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ORIGINAL ARTICLE

Hypertriglyceridemia is a Risk Factor for Fever in Early Acute Non-biliary Pancreatitis

Sang Hoon Lee, Jin Myung Park, Ji Hyun Kim, Tae Suk Kim and Chang Don Kang

Department of Internal Medicine, Kangwon National University Hospital, Kangwon National University School of Medicine, Chuncheon, Korea

Background/Aims: Fever is a common symptom of acute pancreatitis (AP). This study examined the factors associated with fever due
to pancreatic inflammation in the early stages of non-biliary AP.

Methods: This study analyzed the AP database from Kangwon National University Hospital from January 2018 until April 2021 and
identified patients who developed fever within 1 week of hospitalization. Patients with gallstone pancreatitis, pseudocyst, walled-off
necrosis, chronic pancreatitis, bacteremia, and other site infections were excluded. The febrile group was compared with the afebrile
group.

Results: One hundred and fifty-two patients were analyzed, and fever was diagnosed in 79 patients (52.0%). Based on multivariate
analysis, fever was positively correlated with hypertriglyceridemia-induced AP (OR 16.8, 95% Cl 4.0-70.7, p<0.01) and computed to-
mography severity index (OR 1.7, 95% Cl 1.2-2.6, p<0.01). Recurrent AP was negatively associated with fever (OR 0.3, 95% CI 0.1-0.8,
p=0.01). Fever was more frequent in patients with higher initial serum triglyceride (TG) levels than those with lower levels (TG <200
mg/dL; 35.1%, 200 <TG<500 mg/dL; 42.3%, TG 2500 mg/dL; 88.6%, p<0.01).

Conclusions: Hypertriglyceridemia and CT severity index are associated with fever in early non-biliary AP. (Korean J Gastroenterol
2021;78:337-343)
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|NTRODUCT|ON inflammatory process involving the pancreas. The in-

flammation may spread to nearby tissues, and lead to a sys-

Acute pancreatitis (AP) is one of the most common reasons temic inflammatory response.3 Therefore, fever, leukocytosis,
for the hospitalization of patients with gastrointestinal and elevated CRP levels are detected frequently in AP.

ailments. Previous studies have reported a worldwide in- There is no evidence to support the role of antibiotics to

crease in the incidence of AP, generally in the range of 20 manage AP successfully, and pancreatic infection is rarely re-

to 40 per 100,000 individuals." AP is one of the leading hospi- ported in the early phases of AP* Therefore, most recent guide-

tal discharge diagnoses in the United States.” AP is an acute lines do not recommend prophylactic antibiotic treatment.”
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Despite this, many clinicians still administer antibiotics to pa-
tients with AP. In a global study, the rate of antibiotic use
has exceeded 80.0% in some regions.6 Fever is one of the
main reasons for the antibiotic treatment.” Therefore, it is
important to understand fever induced by pancreatitis in the
absence of bacterial infection. This study examined fever-re-
lated factors in patients diagnosed with early non-biliary AP.

SUBJECTS AND METHODS

The AP database of Kangwon National University Hospital,
to which patient data were consecutively added and main-
tained prospectively, was analyzed retrospectively between
January 2018 and April 2021. Only patients older than 18
years were enrolled in the database. Alcohol as an etiologjcal
factor was determined by the treating physician based on a
history of heavy alcohol consumption. However, no specific
cutoff or duration of alcohol consumption was defined for the
study. The diagnosis of hypertriglyceridemia-induced acute
pancreatitis (HTG-AP) was based on the serum triglyceride
(TG) levels measured within 48 hours from the initial
presentation. The HTG etiology was confirmed by serum TG
levels >1,000 mg/dL or >500 mg/dL and from the exclusion
of other common etiologies by the clinician in a differential
diagnosis.8 When the serum TG level was 1,000 mg/dL or
higher, HTG was considered the cause of pancreatitis regard-
less of alcohol consumption. The patient was diagnosed with
alcoholic pancreatitis if a patient had a history of excessive
alcohol drinking, and the serum TG level was greater than
500 mg/dL and less than 1,000 mg/dL. Biliary pancreatitis
was diagnosed when choledocholithiasis was observed in an
imaging study, or an abnormality of the liver function test was
accompanied by gallbladder stones. If the etiology was un-
clear, EUS or MRCP was performed to differentiate small
stones or tumors.

Patients in the database who were diagnosed with non-bili-
ary AP were identified. Patients with fever (body temperature
>38"C) within a week of hospitalization (febrile group) were
compared with the other patients (afebrile group) during the
same period. Acute biliary pancreatitis was excluded because
it is accompanied frequently by cholangitis. The diagnosis of
concurrent cholangitis may be difficult in patients with mani-
festations of inflammation caused by AP. Prophylactic anti-
biotics were not used. On the other hand, antibiotics were

administered if the treating physician determined that it was
necessary. Blood culture of all patients with fever was
performed. Patients with bacteremia or other site infections
were excluded. The presence of a pseudocyst or walled-off
necrosis was another exclusion criterion because it is gen-
erally detected in the late phase of AP. Patients with symp-
toms persisting for more than 1 week before the initial visit
or those with a history of AP within 3 months were also
excluded. AP combined with chronic pancreatitis was also ex-
cluded from the analysis.

The severity of AP was classified as mild, moderately se-
vere, or severe according to the revised Atlanta classification.”
The bedside index of severity in acute pancreatitis (BISAP)
was used as an additional scoring parameter. The categorical
variables are presented as the frequency and percentage, and
the continuous variables are expressed as the meantSD. A
chi-square test or Fisher's exact test was used to compare
the categorical variables. A Student’s t-test was used to com-
pare the continuous variables. Factors with a p-value <0.20
in univariate analysis were included in multivariate analysis.
The ORs and Cls for fever were calculated by multivariable
logistic regression analyses. The statistical significance was
established by p<0.05. All statistical analyses were performed
using SPSS software, version 26 (IBM, New York, NY, USA).
The Institutional Review Board (IRB) of Kangwon National
University Hospital approved the study protocol (IRB No.
KNUH-2021-08-027).

RESULTS

1. Patient characteristics

Three hundred and eighteen patients were admitted due
to AP, and 166 patients were excluded for the following rea-
sons: gallstone pancreatitis (n=103), bacteremia and other
site infections (n=10), pseudocysts and walled-off necrosis
(n=18), symptoms persisting for more than a week before
initial visit (n=1), previous AP within 3 months (n=23) and
combined chronic pancreatitis (n=19). Thus, 152 patients
were enrolled in this study (Fig. 1). The mean age was
45.1+15.1 years, and 114 of the 152 patients (75.0%) were
male. The serum TG levels were available in 144 patients
(94.7%). A history of hypertension was observed in 40 pa-
tients (26.3%), and 31 (20.4%) had a history of diabetes
mellitus. The most common cause was alcohol (=85, 55.9%),

The Korean Journal of Gastroenterology



followed by hypertriglyceridemia (n=33, 21.7%) and others
(n=10, 6.6%). Other etiologies included tumor, drugs, hyper-
calcemia, and postoperative pancreatic duct strictures. The
etiology was unknown in 24 patients (15.8%).

Patients admitted due to acute pancreatitis
between January 2018 and April 2021 (n=318)

Exclusion (n=166)

- Gallstone pancreatitis (n=103)

- Bacteremia and other site infection (n=10)
- Pseudocyst and walled-off necrosis (n=18)
- Symptom for more than a week (n=1)
n=152 - Previous AP within 3 months (n=23)

- Combined chronic pancreatitis (n=19)

Febrile group (n=79) Afebrile group (n=73)

Fig. 1. Flowchart of subject inclusion. AP, acute pancreatitis.

Table 1. Clinical Characteristics of Patients with or without Fever

Lee SH, et al. Fever in Acute Non-biliary Pancreatitis 339

Fever was detected in 79 of the 152 patients (52.0%).
HTG-AP was more frequent in the febrile group (36.7%) than
in the afebrile group (5.5%, p<0.01). The white blood cell
count, total bilirubin, CRP, and TG levels, and the CT severity
index (CTSI) scores were higher in the febrile group than in
the afebrile group (p<0.01). Table 1 lists the baseline
characteristics.

2. Severity and mortality

Moderately severe to severe AP was more common in the
febrile group than in the afebrile group (43.0 vs. 16.4%,
p<0.01). The BISAP score was higher in the febrile group than
in the afebrile group (1.1 vs. 0.5, p<0.01). The incidence of
organ failure (7.6% vs. 2.7%, p=0.28), intensive care unit ad-
mission (3.8% vs. 2.7%, p>0.99) and mortality rate (2.5% vs.
1.4%, p>0.99) were similar in both groups (Table 2). There
was no statistical difference in the incidence of local compli-
cations between the two groups (pseudocyst or walled-off ne-

Total (n=152) Fever (n=79) No fever (n=73) p-value
Mean age (years) 45.1+15.1 44.9+13.9 45.4+16.4 0.81
Sex (male) 114 (75.0) 60 (75.9) 54 (74.0) 0.78
Etiology <0.01
Alcohol 5 (55.9) 41 (51.9) 4 (60.3)
HyperTGnemia 3(21.7) 29 (36.7) 4 (5.5)
Others 0 (6.6) 4(5.1) 6 (8.2)
Idiopathic 4 (15.8) 5 (6.3) 19 (26.0)
Smoking 7 (50.7) 44 (55.7) 33(45.2) 0.20
Alcohol 126 (82.9) 71 (89.9) 55 (75.3) 0.02
Hypertension 0(26.3) 23(29.1) 17 (23.3) 0.42
Diabetes 31 (20.4) 18 (22.8) 13 (17.8) 0.45
BMI (kg/mz) 25.2+4.5 25.91+4.8 24.51+4.0 0.05
Recurrent attacks 61 (40.1) 26 (32.9) 35 (47.9) 0.06
WBC (/mm?) 12,009.9+3,558.2 13,031.7+3,632.6 10,904.1+3,141.9 <0.01
Hematocrit 42.415.2 42.4+4.9 42.3+5.4 0.95
Platelets (x10%/mm?) 232.9+66.4 224.4+69.8 242.2+61.5 0.09
Total bilirubin (mg/dL) 1.3+1.2 1.5+1.6 1.0+0.6 <0.01
BUN (mg/dL) 15.7+10.5 15.6+10.4 15.9+10.6 0.89
CRP (mg/dL) 41481 6.219.9 1.7+4.3 <0.01
LD (lu/L) 566.1+611.4 607.2+438.4 520.9+758.7 0.40
Glucose (mg/dL) 158.5+97.6 168.0+83.3 148.3+110.7 0.22
TG (mg/dL) 517.2+795.0 753.0£954.7 253.6+441.7 <0.01
CTSI 2.6+1.3 3.0£1.3 2.2+1.2 <0.01

Values are presented as number (%) or meantstandard deviation.
HyperTGnemia, hypertriglyceridemia; BMI, body mass index; WBC, white blood cell; BUN, blood urea nitrogen; CRP, c-reactive protein; LD, lactate
dehydrogenase; TG, triglyceride; CTSI, computed tomography severity index.

Vol. 78 No. 6, December 2021



340 Oz S =4 4

Table 2. Severity and Mortality of Acute Pancreatitis

Total (n=152) Fever (n=79) No fever (n=73) p-value
Revised Atlanta classification <0.01
Mild 106 (69.7) 45 (57.0) 61 (83.6)
Moderately severe-severe 46 (30.3) 34 (43.0) 12 (16.4)
BISAP score 0.8+0.8 1.1+0.8 0.5+0.7 <0.01
Presence of organ failure 8 (5.3) 6 (7.6) 2 (2.7) 0.28
ICU care 5(3.3) 3(3.8) 2(2.7) >0.99
Mortality 3(2.0) 2(2.5) 1(1.4) >0.99
Values are presented as number (%) or meantstandard deviation.
BISAP, bedside index of severity in acute pancreatitis; ICU, intensive care unit.
Table 3. Risk Factors Associated with Fever Based on Multivariate Logistic Regression Analysis
Univariate Multivariate
Variable
OR (95% Cl) p-value OR (95% Cl) p-value
Etiology
Alcohol 1.0 1.0
HTG 7.8 (2.5-24.1) <0.01 16.8 (4.0-70.7) <0.01
Others 0.7 (0.2-2.7) 0.62 1.9 (0.4-8.7) 0.43
Idiopathic 0.3(0.1-0.8) 0.02 0.4 (0.1-1.8) 0.24
Smoking 1.5(0.8-2.9) 0.20 0.7 (0.3-1.8) 0.44
BMI 1.1(1.0-1.2) 0.06 1.0 (0.9-1.1) 0.95
Recurrence 0.5(0.3-1.0) 0.06 0.3(0.1-0.8) 0.01
WBC 1.0 (1.0-1.0) <0.01 1.0 (1.0-1.0) 0.15
Platelet 1.0 (1.0-1.0) 0.10 1.0 (1.0-1.0) 0.80
Total bilirubin 1.7 (1.1-2.6) 0.02 1.8 (0.9-3.5) 0.09
CRP 1.1 (1.0-1.2) <0.01 1.0 (1.0-1.1) 0.23
CTSI 1.8 (1.3-2.5) <0.01 1.7 (1.2-2.6) <0.01

OR, odds ratio; Cl, confidence interval; HTG, hypertriglyceridemia; BMI, body mass index; WBC, white blood cell; CRP, C-reactive protein; CTSI,

computed tomography severity index.

crosis, 7.6% vs. 2.7%, p=0.28) and recurrence of AP (16.5%
vs. 15.1%, p=0.82).

3. Factors associated with fever

Multivariate analyses were used to identify the factors asso-
ciated with fever. The alcohol and TG levels were excluded
before analysis because of the multicollinearity with the etiol-
ogy (alcoholic pancreatitis and HTG-AP). Multivariate analysis
showed that HTG-AP (OR 16.8, 95% Cl 4.0-70.7, p<0.01) and
CTSI (OR 1.7, 95% ClI 1.2-2.6, p<0.01) were factors in-
dependently associated with fever. On the other hand, re-
current AP was negatively associated with fever (OR 0.3, 95%
Cl 0.1-0.8, p=0.01). Smoking, BMI, white blood cell, platelets,
total bilirubin, and CRP level did not show a significant differ-
ence (Table 3).
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35.1
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TG < 200 mg/dL 200 < TG < 500 mg/dL 500 mg/dL < TG

Fig. 2. Fever and serum triglyceride level. Fever was more frequent
in patients with higher initial serum triglyceride levels than lower
levels regardless of the etiology of acute pancreatitis (p<0.01). TG,
triglyceride.
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4. Serum TG level and fever

Fever was more frequent in patients with higher initial lev-
els of serum TG (TG <200 mg/dL; 35.1%, 200<TG<500
mg/dL; 42.3%, 500<TG; 88.6%, p<0.01) (Fig. 2).

5. Use of antibiotics in the febrile group

Antimicrobial agents had been administered to 46 out of
79 patients (58.2%), and two of them died due to multiorgan
failure. No mortality occurred in patients not exposed to anti-
biotics (41.8%).

DISCUSSION

Epidemiologic data on AP have rarely been reported in
South Korea. In a single-center study, men accounted for
two-thirds of all patients. Alcohol was the most common
cause, which constituted 59.5% of all cases, followed by
gallstones. The recurrent attack rate was 24.5%. The mean
age of the patients was nearly 10 years older than in the
present study (52.9 years for males and 56.8 years for fe-
males).9 A difference in the mean age of the patients was
observed between their study9 and the present study. On the
other hand, the mean age was similar except for gallstone
pancreatitis, which is the most common form of AP in older
patients.lo’11

Fever is a common symptom of AP. In a previous study,
60% of patients developed fever during the course of AR
Cases of gallstone pancreatitis and combined infection were
excluded from this study, but the incidence of fever (52.0%)
was similar to that of a previous study. In the present study,
blood culture was performed in all patients with fever, and
patients with bacteremia were excluded from the analysis.
Patients whose symptoms developed more than a week ago
or those with a history of AP within three months, pseudocyst,
or walled-off necrosis were excluded. The study only included
cases of early AP. In addition, pancreatic infection is rare in
the early phase of AP Therefore, fever diagnosed in the en-
rolled patients was attributed to pancreatitis alone rather than
combined infection.

Based on multivariate analyses, fever was positively corre-
lated with HTG-AP and CTSI. On the other hand, recurrent
AP was negatively associated with fever. HTG is a relatively
common cause of AP, representing 1-10% of all causes.
Although the pathophysiology remains unclear, the formation
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of free fatty acids may injure the acinar cells and pancreatic
capillaries, leading to ischemia and acidosis and resulting in
inflammation.> Because fever is a typical sign of in-
flammation, the increased prevalence of fever in HTG-AP may
reflect the possibility of triglyceride-induced continuous in-
flammation in early AP. A recent study also reported that sys-
temic inflammatory response syndrome is more common in
the HTG-AP group upon admission.™*

Brown adipose tissue may also be involved in fever in
HTG-AP. Mitochondrial oxidation in brown fat is a significant
source of thermogenesis, which increases the body temper-
ature during the febrile response in inflammation.”® Brown
fat generates heat upon burning TGs stored within the intra-
cellular lipid droplets, which are replenished by fatty acid ab-
sorption from the plasma.16 Therefore, hypertriglyceridemia
may fuel heat production by brown adipose tissue.

A recent study reported that HTG aggravates the severity
of AP and related complications dose-dependently, even in
patients without HTG etiology."” In the present study, fever
was more frequent in patients with higher initial serum TG
levels (Fig. 2).

CTSI reflects the degree of pancreatic necrosis, in-
flammation, and peripancreatic fluid collections. This corre-
lates with complications involving AP*® A higher score in-
dicates severe and widespread inflammation of the pancreas
and surrounding tissue. The lipolysis of peripancreatic fat by
activated pancreatic enzymes releases fatty acids and other
lipids that act as pro-inflammatory mediators,19 inducing
fever. Recurrent AP was less common in the febrile group
than in the afebrile group. It is unclear why fever is more
frequent during the first attack of AP and whether the clinical
manifestations differ in AP with and without relapse.

Prophylactic antibiotics are not recommended, regardless
of the severity of AP? Although antibiotics are indicated in
patients with infected necrosis, no consensus is available re-
garding the use of antibiotics in other cases. According to
global studies, the use of antibiotics in AP varied between
30.0% and 95.0% depending on the region.&20 On the other
hand, there was no association between the rate of antibiotic
use and the clinical outcome of AP, suggesting that antibiotics
are overused in many countries.’ Indeed, clinical studies re-
ported that the misuse of antibiotics is common in AP, primar-
ily because it is difficult to distinguish between infection and
systemic inflammatory response involving pancreatitis at the
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bedside.”® Fever is the major sign of infection and systemic
inflammation. In a survey, a raised body temperature was one
of the main reasons warranting antibiotic therapy in AP* On
the other hand, fever is just one of several findings of systemic
inflammation, such as leukocytosis and CRP elevation. A high-
er white blood cell count or CRP level was not associated
with infection in the early phase of AP?

This study showed that half of all patients developed fever
in early non-biliary AP. Antibiotics were not administered in
approximately 50.0% of the febrile group, which improved
without adverse outcomes. To the best of the authors’ knowl-
edge, this is the first study to examine factors associated with
fever in early AP. A better understanding of the risk factors
for fever may reduce unnecessary antibiotic use in AP. In pa-
tients with early, first-attack HTG-AP, if the CTSI scores are
high, the possibility of fever due to pancreatitis appears to
be high. In these patients, caution should be used when ini-
tiating antibiotics. Of course, antibiotics should be ad-
ministered without delay in patients with obvious infections,
such as bacteremia or air bubbles in necrosis. Although two
patients who received antibiotics expired in this study, it is
unclear if antibiotics worsened the prognosis of AP because
this was not a randomized study. Moreover, there may have
been a difference in the severity of pancreatitis between the
antibiotic-treated and non-treated groups.

The present study had some limitations. Although anti-
biotics were not used in many febrile patients, the rate of
antibiotic therapy was still high. On the other hand, it was
substantially lower than the previously reported rate of anti-
biotic therapy in South Korea (89.3%).6 In the present study,
even patients who were prescribed antibiotics only once were
classified as those who received antibiotics. Second, the as-
signment of the alcoholic etiology was not based on a specific
amount or duration of alcohol intake, but it is difficult to meas-
ure the amount of alcohol consumed accurately. Moreover,
there is no consensus regarding the specific amounts re-
quired to induce AP. In addition, the frequency of AP is similar
to those reported elsewhere. Finally, the number of patients
was small, and all patients were from a single institution.
Therefore, these findings might not be generalizable to the
broader population. Further studies will be needed to corrobo-
rate these findings.

In conclusion, hypertriglyceridemia and CTSI are associated
with fever in early non-biliary AP. The pathophysiology of AP

can be understood better by analyzing fever, the main symp-
tom of AP, to reduce unnecessary antibiotic use.
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