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Background: To investigate the clinical characteristics of hypertriglyceridemia pancreatitis (HTGP) and evaluate the correla-
tive risk factors for severe acute pancreatitis (SAP) in HTGP patients.
Material/Methods: A total of 1005 patients with acute pancreatitis (AP) admitted to Peking Union Medical College Hospital (PUMCH)
from 1 Jan 2013 to 1 Aug 2018 were retrospectively reviewed. After screening, we enrolled 159 patients with
HTGP and 172 with non-hypertriglyceridemia pancreatitis (NHTGP). We gathered and assessed demographic
and blood biochemical information and analyzed the risk factors for SAP.
Results: Age, serum amylase (AMY), lipase (LIP), and serum ionized calcium (Ca?) in the HTGP group were lower than
in the NHTGP group (P<0.05), while high-sensitivity C-reactive protein (hsCRP), neutrophil-lymphocyte ratio
(NLR), and body mass index (BMI) in the HTGP group were higher than in the NHTGP group (P<0.05). Among
the HTGP patients, the results indicated that Ca (OR=0.018, P<0.001, 95%Cl: 0.002-0.129) was an indepen-
dent protective factor for SAP, while higher CRP (OR=1.008, P=0.004, 95%Cl: 1.003-1.013), NLR (OR=1.314,
P<0.001, 95%Cl: 1.161-1.488), and BMI (OR=1.597, P=0.002, 95%Cl: 1.195-2.314) were independent risk fac-
tors for SAP.
Conclusions: Patients with HTGP had lower serum Ca?* and higher hsCRP, NLR, and BMI, and these were associated with
higher risk of developing SAP.
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Background

Acute pancreatitis (AP) is one of the most common gastrointes-
tinal diseases requiring hospitalization, with more than 270 000
such patients admitted annually in the United States [1]. The clin-
ical characteristics of AP, in contrast to relatively mild and self-
limited illnesses, include persistent or multisystem organ fail-
ure. With changes in lifestyle and diet, the incidence of acute
hypertriglyceridemia pancreatitis (HTGP) has been gradually in-
creased in recent decades [2,3]. The latest studies reported that
HTGP accounted for about 2~5% of all cases of AP in the United
States [4]. Hypertriglyceridemia (HTG) is the third leading cause
of AP, after gallstones and alcohol abuse [4]. Some researchers
have found that the incidence of HTGP exceeds that of alcohol-
induced pancreatitis in China, which is ranked as the second
leading cause of AP [2]. In addition, previous research showed
that severe acute pancreatitis (SAP) accounts for 12~38% of all
HTGP patients [5]. SAP easily recurs and causes a series of com-
plications that severely threaten human health [6].

AP, which is an acute inflammatory disease caused by pan-
creatitis, can induce the autodigestion of pancreatic tis-
sues. The diagnostic criteria for AP were defined in the 2012
International Association of Pancreatology (IAP) report “Atlanta
Classification and Definitions (revised)” [7]. Studies have dem-
onstrated that multiple indicators play crucial roles in detect-
ing patients at risk for SAP and the development of complica-
tions. These indicators include serum amylase (AMY) [8], lipase
(LIP) [9], low serum ionized calcium (Ca?) [10], high-sensitiv-
ity C-reactive protein (hsCRP) [11], neutrophil-lymphocyte ra-
tio (NLR) [12,13], and BMI [14-16]. However, to the best of our
knowledge, the changes in these clinic parameters in patients
with HTGP have not been previously reported.

In the present study, we performed a retrospective investi-
gation of the medical records of HTGP patients admitted to
Peking Union Medical College Hospital (PUMCH) from 1 Jan
2013 to 1 Aug 2018. We assessed the clinical characteristics,
high-risk factors, and factors predicting the severity of HTGP.

Material and Methods

Study design

We retrospectively screened the medical records of 1005 pa-
tients with AP admitted to PUMCH from 1 Jan 2013 to 1 Aug
2018. The clinical data of patients were collected, including
age, sex, predisposing factors, HTG medical history, local com-
plications (LC), mortality, hospitalization time (HT), BMI and
laboratory data at admission, including serum triglyceride (TG),
AMY, LIP, Ca?*, hsCRP, and NLR. Furthermore, we recorded the
data of patients who received mechanical ventilation, blood
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purification, vasoactive drugs, and renal replacement. This
study was approved by the Institutional Review Board (IRB)
of PUMCH, and the approval number was S-K554.

Inclusion and exclusion criteria

Inclusion criteria were: (1) age >18 years old; (2) clearly diag-
nosed as AP; and (3) admission in hospital within 1 week af-
ter AP onset. Exclusion criteria were: (1) AP combined with
other severe chronic diseases such as malignant tumors and
chronic organ dysfunction (OD); (2) pancreatic tumor; and
(3) absence of clinical data.

Diagnostic criteria

According to the 2012 International Association of Pancreatology
(IAP) report “Atlanta Classification and Definitions of AP (re-
vised)” [7], AP can be diagnosed when a patient has 2 of the fol-
lowing 3 characteristics: (1) the symptoms of abdominal pain
are consistent with AP, (2) the levels of AMY and/or LIP are at
least 3 times above the upper limit of normal, and (3) abdom-
inal imaging is consistent with changes in AP. For HTGP meet-
ing the diagnosis of AP and when the level of serum TG is
>1000 mg/dL (11.3 mmol/L) or between 500 mg/dL (5.65 mmol/L)
and 1000 mg/dL (11.3 mmol/L), the diagnosis of HTGP should be
considered if AP was not caused by other reasons. For SAP, there
is AP with persistent OD (»48 h) [7]. For OD, there is improvement
in 1 or more of the following: circulation, respiration, and kidney
systems, and Marshall score >2 points. For diagnosis of LC, there
must be acute peripancreatic fluid accumulation, acute necrosis
accumulation, pancreatic pseudocysts, and parenchymal necrosis.

Statistical analysis

Statistical analysis was performed with SPSS 24.0 (SPSS, Inc.,
Chicago, IL). Kolmogorov-Smirnov method was used to perform
the normality test of measurement data. Non-normally distrib-
uted measurement data are expressed as median (P,,, P..).
The Mann-Whitney U test was used for comparisons be-
tween the 2 groups. Enumeration data are expressed as num-
bers of cases and percentages, and were compared by x? test.
Multivariate analysis was performed by the logistic regression
model. The forward LR method was used in multivariate anal-
ysis (inclusion standard o=0.05, exclusion standard $=0.10).
P<0.05 was considered as statistical significance.

Results

Case screening

Among the 1005 patients with AP, 207 (20.60%) were clearly
diagnosed as having HTGP, while 755 (75.12%) were clearly
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diagnosed as having NHTGP. After further screening, 159 pa-
tients were included in the HTGP group and 172 patients were

AP cases retrieval was performed based on the admission data from

January 1%, 2013 to August 1%, 2018 (n=1005) included in the NHTGP group (Figure 1).
Cannot diagnose as HTGP or NHTGP
q (n=43) General condition and clinical information of patients
A4

Emloql(dmgnosaz;@gsHTGPWNHTGP Basic clinical information of HTGP and NHTGP patients are
shown in Table 1. Age, AMY, LIP, and Ca*" in the HTGP group
I ! were lower than in the NHTGP group, and all differences were
Preliminary HTGP cases Preliminary NHTGP cases statistically significant (P<0.05). hsCRP, NLR, and BMI of the
(n=207) (n=755) HTGP group were higher than these of the NHTGP group and
| | all differences were statistically significant (P<0.05). However,
v there were no significant differences in sex, incidences of SAP
Exclusion criteria: 1 Combined with other severe chronic diseases; and LC, mechanical ventilation rate (MVR), vasoactive drug us-

2 Pancreatic tumor; 3 Missing clinical data

age rate (VDUR), renal replacement therapy rate (RRTR), mor-
| tality rate, and HT between the 2 groups (P>0.05).

v v
Fi"a(lnﬂ?ggc)ases Fi"al(':iﬁg)cases Analysis for HTGP-induced factors

Among the 159 HTGP cases, 97 patients (61.01%) had an HTG
Figure 1. Data screening flowchart. medical history that accounted for of all HTGP cases. The av-
erage serum TG level of HTGP patients was 24.36 mmol/L.

Table 1. General conditions and clinical data of HTGP and NHTGP patients.

Variable HTGP NHTGP X2 P

Gender/Male n (%) 111 (69.81) 109 (63.37) 1.537 0.244

BMI, kg/m?; media (P,,—P,,) 26.91 (25.69-27.49) 24.18 (22.69-25.39) 10.153 0.001

HTGP — hypertriglyceridemia pancreatitis; NHTGP — non-hypertriglyceridemia pancreatitis; AMY — serum amylase; LIP — lipase;
Ca? - free calcium ions; hsCRP — high-sensitivity C-reactive protein; NLR — neutrophil-lymphocyte ratio; SAP — severe acute
pancreatitis; LC — local complications; MVR — mechanical ventilation rate; VDUR — vasoactive drug usage rate; RRTR — renal
replacement therapy rate; HT — hospitalization time; BMI — body mass index.
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The induced factors

Unknown

Poorly controlled
diabetes

Pregnant

11.32% 34.59%

19.50%

Drinking 21.38%

Improper diet

Figure 2. The composition of HTGP-induced factors.

The factors inducing HTGP in patients were: 55 cases (34.59%)
were caused by poorly controlled diabetes, 34 cases (21.38%)
were caused by improper diet, 31 cases (19.50%) were caused
by alcohol abuse, 18 cases (11.32%) were caused by pregnancy,
15 cases were caused by obesity (9.43%), and 6 cases (3.77%)
had unknown causes (Figure 2).

Table 2. Univariate analysis of SAP in HTGP patients (n,%).

Variable
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Analysis of factors affecting the severity of HTGP

The HTGP patients were further divided into an SAP group
and a non-SAP group. The results indicated that AMY, LIP, Ca?,
hsCRP, NLR, and BMI were significantly different between the
2 groups (P<0.001). There were no statistically significant dif-
ferences in sex, age, HTG medical history, or TG level between
the 2 groups (P>0.05, Table 2).

The factors found to be statistically significant in univariate
analysis were further analyzed by multivariate logistic regres-
sion analysis using the forward LR method. The results showed
that serum Ca?* (OR=0.018, P<0.001, 95%Cl: 0.002-0.129) was
an independent predictive factor for the severity of HTGP. hsCRP
(OR=1.008, P=0.004, 95%Cl: 1.003-1.013), NLR (OR=1.314,
P<0.001, 95%Cl: 1.161-1.488), and BMI (OR=1.597, P=0.002,
95%Cl: 1.195-2.314) were independent risk factors (Table 3).

Discussion

As a disease with increasing morbidity, causing severe illness
and high medical cost, AP has attracted widespread atten-
tion [17]. The incidence of AP has increased by at least 20%
worldwide in the past decade [18,19]. Studies show that HTG
plays an important role in the morbidity of AP. Research re-
ported that the HTG accounted for 11.8% of all etiologies of AP
in the past decade in China [20]. In this study, HTG accounted
for 20.60% of the total etiology of AP, which is probably related

SAP or non-SAP

BMI, kg/m? media (P,,P,,) (25.13-27.03) (26.73-29.11)

SAP — severe acute pancreatitis; AMY — serum amylase; LIP — lipase; TG — triglyceride; Ca** — free calcium ions; hsCRP — high-sensitivity
C-reactive protein; NLR — neutrophil-lymphocyte ratio; HTG — hypertriglyceridemia; BMI — body mass index.
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Table 3. Multivariate logistic regression analysis of SAP in HTGP patients.

Factors OR
Ca* 0.018
"""""""" hscR 1008
"""""""" NR 1314
"""""""" BWI 1597

95% CI 4
0.002-0.129 <0.001
"""""""" 10031013 o004
"""""""" 1161-1488 <001
"""""""" 1195234 o002

Ca? — free calcium ions; hsCRP — high-sensitivity C-reactive protein; NLR — neutrophil-lymphocyte ratio; BMI — body mass index.

to the recent gradually increased awareness of lipid metabo-
lism in the etiology of AP. The mechanism by which HTG leads
to AP is as follows: (1) Excessive TG in the blood is hydrolyzed
into free fatty acids by pancreatic LIP. When the increase of
free fatty acid exceeds the binding capacity of albumin, pro-
tein kinase will be activated, which causes autodigestion of
pancreatic cells. (2) Free fatty acids induce inflammatory re-
actions, leading to cytotoxicity and pancreatic capillary dam-
age. (3) With the increasing blood viscosity, serum LIP parti-
cles accumulate, which can embolize pancreatic vessels and
aggravate pancreatic ischemia and acidosis. (4) The acidic en-
vironment caused by ischemia further enhances the lipotox-
icity of free fatty acids [21]. Previous studies suggested that,
compared with AP caused by other factors, HTGP is more se-
vere and can lead to many complications because of the in-
tense inflammatory response induced by massive TG in the
blood [22]. In this study, we found no statistically significant
differences in the incidence of SAP between the 2 groups (pa-
tients with HTGP and those with NHTGP), and the incidence
of SAP in the HTGP group was obviously higher than that in
the NHTGP group (33.96% vs. 24.42%), which suggests that
the overall condition of HTGP patients was more serious than
that of NHTGP patients. However, this hypothesis needs to be
tested in studies with larger samples to verify our findings.
We also found that patients in the HTGP group had young-
er AP onset ages and lower AMY and LIP levels than those in
the NHTGP group, which is consistent with the characteristics
of HTGP. Early studies suggested that AMY was increased in
HTGP patients. When the blood TG was indistinctly elevated,
the results of AMY were false-negative due to the method of
reading the calorimeter [23]. Early diagnosis is difficult owing
to the clinical atypical features of HTGP. Therefore, timely im-
aging examination is necessary for patients with insignificant
pancreatic enzyme elevation but persistent abdominal pain.
Early recognition of HTGP helps improve the prognosis of these
patients. As mentioned above, HTG is a key factor inducing the
inflammatory response in HTGP. The average TG level at ad-
mission in this study was 24.36 mmol/L, which was far above
normal levels. A cohort study demonstrated that TG levels were
not only associated with the onset of HTGP, but also showed
a significant dose-effect relationship [24]. Although the occur-
rence of AP is induced by HTG, it is controversial whether there

is a direct relationship between HTG and the severity of AP.
The recent study has determined that TG levels is not corre-
lated with other indicators in estimating the severity of HTGP,
such as Acute Physiology and Chronic Health Evaluation score
(APACHE 11), and it had no effect on prognostic indicators such
as the mortality rate and the length of stay [25]. In the present
study, there was no significant difference in TG between the
SAP group and the non-SAP group (P>0.05), which may be re-
lated to the delayed assessment of some patients, resulting in
a natural decrease in the high serum TG level. Therefore, fur-
ther prospective and multicenter studies are needed to con-
firm whether TG is related to the severity of HTGP. Our study
found that the causes of HTGP were poorly controlled diabetes
(34.59%), inappropriate diet (21.38%), alcohol abuse (19.50%),
pregnancy (11.32%), obesity (9.43%), and unknown causes
(3.77%). In most of these patients, TG is normally at moder-
ate levels. Under the influence of 1 or more inducing factors,
the level of TG surges dramatically and quickly, which induc-
es AP. Therefore, for patients with HTG, strict control of blood
sugar, appropriate diet, alcohol abstinence, weight loss, and
monitoring of TG during pregnancy could contribute to pre-
vention of HTGP.

When HTGP patients progress into SAP, the mortality rate in-
creases greatly. Therefore, it is of clinical significance to find
early indicators to predict the severity of the disease. Our re-
sults show that low serum Ca? and elevated hsCRP, NLR,
and BMI are independent risk factors affecting the severity
of HTGP. Zahorec et al. [26] first used NLR as an index to re-
flect the balance between neutrophils and lymphocytes and
as an inflammatory marker to evaluate systemic inflamma-
tory response in critical patients, after which NLR was widely
used in various clinical situations [27-30]. A study has shown
that NLR has a significant advantage in predicting ICU hospi-
talization and mortality of AP patients [31]. In a cohort study,
Wang et al. [32] discovered that when the NLR cut-off value
was set to 10, the sensitivity and specificity for predicting se-
vere HTGP were 90% and 82%, respectively. Multivariate anal-
ysis in the present study indicated that use of NLR in evalu-
ation of the severity of HTGP was an independent risk factor
for severe HTGP (OR=1.314, P<0.001). Elevated NRL can be
used as a reliable indicator for assessing the severity of HTGP.
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CRP, as an acute-phase reaction protein synthesized and se-
creted by hepatocytes, is a non-specific inflammatory marker.
The level of CRP can be distinctly increased when severe in-
fection and tissue damage occur in the body. In the present
study, hsCRP had higher sensitivity than other detection meth-
ods. In reflect of inflammatory response of the body, hsCRP
shows accuracy similar to that of CRP. Previous studies have
shown that CRP has a significant advantage in assessing the
severity of HTGP [27]. Some scholars concluded that NLR was
superior to CRP in predicting SAP and mortality [28], which is
similar to our results. The most commonly used method for
measuring obesity is BMI, which is calculated from a person’s
weight in kilograms and height in meters (kg/m?. The liter-
ature demonstrates that BMI is a risk factor of SAP [14]. BMI
higher than 30 kg/m? can increase the risk of SAP by approx-
imately 3-fold and can increase the risk of mortality by about
2-fold [15]. Some scholars found that elevated BMI was asso-
ciated with increased incidence of chronic diseases such as
cholecystitis, gallstone disease, hypertension, and hyperlipid-
emia, which can contribute to the occurrence and exacerba-
tion of acute pancreatitis [16].

We found differences between HTGP and NHTGP in the se-
verity and clinical characteristics. To prevent the occurrence
of HTGP, the level of serum TG should be controlled in high-
risk HTG populations, as well as avoiding the influence of the
induced factors on the level of TG. Ca?*, hsCRP, NLR, and BMI
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have clinical value in predicting the severity of HTGP and can
provide references for use in clinical practice.

Our study has certain limitations that should be considered.
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agnosis and treatment of HTGP in clinical practice.

Conclusions

We analyzed the clinical characteristics of HTGP patients in this
study. Compared with NHTGP, the age of onset was younger
and the levels of pancreatic enzymes were not obviously el-
evated in HTGP patients. Patients with HTGP tended to have
low serum Ca?* and elevated hsCRP, NLR, and BMI, and these
were risk factors for developing SAP.
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