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Abstract

Background: Fatty liver is associated with insulin resistance, dyslipidemia, and obesity and is therefore considered a
phenotype of metabolic syndrome. However, less is known regarding the metabolic abnormalities associated with
non-alcoholic fatty pancreatic disease (NAFPD; fatty pancreas). The present study was performed to ascertain
whether fatty pancreas is associated with specific metabolic risk factors and with metabolic syndrome as defined by
the Adult Treatment Panel III.

Methods: Five-hundred-fifty-seven healthy and consecutive subjects without known hypertension or diabetes and
who received a health investigation at the National Taiwan University Hospital Health Management Center were
enrolled in this retrospective study. Fatty pancreas was diagnosed via trans-abdominal ultrasonographic findings.

Results: Seventy-two (12.9%) subjects diagnosed with fatty pancreas comprised the fatty pancreas group, and
remaining subjects comprised the normal pancreas group. The presence of various demographic and metabolic risk
factors was recorded for all subjects, and the two groups were examined for statistically significant differences in
these factors. As compared to the absence of fatty pancreas, the presence of the disease was associated with older
age and with higher values for each of the following: BMI, abdominal girth/height, abdominal girth (both genders),
fasting and postprandial blood glucose, HbA1c, total cholesterol, triglycerides, LDL-cholesterol, systolic blood
pressure, and platelet count. In contrast to previously reported findings, serum amylase values were lower in the
fatty pancreas as compared to the control group.

Conclusion: The presence of fatty pancreas represents a meaningful manifestation of metabolic syndrome together
with obesity.

Keywords: Non-alcoholic fatty pancreatic disease, Metabolic syndrome, Trans-abdominal ultrasonography, Obesity,
Diabetes mellitus
Introduction
Unlike fat stored in subcutaneous adipocytes, visceral fat
and ectopic fat stored in tissues such as liver, heart,
muscle, and pancreas are both associated with obesity
and/or insulin resistance [1,2]. Fatty liver is reported to
be associated with insulins resistance, dyslipidemia, and
obesity and is therefore considered a phenotype of meta-
bolic syndrome [3-5]. However, only a few studies of the
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reproduction in any medium, provided the or
metabolic abnormalities associated with non-alcoholic
fatty pancreatic disease, termed NAFPD or fatty pancreas,
have been performed, and the clinical consequences of
fatty pancreas remain unclear (Figure 1).
Ogilvie, who first described fatty infiltration of the

pancreas in 1993, reported 17% pancreatic fat storage
for obese cadavers as compared with 9% for lean ones
[6]. Findings from studies with animals reveal that
pancreatic steatosis promotes islet cell abnormalities
resulting in hyperglycemia [7-9]. Additionally, findings
from older autopsy and transabdominal ultrasonography
studies reveal an association of fatty pancreas with
advanced age, obesity, and increased body fat [10].
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Figure 1 The association between ectopic fat deposition and metabolic syndrome.
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Results of more recent studies indicate additional possible
associations for fatty pancreas including male gender,
age older than 60 years, hypertension, hepatic steatosis,
alcohol use, increased body mass index (BMI), impaired
insulin secretion, insulin resistance, visceral fat deposition,
elevated triglycerides (TG), increased alanine aminotrans-
ferase (ALT) values, β-cell dysfunction, and diabetes
[11-17]. Lee et al. [10,13] and Sepe et al. [10,13] suggested
that fatty pancreas is associated with an increased
frequency of metabolic syndrome and correlates with
the number of parameters of metabolic syndrome. The
present study was undertaken to ascertain whether
NAFPD is associated with specific demographic and
metabolic risk factors and with metabolic syndrome as
defined by the National Cholesterol Education Program
Adult Treatment Panel III (ATP III).

Materials and methods
Patients
Five-hundred-fifty-seven healthy and consecutive subjects
not known to have hypertension or diabetes and who had
a health investigation at the National Taiwan University
Hospital Health Management Center were analyzed in this
retrospective study during January and March, 2010. The
retrospective and cross-sectional analysis study was ap-
proved by the Institutional Review Board of National
Taiwan University Hospital, and this study was carried out
without any linkage of personal information for all partici-
pants. All subjects received abdominal ultrasonography by
gastro-hepatology specialists blinded to all information
concerning these subjects during health investigation. All
patients completed ultrasonographic investigation by a
convex 3.5-MHz transducer (HPM2410A, Hewlett
Packard, Andover, MA, USA). Usually, non-alcoholic fatty
liver disease (NAFLD) diagnostic criteria included charac-
teristic echo patterns of hepatorenal contrast, bright liver,
deep attenuation, and vascular blurring. Fatty pancreas
was diagnosed when there was an increase in echogenicity
of the pancreatic body over that of the kidney. As the
pancreas could not be compared simultaneously with the
kidney in the same sonographic window, the investigators
compared the difference between hepatic and renal
echogenicity, and between hepatic and pancreatic
echogenicity to obtain an objective pancreato-renal
echo contrast [10]. Subjects were divided into the fatty
pancreas group (n = 72) and the normal pancreas group
(n = 485) according to the ultrasonographic diagnosis.

Physical and biochemical findings
The height, weight, abdominal girth (AG), pulse rate,
systolic blood pressure (SBP), and diastolic blood pressure
(DBP) of all subjects were measured routinely in the
health check-up program. AG was measured in the mid-
section between the lowest rib and the iliac crest of the
pelvis and horizontal to the ground with the subject in an
upright position. BMI and AG/height were determined for
all subjects. Blood samples were tested routinely after
an 8 h fast for complete blood cell count (CBC), liver
function, amylase concentration, fasting blood glucose
(FBG) concentration, HbA1c, total cholesterol, trigly-
ceride (TG) concentration, high density lipoprotein
cholesterol (HDL-C), and low density lipoprotein chol-
esterol (LDL-C). Two h postprandial blood glucose
(PBG) measurements were also performed routinely.

Definition of metabolic syndrome
The criteria for diagnosis of metabolic syndrome were
those of the National Cholesterol Education Program
Adult Treatment Panel III (ATP III). Metabolic syndrome
was diagnosed when three or more of the following were
present: abdominal obesity (waist circumference ≥ 90 cm
for males or ≥ 80 cm for females), increased TG concen-
tration (≥150 mg/dL), decreased HDL-C (< 40 mg/dL
for males or < 50 mg/dL for females), hypertension (sys-
tolic blood pressure, SBP ≥ 130/diastolic blood pressure,
DBP ≥ 85 mm Hg), and impaired FBG concentration
(≥110 mg/dL).

Statistical analyses
Descriptive data are presented as means ± SD for con-
tinuous variables. Differences between the fatty pancreas
and normal pancreas group were determined using the
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Student’s t test. The χ2 test was used to evaluate the rela-
tionship between fatty pancreas and metabolic syn-
drome. A p value < 0.05 was considered statistically
significant. All statistical analyses were performed with
SPSS 12.0.

Results
A total of 557 individuals, 315 men and 242 women,
without known hypertension or diabetes were included.
Among them, 72 were diagnosed with fatty pancreas
according to the trans-abdominal ultrasonographic find-
ings; 30 (41.7%) were male and 42 (58.3%) were female.
These subjects constituted the fatty pancreas group. The
remaining 485 subjects, of whom 285 were male and
200 were female, comprised the normal pancreas group.
Table 1 presents the demographic characteristics and

laboratory findings for the two groups. As compared to
the normal pancreas group, the fatty pancreas group was
characterized by a significantly higher mean age, BMI,
and AG in both males and females, by significantly
higher FBG, PBG, HbA1c, total cholesterol, TG, and
LDL-C values, and by a significantly higher platelet
count (all p <0.03). By contrast, no differences in HDL-C
or DBP between the two groups were observed. Interest-
ingly, serum amylase values were lower in the fatty pan-
creas group as compared to the normal pancreas group
(p <0.01).
No statistically significant differences between the

two groups were observed for liver function tests in-
volving aspartate aminotransferase (25.6 ± 10.3 U/L vs.
Table 1 Demographic characteristics and laboratory
findings for the study population

Total
(n=557)

Fatty pancreas
(n=72)

Normal pancreas
(n=485)

Gender (M:F) 315:342 30:42 285:200

Age (years)* 50.8±12.4 57.3±12.4 20.7±12.8

FBG (mg/dl) 104.7±29.4 95.1±20.6

AG (cm)* 89.8±8.1 84.3±9.4

SBP (mm HG)# 123.2±18.1 118.3±16.8

DBP (mm Hg) 72.7±11.2 70.1±11.1

TG (mg/dl)* 142.5±81.8 111.5±70.9

HDL-C (mg/dl) 46.8±10.4 48.8±11.5

Amylase(U/L)* 93.2±26.6 102.3±36.2

HbA1c (%)* 5.8±0.9 5.5±0.7

BMI* 25.3±2.7 23.7±3.5

Girth/Height* 0.56±0.05 0.50±0.06

PLT (×10)* 263.7±64.7 242.3±56.9
*p<0.01, #: p=0.023.
FBG, fasting blood glucose concentration; PBG, postprandial blood glucose
concentration; AG, abdominal girth; SBP, systolic blood pressure; DBP, diastolic
blood pressure; TG, triglycerides; HDL-C, high density lipoprotein-cholesterol;
PLT, platelets.
25.5 ± 9.3 U/L, p = 0.92), alanine aminotransferase
(31.4 ± 27.9 U/L vs. 29.1 ± 19.4 U/L, p = 0.39), and γ-
glutamyl transpeptidase (22.0 ± 16.7 U/L vs. 24.5 ±
28.0 U/L, p = 0.46) measurements or for tumor
markers including carcinoembryonic antigen (0.9 ±
0.6 ng/mL vs. 1.1 ± 0.7 ng/mL, p = 0.06) and carbohy-
drate antigen 19–9 (12.5 ± 14.9 U/mL vs. 13.0 ± 0.7 U/mL,
p = 0.65).
The prevalence of each parameter of metabolic syn-

drome among subjects in each group is presented in
Table 2. Greater abdominal obesity, increased incidence
of hypertension, higher TG values, decreased HDL-C
values, and higher FBG concentrations were found for
subjects with, as compared to without, fatty pancreas (all
p <0.01).
Each of the two study groups was examined for the

percentages of subjects displaying varying degrees of pa-
rameters for metabolic syndrome (Table 3). The percent-
ages of subjects displaying 1, 2, 3, 4 or 5 parameters and
the mean number of parameters were both higher for
the fatty pancreas group (all p <0.01). Among the 110
subjects diagnosed with metabolic syndrome (presence
of 3 or more parameters), a significantly greater percent-
age were also diagnosed with fatty pancreas (p <0.01).

Discussion
The present study reveals significant associations of fatty
pancreas with aging, obesity, systolic hypertension,
hyperglycemia, and dyslipidemia. As compared to subjects
without fatty pancreas, a significantly greater percentage
of subjects with this condition were also diagnosed with
metabolic syndrome. It should be noted that all subjects
in this study received abdominal ultrasonography by
gastrointestinal specialists blinded to all demographic and
laboratory findings for these subjects.
Controversy has surrounded the association of fatty

pancreas with advanced age. For example, findings from
Table 2 Prevalence of each parameter of metabolic
syndrome in the study group

Metabolic parameters Fatty pancreas n (%) Normal pancreas n (%)

Abdominal obesity* 52 (72.2%) 214 (44.1%)

TG* 28 (38.9%) 93 (19.2%)

HDL* 32 (44.4%) 161 (33.2%)

HTN* 24 (33.3%) 128 (26.4%)

FBG* 34 (47.2%) 95 (19.6%)
*p <0.01.
Abbreviations: TG, triglycerides; HDL, high density lipoproteins; HTN,
hypertension; FBG, fasting blood glucose.
The five criteria of the metabolic syndrome as established by the National
Cholesterol Education Program’s Adult Treatment Panel III are: abdominal
obesity (waist circumference ≥ 90 cm for males or ≥ 80 cm for females),
hypertension (SBP ≥ 130/DBP ≥ 85 mm Hg), triglyceride concentrations
≥150 mg/dL, HDL-cholesterol <40 mg/dL for males or <50 mg/dL for females,
and fasting glucose concentrations ≥110 mg/dL.



Table 3 Number of parameters of metabolic syndrome
for subjects in the two groups

Number of metabolic Fatty pancreas Normal pancreas

Syndrome parameters n (%) n (%)

0 4 (5.6%) 156 (32.2%)

1 22 (30.6%) 132 (27.2%)

2 21 (29.2%) 112 (23.1%)

3 16 (22.2%) 54 (11.1%)

4 7 (9.7%) 27 (5.6%)

5 2 (2.8%) 4 (0.8%)

Meet ≥ 3 criteria* 25 (34.7%) 85 (17.5%)

Mean number* 2.1 ± 1.2 1.3 ± 1.2

*p <0.01.
The five criteria of the metabolic syndrome as established by the National
Cholesterol Education Program’s Adult Treatment Panel III are: abdominal
obesity, hypertension, triglyceride concentrations ≥150 mg/dL, HDL-cholesterol
<40 mg/dL for males or <50 mg/dL for females, and fasting glucose
concentrations ≥110 mg/dL.
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endoscopic ultrasonography (EUS) [17] and autopsy [18]
studies are consistent with this association. However, no
such association was observed in another prospective
EUS study [10].

Association between NAFPD and the parameter of
metabolic syndrome
The definition criteria for metabolic syndrome are
thought not ideal, and controversies continue over the
validity of its predictive value for cardiovascular events
and diabetes due to several factors as no inclusion of
age, gender, LDL-C, family history or past history of
cardiovascular disease and diabetes in the definition cri-
teria. However, Tenenbaum et al. showed that current
available evidences strongly supported that metabolic
syndrome is an important clustering of cardiovascular
risk factors and diabetes [19].
In the present study, fatty pancreas was found to be

strongly associated with specific parameters of metabolic
syndrome. For example, an association with obesity as
manifested by increased BMI and AG was observed.
This finding is compatible with those of an autopsy re-
port [18] and with those of several human fatty pancreas
studies involving the use of ultrasonography [13], EUS
[10,11,17], CT [20], and MRI [12,14,15]. In animal study,
Mathur et al. also documented that obese mice have
heavier pancreas and more pancreatic fat, especially
triglycerides, and concluded that obesity leads to fat
infiltration of the pancreas [21]. In the present study,
fatty pancreas was also found to be associated with sys-
tolic, but not diastolic, hypertension; this finding is in
agreement with that of Choi et al. [17]. Additionally,
fatty pancreas was found to be associated with increased
FBG, PBG, and HbA1c values. In this regard it should
be noted that findings of previous studies of the
association between fatty pancreas and hyperglycemia
are inconsistent. No association between fatty pancreas
and DM and/or FBG was found in two studies [10,13]
whereas in others fatty pancreas was found to correlate
inversely with insulin secretion and β–cell function and
directly with impaired glycemia and DM [12,14,16]. In
the present study, fatty pancreas was also found to be
strongly associated with hyperlipidemia as manifested by
increased total cholesterol, TG, and LDL-C values; how-
ever, no association of HDL-C with fatty pancreas was
observed. These findings differ somewhat from those of
Lee et al. [13] who reported that fatty pancreas is associ-
ated with increased total cholesterol, TG, HDL, and free
fatty acid concentrations but not with increased LDL-C
concentrations. Sepe et al. [10] reported that fatty pan-
creas was associated with hyperlipidemia but lipid pro-
files were not provided in this report. In the present
study, fatty pancreas was found to be strongly associated
with the frequency of metabolic syndrome and to correl-
ate with the number of the parameters of metabolic
syndrome. These findings are consistent with those of
previous studies [10,13].
Although central obesity had been defined as essential

criteria of metabolic syndrome, Lee, et al. reported that
the incidence of diabetes in subjects without central
obesity was similar to that in subjects with central obes-
ity in a Chinese hypertensive family cohort study. This
indicated central obesity is not essential component of
metabolic syndrome for predict diabetes [22]. In present
study, fatty pancreas was found to be associated with in-
creased FBG, PBG, and HbA1c values, and its predictive
value of diabetes need to be further evaluated.

Association between NAFPD and NAFLD
The fatty pancreas and normal pancreas groups did not
differ with respect to liver function. No differences be-
tween the two groups were observed regarding albumin
and globulin concentrations and AST, ALT, and γGT
values. This finding is somewhat surprising in that fatty
liver has been reported to be associated with fatty pan-
creas, and elevation of liver enzymes, especially of ALT,
is often present in subjects with fatty liver. Findings of
EUS studies showed an association of fatty pancreas with
hepatic steatosis [10,11,17], and findings of one MRI
study revealed a correlation of pancreatic fat content
with liver fat content [15]. Furthermore, findings of a
trans-abdominal ultrasonographic study showed a cor-
relation between fatty pancreas and liver enzymes in-
cluding AST, ALT, and γGT [13]. The findings of one
autopsy study demonstrated that total pancreatic fat is
significantly correlated with NAFLD, and fatty liver and
fatty pancreas are related more significant in women
[23]. In contrast, no association between pancreatic fat
and liver fat was found in other MRI studies [12,16].
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The ultrasonographic study also showed that about 68% of
cases with fatty pancreas concurrently had fatty liver, but
most subjects (97%) with fatty liver had fatty pancreas.
The positive predictive value of fatty liver in fatty pancreas
was around 70%, but the negative predictive value of fatty
liver in normal pancreas was high to 96%. These findings
suggested that fatty pancreas could be an initial indicator
of ectopic fat deposition and an earlier manifestation of
metabolic syndrome than fatty liver [13].
No statistically differences in markers of pancreatic

carcinoma, including CEA and CA 19–9, were observed
between the fatty pancreas and control groups. These
findings are consistent with those of a previous study
[10] in which fatty pancreas was not found to be associ-
ated with pancreatic carcinoma.

Association between NAPFD and pancreatic enzymes
Two additional findings of the present report are of par-
ticular interest. The first is that serum amylase values
were significantly lower for the fatty pancreas as com-
pared to normal pancreas group. This finding contrasts
with that of Sepe et al. [10] who found no association
between fatty pancreas and serum amylase or lipase
concentrations. It is known that elevated serum amylase
levels often accompany acute pancreatitis and are occa-
sionally caused by other conditions such as pancreatic
tumors. However, few clinical studies investigating clin-
ical implications of low serum amylase. Low serum
amylase was thought due to diffuse pancreas destruction
secondary to advanced pancreatitis [24,25]. Low serum
amylase was also associated with insulin resistance in
obese animal models [26,27]. Nakajima et al. showed
that low serum amylase is associated with increased risk
of metabolic abnormalities, metabolic syndrome, and
diabetes, and provided a pancreatic exocrine-endocrine
relationship in certain clinical condition [28]. Lower
serum amylase values in subjects with fatty pancreas
Table 4 Summary of prior findings regarding factors associat

Study Sample size
(FP:NP)

Method of
detection

Associated fa

Al-Haddad M, et al. [11] 120 (60/60) EUS BMI, hepatic s

Sepe PS, et al. [10] 230 (64/166) EUS BMI, fatty liver

Choi CW, et al. [17]. 284 (174/110) EUS Hepatic steato
tobacco male

Lee JS, et al. [13] 293 (180/113) Trans-abd
ominal US

IR, VAT, ALT, M

Heni M et al. [12] 51 MRI BMI, VAT, wais

Lingvay I, et al. [14] 79 MRI BMI, hyperglyc

Sijens PE, et al. [15] 36 MRI BMI, liver fat

Tushuizen ME, et al. [16] 36 (12/24) MRI Beta-cell dysfu

IR, insulin resistance; DM, diabetes mellitus; MetS, metabolic syndrome; ALT, alanine
pancreas; NP, normal pancreas; EUS, endoscopic ultrasonography; US, ultrasonograp
possibly reflected diffuse destruction of pancreas due to
fat infiltration. The second is that the platelet count was
significantly higher for the fatty pancreas as compared to
normal pancreas group. To our knowledge, the present
study is the first to examine this relationship. Further
exploration of the associations of fatty pancreas with
serum amylase and platelet count is planned.
Previous studies focused on NAFPD
Table 4 summarizes prior findings regarding factors asso-
ciated with fatty pancreas. Based on a number of currently
conflicting findings, further studies of the associations of
fatty pancreas with age, hyperglycemia, hyperlipidemia,
fatty liver, and serum amylase are warranted. Some limi-
tations of this study need to be noted. Owing to its
cross-sectional case–control retrospective fashion, we
only demonstrated the relation between fatty pancreas
and metabolic syndrome, and the long-term effect of
presence of fatty pancreas to metabolic syndrome was
uncertain due to lack of longitudinal data. There was no
fasting insulin measurement in the routine health inves-
tigation, and insulin resistance was unable to calculate.
Conclusion
In conclusion, non-alcoholic fatty pancreatic disease
(NAFPD or fatty pancreas) may represent a meaningful
manifestation of metabolic syndrome. The associations
of fatty pancreas with age, hyperglycemia, hyperlipidemia,
fatty liver, serum amylase, and platelet count require fur-
ther examination. The incidental abdominal ultrasono-
graphic finding of fatty pancreas in a subject without
known metabolic syndrome but abdominal obesity should
alert further investigation. Further cohort study should be
carried out to observe serial changes of fatty pancreas in
diabetic and non-diabetic subjects.
ed with non-alcoholic fatty pancreas

ctors No correlation

teatosis, alcohol

, hyperlipidemia, MetS DM, pancreatits, pancreatic cancer, age,
alcohol, tobacco amylase

sis, HTN, Alcohol,
, age>60

etS FBG, LDL-C

t circumference Fatty liver

emia

nction Fatty liver, VAT

aminotransferase; HTN, hypertension; VAT, visceral adipose tissue; FP, fatty
hy; FBG, fasting blood glucose; LDL-C, low density lipoprotein-cholesterol.



Wu and Wang Cardiovascular Diabetology 2013, 12:77 Page 6 of 6
http://www.cardiab.com/content/12/1/77
Consent
The retrospective and cross-sectional analysis study was
approved by the Institutional Review Board of National
Taiwan University Hospital, and this study was carried
out without any linkage of personal information for all
participants. Written informed consent was obtained
from the patient for publication of this report.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
WCW: Discussion, wrote manuscript. CYW: Researched data, discussion,
reviewed/edited manuscript. All authors read and approved the final
manuscript.

Received: 31 December 2012 Accepted: 6 May 2013
Published: 20 May 2013

References
1. Unger RH: Minireview: weapons of lean body mass destruction: the role

of ectopic lipids in the metabolic syndrome. Endocrinology 2003,
144(12):5159–5165.

2. Yin W, Liao D, Kusunoki M, Xi S, Tsutsumi K, Wang Z, Lian X, Koike T, Fan J,
Yang Y, et al: NO-1886 decreases ectopic lipid deposition and protects
pancreatic beta cells in diet-induced diabetic swine. J Endocrinol 2004,
180(3):399–408.

3. Kotronen A, Yki-Jarvinen H: Fatty liver: a novel component of the
metabolic syndrome. Arterioscler Thromb Vasc Biol 2008, 28(1):27–38.

4. Park BJ, Kim YJ, Kim DH, Kim W, Jung YJ, Yoon JH, Kim CY, Cho YM, Kim SH,
Lee KB, et al: Visceral adipose tissue area is an independent risk factor for
hepatic steatosis. J Gastroenterol Hepatol 2008, 23(6):900–907.

5. Burgert TS, Taksali SE, Dziura J, Goodman TR, Yeckel CW, Papademetris X,
Constable RT, Weiss R, Tamborlane WV, Savoye M, et al: Alanine
aminotransferase levels and fatty liver in childhood obesity: associations
with insulin resistance, adiponectin, and visceral fat. J Clin Endocrinol
Metab 2006, 91(11):4287–4294.

6. Ogilvie RF: The islands of Langerhans in 19 cases of obesity.
J Pathol Bacteriol 1933, 37(3):473–481.

7. Lee Y, Hirose H, Ohneda M, Johnson JH, McGarry JD, Unger RH: Beta-cell
lipotoxicity in the pathogenesis of non-insulin-dependent diabetes
mellitus of obese rats: impairment in adipocyte-beta-cell relationships.
Proc Natl Acad Sci USA 1994, 91(23):10878–10882.

8. Hirose H, Lee YH, Inman LR, Nagasawa Y, Johnson JH, Unger RH: Defective
fatty acid-mediated beta-cell compensation in Zucker diabetic fatty rats.
Pathogenic implications for obesity-dependent diabetes.
J Biol Chem 1996, 271(10):5633–5637.

9. Milburn JL Jr, Hirose H, Lee YH, Nagasawa Y, Ogawa A, Ohneda M,
BeltrandelRio H, Newgard CB, Johnson JH, Unger RH: Pancreatic beta-cells
in obesity. Evidence for induction of functional, morphologic, and
metabolic abnormalities by increased long chain fatty acids.
J Biol Chem 1995, 270(3):1295–1299.

10. Sepe PS, Ohri A, Sanaka S, Berzin TM, Sekhon S, Bennett G, Mehta G,
Chuttani R, Kane R, Pleskow D, et al: A prospective evaluation of fatty
pancreas by using EUS. Gastrointest Endosc 2011, 73(5):987–993.

11. Al-Haddad M, Khashab M, Zyromski N, Pungpapong S, Wallace MB, Scolapio
J, Woodward T, Noh K, Raimondo M: Risk factors for hyperechogenic
pancreas on endoscopic ultrasound: a case–control study. Pancreas 2009,
38(6):672–675.

12. Heni M, Machann J, Staiger H, Schwenzer NF, Peter A, Schick F, Claussen
CD, Stefan N, Haring HU, Fritsche A: Pancreatic fat is negatively associated
with insulin secretion in individuals with impaired fasting glucose and/or
impaired glucose tolerance: a nuclear magnetic resonance study.
Diabetes Metab Res Rev 2010, 26(3):200–205.

13. Lee JS, Kim SH, Jun DW, Han JH, Jang EC, Park JY, Son BK, Jo YJ, Park YS,
Kim YS: Clinical implications of fatty pancreas: correlations between fatty
pancreas and metabolic syndrome. World J Gastroenterol 2009,
15(15):1869–1875.
14. Lingvay I, Esser V, Legendre JL, Price AL, Wertz KM, Adams-Huet B, Zhang S,
Unger RH, Szczepaniak LS: Noninvasive quantification of pancreatic fat in
humans. J Clin Endocrinol Metab 2009, 94(10):4070–4076.

15. Sijens PE, Edens MA, Bakker SJ, Stolk RP: MRI-determined fat content of
human liver, pancreas and kidney. World J Gastroenterol 2010,
16(16):1993–1998.

16. Tushuizen ME, Bunck MC, Pouwels PJ, Bontemps S, van Waesberghe JH,
Schindhelm RK, Mari A, Heine RJ, Diamant M: Pancreatic fat content and
beta-cell function in men with and without type 2 diabetes.
Diabetes Care 2007, 30(11):2916–2921.

17. Choi CW, Kim GH, Kang DH, Kim HW, Kim DU, Heo J, Song GA, Park do Y,
Kim S: Associated factors for a hyperechogenic pancreas on endoscopic
ultrasound. World J Gastroenterol 2010, 16(34):4329–4334.

18. Olsen TS: Lipomatosis of the pancreas in autopsy material and its
relation to age and overweight. Acta Pathol Microbiol Scand A 1978,
86A(5):367–373.

19. Alexander Tenenbaum EZF: "The metabolic syndrome… is dead": These
reports are an exaggeration. Cardiovasc Diabetol 2011, 10(1):4.

20. Saisho Y, Butler AE, Meier JJ, Monchamp T, Allen-Auerbach M, Rizza RA,
Butler PC: Pancreas volumes in humans from birth to age one hundred
taking into account sex, obesity, and presence of type-2 diabetes.
Clin Anat 2007, 20(8):933–942.

21. Mathur A, Marine M, Lu D, Swartz-Basile DA, Saxena R, Zyromski NJ, Pitt HA:
Nonalcohlic fatty pancreas disease. HPB (Oxford) 2007, 9(4):312–318.

22. Lee IT, Chiu YF, Hwu CM, He CT, Chiang FT, Lin YC, Assimes T, Curb JD,
Sheu WH: Central obesity is important but not essential component of
the metabolic syndrome for predicting diabetes mellitus in a
hypertensive family-based cohort. Results from the Stanford Asia-pacific
program for hypertension and insulin resistance (SAPPHIRe) Taiwan
follow-up study. Cardiovasc Diabetol 2012, 11:43.

23. van Geenen EJ, Smits MM, Schreuder TC, van der Peet DL, Bloemena E,
Mulder CJ: Nonalcoholic fatty liver disease is related to nonalcoholic fatty
pancreas disease. Pancreas 2010, 39(8):1185–1190.

24. Maruyama K, Takahashi H, Okuyama K, Yokoyama A, Nakamura Y, Kobayashi
Y, Ishii H: Low serum amylase levels in drinking alcoholics. Alcohol Clin
Exp Res 2003, 27(8 Suppl):16S–21S.

25. Dominguez-Munoz JE, Pieramico O, Buchler M, Malfertheiner P: Ratios of
different serum pancreatic enzymes in the diagnosis and staging of
chronic pancreatitis. Digestion 1993, 54(4):231–236.

26. Trimble ER, Bruzzone R, Belin D: Insulin resistance is accompanied by
impairment of amylase-gene expression in the exocrine pancreas of the
obese Zucker rat. Biochem J 1986, 237(3):807–812.

27. Schneeman BO, Inman MD, Stern JS: Pancreatic enzyme activity in obese
and lean Zucker rats: a developmental study. J Nutr 1983, 113(4):921–925.

28. Nakajima K, Nemoto T, Muneyuki T, Kakei M, Fuchigami H, Munakata H: Low
serum amylase in association with metabolic syndrome and diabetes: A
community-based study. Cardiovasc Diabetol 2011, 10:34.

doi:10.1186/1475-2840-12-77
Cite this article as: Wu and Wang: Association between non-alcoholic
fatty pancreatic disease (nafpd) and the metabolic syndrome: case–
control retrospective study. Cardiovascular Diabetology 2013 12:77.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusion

	Introduction
	Materials and methods
	Patients
	Physical and biochemical findings
	Definition of metabolic syndrome
	Statistical analyses

	Results
	Discussion
	Association between NAFPD and the parameter of metabolic syndrome
	Association between NAFPD and NAFLD
	Association between NAPFD and pancreatic enzymes
	Previous studies focused on NAFPD

	Conclusion
	Consent
	Competing interests
	Authors’ contributions
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


