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Summary

Purpose: Pancreatic carcinoma is a malignant tumor with
poor prognosis. This metaanalysis was conducted to investi-
gate if there exists any association of cholesterol with pan-
creatic carcinoma risk.

Methods: A literature search was performed in Cochrane
Central Library, PubMed, MEDLINE, EMBASE, CNKI (Chi-
na National Knowledge Infrastructure), China Biology Med-
ical literature database (CBM), and WangFang database for
relevant available articles. Dietary cholesterol and serum
levels of total cholesterol (TC) were assessed and compared.
Pooled relative risks (RRs) with 95% confidence intervals
(CIs) were calculated.

Results: A total 19 articles coming from Europe, Asia and
north America were assessed in this study. There was a signifi-
cant difference between highest and lowest dietary cholesterol
intake for pancreatic carcinoma risk (RR=1.31, 95% CI:1.10
to 1.56, p=0.01). Moreover, in subgroup analysis, there was a
significant difference between highest and lowest dietary cho-

Introduction

Pancreatic carcinoma is one of the most le-
thal human gastrointestinal malignancies, con-
stituting a major unsolved health problem. In
Europe, pancreatic carcinoma is the 6th leading
cause of cancer-related deaths [1]. The estimated
numbers of cases and deaths of this malignancy
were 277000 and 266000 respectively in 2008
worldwide [2]. Moreover, it was estimated that
43920 people would be diagnosed with pancreatic
carcinoma and 37390 would die of this disease in
2012 [3]. However, the numbers of new pancreatic
carcinoma cases and deaths expected in the Unit-
ed States were 46,420 and 39,590 respectively in

lesterol intake for pancreatic carcinoma risk for case-control
studies (RR=1.52, 95% CI:1.23 to 1.90, p=0.04). However, no
significant difference was noticed between highest and lowest
dietary cholesterol intake for pancreatic carcinoma risk for
cohort studies (RR=1.02, 95% CI.0.87 to 1.20, p=0.51). The
meta analysis results showed a significant difference between
highest and lowest dietary cholesterol for pancreatic carci-
noma in Europeans (RR=1.15, 95% CI:0.86 to 1.53, p=0.05).
Moreover, compared to the low serum level of TC, the high
level serum TC was associated with pancreatic carcinoma
risk (RR=1.00, 95% CIL.0.806-1.17, p=0.03). There was a signif-
icant difference between high and low levels of serum TC for
pancreatic carcinoma risk in Europeans (RR=1.03, 95% CI:
0.72 to 1.48, p=0.04).

Conclusion: Dietary or serum cholesterol may be associated
with risk for increased pancreatic carcinoma.

Key words: cholesterol, meta-analysis, pancreatic carcino-
ma

2014 [4].

The primary etiologic factors for pancreatic
carcinoma are poorly understood. Research efforts
aimed at quantifying risk factors and identifying
individuals at high risk for pancreatic cancer de-
velopment are critical for realizing a strategy for
the prevention of this diseases. Recently, it has
been reported that several factors are associated
with pancreatic carcinoma, including age [5], diet
and tobacco smoking [6], body mass index (BMI)
[7], and family history [8]. Moreover, cholesterol
appeared to have an influence on pancreatic carci-
noma risk [9-12].

The development of new and potent treat-
ment options is strongly needed. Several epide-
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miologic studies have revealed that dietary cho-
lesterol was associated with increased pancreatic
carcinoma risk [9,11,12]. However, others studies
demonstrated no association of cholesterol with
pancreatic carcinoma risk [13-15]. The association
between serum total cholesterol (TC) and pancre-
atic carcinoma risk also remains inconsistent [16].

In this study we present the results of a meta
analysis performed to reveal possible association
of cholesterol with pancreatic carcinoma risk,
which might be useful to enlighten the dispute
over this topic.

Methods

Search strategy

We searched the Cochrane Central Library, Pu-
bMed, MEDLINE, EMBASE, CNKI (China National
Knowledge Infrastructure), China Biology Medical lit-
erature database (CBM), and WangFang database up to
July 2014. The search terms were as follows: “pancre-
atic cancer”, “pancreatic carcinoma”, “pancreatic neo-
plasm” “pancreatic tumor”, “cholesterol”. The search
was limited to studies in humans. Titles and abstracts
of all citations were screened independently by two re-
viewers. The outcomes focused on the association of
dietary cholesterol and serum TC with pancreatic carci-
noma risk. No language restrictions were applied.

Data extraction

Two reviewers independently extracted the following

Table 1.General data of studies for dietary cholesterol

parameters from each study: general information, infor-
mation on participants, baseline characteristics of includ-
ed studies and outcomes. Discrepancies between the two
reviewers were resolved by discussion and consensus.

Statistics

For data analysis we used the STATA software, ver-
sion 13.0 (Stata Corporation, College Station, TX, USA).
The association of dietary cholesterol intake or serum
TC level with pancreatic cancer risk between pancre-
atic carcinoma patients and a healthy control group
(no pancreatic or other carcinomas) was evaluated. The
RR value represented the relative risk of cancer risk
in the pancreatic carcinoma group compared with the
healthy control group. A p value <0.05 was considered
as statistically significant. Quantification of the heter-
ogeneity effect was assessed by means of I square (I?)
test. We considered heterogeneity to be present if the I?
statistics was >50%. Funnel plots and Egger test were
adopted to evaluate publication bias. Possible sources
of heterogeneity were assessed by subgroup, sensitiv-
ity and meta-regression analyses. A p value<0.05 was
considered as statistically significant.

Results

Study characteristics

A total of 19 articles [9-27] including 439355
participants for the association of dietary cho-
lesterol with pancreatic carcinoma and 1805697
participants for the association of serum TC with

First author

[Ref] Country (year)

Study design

Mean age (case/
control, years)

Percent of males

(case/control, %) Sample size (cases)

Baghurst et al [17] Australia (1991) case-control

Bueno de Mesquita

et al [13] case-control

Netherlands (1991)

Chan et al [12] US (2007) case-control
Ghadirian et al [22] Canada (1995) case-control
Heinen et al [23] Netherlands (2009) case-cohort
Howe et al [14] Canada (1990) case-control
Huetal [11] Canada (2012) case-control

Kalapothaki et al
[24]

Lin et al [9]

Lucenteforte et al

Greece (1993)

Japan (2005)

case-control

case-control

(15] Italy (2010) case-control
Michaud et al [18] US (2003) cohort
Nothlings et al [19] US (2005) cohort
Stolzenberg-Solo- .

mon et al [20] Finland (2002) cohort
Zatonski et al [21] Poland (1991) case-control

- 50.0/56.1 357 (104)

- 54.9/48.3 644 (164)

- 54.7/51.9 2233 (532)
63.9/62.1 54.2/51.5 418 (179)
- 52.9/49.1 120852 (350)
64.6/64.8 56.6/53.5 754 (249)
61.6/57.1 56.2/50.5 5667 (628)
; ; 362 (181)
64.7/65.1 - 327 (109)
- 53.4/53.4 978 (326)

- - 88802 (178)
65/60 51.2/453 190545 (482)
58/57 - 27111 (163)
62.2/63.2 61.8/45.6 305 (110)

-: not available
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Table 2. General data of studies for serum total cholesterol

First author Mean age Percent of Sample size
[Ref] Country (year) Study design ~ (case/control, males (case/ (a’:ses)
years) control, %)
Austria, Norway,
Johansen et al [106] and Sweden (2010) cohort - 289866 (543)
Austria, Norway,
Johansen et al [106] and Sweden (2010) cohort - 288834 (314)
Kitahara et al [27] Korea (2011) cohort - 756604 (1799)
Kitahara et al [27] Korea (2011) cohort - 433115 (776)
Kuzmickiene et al [25] Lithuania (2013) cohort - 6788 (73)
ilt‘[’izge]nberg'sommon e Finland (2002) cohort 58/57 . 29048 (172)
Wu et al [10] China (2012) case-control 59.3/59.3 58.6/58.6 840 (210)
Xu et al [206] China (2011) case-control 61.4/60.74 59.3/60.5 602 (290)
-: not available
Table 3. Associations of dietary cholesterol and serum total cholesterol with pancreatic cancer risk
Cholesterol source Subgroup No. of studies RR (95%CI) I? (%) p value
Dietary cholesterol All studies 14 1.31 (1.10-1.56) 55.3 0.01
Case-control 10 1.52 (1.23-1.90) 49.7 0.04
Cohort 4 1.02 (0.87-1.20) 0.0 0.51
Continent North America 6 1.28 (1.06-1.54) 29.3 0.22
Europe 1.15 (0.86-1.53) 554 0.05
Asia 2 2.50 (1.57-3.98) 0.0 0.36
Serum total cholesterol All studies 8 1.00 (0.86-1.17) 55.5 0.03
Continent Asia 1.01 (0.85-1.19) 56.2 0.08
Europe 4 1.03 (0.72-1.48) 65.1 0.04

pancreatic carcinoma were included into this meta
analysis. The year of publication of the studies in-
cluded ranged from 1990 to 2014. More detailed
characteristics of the included papers are shown
in Tables 1 and 2.

Association of dietary cholesterol with pancreatic car-
cinoma risk

As shown in Table 3, there was a signifi-
cant difference between highest and lowest di-
etary cholesterol for pancreatic carcinoma risk
(RR=1.31, 95% CI:1.10 to 1.56, p=0.01). Moreover,
for case-control studies, there was also a signif-
icant difference between highest and lowest di-
etary cholesterol for pancreatic carcinoma risk

(RR=1.52, 95% CI:1.23 to 1.90, p=0.04). However,
no significant difference between highest and low-
est dietary cholesterol for pancreatic carcinoma
risk was noticed in cohort studies (RR=1.02, 95%
CI:0.87 to 1.20, p=0.51).

For different geographic areas there were
different results. In Europe, the results showed a
significant difference between highest and low-
est dietary cholesterol for pancreatic carcinoma
risk (RR=1.15, 95% CI:0.86 to 1.53, p=0.05), vet,
no significant differences were observed between
highest and lowest dietary cholesterol for pan-
creatic carcinoma risk in North America and Asia
(RR=1.28, 95% CI:1.06 to 1.54, p=0.22; RR=2.50,
95% CI:1.57 to 3.98, p=0.30), respectively.
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Figure 1. Funnel plots and Egger test demonstrating
no publication bias between dietary cholesterol or
serum total cholesterol and pancreatic carcinoma risk.

Relationship between serum TC and pancreatic car-
cinoma risk

As shown in Table 3, there was a significant
difference concerning the association of high lev-
el of serum TC with pancreatic carcinoma risk
compared with low level of serum TC (RR=1.00,
95% CI1:0.86-1.17, p=0.03). For different geograph-
ic areas, there was significant difference between
higher and lower serum TC for pancreatic carcino-
ma risk in Europe (RR=1.03, 95% CI: 0.72 to 1.48,
p=0.04) compared to Asia (RR=1.01, 95% CI:0.85
to 1.12, p=0.08).

Publication bias

As shown in Figure 1, the funnel plots and
Egger test demonstrated no publication bias be-
tween dietary cholesterol or serum TC and pan-
creatic carcinoma risk.

Discussion

In this meta analysis we tried to investigate
the association of cholesterol with pancreatic car-
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cinoma risk. The results showed that there was a
significant difference between highest and lowest
dietary cholesterol for pancreatic carcinoma risk.
Significant differences were observed between
highest dietary cholesterol with pancreatic carci-
noma risk compared with lowest dietary choles-
terol in Europe. Meanwhile, there was a signifi-
cant difference on the association of high level vs
low level of serum TC with pancreatic carcinoma
risk. Compared to the lower serum TC, there was
an even more higher level of serum TC in pancre-
atic carcinoma patients in Europe.

Several underlying mechanisms have been
proposed to investigate the relationship between
cholesterol and pancreatic carcinoma risk. Re-
cently, a new study has shown that reduction of
cholesterol synthesis inhibits the pancreatic car-
cinoma growth [28]. Another study has also found
that cholesterol increases tumor growth and car-
cinogenic activity in breast cancer [29]. Souchek
et al. [30] reported that inhibition of cholesterol
biosynthesis can increase the radiosensitivity in
pancreatic carcinoma patients. In lung cancer, a
newest study has shown that cholesterol oxidase
can promote cancer cells’ apoptosis by cholesterol
oxidation [31].

In the present meta analysis, a large number
of participants was included, something that pro-
vides a greater possibility of reaching a reasona-
ble conclusion. However, the present study has a
few limitations, such as exaggerating or underes-
timating the risk due to some unknown confound-
ers not being excluded from the studied papers.
Moreover, significant differences were found con-
cerning the association of dietary cholesterol with
pancreatic carcinoma risk in different geographi-
cal areas, which shows the need for more data in
future analyses over this topic.

In conclusion, our meta analysis revealed that
dietary or serum cholesterol may be associated
with increased pancreatic carcinoma risk, which
provides a foundation of pancreatic carcinoma.
However, more studies should be included into
meta analyses in the future.
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