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Abstract

AIM: To identify the associated risk factors for hyper-
echogenic pancreas (HP) which may be observed on
endoscopic ultrasound (EUS) and to assess the relation-
ship between HP and obesity.

METHODS: From January 2007 to December 2007,
we prospectively enrolled 524 consecutive adults who
were scheduled to undergo EUS. Patients with a his-
tory of pancreatic disease or with hepatobiliary or ad-
vanced gastrointestinal cancer were excluded. Finally,
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284 patients were included in the analyses. We further
analyzed the risk of HP according to the categories of
visceral adipose tissue (VAT) and subcutaneous adipose
tissue in 132 patients who underwent abdominal com-
puted tomography scans.

RESULTS: On univariate analysis, age older than 60
years, obesity (body mass index > 25 kg/m?), fatty liver,
diabetes mellitus, hypertension and hypercholesterol-
emia were identified as risk factors associated with HP (P
< 0.05). On multivariate analysis, fatty liver [Z = 0.008,
odds ratio (OR) = 2.219], male gender (P = 0.013, OR =
2.636), age older than 60 years (P = 0.001, OR = 2.874)
and hypertension (P = 0.044, OR = 2.037) were signifi-
cantly associated with HP. In the subgroup analysis, VAT
was a statistically significant risk factor for HP (P = 0.010,
OR = 5.665, lowest quartile vs highest quartile).

CONCLUSION: HP observed on EUS was associated
with fatty liver, male gender, age older than 60 years,
hypertension and VAT.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Endoscopic ultrasound (EUS) has been an important
tool for diagnosing gastrointestinal and pancreatobiliary
disease since the 1980s!". EUS is particularly effective for
evaluating patients with pancreatic disease, because EUS
provides high resolution images of the pancreatic duct as
well as the parenchyma. In recent years, EUS-guided fine-
needle aspiration ot trucut biopsy can be performed at the
same time and this procedure enables tissue diagnosis.

Identification of hypetechogenic pancreas (HP) is not
uncommon during EUS. However, the clinical signifi-
cance of HP is still unclear. Fatty liver is associated with
insulin resistance, dyslipidemia and obesity (especially cen-
tral body fat distribution) and is considered a phenotype
of metabolic syndrome"?. Visceral fat is more important
for metabolic syndrome and hepatic steatosis than subcu-
taneous fat owing to its steatogenesis and production of
various cytokines™. The normal pancreatic echogenicity
on ultrasound is equal to or slightly greater than that of
the liver!”, Pancreatic echogenicity is determined by
fat deposited around the pancreas and within the septa
transversing the normal pancreas”. However, the role of
obesity as a risk factor for HP remains unclear. We hy-
pothesized that HP is related to obesity in a similar way
to its relationship with fatty liver. Many different methods
have been used to quantify obesity, such as body mass
index (BMI), waist circumference, waist-to-hip ratio, skin
fold thickness and percentage of body fat. Among these
methods, computed tomography (CT) is considered the
gold standard not only for evaluating adipose tissue, but
also for multi-compartment body measurements'”

The aim of this study was to determine the incidence
of HP in patients undergoing EUS and to identify the
associated risk factors for HP on EUS.

MATERIALS AND METHODS

From January 2007 to December 2007, a total of 524 pa-
tients who underwent EUS wete prospectively entolled in
the study. Pancreatic disease can alter the sonographic ap-
pearance of the pancreas, therefore patients with a history
of or who showed the presence of pancreatic disease such
as chronic pancreatitis were excluded (#z = 156), and pa-
tients with hepatobiliary or advanced gastrointestinal can-
cer were also excluded from the study (# = 84). Finally, a
total of 284 patients were included (Figure 1) and all EUS
examinations were performed to evaluate subepithelial
tumors. EUS examinations were performed using a radial
echoendoscope (Olympus GF-UM2000 with 5 MHz and
7.5 MHz frequency transducers) by a single expetienced
endoscopist (Kim GH). Informed consent was obtained
after the patients were given a complete desctiption of the
study. All the patients completed a questionnaire regard-
ing their personal medical history, including alcohol intake
and smoking. This study was approved by the Ethics
Committee of Pusan National University Hospital.
During the study, we measured the levels of serum
pancreatic enzymes, took clinical histories, conducted
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Prospective study of consecutive patients who underwent radial
EUS from January 2007 to December 2007 (7 = 524)

Exclusion
Presence or a history of pancreatic
disease (7 = 156)
Patients with hepato-biliary or
advanced GI malignancies (7 = 84)

Y
Radial EUS (7 = 284)

Y

Subanalysis for the patients who underwent abdominal (7 = 132):
VAT area and SAT area were calculated

Figure 1 Flow chart indicating the progression from the initial assess-
ment when first referred for endoscopic ultrasound to the final analysis.
EUS: Endoscopic ultrasound; Gl: Gastrointestinal; VAT: Visceral adipose tissue;
SAT: Subcutaneous adipose tissue.

physical examinations, and performed blood analyses
including blood sugar, total cholesterol and liver func-
tion tests. The degree of echogenicity of the pancreas
was judged relative to the liver (or the kidney if the liver
was hyperechogenic) (Figure 2). The patients’ histories of
alcohol consumption wete obtained, and the term “nonal-
coholic” was applied to men who consumed less than 30 g
alcohol/d and to women who consumed less than 20 g
alcohol/d. We further analyzed the risk of HP according to
the categories of visceral adipose tissue (VAT) and subcuta-
neous adipose tissue (SAT) in 132 patients who underwent
abdominal CT scanning for clinical purposes.

Laboratory investigations and assessment of the
abdominal visceral fat area

The clinical characteristics of all subjects were prospec-
tively evaluated, including gender, age, systolic blood pres-
sure, diastolic blood pressure, BMI and routine blood val-
ues. These parameters were measured within 30 d of EUS.
Hypertension was defined as systolic BP = 140 mmHg
or diastolic BP = 90 mmHgl“J. Type 2 diabetes mellitus
(DM) was defined as a fasting plasma glucose level =
126 mg/dL or if there were symptoms of hyperglyce-
mia and the random venous plasma glucose level was =
200 mg/ dr*, Hypercholesterolemia was defined when
the serum total cholesterol level was above the reference
value (more than 240 mg/dL at our hospital). The body
mass index (BMI) was calculated as the body weight (kg)
divided by the square of the standing height (m). The
BMI was categorized into three levels according to the
WHO criteria for the Western Pacific region'”: normal
weight-BMI < 23 kg/m’, overweight-BMI = 23 kg/m’
and < 25 kg/ m’ and obese-BMI > 25 kg/ m”. To deter-
mine the VAT and SAT on CT scans, adipose tissue area
was calculated at the level of the umbilicus, with an atten-
uation that ranged from -50 to -250 Hounsfield units™'",
The subjects were examined in the supine position. The
VAT was defined as intra-abdominal fat bound by the pa-
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Figure 2 Echogenicity of the pancreas on endoscopic ultrasound. A: Nor-
mal echogenic pancreas; B: Hyperechogenic pancreas compared to kidney. P:
Pancreas; K: Kidney.

rietal peritoneum or the transversalis fascia excluding the
vertebral column and the para-spinal muscles, and the SAT
was defined as fat superficial to the abdominal and back
muscles. Using a cursor, the VAT was measured around the
inner boundary of the abdominal wall muscles. A region
of interest drawn around the external margin of the dermis
was used to calculate the area of total adipose tissue (TAT).
SAT was obtained by subtracting the VAT from the TAT

(Figure 3)*",

Statistical analysis

The data were expressed as means + SD. The unpaired
~tests were used to compare the mean values of the char-
acteristics between the HP group and the non-HP group.
XZ tests were used for the nominal variables. Variables
with a P value less than 0.25 on univariate analysis were
included in a forward stepwise multiple logistic regression
model. To detect the dose-response relationship, we used
cut-off points to categorize the patients into quartiles for
the SAT and VAT. Logistic regression analysis was used
to estimate the crude and adjusted strength of the asso-
ciation between the positive and negative HP groups. All
data analyses were performed using SPSS for Windows
version 12.0 (SPSS, Chicago, IL, USA). A P-value less than
0.05 was considered significant.

RESULTS

Baseline characteristics of the study sample
The total number of subjects included was 284 (102 males

1494
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Figure 3 Calculation of the abdominal adipose tissue distribution using
computed tomography scans. The total adipose tissue (TAT) area was obtained
by applying an adipose tissue threshold to a region of interest (ROI) that was
traced around the dermis (1). An ROI was traced around the inner margin of the
abdominal wall muscles, and an adipose tissue threshold was applied to deter-
mine the area of visceral adipose tissue (VAT) in the ROI (2). The subcutaneous
adipose tissue area was then obtained by subtracting the VAT from the TAT.

Total patients (7 = 284)

Gender (M:F) 102:182
Age (yr) 521+122
Hyperechogenic pancreas positive 110 (38.7)
Current cigarette smoking 70 (24.6)
Current alcohol drinking 106 (37.3)
Hypertension (= 140/90 mmHg) 61 (21.5)
BMI (kg/m’) 231429
Fatty liver 94 (33.1)
Diabetes mellitus 46 (16.2)
Hypercholesterolemia 46 (16.1)
CT measurement (n = 132)

SAT area (cm®) 145.6 £49.3

VAT area (cm?) 71.7 436

BMI: Body mass index; CT: Computed tomography; SAT: Subcutaneous
adipose tissue; VAT: Visceral adipose tissue.

and 182 females) and their mean age was 52.1 £ 12.2 years.
Among the study subjects who underwent EUS, 11 were
HP patients (38.7%). Thirty-four patients (33.1%) had fat-
ty livers. There were 70 (24.6%) current smokers and 106
(37.3%) alcohol drinking patients. The mean BMI was 23.1
+ 29 kg/ m”. Among the 132 patients who underwent an
abdominal CT scan, the mean SAT and VAT were 145.6 £
49.3 and 71.7 % 43.6 cm’, respectively (Table 1).

Comparison of patients with and without
hyperechogenic pancreas

We analyzed the potential risk factors for HP. On univari-
ate analysis, age older than 60 years, obesity (BMI more
than 25 kg/m”), fatty liver, type 2 DM, hypertension and
hypercholesterolemia were the associated risk factors for
HP (P < 0.05) (Table 2). On multivariate analysis, fatty
liver [P = 0.008, odds ratio (OR) = 2.219], male gender (P
= 0.013, OR = 2.630), age older than 60 years (P = 0.001,
OR = 2.874) and hypertension (P = 0.044, OR = 2.037)
were the significant associated risk factors for HP (Table 3).
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HP negative HP positive P value HP negative HP positive P value
(n =174) (n = 110) n=79) (n = 53)
Age (yr) 489120 572+10.7 <0.001 VAT area (cm®) <0.001
Male gender 69 (39.9) 33 (30.0) 0.099 Quartile 1 (< 35.2) 23 (29.1) 9 (17.0)
BMI (kg/m? 24+28 24.0+27 <0.001 Quartile T (35.2-65.9) 25 (31.6) 8 (15.1)
Smoking 47 (27.0) 23 (20.9) 0.245 Quartile I (65.9-94.0) 19 (24.1) 14 (26.4)
Alcohol 71 (40.8) 35 (31.8) 0.127 Quartile IV (> 94.0) 12 (15.2) 22 (41.5)
Type 2 DM 7 (4.0) 12 (10.9) 0.024 SAT area (cm?) 0.008
Hypertension 25 (14.4) 36 (32.7) <0.001 Quartile T (<109.3) 24 (30.4) 9 (17.0)
Hypercholesterolemia 20 (11.5) 26 (23.6) 0.007 Quartile T (109.3-139.7) 22 (27.8) 11 (20.8)
Fatty liver 46 (26.4) 48 (43.6) 0.003 Quartile T (139.7-179.2) 18 (22.8) 16 (30.2)
Quartile IV (> 179.2) 15 (19.0) 17 (32.1)

HP: Hyperechogenic pancreas; BMI: Body mass index; DM: Diabetes
mellitus.

P value OR 95% CI
Male gender 0.013 2.636 1.224-5.678
Age older than 60 yr 0.001 2.874 1.537-5.372
Obesity (BMI > 25 kg/m?) 0.439 1.296 0.673-2.496
Smoking 0.612 1.227 0.557-2.701
Alcohol 0.435 0.773 0.405-1.475
Type 2 DM 0.646 1.304 0.420-4.055
Hypertension 0.044 2.037 1.018-4.072
Hypercholesterolemia 0.099 1.821 0.893-3.713
Fatty liver 0.008 2.219 1.226-4.016

BMI: Body mass index; DM: Diabetes mellitus; OR: Odds ratio; CI: Confidence
interval.

A subanalysis was performed in patients who under-
went abdominal CT (7 = 132). On univariate analysis, VAT
and SAT were significantly different between the groups
(89.5 + 47.8 cm’ 15 59.8 + 36.3 cm’, respectively, P <
0.001 for VAT and 162.2 + 55.7 cm” s 134.5 £ 59.3 cm’,
respectively, P = 0.008 for SAT) (Table 4). On multivari-
ate analysis, for patients who underwent abdominal CT,
VAT was a statistically significant risk factor for HP after
adjusting for age, gendet, alcohol, smoking and BMI (P =
0.010, OR = 5.665, the lowest quartile »s the highest quar-
tile) (Table 5).

DISCUSSION

EUS represents a major advance in gastrointestinal imag-
ing technology. EUS of the pancreas is particularly useful,
because the pancreas can be visualized either from the
duodenum or from the stomach. EUS is less risky than
endoscopic retrograde pancreatography, which is the tradi-
tional imaging test of choice and the gold standard for di-
agnosing chronic pancreatitis' ' . Having an understand-
ing of the normal variations in the pancreatic parenchyma
is crucial when evaluating pancreatic abnormalities. HP
is not an infrequent finding during EUS, but the clinical
significance of hyperechogenicity of the normal pancreas
is not known. In this study, pancreatic echogenicity was
compared with liver echogenicity to evaluate fat deposi-
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HP: Hyperechogenic pancreas; VAT: Visceral adipose tissue; SAT: Subcu-
taneous adipose tissue.

tion in the pancreas. However, in fatty liver, liver echo-
genicity is not a good reference value for HP. Therefore,
we used kidney parenchymal echogenicity if fatty liver was
present[1 9. A very high echogenicity of the pancreas could
be a sign of chronic pancreatitis, which is often accompa-
nied by dilatation of the pancreatic duct. A previous study
showed that body weight and fatty infiltration have a sig-
nificant influence on pancreatic echogenicitym. Hepatic
steatosis (or fatty liver) is associated with obesity, old age,
hyperlipidemia, hyperglycemia and hypertension[z‘a’s]. Vis-
ceral adiposity is known to be more important than BMI
for predicting the presence of hepatic steatosis'.

At first, we assumed that HP in an otherwise normal
pancreas would be associated with fatty liver and its asso-
ciated risk factors, especially obesity. On multivariate anal-
ysis, fatty liver, age older than 60 years, male gender and
hypertension were the significant risk factors for HP. The
pancreas in older patients showed different changes, such
as atrophy, fibrosis and fatty infiltration. A previous his-
topathologic study showed that after the age of 60 years,
moderate to severe fat accumulation is typically evident
in the acinar cells of the pancreasm]. High echogenicity
of the pancreas is a normal finding in older patients[zﬂ
Another previous EUS study of the age-related changes
of the pancreas showed that men had significantly greater
odds for having abnormalities than did women (OR =
2.9, P = 0.01)*". Because the distribution of abdominal
fat differs according to gender, the areas of subcutaneous
fat are significantly greater in women than in men at the
abdominal level™*, Metabolic syndrome is more preva-
lent in men than in women up to the age of 60 and this is
closely related to hepatic steatosis; our results may reflect
such a profile™".

Hepatic steatosis is usually prevalent in obese subjects
and regional fat distribution associated with insulin resis-
tance was found to be an important factor for hepatic ste-
atosis in several studies™. The BMI reflects either the total
body fat accumulation or the subcutaneous fat accumula-
tion. Recent findings have shown that central obesity (vis-
ceral fat accumulation) may be a more important factor for
hepatic steatosis than BMI®. CT is considered the gold
standard not only for measuring adipose tissue, but also
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Unadjusted analysis P value Adjusted analysis' P value
VAT area (cm’) 0.015 0.010
Quartile I (<35.2) Reference Reference
Quartile T (35.2-65.9) 0.646 (0.202-2.059) 0.671 (0.214-2.365)
Quartile I (65.9-94.0) 1.311 (0.637-6.094) 1.997 (0.561-7.107)
Quartile IV (> 94.0) 3.491(1.154-10.557) 5.665 (1.515-21.180)
SAT area (cmz) 0.414 0.960

Quartile I (<109.3)
Quartile I (109.3-139.7)
Quartile I (139.7-179.2)
Quartile IV (> 179.2)

Reference
1.139 (0.374-3.471)
1.97 (0.637-6.094)
2.288 (0.720-7.268)

Reference
1.016 (0.316-3.271)
1.353 (0.378-4.841)
1.227 (0.301-4.992)

'Adjusted for age, gender, smoking, alcohol, body mass index. VAT: Visceral adipose tissue; SAT: Subcutaneous adipose tissue;

OR: Odds ratio; CI: Confidence interval.

for performing multi-compartment body measurements'

Even so, there have been few studies on the relationship
between HP and regional fat distribution as measured by
CT. We performed a subgroup analysis on patients who
underwent abdominal CT. This objective measure of vis-
ceral fat showed that VAT was an independent risk factor
for HP after adjusting for age, gender, alcohol, smoking
and BMI. Obesity is known to be accompanied by meta-
bolic complications and is increasingly recognized as a risk
factor for type 2 DM, dyslipidemia, atherosclerotic and
cardiovascular disease. There is growing evidence that the
regional distribution of adipose tissue appears to be an im-
portant indicator of metabolic and cardiovascular altera-
tions, since only inconstant correlations between BMI and
these disturbances have been found™. On multivariate
analysis in the present study, although BMI was not a sta-
tistically significant risk factor, VAT was an independent,
significant risk factor for HP. A possible reason for this is
that VAT measuted by CT scanning is more accurate for
measuring visceral obesity than BMIM.

Recently, two studies regarding fatty pancreas or hy-
perechogenic pancreas were reported’ . In one study,
the predictors of HP were found to be hepatic steatosis,
alcohol use and increased BMI™. In the other study, fatty
pancreas was associated with metabolic syndrome. In the
latter study, visceral fat was also independently associated
with fatty pancreas"”. However, that study simply com-
pared VAT area values between fatty pancreas and normal
controls. In the present study, we subdivided SAT and
VAT area into four quartiles to evaluate the relationship
between adipose tissue area and HP.

In the present study, alcohol intake and cigarette
smoking were not significant risk factors for HP. Another
study has suggested that alcohol consumption and ciga-
rette smoking affect the endosonographic appearance of
the pancreas in a dose-dependent fashion™. Although an
effort was made to gather precise information on drinking
and smoking in our sample, underestimation of alcohol
intake and cigarette smoking may explain this finding in
our study.

Although we performed this study prospectively, there
were some limitations. First, the control group (non-HP
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group) was not representative of the general healthy pop-
ulation because the sample was made up of patients who
required EUS for the evaluation of a subepithelial tumor.
Second, direct determination of the pancreatic fat and vis-
ceral fat in tissue was not conducted. Due to ethical con-
siderations with regard to obtaining tissue specimens from
disease-free subjects, we did not perform tissue biopsies.
Third, quantitative analyses of the pancreatic parenchymal
echogenicity were not performed. As we only compared
pancreatic echogenicity with echogenicity of the liver or
kidney, these comparisons might have been somewhat
subjective. A future study that employs computer-assisted
quantitative analysis may be warranted.

In conclusion, HP is correlated with hepatic steatosis,
hypertension, male gender and age older than 60 years.
VAT is positively correlated with HP regardless of BMI.
Although it is unknown whether HP is a progressive
condition, HP, and likewise fatty liver, may be one of the
phenotypes of metabolic syndrome, which is character-
ized by obesity with visceral fat accumulation, DM, hyper-
lipidemia and hypertension. Further studies are needed to
confirm this hypothesis.

COMMENTS

Background

A hyperechogenic pancreas (HP) is commonly found during endoscopic ultra-
sound (EUS). However, the clinical significance of HP is still unclear. Visceral fat
is more important for metabolic syndrome and hepatic steatosis than subcutane-
ous fat owing to its steatogenesis and production of various cytokines. Pancreatic
echogenicity is determined by fat deposited around the pancreas and within the
septa transversing the normal pancreas. Yet the role of obesity as a risk factor for
HP is unclear. The authors could assume that HP is related to obesity in a similar
way to that of fatty liver.

Research frontiers

HP may is related to obesity in a similar way to that of fatty liver. Many differ-
ent methods have been used to calculate a value for obesity, such as body
mass index (BMI), waist circumference, waist-to-hip ratio, skin fold thickness
and percentage of body fat. Among these methods, computed tomography is
considered the gold standard not only for evaluating adipose tissue, but also for
multi-compartment body measurements.

Innovations and breakthroughs

HP is correlated with hepatic steatosis, hypertension, male gender and age
older than 60 years. Visceral adipose tissue is positively correlated with HP
regardless of BMI.
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Applications

Although it is unknown whether HP is a progressive condition, HP, and likewise fatty
liver, may be one of the phenotypes for metabolic syndrome, which is characterized
by obesity with visceral fat accumulation, diabetes mellitus, hyperlipidemia and hy-
pertension.

Terminology

Hyperechogenic pancreas was observed when the degree of echogenicity of the
pancreas relative to the liver (or the kidney if the liver was hyperechogenic) was
higher.

Peer review

Choi et al have performed a prospective study in order to identify factors related
to hyperechogenic pancreas on EUS. This is an interesting study as published
data on “fatty” pancreas are not extensive.
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