66 (66%) patients
were assigned to the insulin and heparin group, and 34
(34%) patients were assigned to the plasma exchange
group. Patients’ age, sex, BMI, previous DM history,
serum triglyceride level at admission and APACHE II

| 171 patients with HTG-AP|

|

100 in very severe HTG group |

i

| 71 in severe HTG group

PSM _ |Confounding factors:

Age, Sex, BMI, DM, TriglycerideOh,APACHEIIOh|

PSM

/ /

39 Insulin and heparin
27 not matched

22 Plasma exchange
12 not matched

Fig. 1 Flow chart of participants enrolled in the study

|

11 NPO
3 not matched

23 Insulin and heparin
24 not matched
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Table 1 Comparison between the very severe HTG group and the severe HTG group

Variables Very severe HTG group (n=100) Severe HTG group (n=71) p
Baseline characteristics

Age, median (IQR), years 39.0 (31.0-45.0) 35.0(31.0-44.5) 0.665
BMI, mean (SD), kg/m2 26.99 (3.75) 26.99 (3.96) 1

Male (%) 75 (75.0) 56 (78.9) 0.685
DM (%) 38(38.0) 25(35.2) 0.832
Clinical outcomes

Triglyceride, 0 h, median (IQR), mmol/L 44.7 (31.9-66.0) 15.8 (13.7-18.7) <0.01
APACHE 11, 0 h, median (IQR) 5.0 (4.0-9.0) 4.0(2.0-7.0) <0.01
SAP (%) 30(30.0) 11 (15.5) <0.05
Local complication (%) 50 (80.6) 50 (79.4) 1
APFC (%) 38(61.3) 46 (73.0) 0.288
Pseudocyst (%) 4(6.5) 9(143) 0.254
APNC (%) 16 (25.8) 10(15.9) 0.251
WON (%) 13(21.0) 7(11.1) 0.208
Secondary infection (%) 7(11.3) 5(79) 0.739
Hospitalization expenses

Hospital LOS, median (IQR), day 10.0 (7.0-15.0) 9.0 (6.0-12.0) <0.05
Total cost, median (IQR), thousand CNY 216 (14.7-39.0) 13.6 (10.3-24.5) <0.01
Hospital daily cost, median (IQR), thousand CNY/day 21(1.6-34) 1.8(1.5-2.1) <0.01

BMI, body mass index; DM, diabetes mellitus; APACHE, Acute Physiology and Chronic Health Evaluation; HTG, hypertriglyceridemia; SAP, severe acute pancreatitis;
APFC, acute peripancreatic fluid collection; APNC, acute peripancreatic necrosis collection; WON, wall-off pancreatic necrosis; LOS, length of stay; CNY, Chinese Yuan;

IQR, interquartile range; NA, not available
#Data description method, median with interquartile range

* p values were calculated using the Wilcoxon rank-sum test

score at admission were included in the PSM. After PSM,
confounding factors were equally distributed into two
groups (Fig. 2), and 39 patients in the insulin and hepa-
rin group were matched with 22 patients in the plasma
exchange group.

To explore the effects of different triglyceride-lowering
treatments on the rate of decrease in plasma triglyceride
levels, daily serum triglyceride levels were analysed using
repeated measures analysis of variance. In the matched
cohort, no difference was found in the decreasing trend
in daily serum triglyceride levels between the insulin and
heparin group and the plasma exchange group (p =0.532)
(Fig. 3).

In the matched cohort, the total cost and hospital daily
cost of the insulin and heparin group were significantly
lower than those of the plasma exchange group (p <0.01)
(Table 2). No significant difference in clinical outcomes
was observed (Table 2).

Analysis of patients with severe HTG
Among patients with severe HTG, 14 (23%) patients were
included in the NPO group, and 47 (77%) patients were
included in the heparin and insulin group. After PSM,
confounding factors were balanced (Fig. 4). In total, 11
patients were included in the NPO group, and 23 patients
were included in the insulin and heparin group.

In patients with severe HTG, there was no significant
difference in the decreasing trend of serum triglycerides

between the NPO group and the insulin and heparin
group (p=0.282) (Fig. 5).

After PSM, no significant differences in clinical out-
comes were detected (p >0.05) (Table 3). The total cost of
the NPO group was significantly lower than that of the
insulin and heparin group (p=0.02) (Table 3).

Sensitivity analysis

The sensitivity analyses demonstrated that the findings of
the study remained consistent across different matching
ratios (1:1 and 1:2) and different calliper widths (0.1 SD
and 0.2 SD). The balance of baseline covariates, includ-
ing triglyceride levels, diabetes status, and APACHE II
scores, was adequately achieved in all matched cohorts.
Key outcomes, including the rate of triglyceride reduc-
tion and clinical outcomes, showed no significant varia-
tion across the different matching ratios and different
calliper widths. The results of the cost-effectiveness
comparisons between the subgroups remained robust
(p<0.01). The detailed results of the sensitivity analyses
are provided in the Supplementary Material (Supplemen-
tal Tables 1-8).

A second statistical approach for lowering the TG effi-
ciency was performed after PSM as a sensitivity analysis.
Briefly, the rate of reduction in triglyceride levels for the
first 48 h of enrolment was obtained using linear regres-
sion, and the regression coefficient was the slope of the
triglyceride decline. Comparisons of differences between
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Fig. 3 Daily serum triglyceride levels during the first 48 h in the insulin and heparin group and the plasma exchange group. (A) Daily serum triglyceride
levels during the first 48 h in the insulin and heparin group and the plasma exchange group before PSM. Triglyceride levels decreased differently between
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plasma exchange group after PSM. Triglyceride levels decreased similarly in both groups over 48 h (p=0.168, mixed-effects models)
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Table 2 Outcome variables for patients with very severe HTG after PSM

Outcome variables Insulin and heparin (n=39) Plasma Exchange (n=22) p
Clinical outcomes

SAP (%) 9(23.1) 10 (45.5) 0.127
Local complication (%) 30 (76.9) 20 (90.9) 0.309
APFC (%) 25 (64.1) 16 (72.7) 0.685
Pseudocyst (%) 1(2.6) 2(9.1) 0.606
APNC (%) 6(15.4) 7(31.8) 0.238
WON (%) 6(15.4) 5(22.7) 0.712
Secondary infection (%) 5(12.8) 2(9.1) 0.984
Hospitalization expenses

Hospital LOS, median (IQR), day 9.0 (7.0-12.5) 11.0(8.3-15.8) 0.219
Total cost, median (IQR), thousand CNY 15.3(11.8-184) 39.3(29.5-51.2) <0.01
Hospital daily cost, median (IQR), thousand CNY/day 1.7 (15.6-20.4) 345 (32.2-39.3) <0.01

APACHE, Acute Physiology and Chronic Health Evaluation; HTG, hypertriglyceridemia; SAP, severe acute pancreatitis; APFC, acute peripancreatic fluid collection;
APNC, acute peripancreatic necrosis collection; WON, walled-off pancreatic necrosis; LOS, length of stay; CNY, Chinese Yuan; IQR, interquartile range; NA, not
available

#Data description method, median with interquartile range

* p values were calculated using the Wilcoxon rank-sum test
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Table 3 Outcome variables for patients with severe HTG after PSM

Outcome variables

NPO (n=11) Insulin and Heparin (n=23) p
Clinical outcomes
SAP (%) 0(0.0) 3(13.0) 0.548
Local complication (%) 7 (63.6) 19 (82.6) 0431
APFC (%) 7 (63.6) 17 (73.9) 0.831
Pseudocyst (%) 0(0.0) 3(13.0) 0.543
APNC (%) 0(0.0) 3(13.0) 0.543
WON (%) 0(0.0) 2(87) 0819
Secondary infection (%) 0(0.0) 3(13.0) 0.543
Hospitalization expenses
Hospital LOS, median (IQR), day 7.0 (6.0-85) 10.0 (6.5-12.5)
Total cost, median (IQR), thousand CNY 10.3(9.2-12.2) 15.9 (11.1-24.5) <0.05
Hospital daily cost, median (IQR), thousand CNY/day 15.5(14.8-17.5) 18.2 (15.4-19.5) 0.090

APACHE, Acute Physiology and Chronic Health Evaluation; HTG, hypertriglyceridemia; SAP, severe acute pancreatitis; APFC, acute peripancreatic fluid collection;
APNC, acute peripancreatic necrosis collection; WON, walled-off pancreatic necrosis; LOS, length of stay; CNY, Chinese Yuan; IQR, interquartile range; NA, not

available
#Data description method, median with interquartile range

* p values were calculated using the Wilcoxon rank-sum test

groups in the slope of the triglyceride decline were per-
formed using the Wilcoxon rank-sum test. The results
remain robust across different subgroups.

Discussion

In this PSM retrospective cohort study, we first found
that patients with higher serum triglyceride levels might
have worse prognoses; in accordance with this finding,
we next explored the management of HTG on the basis
of classified serum triglyceride levels. We found that the
choice between insulin and heparin or plasma exchange
in patients with very severe HTG may not significantly
influence the rate of daily serum triglyceride reduction
or HTG-AP prognosis. Moreover, the insulin and hepa-
rin group tended to incur lower hospital expenses. In

patients with severe HTG, there was no significant differ-
ence in the rate of daily serum triglyceride reduction or
the prognosis of HTG-AP between the NPO group and
the insulin and heparin group. Patients treated with NPO
also tended to have lower hospital expenses.

Consistent with our study, previous clinical studies
revealed that higher serum triglycerides (>22.6 mmol/L)
significantly increased the risk of pancreatic necrosis
[22]. Another prospective, multicentre, international
cohort analysis of 716 acute pancreatitis patients revealed
that patients with higher serum triglyceride levels (>22.6
mmol/L) have a worse prognosis than those with lower
serum triglyceride levels (11.3-22.6 mmol/L) [7]. In our
analysis, patients with very severe HTG had significantly
higher rates of SAP and hospital costs than did those with
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severe HTG. These findings align with prior observations
that higher triglyceride levels are associated with worse
clinical outcomes. Accordingly, for patients with severe
HTG (11.3-22.6 mmol/L), less invasive interventions,
such as NPO, may be able to lower TG levels effectively,
as observed in our study. However, for patients with
very severe HTG, aggressive measures such as insulin/
heparin or plasma exchange may be necessary to rapidly
reduce TG levels and mitigate complications. Classifying
patients on the basis of TG levels allows for cost-effective
treatment by avoiding overtreatment in less severe cases.

In this study, we aimed to evaluate the relative effec-
tiveness and cost-effectiveness of insulin and heparin
versus plasma exchange as primary triglyceride-lowering
strategies for HTG-AP patients with very severe HTG.
Although we acknowledge that these two treatment
modalities are not strictly mutually exclusive in clinical
practice, our design sought to compare their dominant
roles in managing HTG-AP on the basis of the literature.
For example, Wang et al. reported that blood purification
(including plasma exchange) therapy for HTG-AP is now
widely used [23]. Plasma exchange is believed to not only
remove plasma triglycerides but also reduce the levels
of chylomicrons and inflammatory cytokines [20]. How-
ever, despite its benefits, plasma exchange has inherent
risks and limitations, such as bleeding, haemodynamic
instability and high cost. Recently, Cao et al. conducted a
large multicentre cohort study of patients with HTG-AP.
Their results showed that, compared with noninvasive
measures such as insulin and heparin, plasmapheresis
was associated with increased ICU requirements [24, 25].
Similarly, Gubensek et al. conducted a randomized trial
to compare the efficacy of insulin and PE in HTG-AP
patients, revealing comparable clinical course between
these two groups [10]. Drawing on this evidence, we
grouped patients on the basis of their primary triglycer-
ide-lowering therapy to enable a clinically relevant com-
parison of their outcomes. Our study specifically focused
on AP patients with very severe HTG and revealed that
insulin/heparin therapy may achieve comparable clini-
cal outcomes to plasma exchange while being associated
with a significantly lower cost. This finding underscores
the importance of considering cost-effective alternatives
to invasive procedures, particularly in resource-limited
settings.

For patients with severe HTG, our results suggest that
NPO may be effective in lowering triglyceride levels
while being associated with lower costs. The effective-
ness of a strict diet and lifestyle modification has been
well demonstrated in long-term HTG management [26].
However, the application of NPO in HTG-AP was lim-
ited. Berberich et al. first proposed the feasibility of NPO
in patients with HTG-AP, which can achieve triglyceride
lowering without the use of acute triglyceride-lowering
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medicine [12]. Several studies have also shown that NPO
can lower serum triglycerides efficiently among patients
with HTG-AP [26, 27]. In this PSM study, it is notewor-
thy that NPO may be as effective as insulin/heparin ther-
apy in lowering triglyceride levels while being associated
with reduced hospital expenses. These findings support
the use of nonpharmacological approaches in this sub-
group, particularly for patients with mild symptoms or
contraindications to insulin therapy. The efficacy of NPO
in HTG-AP treatment should be further explored in a
larger multicentre randomized control study.

These findings advocate for a stratified approach
to managing HTG-AP, integrating cost-effective and
patient-specific treatment strategies into clinical prac-
tice. For example, the proposed classification system,
which is based on TG levels, can help clinicians priori-
tize interventions that balance efficacy, safety, and cost,
thereby optimizing resource allocation and patient out-
comes. However, the cost differences observed are based
on short-term outcomes and may not capture all clinical
decision-making factors. Further studies with long-term
clinical data such as recurrence rates, chronic complica-
tions, or quality-of-life measures are needed to better
address this issue.

There are certain limitations in our study. First, as a
retrospective cohort study, our research is inherently
limited in its ability to establish causality. Although PSM
was used to minimize confounding, residual confound-
ing from unmeasured variables cannot be excluded. For
example, factors such as genetic predispositions or life-
style differences may have influenced the outcomes. Sec-
ond, the study was conducted at a single institution with
a relatively small sample size, which may restrict the gen-
eralizability of our findings to other health care settings
or populations with varying demographic and clinical
characteristics. Third, the absence of long-term follow-
up limits our understanding of important outcomes,
such as the recurrence of HTG or chronic pancreatitis
and the sustainability of the observed cost-effectiveness.
Future research, such as multicentre trials and random-
ized controlled trials, is essential to validate our findings
across diverse populations, minimize bias and provide
more definitive evidence regarding the efficacy of classi-
fied management strategies for HTG-AP. Future studies
should include long-term follow-up to evaluate outcomes
such as recurrence and chronic complications. Fourth,
this classification provides a clinically relevant start-
ing point for stratified analyses, and further prospective
studies are needed to refine and validate these thresholds
in the context of HTG-AP treatment. Moreover, investi-
gating subgroups with specific risk factors or comorbidi-
ties could help refine treatment strategies and provide
personalized recommendations.



Tan et al. Lipids in Health and Disease (2025) 24:108

Conclusions

In conclusion, our study suggests that a classified man-
agement approach for HTG in HTG-AP patients may
help avoid overtreatment and reduce the economic bur-
den. For patients with very severe HTG, plasma exchange
may not improve the prognosis of HTG-AP patients and
could increase hospital expenses. In such cases, insulin
and heparin therapy may represent a more cost-effective
alternative to plasma exchange in the very severe HTG
subgroup. For patients with severe HTG, no significant
difference in HTG-AP prognosis was noted between the
NPO group and the insulin and heparin group. More-
over, NPO could reduce total hospital costs and may be a
preferable option in the severe HTG subgroup.
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