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Abstract

Introduction: Pancreatic steatosis (PS) is the fatty replacement of pancreatic parenchyma, being 
often associated with obesity and aging. Similar to this condition in pancreas, any excessive lipidic 
deposition in the liver tissue are referred to as nonalcoholic fatty liver disease (NAFLD). Objective: 
The objective of this study was to explore associations between PS and the NAFLD grade, as evaluated 
by ultrasonography. Methods: This was a cross-sectional study. Diagnosis of the PS and NAFLD was 
based on ultrasound findings, and 576 ultrasonography exams were evaluated. The chi-square test was 
used for evaluation of the relationship between PS and NAFLD. Results: A total of 576 individuals were 
included, 217 (or 37.7%) were male and 359 (or 62.3%) were female. The median age of the patients was 
47.04 (11.8) years-old (mean ± standard error). Among them, 243 were diagnosed with PS and 245 were 
diagnosed with NAFLD according to the trans-abdominal ultrasound findings. There was an association 
between male sex and PS (P 0.012), and between female sex and NAFLD (P 0.0001). As compared to 
the normal group, the PS and NAFLD group was characterized by a significantly higher median age. 
There was also a statistically significant association between the degree of PS and the degree of NAFLD, 
with the following characteristics: mild PS and mild NAFLD (P 0.0001), moderate PS and moderate 
and severe NAFLD (P 0.0001) and between severe PS and moderate and severe NAFLD (P 0.0001). 
Conclusion: Our findings demonstrated that fat accumulation in pancreas is significantly correlated to 
NAFLD. It was also shown that the ultrasound is very resourceful when it comes evaluation of fat grade.
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INTRODUCTION

The fatty infiltration of the pancreas was first 
described in 1993 by Ogilvie that reported 17% 
pancreatic fat storage for obese cadavers as 
compared with 9% for lean ones. Pancreatic 
steatosis (PS) is the best description for fat 
accumulation in the pancreatic gland without fat 
replacement.(1) However, several synonyms have 
been used for describing the accumulation of fat 
in pancreas, such as non-alcoholic fatty pancreatic 
disease, pancreatic lipomatosis, fatty replacement, 
fatty infiltration, fatty pancreas, and lipomatous 
pseudo-hypertrophy.(2)

The PS is a fatty replacement of pancreatic 
parenchyma, being often associated with obesity 
and aging.(3) The PS is generally a diffuse process 
occurring uniformly, but may be unevenly distributed 
in the pancreas and can be confined to region of the 
pancreas (focal fatty infiltration), being classified as: 
type 1a: preferential fatty replacement of head; type 
1b: preferential fatty replacement of head, neck and 
body; type 2a: preferential fatty replacement of head 
and uncinate process; type 2b: fatty replacement 
of most of pancreas regions except the peribiliary 
region.(4) Focal PS is a disorder without clinical 
significance. However, this condition may simulate 
a mass-like lesion.

It is speculated that nonalcoholic fatty liver 
disease (NAFLD) begets PS. However, it has been 
demonstrated that the PS begets the development 
of NAFLD.(5) Similar to the condition in pancreas, 
excessive lipid deposition in liver is referred to as 
NAFLD. The NAFLD pathogenesis is still largely 
unknown, and the key factor in the pathophysiology 
of NAFLD is the insulin resistance that determines 
lipid accumulation in the hepatocytes.(6) 

Several diagnostic techniques by imaging 
have been applied in quantifying pancreatic fat 
such as transabdominal ultrasound, endoscopic 
ultrasonography, computed tomography and 
magnetic resonance imaging.(7) However, the 
most largely used technique is transabdominal 
ultrasonography.(8)

The aim of this study was to investigate the 
prevalence of PS and its association with NAFLD 
grade, as evaluated by ultrasonography.

METHODS

We reviewed retrospectively exams of patients 
that were submitted to an abdominal ultrasound 
between November 2013 and April 2015. Since this 
is a retrospective study without consequences for 
the patients involved, it was not signed informed 
consent by patients or guardians, and the study did 
not need to be submitted to an institutional review 
board.

The study evaluated only sonographic aspects, 
not assessing and correlating other information 
on the study population, such as body mass index, 
glycemic status or other metabolic aspects.

Pancreas and liver ultrasonography were 
performed simultaneously by a single experienced 
imaging specialist, to minimize biases by different 
specialists, with high resolution ultrasonography 
(Toshiba Xario XG) using a 3.5 MHz convex probe. A 
complete ultrasound scan was performed with the 
subjects in supine position. The pancreas region 
was traced covering the area from the pancreatic 
head, body and tail to the level of the superior 
mesenteric artery. The liver was examined from 
sub- and intercostally in the decubitus position as 
well as in modified slightly oblique positions with 
the right arm above the head and the right leg 
stretched during all respiration cycles to identify the 
best approach and to avoid artifacts caused by the 
thorax.

The PS was diagnosed when there was an 
increase in echogenicity of the pancreas compared 
with the kidney. As the pancreas echogenicity 
could not be compared directly with the kidney 
in the same window, the examiner compared the 
difference between pancreatic echogenicity and the 
renal echogenicity in different window, and between 
hepatic and pancreatic echogenicity, to obtain an 
objective pancreato-renal echo contrast (Figure 
1). The PS can be classified as diffuse or as focal 
fatty infiltration, this latter was classified as: type 
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1a: preferential fatty replacement of head; type 1b: 
preferential fatty replacement of head, neck and 
body; type 2a: preferential fatty replacement of head 
and uncinate process; type 2b: fatty replacement 
of most of pancreas except peribiliary region.(4) 
However, we subdivided the PS into mild (grade I), 
moderate (grade II), and severe (grade III), according 
with Lee et al criteria. The four echogenicity grades 

of PS: Non-fatty pancreas, pancreatic echogenicity 
is equal to renal cortical echogenicity; Grade I: Mild 
fatty pancreas, pancreatic echogenicity is definitely 
lower than retroperitoneal fat; Grade II: Moderate 
fatty pancreas, pancreatic echogenicity is slightly 
lower than retroperitoneal fat; and Grade III: Severe 
fatty pancreas, pancreatic echogenicity is equal to 
retroperitoneal fat.(8)

The NAFLD diagnostic criteria included 
characteristic echo patterns of hepato-renal 
echo contrast, bright liver, deep attenuation, 
and vascular blurring (Figure 2). The Grading of 
NAFLD was classified as: grade I (mild): increased 
hepatic echogenicity with visible periportal and 

diaphragmatic echogenicity; grade II (moderate): 
increased hepatic echogenicity with imperceptible 
periportal echogenicity, without obscuration of 
diaphragm; grade III (severe): increased hepatic 
echogenicity with imperceptible periportal 
echogenicity and obscuration of diaphragm.(9)
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STATISTICAL ANALYSES

All normally distributed continuous variables were 
expressed as means ± SD. The chi-square test was 
used to analyze for evaluation of the relationship 
between PS and NAFLD. A P-value less than 0.05 
was considered statistically significant.

RESULTS

A total of 576 ultrasonography exams were 
evaluated. Among them, 243 were diagnosed 

with PS according to the trans-abdominal 
ultrasonographic findings; 217 (37.7%) 
were male and 359 (62.3%) were female. 
Two hundred forty-five were diagnosed with 
NAFLD according to the trans-abdominal 
ultrasonographic findings; 120 (20.8%) were 
male and 123 (21.3%) were female. The 576 
patients’ mean age was 47.04 (11.8) years-
old (mean ± standard error). The general 
characteristics, PS, NAFLD, and normal groups 
are shown in Table 1.

Table 1 - General characteristics, PS, NAFLD, and normal groups

Variable All PS NAFLD NORMAL

N 576 243 245 261

General Characteristics

Male
 (%)

217
(37.7)

106
(18.4%)

120
   (20.8%)

81
(14.0%)

Female 
(%)

359
(62.3%)

137
(23.7%)

124
(21.5%)

180
(31.2%)

Age 
(mean ± SD years)

47.04 (15.92) 65.07
(8.27)

69.50
(10.14)

33.50
(14.05)

There was an association between male sex and 
PS (P 0.012), and between female sex and NAFLD 
(P 0.0001). As compared to the normal group, 
the PS and NAFLD group was characterized by a 
significantly higher median age. There was also 
a statistically significant association between 

the degree of PS and the degree of NAFLD, with 
the characteristics following: mild PS and mild 
NAFLD (P 0.0001), moderate PS and moderate 
and severe NAFLD (P 0.0001) and between severe 
PS and moderate and severe NAFLD (P 0.0001) 
(Table 2).
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Table 2 - PS degree * NAFLD degree Cross tabulation

NAFLD degree

PS degree

Normal
(n)

Mild fatty
(n)

Moderate 
fatty
(n)

Severe fatty
(n)

Total
(n)

Normal
(n)

261 38 25 9 333

Mild fatty
(n)

50 43 26 9 128

Moderate fatty
(n)

12 18 29 16 75

Severe fatty
(n)

8 8 14 10 40

Total
(n)

331 107 94 44 576

DISCUSSION

In this study, using ultrasonography that allows 
the non-invasive evaluation of PS and NAFLD 
was demonstrated that PS is common in patients 
with NAFLD, and the fatty infiltration of pancreas 
positively correlates with fatty infiltration of liver 
ultrasound-determined steatosis grade. This finding 
is compatible with those of an autopsy report(10) and 
with others of several studies involving the use of 
ultrasonography,(8) endoscopic ultrasonography,(11) 
computed tomography,(12) and magnetic resonance 
imaging.(13)

Some researchers believe that PS or fat deposition 
in pancreatic cells does not exist in humans,(14) 
but studies with pathological observations on the 
human pancreas, showed that fat deposition in the 
human pancreas occur mainly in interlobular septa.
(8) The ultrasonography has been used as a tool for 
evaluation of fat infiltration in the pancreas and 
liver. The occurrence of fatty pancreas and fatty liver 
on ultrasonography was very high in our study.

PS can be justified owing to the coexistence 
with NAFLD. Beyond of fat infiltration in the liver, 
other factors associated with fat infiltration in the 
pancreas include age, increased body mass index, 

metabolic syndrome, and alcohol use,(15) that was 
not assessed in our study.

There is well documented association between 
advanced age and PS.(16) A report found that fat 
deposition was significantly increased in pancreas 
islet cells of individuals aged over 60 years.(17) The 
evaluation with endoscopic ultrasonography and 
autopsy studies are consistent with this association.
(5) However, a prospective study with endoscopic 
ultrasonography did not show this association.(11) 
Similarly, the prevalence of NAFLD in the general 
population increases with age, and fatty liver is 
more prevalent in men than women up to the age 
of 60 years. Beyond menopause, the prevalence of 
fatty liver rises sharply in women and exceeds that 
observed in their male counterparts.(18) In the present 
study, we showed that advanced age was positively 
associated with PS and NAFLD, and is compatible 
with the results of previous studies, possibly due to 
the age‐related decrease in pancreatic parenchymal 
volume and increased pancreatic fat content, as 
well as fatty replacement of damaged tissue of liver 
in the older subjects.

The PS and NAFLD are an increasing problem 
due to the increasing incidence of obesity. The 
presence of fatty pancreas and fatty liver represents 
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a meaningful manifestation of metabolic syndrome 
together with obesity.(5) The pancreatic fat 
replacement with acinar cell death and pancreatic 
fat infiltration due to obesity contribute to PS.(2) 
Likewise, obesity is the most significant single risk 
factor for the development of fatty liver, both in 
children and in adults.(19) The association between 
PS and NAFLD with obesity was not assessed in our 
study.

	 Another important risk factor for pancreatic 
fat infiltration and liver fat infiltration is alcohol 
ingestion. Fat infiltration within pancreatic acinar 
cells was observed by examination in patients 
consuming more than 30 gr/day of ethanol. 
Ultrastructural changes within the cells are 
described on those without clinical pancreatitis, 
changes which are similar to those seen in the 
hepatocytes of alcoholics.(17) Our study, nevertheless, 
did not include individuals who consume alcoholic 
beverages.

The definition of metabolic syndrome remains a 
matter of debate, however, obesity, hyperglycemia, 
dyslipidemia and hypertension have been constant 
syndrome components and the central concept of 
such descriptions is the unity of the background 
pathophysiologic process and the interaction 
between the elements.(20) The PS is highly associated 
with the metabolic syndrome.(5) Furthermore, 
accumulating evidence supports an association 
between NAFLD and metabolic syndrome,(21) 
where NAFLD and metabolic syndrome, being that 
NAFLD is considered the hepatic manifestation 
of the metabolic syndrome.(22) Our study did not 
include none of the components of the syndrome 
for comparison with the PS and NAFLD. 

Our findings demonstrated that fat accumulation 
in pancreas is correlated to NAFLD. It was also 
shown that the ultrasound is very resourceful when 
it comes evaluation of fat grade.
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