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Background: With the purpose of elevating the risk of cholangiocarcinoma (CCA), alcoholic 

liver disease (ALD) was shown. Nonetheless, the findings were controversial. Herein, a meta-

analysis and a systematic review were conducted to study the relation as mentioned above.

Methods: This study searched PubMed, EMBASE, and SI Web of Science carefully for the 

related studies published prior to March 2018, followed by the random-effects model to cal-

culate the values of pooled risk ratio with 95% CIs. In addition, the analyses of sensitivity and 

subgroup were carried out to further confirm the stability of the outcomes.

Results: Seven articles, consisting of 413,483 healthy controls and 8,962 CCA patients, were 

included in this meta-analysis. When compared with normal controls, patients with ALD had 

an enhanced 3.92-fold CCA risk, with studies being heterogeneous (95% CI =1.96–5.07; 

OR =3.92; I2 =70.2%). However, subgroup analysis showed that ALD had the enhanced risk of 

intrahepatic cholangiocarcinoma (ICC), instead of extrahepatic cholangiocarcinoma (ECC) (ICC: 

95% CI =3.06–5.92, OR =4.49; ECC: 95% CI =0.90–3.35, OR =2.12). Additionally, when the 

analysis was stratified by the geographic area, positive association was observed only in western 

countries rather than eastern countries (western nations: 95% CI =3.34–6.96, OR =5.15; eastern 

nations: 95% CI =0.38–3.91, OR =2.14). And no essential bias was published.

Conclusion: ALD was greatly associated with the enhanced risk of CCA by 3.92-fold, especially 

in the ICC.

Keywords: alcoholic liver disease, cholangiocarcinoma, biliary tract neoplasms, meta-analysis

Introduction
Cholangiocarcinoma (CCA), as a kind of malignancy from the bile duct epithelium,1 

was first described by Durand-Fardel in 1840. Regarding incidence, CCA is the 

second among all the primary hepatocellular carcinoma (HCC), taking up 3% of all 

the gastrointestinal neoplasms2,3 and 10%–25% of all the malignant HCCs. Besides, 

the CCA incidence has been growing recently. And there exist some differences 

about the epidemiological features between intrahepatic cholangiocarcinoma (ICC) 

and extrahepatic cholangiocarcinoma (ECC). More specifically, there has been an 

enhanced ICC incidence, whereas there has been a reduced incidence of ECC in 

related nations, for instance, the USA and the UK.4 The age-adjusted incidence ratio 

of ICC in the USA has increased by 165% in the past 20 years while the ratio of ECC 

has reduced by 14%.5 Furthermore, the patients suffering from CCA have an espe-

cially poor prognosis. The related survival rates of generally 1, 3, and 5 years have 

been shown to be 25.0%, 9.7%, and 6.8%, respectively, almost without any changes 

recently.6 Nonetheless, the causes of CCA are still not clear. Recently, some research 
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studies have shown that liver diseases, like fatty liver disease 

and hepatitis B infection, are related to the development of 

CCA.7,8 In a similar way, the progression or development 

of CCA may be affected by alcoholic liver disease (ALD). 

Nonetheless, almost no information can be provided about 

the relationship between the development of CCA and 

ALD. As the main cause of mortality and morbidity in the 

world, ALD is the most common etiology of liver disease.9 

In fact, the ALD burden is the highest among developed 

nations, where it may occupy around 9.2% of all the years 

of life adjusted by disability.10 Thus, both meta-analysis and 

systematic review were conducted in this study by enrolling 

related studies to gain a more thorough comprehension of the 

correlation of cirrhosis with the risk of CCA.

Methods
The current study was conducted conforming to the PRISMA 

Statement11 and the MOOSE guidelines.12

sources of data and strategy of search
Databases such as Web of Science, EMBASE, and PubMed 

were searched for related research studies published with the 

usage of the following keywords: (“chronic liver disease” 

or “alcoholic liver disease” or “ALD” or “alcoholic fatty 

liver” or “chronic liver disease” or “steatosis” or “cirrhosis” 

or “fibrosis”) and (“cholangiocarcinoma” or “biliary tract 

neoplasms” or “biliary tract cancer” or “bile duct cancer”). 

The publication date and language were not limited.

inclusion criteria
Eligible research studies were included if they met the fol-

lowing criteria: study design (case–control or cohort); ALD 

as the factor of exposure; CCA or bile duct cancer or biliary 

tract cancer as the outcomes; the values of risk ratio (RR)/

accessible OR with sufficient data or 95% CIs for calculation. 

The one with a bigger population was chosen in the case of 

the same data as reported by two research studies.

Data extraction and quality evaluation
Data extraction was conducted independently in the included 

studies, by WX and ZY, following the standard protocol. The 

following information was extracted from each paper: nation, 

publication year, name of the first author, design of study 

(case–control or cohort), number of subjects, confounding 

variables, follow-up duration, the values of OR/RR with 95% 

CIs, and the sources of controls.

Newcastle-Ottawa scale (NOS)13 evaluated the quality 

of the study and the categories of the quality conformed to 

the scores of each study. The maximum score was 9 points. 

Specifically, the NOS scores of 7–9, 4–6, and ,4 showed 

high-, medium-, and low-quality studies, respectively.14 The 

consensus dealt with all the discrepancies.

statistical analysis
The correlation of cirrhosis with the risk of CCA could be 

determined with the usage of the random-effects model 

proposed by DerSimonian and Laird.15 Besides, the values 

of OR and 95% CIs were used to evaluate the correlation of 

ALD with the risk of CCA.

Heterogeneity between research studies was studied by 

the statistic of I2, in which high, medium, and low hetero-

geneity meant 75%, 50%, and 25%, respectively.16 In the 

case of P-value ,0.1, definite heterogeneity was taken into 

consideration. Meta-regression was used to study the exact 

heterogeneity degree of the research results with the year of 

publication (before 2010 vs 2010 and thereafter), number of 

cases (500 vs 500), geographical region (eastern vs western), 

and confounders adjusted for (cholangitis, hepatitis infection, 

and gallstones).

The analysis of subgroup was carried out based on the 

tumor subtype, geographic regions, and whether cholangitis, 

gallstones, and hepatitis infection were adjusted. Sensitivity 

analysis was carried out to evaluate the study effect on the 

concluded estimation by excluding one research in one 

turn sequentially. Sensitivity analyses were conducted by 

changing the pooling model (fixed-effects model or random-

effects model).17 Funnel plots and Begg’s18 and Egger’s19 

tests were employed to assess the publication bias, where 

a P-value ,0.05 or funnel plot asymmetry was indicative 

of the bias.20

STATA version 12.0 (Stata) was applied in the statistical 

analysis.

Results
selection and features of the research
Figure 1 shows the process of selection. About 9,275 papers 

were obtained via the initial search, where 3,027 were dupli-

cates. According to the abstract and title, an extra 6,159 

research studies were excluded. Fourteen research studies 

were eliminated for failure in meeting the inclusion criteria 

after thorough measurement of the full texts: insufficient 

statistics were identified in seven studies; four studies did not 

provide OR, or RR for CCA; and no access of OR, or RR for 

CCA or inadequate data for calculation of these variables in 

three studies. Thereby, seven observed studies were finally 

enrolled in this meta-analysis.21–27
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Table 1 shows the major features of the research studies in 

the meta-analysis.21–27 The research studies were carried out 

in the following nations: one in China, Taiwan, and Korea, 

respectively, and four in the USA. The design of case–control 

was included in all the research studies. A total of 413,483 

healthy controls and 8,962 subjects were chosen to investi-

gate the role of ALD in the risk of CCA in the meta-analysis 

from 1978 to 2013. As presented in Table 2, the NOS scores 

of all the chosen studies ranged from 5 to 9; two of them had 

medium quality and five had high quality.

general results
Seven research studies that were case–control were integrated 

to examine the relation of ALD with the risk of CCA. As a 

result, it was found that the patients suffering from ALD 

had an enhanced related CCA risk in five studies. On the 

other hand, there was no important relation of ALD with 

the risk of CCA in only two studies. The pooled analysis 

showed a close relationship between CCA and ALD. To be 

more specific, as presented in Figure 2, the risk of CCA was 

greatly enhanced by ALD (95% CI: 1.96–5.07; OR =3.92), 

with studies being significantly heterogeneous (I2=70.2%; 

P=0.003) (Figure 2).

analyses of sensitivity and subgroup
Table 3 shows the results of the sensitivity and subgroup 

analyses. As presented in Table 3, patients suffering from 

ALD in western nations were more intended to be burdened 

with CCA than the patients from the East (western nations: 

95% CI: 3.34–6.96, OR =5.15; eastern nations: 95% CI: 

0.38–3.91, OR =2.14) (Table 3) in the analysis of stratifica-

tion by geographic region. In addition, as shown in Table 3, 

in the individual analysis of ECC and ICC, the results sug-

gested that ALD had a positive effect on the risk of ICC and 

neutral effect on the risk of ECC (ICC: 95% CI: 3.06–5.92, 

OR =4.49; ECC: 95% CI: 0.90–3.35, OR =2.12). According 

to the sensitivity analysis, as shown in Table 3, the general 

results of the relationship between CCA and ALD were 

steady in transforming the pooling model (the random-effects 

model: 95% CI: 1.96–5.07; OR =3.92; the fixed-effects 

Figure 1 The process of selecting studies for the meta-analysis.
Abbreviations: alD, alcoholic liver disease; cca, cholangiocarcinoma; rr, risk ratio.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


OncoTargets and Therapy 2018:11submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

8214

Xiong et al

T
ab

le
 1

 T
he

 m
ai

n 
ch

ar
ac

te
ri

st
ic

s 
of

 t
he

 in
cl

ud
ed

 s
tu

di
es

St
ud

y/
ye

ar
 o

f 
pu

bl
ic

at
io

n
C

ou
nt

ry
N

o.
 o

f 
ca

se
/c

on
tr

ol
Fo

llo
w

-u
p 

du
ra

ti
on

So
ur

ce
s 

of
 

co
nt

ro
ls

Su
bt

yp
e 

of
 

ca
nc

er
Su

bt
yp

e 
of

 
st

ud
y

A
dj

us
te

d 
fa

ct
or

s
A

dj
us

te
d 

O
R

 (
95

%
 C

I)

sh
ai

b 
et

 a
l, 

20
05

27

U
sa

62
5/

90
,3

84
19

93
–1

99
9

h
os

pi
ta

l
ic

c
c

as
e–

co
nt

ro
l

a
ge

, g
en

de
r,

 r
ac

e,
 g

eo
gr

ap
hi

c 
lo

ca
tio

n,
 a

nd
 

M
ed

ic
ar

e/
M

ed
ic

ai
d 

du
al

 e
nr

ol
lm

en
t

7.
4 

(4
.3

–1
2.

8)

W
el

ze
l e

t 
al

, 
20

07
26

U
sa

76
4/

3,
05

6
19

78
–1

99
1

Po
pu

la
tio

n
ic

c
c

as
e–

co
nt

ro
l

N
on

sp
ec

ifi
c 

ci
rr

ho
si

s,
 c

ho
la

ng
iti

s,
 

ch
ol

ed
oc

ho
lit

hi
as

is
, i

nfl
am

m
at

or
y 

bo
w

el
 d

is
ea

se
, 

di
ab

et
es

, o
be

si
ty

10
.6

7 
(2

.8
3–

40
.2

1)

W
el

ze
l e

t 
al

, 
20

07
22

U
sa

1,
08

4/
10

2,
78

2
19

93
–1

99
9

Po
pu

la
tio

n
ic

c
; e

c
c

c
as

e–
co

nt
ro

l
a

ge
, s

ex
, r

ac
e/

et
hn

ic
ity

, c
ho

le
co

ch
al

 c
ys

ts
, 

ch
ol

an
gi

tis
, b

ili
ar

y 
ci

rr
ho

si
s,

 c
ho

le
lit

hi
as

is
, 

ch
ol

ec
ys

to
lit

hi
as

is
, c

ho
le

do
ch

ol
ith

ia
si

s,
 li

ve
r 

flu
ke

s,
 n

on
sp

ec
ifi

c 
ci

rr
ho

si
s,

 H
C

V
 in

fe
ct

io
n,

 
ty

pe
 2

 d
ia

be
te

s 
m

el
lit

us
, c

ro
hn

’s
 d

is
ea

se
, 

ul
ce

ra
tiv

e 
co

lit
is

, d
uo

de
na

l u
lc

er
, c

hr
on

ic
 

pa
nc

re
at

iti
s,

 s
m

ok
in

g,
 o

be
si

ty

3.
1 

(1
.3

–7
.5

)
4.

5 
(2

.2
–9

.1
)

c
ai

 e
t 

al
, 2

01
124

c
hi

na
31

3/
60

8
20

00
–2

00
4

h
os

pi
ta

l
ec

c
c

as
e–

co
nt

ro
l

c
ho

le
do

ch
ol

ith
ia

si
s,

 h
ep

at
ol

ith
ia

si
s,

 
ch

ol
ec

ys
to

lit
hi

as
is

, b
ili

ar
y 

as
ca

ri
as

is
, l

iv
er

 fl
uk

e 
an

d 
liv

er
 s

ch
is

to
so

m
ia

si
s,

 H
BV

 in
fe

ct
io

n,
 H

C
V

 
in

fe
ct

io
n,

 P
sc

, U
c

, t
yp

e 
2 

di
ab

et
es

 m
el

lit
us

, 
al

co
ho

l, 
an

d 
sm

ok
in

g

1.
95

 (
0.

27
–1

3.
90

)

W
el

ze
l e

t 
al

, 
20

11
23

U
sa

74
3/

19
5,

95
3

19
94

–2
00

5
Po

pu
la

tio
n

ic
c

c
as

e–
co

nt
ro

l
a

ge
, g

en
de

r,
 r

ac
e,

 g
eo

gr
ap

hi
c 

lo
ca

tio
n,

 a
nd

 
M

ed
ic

ar
e/

M
ed

ic
ai

d 
du

al
 e

nr
ol

lm
en

t
5.

69
 (

3.
65

–8
.8

6)

c
ha

ng
 e

t 
al

, 
20

13
25

T
ai

w
an

5,
15

7/
20

,1
48

20
04

–2
00

8
Po

pu
la

tio
n

ic
c

; e
c

c
c

as
e–

co
nt

ro
l

se
x,

 a
ge

, c
ho

la
ng

iti
s,

 c
ho

le
lit

hi
as

is
, c

ho
le

cy
st

iti
s,

 
ci

rr
ho

si
s 

of
 li

ve
r,

 li
ve

r 
flu

ke
s,

 H
BV

 in
fe

ct
io

n,
 

H
C

V
 in

fe
ct

io
n,

 d
ia

be
te

s,
 c

hr
on

ic
 p

an
cr

ea
tit

is
, 

in
fla

m
m

at
or

y 
bo

w
el

 d
is

ea
se

, a
nd

 p
ep

tic
 u

lc
er

3.
8 

(2
.9

–5
.0

)
2.

5 
(1

.7
–3

.6
)

le
e 

et
 a

l, 
20

15
21

K
or

ea
27

6/
55

2
20

07
–2

01
3

h
os

pi
ta

l
ec

c
c

as
e–

co
nt

ro
l

c
ig

ar
et

te
 s

m
ok

in
g,

 o
be

si
ty

, c
ho

le
do

ch
ol

ith
ia

si
s,

 
ch

ol
ec

ys
to

lit
hi

as
is

, h
ep

at
ol

ith
ia

si
s,

 u
lc

er
at

iv
e 

co
lit

is
, t

hy
ro

id
 d

is
ea

se
, c

hr
on

ic
 p

an
cr

ea
tit

is
, 

py
pe

rt
en

si
on

, d
ia

be
te

s 
m

el
lit

us
, H

BV
 in

fe
ct

io
n,

 
H

C
V

 in
fe

ct
io

n,
 a

nd
 li

ve
r 

flu
ke

 in
fe

st
at

io
n

1.
08

 (
0.

42
–2

.7
8)

A
bb

re
vi

at
io

ns
: E

C
C

, e
xt

ra
he

pa
tic

 c
ho

la
ng

io
ca

rc
in

om
a;

 H
BV

, h
ep

at
iti

s 
B 

vi
ru

s;
 H

C
V

, h
ep

at
iti

s 
C

 v
ir

us
; I

C
C

, i
nt

ra
he

pa
tic

 c
ho

la
ng

io
ca

rc
in

om
a;

 P
SC

, p
ri

m
ar

y 
sc

le
ro

si
ng

 c
ho

la
ng

iti
s;

 U
C

, u
lc

er
at

iv
e 

co
lit

is
.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


OncoTargets and Therapy 2018:11 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

8215

alcoholic liver disease and risk of cholangiocarcinoma

model: 95% CI: 2.31–3.44, OR =2.87). As shown in Figure 3, 

the estimation of the pooled risk remained intact by any 

research in the sequential omission of study one by one to 

evaluate the stability of results. In addition, the analyses of 

meta-regression were conducted to study the possible hetero-

geneous origin. Thus, none of the below could be considered 

as the heterogeneity source, such as the number of cases 

(P=0.671), the year of publication (P=0.804), geographical 

regions (P=0.712), study quality (P=0.573), gallstones 

(P=0.448), cholangitis (P=0.819), and confounders adjusted 

for smoking status (P=0.740).

Bias of publication
No substantial asymmetry was shown in the funnel plot. Neither 

Egger’s test (P=0.741) nor Begg’s test (P=0.605) showed any 

significant bias of publication (P.0.05) (Figure 4).

Discussion
ALD refers to an identified risk factor of HCC.28 Nonetheless, 

the role of ALD in CCA development as well as the relation-

ship between CCA and ALD was comprehended poorly. Thus, 

it was shown that ALD was greatly related to CCA, which 

could greatly enhance the risk of CCA, especially in ICC.

It was shown in the current research that ALD was related 

to an enhanced risk of CCA. Nonetheless, the accurate cause 

of CCA was still not clear. First, alcohol could dispose 

people to CCA development via two mechanisms, includ-

ing acetaldehyde and cytochrome P450 2E1 (CYP2E1). The 

induction of CYP2E1, metabolizing ethanol to acetaldehyde, 

could enhance the reactive production of oxygen species, the 

damage of DNA, and peroxidation of lipid. Acetaldehyde 

was generated by the ethanol metabolism and catalyzed 

by bacterial antidiuretic hormone and mucosal.29 Acetal-

dehyde has been presented to have direct carcinogenic and 

mutagenic effects in in vivo and in vitro research studies.30 

Second, cholangiocarcinogenesis might be promoted by the 

consumption of alcohol via chronic inflammation that led to 

enhanced oxidative stress.31

Strengths
There were some advantages in this research. First, this is the 

most comprehensive research that enrolled a large sample 

size (8,962 CCA patients in four nations) to investigate 

the possible role of ALD on the risk of CCA. The findings 

might offer valid information for the researchers of CCA and 

might be helpful to clinicians with the goal of establishing 

methods to prevent CCA development. In the second place, 

the analyses of sensitivity and subgroup were carried out to T
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point out the factors that affected the risk of CCA. In addition, 

the comprehensive searches of Web of Science, PubMed, 

and EMBASE were carried out to extract the studies to 

investigate the factors that influenced the risk of CCA, which 

further proved the findings. Last but not least, the quality of 

the studies, such as the bias in the results, was evaluated in 

the meta-analysis. The random- and fixed-effects models 

were used to conclude the ALD effects on the CCA risk, 

Figure 2 Forest plot showing the relationship between alcoholic liver disease and the risk of cholangiocarcinoma.
Notes: Points represent the risk estimates for each individual study. horizontal lines represent 95% cis, and diamonds represent the summary risk estimates with 95% cis. 
Weights are from random-effects analysis.
Abbreviation: es, effect size.

Table 3 subgroup and sensitivity analyses of the effect of alcoholic liver disease and the risk of cholangiocarcinoma

Subgroup No. of studies OR (95% CI) I2 value (%) P-value

all studies 7 3.52 (1.96–5.07) 70.2 0.003

subtype of cancer
ecc
icc

 
4
5

 
2.12 (0.90–3.35)
4.49 (3.06–5.92)

 
44.5
29.2

 
0.145
0.240

geographic areas
West
east

 
4
3

 
5.15 (3.34–6.96)
2.14 (0.38–3.91)

 
14.6
75.7

 
0.319
0.016

Adjustment for confounders     

gallstones
Yes
no

 
5
2

 
2.52 (1.09–3.96)
6.13 (3.97–8.30)

 
61.2
0

 
0.035
0.497

hepatitis B/c
Yes
no

 
4
3

 
2.48 (1.06–3.91)
6.20 (4.04–8.36)

 
67.3
0

 
0.027
0.559

cholangitis
Yes
no

 
3
4

 
3.14 (2.47–3.82)
4.19 (0.70–7.68)

 
0
77.5

 
0.603
0.001

Sensitivity analyses     

Fixed-effects vs random-effects model method
Fixed-effects model
random-effects model

 
7
7

 
2.87 (2.31–3.44)
3.52 (1.96–5.07)

 
70.2
70.2

 
0.003
0.003

Note: P-value is for heterogeneity.
Abbreviations: ecc, extrahepatic cholangiocarcinoma; icc, intrahepatic cholangiocarcinoma.
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and the results from the two model types were compared 

accordingly.

Limitations
Nonetheless, there were certain restrictions in the research. 

First, all the research studies enrolled were case–control 

design, thus resulting in the recall generation and the biases 

of selection. In addition, the diagnostic bias might influence 

the results of the current research. ALD patients tended to 

have more frequent physical examination, which may lead 

to more diagnoses than controls. Second, the data about 

the antiviral treatment in the patients infected with HCV 

and HBV were unavailable, which may influence the risk 

of CCA development. Third, confounders might affect the 

relation between the risk of CCA and ALD. This study did 

not adjust the confounders, like particular dietary factors 

or cholangitis even though the adjustments for some con-

founders that might have influenced the outcomes were 

conducted. Fourth, a meta-analysis on the effects of different 

types of ALD was not performed due to the limited number 

of included studies in the analysis. Moreover, many of the 

studies included in the meta-analysis did not indicate the 

type of ALD in the article. It may be considered another 

potential limitation of this study. Among the seven studies 

included, three studies reported results on cirrhosis,3–5 with 

two studies showing a significantly increased the risk of 

CCA.3,4 And previous studies indicated that alcohol use was 

the major risk factor for ICC,6 but not ECC.7 In the meta-

analysis, the results obtained by Lee et al suggested that 

alcohol did not obviously change the risk of CCA.21 Last 

but not least, the number of studies on CCA was very less. 

Thereby, the assessment of heterogeneity and the pooled 

effects might be imprecise, and the researchers’ publica-

tion bias could not be sufficiently evaluated. To solve the 

problem, some analyses of subgroup and sensitivity were 

Figure 3 sensitivity analysis of the association between alcoholic liver disease and the risk of cholangiocarcinoma.

Figure 4 Funnel plot of studies included in the meta-analysis of the relationship 
between alcoholic liver disease and the risk of cholangiocarcinoma. 
Abbreviation: se, standard error.
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conducted even though the source of heterogeneity was not 

always ascertained.

Conclusion
It was demonstrated that the risk of CCA was enhanced 

by 3.92-fold by ALD. Furthermore, patients suffering 

from ALD tended to further develop ICC, instead of ECC. 

And more basic and prospective studies were carried out to 

further confirm the relation of ALD with the risk of CCA 

and to study the potential mechanisms.
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