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Phospholipid and glycerolipid metabolism 
as potential diagnostic biomarkers for acute 
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Abstract 

Background  Acute pancreatitis (AP) is characterized as a systemic inflammatory condition posing challenges in diag-
nosis and prognosis assessment. Lipid metabolism abnormalities, especially triacylglycerol (TAG) levels, have been 
reported, indicating their potential as biomarkers in acute pancreatitis. However, the performance of the TAG cycle, 
including phospholipid and glycerolipid metabolism, in AP patients has not yet been reported.

Methods  This study enrolled 91 patients with acute biliary pancreatitis (ABP), 27 with hyperlipidaemic acute pan-
creatitis (HLAP), and 58 healthy controls (HCs), and their plasma phospholipid and glycerolipid levels were analyzed 
through liquid chromatography‒mass spectrometry. The phospholipid and glycerolipid contents of plasma collected 
from AP patients on the first, third, and seventh days of hospitalization were also measured. An orthogonal partial 
least squares discriminant analysis model served to differentiate the ABP, HLAP and HC groups, and potentially diag-
nostic lipids were evaluated via receiver operating characteristic curves in both the test and validation sets. Correla-
tions between clinical data and lipids were conducted using Spearman’s method. Clustering via the ‘mfuzz’ R package 
and the Kruskal‒Wallis H test were conducted to monitor changes during hospitalization.

Results  Compared with those in HCs, the levels of phosphatidylcholine (PC), phosphatidylethanolamine (PE), 
and phosphatidic acid (PA) were lower in AP patients, whereas the levels of phosphatidylinositol (PI) and phosphati-
dylglycerol (PG) showed the opposite trend. Interestingly, TAG levels were positively correlated with white blood 
cell counts in ABP patients, and TAGs containing 44–55 carbon atoms were highly correlated with plasma TAG levels 
in HLAP patients. Phospholipid levels exhibited an inverse correlation with AP markers, in contrast to glycerolipids, 
which demonstrated a positive correlation with these markers. Additionally, PE (O-16:0/20:4) and PE (18:0/22:6) 
emerged as potential biomarkers because of their ability to distinguish ABP and HLAP patients from HCs, showing 
area under the curve (AUC) values of 0.932 and 0.962, respectively. PG (16:0/18:2), PG (16:0/20:4), PE (P-16:0/20:2), PE 
(P-18:2/18:2), PE (P-18:1/20:3), PE (P-18:1/20:4), PE (O-16:0/20:4), and TAG (56:6/FA18:0) were significantly changed 
in ABP patients who improved. For HLAP patients, PC (18:0/20:3), TAG (48:3/FA18:1), PE (P-18:0/16:0), and TAG (48:4/
FA18:2) showed different trends in patients with improvement and deterioration, which might be used for prognosis.
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Introduction
Acute pancreatitis (AP) ranks as a primary reason for 
hospitalization within the digestive system, with its inci-
dence steadily increasing over the years due to the die-
tary habits and lifestyle changes [1]. The mortality ratio 
in severe acute pancreatitis (SAP) patients can rise to 
30-40% [2]. Moreover, long-term sequelae, such as diabe-
tes, necrotizing pancreatitis, recurrence and chronic pan-
creatitis, are common, resulting in an increasing financial 
burden [3]. Therefore, AP poses a threat to people’s 
health and financial security.

Gallstones and alcohol are the main contributors to AP, 
while hyperlipidemia ranks as the third most prevalent 
factor. Acute biliary pancreatitis (ABP) and hyperlipi-
daemic acute pancreatitis (HLAP) are frequent subtypes. 
Treatment depends on the cause. For ABP, early diagno-
sis is important because drainage of the biliary obstruc-
tion is urgently needed to avoid deterioration of the 
condition [4–6]. Although CT scans are crucial for diag-
nosis [7], obstruction of the bile duct caused by migra-
tory gallstones and silt-like or transient stones is difficult 
to detect using CT scanning [8]. Unlike ABP, HLAP tends 
to present with a more severe condition and is more 
prone to progressing into SAP. CT scans serve as a sig-
nificant diagnostic modality, but changes in CT images 
of necrotizing acute pancreatitis often occur 72  h after 
onset [6, 9]. Increased serum levels of amylase or lipase 
are among the criteria for AP diagnosis [7]. However, 
these levels are not directly linked to the severity or pro-
gression of AP. Furthermore, patients with HLAP may 
exhibit normal serum amylase and lipase levels [10]. 
Thus, identifying biomarkers for diagnosing and prog-
nosing AP is essential.

Lipids play essential roles in cell metabolism, and their 
physiological and pathological functions have been a 
topic of interest in recent research. For example, polyun-
saturated fatty acid metabolism is involved in inflamma-
tory responses [11], and phosphatidylcholine metabolism 
contributes to resistance to cancer therapy [12]. Abnor-
mal lipid metabolism in AP has been reported through 
metabolic profiling, and differential metabolism of phos-
phoric acid and glycerol has been described [13]. A Scot-
tish epidemiological study revealed a direct link between 
plasma triglyceride levels and acute pancreatitis risk [14], 
and elevated triglyceride levels can predict increased 
severity and a greater probability of multiorgan disorder 

in AP patients [15–17]. That is, AP patients exhibit 
abnormal lipid changes in their plasma, particularly 
in the triglyceride cycle. However, research on plasma 
lipid metabolites in acute pancreatitis patients remains 
limited.

Phospholipid and glycerolipid metabolism involved in 
the triacylglycerol (TAG) cycle were profiled in patients 
suffering from ABP and HLAP, as well as in a control 
group of healthy individuals (Fig.  1), and potential bio-
markers were identified. Furthermore, plasma was col-
lected from ABP and HLAP patients at Days 1, 3 and 7 
(D1, D3 and D7) of hospitalization, and lipid alterations 
were discussed in detail (Fig.  1). These findings reveal 
the molecular signatures of ABP and HLAP and pro-
vide potential prognostic biomarkers for AP. This study 
aimed to describe performance of the phospholipid and 
glycerolipid metabolism in ABP and HLAP patients and 
to identify potential biomarkers for AP diagnosis and 
prognosis.

Materials and methods
Study cohort
Between January 1, 2021, and December 31, 2022, a 
retrospective case‒control study involving 118 acute 
pancreatitis patients (AP group) and 58 healthy indi-
viduals (HC group) from the Second Affiliated Hospi-
tal of Fujian Medical University was conducted. The AP 
group includes patients meeting a minimum of two of 
the listed guidelines [18]: (1) upper abdominal pain; (2) 
CT, MRI, or abdominal ultrasound examinations indicate 
acute inflammatory changes in the pancreas; or (3) serum 
amylase or lipase levels increase to more than triple the 
normal upper limit. Specifically, in the absence of other 
aetiologies, ABP was diagnosed when imaging indicated 
biliary obstruction, and HLAP was diagnosed when 
plasma TAG levels exceeded 11.3 mmol/L [19]. Two 
patients in the ABP group were admitted 48 h after the 
onset of abdominal pain, and six patients improved and 
were discharged on the fifth day. Three patients in the 
HLAP group deteriorated and required the intensive care 
unit (ICU) admission, while six patients improved, and 
two of them were discharged on the sixth day. The HC 
group was not restricted by age or sex, and participants 
were eligible for inclusion if they met the following crite-
ria: (1) no history of pancreatitis, hyperlipidaemia, biliary 
obstruction, liver or kidney dysfunction, rheumatic or 

Conclusions  Phospholipids and glycerolipids were found to be potential biomarkers in acute pancreatitis, which 
offers new diagnostic and therapeutic insights into this disease.
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immunological disorders, metabolic diseases, tumours, 
or excessive alcohol consumption; (2) normal physical 
examination results; and (3) no medication or recent 
infection. The AP group was subject to the following 
exclusion criteria: (1) received treatment within 72 h; (2) 
had acute or chronic pancreatitis, acute-on-chronic liver 
disease, or post-ERCP pancreatitis history; (3) were preg-
nant, lactating, or had end-stage liver or kidney disease, 
malignancies, metabolic disorders, or immunological 
diseases; and (4) had used immunosuppressive agents or 
steroids within the past three months. The study received 
ethical approval from the Ethics Committee of the Sec-
ond Affiliated Hospital of Fujian Medical University (Eth-
ics numbers: 2020-69 and 2023 − 470). All participants 
gave their informed consent and had the option to with-
draw from the study at any point.

Sample collection
During hospitalization, 2 mL of fasting venous blood 
was collected from AP patients on the first, third, and 
seventh days and from healthy volunteers on the day of 
their physical examination. Plasma was separated by cen-
trifugation at 1800 rpm for 20 min and was subsequently 
stored at -80  °C. The entire sample collection process 
took less than 1  h. All the plasma samples used in this 
study were pooled together as quality controls (QCs) to 
evaluate the stability of the workflow.

Lipid extraction
Lipid extraction was conducted as previously 
described [20]. Briefly, 20 µL of plasma was added to a 

mixture consisting of 225 µL of methanol (ANPEL Labo-
ratory Technologies, Shanghai, China), 750 µL of MTBE 
(MACKLIN, Shanghai, China), and 188 µL of water 
(ANPEL Laboratory Technologies, Shanghai, China). 
This mixture was then centrifuged at 15,000  rpm for 
15 min at 4 °C, resulting in three distinct layers: the lipid 
phase, aqueous phase, and solid residue. The upper 700 
µL was collected and lyophilized for further liquid chro-
matography‒mass spectrometry (LC‒MS) analysis.

LC‒MS analysis
LC-MS analysis was conducted following the previ-
ously established protocol [21]. In brief, a 4500 QTRAP 
system (AB SCIEX Pte. Ltd., Framingham, MA, USA) 
coupled to LC with an ACQUITY UPLC BEH HILIC 
column (100  mm × 2.1  mm, 1.7  μm, Waters) was used 
for separation. The lyophilized sample was dissolved in 
100 µL of buffer with isopropanol (Merck, Darmstadt, 
Germany): acetonitrile (MACKLIN, Shanghai, China): 
water = 30:65:5 (v/v/v). One and 10 µL were injected for 
positive and negative mode analysis, respectively.

Lipid identification and quantification were conducted 
using SCIEX OS software. Multiple reaction monitoring 
in both positive and negative ion modes was employed to 
identify glycerolipids and phospholipids. Detailed infor-
mation is provided in Supplementary Table S1.

Statistical analysis
Lipids detected in 70% of the clinical samples were used 
for the subsequent analysis. The peak areas of the selected 
lipids were subsequently subjected to transformation and 

Fig. 1  Flowchart of this study. AP, acute pancreatitis; HC, healthy control; ABP, acute biliary pancreatitis; HLAP, hyperlipidaemic acute pancreatitis. 
Day 1, first day of hospitalization; Day 3, third day of hospitalization; Day 7, seventh day of hospitalization
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normalization. SIMCA (version 14.1) software was used 
for orthogonal partial least squares discriminant analy-
sis (OPLS‒DA). The model’s effectiveness was assessed 
using cross-validation. Two-group comparisons were 
conducted using T tests and Mann‒Whitney U tests. The 
analysis of the study population’s baseline characteristics 
was analyzing by the chi-square test. For three-group 
comparisons, the Kruskal‒Wallis H test was used to eval-
uate changes. Differentially abundant lipids were identi-
fied using criteria of variable importance in projection 
(VIP) values > 1 and a false discovery rate (FDR) < 0.05. 
In this study, a P value < 0.05 was deemed to indicate sta-
tistical significance. The data underwent analysis using 
R (https://​www.r-​proje​ct.​org/). Differentially abundant 
lipid graphs and receiver operating characteristic (ROC) 
curves were generated using GraphPad Prism 8.0.2. Clus-
tering based on similar trends was performed using the 
‘mfuzz’ package, and graphical representations were cre-
ated using the ‘ggplot’ package in R.

Results
Study schematic
A total of 176 adults, including 118 patients with acute 
pancreatitis (male/female: 67/51) and 58 healthy con-
trols (male/female: 30/28), were included in this study 
(Fig.  1). According to the different aetiologies, the 118 
AP patients were categorized into 91 ABP patients (male/
female: 47/44) and 27 HLAP patients (male/female: 
19/8). Table 1 outlines participants’ characteristics, indi-
cating similar distributions of sex and age among the 
three groups. Participant’s body mass index (BMI) of the 
HLAP group had a significantly upper when compared 
with the other two groups. The white blood cell (WBC) 
counts were greater in AP patients than in healthy indi-
viduals, likely because of inflammation. The study cohort 
was randomly divided into a test set (ABP/HLAP/HC: 
43/9/26) and a validation set (ABP/HLAP/HC: 48/18/32), 
and the clinical characteristics of the two datasets are 
listed in Supplementary Tables S2 and S3, respectively. 
The test and validation sets presented similar clinical fea-
tures to those of the full cohort.

To investigate dynamic lipid changes, AP patients 
on Days 1, 3, and 7 (D1, D3, and D7) of hospitalization 
were also included, and their characteristics are shown in 
Table 1; Fig. 1. In the comparison of the D1, D3, and D7 
subgroups in the ABP group, both serum amylase (AMS) 
levels and WBC counts exhibited an overall decreasing 
trend with increasing length of hospitalization. These 
findings suggested that ABP patients were in remission. 
In the comparison of the D1, D3, and D7 subgroups in 
the HLAP group, three of them worsened during hospi-
talization. Sex, BMI, and AMS levels did not significantly 
differ at the various time points in HLAP patients.

Since TAG abnormalities have been observed in AP 
patients, a comprehensive description of the TAG cycle 
was investigated in this study. LC‒MS technology was 
used to detect glycerolipid and phospholipid levels in the 
ABP, HLAP and HC groups. Briefly, 29 positive-ion-mode 
features and 77 negative-ion-mode features were identi-
fied (Supplementary Table S1), including phosphatidylg-
lycerol (PG), phosphatidic acid (PA), TAG, diacylglycerol 
(DAG), phosphatidylinositol (PI), phosphatidylcholine 
(PC) and phosphatidylethanolamine (PE).

To investigate the stability and reproducibility of the 
workflow, QC samples were analysed. Considering the 
relative standard deviation value, 100% and 90% of the 
lipids were less than 25% in positive and negative modes, 
respectively. Additionally, the Pearson correlation coeffi-
cient indicated a strong correlation (above 0.98) among 
QC samples in both ion modes (Supplementary Figure 
S1).

Distribution of glycerolipids and phospholipids 
in the three groups
According to the analysis of clinical biochemical mark-
ers, a significant increase in plasma TAG levels was 
observed in both ABP and HLAP patients compared with 
HCs (Fig. 2a). Increased TAG levels in patients with AP 
are consistent with previous observational study find-
ings [16]. These findings indicate that the TAG cycle is 
abnormal in acute pancreatitis patients, and this study 
therefore focused on the expression of glycerolipids and 
phospholipids. Compared with healthy individuals, AP 
patients had lower levels of PC, PE and PA, whereas the 
opposite trend was observed for the levels of PG, PI, and 
TAG (Fig. 2b). In addition, TAG, PE, and PI constituted 
the major lipids among the three groups (Fig. 2c). Unsur-
prisingly, TAG was present at the highest level in the 
HLAP group (Fig.  2c). PE exhibited the highest level in 
the HC group, whereas PI levels were relatively high in all 
the AP patients (Fig. 2c).

Differentially abundant glycerolipids and phospholipids 
in the three groups
Differentially abundant lipid metabolites among the ABP, 
HLAP, and HC groups, which could contribute to the 
early diagnosis of acute pancreatitis, were investigated. 
First, the OPLS-DA model was used to determine vari-
ations between groups (Fig. 3a and b). Remarkable sepa-
rations were observed for both ABP vs. HC and HLAP 
vs. HC. Differentially abundant lipids were selected 
according to the criteria of a VIP values greater than 1 
and a FDR less than 0.05. Additionally, a fold change (FC) 
threshold of more than 1.2 for upregulation and less than 
0.83 for downregulation was applied. Compared with 
those in HCs, twenty-one lipids were downregulated 

https://www.r-project.org/
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and 13 were upregulated in ABP patients, among which 
PE was the main metabolite (Fig.  3c, Supplementary 
Table  S4). Twenty-nine and 15 lipids were downregu-
lated and upregulated, respectively, in HLAP patients 
compared with HCs (Fig.  3d, Supplementary Table  S5). 
PE was also the main metabolite in this group. Interest-
ingly, PE (16:0/16:1) exhibited the greatest increase in 
both ABP and HLAP patients, indicating its potential 
ability to distinguish AP patients from HCs (Fig. 3c and 
d). Notably, DAG (16:0/16:1) had the highest VIP score, 
indicating its potential role in differentiating AP patients 
from HCs (Fig. 3c and d). Although the HLAP and ABP 
groups could not be clearly separated (Supplementary 
Figure S3), twenty-one differentially abundant lipids were 
observed (Fig. 3e, Supplementary Table S6). Most of the 
upregulated lipids were TAGs, which is consistent with 
the characteristics of HLAP itself.

Analysis of the clinical characteristics of the three groups
To determine the clinical significance of lipids, their 
correlations with clinical characteristics, such as 
WBC count and AMS and TAG levels, were analysed 
via Spearman’s method (Fig.  4a). In the ABP group, 
TAG was positively correlated with the inflammatory 
marker WBC count. This finding suggests that these 
TAGs may be associated with inflammation. In the 

HLAP group, TAG expression was strongly correlated 
with plasma TAG levels, particularly with TAGs con-
taining 44 to 50 carbon atoms. The lipids associated 
with AMS levels were mainly PCs, and they exhib-
ited a negative correlation. Specifically, phospholipids 
were negatively correlated with AP disease markers, 
whereas glycerolipids were positively correlated with 
AP disease markers.

To investigate potential biomarkers, ROC curve anal-
ysis of differentially abundant glycerolipids and phos-
pholipids was conducted (Supplementary Table  S7). 
The lipids with the top five areas under the curve 
(AUCs) in the ABP or HLAP group are shown, which 
indicates their robust diagnostic performance (Fig.  4b 
and c). Ten potential biomarkers, eight of which are 
PEs, were identified. According to the ROC curves, 
PE (O-16:0/20:4) exhibited excellent diagnostic ability 
between the ABP and HC groups in both the test and 
validation sets, with AUCs of 0.932 (95% CI, 0.873–
0.991) and 0.951 (95% CI, 0.909–0.993), respectively 
(Fig. 4d). Additionally, five lipids with the greatest AUC 
values in the test set can be used to distinguish HLAP 
patients from HCs, and their diagnostic ability was 
investigated in the validation set. PE (18:0/22:6) dem-
onstrated strong diagnostic capability, achieving AUC 
values of 0.962 (95% CI, 0.904-1.000) in the test set and 
0.898 (95% CI, 0.814–0.981) for the validation (Fig. 4e).

Fig. 2  Distribution of glycerolipids and phospholipids in the three groups. a Expression of triacylglycerols detected in the clinic. b Relative 
abundance of lipid metabolites among the ABP, HLAP, and HC groups. c Proportion of lipid metabolites in the ABP, HLAP, and HC groups. HC, healthy 
control; ABP, acute biliary pancreatitis; HLAP, hyperlipidaemic acute pancreatitis. ns, none significant difference; *, P < 0.05; **, P < 0.01; ***, P < 0.001
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Changes in glycerolipid and phospholipid contents 
during hospitalization in ABP patients
To profile the behaviours of the TAG cycle during hos-
pitalization, blood was collected from ABP patients at 
Days 1, 3, and 7 (D1, D3, and D7) of hospitalization, and 
their lipid alterations were analysed in detail. Lipids were 
divided into 5 clusters according to their changes in the 
ABP group (Fig. 5a, Supplementary Table S8), and their 
detailed information is shown in Fig.  5b. In the ABP 
group, Clusters 1 and 2, which mainly contained PEs 
and TAGs, displayed overall decreasing trends. Most PEs 
were enriched in Cluster 2. The lipids in Cluster 3 exhib-
ited an upregulated pattern, whereas Clusters 4 and 5 
presented the highest and lowest expression, respectively, 
at D3. Eight lipids, PE (P-18:1/20:4), PG (16:0/20:4), 
PE (O-16:0/20:4), PG (16:0/18:2), PE (P-18:1/20:3), PE 
(P-16:0/20:2), TAG (56:6/FA18:0) and PE (P-18:2/18:2) 
significantly changed during the 7-day hospitalization 
(Kruskal-Wallis test, P < 0.001) (Fig. 5b). In addition, 36, 
8, and 37 lipids were strongly altered between D3 and D1, 
between D7 and D3 and between D7 and D1 (Fig.  5b), 
respectively, according to the Mann‒Whitney U test. 
PE (O-16:0/20:4), which exhibited excellent diagnostic 

efficiency, also exhibited significant changes during 
ABP improvement. Notably, the lipids with marked dif-
ferences were predominantly phospholipids, indicating 
their involvement in the onset and progression of ABP. 
The combination of these 8 lipids can be used to differ-
entiate the stages of disease improvement. The AUCs 
were 0.883 (95% CI, 0.807–0.959), 0.911 (95% CI, 0.841–
0.981) and 0.936 (95% CI, 0.881–0.992) for distinguishing 
D3 from D1, D7 from D3, and D7 from D1, respectively 
(Fig.  5c). PG (16:0/20:4) had good diagnostic ability for 
distinguishing ABP patients in the recovery phase from 
those in the acute phase, with an AUC of 0.859 (95% CI, 
0.779–0.939) (Fig. 5c).

Changes in glycerolipid and phospholipid contents 
in HLAP patients during hospitalization
Three patients with HLAP deteriorated during hos-
pitalization, and the remaining patients improved. To 
identify potential biomarkers to predict disease progres-
sion, the performance of glycerolipids and phospholipids 
was analysed. The changes in PG levels at different time 
points differed between the improvement group and the 
deterioration group (Fig.  6a). Although PC tended to 

Fig. 3  Differences in glycerolipid and phospholipid contents among the three groups. a and b OPLS-DA model between ABP and HC groups 
and between the HLAP and HC groups. c-e Volcano plots of ABP vs. HC, HLAP vs. HC, and HLAP vs. HC. Differentially abundant lipids were filtered 
according to the criteria of VIP > 1 and FDR < 0.05. In addition, thresholds of FC > 1.2 for upregulation and FC < 0.83 for downregulation were applied. 
OPLS-DA, orthogonal partial least squares discriminant analysis; VIP, variable importance in projection; FC, fold change; FDR, false discovery rate



Page 8 of 11Shi et al. Lipids in Health and Disease          (2024) 23:223 

increase in both groups, its fold change was more pro-
nounced in the deterioration group than in the improve-
ment group (Fig.  6a). Specifically, PC (18:0/20:3), TAG 
(48:3/FA18:1), TAG (48:4/FA18:2), and PE (P-18:0/16:0) 
tended to differ between the improvement and deterio-
ration groups (Fig. 6b). The expression of PC (18:0/20:3) 
gradually decreased in the improvement group but 
showed the opposite trend in the deterioration group 
(Fig. 6b). PE (P-18:0/16:0), TAG (48:3/FA18:1), and TAG 
(48:4/FA18:2) all tended to decrease in the deterioration 
group (Fig.  6b). Notably, TAG (48:3/FA18:1) and TAG 
(48:4/FA18:2) not only displayed distinct trends during 
different disease stages but also exhibited a significant 
correlation with plasma TAG levels (Fig.  4a). Therefore, 
PE (P-18:0/16:0), TAG (48:3/FA18:1), and TAG (48:4/
FA18:2) could be potential biomarkers for evaluating dis-
ease progression.

Discussion
According to previous studies and the clinical data in 
this study, TAG was elevated in AP patients, includ-
ing ABP and HLAP patients [16]. Therefore, this study 
focused on the metabolic abnormalities of glycerolipids 
and phospholipids involved in the TAG cycle, which have 
not yet been reported. Using targeted LC‒MS analysis, 

plasma lipid metabolites in acute pancreatitis patients 
and healthy individuals were quantified. Distinct lipid 
patterns were observed in patients with ABP and HLAP, 
and their alterations during hospitalization were fully 
discussed. This study represents the first comprehensive 
exploration of metabolic abnormalities in glycerolipids 
and phospholipids in patients with ABP and HLAP, offer-
ing novel insights and directions for clinical diagnosis 
and prognosis of AP.

Currently, diagnosing AP relies mainly on clinical indi-
cators, with new discoveries emerging in recent years 
[22]. High TAG levels were identified as a contributing 
factor to the onset of AP [23]. However, the specific types 
of TAGs that have a significant impact on this disease 
remain unclear. A recent result from an animal experi-
ment on SAP patients revealed that TAGs with 46–51 
carbon atoms were significantly downregulated in plasma 
at 24  h [24]. However, this study revealed a significant 
positive correlation between TAGs with 44–50 carbon 
atoms and plasma TAG levels. This correlation may be 
due to species differences. Furthermore, the TAG level 
was identified as a predictor of deterioration in AP [16, 
17], and different changes in TAG (48:3/FA18:1) and 
TAG (48:4/FA18:2) were observed between the improve-
ment and deterioration subgroups of the HLAP group. 

Fig. 4  Clinical characteristics analysis and evaluation of the diagnostic performance of differentially abundant lipids in AP patients. a Spearman 
correlation analysis between clinical characteristics and lipids. b, c The top five lipids with good diagnostic performance in the ABP and HLAP 
groups in the test set, as well as their corresponding diagnostic performance in the validation set. The AUC values were obtained for comparisons 
of ABP patients vs. HCs and HLAP patients vs. HCs. d, e ROC curves for the test and validation sets of PE (O-16:0/20:4) and PE (18:0/22:6) in ABP 
patients vs. HCs and HLAP patients vs. HCs, respectively. WBC, white blood cell; AMS, serum amylase
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On the other hand, TAG metabolism has been shown to 
regulate inflammatory responses [25], and a strong cor-
relation between TAG and the inflammatory mediator 
WBC count was discovered in ABP patients.

Phospholipids are essential for the formation of cellular 
membranes, the regulation of inflammatory responses, 
and diverse physiological functions, and abnormalities in 
their metabolism are often associated with disease [26–
28]. A negative correlation between phospholipids and 
disease-related markers was observed. The lipids with 
excellent diagnostic performance in distinguishing AP 
patients from HCs were predominantly phospholipids. A 
marked decrease in plasma phospholipids was reported 
among AP patients [13]. PG and PI were upregulated in 
AP patients. PG, which functions as a protective factor, 
has anti-inflammatory properties [29]. The integral role 
of PI cycling in cellular biology is underscored, with intri-
cate connections with the onset and progression of AP 
[30]. Phospholipids were the main differentially abun-
dant lipids in the comparison of different hospitalization 
time points in ABP patients. Notably, most of these lipids 
were PEs, fundamental components of biological mem-
branes. They also regulate acinar cell autophagy and mac-
rophage function, thus contributing to the pathogenesis 

of AP [31]. For the HLAP group, PE (P-18:0/16:0) showed 
opposite trends in the improvement and deterioration 
groups. PE is a potential diagnostic biomarker in AP 
patients.

Study strengths and limitations
The main advantages of this research can be summa-
rized as follows. First, this study is the first to describe 
the molecular features of phospholipids and glycerolipids 
in ABP and HLAP patients, and their relationships with 
clinical characteristics are fully discussed. Second, differ-
entially abundant phospholipids and glycerolipids were 
discovered that can distinguish ABP and HLAP patients 
from HCs and showed great diagnostic ability. Thirdly, 
dynamic changes in important lipids were detected, sug-
gesting their potential as biomarkers for monitoring the 
progression of ABP and HLAP. However, this study is not 
immune to certain methodological constraints. First, the 
sample size, particularly within the HLAP group, was rel-
atively modest, potentially engendering statistical biases. 
Second, due to the differences in population characteris-
tics between East China and West China, the incidence 
of acute pancreatitis also varied. Therefore, this study is 
not representative of the general population with acute 

Fig. 5  Dynamic changes in glycerolipid and phospholipid contents during hospitalization in ABP patients. a Time series analysis of glycerolipids 
and phospholipids. b Cluster attribution of lipids. Values highlighted in red and marked with “*” represent statistically significant differences 
in changes within the ABP group at D1, D3, and D7. c Evaluation of eight differentially abundant lipids during hospitalization. D1, 1st day 
of hospitalization; D3, 3rd day of hospitalization; D7, 7th day of hospitalization; *, P < 0.001
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pancreatitis. Therefore, future investigations should be 
predicated on multicentre collaborations with substantial 
clinical cohorts.

Conclusion
This study revealed metabolic abnormalities in plasma 
glycerolipids and phospholipids in AP patients, which 
has significant clinical relevance. On the one hand, lipids 
such as PE (O-16:0/20:4) and PE (18:0/22:6) emerged as 
potential biomarkers for distinguishing ABP and HLAP 
patients, respectively, from HCs. Potential biomarkers 
could help clinicians accurately identify acute pancreati-
tis, allowing timely interventions and treatments to effec-
tively alleviate patient symptoms. On the other hand, 
dynamic changes in PE (P-18:1/20:4), PG (16:0/20:4), 
PE (O-16:0/20:4), PG (16:0/18:2), PE (P-18:1/20:3), PE 
(P-16:0/20:2), TAG (56:6/FA18:0) and PE (P-18:2/18:2) 
may assist in predicting ABP improvement, whereas vari-
ations in the levels of PC (18:2/20:3), PE (P-18:0/16:0), 
TAG (48:3/FA18:1) and TAG (48:4/FA18:2) may serve 
as predictors of HLAP progression. These potential bio-
markers could contribute to personalized treatment 
strategies to avoid severe complications and improve 

the outcomes of AP patients. In summary, these findings 
reveal potential biomarkers for diagnosing and prognos-
ing AP, which will improve clinical decision-making in 
managing acute pancreatitis and personalize patient care.

Abbreviations
OPLS-DA	� Orthogonal partial least squares discriminant analysis
HC	� Health control
LC-MS	� Liquid chromatography-mass spectrometry
HLAP	� Hyperlipidemic acute pancreatitis
AP	� Acute pancreatitis
ABP	� Acute biliary pancreatitis
VIP	� Variable importance in projection
PI	� Phosphatidylinositol
PG	� Phosphatidylglycerol
TAG​	� Triacylglycerol
FC	� Fold change
DAG	� Diacylglycerol
PC	� Phosphatidylcholine
AMS	� Amylase
QC	� Quality control
AUC​	� Area under the curve
BMI	� Body mass index
PE	� Phosphatidylethanolamine
PA	� Phosphatidic acid
FDR	� False discovery rate
ROC	� Receiver operating characteristic
SAP	� Severe acute pancreatitis
FDR	� False discovery rate

Fig. 6  Dynamic changes in glycerolipid and phospholipid contents during hospitalization in HLAP patients. a Comparison of the relative 
abundances of glycerolipids and phospholipids at different time points during hospitalization between the improvement and deterioration groups. 
b Four lipids with opposite trends in the improvement and deterioration groups. *, P < 0.05



Page 11 of 11Shi et al. Lipids in Health and Disease          (2024) 23:223 	

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12944-​024-​02217-7.

Supplementary Material 1.

Supplementary Material 2.

Acknowledgements
We appreciate the support from the Second Affiliated Hospital of Fujian Medi-
cal University.

Authors’ contributions
C. S. performed data analysis and contributed to the manuscript draft. S. L. 
devised and conducted experiments. M. Z collected clinical information of 
enrolled patients. D. X collected the clinical blood samples. F. Y. contributed to 
the lipid detection. J. C. and W. W. revised and supervised the manuscript. W.W, 
besides, assess the patient’s medical condition.

Funding
This study was supported by grants from the National Natural Science 
Foundation of China (82200043), Natural Science Foundation of Fujian 
Province (2022J01772), High-Level Talent Innovation and Entrepreneurship of 
Quanzhou (2023C009YR and 2021C048R), Quanzhou Science and Technology 
Project (the Malignant Tumor Clinical Medicine Research Center, Quanzhou 
City, Fujian Province, China, No. 2020N090s), The Sailing Fund Project of Fujian 
Medical University (2022QH1110), Quanzhou Science and Technology Plan 
Project (2023C017YR).

Availability of data and materials
 No datasets were generated or analysed during the current study.

Declarations

Competing interests
The authors declare no competing interests.

Author details
1 Department of Hepatobiliary and Pancreatic Surgery, the Second Affili-
ated Hospital of Fujian Medical University, Quanzhou 362000, Fujian, China. 
2 Department of Hepatobiliary Surgery, the Second Affiliated Hospital 
of Xiamen Medical College, Xiamen 36100, Fujian, China. 3 Clinical Center 
for Molecular Diagnosis and Therapy, the Second Affiliated Hospital of Fujian 
Medical University, Quanzhou 362000, Fujian, China. 

Received: 26 April 2024   Accepted: 15 July 2024

References
	1.	 Iannuzzi JP, King JA, Leong JH, et al. Global incidence of Acute Pancreatitis is 

increasing over time: a systematic review and Meta-analysis. Gastroenterol-
ogy. 2022;162(1):122–34.

	2.	 Schepers NJ, Bakker OJ, Besselink MG, et al. Impact of characteristics of 
organ failure and infected necrosis on mortality in necrotising pancreatitis. 
Gut. 2019;68(6):1044–51.

	3.	 Garg SK, Sarvepalli S, Campbell JP, et al. Incidence, Admission Rates, and 
predictors, and Economic Burden of adult emergency visits for Acute 
Pancreatitis: Data from the National Emergency Department Sample, 2006 
to 2012. J Clin Gastroenterol. 2019;53(3):220–5.

	4.	 Mayumi T, Okamoto K, Takada T, et al. Tokyo guidelines 2018: management 
bundles for acute cholangitis and cholecystitis. J Hepatobiliary Pancreat Sci. 
2018;25(1):96–100.

	5.	 Schepers NJ, Bakker OJ, Besselink MG, et al. Early biliary decompression versus 
conservative treatment in acute biliary pancreatitis (APEC trial): study protocol 
for a randomized controlled trial. Trials. 2016;17:5. Published 2016 Jan 5.

	6.	 Tenner S, Baillie J, DeWitt J, Vege SS. American College of Gastroenterology. 
American College of Gastroenterology guideline: management of acute 
pancreatitis. Am J Gastroenterol. 2013;108(9):1400–16.

	7.	 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(1):102–11.

	8.	 Acosta JM, Ledesma CL. Gallstone migration as a cause of acute pancreatitis. 
N Engl J Med. 1974;290(9):484–7.

	9.	 Crockett SD, Wani S, Gardner TB, Falck-Ytter Y, Barkun AN, American Gastro-
enterological Association Institute Clinical Guidelines Committee. American 
Gastroenterological Association Institute Guideline on Initial Management 
of Acute Pancreatitis. Gastroenterology. 2018;154(4):1096–101.

	10.	 Al-Bahrani AZ, Ammori BJ. Clinical laboratory assessment of acute pancreati-
tis. Clin Chim Acta. 2005;362(1–2):26–48.

	11.	 Vila IK, Chamma H, Steer A, et al. STING orchestrates the crosstalk between 
polyunsaturated fatty acid metabolism and inflammatory responses. Cell 
Metab. 2022;34(1):125–e1398.

	12.	 Saito RF, Andrade LNS, Bustos SO, Chammas R. Phosphatidylcholine-derived 
lipid mediators: the Crosstalk between Cancer cells and Immune cells. Front 
Immunol. 2022;13:768606.

	13.	 Xiao H, Huang JH, Zhang XW, et al. Identification of potential diagnostic 
biomarkers of acute pancreatitis by serum metabolomic profiles. Pancrea-
tology. 2017;17(4):543–9.

	14.	 Murphy MJ, Sheng X, MacDonald TM, Wei L. Hypertriglyceridemia and acute 
pancreatitis. JAMA Intern Med. 2013;173(2):162–4.

	15.	 Hidalgo NJ, Pando E, Alberti P, et al. Elevated serum triglyceride levels in 
Acute Pancreatitis: a parameter to be measured and considered early. World 
J Surg. 2022;46(7):1758–67.

	16.	 Tariq H, Gaduputi V, Peralta R, et al. Serum triglyceride level: a predictor of 
complications and outcomes in Acute Pancreatitis? Can J Gastroenterol 
Hepatol. 2016;2016:8198047.

	17.	 Khan J, Nordback I, Sand J. Serum lipid levels are associated with the severity 
of acute pancreatitis. Digestion. 2013;87(4):223–8.

	18.	 Working Group IAP/APA Acute Pancreatitis Guidelines. IAP/APA evidence-
based guidelines for the management of acute pancreatitis. Pancreatology. 
2013;13(4 Suppl 2):e1–15.

	19.	 Tsuang W, Navaneethan U, Ruiz L, Palascak JB, Gelrud A. Hypertriglyceri-
demic pancreatitis: presentation and management. Am J Gastroenterol. 
2009;104(4):984–91.

	20.	 Hu C, Chen L, Fan Y, et al. The Landscape of lipid metabolism in Lung Can-
cer: the role of structural profiling. J Clin Med. 2023;12(5):1736.

	21.	 Shi L, Dai X, Yan F, et al. Novel lipidomes profile and clinical phenotype 
identified in pneumoconiosis patients. J Health Popul Nutr. 2023;42(1):55.

	22.	 Strum WB, Boland CR. Advances in acute and chronic pancreatitis. World J 
Gastroenterol. 2023;29(7):1194–201.

	23.	 Kiss L, Fűr G, Pisipati S, et al. Mechanisms linking hypertriglyceridemia to 
acute pancreatitis. Acta Physiol (Oxf ). 2023;237(3):e13916.

	24.	 Yang J, Wang M, Qiu Q, et al. Time-Course Lipidomics of Ornithine-Induced 
severe Acute Pancreatitis Model reveals the free fatty acids centered lipids 
dysregulation characteristics. Metabolites. 2023;13(9):993.

	25.	 van Dierendonck XAMH, Vrieling F, Smeehuijzen L, et al. Triglyceride 
breakdown from lipid droplets regulates the inflammatory response in mac-
rophages. Proc Natl Acad Sci U S A. 2022;119(12):e2114739119.

	26.	 Agarwal AK, Garg A. Phospholipid biosynthetic pathways and lipodystro-
phies: a novel syndrome due to PLAAT3 deficiency. Nat Rev Endocrinol. 
2024;20(3):128–9.

	27.	 Hu J, Zhou M, Li M, et al. Synthesis, odor characteristics and thermal behav-
iors of pyrrole esters[J]. J Saudi Chem Soc. 2023;27(2):101600.

	28.	 Joshi A, Richard TH, Gohil VM. Mitochondrial phospholipid metabolism in 
health and disease. J Cell Sci. 2023;136(17):jcs260857.

	29.	 Chen WW, Chao YJ, Chang WH, Chan JF, Hsu YH. Phosphatidylglycerol 
incorporates into Cardiolipin to improve mitochondrial activity and inhibits 
inflammation. Sci Rep. 2018;8(1):4919.

	30.	 Epand RM. Features of the Phosphatidylinositol cycle and its role in Signal 
Transduction. J Membr Biol. 2017;250(4):353–66.

	31.	 Rockenfeller P, Koska M, Pietrocola F, et al. Phosphatidylethanola-
mine positively regulates autophagy and longevity. Cell Death Differ. 
2015;22(3):499–508.

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

https://doi.org/10.1186/s12944-024-02217-7
https://doi.org/10.1186/s12944-024-02217-7

	Phospholipid and glycerolipid metabolism as potential diagnostic biomarkers for acute pancreatitis
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Study cohort
	Sample collection
	Lipid extraction
	LC‒MS analysis
	Statistical analysis

	Results
	Study schematic
	Distribution of glycerolipids and phospholipids in the three groups
	Differentially abundant glycerolipids and phospholipids in the three groups
	Analysis of the clinical characteristics of the three groups
	Changes in glycerolipid and phospholipid contents during hospitalization in ABP patients
	Changes in glycerolipid and phospholipid contents in HLAP patients during hospitalization

	Discussion
	Study strengths and limitations

	Conclusion
	Acknowledgements
	References


