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Abstract

AIM: To investigate the clinical implications of lipid
deposition in the pancreas (fatty pancreas).

METHODS: The subjects of this study were 293
patients who had undergone abdominal computed
tomography (CT) and sonography. Fatty pancreas was
diagnosed by sonographic findings and subdivided
into mild, moderate, and severe fatty pancreas groups
comparing to the retroperitoneal fat echogenicity.

RESULTS: Fatty pancreas was associated with higher
levels for visceral fat, waist circumference, aspartate
aminotransferase (AST), alanine aminotransferase
(ALT), total cholesterol, triglyceride, high density
lipoprotein, free fatty acid, y-GTP, insulin, and the
homeostasis model assessment of insulin resistance
(HOMA-IR) than the control group (P < 0.05). HOMA-
IR, visceral fat, triglyceride, and ALT also tended

to increase with the degree of fat deposition in the
pancreas on sonography. In a multivariate logistic
regression analysis, HOMA-IR, visceral fat, and ALT
level were independently related to fatty pancreas
after adjustment for age, body mass index, and lipid
profile. The incidence of metabolic syndrome in the
fatty pancreas group was significantly higher than
in the control group, and the numbers of metabolic
syndrome parameters were significantly higher in the
fatty pancreas group (P < 0.05).

CONCLUSION: Sonographic fatty pancrease showed
higher insulin resistance, visceral fat area, triglyceride,
and ALT levels than normal pancreases. Fatty pancreas
also showed a strong correlation with metabolic
syndrome.

© 2009 The WG Press and Baishideng. All rights reserved.
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INTRODUCTION

It has been reported that increases in triglyceride and
free fatty acids causes ectopic fat deposition in the liver,
heart, muscles, and pancreas. This is called steatosis
and is known to be related to obesity and/or insulin
resistance!”. In particular, steatosis in the liver (or fatty
liver) refers to fat deposition in hepatocytes, and its
pathophysiology, diagnostic criteria, clinical implications
are already well known. However, few studies have been
done on lipid deposition in the pancreas (fatty pancreas)
and its clinical implications.
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A recent animal study reported that lipid deposition
in pancreas islet cells due to a high fat/high glucose
diet could damage pancreatic beta cells and make them
hyperglycemic'. However, another study reported that
there was no histological evidence of the existence of
steatosis in the human pancreas and no reports have
clearly demonstrated that the increase of pancreas
echogenicity implied steatosis of the pancreas or fat
depositionm. Autopsy studies reported pathologic
findings of pancreatic steatosis in interlobular septa
rather than in pancreas acinar cells™™, and fat deposition
related to aging'®”. According to an animal study,
pancreatic steatosis caused anomalies of pancreas
islet cells leading to hyperglycemiais’]
suggested that pancreas islet cell damage that occurs in
pancreatic steatosis is accompanied by hyperlipidemia
and this plays an important part in the generation
of type 2 diabetes""". Gullo er a/'” suggested that
hypercholesterolemia causes fat deposition in the
pancreas and this change is related to hyperamylasemia.
In this study we investigated the clinical implications
of fatty pancreas and the correlation between insulin
resistance and metabolic syndrome.

. Some authors

MATERIALS AND METHODS

Patients

The subjects of this study were adults who visited an
obesity clinic and for whom doctors performed physical
examinations and took their medical histories. Those
who had diabetes, pancreatic disease, thyroid disease,
renal disease, liver disease, and who drank alcohol
over 40 g daily for male and 20 g daily for female
were excluded from the subjects. Among them, 293
people who underwent abdomen sonography and/or
fat measurement CT for evaluation of abdominal fat
distribution were chosen as the subjects. Daily alcohol
intake, past history, and other general characteristics of
the subjects were collected through questionnaires.

Clinical and biochemical parameters

We measured the height and body weight of subjects in
light clothing to calculate the Body Mass Index (BMI =
kg/ m?). For waist circumference, we used a tape measure
and measured in the middle part between the lowest tib
and the iliac crest of the pelvis, hotizontal to the ground
with the subject in an upright position. Blood samples
were test for liver functions, fasting glucose, HbAlc,
insulin, total cholesterol, triglyceride, high density
lipoprotein, and low density lipoprotein, after fasting for
12 h.

Abdomen sonography and diagnostic criteria of fatty
pancreas

All subjects received tests with the same sonograph
(Envisor HD, Phillips, Bothell USA) using a convex
5-2 MHz transducer by one radiologist to minimize
biases by different testers. The increase of echogenicity
of the pancreatic body over the kidney echogenicity was

classified as fatty pancreas, and in other cases as non-fatty
pancreas. As the pancreas could not be compared with
the kidney in the same window, the radiologist compared
pancreatic echogenicity with kidney echogenicity using
the difference between liver and kidney echogenicity
and liver and pancreas echogenicity. Fatty pancreas
was subdivided into four stages: control group (non-
fatty pancreas), where the pancreas echogenicity was
similar to the kidney parenchymal echogenicity; light
fatty pancreas, where the pancreas echogenicity was
higher than the kidney echogenicity, but very much
lower than the retroperitoneal fat echogenicity; severely
fatty pancreas, where the pancreas echogenicity was
higher than the kidney echogenicity, but a little lower
than the retroperitoneal fat echogenicity; and highly fatty
pancreas, where the pancreas echogenicity was similar to
the retroperitoneal fat echogenicity.

Fat distribution and computed tomography

Abdomen visceral fat, subcutaneous fat, total fat, and
thigh muscle fat areas were measured. A 16-channel
multiplex abdominal CT system (General Electric
Medical Systems, Milwaukee, USA) was used and
measurements were made at the location of the
umbilicus and middle part of the thigh. The embedded
computer was used for calculations. Hounsfield units
(HU) were measured at five different parts of the
pancreas (head, neck, body, tail, and uncinate process)
and three different parts of the spleen. The differences
between the mean values of them were determined. If
this difference was -5 or lowet, it was classified into the
fatty pancreas group and the rest were classified into the
non-fatty pancreas group.

Evaluation of insulin resistance

Insulin concentration was measured using a
chemiluminescent immunoassay (Immulite 2000,
Diagnostic Products Corp., Los Angeles, CA; CV, < 7%).
The measure of insulin resistance was obtained using
the HOMA-IR (Homeostasis model assessment-insulin
resistance), and the calculation formula shown below:
HOMA-IR: [Fasting blood sugar (mmol/L) X Fasting
insulin (WU/mL)/22.5]".

Definition of metabolic syndrome

The criteria for metabolic syndrome diagnosis followed
the NCEP-Adult Treatment Panel Il (ATP III), and the
visceral obesity was defined by substituting it with the
standard waist circumference in the Asia-Pacific Region.
Diagnostic criteria were defined as when three or more
items of the following were met: visceral obesity (waist
citcumference = 90 cm for males, or waist circumference
= 80 cm for females), increased triglyceride (=
150 mg/dL), decreased HDL (< 40 mg/dL for males, <
50 mg/dL for females), hypertension (= 130/85 mmHg),
and fasting glucose (= 110 mg/dL).

Statistical analysis
For statistical analysis, the SPSS for Windows (version
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11.0; SPSS, Chicago, Ill) was used. The Student’s #test
was used for comparison between the two groups
according to the existence or non-existence of fatty
pancreas; the X2 test for relationship between fatty
pancreas and metabolic syndrome; the multiple logistic
analysis was used for analysis of independent correlation
factors related to fatty pancreas; and the ANOVA test
was used to compare the four groups according to the
severity of fatty pancreas.

RESULTS

Clinical characteristics of fatty pancreas

The mean age of 293 subjects was 44.9 + 9.5 years.
There were 133 males (45.4%) and 160 females (54.6%).
Among them, 180 (61.4%) were diagnosed as having
fatty pancreas from the abdomen sonography; 93
males (51.7%) and 87 females (48.3%). The subjects
were divided into the fatty pancreas group and the
non-fatty pancreas group for comparison of clinical
characteristics. In the fatty pancreas group to compared
non-fatty pancreas group, the mean body mass index
(26.5 £ 3.1 kg/m” 15 24.4 £ 3.2 kg/m’, P < 0.001), waist
circumference (88.9 = 8.5 s 82.1 £ 9.3, P < 0.001), and
visceral fat (10767 £ 4260 »s 7462 £ 3244, P < 0.001)
were statistically higher. The aspartate aminotransferase
(AST) (30.2 £ 20.7 »s 23.8 £ 11.1, P = 0.001), alanine
aminotransferase (ALT) (40.3 = 32.2 s 25.0 £ 23.0, P
< 0.001), total cholesterol (205.2 £ 35.2 »5 192.9 + 36.4,
P = 0.005), triglyceride (159.8 £ 92.5 »s 119.6 + 70.3, P
< 0.001), high density lipoprotein cholesterol (47.7 £
10.6 #s 51.9 £ 10.1, P = 0.001), y-glutamyl transpeptidase
(y-GGT) (46.5 £ 43.0 »r 29.9 £ 29.9, P < 0.001), fasting
insulin concentration (6.8 = 3.6 »s 5.4 + 2.1, P < 0.001),
and homeostasis model assessment of insulin resistance
(HOMA-IR) 3.2 £ 2.1 »s2.3 £ 1.0, P < 0.001), free fatty
acid (767.9 £ 324.9 »5 639.3 £ 287.6, P = 0.001) also
showed significant differences between the two groups
(P < 0.05). However, age, fasting glucose, low-density
lipoprotein, and cholesterol concentration did not show
any differences (Table 1).

Factors related to fatty pancreas

To analyze the factors related to fatty pancreas, we
conducted a multiple logistic analysis for variables,
which were found to have significant relationships with
fatty pancreas from the univariate analysis. The multiple
logistic analysis was conducted by adding variables in
three steps. In the first stage, Model I, age, sex, HOMA-
IR, and fasting glucose were used as the independent
variables and fatty pancreas as the dependent variable.
In Model II, triglyceride and free fatty acid, which
were already known to be related to fatty liver, were
added to Model 1. In Model III, abdomenal visceral fat,
subcutaneous fat area, and thigh muscle fat area were
added to Model II to evaluate the body fat distribution.
The multiple logistic analysis found that HOMA-IR
had a strong correlation with fatty pancreas, even after
correction of age and sex, and this did not change even
after correction for triglycerides, cholesterol and free

Non-fatty pancreas Fatty pancreas P-value

(n =113) (n = 180)

Age (yr) 444+9.7 454 +£85 NS

Sex (male/female) 34/79 93/87 <0.001
BMI (kg/m’) 244432 265+3.1 <0.001
WC (cm) 821493 88.9+85 <0.001
Visceral Fat(mm?) 7462 + 3244 10767 £4260 < 0.001
AST (IU/L) 238+11.1 30.2+20.7 0.001
ALT (IU/L) 25.0+23.0 403+322  <0.001
FBS (mg/dL) 99.7 £24.0 102.9 +26.2 NS

TC (mg/dL) 192.9 +£36.4 205.2 +£35.2 0.005
TG (mg/dL) 119.6 £70.3 159.8+£925  <0.001
LDL (mg/dL) 118.6 +36.3 124.8+27.4 NS

HDL (mg/dL) 51.9+£10.1 47.7 £10.6 0.001
y-GT (mg/dL) 2994299 4654430  <0.001
Fasting insulin (uU/mL) 54+21 6.8+3.6 <0.001
HOMR-IR 23+1.0 32+21 <0.001
FFA (mg/dL) 639.3+287.6  767.9+324.9 0.001

P < 0.05 by t-test; NS: Not significant; BMI: Body mass index; WC:
Waist circumference; AST: Aspartate aminotransferase; ALT: Alanine
aminotransferase; FBS: Fasting blood sugar; TC: Total cholesterol; TG:
Triglyceride; HDL: High density lipoprotein cholesterol; LDL: Low density
lipoprotein cholesterol; y-GT: Gamma glutamyl transpeptidase; FFA: Free

fatty acid.
Model Odds ratio (95% CI) P-value
Model 1 Age (yr) 1.025 (0.999-1.051) 0.059
Sex (male/female) 0.397 (1.474-4.311) 0.001
Fasting glucose (mg/dL)  0.998 (0.987-1.010) 0.747
HOMA-IR 2.319 (1.431-3.757) 0.001
Model 2 Model 1
(HOMA-IR) 1.761 (1.041-2.978) 0.035
+
TC (mg/dL) 1.005 (0.998-1.013) 0.184
TG (mg/dL) 1.004 (1.000-1.008) 0.060
FFA (mg/dL) 1.000 (0.999-1.001) 0.409
Model 3 Model 2
(HOMA-IR) 0.990 (0.533-1.839) 0.973
+
BMI (kg/m’) 1.137 (0.965-1.339) 0.125
Visceral fat 1.000 (1.000-1.000) 0.006
Subcutaneous fat 1.000 (1.000-1.000) 0.932
Thigh fat 1.000 (1.000-1.000) 0.214

Model 1: HOMA-IR and fasting glucose were adjusted for age, sex; Model
2: In addition to Model I, HOMA-IR and fasting glucose were adjusted for
lipid profiles (TC, TG, FFA); Model 3: In addition to Model II, HOMA-
IR and fasting glucose were adjusted for BMI and fat distribution factors
(abdominal visceral fat area, abdominal subcutaneous fat area, thigh fat
area). P < 0.05 was considered to be significant throughout the analysis.

fatty acid. However, after correction with the visceral fat
area, the visceral fat showed the strongest correlation
with fatty pancreas; but, HOMA-IR did not show a
significant correlation (Table 2).

Relationship between fatty pancreas and metabolic
syndrome

An analysis of 104 subjects who showed metabolic
syndrome based on ATP Il criteria found fatty pancreas
in the sonography of 80 (76.9%) patients, which was
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Figure 1 Four echogenicity grades of fatty pancreas. A and B: Non-fatty pancreas, pancreatic echogenicity is equal to renal cortical echogenicity; C: Mild fatty
pancreas, pancreatic echogenicity is definitely lower than retroperitoneal fat; D: Moderate fatty pancreas, pancreatic echogenicity is slightly lower than retroperitoneal
fat; E: Severe fatty pancreas, pancreatic echogenicity is equal to retroperitoneal fat.

Non-fatty pancreas Fatty pancreas 'P-value Ultrasonographic severity of fatty pancreas (y) P-value

Metabolic syndrome 24 (23.1%) 80 (76.9%) <0.001 HOMA-IR 0.250 <0.001
Number” 14+12 23+14 <0.001 Visceral fat 0.396 <0.001
TG (mg/dL) 0.245 <0.001

'P < 0.05 by chi-square (x°) test; ‘"Number: Number of metabolic ALT (IU/L) 0.276 <0.001

components.

a significantly higher proportion of the fatty pancreas
group (P < 0.001). Furthermore, the number of
metabolic syndrome parameters (waist circumference,
HDL, triglyceride, fasting glucose, blood pressure) in
the fatty pancreas group (2.3 £ 1.4) was statistically
significantly higher than that of the non-fatty pancreas
group (1.4 + 1.2) (P < 0.001) (Table 3).

Comparison of characteristics according to fatty
pancreas by sonography

Among the 180 subjects who showed fatty pancreas,
90 patients were found to have mild fatty pancreas, 68
moderate fatty pancreas, and 22 severe fatty pancreas. The
four groups, including the control group of non-fatty
pancreas, were compared. We analyzed the correlation
between HOMA-IR, visceral fat, triglyceride, and ALT,
which were found to be related to fatty pancreas by
multivariate multiple logistic analysis and the degree of
fatty pancreas. HOMA-IR, visceral fat, triglyceride, and
ALT tended to increase with the degree of fat deposition
in the pancreas on sonography (Figure 1; Table 4).

Comparison of fatty pancreas by sonography and
abdominal CT

To determine correlations between metabolic parameters
and fatty pancreas appearing on CT finding pancreas

y: Correlation coefficient.

and those found by sonography, the difference between
the average Hounsfield Units (HU) from mean pancreas
HU to mean spleen HU was calculated. If the difference
was -5 or lower the subjects were classified into the fatty
pancreas group on CT finding, and others were classified
into the non-fatty pancreas group. A comparison of
metabolic syndrome factors and body measurement
factors found no difference in visceral fat, lipid profile,
and liver chemistry between the two groups, based on

CT findings.

Frequency of concurrent fatty liver and fatty pancreas
The total number of fatty pancreas or fatty liver patients
was 184. Concurrence of fatty pancreas and fatty liver
on sonography was found in 125 subjects (67.9%); fatty
pancreas with normal liver was found in 55 (29.9%) and
fatty liver without fatty pancreas was only found in four
(2.2%) patients. In other words, among 180 fatty liver
patients, 125 subjects also had fatty pancreases (96.8%),
and the negative predictive value of fatty liver in normal
pancreas was 96.4%

DISCUSSION

The pathophysiology and diagnostic criteria for steatosis
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Figure 2 Values of HOMA-IR, visceral fat, triglyceride and ALT in four
echogenicity grades of fatty pancreas. P < 0.05, by ANOVA based on Tukey’s
multiple comparison test.

in liver or fatty liver are already established. Pancreas
echogenicity in abdomen sonography is known to be
determined by peripancreatic fat deposition rather

€ and it was

than pancreatic parenchymal deposition
reported that this correlated with age and subcutaneous
fat"”. However, there have been few studies on lipid
deposition in the pancreas and its clinical implications.
Sonography has been widely used as a tool for
evaluation of fat deposition in the pancreas, and the
pancreas echogenicity has been traditionally compared
with liver echogenicityp’m. However, this does not seem
to be a good method, because the liver is metabolically
very active and its echogenicity exhibits high

1519 The concurrence of fatty pancreas and fatty

variance
liver on sonography was very high in our data (67.9%).
Therefore, liver echogenicity was not a good reference
value for diagnosis of fatty pancreas. In contrast, spleen
and kidney are known to be metabolically less variable
than liver. Therefore, the authors compared the pancreas
echogenicity with kidney parenchymal echogenicity,
unlike prior studies. This seems to be a reasonable
method because the kidney is metabolically more stable
than the liver, although it is difficult to compare both the
pancreas and the kidney in the same window.

We performed a multiple logistic regression analysis
that corrected for age, sex, and serum lipid and found
that insulin resistance was independently related to the
existence of fatty pancreas in various models. Subjects
with fatty pancreas showed strong association with
frequency of metabolic syndrome, and fatty pancreas
correlated with a number of the parameters of metabolic
syndrome, including insulin resistance. However, after
adjusting for factors related to body fat distribution,
particularly visceral fat, the strong association with
insulin resistance disappeared. The reason for this seems
to be that visceral fat is a much stronger relational

factor and influenced the relationship between fatty
pancreas and insulin resistance. This suggests that fatty
pancreas is a risk factor for metabolic syndrome or
another manifestation of metabolic syndrome, such as
the previously reported correlations of nonalcoholic
fatty liver disease with obesity, insulin resistance, and
metabolic syndrome' """,

Furthermore, this study subdivided fatty pancreas by
the degree of pancreas echogenicity, and compared it
with HOMA-IR, visceral fat, triglyceride, and ALT. The
correlation coefficients were 0.250, 0.396, 0.245, and
0.270, respectively (P < 0.001), demonstrating statistically
significant correlation with fatty pancreas severity
(Figure 2). A comparative analysis with various other
factors is needed with a greater number of subjects.

This study found that HOMA-IR, an insulin
resistance marker, had an independently significant
correlation with fatty pancreas; but, there were no
differences in fasting blood sugar between the two
groups. The reason for this seems to be that diabetes
was excluded from the selection conditions for subjects.

To compare the echogenicity on sonography with
objective Hounsfield units on CT, this study conducted
mean pancreas and spleen HU, and analyzed the clinical
meaning of fatty pancreas using by CT imaging. However,
unlike sonography, no statistical difference in clinical and
biochemical parameters could be found. It seems that
fat deposition in the pancreas shows different patterns
from that in the liver. There is a report that fat deposition
was markedly increased in pancreas islet cells of people
aged over 60 yearsle, and an animal study demonstrated
lipid deposition in pancreas islet cells induced by a high
fat/high sucrose diet™. On the other hand, another study
claimed that fat deposition in the human pancreas does
not occur in the parenchymal cells of the pancreas, but
is only limited to interstitial stroma””. Some researchers
insist that steatosis in the pancreas or fat deposition in
pancreatic cells does not exist in humans"?. However,
according to some studies that contained pathological
observations on the human pancreas[}s], fat deposition
in the human pancreas appears to occur mainly in
interlobular septa, rather than in cells. However, it is
difficult to arrive at clear conclusions due to the difficulty
of tissue collection from the pancreas, which limits
histological proof. The results of the subgroup analysis,
which investigated the relationship of degree of fatty
pancreas with CT, seems to be due to such characteristics
of fat deposition in the pancreas. In other words, because
pancreas fat deposition mainly occurs in interlobular
septa, the CT images of pancreas show severe non-
homogenous patterns with big differences in Hounsfield
Units depending on the part measured. Consequently,
for CT judgment of pancreas fat deposition it is more
appropriate to evaluate the degree of irregular lobulated
contour by fat deposition in intetlobular septa rather than
by Hounsfield Units"***", Therefore, sonography seems
to be the more useful imaging technique for judgment
of pancreas fat deposition, and a comparison with
MRI, which is known to be excellent in judgment of fat
deposition, is needed.
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Evaluation of pancreas by abdominal sonography
is introduced as a screening tool for diagnosis of
pancreatic disease by many authors because of its
significant accuracy, cost-effectiveness, and few side
effects”™. Therefore, evaluating pancreas echogenicity
during abdominal sonography, which is frequently used
in health examinations, is expected to play a part as
another indicator for screening for metabolic syndrome
and insulin resistance.

This study does suffer from a few limitations.
Firstly, the fatty pancreas group (# = 180) was larger
than the non-fatty pancreas group (# = 113), because
it was a retrospective study of limited subjects of a
single medical center. Secondly, the hyperinsulinemic
euglycemic clamp technique, which is know to be the
most accurate evaluation method of insulin resistance,
was not used and this needs to be incorporated into
in future studies. Thirdly, the degree of fatty pancreas
was not well defined, and there might be problems with
intet-observer agreement among ultrasonographers
when grading different levels of pancreas echogenicity.

An interesting finding of this study is that in a
majority of cases (67.9%), fatty pancreas and fatty liver
were found concurrently on sonography, and most
fatty liver patients (96.9%) also showed fatty pancreas.
Although the positive predictive value of fatty liver
in fatty pancreas was 69.4%, the negative predictive
value of fatty liver in normal pancreas was 96.4%. This
implies that fatty pancreas could be used as the initial
indicator of ‘ectopic fat deposition’ and as an early
marker of insulin resistance, which is a key element of
fatty liver and/or metabolic syndrome. More studies will
be necessary on the role of fatty pancreas as an early
marker of ectopic fat deposition or insulin resistance.

This is the first study that evaluated pancreatic
steatosis using sonography and the clinical factors
related to it, including its relations with insulin resistance
and metabolic syndrome. Additional studies are needed
to investigate the actual progress of fatty pancreas into
metabolic diseases.

COMMENTS

Background

Pathophysiology, diagnostic criteria, and clinical implications of steatosis in liver
or fatty liver are already well known. However, there are few studies on the lipid
deposition in pancreas (fatty pancreas) and its clinical implications. The authors
evaluated the clinical implications of fatty pancreas.

Research frontiers

In particular, steatosis in liver or fatty liver refers to fat deposition in hepatocyte,
and its pathophysiology, diagnostic criteria, clinical implications are already well
known. However, researches on lipid deposition in pancreas (fatty pancreas)
and its clinical implications are still insufficient.

Innovations and breakthroughs

Insulin resistance, visceral fat, triglyceride, and alanine aminotransferase
(ALT) tended to increase with the degree of fat deposition in the pancreas on
sonography. In a multivariate logistic regression analysis, insulin resistance,
visceral fat, and ALT level were independently related to fatty pancreas after
adjustment for age, body mass index, and lipid profile. Incidence of metabolic
syndrome in the fatty pancreas group was significantly higher than in the control
group.

Applications

A majority of cases (67.9%) of fatty pancreas and fatty liver were found
concurrently on sonography. Although positive predictive value of fatty liver in
fatty pancreas was 69.4%, the negative predictive value of fatty liver in normal
pancreas was 96.4%. This implies the possibility of fatty pancreas as the initial
indicator of ‘ectopic fat deposition’ and as an early marker of insulin resistance,
which is a key element of fatty liver and/or metabolic syndrome.
Terminology

The increase in echogenicity of pancreatic body over the kidney echogenicity
was classified as fatty pancreas. Fatty pancreas was subdivided into four
stages: control group (non-fatty pancreas), where pancreas echogenicity was
similar to kidney parenchymal echogenicity; light fatty pancreas, where the
pancreas echogenicity was higher than kidney echogenicity, but very much
lower than the retroperitoneal fat echogenicity; severely fatty pancreas, where
the pancreas echogenicity was higher than kidney echogenicity, but a little
lower than the retroperitoneal fat echogenicity; and highly fatty pancreas, where
the pancreas echogenicity was similar to the retroperitoneal fat echogenicity.

Peer review

This study contains useful information on a difficult topic to study; i.e. fatty
pancreas. The authors also speculate on a possible relationship between
metabolic syndrome and fatty pancreas and/or fatty liver.
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