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Purpose: Previous studies indicated that the serum triglyceride level in patients with acute 
pancreatitis positively correlated with the severity of the disease among the general population. 
Despite the physiological hypertriglyceridemia in pregnant women, there are no reports on the 
relationship between serum triglyceride level and the severity of acute pancreatitis in pregnant 
(APIP) women. This study explores the relationship between serum triglyceride levels and the 
severity of APIP.
Patients and Methods: Clinical information of APIP patients admitted to the Shengjing 
Affiliated Hospital of China Medical University was gathered from January 2012 to 
December 2020 to conduct retrospective research. The participating patients were divided 
into mild, moderately severe, and severe acute pancreatitis. The clinical outcomes of patients 
with different serum triglyceride levels (0–2.3 mmol/L, 2.23–5.65 mmol/L, 5.65–11.2 mmol/ 
l, ≥11.2 mmol/L) were analyzed by performing ordinal logistic regression analysis. Receiver 
operating curve analysis was used to calculate the threshold value of serum triglyceride 
concentration that can effectively predict the occurrence of severe acute pancreatitis (SAP).
Results: Hypertriglyceridemic acute pancreatitis (HTG-AP) occurred in 47% of APIP patients 
within the group, with a high prevalence among the Han population. In the present study, the serum 
triglyceride concentration correlated positively with the severity of APIP (r=0.403, P < 0.05). The 
adjusted logistic model demonstrated that relative to nominal triglyceride levels, the OR value of 
SAP were 1.036 (95% CI: 0.401–2.677), 3.429 (95% CI: 1.269–9265), 8.329 (95% CI: 3.713– 
18.682) with triglyceride at the level of 2.23–5.65 mmol/L, 5.65–11.2 mmol/l and ≥11.2 mmol/L. 
In APIP patients, a triglyceride concentration of 10.7mmol/L or more upon admission was 
a predictive value for the occurrence of SAP, with a sensitivity of 0.72 and a specificity of 0.65, 
AUC: 0.708 (95% CI: 0.620–0.796).
Conclusion: As the serum triglyceride level upon admission increased, the frequency of 
local and systemic complications increased significantly.
Keywords: gestation, hypertriglyceridemia, acute pancreatitis, organ failure

Introduction
Acute pancreatitis (AP) is a common acute abdominal condition. The incidence of AP is 
about 13–45/100,000 among the general population.1,2 In most patients, the course is self- 
limiting, 20~30% of patients face a perilous clinical experience, and the overall mortality 
rate is 5~10%.1,3 The incidence of acute pancreatitis in pregnancy (APIP) is higher than 
the prevalence among the general population, which is about 1/1000–1/12,000.3,4 

Different studies report different statistics regarding the incidence of HTG-AP in pregnant 
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women, accounting for around 4–32.2% and higher than that in 
the general population.7–10

Studies involving the general population report that the 
clinical outcome of HTG-AP was worse than that of the 
AP with other causes, and the probability of organ failure 
was also higher.5–7 Up to date, no study shows a threshold 
concentration of serum triglycerides (TG) that triggers 
AP.8 Clinical practitioners believed that the higher the 
serum TG concentration, the higher the risk of AP.9,10 

Studies found that the incidence of AP was in the range 
of 15–20% when the TG concentration was higher than 
1000 mg/dL (11.2 mmol/L).11,12

During pregnancies, the enlarged uterus changes the 
anatomical position of abdominal organs, and it is com-
mon for contractions induced by inflammation and exuda-
tion to mask the symptoms of pancreatitis. It is often 
challenging to diagnose APIP early because of the atypical 
location and nature of abdominal pain. APIP is a condition 
that progresses rapidly, and the maternal and child mortal-
ity rate is remarkably high.13

Prolactin and Chorionic gonadotropin are specific hor-
mones that have insulin resistance effects in pregnancy. 
Therefore, they can interfere with lipid hydrolysis, leading 
to a rise in TG concentration. Compared to pre-pregnancy, 
the TG concentration is around 2–3 times higher in late 
pregnancy.14 There are few reports on the relationship 
between serum triglyceride level and the severity of APIP. 
Our study collected the clinical data of APIP patients hospi-
talized in the Shengjing Affiliated Hospital of China 
Medical University from January 1, 2012, to December 31, 
2020. The study explores the probability of evaluating the 
clinical characteristics and prognosis of APIP patients based 
on serum TG concentration within 24 hours of admission.

Patients and Methods
Patients Selection
This study gained access to search the electronic medical 
records of Shengjing Affiliated Hospital of China Medical 
University by logging into its HIS system. The keywords 
“acute pancreatitis” and “pregnancy” helped to search and 
collect 253 cases of APIP patients onset within 72 hours 
from January 1, 2012, to December 31, 2020.

In total, 53 cases were excluded, including 45 cases of 
pancreatic cancer, endoscopic retrograde cholangiopan-
creatography, or traumatic pancreatitis, history of pancrea-
tic surgery, chronic nephritis, cirrhosis, and hepatitis, 6 
cases were twins, and 2 cases were lost in follow-up. 

A total of 200 cases were identified to have both complete 
data and meeting the diagnostic criteria for APIP were 
enrolled (Figure 1).

Data Collection
This study collected the clinical data of selected patients from 
the electronic medical record database of the Shengjing 
Affiliated Hospital of China Medical University. The study 
participants gave consent to have their data published. The 
data includes the age of onset, gestational age, gestation 
times, parity, demographic characteristics, clinical presenta-
tion, causes of pancreatitis (biliary, hypertriglyceridemia, and 
idiopathic), serum amylase and lipase levels at admission, the 
first blood lipid series result within 24 hours of admission 
[TG, total cholesterol (TC), apolipoprotein-A (Apo-A), apo-
lipoprotein-B (Apo-B), etc.], imaging examinations [includ-
ing ultrasound, computed tomography (CT) and magnetic 
resonance imaging (MRI)] during the hospitalization period, 
hospital costs, days receiving intensive care unit (ICU) treat-
ment and maternal as well as the outcomes of children.

Relevant Definitions
The APIP diagnosis was based on revised Atlanta criteria. 
Patients who satisfy ≥2 of the following criteria were 
diagnosed with APIP: ① abdominal pain characteristic 
of AP; ② serum amylase or lipase higher than thrice the 
upper normal limit; ③ cross-sectional abdominal imaging 
findings are consistent with acute pancreatitis.15

The severity of APIP was classified according to the 
2012 revision of the Atlanta criteria. Mild acute pancrea-
titis (MAP) is referred to as pancreatitis without organ 
dysfunction or generalized complications; AP patients 
were diagnosed as moderately severe acute pancreatitis 
(MSAP) if they had at least one of the following features: 
TOF (OF <48 h), deterioration of previous comorbid dis-
ease or local complications, including acute peri- 
pancreatic fluid collections, pseudocysts, acute necrotic 
collections, and walled-off necrosis; patients were diag-
nosed with SAP if they experienced POF (OF ≥48 h).15

OF was defined according to the modified Marshall 
scoring: circulatory failure, systolic blood pressure <90 
mmHg with no fluid response; respiratory failure, PaO2 

/FiO2 ≤300; renal failure, and blood serum creatinine 
(SCr) ≥170/L.16 Persistent organ failure (POF) is defined 
when OF occurs for more than 48 hours.15

Biliary pancreatitis: alanine aminotransferase (ALT) >150 
U/L within 48 h of admission and biliary lesions on abdom-
inal ultrasonography or magnetic resonance 
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cholangiopancreatography.13 Hypertriglyceridemic pancreati-
tis (HTGP): serum triglycerides (TG) ≥11.3 mmol/L or 
between 5.65 and 11.3 mmol/L with lipid turbidity after 
excluding biliary, alcohol, or medication factors.17 Idiopathic 
pancreatitis was defined as a form of a disease with a similar 
presentation to SAPIP based on a radiological diagnosis after 
excluding biliary, alcohol, hypertriglyceridemia (HTG), med-
ication, trauma, autoimmune, and surgical factors.17

Satisfying all the following criteria confirms Diabetic 
Ketoacidosis (DKA): (1) blood glucose >13.9 mmol/L, 
arterial blood pH <7.25; (2) serum HCO3 ≤18mmol /L; 
(3) presence of urine ketones; (4) anion gap ≥10mmol/L.18

Statistics
SPSS 26.0 software was used to perform statistical processing 
and graph analysis of the data, and adopt a retrospective case- 
control study. The sample size was >100. Moreover, the data 
distribution was assessed using the Kolmogorov–Smirnov test 

for normality. Normally distributed data are expressed as 
mean ± standard deviation (ie, mean ±SD), and non- 
normally distributed data are expressed as median (interquar-
tile range). Non-parametric tests were used for comparative 
studies between groups. Count data adopt a Chi-square test of 
the linear association of ordering grouped data. Kendall’s tau- 
b correlation analysis was used to calculate the correlation 
between two variables. Moreover, the association between 
TG levels and SAP probability was investigated using uncon-
ditional multivariable logistic regression models and the mod-
els adjusted for age, TC, APO-A, and parity, to evaluate the 
potentially confounding effects among risk factor variables. In 
addition, Multivariable-adjusted odds ratios (ORs) and their 
95% confidence intervals (CIs) were calculated. Locally 
weighted scatter plot smoothing (Lowess) fitting curve 
describes the association of continuous variables. Receiver 
operating characteristic (ROC) curve analyses were carried to 
calculate the threshold values, the area under the curve 

Figure 1 The selection process for patients in a flow chart.
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(AUC), and 95% CIs. The sensitivity and specificity of pre-
dictive parameters were estimated using ROC curves, where 
P<0.05 indicated statistical significance.

Results
General Features of APIP Patients
This study involved 200 patients with APIP ranging from 17 
to 42 years in age, with an average age of 29. Among them, 
192 were of Han nationality (94%), 124 were primiparas 
(62%), and 76 were multiparas (38%). Moreover, 12 cases 
were in the first trimester (6%), 34 cases were in the second 
trimester (17%), and 154 cases were in the third trimester 
(77%). In addition, 24 cases had diabetes (12%), and 66 
cases had a combination of hypertension in pregnancy 
(33%). According to the etiology, 40 cases (20%) were 
biliary, 94 cases (47%) were hypertriglyceridemic, and 66 
cases (33%) were idiopathic. Depending on the severity of 
the disease, 92 cases were MAP (46%), 65 cases were 
MSAP (32.5%), and 43 cases were SAP (21.5%). Also, 7 
cases of perinatal maternal deaths (3.5%) were recorded 
during hospitalization, all of whom had HTG as the etiology. 
Table 1 shows the details of the fatalities.

Twenty patients were discharged to continue the preg-
nancy after the symptoms subsided upon obtaining hospi-
talization treatment (10%). One hundred and eighty 
patients terminated their pregnancy during this hospitaliza-
tion (90%). By the time of discharge, 55 perinatal deaths 
occurred (27.5%). Among which 4 cases (7.5%) were due 
to biliary, 37 cases (67.5%) were HTP-AP, and 14 cases 
(25.4%) were idiopathic.

The levels of amylase and lipase on the admission of 
different etiologies APIP patients varied a lot. The HTG-AP 
group has a significantly lower amylase and lipase level than 
those in pregnant women with biliary and idiopathic pancrea-
titis (P = 0.079) (P = 0.026), respectively (Figures 2 and 3).

Comparison of General Conditions of 
APIP Patients of Different Severity
In the present study, the 200 recruited APIP patients 
were divided into three groups according to the severity 
of the disease, namely MAP, MSAP, and SAP. The 
comparative analysis included the general conditions of 
the three groups of patients at the time of admission. 
There were no significant differences in BMI, the onset 
of pregnancy, and gravidity. The age of onset and parity 
of patients in the SAP group and MSAP group were 
significantly higher compared to the MAP group, and 
the difference was statistically significant (P<0.05). The 
rate of MSAP or SAP group combined with gestational 
diabetes or hypertension in pregnancy was higher than 
that of MAP group. However, there was no significant 
difference (P=0.061, P=0.081). The etiology composi-
tion of the three groups was also significantly different. 
HTG-AP accounted for 64.6% and 74.4% of MSAP and 
SAP patients, respectively, which was significantly 
higher than 21.7% in the MAP group (P<0.05) 
(Table 2).

Comparison of Blood Lipid Test results of 
Patients with Different Severity of APIP 
Within 24 Hours After Admission
A comparative study analyzed the blood lipid test results 
of patients with different severity levels were compared. 
Evidently, the TG concentrations on the admission of 
SAP and MSAP groups were 17.8 (4.30–40.17) mmol/L 
and 24.98 (6.49–45.00) mmol/L, respectively, these 
results are much higher than MAP Group with 3.08 
(1.82–7.97) mmol/L (P<0.05). Moreover, significant dif-
ferences existed in concentrations of the admission serum 
TC and APO-A with different severity of APIP patients 
(P<0.05) (Table 3).

Table 1 Situation Analysis of Maternal Deaths

Gestational Age, Weeks 
(n=81)

Etiology of 
AP

Cause of Maternal 
Death

TG Level at Admission, 
mmol/L

Fetal Outcomes

Case 1 34 HTG MOF 46 Fetal death in the uterus

Case 2 23 HTG MOF 10.54 Abortion

Case 3 25 HTG Encephalopathy 36.35 Abortion
Case 4 33 HTG Cardiac sudden death 35.22 Fetal death in the uterus

Case 5 34 HTG MOF 41.3 Fetal death in the uterus

Case 6 32 HTG Cardiac sudden death 88.4 Premature birth
Case 7 30 HTG Hemorrhagic shock 45.86 Fetal death in the uterus

Abbreviations: HTG, hypertriglyceridemia; MOF, multiple organ failure; TG, triglycerides.
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Figure 2 Comparison of serum amylase levels under different etiological factors. P=0.079.

Figure 3 Comparison of serum lipase levels distribution under different etiological factors. P=0.026.
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Analysis of the Relationship Between the 
General Condition of APIP Patients, The 
Results of 24-Hour Blood Lipid Test and 
the Severity of APIP Disease
Tables 1 and 2 show that there were significant differences 
among the three groups in age of onset, parity, etiology, 

and 24-hour serum TG, TC, APO-A concentrations. The 
correlation analysis of Kendall’s tau-b was used to analyze 
the relationship between the above five indexes and the 
severity of APIP. These results showed that there was 
a significant positive correlation between serum TG, TC 
concentration and the severity of pancreatitis, and 

Table 2 Comparison of General Conditions in Acute Pancreatitis Patients with Different Severity of Pregnancy

MAP (n=92) MSAP (n=65) SAP (n=43) P

Age, years, mean±SD 27.52±4.75 29.89±5.24 30.65±5.10 0.001#

Trimester of pregnancy, n (%)

First (before 14 weeks) 10 (10.9%) 1 (1.5%) 1 (2.3%) 0.132
Second (14–27+6 weeks) 14 (15.2%) 11 (16.9%) 9 (20.5%)

Third (after 28 weeks) 68 (73.9%) 53 (81.5%) 33 (76.7%)

*Gravidity 2 (1–3) 2 (1–3) 2 (1–3) 0.384

Parity

0 65 (75.3%) 31 (47.7%) 26 (60.5%) 0.008#

1 21 (23.6%) 30 (46.2%) 16 (37.2%)

2 times or more 1 (1.1%) 4 (6.2%) 1 (2.3%)

*BMI 27.22 (23.88–28.93) 27.61 (24.73–31.25) 27.39 (23.66–31.25) 0.417

Diabetes, n (%)
Diabetes in pregnancy 2 (2.2%) 2 (3.1%) 1 (2.3%) 0.061
Gestational diabetes 22 (23.9%) 22 (33.8%) 17 (39.5%)

Hypertensive disorders, n (%)

Gestational hypertension 4 (4.3%) 8 (12.3%) 5 (11.6%) 0.081
Preeclampsia 3 (3.3%) 5 (7.7%) 4 (9.3%)

Eclampsia 1 (1.1%) 2 (3.1%) 0 (0.0%)

Etiology, n (%)

Biliary 29 (31.5%) 9 (13.8%) 2 (4.7%) <0.05#

HTG 20 (21.7%) 42 (64.6%) 32 (74.4%)
Idiopathic 43 (46.7%) 14 (21.5%) 9 (20.9%)

Notes: *Indicates that data were not normally distributed and were expressed as median (interquartile range), M(Q); #Indicates P<0.05, indicating that the difference was 
statistically significant. 
Abbreviations: BMI, body mass index; HTG, hypertriglyceridemia; MAP, mild acute pancreatitis; MSAP, moderately severe acute pancreatitis; SAP, severe acute pancreatitis.

Table 3 Comparison of Blood Lipids Levels Within 24 Hours After Admission in APIP Patients with Different Severity

MAP (n=92) MSAP (n=65) SAP (n=43) P

*TG, mmol/L 3.08 (1.82–7.97) 17.8 (4.30–40.17) 24.98 (6.49–45.00) <0.05#

*TC, mmol/L 5.30 (4.24–7.03) 11.62 (5.51–18.17) 15.62 (6.01–20.69) <0.05#

*HDL, mmol/L 1.34 (0.97–1.66) 1.37 (1.02–1.77) 1.24 (0.79–1.68) 0.682
*LDL, mmol/L 2.43 (1.73–3.37) 2.29 (1.55–4.02) 1.79 (1.14–3.38) 0.234

APO-A, g/L,mean±SD 1.61±0.58 1.35±0.54 1.12±0.62 <0.05#

APO-B, g/L,mean±SD 1.09±0.39 1.03±0.57 0.88±0.62 0.062

Notes: *Indicates that data were not normally distributed and are expressed as median (interquartile range), M(Q); #Indicates P<0.05, indicating that the difference was 
statistically significant. 
Abbreviations: APO, apolipoprotein; HDL, high density lipoprotein; LDL, low density lipoprotein; MAP, mild acute pancreatitis; MSAP, moderately severe acute 
pancreatitis; SAP, severe acute pancreatitis; TC, total cholesterol; TG, triglycerides.
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a significant negative correlation between APO-A concen-
tration and the severity of pancreatitis (P<0.05) (Table 4).

Comparison of Clinical Characteristics of 
Different Triglyceride Levels with Acute 
Severe Pancreatitis
This study graded concentrations of serum TG at 24 hours 
of admission to further explore the relationship between 
TG levels and APIP severity. Specifically, the comparative 
analysis included the clinical characteristics of APIP 
patients with different TG levels.

Due to the current lack of grading standards for serum TG 
levels in pregnant females, this study referred to the “NCEP 
ATP III”,19 which defines TG concentrations at 1.7–2.3mmol/ 
L as marginal increase, 2.3mmol/L–5.65mmol/L as an 
increase, TG≥5.65mmol/L as a severe increase. In accordance 
with the “The Endocrine Society 2010”, TG at 1.7–2.3mmol/L 
is defined as mildly high HTG, 2.3mmol/L- 5.65mmol/L as 
moderate HTG, and TG≥11.2mmol/L as severe HTG. 
Considering the physiological 2–3 times increase of blood 
lipids during pregnancy,4 the marginally elevated TG level 
and the normal TG level were classified into one grade. 
Resultantly, the serum TG concentrations were divided into 
four levels: 0–2.3mmol/L, 2.3–5.65mmol/L, 5.65–11.2mmol/ 
L, and ≥11.2mmol/L. As indicated in Table 5, with increasing 
of the serum TG level, the indicators reflecting the severity of 
the disease increase significantly. These indicators contain the 
mortality rate during hospitalization, perinatal mortality, 
respiratory and circulatory system failure, persistent organ 
failure, pleural effusion, ascites, pelvic effusion, systemic 
inflammatory response syndrome (SIRS), and DKA.

Relationship Between TG Level and APIP 
Severity Under Ordered Logistic 
Regression Analysis
In order to verify the association between different TG 
levels and the severity of disease in APIP patients, the 
present study classified the serum TG levels according 
to the four levels stated above and proceeded and 
performed an ordered logistic regression analysis.

Table 6 indicates the results from the univariate and 
multivariate ordinal logistic regression analysis. TG 
level was considered to be the only covariant. Patients 
who had a TG level of 0–2.3 mmol/L were set as the 
control group. According to the unadjusted single factor 
logistic regression model, the OR of the TG group with 
2.3–5.65mmol/L is 1.112 (95% CI=0.449–2.753, 
P=0.819), the OR of the TG group with 5.65– 
11.2mmol/L is 3.631 (95% CI=1.379–9.561, P=0.009), 
and the OR of the TG group with ≥11.2mmol/L is 9.365 
(95% CI=4.196–20.904, P<0.05).

Upon adjusting the effects of age, parity, TC and 
APO-A, the multivariate ordinal logistic regression ana-
lysis showed that the OR values of SAP at different TG 
levels were 1.036 (95% CI = 0.401–2.677, P = 0.941) at 
the 2.3–5.65 mmol/L level, 3.429 (95% CI = 1.269– 
9265, P = 0.015) at the 5.65–11.2 mmol/L level, and 
8.329 (95% CI = 3.713–18.682, P< 0.05) at the ≥11.2 
mmol/L level, respectively. Despite the reduction in the 
association of TG classification with SAP justification 
and sequential adjustments, TG showed a significant and 
clear gradient from the lowest to the highest level 
(Table 6).

The Relationship Between Different 
Triglyceride Levels and the Severity of 
Acute Pancreatitis During Pregnancy
The adjusted multivariate ordinal logistic regression 
analysis model is used to gain the predicted probability 
of SAP. Figure 4 shows a scatter plot of serum the TG 
and SAP prediction probabilities. Lowess fitting curves 
are used to describe the relationship. A non-linear 
relationship exists between TG level and SAP prob-
ability. APIP patients with serum TG concentrations 
in the range of 6–7 mmol/L at hospital admission 

Table 4 Correlation Coefficients Between the Statistically 
Significant Indicators in Tables 1 and 2 and the Severity of 
Disease in APIP Patients

Age, 
Years

TG, 
mmol/ 

L

TC, 
mmol/ 

L

APO- 
A, g/L

Parity, 
n

P <0.05# <0.05# <0.05# <0.05# 0.011

Correlation 

coefficient, r
0.255 0.489 0.403 −0.322 0.169

Notes: #Indicates P<0.05, indicating that the difference was statistically significant. 
Abbreviations: APO, apolipoprotein; TC, total cholesterol; TG, triglycerides.
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have the lowest probability of SAP. Moreover, the 
probability of developing SAP is less than 0.2 in 
patients with a TG concentration of less than 6mmol/ 
L. Lastly, in patients with a TG concentration higher 
than 7mmol/L, the predicted probability of SAP gradu-
ally increases as the TG concentration increases 
(Figure 4).

ROC Curve Calculation Predicts the 
Critical Value of TG Level Within 24 Hours 
of Admission to the Occurrence of SAP
The ROC curve analysis also included the TG concentra-
tions and SAP occurrence within 24 h of admission. The 
cut-off value of the admission triglyceride concentration 
for predicting the occurrence of SAP is 10.7mmol/L, the 

sensitivity is 0.72, the specificity is 0.65, and the area 
under the curve (AUC) is 0.708, P<0.05, 95% CI: 0.620 
−0.796 (Figure 5 and Table 7).

Discussion
Besides being extremely challenging to diagnose early, 
APIP is a disease that also progresses rapidly. APIP esca-
lates to severe acute pancreatitis, which is detrimental to 
the health of both mothers and fetuses.20–22 Finding the 
etiology and the primary influencing factors of APIP, 
particularly in SAPIP patients is of great significance to 
prevent and treat the disease. The present study conducted 
a retrospective analysis of APIP patients admitted to 
a regional medical center in Northeast China over the 
past eight years.

Table 5 Comparison of Clinical Characteristics of APIP Patients with Different Triglyceride Levels

TG< 
2.3mmol/L

TG≥ 2.3mmol/L and < 
5.65mmol/L

TG ≥ 5.65mmol/L and 
<11.2mmol/L

TG≥ 
11.2mmol/L

P

n 45 46 29 80

*BMI 26.98  
(23.55–30.30)

27.06  
(24.12–28.96)

26.56  
(23.44–29.06)

28.33  
(25.02–30.94)

0.534

*Length of ICU stay, days 0 (0–3) 2 (1–3) 3 (1–6) 4 (3–7) <0.05#

*Total costs, ¥ 27,626  
(16,318–54,105)

27,477  
(14,942–59,305)

54,945  
(26,929–102,829)

77,907  
(49,273–117,044)

<0.05#

Maternal deaths, n (%) 0 (0%) 0 (0%) 1 (3.4%) 6 (7.5%) 0.011#

Fetal loss, n (%) 10 (22.2%) 5 (10.9%) 8 (27.6%) 32 (40.0%) 0.010#

OF, n(%)

Respiratory failure 4 (8.9%) 4 (8.7%) 6 (20.7%) 31 (38.8%) <0.05#

Renal failure 5 (11.1%) 6 (13.6%) 5 (17.2%) 11 (13.8%) 0.667
Circulatory failure 3 (6.7%) 3 (6.7%) 4 (13.8%) 20 (25.0%) 0.001#

POF, n (%) 5 (11.1%) 3 (6.5%) 7 (24.1%) 28 (35.0%) <0.05#

Pleural effusion, n (%) 11 (24.4%) 15 (32.6%) 16 (55.2%) 47 (58.8%) <0.05#

Peritoneal effusion, n (%) 15 (33.3%) 17 (37.8%) 17 (58.6%) 42 (52.5%) 0.013#

Pelvic effusion, n (%) 7 (16.3%) 8 (17.4%) 10 (34.5%) 27 –(34.2%) 0.008#

SIRS, n (%) 15 (33.3%) 13 (28.3%) 12 (41.4%) 48 (60%) 0.009#

DKA, n (%) 1 (2.2%) 1 (2.2%) 3 (10.3%) 15 (18.75%) 0.001#

Localized complications, n (%)

Acute peri-pancreatic fluid   

collection

10 (22.2%) 13 (28.3%) 7 (24.1%) 33 (41.3%) 0.004#

Pseudocyst 2 (4.4%) 4 (8.7%) 2 (6.9%) 4 (5.0%)

Walled-off necrosis 0 (0%) 0 (0%) 0 (0%) 2 (2.5%)

Acute necrotic collections 0 (0%) 1 (2.2%) 1 (3.4%) 3 (3.6%)

Notes: *Indicates that data were not normally distributed and are expressed as median (interquartile range), M(Q); #Indicates P<0.05, indicating that the difference was 
statistically significant. 
Abbreviations: BMI, body mass index; DKA, diabetic ketoacidosis; MAP, mild acute pancreatitis; MSAP, moderately severe acute pancreatitis; OF, organ failure; POF, 
persistent organ failure; SAP, severe acute pancreatitis; SIRS, systemic inflammatory response syndrome; TG, triglycerides.
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Reportedly, HTG-AP accounted for 47%, which is the 
primary cause of this group of cases. In the SAP group, the 
cause of HTG accounted for 74.4%, which was signifi-
cantly higher than the rate in the MAP group. All seven 
perinatal fatalities in the hospital were HTG-AP, and 
67.5% of perinatal deaths also occurred in HTG-AP 
patients.

Previous studies of acute pancreatitis in the general 
population have found serum amylase and lipase levels 

are spuriously low in patients with HTG-AP and may be 
normal in more than 50% patients at the time of admission 
or during the hospital course.8,23 Our study found this 
phenomenon also existed in APIP. The distribution of 
serum amylase and serum lipase on admission in HTG- 
AP was significantly lower than that in patients with 
biliary and idiopathic pancreatitis in the current research.

Unlike serum amylase and lipase, the TG and TC 
levels in the SAP group within 24 hours of admission 

Figure 4 Observed and expected incidence of SAP in patients with different triglycerides concentrations. 
Notes: The black circles give the observed incidence of SAP for each patient. The solid curve gives expected incidence of SAP based on restricted cubic spline analysis. 
Abbreviation: SAP, severe acute pancreatitis.

Table 6 Logistic Regression Analysis of the Relationship Between Triglyceride Level and Severity of APIP

Model Adjustment TG Classification SE Wald P OR (95% CI)

Univariate Analysis <2.3mmol/L – – – –
2.3mmol/L~ 0.463 0.52 0.819 1.112 (0.449–2.753)

5.65mmol/L~ 0.494 6.814 0.009 3.631 (1.379–9.561)
11.2mmol/L~ 0.410 29.818 <0.05# 9.365 (4.196–20.904)

Adjust Modela <2.3mmol/L – – – –
2.3mmol/L~ 0.484 0.005 0.941 1.036 (0.401–2.677)

5.65mmol/L~ 0.507 5.905 0.015 3.429 (1.269–9265)

11.2mmol/L~ 0.412 26.450 <0.05# 8.329 (3.713–18.682)

Notes: Adjust Modela: adjusted for baseline age, Cholesterol, APO-A and parity; #Indicates P<0.05, indicating that the difference was statistically significant. 
Abbreviations: ORs, odds ratios; TG, triglycerides;.
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were significantly higher compared to the MSAP and 
MAP groups. Moreover, the concentration of APO-A was 
significantly lower compared to the MSAP and MAP 
groups (P<0.05). Correlation analysis demonstrated that 
the serum TG concentrations and TC concentrations of 
patients within 24 hours of admission, age, and parity, 
have a significant positive correlation with the severity of 
the disease. Meanwhile, the APO-A concentration has 
a significant negative correlation with the severity.

Observations of AP patients in the general population 
reveal that compared with other causes, the HTG-AP patients 
are more severe and have a higher incidence of complications 

and a higher mortality rate.5,6,9 A meta-analysis of 16 related 
trials showed that the incidence of local and systemic com-
plications and mortality in patients with TG ≥11.2 mmol/L 
were significantly higher compared to those with TG < 11.2 
mmol/L.24 Furthermore, in a Spanish study of 1457 non- 
pregnant AP patients, the incidences of pancreatitis necrosis 
and POF increased significantly with the level of HTG within 
48 hours of admission progressing (TG < 200 mg/dl, 
TG=200–749 mg/dl, TG ≥ 750 mg/dl), (P < 0.05).10 In the 
current study, it was also observed that when admission TG 
levels increased, local and system complications, POF, and 
fetus death increased in APIP patients.

Figure 5 Receiving operator curve of serum TG 24h within admission in predicting SAP. 
Abbreviations: ROC, receiving operator curve; SAP, severe acute pancreatitis.

Table 7 Receiver Operating Characteristic Curve Analysis of the Predictors of SAP

AUC (95% CI) P value Sensitivity Specificity Threshold Value

TG, mmol/L 0.708 (0.620–0.796) <0.05 0.72 0.65 10.7

Abbreviations: AUC, area under curve; TG, triglycerides.
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The pathogenesis of AP and severe complications 
caused by HTG remain unclear. It could be that the high 
concentration of chylo particles increases blood flow resis-
tance, which leads to pancreatic microcirculation disor-
ders, and even ischemia and necrosis. Meanwhile, TG is 
hydrolyzed by pancreatic lipase into an excessive quantity 
of free fatty acid (FFA), which severely damages acinar 
cells and pancreatic capillary endothelium. Also, the FFA 
reduces the PH value in the pancreas, and the acidic 
environment accelerates the activation of trypsinogen, 
which leads to severe pancreatic self-digestion and activa-
tion of inflammatory cells. The release and cascade activa-
tion of numerous inflammatory mediators lead to severe 
systemic inflammation. Inflammatory mediators damage 
alveoli and cause respiratory failure, which is the most 
common organ failure associated with SAP.25 The occur-
rence of respiratory failure was also observed in the cur-
rent study. In the group that had an admission TG of over 
11.2 mmol/L, the incidence of respiratory failure was as 
high as 38.8% (Table 5), which was much higher than the 
cases with TG lower than 11.2 mmol/L (P<0.05).

Serious microcirculation disorders, water, electrolyte, 
and acid-base disorders, could also lead to circulatory 
disorders.3 Inadequate correction of fluid deficiency and 
relatively low blood volume also elevates the risk of 
pancreatic necrosis.26 Meanwhile, aggressive fluid resusci-
tation increases cardiac load and elevates the risk of car-
diac insufficiency.27 Therefore, patients with HTG-AP 
often have accompanying conditions such as severe 
respiratory failure, circulatory failure, and other multiple 
organ dysfunction syndromes. As a result, they are suscep-
tible to early death.3

Biliary pancreatitis is the primary etiology cause of AP 
in general population, accounting for 40–70%, while 
HTG-AP is only 2–4%.28 Different from the general popu-
lation, the incidence of HTG-AP in pregnancy was much 
higher,11,29 which reached 29.6–32.2% in several recent 
studies from East Asia.13,16,30 In the present study, HTG- 
AP was the primary cause, accounting for 47%.

During pregnancy, the demand for nutrients increases 
to meet the needs of fetal growth and development. 
Prolactin and chorionic gonadotropin alter lipid metabo-
lism, which is mainly manifested in the fat accumulation 
during early and middle pregnancy and the fat catabolism 
in late pregnancy. It results in physiological hyperlipide-
mia in pregnancy, which even reaches 2–3 times that in the 
late pregnancy.8 It may partly explain the higher incidence 
of HTG-AP in pregnant women. The literature reports 

a different incidence of HTG-APIP between Caucasian 
and Asian populations, which might be explained by the 
differences in dietary habits and lifestyle of pregnant 
women from different regions and cultural 
backgrounds.3,31 However, additional research is needed 
to assess if it is influenced by genetic factors. In pregnant 
women, congenital hypertriglyceridemia may be asso-
ciated with a deficiency of lipoprotein lipase or 
Apolipoprotein C-II.28

Considering the higher incidence and harmfulness of 
HTG-AP in pregnant women, it is crucial to monitor the 
blood lipid level during pregnancy. The present study 
found that the severity of APIP increased significantly 
with the increase of TG levels. So, it was necessary to 
explore the relationship between TG levels and SAP. The 
trend of the Lowess fitting curve exhibits a non-linear 
relationship between TG concentrations and SAP predic-
tion. Only patients with TG concentrations above 
7mmol/L have a steadily increasing SAP prediction 
probability with the increase in TG. The incidence of 
SAP in patients with TG concentrations below 7 mmol/L 
fluctuated at a lower level and showed an overall ten-
dency to decline. A plausible explanation is that most of 
the patients with TG concentrations below 7 mmol/L are 
non-HTG-AP. In non-HTG-APIP patients, the associa-
tion between TG level and the incidence of SAP is not 
obvious.

Due to the increased risk of SAP in patients with high 
levels of TG, the cut-off value of TG concentrations was 
calculated to predict the occurrence of SAP through the 
ROC curve, which was 10.7mmol/L, with a sensitivity of 
0.72, a specificity of 0.65, and AUC of 0.78.

APIP is a rapidly developing condition with high 
maternal and infant mortality. However, there are few 
reports on large sample studies on HTG-APIP. The two 
obtainable retrospective studies of APIP in recent years 
were all from the Chinese population, where the incidence 
of HTG was 32.2% and 40.7%, respectively.13,17 In one 
study, there was a higher risk of fetal distress during 
pregnancy compared to other causes.13 The other study 
observed peripancreatic fluid accumulation in nearly half 
of the HTG-APIP patients.17 The current study confirmed 
these phenomena. The present study also provides evi-
dence that the severity of APIP was associated with ele-
vated TG levels, and the risk of SAP considerably 
increased when TG was above 10.7 mmol/L.

It is crucial to pay attention to monitoring of blood 
lipid level of pregnant women, for those with abnormal 
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blood lipid, a strict low-fat and low-energy diet is ideal, 
which should be combined with lipid-lowering treatment 
when necessary.32 Due to the contraindication of most 
lipid-lowering drugs in pregnancy, great attention should 
be paid to weigh the advantages and disadvantages of 
lipid-lowering treatment. It is crucial to choose the drugs 
that have less impact on pregnant women and fetus whilst 
effectively reducing blood lipid, especially TG level, and 
preventing the occurrence of APIP.28

For pregnant women with AP and combined HTG, 
specialized nutritional support, such as insulin, heparin, 
and medium-chain triglycerides, are clinically recom-
mended. Plasma exchange is also effective to reduce 
blood lipid levels urgently.25,33 Several studies have con-
firmed that plasma exchange can quickly eliminate harm-
ful cytokines and inflammatory mediators in the 
circulation to significantly improve clinical 
symptoms.33,34 There is no large-scale study of plasma 
exchange in acute pancreatitis patients with hyperlipide-
mia. Only a few cases have been reported to be effective.28 

Therefore, whether plasma exchange can effectively 
improve maternal and infant prognosis in HTG-APIP 
patients is worthy of future study.

Clinical observations indicate that maternal blood lipid 
concentrations can reduce by 15–20% within 24 hours 
after delivery. It returns to normal levels within six 
weeks after delivery.33 For APIP patients nearing the 
term can suffer fetal distress, serious maternal complica-
tions, and even organ failure. In such cases, active termi-
nation of pregnancy can improve refractory 
hypertriglyceridemia, reduce abdominal pressure, and 
relieve peripancreatic edema. Consequently, it improves 
clinical symptoms and reduces maternal and child 
mortality.3,13 In the present study, the maternal mortality 
rate was 3.5%, and the perinatal mortality rate was 27.5%, 
both are much lower than those reported in the 
literature.3,35 It could most likely be because 90% of the 
patients actively terminated the pregnancy.

The accompanying disorder of glucose and lipid meta-
bolism accelerates the progress of APIP. AP, DKA, and 
HTG are often mutually causal and interact with each 
other to form a “death triangle”.36 The state of high 
blood sugar, high blood ketones, dehydration, electrolyte 
disturbances, and metabolic acidosis make patients prone 
to hyperosmolar coma and eventually life-threatening 
circumstances.26 A study of 2.8 million patients with 
acute pancreatitis indicated that compared with simple 
HTG-AP patients, DKA and HTG triad had significantly 

higher mortality, multiple organ failure rate, longer hospi-
talization periods, and higher costs in AP patients.36 In the 
present study, there were 20 cases of DKA (10%). The 
incidence of DKA in the TG≥11.2 mmol/L group was 
18.75%, which was higher than those of the other three 
groups. Based on the literature and the observation results, 
it is crucial to monitor the blood glucose, pay attention to 
correcting hyperglycemia, and avoid DKA in HTG-APIP 
patients. It is vital to reduce maternal and infant mortality 
and improving the currently poor prognosis.

According to the experience and observation from this 
study, early identification, close monitoring, and active 
treatment are critical for APIP patients. If the patient 
does not show any sign of improvement after 24–48 
hours of active treatment, the pregnancy should be termi-
nated immediately. For those with a small gestational age, 
repeated plasma exchange is recommended, and then 
whether to continue the pregnancy should be 
considered.28 The ideal scenario is to save both the mother 
and the child. However, clinical practitioners should 
inform the mother that blindly prolonging gestational 
weeks of the fetus drastically reduces the success rate of 
the rescue of both the mother and the fetus.3,4,17 Therefore, 
since the life of the pregnant woman is of priority, it is 
recommended to not miss out on the window of opportu-
nity to terminate the pregnancy.

Conclusion
A retrospective study of APIP cases in the regional 
medical center of Northeast China in the past eight 
years shows that HTG-AP is the primary cause of APIP 
in this group of people. Moreover, 24 hours after admis-
sion, the elevation of serum TG was positively correlated 
with the severity of AP disease, R = 0.403 (P < 0.05). 
Upon adjusting for age, parity, TC, and APO-A, the TG 
slightly increased group (2.23–5.65mmol/L) had an OR 
value of SAP of 1.036 (95% CI = 0.401–2.677), in the 
TG = 5.65–11.2mmol/L group, the OR value of SAP was 
3.429 (95% CI = 1.269–9265), and when TG ≥11.2mmol/ 
L, the OR of SAP was 8.329 (95% CI=3.713–18.682). It 
was found that the increase of serum TG is related to 
elevated maternal mortality, perinatal mortality, respira-
tory system, circulatory system organ dysfunction, 
pleural effusion, pelvic effusion, and POF. The higher 
the TG level was, the higher the risk of SAP. Using 10.7 
mmol/L as the threshold to predict the occurrence of 
SAPIP, the sensitivity and specificity were 0.72 and 
0.65, respectively.
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In conclusion, it is critical to pay attention to the role of 
triglycerides in the occurrence and development of APIP 
patients. In patients with suspected APIP, closely monitor-
ing the serum TG levels with the active support of treat-
ment is essential. In the future, more effective treatment 
will be needed to reduce the mortality and improve the 
prognosis of HTG-APIP.
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