Clinical Chemistry 00:0
1-13 (2023)

Review

Hypertriglyceridemia-Associated Pancreatitis: New
Concepts and Potential Mechanisms

Signe E.J. Hansen,®P< Anette Varbo,*? Barge G. Nordestgaard,*? and Anne Langsted

BACKGROUND: Triglycerides are a major source of en-
ergy, while high plasma triglycerides are a risk factor
for various diseases and premature death. Severely ele-
vated plasma triglycerides are a well-established cause
of acute pancreatitis with high mortality, likely due to
the presence of elevated levels of chylomicrons and large
very low-density lipoproteins in plasma. As markedly
elevated levels of these very large lipoproteins are not
generally found in mild to moderate hypertriglyceride-
mia, this was previously not regarded as a cause or mark-
er of increased risk of acute pancreatitis. However, mild
to moderate hypertriglyceridemia may identify indivi-
duals who at a later timepoint develop severe hypertri-
glyceridemia and acute pancreatitis.

CONTENT: We describe measurement of plasma trigly-
cerides and studies on plasma triglycerides and risk of
acute pancreatitis. Further, we summarize current
European and American guidelines for the prevention
of acute pancreatitis and, finally, the potential for future
prevention of acute pancreatitis through lowering of
plasma triglycerides.

SUMMARY: Recent observational and genetic studies in-
dicate that mild to moderate hypertriglyceridemia is
causally related to increased risk of acute pancreatitis,
most likely as a marker of future severe hypertriglyceri-
demia. Current guidelines do not mention individuals
with mild to moderate hypertriglyceridemia, even
though newer evidence suggests an unmet medical
need. Treatment could include plasma triglyceride-low-
ering therapy targeting the pathway for lipoprotein lip-
ase as the main triglyceride degrading enzyme in
plasma. Angiopoietin-like 3 and apolipoproteinC-III
are inhibitors of lipoprotein lipase, and blocking of these
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2 inhibitors is showing promising results in relation to
marked triglyceride-lowering and could perhaps be
used to prevent acute pancreatitis in the future.

Introduction

Hypertriglyceridemia is associated with high morbidity
and mortality, mainly due to its association with diseases
such as ischemic heart disease, stroke, and cancer (1, 2).
In Western countries, 25%-33% of the adult popula-
tion has  hypertriglyceridemia  (>1.7 mmol/L;
>150 mg/dL), and over the past decades incidence has
been rising concordantly with the obesity pandemic
(3). Indeed, as plasma triglycerides are highly positively
correlated to body mass index, individuals with hypertri-
glyceridemia are more likely to live with overweight and
obesity (4).

The incidence of acute pancreatitis has also been in-
creasing, and it is now one of the most common admis-
sion diagnoses in  gastroenterology  emergency
departments in the United States, with yearly direct
costs of $2.8 billion (5). The estimated global incidence
and mortality for acute pancreatitis is 34 cases and 2
deaths per 100 000 person-years, with geographical dif-
ferences and the highest rates in the United States (6).

Currently, treatment options for hypertriglyceride-
mia and acute pancreatitis are limited, and it is import-
ant to prevent both conditions to reduce morbidity,
mortality, and hospitals costs. In this review we discuss
the interplay between plasma triglycerides and acute
pancreatitis.

Plasma Triglycerides

Triglycerides are hydrophobic fat molecules packed into
and transported by lipoproteins in plasma. The synthesis
of triglycerides is mainly regulated by the enzymes
monoacylglycerol acyltransferase and diacylglycerol
transferase. Monoacylglycerol acyltransferase facilitates
addition of a fatty acid to monoacylglycerol while diacyl-
glycerol transferase facilitates the addition of a fatty acid
to diacylglycerol, resulting in the formation of
triglycerides.

Triglycerides enter the circulation in chylomicrons
that are very large lipoprotein particles uniquely
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containing apolipoprotein (apo)B48. Chylomicrons are
assembled in the intestine after fat absorption from
food, whereafter they bypass the liver and enter the cir-
culation via the lymph through the thoracic duct, there-
by reaching body tissues that are capable of utilizing free
fatty acids (FFA) from lipoprotein lipase facilitated tri-
glyceride hydrolysis, either as energy source in muscles
or for storage in fat tissue. Subsequently, the remainder
of the particle is cleared from the circulation by the liver
as a chylomicron remnant. The remaining triglycerides,
as well as newly synthesized triglycerides together with
cholesterol, are later resecreted into the circulation by
the liver in apoB100 containing very low-density lipo-
protein particles. Triglycerides in these particles are
again hydrolyzed by lipoprotein lipase with liberation
of FFA, thereby producing smaller very low-density
lipoprotein remnants, intermediate-density lipopro-
teins, and finally low-density lipoproteins (LDL)
(Supplemental Fig. 1), the endpoint particle that is
removed from the circulation by the liver or other
tissues (7).

In plasma, triglycerides are liberated from lipopro-
teins by the highly regulated lipoprotein lipase (LPL).
The lipolytic function of LPL is facilitated by apo C-1I
as an essential cofactor and is further enhanced by
apo A-V, while apo C-I, apo C-III, ANGPTL3, and
angiopoietin-like 4/angiopoietin-like 8 inhibit its func-
tion. LPL cleaves triglycerides into monoacylglycerol
and FFA at the luminal site. FFA are transported into
cells and are either oxidized in mitochondria in skeletal

and heart muscle to produce ATP or stored in lipid dro-
plets in adipose tissue to provide potent fuel storage.
Compared to glycogen, FFA contain several times the
amount of energy per unit stored mass (8).

The distribution of nonfasting plasma triglycerides
in the Danish general population is shown in Fig. 1.
Concentrations of plasma triglycerides are a conse-
quence of an interplay between (4) dietary intake, (4)
hepatic secretion, (¢) LPL function, and () hepatic up-
take or, in other words, between production, lipolysis,
and clearance (9) and can further be influenced by gen-
etics. Disturbances in either of these functions can lead
to hypertriglyceridemia, often considered as plasma tri-
glycerides >1.7 mmol/L (150 mg/dL) in the fasting
state and >2 mmol/L (177 mg/dL) in the nonfasting
state. The optimal concentration of plasma triglycerides
is likely to be <1.2mmol/L (100 mg/dL).
Hypertriglyceridemia is further classified into mild to
moderate (1.7-5.6 mmol/L; 150-500 mg/dL), severe
(5.6-10 mmol/L; 500-880 mg/dL), and extreme
(>10 mmol/L; 880 mg/dL) (9).

Primary and secondary causes of hypertriglyceridemia
are listed in Table 1. In the clinical situation, it is import-
ant to first exclude and potentially treat secondary causes
before diagnosis and interventions for hypertriglyceridemia
due to primary causes are considered. Extreme high con-
centrations of plasma triglycerides are rare and mainly
seen in individuals with monogenic disorders such as fa-
milial chylomicronemia syndrome, in the more common
multifactorial chylomicronemia syndrome, or in severely
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Fig. 1. Distribution of nonfasting plasma triglycerides in the Danish general population. 1.7 mmol/L
marks upper normal level. Above 5.6 mmol/L indicates severe hypertriglyceridemia. To convert mmol/L
to mg/dL, multiply by 88.6. Based on individuals from the Copenhagen City Heart Study and the
Copenhagen General Population Study combined.
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Table 1. Possible causes of
hypertriglyceridemia.

Primary

Genetic syndromes (monogenic) presenting as
chylomicronemia/extreme hypertriglyceridemia
Genetic syndromes (polygenic) with moderate
hypertriglyceridemia
Secondary
Central obesity
Diabetes (poorly controlled, mainly type 2)
Renal diseases/nephrotic syndrome
Pregnancy
Autoimmune disorders
Hypothyroidism
Alcohol excess
High fat diet
Medication
Metabolic syndrome

Paraproteinaemia

Based on data from Hegele et al. (10).

uncontrolled diabetes as a result of interaction with genetic
factors, while mild to moderate hypertriglyceridemia is
more likely due to a combination of polygenic and envir-
onmental factors (10). Both mild to moderate and severe
hypertriglyceridemia are polygenic traits and share identi-
cal profiles of common single-nucleotide polymorphisms
and rare heterozygous pathogenic variants (Supplemental
Table 1), except that the burden of common and rare var-
fants is greater in severe hypertriglyceridemia. Insulin re-
sistance, as seen in individuals with obesity, the
metabolic syndrome, and/or type 2 diabetes, is associated
with hypertriglyceridemia as it leads to (@) higher secretion
of apoB48-particles from the intestines, () higher produc-
tion and secretion of apoB100-particles from the liver, (c)
reduced peripheral lipolysis (reduced LPL function), and
(d) release of FFA from adipocytes into the circulation
(providing a substrate for de novo lipogenesis in the liver)
(9). Prolonged hypertriglyceridemia is harmful for various
tissues in the body, with the greatest health concerns for
individuals with hypertriglyceridemia being atherosclerotic
cardiovascular disease (ASCVD) and pancreatitis.

Measurements of Triglycerides
Biological variation within (CV%) and between

(CVg%) individuals for plasma triglycerides is 20%
and 40%, respectively. CVi% is usually high in

individuals with high plasma triglycerides, and these in-
dividuals may experience large differences between fast-
ing and post prandial triglyceride concentrations. A meal
high in saturated fat can lead to transient triglyceride in-
creases of 50% or greater (11). Two triglyceride mea-
surements in the same individual should differ by at
least 56% to be a clinically significant change (12); how-
ever, a change of less than 56% can sometimes be clin-
ically significant, depending on the absolute
magnitude of change and the clinical scenario.
Preanalytical factors influencing triglyceride concentra-
tions include time of day, body posture, menstrual cycle,
pregnancy, meals, smoking, age, and inflammation (11).
Nonfasting blood sampling for lipids is endorsed world-
wide by UK, Canadian, Brazilian, Asian, European, and
American guidelines (13). The difference between fast-
ing and nonfasting lipids is found to be clinically insig-
nificant, and the use of nonfasting sampling is more
convenient for patients, clinicians, and laboratories
alike. Importantly, most people in affluent countries
are in the nonfasting state most of the time and only fast-
ing in the morning before breakfast. Therefore, nonfast-
ing concentrations better reflect the person’s usual
triglyceride concentration and potential risk of diseases
caused by elevated plasma triglycerides. If a nonfasting
sample is >4.5 mmol/L (400 mg/dL), some laboratories
will recommend a fasting sample; however, in 2022 in
Denmark, for Copenhagen hospitals this option is no
longer available (13).

Triglyceride concentrations can be measured in
both plasma and serum easily and with high precision
[for example, CV5%:1.80 (95% confidence interval
[CI], 1.41-1.55) Advia 2400 (12)] by commonly used
laboratory assays based on enzymatic hydrolysis of trigly-
cerides to FFAs and glycerol. The formed glycerol is fur-
ther oxidized by glycerol oxidase in the presence of
oxygen, forming glyceraldehyde and hydrogen peroxide.
The amount of glyceraldehyde or hydrogen peroxide
formed in this reaction, or oxygen uptake, is proportion-
al to the amount of triglyceride in the sample (14). Most
assays dilute samples for further measurement when tri-
glycerides are initially >10 mmol/L (880 mg/dL), add-
ing a little extra imprecision to results above this
concentration. As it is solely the glycerol-content, which
is decisive of the measured triglyceride concentration,
falsely elevated triglyceride measurements (pseudohyper-
triglyceridemia) can be found in individuals with hyper-
glycerolemia, a rare genetic disease caused by glycerol
kinase deficiency. Special assays “blanking” the content
of free glycerol in a sample ensuring that only glycerol
liberated from triglycerides is being measured can be
performed to unmask suspected pseudohypertriglyceri-
demia (11). This could be appropriate in individuals
with persistent hypertriglyceridemia despite triglyceride-
lowering treatment.
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Acute Pancreatitis

The clinical manifestations of acute pancreatitis are con-
stant abdominal pain often radiating to the back, nausea,
vomiting, fever, and general malaise. According to the
Atlanta criteria, 2 of the following 3 criteria need to be
present for the diagnosis: (2) abdominal pain compatible
with acute pancreatitis, () serum amylase and/or lipase
>3 times the upper normal limit, and (¢) abdominal
cross-sectional imaging findings suggestive of acute pan-
creatitis (15). Most cases of acute pancreatitis are mild
and self-limiting; however, approximately 20% develop
severe disease, defined by persistent organ failure for
>48 h, with a mortality rate of approximately 20% to
50% (16). No curative treatment exists, so supportive
resuscitation with fluid, oral/enteral nutrition (or in
some cases avoidance of oral nutrition), pain relief,
and observation for known complications such as pan-
creatic and/or peripancreatic oedema, sterile or infected
necrosis, and pseudocysts is standard care (17). Disease
severity is commonly defined using the revised Atlanta
Classification (18). Many tools have been created in
the attempt to predict severity; however, close monitor-
ing of organ function and identification of the presence
of a systemic inflammatory response syndrome seem just
as effective (15). Long-term exocrine insufficiency is
seen in approximately 35% (19), and endocrine insuffi-
ciency in about 20% (20), of patients after a first episode
of acute pancreatitis, and repeated episodes can lead to
chronic pancreatitis and exocrine and endocrine
insufficiency.

The most common causes of acute pancreatitis are
(a) gallstone disease (45%), (b) excessive long-term alco-
hol consumption (20%), and (¢) hypertriglyceridemia
(3%-10%), with alcohol consumption being more com-
mon in men than women, while in as many as 5%-25%
of cases the cause remains unclear (idiopathic) (15).
Hereditary, iatrogenic, medicine-induced, structural/
anatomical, and infectious causes are thought to explain
the remaining causes (16) (Supplemental Table 2). Early
identification of disease-causing environmental expo-
sures is crucial in the management of acute pancreatitis,
and patient education in avoiding/eliminating known
risk factors and recognizing early signs of pancreatitis
is important since as many as 20% of individuals with
a first episode of acute pancreatitis experience recurrent
episodes (21). Also, the fact that acute pancreatitis is the
first step in the disease continuum that may lead to
chronic pancreatitis and ultimately pancreatic cancer
highlights the importance of stopping disease progres-
sion (21).

Most knowledge regarding pathophysiological me-
chanisms of acute pancreatitis is derived from animal
studies. Whether these pathways are identical in humans
is not fully known, and human disease development
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most likely has a multifactorial dimension not easily re-
flected in an animal model (22). Acute pancreatitis is be-
lieved to manifest when the balance between protective
factors and stressors is disturbed, indicating multiple in-
sults might be needed to reach and exceed disease thresh-
old. This might involve a complex interplay of (2)
premature activation of digestive enzymes inside pancre-
atic tissue, (6) basolateral secretion of zymogens instead
of via the normal apical route, (¢) impaired ductal pro-
duction of bicarbonate-rich fluid, () defective cellular
cleaning mechanisms in response to acinar cell damage
(impaired autophagy/lysosomal activity), (¢) disturbed
intracellular calcium-signaling, (f) hypoxia/ATP deple-
tion, (¢) enhanced inflammatory signaling activated
through different pathways (lipopolysaccharide, toll-like
receptor-4, nuclear factor-kappa B, and nucleotide-
binding-domain, leucine-rich containing-family, pyrin-
domain containing 3 inflammasome), (/) amplification
of inflammatory responses by stellate cells inducing sys-
temic inflammation, and (7) oxidative stress or damage.
Genetic disposition, presence of bile acids in the pancre-
atic ductal system, hormonal hyperstimulation, and life-
style mediators (e.g., alcohol, smoking, high-fat diet,
and obesity) might contribute to and accelerate the pro-
cess, reaching the disease threshold (23).

Hypertriglyceridemia and Acute Pancreatitis

Severe hypertriglyceridemia is an established cause of
acute pancreatitis, responsible for a growing proportion
of all cases, and has recently been found to cause up to
about 22% of all cases of acute pancreatitis (24). In se-
vere hypertriglyceridemia, hyperviscosity of plasma due
to large lipoproteins and chylomicrons is believed to
cause impaired blood flow in the pancreatic tissue, caus-
ing ischemia and tissue destruction leading to acute pan-
creatitis (25). Further, disease progression is enhanced
by great accessibility of proinflammatory FFA in plasma
and perhaps also by accumulated FFA in pancreatic tis-
sue (26). Hypertriglyceridemia-induced acute pancrea-
titis and/or having elevated concentrations of plasma
triglycerides at hospital admission are associated with
more severe acute pancreatitis and poor prognosis (27).

As discussed earlier, the initial acute management
for any patient with acute pancreatitis consists of bowel
rest, intravenous hydration, and pain control. In add-
ition, when induced by hypertriglyceridemia, insulin in-
fusion is recommended with close monitoring of
hypoglycemia. For individuals with severe pancreatitis
and severe hypertriglyceridemia, more aggressive treat-
ment in intensive care including plasmapheresis with al-
bumin as replacement fluid is often used (28). The
initial biochemical assessment of a patient in the emer-
gency situation of acute pancreatitis will focus on
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diagnosis including measurement of plasma pancreatic
amylase and/or lipase as well as more general tests used
in the acute setting. In the case of severe hypertriglycer-
idemia, tests may be affected by the presence of lipemia,
making some analytes difficult to measure. These initial
tests differ from the tests focusing on hypertriglyceride-
mia in the nonacute setting aimed at preventing future
episodes of acute pancreatitis.

While severe hypertriglyceridemia is a well-
recognized cause of acute pancreatitis, mild to moderate
hypertriglyceridemia has not previously been thought to
cause acute pancreatitis. However, mild to moderate hy-
pertriglyceridemia (2-5 mmol/L; 177446 mg/dL) has
recently in observational studies been associated with
higher risk of acute pancreatitis (26, 29, 30) (Fig. 2),
with a seemingly more pronounced association for wo-
men than for men (4). A study of 117 313 individuals
(including 452 acute pancreatitis events) from the
Danish general population (26) has shown that absolute
numbers of acute pancreatitis cases are highest in indivi-
duals with plasma triglycerides between 1 and 3 mmol/L
(89-265 mg/dL), because most individuals have plasma
triglycerides in this range. In that study, the population
attributable fraction was 19% (potentially prevented
cases, n = 40) for individuals with plasma triglycerides
of 1-1.99 mmol/L (89-176 mg/dL) including many in-
dividuals with triglycerides in the normal range, 14%
(n =13) for 2 to 2.99 mmol/L (177-265 mg/dL),
7% (n=3) for 3 to 3.99 mmol/L (266-353 mg/dL),
6% (n=1) for 4 to 4.99 mmol/L (354-442 mg/dL),
and 11% (n=3) for individuals with plasma triglycer-
ides >5 mmol/L (443 mg/dL) (26).

Mild to moderate hypertriglyceridemia is often ac-
companied by obesity and other metabolic dysfunctions
such as impaired glucose tolerance and hypercholesterol-
emia (31). In observational studies, stepwise higher body
mass index above normal weight was associated with
stepwise higher risk of acute pancreatitis (4, 32), and al-
most 30% of the association was mediated by elevated
plasma triglycerides (4), while none of the other compo-
nents of the metabolic syndrome were found to be med-
iators (4, 30). Also, evidence from studies investigating
the effect of bariatric surgery reducing body weight
and plasma triglycerides shows lower risk of acute pan-
creatitis in individuals who underwent bariatric surgery
(33).

The underlying mechanism causing acute pancrea-
titis in individuals with mild to moderate hypertriglycer-
idemia is not completely understood. The most
plausible mechanism is that mild to moderate hypertri-
glyceridemia, rather than being a direct cause of acute
pancreatitis, is associated indirectly because it is a reliable
marker of future severe hypertriglyceridemia, which
could be the actual cause of the clinical problem.
However, large lipoprotein particle size does not seem

to be the sole explanation as the association between
higher plasma triglycerides and risk of acute pancreatitis
is more linear than sigmoid/exponential, indicating that
no specific size of lipoproteins drives the association. It
seems that risk of acute pancreatitis increases similarly
for changes in lower triglyceride concentrations where
chylomicronemia/hyperviscosity is not present as in
high triglyceride concentrations with the presences of
larger lipoproteins (26) (Fig. 2). It can be speculated
that constant mild to moderate elevated plasma trigly-
cerides could make the pancreas susceptible to acute
pancreatitis due to (2) exceeded storage capacity of tri-
glycerides in adipose tissue leading to accumulation of
triglycerides elsewhere including the pancreas, where
pancreatic lipase can result in liberation of cytotoxic
FFA in pancreatic tissue (34); (b) the pancreas has a
high protein production relative to its size, and energy
is derived from B-oxidation of FFA—the more FFA uti-
lized for energy production, the more cytotoxic by-
products are produced, contributing to shifting the
intracellular balance toward inflammation (35); and (¢)
the pancreas is situated in the abdomen close to meta-
bolic active adipose tissue, which may liberate cytotox-
ins, and is not protected from these/the environment
by a fibrous capsule, meaning that an “acute pancreatitis
threshold” is more easily reached when other stressors
are added.

In a Mendelian randomization study (36) including
individual-level genetic data from 102 888 individuals
from the Danish general population, we found that
higher plasma triglycerides due to genetic variants affect-
ing LPL function was causally associated with increased
risk of acute pancreatitis; the causal risk ratio for acute
pancreatitis per 1 mmol/L (89 mg/dL) higher plasma
triglycerides by allele score was 1.76 (95% CI, 1.16—
2.65; P=0.008). Further, a genetic increase in plasma
triglycerides of 0.54 mmol/L (48 mg/dL) was associated
with a 1.6-fold higher risk of acute pancreatitis (36) as
shown in Fig. 3, indicating that even mild to moderate
lifelong elevation of plasma triglycerides could be on the
causal path to acute pancreatitis most likely by predis-
posing to severe hypertriglyceridemia. This finding is
supported by Yuan et al. (37) in a later Mendelian ran-
domization study including summary-level data from
441 016 European descendants participating in either
the FinnGen consortium or the UK BioBank. In that
study, the genetic variants were chosen based on associa-
tions with plasma triglyceride concentrations from
genome-wide-association-studies and not directly on
protein function as in our study (36). Yuan et al. found
a combined odds ratio for acute pancreatitis of 1.15
(95% CI, 1.02-1.30; P=0.02) per 1 SD increase in
traits associated with high plasma triglycerides, though
mostly driven by the findings from the UK Biobank
with an odds ratio of 1.27 (1.05-1.52; P=0.01) (37).
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Fig. 2. Association between plasma triglycerides and acute pancreatitis. Pink histogram depicting non-
fasting plasma triglycerides in the Danish general population. Red spline depicts the hazard ratio for acute
pancreatitis with 95% ClI (large-dotted lines). Hazard ratio = 1 indicates no difference in hazard ratio for
acute pancreatitis (small-dotted line). The Spline is based on a Cox proportional hazard regression model
adjusted for age, sex, smoking, alcohol intake, lipid-lowering therapy, physical activity, diabetes, gall-
stones, and study. To convert mmol/L to mg/dL, multiply by 88.6. Adapted with permission from
Hansen et al. (26). The table shows hazard ratios for acute pancreatitis by increasing triglycerides as a cat-
egorical parameter with 95% Cls estimated by a Cox proportional hazard regression model adjusted for
age, sex, smoking, alcohol intake, lipid-lowering therapy, physical activity, diabetes, gallstones, and
study, together with number of individuals and events for each group. Based on individuals from the

Copenhagen City Heart Study and the Copenhagen General Population Study combined.

Also, a Chinese study by Jin et al. (38) showed that in-
dividuals with severe hypertriglyceridemia and a history
of acute pancreatitis (n = 18) presented higher frequen-
cies of genetic variants affecting LPL (28% vs 5%), and
LPL regulating genes (50% vs 20%) than individuals
with severe hypertriglyceridemia not having experienced
an episode of acute pancreatitis (n = 85) (38).

As mild to moderate hypertriglyceridemia recently
has been found to be associated with increased risk of
acute pancreatitis, and as genetics suggest that elevated
plasma triglycerides per se (and not lipoprotein particle
size) are causally associated with acute pancreatitis
(36), many cases of acute pancreatitis with unknown ori-
gin could potentially be triggered and/or accelerated by
mild to moderate hypertriglyceridemia, most likely by
predisposing to severe hypertriglyceridemia. One could
even speculate that both alcohol- and gallstone-induced
acute pancreatitis in some cases might have plasma

6 Clinical Chemistry 00:0 (2023)

triglycerides as a potential intermediate/costressor in dis-
ease pathogenesis. Metabolism of alcohol leads to eleva-
tion of plasma triglycerides, and emptying and motility
of the gall bladder are inhibited in individuals with hy-
pertriglyceridemia, leaving them more prone to gallstone
formation (39). Also, obesity, contrary to elevated LDL
cholesterol concentrations, has been found to be causally
associated with symptomatic gallstone disease (40),
which potentially could be driven by high plasma
triglycerides.

Inflammation, Plasma Triglycerides, and Acute
Pancreatitis

High plasma triglycerides are associated with high plas-
ma C-reactive protein (CRP) as shown in Fig. 4, while
LDL cholesterol shows a negligible association with
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Fig. 3. Association between a genetic instrument as a proxy for plasma triglycerides and acute pancrea-
titis. Individuals are divided in groups based on number of plasma triglyceride-increasing alleles (un-
weighted allele score). Blue bars depict median nonfasting plasma triglyceride concentration. Columns
in the middle show difference in concentration of triglycerides compared to the reference group. The ef-
fect plot depicts odds ratios for acute pancreatitis based on an age- and sex-adjusted logistic regression
model. To convert triglycerides in mmol/L to mg/dL, multiply by 88.6. Based on individuals from the
Copenhagen City Heart Study and the Copenhagen General Population Study combined. Adapted with
permission from Hansen et al. (36).
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Fig. 4. Association between plasma triglycerides and C-reactive protein. The blue histogram shows dis-
tribution of nonfasting plasma triglycerides in the population. The red curve is a smoothed polynomial
function and the surrounding grey area is the 95% CI. To convert triglycerides in mmol/L to mg/dL, multi-
ply by 88.6. Based on individuals from the Copenhagen City Heart Study and the Copenhagen General
Population Study combined. Adapted with permission from Hansen et al. (26).
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plasma CRP (26). CRP is an acute-phase protein pro-
duced and secreted by the liver in response to circulating
upstream markers of inflammation (e.g., interleukin-6)
and functions by tagging cellular debris and/or intruding
organisms for recognition and removal by the comple-
ment system as part of the innate immune system
(41). The inflammatory response is under normal condi-
tions a short, strong, and efficient reply to a specific
threat but is potentially harmful for the host when
chronically  activated, even at low intensity.
Triglycerides carried in lipoproteins in plasma and
stored intracellularly in lipid droplets are not proinflam-
matory; however, FFAs liberated by dysregulated lipase
activity are (42), and saturated fatty acids are believed
to directly stimulate the immune system and/or the pro-
duction of endotoxins by the gut microbiota (43).

As elevated plasma triglycerides are associated with
high body mass index and thus obesity (4), and as obes-
ity implies metabolic active and proinflammatory adi-
pose tissue, elevated plasma triglycerides are also
associated with low-grade inflammation due to adipo-
kines (44). Both adipokines and FFAs are potent activa-
tors of the nucleotide-binding domain, leucine-rich
containing family, pyrin domain containing 3 inflam-
masome, a protease complex activating highly proin-
flammatory proteins (44). This pathway has been
found to play a significant role in disease initiation
and progression of acute pancreatitis, and both acute
and chronic pancreatitis are now broadly accepted as dis-
eases with a much larger inflammatory component than
first believed (45). Supporting evidence comes from a
population-based observational study of 117 313 indivi-
duals (26) in which we found that CRP >1.5 mg/L
(measured by a high-sensitivity method and on a con-
tinuous scale) was associated with higher risk of acute
pancreatitis. Interestingly, adjustment for inflammatory
markers attenuated the risk estimates considerably in the
association between elevated plasma triglycerides and in-
creased risk of acute pancreatitis (26).

In addition, the presence of various chronic inflam-
matory diseases has been found to be associated with
high risk of acute pancreatitis. Chang et al. found, in a
retrospective  cohort study of 148775 residents in
Taiwan, that individuals with a diagnosis of rheumatoid
arthritis had a hazard ratio (HR) of 1.6 (95% CI, 1.4-1.8;
P<0.001) for acute pancreatitis compared to indivi-
duals without rheumatoid arthritis (46). No differences
in prevalence of hyperlipidemia, alcoholism, gallbladder
stones, or viral hepatitis were found in individuals with
or without a diagnosis of rheumatoid arthritis. The
study also found that current use of oral corticosteroids
was associated with a reduced risk of acute pancreatitis in
patients with rheumatoid arthritis [HR: 0.8 (0.7-0.9),
P<0.001] (46). In line with this, a large American
study of 56183720 individuals (518280 with
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rheumatoid arthritis) confirmed the association between
rheumatoid arthritis and acute pancreatitis (47). In an-
other study, exploring the association between primary
Sjogren’s syndrome and risk of acute pancreatitis,
Chang et al. in a cohort of 47 340 Taiwan residents
found individuals with a diagnosis of primary
Sjogren’s syndrome to have a 1.5-fold higher risk of
acute pancreatitis than individuals without [HR: 1.48
(1.03-2.12), P=0.03] (48). Finally, chronic osteomye-
litis, another chronic inflammatory disease, was asso-
ciated with a 2-fold higher risk of acute pancreatitis
[odds ratio:1.93 (1.01-3.69), no P value listed] in a
study by Lai et al. of 38 390 Taiwan residents (data ex-
tracted from the same database as the 2 other
Taiwan-studies mentioned earlier) (49).

Taken together, the interplay between the continu-
ous presence of proinflammatory FFA due to mild to
moderate hypertriglyceridemia and chronic low-grade
inflammation in pancreatic tissue seems to be a potent
enhancer of the susceptibility to acute pancreatitis. In
addition, CRP concentrations are a strong predictor of
disease severity and prognosis in individuals hospitalized
with acute pancreatitis irrespective of the cause of pan-
creatitis (15).

Hypertriglyceridemia and ASCVD

Although this review focuses on risk of acute pancreatitis
at elevated plasma triglyceride concentrations, it is im-
portant to mention that plasma triglycerides
>1.7 mmol/L (>150 mg/dL) are also associated with in-
creased risk of ASCVD (9), the latter roughly 10 times
more common than acute pancreatitis (29). In this set-
ting, triglycerides are mainly transported by chylo-
micron remnants, very low-density lipoprotein
remnants, and intermediate-density lipoproteins (col-
lectively known as remnant particles) with particle sizes
capable of penetrating the endothelial layer of the arter-
ial wall, promoting atherosclerosis due to their choles-
terol content (1, 50). The FFA liberated from remnant
particles after hydrolysis of triglycerides at the endothe-
lial surface or even within the arterial intima might con-
tribute to disease progression by enhancing
inflammation and destabilizing existing plaques (1,
50). Accumulation of remnant particles in the circula-
tion and arterial wall begins at triglyceride concentra-
tions >1.2 mmol/L (>100 mg/dL) and increases with
higher plasma triglyceride concentrations. As residence
time for lipoproteins in plasma may be prolonged with
higher numbers of remnant particles, small, dense
LDL particles are formed, possibly making individuals
even more susceptible to ASCVD (9, 51).
Interestingly, elevated triglycerides within LDL particles
also associate robustly with increased risk of ASCVD
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(52). Currently, evidence suggests that reduction of plas-
ma triglycerides independently does not reduce ASCVD
risk, though lowering of apoB-containing particles does
(53-55), indicating that plasma triglycerides are most
likely a surrogate measure for the cholesterol content
in all the lipoprotein particles transporting triglycerides
(apoB-containing particles).

Extreme high plasma triglyceride concentrations,
where mostly large-size lipoproteins are present, are
not associated with risk of ASCVD as these particles
are too large to penetrate the endothelial layer of the ar-

terial wall (1, 56).
Guidelines

Guidelines from cardiovascular, lipid, and endocrino-
logical societies globally are consistent in relation to con-
sidering hypertriglyceridemia a risk factor for ASCVD,
but inconsistency is seen between societies and geo-
graphical regions regarding recommendations for plas-
ma triglycerides in acute pancreatitis (Table 2).

In ASCVD prevention, individuals with plasma tri-
glycerides >1.7 mmol/L (150 mg/dL), based on both
European (58) and American (57) guidelines, should be
encouraged to follow healthy lifestyle habits—that is no
smoking, less alcohol and sugary drinks, frequent exercise,
weight loss, and healthy diet choices. Secondary causes of
hypertriglyceridemia should be sought and treated and
high LDL cholesterol lowered with statins. Triglycerides
should be medically lowered with (2) statins, () fibrates,
and (¢) omega-3 fatty acids, in addition to healthy lifestyle
changes in high-risk individuals, when triglycerides are

>1.5 mmol/L (100 mg/dL) in Canada (60); >1.7 mmol/
L (150 mg/dL) in Japan (62), India (64), and Brazil
(65); >2.3 mmol/L (200 mg/dL) in Europe (58) and
China (63); >4.5 mmol/L (400 mg/dL) in the UK (61);
and >5.6 mmol/L (500 mg/dL) in the United States (57).
For prevention of acute pancreatitis, treatment with
fibrates and/or omega-3 fatty acids in addition to life-
style interventions is recommended for individuals
with plasma triglycerides persistently >10 mmol/L
(880 mg/dL) in guidelines from Europe (58), the UK
(61), and China (63). American Endocrine Society
guidelines recommend that plasma triglycerides should
be lowered when >5.6 mmol/L (500 mg/dL) (59).
Cardiology societies suggest that lowering of triglyceride
concentrations >5.6 mmol/L (500 mg/dL) is reasonable
and definitely indicated at concentrations >11.3 mmol/
L (1000 mg/dL) (57). Guidelines from Japan (62), India
(64), and Brazil (65) recommend intervention at trigly-
ceride concentrations >5.6 mmol/L (500 mg/dL).
Current guidelines for acute pancreatitis prevention
do not recommend treating individuals with mild to
moderate hypertriglyceridemia, though individuals
with mild to moderate hypertriglyceridemia probably
would benefit from a similar treatment strategy as in
ASCVD prevention, with statins as a first choice.
Preiss et al. (66) in a meta-analysis examined the as-
sociation between use of statin or fibrate therapy and the
incidence of acute pancreatitis by including both pub-
lished and unpublished data from 28 large randomized
controlled cardiovascular outcome trials in participants
with normal to mildly elevated plasma triglycerides.
Based on 16 placebo-controlled statin trials including a

Table 2. Global guideline recommendations for ASCVD and pancreatitis prevention.

Guideline Hypertriglyceridemia definition ASCVD risk® Pancreatitis risk
USA, AHA/ACC (57) >1.7 (150) F >5.6 (500) >5.6 (500)>11.3 (1000)
Europe, EAS/ESC (58) > 1.7 (150) F >2.3 (200) >10 (880)
USA/Europe,b Endocrinology (59) >1.7 (150) F >1.7 (150) >5.6 (500)

Canada (60) Not defined >1.5(100) NA

UK (61) Not defined >4.5 (400) >10 (880)

Japan (62) >1.7 (150) F >1.7 (150) >5.6 (500)

China (63) >1.7 (150) F >2.3 (200) >10 (880)

India (64) >1.7 (150) F >1.7 (150) >5.6 (500)

Brazil (65) >1.7 (150) F >1.7 (150) >5.6 (500)

Recommended intervention

Numbers are mmol/L (mg/dL).

?In high-risk individuals.

Abbreviations: AHA, American Heart Association; ACC, American College of Cardiology; EAS, European Atherosclerosis Society; ESC,
European Society of Cardiology; F, fasting sample; NA, not available.

PCollaboration with the American Association of Clinical Endocrinologists and the European Society of Endocrinology.
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total of 113 800 individuals with a mean follow-up of 4.1
(SD 1.5) years, it was shown that statin treatment was as-
sociated with reduced risk of acute pancreatitis [risk ratio
0.8 (95% CI, 0.6-1.0; P=10.03)]. In 5 trials including a
total of 39 614 individuals during a mean follow-up of 4.8
(SD 1.7) years, individuals on high-intensity vs low-
intensity statin treatment had a risk ratio of 0.8 (0.6—
1.1; P=0.21) for acute pancreatitis. The combined risk
ratio for acute pancreatitis in favor of statins was 0.8
(0.7-1.0; P=0.01). Based on information from 7 fibrate
trials including 40 162 participants during a mean follow-
up of 5.3 (SD 0.5) years, the authors found a risk ratio of
1.4 (1.0-2.0; P=0.05) for acute pancreatitis for indivi-
duals on fibrate treatment compared to placebo (66).
The fact that statin in contrast to fibrate treatment was as-
sociated with lower risk of acute pancreatitis could be be-
cause statins, in addition to lowering triglycerides, also
have documented anti-inflammatory effects (67) and/or
because fibrates and not statins increase the risk of gall-
stones (68, 69). Importantly, almost all the landmark sta-
tin trials that Preiss et al. analyzed excluded patients with
moderate hypertriglyceridemia and in some cases even
very mild hypertriglyceridemia; however, the fibrate trials
included some individuals with mild to moderate hyper-
triglyceridemia. Not surprisingly, the absolute rate of
acute pancreatitis in these studies was very low, and it
could be argued that such episodes were not related to hy-
pertriglyceridemia, since these studies excluded hypertri-
glyceridemia patients. Unfortunately, the question of
what lipid-lowering medication patients with mild to
moderate hypertriglyceridemia or severe hypertriglyceride-
mia should take in order to reduce future risk of pancrea-
titis has not been investigated in an appropriately powered
double-blind randomized controlled trial (RCT).

The PROMINENT (Pemafibrate to Reduce
Cardiovascular OutcoMes by Reducing Triglycerides
IN patiENts With diabeTes) trial, which recruited spe-
cifically individuals with mild to moderate hypertrigly-
ceridemia and ASCVD, also examined risk of acute
pancreatitis; however, that study did not find any con-
vincing reduction of acute pancreatitis events in the pe-
mafibrate group compared to placebo (HR: 0.94, 95%
Cl, 0.53-1.65, P=0.91). The study included indivi-
duals with diabetes and mild to moderate hypertriglycer-
idemia (2.3-5.6 mmol/L/200-499 mg/dL) followed for
a median of 3.4 years. Only 26 patients in the pemafi-
brate group and 28 in the placebo group developed an
episode of acute pancreatitis, and the pemafibrate group
had an approximately 0.8 mmol/L (70 mg/dL) reduc-
tion in plasma triglycerides at month 4 (70).

Omega-3 fatty acids can decrease triglyceride concen-
trations at high administered doses, and RCT's have evalu-
ated the effect of omega-3 fatty acids on cardiovascular
disease outcomes with conflicting results. The role of ome-
ga-3 fatty acids in the prevention of pancreatitis is unclear.
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Based on the existing evidence, the first choice in
triglyceride-lowering treatment for the prevention of
acute pancreatitis in individuals with mild to moderate
hypertriglyceridemia should be high-intensity statins—
which would also be beneficial for ASCVD prevention
in these individuals.

Future Management of Hypertriglyceridemia

Recently, new and more efficient plasma triglyceride-
lowering treatments have been developed. These new drugs
enhance the activity of LPL via different mediators and
thereby facilitate removal of triglycerides from plasma.
Evinacumab, an ANGPTL3 antibody, has been shown
to lower plasma triglycerides up to 50% when adminis-
tered subcutaneously and up to 90% when administered
intravenously (71). Currently, evinacumab is being tested
in a phase II RCT for the prevention of recurrent acute
pancreatitis in individuals with severe hypertriglyceridemia.
Subcutaneously administrated APOC3 antisense oligonu-
cleotides reduce circulating concentrations of apoC-III
and have been shown to reduce plasma triglycerides by
up to 60% (72). Various apoC-III inhibitors developed
by different pharmaceutical companies are currently being
tested in phase 2 and phase 3 RCTs in individuals with se-
vere hypertriglyceridemia and in individuals with familial
chylomicronemia syndrome. A study testing the safety
and efficacy of volanesorsen shows lowering of triglycerides
and potential reducing acute pancreatitis events (73). New
data indicates that interfering with ANGPTL3 is less
effective for triglyceride reduction compared to anti-
APOCS3 therapies. ANGPTL3 inhibition does not appear
to work in lipoprotein lipase deficiency and its efficacy in
mixed hyperlipidemia phenotypes is inconsistent (74).
Importantly, the absolute risk of pancreatitis is very small
in patients with mild to moderate hypertriglyceridemia
and the cost, risk, and inconvenience of these medications
is so great that their use for reducing risk of acute pancrea-
titis in these patients is not realistic—ant-APOC3
therapies should be reserved for those with severe hypertri-
glyceridemia. However, use of these new therapies will con-
tribute important knowledge in relation to whether or not
the relationship between elevated plasma triglycerides and
acute pancreatitis is causal and perhaps also define a desir-
able concentration for plasma triglyceride-lowering to re-
duce risk of (recurrent) acute pancreatitis.

Conclusion and Perspective

Evidence from observational and genetic studies suggests
elevated plasma triglycerides are causally associated with in-
creased risk of acute pancreatitis. Not only severe but also
mild to moderate hypertriglyceridemia is associated with
acute pancreatitis. The disease mechanism for the latter
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could simply be that mild to moderate hypertriglyceride-
mia is a marker of future risk of severe hypertriglyceride-
mia. Other possible mechanisms could implicate the
pivotal role of inflammatory processes; as FFAs are potent
enhancers of inflammation, they might be an important
mediator in the association between elevated plasma trigly-
cerides and increased risk of acute pancreatitis. Primary or
secondary hypertriglyceridemia as a potential cause of
acute pancreatitis should be identified in everyone with a
first episode of acute pancreatitis, and triglyceride-lowering
interventions should be considered to prevent recurrent
episodes of acute pancreatitis. Results from ongoing
RCTs with efficient plasma triglyceride-lowering agents
and acute pancreatitis as an outcome are awaited.
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