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Abstract

There is an epidemic of obesity worldwide. The prevalence of obesity
has doubled over the last three decades. Obesity, especially abdomi-
nal obesity is associated with insulin resistance that can lead to pan-
creatic steatosis and non-alcoholic fatty pancreatic disease (NAFPD).
NAFPD describes a phenotype entity ranging from deposition of fat
in the pancreas to pancreatic inflammation, and resultant fibrosis,
which is similar to that of non-alcoholic fatty liver disease (NAFLD).
NAFPD may represent a meaningful manifestation of metabolic syn-
drome. Pancreatic steatosis can be diagnosed on ultrasound, comput-
ed tomography (CT) scan or magnetic resonance imaging (MRI). In
addition to a correlation between pancreatic steatosis and metabolic
syndrome, pancreatic steatosis may lead to a worse outcome in pan-
creatitis and may be an etiological factor in pancreatic cancer, but
we need further research to examine the associations, pathophysiol-
ogy, and the impact of pancreatic steatosis and NAFPD on the human
health.
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drome; Pancreatic steatosis

Introduction

Obesity is a chronic disease with multiple psychosocial di-
mensions that has an increasing prevalence among adults,
adolescents and children. Considering the alarming increase
in global epidemic of overweight and obese people, the term
“globesity” was coined by the World Health Organization. As
per the World Health Organization, there were about 200 mil-
lion obese adults worldwide and another 18 million under-five
children classified as overweight which has increased to more
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than 300 million obese adults, with 115 million obese adults
in the developing countries in 2000 [1]. In 2014, more than
1.9 billion adults, 18 years and older, were overweight. Of
these over 600 million were obese. Overall, about 13% of the
world’s adult population (11% of men and 15% of women)
was obese in 2014. The worldwide prevalence of obesity has
doubled between 1980 and 2014. In 2013, 42 million children
under the age of 5 years were overweight or obese [2]. As
per the data from National Health and Nutrition Examination
Survey, the prevalence of obesity in United States is 34.9%
[3]. There has been an increase in the mean body mass index
(BMI) worldwide, with 36.9% of men and 38% of women es-
timated to have a BMI > 25 kg/m? [4, 5].

Obesity, especially abdominal obesity is associated with
insulin resistance, leading to type 2 diabetes mellitus and the
associated hyperinsulinemic state with hyperglycemia can lead
to vascular endothelial dysfunction, dyslipidemia, and the de-
velopment of atherosclerotic cardiovascular disease [6-9]. It
also leads to the infiltration of fat in organs such as heart, kid-
neys, liver and pancreas [10].

Pancreatic steatosis was first described in 1933 by Oligvie,
when he described the presence of pancreatic fat to be higher
in obese individuals (17% vs. 9%) as compared to lean individ-
uals [11]. After this study, the next major description of fatty
pancreas was done by Olsen, who evaluated 394 autopsies and
found that the amount of pancreatic fat increases with age [12].
Stamm showed that that the most common pathologic finding
in pancreas of individuals on autopsy was some degree of lipo-
matosis. He also showed that pancreatic fat increases with age
and the presence of > 25% fat in the pancreas was associated
with significantly increased risk of type 2 diabetes mellitus and
severe generalized atherosclerosis [13].

Van Geenen et al hypothesized that obesity and the associ-
ated insulin resistance plays an important role in pancreatic
adipocyte infiltration, causing pancreatic steatosis. Insulin re-
sistance also leads to peripheral lipolysis, increasing the flux
of fatty acids to the liver leading to non-alcoholic fatty liver
disease (NAFLD). They implied that pancreatic steatosis pre-
cedes NAFLD and hence purposed that the term non-alcoholic
fatty pancreatic disease (NAFPD) should be used [14].

Nomenclature

Oligvie coined the term “pancreatic lipomatosis” to describe
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Table 1. Common Nomenclature for Pancreatic Steatosis as Described by Smits and van Geenen [11]

Nomenclature Definition

Pancreatic lipomatosis
Pancreatic steatosis
Fatty pancreas

Lipomatous pseudohypertrophy

General terms that can be used for all forms of pancreatic fat accumulation

An extreme variant of pancreatic fat accumulation when pancreas is enlarged (uniformly or focally),

the exocrine system is replaced by fat, and when no association can be found with obesity.

Fatty replacement

Damage of pancreatic acinar cells leading to their death which then results in their replacement in the

pancreas by adipocytes (usually irreversible).

Fatty infiltration
appropriate medications).

Non-alcoholic fatty pancreas disease

Pancreatic infiltration of adipocytes caused by obesity (possibly reversed by weight reduction and

Pancreatic fat accumulation in association with obesity and metabolic syndrome.

Non-alcoholic fatty steatopancreatitis Pancreatitis owing to pancreatic fat accumulation.

the excessive storage of fat in pancreatic tissue [11]. Many
synonyms for accumulation of fat in pancreas have been
used in the literature (Table 1) including pancreatic lipoma-
tosis, pancreatic steatosis, fatty replacement, fatty infiltration,
fatty pancreas, lipomatous pseudohypertrophy and NAFPD
[11]. Smits and van Geenen purposed that pancreatic steato-
sis should be used to describe fat accumulation in pancreas,
and fatty replacement should be reserved for cases in which
damage to pancreatic acinar cells leads to their death and re-
placement by adipocytes. On the other hand, NAFPD should
be reserved for pancreatic steatosis associated with obesity and
metabolic syndrome [11].

Pathophysiology

NAFPD describes a phenotype entity ranging from deposition
of fat in the pancreas to pancreatic inflammation, and resultant
fibrosis which is similar to that of NAFLD, which describes
a spectrum from hepatic steatosis through steatohepatitis to
cirrhosis, and possible hepatocellular carcinoma. Given that
the liver and pancreas have similar embryological origins, it is
also plausible, as suggested for NAFLD, that obesity may lead
to pancreatic cancer through pancreatic steatosis. This hypoth-

Table 2. Etiology of Pancreatic Steatosis [11, 18-29]

esis is corroborated by studies implicating NAFPD as a risk
factor in pancreatic adenocarcinoma [15].

Animal model studies have shown that offspring exposed
to both maternal obesity and a post-weaning obesogenic diet
have a more pronounced dysmetabolic and NAFPD phenotype
[15]. These dysmetabolic offspring had a significant increase
in body weight, pancreas tissue triglyceride content, increased
pancreatic expression of the fibrogenic markers TGF-B1 and
collagen gene along with increases in a hypertensive pheno-
type [16].

In human studies, pancreatic fat content is closely associ-
ated with an increasing BMI, insulin resistance, metabolic syn-
drome, and hepatic fat content. Diabetes mellitus is indepen-
dently associated with fatty pancreas, and vice versa. Subjects
with fatty pancreas have an increased risk of diabetes com-
pared with those without it [17]. Many previous studies have
indicated that fatty infiltration of the pancreas may contribute
to a loss of B-cell mass and function, which possibly leads to
the development of diabetes. On the other hand, once diabetes
develops, fatty replacement of damaged tissue may contrib-
ute to the exocrine pancreatic fat. Alternatively, the increased
levels of malonyl coenzyme A caused by hyperglycemia may
inhibit carnitine palmitoyltransferase 1, leading to a decrease
in mitochondrial 3 oxidation and further stimulation of intra-

Increasing age

Obesity

Diabetes mellitus

Alcohol use in excess of 14 g/week

Hemochromatosis

Viral infections: hepatitis B, reovirus, human immunodeficiency virus infection and acquired immune

deficiency syndrome (HIV/AIDS)
Malnutrition states: kwashiorkor

Medication: gemcitabine, rosiglitazone

Congenital syndromes: cystic fibrosis, Shwachman-Diamond syndrome, Johanson-Blizzard syndrome,

heterozygous carboxyl-ester-lipase mutations

88 Articles © The authors | Journal compilation © Gastroenterol Res and Elmer Press Inc™

www.gastrores.org



Tariq et al

Gastroenterol Res.2016;9(6):87-91

Table 3. Imaging Modalities for Diagnosis of Pancreatic Steatosis [11, 28-31]

Imaging modality Advantage Disadvantage
Ultrasonography Widely available Pancreas may not be visible in obese patients.
(USG) Pancreatic fibrosis also appears hyperechogenic similar to fat deposition.
Pancreas echogenicity has been traditionally compared with liver echogenicity.
Liver is metabolically very active and its echogenicity exhibits high variance.
Endoscopic The close proximity of the Invasive procedure.
ultrasound (EUS) ultrasound probe to the pancreas Requires sedation.
results in superior spatial Carries risk of complications.
resolution compared with CT
and MRI.
Computed Easily available. No cut-off points for pancreatic steatosis on CT have been defined.
tomography (CT) Can be performed without Exposure to radiation.

Magnetic resonance

intravenous contrast for

diagnosis of pancreatic steatosis.

Quantify pancreatic fat content

Mild degree of focal fatty replacement of pancreas cannot be diagnosed with CT
alone.

Lack of research. The detection limit for pancreatic steatosis is unknown.

imaging (MRI) with high accuracy.

cellular triglyceride accumulation [17].

Etiology

As described earlier, factors and conditions associated with
pancreatic steatosis (Table 2 [11, 18-29]) are age, obesity and
diabetes mellitus. Other diseases associated include congenital
syndromes such as cystic fibrosis [18-21], Shwachman-Dia-
mond syndrome [22, 23], Johanson-Blizzard syndrome [24]
and heterozygous carboxyl-ester-lipase mutations [25]. Pan-
creatic steatosis has also been associated with hemochromato-
sis [11], viral infections such as hepatitis B [26] and malnutri-
tion states such as kwashiorkor [27].

Imaging

In the past, the diagnosis of pancreatic steatosis was made on
in vivo autopsy specimens. With the advent of more advanced
and sophisticated imaging modalities, pancreatic steatosis is
most often found using these imaging techniques (Table 3) [11,
28-31].

Ultrasonography is the most widely and commonly used
imaging technique. Lee et al diagnosed an increased echo-
genicity of pancreatic body over the kidney echogenicity dur-
ing ultrasonography as fatty pancreas. They found that insulin
resistance, visceral fat, triglyceride, and alanine aminotrans-
ferase (ALT) tended to increase with the degree of fat depo-
sition in the pancreas. They found the presence of fatty pan-
creas along with fatty liver concurrently in many cases. They
suggested that fatty pancreas might be the initial indicator of
“ectopic fat deposition” and as an early marker of insulin re-
sistance, which is a key element of fatty liver and/or metabolic
syndrome [28]. Another study done by Al-Haddad et al, who
used endoscopic ultrasound also found hepatic steatosis, alco-
hol use, and increased BMI as predictors of pancreatic steato-
sis, with hepatic steatosis being the strongest predictor with an
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odds ratio of nearly 14-fold [29]. Ultrasonography has some
limitations considering that pancreas may not be well visual-
ized in obese patients and pancreatic fibrosis also appears hy-
perechogenic. To avoid the later problem, kidneys or liver can
be used as a reference point; a higher pancreatic echogenicity
as compared to liver or kidney indicates pancreatic steatosis,
while an echogenicity similar to retroperitoneal fat suggests
highest amount of pancreatic fat deposition [11].

Computed tomography (CT) with or without contrast can
also be used to evaluate for pancreatic steatosis. The density of
steatotic pancreas is similar to adipose tissue on CT scan. The
amount of pancreatic steatosis on CT can be measured using
Hounsfield units, correlated to the spleen, a steatotic pancreas
being hypodense on CT images with a negative Hounsfield
unit as compared to the spleen [11].

The best imaging technique to evaluate for pancreatic
steatosis is considered to be magnetic resonance imaging
(MRI). There are various methods by which MRI can meas-
ure the pancreatic fat. The three most common methods are in
phase-opposed phase, Dixon method and the spectral-spatial
excitation techniques [30]. Wong et al used fat-water MRI
and proton-magnetic resonance spectroscopy and found that
the prevalence of pancreatic steatosis in Hong Kong Chinese
volunteers was about 16%. In this study central obesity, hy-
pertriglyceridemia, and hyperferritinemia were found to be as-
sociated with fatty pancreas. They also suggested that people
with fatty pancreas had an increased insulin resistance but no
significant B-cell dysfunction [31].

Clinical Consequences

The metabolic syndrome, first described in 1988 by Reaven
in the Banting Lecture, consists of central obesity, glucose
intolerance or diabetes, hypertension and dyslipidemia [32].
Obesity also leads to the infiltration of fat in organs such as
heart, kidneys, liver and pancreas [10]. Wu et al found that
fatty pancreas is strongly associated with specific parameters
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of metabolic syndrome such as obesity, increased fasting blood
glucose, elevated HbAlc and dyslipidemia [33]. It can be im-
plied that NAFPD may represent a meaningful manifestation
of metabolic syndrome.

The functional consequences of pancreatic steatosis re-
main largely unknown. Although fat accumulation in the pan-
creatic islets leads to a decreased insulin secretion, exocrine
pancreatic insufficiency has not been well studied and only
a few case reports have been reported in which patients with
weight loss and massive steatorrhea were found to have severe
pancreatic steatosis demonstrated on abdominal computed to-
mograms [34].

Smits and van Geenen hypothesized that increased amount
of pancreatic fat associated with obesity is associated with a
higher incidence and more severe episodes of acute pancrea-
titis due to imbalance of adipocytokines causing a general in-
flammatory state [11]. They also suggested that NAFPD causes
pancreatic cancer, similar in pathophysiology to how NAFLD
causes liver cancer [11].

Conclusions

In conclusion, pancreatic fat content is closely associated with
an increasing BMI, insulin resistance, metabolic syndrome,
and hepatic fat content. Various imaging modalities including
ultrasonography, CT scan and MRI can be used to visualize
pancreatic fat. The prevalence of pancreatic steatosis is in-
creasing in parallel to obesity epidemic in the world. Pancre-
atic steatosis may lead to a worse outcome in pancreatitis and
may be an etiological factor in pancreatic cancer, but we need
further research to examine the associations, pathophysiology,
and the impact of pancreatic steatosis and NAFPD on the hu-
man health.
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