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Background and aim: The aim of this study was to investigate the association between
low-density lipoprotein cholesterol (LDL-C) and the development of severe acute pancreatitis
(SAP).

Patients and methods: A total of 674 patients with acute pancreatitis were enrolled. Non-
linearity in the relationship between LDL-C and SAP was assessed by restricted cubic spline
analysis. Univariable and multivariable regression analyses were used to identify independent
risk factors of SAP.

Results: The restricted cubic spline analysis suggested a nonlinear association between
high-density lipoprotein cholesterol (HDL-C), LDL-C and triglyceride levels and incidence
of SAP. The incidence of SAP in patients with low LDL-C (<90 mg/dL), moderate LDL-C
(90-150 mg/dL) and high LDL-C (>150 mg/dL) levels was 15.1%, 3.7% and 9.8%, respectively.
Multivariable analysis confirmed that low LDL-C levels (odds ratio [OR] 3.05; 95% confidence
interval [CI] 1.35-6.90), high LDL-C levels (OR 4.42; 95% CI 1.41-13.87) and low HDL-C
levels (OR 6.90; 95% CI 2.61-18.23) but not high triglyceride levels (OR 1.05; 95% CI
0.40-2.72) were associated with the development of SAP.

Conclusion: Both low LDL-C (<90 mg/dL) and high LDL-C (>150 mg/dL) levels within
24 hours from admission are independently associated with an increased risk of SAP.
Keywords: low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, lipids,
acute pancreatitis, severe acute pancreatitis, risk factor

Introduction

Low-density lipoprotein cholesterol (LDL-C) has a primary role in the pathogenesis
and epidemiology of cardiovascular disease. High levels of LDL-C are associated with
increased cardiovascular risk.! Decrease in LDL-C has been shown to reduce cardio-
vascular end points, including coronary events and strokes. Therefore, the prevailing
concept in cardiovascular medicine is that the lower the LDL-C, the better.>* However,
as an apparent paradox in that conception (“the lipid paradox”), low LDL-C was like-
wise associated with a significantly higher in-hospital mortality in patients with acute
myocardial infarction, as has been reported in several studies.'* These perplexing data
may suggest that both low LDL-C and high LDL-C levels may constitute disease risk
factors in specific constellations.

Severe hypertriglyceridemia is a well-known, though uncommon, cause of acute
pancreatitis. Recent studies have suggested that elevated serum triglyceride and low
high-density lipoprotein cholesterol (HDL-C) levels are associated with persistent
organ failure (POF) in acute pancreatitis.>¢ Khan et al” showed that lower serum
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LDL-C levels measured within 2 days of admission were
closely associated with a higher severity of pancreatitis,
defined according to the Atlanta criteria but not based on
the recent severe acute pancreatitis (SAP) guidelines.® POF,
which is defined as organ failure (single or multiple) that
persists for >48 hours, has been identified as the main factor
that determines the degree of severity of acute pancreatitis.®
Peng et al® studied 66 patients with acute pancreatitis and
found that the levels of LDL-C measured within 24 hours
of admission were significantly lower in patients with POF
than in those without POF.

On the other hand, oxidant stress resulting from chronic
elevation of serum LDL-C is a major contributor to both
endothelial dysfunction and its complications in cardio-
vascular diseases.’ Oxidative stress plays an important role
in pancreatic inflammation.'” Accumulated evidence from
clinical and basic research suggests that the pathogenesis
of acute pancreatitis can be associated with the presence
of reactive oxygen species (ROS) and reactive nitrogen
species (RNS). ROS/RNS may directly disrupt mitochon-
drial membrane causing protein misfolding. In addition,
ROS/RNS can amplify inflammation by activation of
proinflammatory signaling pathways.!® Oxidative stress
in neutrophils activated during the inflammatory response
giving rise to acinar injury may be responsible for further
propagation of local and systemic inflammation in acute
pancreatitis.!"!? Therefore, it was hypothesized that high
LDL-C levels may be associated with an increased risk of
development of SAP.

However, given the scarcity of information about the
potential role of LDL-C in SAP,° the aim of this work was
to investigate whether both low LDL-C and high LDL-C
levels were associated with SAP development (“the lipid
paradox”).

Patients and methods

Inclusion and exclusion criteria

This study was based on 674 consecutive patients with acute
pancreatitis admitted to The First Affiliated Hospital of
Wenzhou Medical University within 72 hours of symptom
onset from January 1, 2012, to December 31, 2015. Acute
pancreatitis was defined as previously described.®!* Disease
severity was stratified into mild, moderately severe and
severe according to the revised Atlanta classification.® Organ
failure was defined according to a Marshall score =2, mean-
ing that at least one organ system (respiratory, cardiovascular,
renal) must be affected.®!* The above condition was defined

as persistent with a symptomatology =48 hours. Exclusion
criteria were'® previous pancreatic surgery, pancreatitis due to
endoscopic retrograde cholangiopancreatography (ERCP) or
trauma, chronic pancreatitis, pancreatic cancer, malnutrition,
lipid-lowering medication, surgery or therapeutic ERCP
during hospitalization, chronic renal disease, hepatitis, liver
cirrhosis and incomplete data recorded.

Data collection and ethics

Age, gender, body mass index (BMI), time from symptom
onset to admission, biochemical parameters and pleural
effusion were recorded within 12 hours of hospitalization,
except for serum lipoprotein and serum albumin levels,
which were assayed within 24 hours.!¢ Similar to the study
by Hamasaki et al,'” fasting LDL-C levels were measured
enzymatically (direct assay) using a commercially available
kit (Daiichi Pure Chemicals, Tokyo, Japan). Subjects were
classified as alcohol drinkers (alcohol consumption) if they
had regularly consumed any alcoholic beverage greater
than or equal to one time per week during the preceding
6 months.* Subjects were classified as cigarette smokers
if they had smoked =10 cigarettes per week during the
preceding 6 months.*

This study protocol was approved by the ethics com-
mittee of The First Affiliated Hospital of Wenzhou Medical
University. This study was performed according to the prin-
ciples expressed in the Declaration of Helsinki, and written
informed consent was obtained from the subjects.

Sample size and statistical analyses

Sample size calculation was based on identifying inde-
pendent dichotomous predictor in a multivariable logistic
regression analysis for SAP. With an ¢ risk of 0.05 and
risk of 0.1, a prevalence of SAP at 10% and a bilateral test,
the sample size was calculated for the following hypotheses,
assuming a low correlation between the predictor and other
covariates (R?>=0.10). A sample of 516 patients would pro-
vide 90% power of detecting an adjusted odds ratio (OR) of
2.5 for a dichotomous predictor with an overall prevalence
of 30%.

Categorical values were described by count and propor-
tions and compared by the }? test. Continuous values were
expressed by mean * standard deviation (SD) or median
and interquartile range (IQR) and compared using the
one-way analysis of variance (ANOVA) or the Kruskal—-
Wallis nonparametric test. Multiple pairwise comparisons
were performed using the Bonferroni multiple-comparison
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test or Dunn’s test.'® Linear trends of categorical and con-
tinuous variables were tested by a Royston extension of the
Cochran—Armitage test' and a nonparametric Wilcoxon
rank-sum test,” respectively.

Nonlinearity in the relationship between lipids and SAP
was assessed by restricted cubic spline analysis. Logistic
analysis was used to evaluate the relationship between lipids
and SAP, adjusted for potential risk and confounding factors.
Multicollinearity was considered to be significant if the
largest variance inflation factor exceeded 10.*'*?> ORs were
calculated with 95% confidence intervals (Cls).

Differences were assessed as being relevant when the
two-tailed P-value <0.05 was reached.

Results
Clinical characteristics and exploratory

data analysis

A total of 674 patients (median age 48 years), of whom
421 (62.5%) were males, were included in the study. The
mean interval between symptom onset and admission was
1.8 £ 0.8 days. The most common cause of acute pancreatitis
was biliary origin (42.3%). Of all 674 patients, 504 (74.8%),
104 (15.4%) and 66 (9.8%) patients developed mild and
moderately severe acute pancreatitis and SAP, respectively.
In all, 66 (9.8%) patients developed POF, and among them,
multi-organ POF was observed in 29 (43.9%) individuals.

The most frequent POF was respiratory failure (54/66,
81.8%), followed by cardiovascular failure (27/66, 40.9%)
and renal failure (23/66, 34.9%).

Based on univariate logistic regression with restricted
cubic spline analysis, a nonlinear association between
HDL-C, LDL-C and triglyceride levels and SAP was
observed (Figures 1-3). Both patients with low LDL-C
(<90 mg/dL) and high LDL-C (>150 mg/dL) levels had a
higher incidence of SAP than patients with moderate LDL-C
(90—-150 mg/dL) levels. Therefore, patients with LDL-C were
separated into three groups: low (<90 mg/dL), moderate
(90—-150 mg/dL) and high (>150 mg/dL). Similarly, based
on restricted cubic analysis, we divided the study popula-
tion into two HDL-C-stratified groups: low (<30 mg/dL)
and high (=30 mg/dL). Triglyceride levels were also
divided into two groups: low (<150 mg/dL) and high
(=150 mg/dL).

Clinical results in patients with different
LDL-C levels

The demographic, clinical and laboratory findings of patients
with different LDL-C levels are shown in Table 1. No sig-
nificant difference was observed among patients with dif-
ferent LDL-C levels with respect to age, gender, proportion
of hypertension, diabetes mellitus, alcohol consumption,
smoking and etiology. Patients with high LDL-C levels
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Figure | Distribution of HDL-C in 674 patients and relationship between different HDL-C levels and incidence of SAP.
Abbreviations: HDL-C, high-density lipoprotein cholesterol; SAP, severe acute pancreatitis; Cl, confidence interval.

Therapeutics and Clinical Risk Management 2018:14

submit your manuscript

983

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Hong et al

Dove

15 O @& 0000

10 4

Percent

oo o 1

0.9
0.8
0.7
0.6
0.5

Probability

0.4
0.3
0.2
0.1

-0
T

T T
0 30 60 90 120 150

T T T T
180 210 240 270 300

LDL-C (mg/dL)

O Observed SAP
————— 95% ClI

[ Percentage of patients

Expected SAP

Figure 2 Distribution of LDL-C in 674 patients and relationship between different LDL-C levels and incidence of SAP.
Abbreviations: LDL-C, low-density lipoprotein cholesterol; SAP, severe acute pancreatitis; Cl, confidence interval.

(>150 mg/dL) had higher BMI than patients with low LDL-C
levels (<90 mg/dL; Dunn’s test: P = 0.005) and moderate
LDL-C levels (90-150 mg/dL; Dunn’s test: P =0.01).
Regarding laboratory results, no significant difference
was observed among patients with different LDL-C levels
with respect to HDL-C, hematocrit, alanine aminotransferase
(ALT) and glucose (Table 1). The median LDL-C levels
were 69, 113 and 173 mg/dL for patients with low, moderate

and high LDL-C levels, respectively. A higher LDL-C level
was associated with higher total cholesterol (P, < 0.001)
and triglyceride (P, < 0.001) levels. Patients with low
LDL-C levels (<90 mg/dL) had lower albumin than patients
with moderate LDL-C levels (90-150 mg/dL; Dunn’s
test: P < 0.001) and high LDL-C levels (>150 mg/dL;
Dunn’s test: P < 0.001). Patients with low LDL-C levels
(<90 mg/dL) had a higher blood urea nitrogen (BUN) than
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Figure 3 Distribution of triglyceride in 674 patients and the relationship between different triglyceride levels and incidence of SAP.

Abbreviations: SAP, severe acute pancreatitis; Cl, confidence interval.
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Table | Baseline characteristics of patients in the three study cohorts

Variable LDL-C (mg/dL) P-value
<90 (n=319) 90-150 (n =273) >150 (n = 82)
Age, years (IQR) 48 (37-65) 48 (38-62) 47.5 (36-57) 0.404
Male gender, n (%) 208 (65.2) 162 (59.3) 51 (62.2) 0.340
BMI, kg/m? (IQR) 23.5(21.2-25.8) 23.5 (21.0-26.1) 24.2 (22.0-27.8) 0.030
Hypertension, n (%) 74 (23.0) 72 (26.4) 13 (15.9) 0.141
Diabetes mellitus, n (%) 46 (14.4) 42 (15.4) 16 (19.5) 0.523
Alcohol consumption, n (%) 42 (13.2) 37 (13.6) 13 (15.9) 0.817
Smoking, n (%) 85 (26.7) 81 (29.7) 24 (29.3) 0.698
Etiology 0.342
Biliary, n (%) 142 (44.5) 112 (41.0) 31 (37.8)
Hypertriglyceridemia, n (%) 20 (6.3) 16 (5.9) 1 (1.2)
Alcohol, n (%) 42 (13.2) 37 (13.6) 13 (15.9)
Other, n (%) 115 (36.0) 108 (40.0) 37 (45.0)
Laboratory findings
Total cholesterol (mg/dL) 146 (127-189) 199 (175-232) 267 (235-310) <0.001
LDL-C (mg/dL) 69 (56-8l) 113 (101-129) 173 (158-187) <0.001
HDL-C (mg/dL) 38 (26-51) 41 (31-50) 41 (31-51) 0.223
Triglyceride (mg/dL) 96 (58-317) 119 (80-288) 180 (104-323) <0.001
Hematocrit (L/L) 0.42 (0.38-0.45) 0.43 (0.38-0.46) 0.43 (0.39-0.46) 0.261
Albumin, g/L (IQR) 35 (32-39) 38 (3440) 38 (3541) <0.001
ALT, U/L (IQR) 37 (18-107) 39 (20-98) 51 (22-124) 0314
Glucose, mg/dL (IQR) 144 (114-191) 144 (119-200) 147 (121-220) 0.534
BUN, mg/dL (IQR) 14.3 (10.9-18.7) 12.3 (10.1-16.5) 12.9 (10.4-16.0) 0.004
Outcomes
SAP, n (%) 48 (15.1) 10 (3.7) 8 (9.8)
Death, n (%) 9 (2.8) | (0.4) 0 (0)

Notes: Data are numbers and percentages or median (25th—75th percentile), as appropriate. Cholesterol, | mg/dL = 0.0259 mmol/L; triglyceride, | mg/dL = 0.0113 mmol/L;

glucose, | mg/dL = 0.0555 mmol/L and urea nitrogen, | mg/dL = 0.357 mmol/L.

Abbreviations: LDL-C, low-density lipoprotein cholesterol; n, number; IQR, interquartile range; BMI, body mass index; HDL-C, high-density lipoprotein cholesterol;
ALT, alanine aminotransferase; BUN, blood urea nitrogen; SAP, severe acute pancreatitis.

patients with moderate LDL-C levels (90—-150 mg/dL; Dunn’s
test: P < 0.001) and high LDL-C levels (>150 mg/dL;
Dunn’s test: P =0.03).

As shown in Table 1 and Figure 4, patients with low
LDL-C levels (<90 mg/dL; 48/319, 15.1%) and high LDL-C
levels (>150 mg/dL; 8/82, 9.8%) when compared to those
with moderate LDL-C levels (90-150 mg/dL; 48/273,
3.7%) showed a significantly higher incidence of SAP
(P < 0.001). Patients with low LDL-C levels (9/319, 2.8%)
had a higher mortality compared to patients with either mod-
erate LDL-C levels or high LDL-C levels (Table 1). There
was no difference between patients with moderate LDL-C
levels and high LDL-C levels with respect to mortality
(0.4% vs 0%, P =0.769).

LDL-C was independently associated
with SAP

As shown in Figure 5, univariable analysis revealed that low
LDL-C levels (OR 4.66; 95% C12.31-9.40; P < 0.001), high
LDL-C levels (OR 2.84; 95% CI 1.08-7.46; P = 0.034), low
HDL-C levels (OR 8.14; 95% CI1 4.65-14.23; P < 0.001) and

high triglyceride levels (OR 2.25;95% CI 1.34-3.77; P=0.002)

were all associated with the development of SAP.
According to results of collinearity diagnostics, total

cholesterol was not included into multivariable logistic
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Figure 4 Incidence of SAP in patients with different LDL-C levels.
Abbreviations: SAP, severe acute pancreatitis; LDL-C, low-density lipoprotein
cholesterol.
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regression because of collinearity with HDL-C and LDL-C.
Low LDL-C levels (OR 3.05; 95% CI 1.35-6.90; P=0.007)
and high LDL-C levels (OR 4.42; 95% CI 1.41-13.87;
P=0.011) were still independently associated with develop-
ment of SAP after adjusting for age, gender, BMI, hyperten-
sion, alcohol consumption, smoking, HDL-C, triglyceride,
hematocrit, albumin, glucose, ALT and BUN (Figure 5).
Multivariable analysis also confirmed that low HDL-C levels
(OR 6.90; 95% CI 2.61-18.23; P < 0.001) but not high
triglyceride levels (OR 1.05; 95% C1 0.40-2.72; P =0.924)
were associated with SAP development (Figure 5).
Because the mortality was very low in our study (Table 1),
patients were classified into two groups (low LDL-C vs
moderate and high LDL-C) when evaluating LDL-C as a
potential risk factor of mortality in the logistic regression
analysis. Univariable analysis revealed that low LDL-C
levels (OR 10.28; 95% CI 1.29-81.57; P = 0.027) and low
HDL-C levels (OR 11.44; 95% C12.41-54.41; P=0.002) but
not high triglyceride levels (OR 3.40; 95% CI 0.87-13.28;
P =0.078) were associated with the mortality of acute pan-
creatitis. Multivariable analysis showed that neither low
LDL-C levels (OR 6.84; 95% C10.68-68.48; P=0.102) nor
low HDL-C levels (OR 3.42; 95% C10.37-31.94; P=0.280)
were associated with the mortality of acute pancreatitis.

Discussion

It has been reported that a lower LDL-C level was associated
with a higher severity of acute pancreatitis.® One possible
explanation is that excessive release of inflammatory

cytokines, such as interleukin-6 (IL-6) and tumor necrosis
factor oo (TNF-), in the early stage of acute pancreatitis
may result in a decreased LDL-C synthesis in the liver.”
The other possible explanation is that increased capillary
permeability in acute pancreatitis may lead to a redistribu-
tion of lipoproteins from the intravascular compartment to
the extravascular compartment.?>?3

Khan et al** showed that serum lipid levels were sig-
nificantly altered in patients with alcohol-induced acute
pancreatitis. Lower serum LDL-C levels measured within
2 days after hospital admission were closely associated with
a higher severity of pancreatitis, higher hospital mortality
and longer hospitalization.” Peng et al® studied 66 patients
with acute pancreatitis and found that the levels of LDL-C
measured within 24 hours of admission were significantly
lower in patients with POF than in those without POF.
However, there were many limitations in these studies such
as a low statistical power due to small sample sizes®”**%
and using outdated definitions of SAP,”?*? as defined by the
Atlanta criteria but not the recent guideline on POF in acute
pancreatitis.® In addition, none of the studies investigated the
threshold of LDL-C levels for the prediction of SAP, which
is important for clinical decision making.

As expected, using an up-to-date definition of SAP,
our study showed that patients with low LDL-C levels
(<90 mg/dL) had a significantly higher incidence of
SAP (15.1% vs 3.7%) than those with moderate LDL-C
levels (90—-150 mg/dL; Table 1). Patients with low LDL-C
levels (<90 mg/dL) also had a lower albumin and higher
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BUN than that of patients with moderate LDL-C levels
(90-150 mg/dL) and high LDL-C levels (>150 mg/dL).
Previous reports have noted that hypoalbuminemia and rise in
BUN were associated with SAP.2!2® Furthermore, multivari-
able analysis suggested that a low LDL-C level (<90 mg/dL)
within 24 hours from admission is independently associ-
ated with the development of SAP, even after adjusting
by triglyceride levels and other potential confounders (OR
3.05;95% CI 1.35-6.90; Figure 5). However, multivariable
analysis showed a low LDL-C level was not associated with
the mortality of acute pancreatitis, which may be due to low
mortality in our study (Table 1).

The relationship between a high LDL-C concentration
and incidence of SAP has not been investigated in the
literature. Our study suggested that patients with high
LDL-C levels (>150 mg/dL) had a higher incidence of SAP
when compared to patients with moderate LDL-C levels
(90-150 mg/dL; Figure 4). Patients with high LDL-C levels
(>150 mg/dL) had a higher BMI than patients with low
LDL-C levels (<90 mg/dL) and moderate LDL-C levels
(90-150 mg/dL). Martinez et al*’ showed that BMI was a risk
factor of severity and mortality in acute pancreatitis. Further-
more, multivariable analysis suggested that a high LDL-C
level (>150 mg/dL) within 24 hours from admission is inde-
pendently associated with an increased risk of development
of SAP after adjusting by potential confounders (Figure 5).
However, there was no difference between patients with
moderate LDL-C levels and high LDL-C levels with respect
to mortality (0.4% vs 0%, P = 0.769).

The distinct pathophysiologic mechanisms of how high
LDL-C levels might impact severity of acute pancreatitis are
not fully understood. Presumably, LDL-C may increase ROS
and reduce nitric oxide (NO) by increased oxidant stress.’ NO
is endowed with anti-inflammatory properties by inhibiting
nuclear transcription factor kappa-B (NF-kB), a key regula-
tor of cytokine induction, and cytokine production.’ NO may
limit oxidative phosphorylation in mitochondria, which may
reduce mitochondrial ROS.° On the other hand, oxidative
stress plays an important role in pancreatic inflammation. '
The mechanism of progression from mild acute pancreatitis to
SAP is induced by the release of proinflammatory cytokines
and ROS-related tissue injury.?! ROS and lipid peroxidation
contribute to the production of cytokines and chemokines,
such as IL-6, monocyte chemoattractant protein-1 through
activation of NF-kB.?® Activation of NF-xB in acinar cells
increases the severity of pancreatitis in mice.”

As expected, our data showed that low HDL-C levels (OR
6.90; 95% CI 2.61-18.23) was associated with development

of SAP. This was consistent with previous observations.®?!
The association between high triglyceride and severity of
acute pancreatitis has been controversial. Nawaz et al’ sug-
gested that elevated serum triglycerides are independently
associated with POF in acute pancreatitis. By contrast, Peng
et al,’ as well as our data, did not support any correlation
between triglyceride levels and severity of acute pancreatitis
(OR 1.05; 95% CI 0.40-2.72). A possible explanation for
these differences may be due to the variations among study
populations such as pancreatitis etiology and race.

The strengths of our study include the following. 1) To the
best of our knowledge, this is the first study to investigate
the relationship between LDL-C levels and SAP using
a nonlinear model (restricted cubic spline analysis) and
determine the threshold of LDL-C level for the prediction of
SAP (Figures 1-3). Fallah et al*® suggested that a nonlinear
modeling procedure can prevent model misspecification
and can provide information between prognostic factors
and disease risk that is not revealed by the use of standard
modeling techniques. 2) A large sample with an adequate
power enabled us to evaluate the relationship between LDL-C
and clinical outcomes of acute pancreatitis. To the best of
our knowledge, this is the first study to confirm that both
low LDL-C and high LDL-C levels were associated with
the development of SAP (“the lipid paradox™).

Our study also has several limitations. 1) First, this is
a retrospective cohort study, which may produce selection
bias. Therefore, one should interpret these findings with cau-
tion and the authors have to state clearly that a prospective
validation of these results in the future is mandatory before
potential clinical application. 2) Second, there were no data
showing a causal relationship between LDL-C and SAP.
In addition, we did not address the mechanisms behind the
association of serum lipid concentrations and the severity
of acute pancreatitis. Therefore, further studies are required
to investigate the pathophysiologic mechanisms behind this
interesting association. 3) Finally, in clinical practice, the
lipid profile measurement is generally performed after at
least 8 hours of fasting time in order to decrease variability of
lipid concentration due to time and content of the last meal.*!
Unfortunately, exact fasting time could not be obtained from
every patient because of retrospective design. The calculated
LDL-C (often estimated using the Friedewald equation) has
been thought to be affected substantially by food intake.
However, recent data suggested that the mean calculated
LDL-C levels vary little (<10%) among patients with dif-
ferent fasting intervals from 1 to 16 hours.’> On the other
hand, the LDL-C levels were determined by direct assay and
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not calculation in our study, which is less affected by serum
triglyceride and fasting time.** In addition, cardiovascular
studies propose that non-fasting LDL-C has a prognostic
value similar to that of fasting LDL-C.3* Recently, European
Atherosclerosis Society and European Federation of Clini-
cal Chemistry and Laboratory Medicine recommended that
fasting is not required routinely for assessing the plasma
lipid profile.* Therefore, it will be interesting to analyze
the relationship between LDL-C levels in patients with dif-
ferent fasting intervals and severity of acute pancreatitis in
the future.

Conclusion

This study demonstrated that both low LDL-C (<90 mg/dL)
and high LDL-C (>150 mg/dL) levels within 24 hours from
admission are independently associated with an increased
risk of development of SAP (“the lipid paradox™).

Availability of data and materials
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are available from the corresponding author on reasonable
request.
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