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Abstract

Background Pancreatic cysts are related to the presence
of ductal adenocarcinomas elsewhere in the pancreas, and
are also associated with an increased risk of pancreatic
adenocarcinoma in the future. Most of the previous studies
that investigated the prevalence of pancreatic cysts focused
on patients within a hospital or out-patient setting, which
may not be representative of the general population. We
investigated the prevalence and predictive factors for the
presence of pancreatic cysts within a large number of
subjects via general health examination.

Methods Between December 2007 and December 2013, a
total of 5198 subjects were enrolled that underwent ultra-
sonography (US) on general health examination. We
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established a scoring system for predicting the presence of
one or more pancreatic cysts using a split-sample method.
Results Among the enrolled subjects, the prevalence of a
pancreatic cyst was 3.5 %. In multivariate analysis, the
prevalence was significantly increased with older age,
female sex, and the presence of gall bladder adenomy-
omatosis (GB-ADM). Based on multivariate analysis in the
training sample (n = 2,599), we established the scoring
system consisting of age, sex, and the presence of GB-
ADM to predict the presence of pancreatic cysts. This
scoring system was validated in the testing sample
(n = 2,599) and produced an area under the curve of 0.711.
Conclusions The prevalence of pancreatic cyst detected
by US was 3.5 % in the general population, and increased
with age, female sex, and the presence of GB-ADM. A new
scoring system developed in the present study may help to
identify better candidates for further examination when the
pancreas is not visible by US.
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Abbreviations

AUC Area under the curve

CI Confidence interval

CT Computed tomography

EUS Endoscopic ultrasonography
GB-ADM Gallbladder adenomyomatosis
MPD Main pancreatic duct

MRI Magnetic resonance imaging
NPV Negative predictive value

OR Odds ratio

ROC Receiver-operation characteristic
SD Standard deviation

(SN Ultrasonography
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Introduction

Pancreatic cysts are often detected with ultrasonography
(US) during general health examinations. The incidence of
pancreatic cysts has varied between 0.2 and 44.7 % [1-9]
with increasing prevalence for higher age or presence of
gallbladder adenomyomatosis (GB-ADM) [10, 11]. Most
of the previous studies were performed using patients
within a hospital or out-patient setting, which may not be
representative of the general population. Pancreatic cysts
have been shown to be related to the presence of ductal
adenocarcinoma elsewhere in the pancreas, and are also
shown to be associated with an increased risk of pancreatic
adenocarcinoma in the future [12—-14]. Thus, subjects with
cystic lesions in the pancreas are thought to be possible
candidates for follow-up or detailed examination for
adenocarcinoma.

Because of its non-invasiveness, cost-effectiveness, and
accessibility, US is an acceptable tool for evaluating
abdominal organs including the pancreas during general
health examination. However, transabdominal US cannot
always visualize the entire pancreatic area because of its
limitation, namely the possibility of encountering a blind
area due to the presence of gastro-intestinal gas or fat [15].
US may underestimate the existence of a pancreatic cyst,
and may fail to find the existing cystic lesions in the pan-
creas that should be examined or followed closely. Thus,
when the pancreas is poorly visualized by US, further
imaging tests should be considered in subjects with a high
risk of pancreatic cyst.

The aims of the present study were to investigate the
prevalence of pancreatic cyst in the general population,
identify predictive factors for the presence of pancreatic
cysts, and develop a model for predicting their existence in
order to identify subjects who may be at high risk of devel-
oping them. These aims were carried out using the data from
a large number of subjects in general health examination.

Material and method
Subjects

Subjects were recruited at the time of their health exami-
nation at the University of Tokyo Hospital between
December 2007 and December 2013. Abdominal US
imaging after an overnight fast was carried out as part of a
general health examination. Ultrasonographic examination
was performed using Xario SSA-660A (Toshiba, Tokyo,
Japan) by four experienced examiners. Diagnoses were
confirmed using images on PACS by two experienced
gastroenterologists.
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Pancreatic cysts were defined as single- or multi-
nodular lesions in the pancreas that have the same
internal echo level as water (vessel) with distinct and
smooth borders, as detected by US. We excluded sub-
jects if their pancreas could not be visualized by US due
to overlying abdominal gas or fat. Also, we excluded
subjects with a history of cholecystectomy or pancrea-
tectomy. This study was carried out in accordance with
the ethical guidelines of the 1975 Declaration of Helsinki
and was approved by the Institutional Research Ethics
Committee of the Faculty of Medicine at the University
of Tokyo.

Statistical analysis

Continuous variables were expressed as mean =+ standard
deviation (SD), while categorical variables were expres-
sed as frequencies (%). To identify factors associated
with the presence of pancreatic cysts, we conducted
univariate and multivariate analyses. The following
samples were included; age, sex, body mass index
(BMI), body fat content examined using a multiple fre-
quency bioelectrical impedance analyzer, the existence of
dilatation of the extrahepatic bile duct diameter, and the
existence of fatty liver (liver-kidney echo discrepancy),
gallbladder polyps, gallstone, or GB-ADM. The uni-
variate association among groups was assessed by the
chi-squared test. Stepwise logistic regression model
analysis was used to calculate adjusted odds ratios (ORs)
and 95 % confidence intervals (CIs) of various factors.
The trend towards higher probability with an increase in
variables was evaluated using the Cochrane-Armitage
trend test.

To establish the scoring system for the presence of
pancreatic cysts, we applied a split-sample method. The
subjects were assigned randomly to either the training set
or testing set group. We evaluated the factors associated
with the presence of a pancreatic cyst using stepwise
logistic regression analysis in the training set. Then, the
ratio of the beta coefficient of the final model was deter-
mined and was rounded to whole digits for convenience,
and a new score was assigned to the sum of each score.

Then, the score was validated in the testing set using
receiver-operation characteristic (ROC) curve analysis.
The area under the curve (AUC) was evaluated as the
ability to predict the presence of a pancreatic cyst, and the
optimum cut-off level for prediction was determined using
the Youden test.

The Cochran-Armitage trend test was performed using
the R software version 3.1.2. All other statistical analysis
were performed using SPSS19.0 (SPSS, Inc, Chicago, IL,
USA).
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Table 1 Characteristics of subjects (n = 5,198)
Patients who underwent US from 2007 to 2013
n=5901 Parameter Values
Pancreatic cyst 182 (3.5)
Number 1.28 £ 0.60
Could not assess gallbladder Size (mm) 7.07 = 7.60
post-cholecystectomy ; n =242 Age 57.1 +£13.3
atrophy ; n=2 Male sex 2602 (50.1)
BMI 2277+ 34
Body fat content (%) 26.0 £ 7.11
Could nc:t visualized pancreas at all Gallbladder polyps 1.077 (20.7)
n=457 Gallstone 331 (6.4)
Gallbladder adenomyomatosis 197 (3.8)
Post-pancreatectomy Diameter of extrahepatic bileduct (mm) 47+£15
n=2 Liver and kidney echo discrepancy (present) 1,674 (32.5)
Diameter of main pancreatic duct
2.1-3.0 mm 25 (0.48)
>3.0 mm* 29 (0.56)

Patients included in the current analysis
n=>5198

Fig. 1 Subject flow and reasons for exclusion from the current
analysis

Result
Subjects characteristics

A total of 5,901 subjects underwent abdominal US as part
of a general health care check between December 2007 and
December 2013. Among them, the gall bladder could not
be assessed adequately in 244 subjects, the pancreas could
not be visualized completely by US in 457 subjects, and
two subjects had a history of pancreatectomy. We excluded
these subjects and ultimately 5,198 subjects were enrolled
in the present study (Fig. 1).

Clinical and ultrasonographic variables are shown in
Table 1. The mean age of all subjects was 57.1 years and
approximately 50 % were male. Pancreatic cysts were
observed in 182 of 5,198 subjects (3.50 %). Mean size of
pancreatic cyst was 7.07 mm. Gallbladder polyp was
observed in 1077 subjects (20.7 %). Gallstone was detected
in 331 (6.37 %). GB-ADM was observed in 197 subjects
(3.79 %). The mean diameter of the extrahepatic bile duct
was 4.7 mm. Liver-kidney echo discrepancy was observed
in 1,674 subjects (32.5 %). Dilatation of the main pan-
creatic duct (MPD) (>3 mm) was observed in 29 (0.56 %)
patients. Prevalence of MPD dilatation was significantly
higher in patients with a pancreatic cyst (6.59 %) compared
to those without (0.34 %) (P < 0.001, chi-squared test).

Among 182 patients diagnosed with pancreatic cystic
lesions in the current study, 131 patients (72 % of all
patients) received close investigation using other

Continuous variables were represented as the mean £ standard
deviation (SD) and categorical variables were as number and fre-
quencies (%)

* Dilatation of main pancreatic duct (>3 mm) was observed in 12 of
182 patients (6.59 %) with pancreatic cysts, and 17 of 5,016 patients
(0.34 %) without pancreatic cysts, respectively

diagnostic modalities including magnetic resonance imag-
ing (MRI) (122 patients), computed tomography (CT)
(seven patients), or endoscopic ultrasonography (EUS) in
addition to MRI (two patients). All of the pancreatic cysts
identified by US were diagnosed as a cystic lesion in the
other modality. Ninety of these 131 patients had solitary
cysts. Cysts were distributed throughout the gland: head
(33.6 %), uncinate (10.7 %), corpus (47.3 %), and tail
(5.4 %), and in 3.1 % of cases the location comprised two
lesions or more. Communication with the MPD was
observed in 94 patients (71.8 %), and a solid component in
a pancreatic cyst was detected in only one patient (0.76 %)
(Supplementary Table 1).

Predicting factors associated with the presence
of pancreatic cysts

Table 2 shows the prevalence of pancreatic cysts and
univariate associations between each category of valuables.
The prevalence of pancreatic cysts was higher in older
subjects (P < 0.001), female subjects (P < 0.001), those
with GB-ADM (P < 0.001), and those without liver and
kidney echo discrepancies (P = 0.001). Figure 2 shows the
result of multivariate logistic regression analysis on all
factors with stepwise selection of variables. In multivariate
analysis, the prevalence of a pancreatic cyst was signifi-
cantly increased with older age (<40 vs. 41-65: OR 3.42,
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Table 2 Univariate analysis to identify predictive factors for pan-
creatic cysts

Variables n/N % (95% CI) P value
Age
<40 5/736 0.679 (0.221-1.58) <0.001
41-65 70/2,961 2.36 (1.85-2.98)
>65 107/1,501 7.13 (5.88-8.55)
Sex
Male 57/2,602 2.19 (1.66-2.83) <0.001
Female 125/2,596 4.82 (4.02-5.71)
BMI
<25 148/4,087 3.62 (3.07-4.24) 0.408
>25 34/1,111 3.06 (2.13-4.25)
Body fat percentage
<25 77/2,545 3.03 (2.39-3.77) 0.070
>25 105/2,653 3.96 (3.25-4.77)
Gallbladder polyps
Present 32/1,077 3.64 (3.09-4.26) 0.525
Absent 150/4,121 2.97 (2.04-4.17)
Gallstone
Present 13/331 3.93 (2.11-6.62) 0.642
Absent 169/4,867 3.47 (2.98-4.03)
Adenomyomatosis
Present 21/197 3.22 (2.75-3.75) <0.001
Absent 161/5,001 10.7 (6.72-15.8)
Diameter of extrahepatic bileduct
<7 mm 164/4,978 3.29 (2.82-3.83) 0.001
>7 mm 18/220 8.18 (4.92-12.6)
Liver kidney echo discrepancy
Present 39/1,647 2.37 (1.69-3.22) 0.001
Absent 143/3,522 4.06 (3.43-4.77)

P = 0.008; <40 vs. >65: OR 10.5, P < 0.001), female sex
(vs. male sex; OR 2.17, P < 0.001), the presence of GB-
ADM (vs. absence; OR 3.29, P < 0.001), and was mar-
ginally associated with the absence of liver and kidney
echo discrepancies (vs. absence; OR 1.44, P = 0.052).

Scoring system for the prediction of the presence
of pancreatic cyst

Finally, we developed the scoring system (p-cyst score) to
predict the presence of pancreatic cyst. Subjects were
randomly divided into two samples: a training sample
(n = 2,599) and testing sample (n = 2,599).

In stepwise logistic regression model analysis, age of
subjects, sex, and the presence of GB-ADM or liver and
kidney echo discrepancy were selected as factors in the
final model in the training sample. Scores were assigned to
each factor according to the estimated regression
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coefficient (beta coefficient; Table 3) in the final model,
and the predictive score (p-cyst score) was defined as the
sum of each score, ranging from 0 to 5 points (Table 3).
The p-cyst score was then validated using the testing
sample of 2,599 subjects. The presence rates of a pancre-
atic cyst for p-cyst scores of 0, 1, 2, 3,4 and 5 were 0 % (0/
71), 1.02 % (5/487), 2.37 % (19/799), 4.64 % (42/906),
11.1 % (36/324) and 33.0 % (4/12), respectively (Fig. 3).
The presence rate was well distributed among the groups
based on the risk score (Cochran-Armitage trend test:
P < 0.001). The ROC curve for the prediction of the
presence of a pancreatic cyst was plotted for the p-cyst
score (Fig. 4a). The AUC for the prediction of the presence
of pancreatic cyst was 0.711 (0.662—0.760). The optimum
cut-off level for the p-cyst score was 2.5. Using this cut-off,
the sensitivity, specificity, and accuracy of this score were
0.77, 0.54, and 0.55, respectively. Additionally, we
excluded the patients who did not receive close investiga-
tion using another modality (MRI, CT, or EUS) and eval-
uated the predictive value of our scoring system because
we cannot completely deny the possibility that a pancreatic
cyst diagnosed only by US was not a true cyst. When
examining only the patients with pancreatic cysts diag-
nosed by close investigation using other modalities, the
AUC for the prediction of a pancreatic cyst was 0.727
(0.671-0.783), which was almost the same as when we
included all patients (Fig. 4b).

Discussion

In the present study, we investigated the prevalence of
pancreatic cysts in the general population and identified
predictive factors for the presence these cysts using the
data from a large number of subjects in general health
examination. The prevalence of pancreatic cysts found
during general health examination using US was 3.5 %. In
previous studies, the reported prevalence of pancreatic
cysts spans a wide range: from 0.21 to 44.7 % [1-9].
Ideally, to estimate the prevalence of pancreatic cysts in the
general population, investigation should be restricted to the
subjects who received examination in the absence of a
specific clinical indication. However, most of the previous
studies were performed in patients within a hospital or out-
patient setting, which may not be representative for the
general population. The present study investigated the
prevalence of pancreatic cysts in the subjects who received
US without any clinical indication, and thus may more
closely reflect the general population.

De Jong et al. investigated the prevalence of pancreatic
cysts in individuals who received MRI as part of a pre-
ventive medical examination [6], and reported a lower
prevalence rate of pancreatic cysts (2.4 %) than the present
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Factors

Sex
male as ref
female

Age
<40 as ref
41-65
266

ADM
Absent as ref

Present

Liver and kidney echo discrepancy

Present as ref
Absent

|

Diameter of common bile duct

<7 mm as ref
> 7mm

+

OR (95% CI) P-value

2.17(1.57-3.01) <0.001

3.42(1.37-8.53) 0.008
10.54.2526.0)  <0.001

3.29(2.01-5.40)

<0.001

1.44 (1.00-2.08) 0.052

1.65(0.977-2.79) 0.061

I T T LI —
0.05 0.25 1.0

T Vv T T 1711
10.0 30.0

OR, oddsratio; CI, confidence interval; ref, reference value

Fig. 2 Multivariate logistic regression analyses for prediction of the presence of a pancreatic cyst. OR odds ratio, CI confidence interval, ref

reference value

Table 3 Predictors of the presence of pancreatic cysts in the training
sample (n = 2,599)

Variables Beta coefficient Odds ratio (95 %CI) P value Score
Sex

Male 0

Female 0.87 1.29 (1.43-4.00) 0.001 1
Age

<40 0

41-65 1.53 4.64 (1.10-19.5) 0.04

>65 2.33 10.3 (2.47-43.2) 0.001
Adenomyomatosis

Absent 0

Present 1.42 4.14 (2.08-8.22) <0.001 1
Liver kidney echo discrepancy

Present 0

Absent  0.62 1.86 (1.02-3.39) 0.042

study. In that study, the mean age of subjects was
51.1 years, which is six years younger than that of the
present study. The prevalence of pancreatic cysts was
shown to be strongly correlated with older age in the pre-
vious [3, 5, 6, 9] and present studies. Thus, a pancreatic
cyst was thought to be an acquired condition, or one that
develops and grows with age, like renal cysts [16, 17]. This
age difference would be one of the possible causes for the

35% - 33.3%
*P < 0.001

30% -
25% -
20% -

15% -
11.1%
10% -
4.6%

. 1.0% 2.4%

. (]
0% 0% T —_— T - T T T

0 1 2 3 4 5

Scores

Fig. 3 The prevalence of a pancreatic cyst according to the
developed scoring system. *P value based on the Cochran-Armitage
trend test

discrepancy of pancreatic cyst prevalence between the
study reported by De Jong et al. and the present study.
The previous study from Japan [11] showed that higher
prevalence of branch-duct type intraductal papillary
mucinous neoplasms of the pancreas was associated with
the presence of GB-ADM. Similar to this study, the
prevalence of a pancreatic cyst was also higher in subjects
with GB-ADM in the present study. The present study is
the first to show the higher prevalence of comprehensive
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(a) 1.0

0.8

sensitivity

0.4

T T T T
0.0 0.2 0.4 06 0.8 1.0

1-Specificity

(b) 1.0

0.8 —

0.6 —

sensitivity

0.4 -

T T T T
0.0 0.2 0.4 0.6 0.8 1.0

1-Specificity

Fig. 4 Receiver-operating characteristic (ROC) curve for the prediction of pancreatic cysts based on the developed scoring system in the testing

set. a All patients. b Patients that received close investigation

pancreatic cysts in subjects with GB-ADM in the general
population. The cause of GB-ADM is proposed to be the
elevation of intra-gallbladder pressure [18]. Also, animal
experiments have shown that bile reflux into the pancreatic
ducts is a significant factor in the development of intra-
ductal papillary neoplasms [19]. Although the mechanism
of this association could not be elucidated in the present
study, reflux of biliary or duodenal contents into bile or
pancreatic ducts may be a confounding factor for the
development of cystic pathological change in the pancreas
and GB-ADM.

As for the sex difference in the prevalence of pancreatic
cysts, this was found to be higher in female subjects in the
present study. Studies on this issue remain controversial;
although previous research from Japan reported higher
prevalence of pancreatic cysts in female patients [1], most
of the previous studies showed no relationship between
patient sex and the development of a pancreatic cyst [4, 9].
Laffan et al. reported a locational difference of the cysts, or
to be more precise, female patients have a slightly
increased frequency of developing cysts within the distal
gland [3]. Also in the present study, the prevalence of a
pancreatic cyst was higher in the subjects without liver and
kidney echo discrepancies. None of the previous studies
investigated the relationship between these two factors.
This finding may leave room for the possibility that the
subjects with liver and kidney echo discrepancy, which
shows the presence of fatty liver, are likely to have extra fat
that may diminish US image discrimination of the
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pancreas, and thus may lead to lower detectability (even-
tually resulting in lower prevalence) of pancreatic cysts.
However, the presence of a pancreatic cyst was not asso-
ciated with BMI or body fat content. Given our result that
there was only a weak association between the prevalence
of pancreatic cysts and the presence (or absence) of liver
and kidney echo discrepancies in the whole sample of the
current study (P = 0.052), we cannot make any definite
conclusions on these matters. However, sexual dimorphism
or liver metabolism might be associated with the devel-
opment of pancreatic cysts. Further studies are needed to
clarify these issues.

The large study population allowed the original sample
to be divided for cross-validation. The p-cyst score using
simple parameters (subject age, sex, presence of GB-ADM
or liver and kidney echo discrepancy) proposed in the
current study showed an acceptable AUC value (0.71) for
the prediction of the presence of a pancreatic cyst based on
a quantitative assessment. MRI has a higher sensitivity for
pancreatic cysts compared to US [20], however, it is very
costly and may not be suitable for a general health exam-
ination. Whereas US is a cost-effective, noninvasive, por-
table, and safe imaging modality, and thus is used widely in
medical examination, US cannot always visualize the
entire pancreatic area because of its limitation, namely a
blind area due to the presence of gastro-intestinal gas or fat
[15]. This latter factor remains frequently unchanged, thus
patients with poor imaging of the pancreas by US may keep
on receiving regular general health examinations without
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checking the pancreas for a long time. Cystic lesions in the
pancreas are sometimes either premalignant or malignant
[21]. In such cases, these lesions should be investigated or
followed closely. In fact, among 182 patients whose pan-
creatic cysts were detected by US in the current study, two
patients developed pancreatic cancer during follow-up
(data not shown). When the pancreas is not visible by US,
the scoring system developed in the current study may help
to identify better candidates for further examination. Par-
ticularly, when picking up the subjects with a p-cyst score
of 5 points, this scoring system can extract the subjects who
have a 33 % probability of having a pancreatic cyst. Of
note, the negative predictive value (NPV) of the developed
scoring system reached 0.982 (data not shown). One of the
probable reasons for this high NPV may be the low
prevalence of pancreatic cysts in the general population.
NPV is one of the most important parameters for a
screening test. In this point of view, our scoring system has
a significant advantage in screening using US as part of a
general health care check.

Some limitations should be acknowledged. First, this
study is limited by the absence of a gold standard for
pancreatic cystic lesions diagnosed by US. However, the
fact that the majority of the cases diagnosed as pancreatic
cystic lesions by US were confirmed by other modalities
may minimize this limitation. Also, the predictive value of
our scoring system did not change after the exclusion of the
patients without close investigation using other modalities.
Second, a previous study showed the superiority of MRI
compared to US for the detection of pancreatic cysts [20].
Thus, the prevalence of pancreatic cysts in the current
study may be underestimated. Also, we did not exclude the
cases in which the entire pancreatic body was not observed,
thus we cannot rule out the possibility of the presence of
cystic lesions in pancreatic parenchyma that remain
invisible by US. The previous study by De Jong et al. [6]
reported a 2.4 % prevalence rate of pancreatic cysts in
preventive medical examinations, which reflects a finding
that is similar to the current study. Although the mean age
of subjects in that study was six years younger than in our
present study, the prevalence rate of 3.5 % in the present
study may be acceptable. An important advantage of the
current study is that we investigated the subjects who
received US for just medical health checkup, and may
reflect exactly the general population. A previous study
investigated the prevalence of pancreatic cysts in the sub-
jects who received MRI as part of a preventive medical
examination [6] partially included the patients with (non-
specific) complaints that did not prompt the subject to seek
regular medical advice or in whom further medical
examinations by their physicians were denied. Nonetheless,
as mentioned above, we hope that our scoring system may
be useful in referring those subjects who potentially have a

pancreatic cyst for close investigation with modalities other
than US.

In conclusion, the prevalence of pancreatic cysts
detected by US was 3.5 % in the general population. The
existence of a pancreatic cyst was associated with age, sex,
and the presence of GB-ADM or liver and kidney echo
discrepancy. A new scoring system developed in the pre-
sent study may help to identify better candidates for further
examination when the pancreas is not visible by US as a
part of general health examination.
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