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Abstract
AIM: To assess the association between smoking and 
alcohol consumption and extrahepatic cholangiocarci-
noma (ECC) through a meta-analysis of clinical obser-
vational studies.

METHODS: A literature search was conducted using 
Embase and MEDLINE databases from inception to 31 
May 2013 without language limitations, and by manu-
ally searching the references of retrieved articles. Case-
control and cohort studies that investigated the asso-
ciation between smoking or alcohol consumption and 
ECC were included. The quality of these studies was 
assessed using the Newcastle-Ottawa quality assess-
ment scale. Summary relative risks and corresponding 
95%CI were calculated using a random-effects model. 
Publication bias was assessed by Begg’s funnel plot and 

Egger’s test.

RESULTS: A total of 12 eligible articles (11 case-con-
trol studies and one cohort study) were included in this 
meta-analysis. Eleven studies reported the association 
between smoking and ECC. Pooled analysis indicated 
that smokers had an increased risk of ECC develop-
ment as compared with non-smokers (summary RR = 
1.23; 95%CI: 1.01-1.50). This correlation was pres-
ent in population-based studies (n  = 5; summary RR 
= 1.47; 95%CI: 1.06-2.05) but not in hospital-based 
studies (n  = 6; summary RR = 1.10; 95%CI: 0.88-1.37) 
and in non-Asian regions (n  = 7; summary RR = 1.39; 
95%CI: 1.03-1.87) but not in Asia (n  = 4; summary 
RR = 1.08; 95%CI: 0.85-1.38). Seven studies reported 
an association between consuming alcohol and ECC. 
Pooled analysis indicated that alcohol drinkers had a 
similar risk of ECC development as did individuals who 
did not drink alcohol (summary RR = 1.09; 95%CI: 
0.87-1.37). There was moderate heterogeneity among 
the studies and no evidence of publication bias.

CONCLUSION: Smoking is associated with an in-
creased risk of ECC, but alcohol consumption is not. 
Further population-based studies, particularly cohort 
studies, are warranted to enable definitive conclusions.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Little is known about the etiology of extrahe-
patic cholangiocarcinoma (ECC) because of its rarity 
and high fatality. Smoking and alcohol consumption are 
potential risk factors for ECC development. However, 
reported relations between these two risk factors and 
ECC are conflicting. Our meta-analysis identified a posi-
tive association between smoking and the risk of ECC. 
The association between alcohol consumption and the 
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risk of ECC was positive but not significant. Further in-
vestigations are required.
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INTRODUCTION
An extrahepatic cholangiocarcinoma (ECC) is a malig-
nant tumor that arises from cholangiocytes and involves 
the biliary tree within the hepatoduodenal ligament[1]. It 
is a relatively rare but often lethal neoplasm that accounts 
for about 80% of  cholangiocarcinomas in the Western 
world[2]. The prognosis of  ECC is poor, and the 5-year 
survival rate for patients with ECC after resection is as 
low as 20%-40%[3]. Hilar cholangiocarcinoma is typi-
cally classified as extrahepatic[4]. Although the incidence 
of  ECC seems to be constant (annual percent changes 
= 1%)[1,5,6], it varies across regions, with the highest in-
cidence in Southeast Asia and the lowest in Australia[7,8]. 
Such geographic variation may be associated with differ-
ent genetic and environmental factors, including dietary 
patterns and lifestyle effects.

Although little is known about the etiology of  ECC, 
several risk factors have been proposed to be involved 
in the development of  this disease[9-11]. Epidemiological 
studies have found that a history of  cholecystectomy, 
cholecystitis, parasitic infection, or primary sclerosing 
cholangitis is a risk factor for ECC[11-13]. There are other 
potential factors, such as hepatitis virus infection, obe-
sity, diabetes, and host genetic polymorphisms, but these 
are less well established[4]. The low incidence of  ECC 
precludes carrying out well-designed, single-center, case-
control or prospective cohort studies with sufficient size 
and statistical power to determine the potential risk factors.

Smoking is associated with the risk of  nonpulmonary 
cancer at many sites, including the liver and pancreas[14,15], 
and consuming alcohol is related to cancer of  the up-
per digestive tract[16]. The metabolites of  smoking and 
alcohol have carcinogenic properties[17]. However, the 
reported correlations between these two risk factors and 
ECC are inconsistent[10,11,18-27]. The lack of  consistency 
across studies may be due to the small number of  cases, 
differences in the study populations, differences in meth-
odological designs or exposure definitions, or a shortage 
of  data concerning confounding factors.

To provide a quantitative assessment of  the correla-
tions between these two factors and the risk of  ECC, we 
performed a meta-analysis of  published studies following 
the meta-analysis of  observational studies in epidemiol-
ogy guidelines[28] .

MATERIALS AND METHODS
Data sources and searches
Two investigators (Ye XH and Huai JP) independently 
performed a computerized search of  MEDLINE (from 
1 January 1966 to 31 May 2013) and Embase (from 1 
January 1974 to 31 May 2013) databases to identify po-
tentially relevant articles. Searches were performed using 
the following text words and/or Medical Subject Head-
ings: “tobacco”, “smoking”, “alcohol”, “beverages”, 
“ethanol”, “cholangiocarcinoma”, “extrahepatic”, “bile 
duct cancer”, and “epidemiologic studies”; the search 
results were restricted to studies performed after 1990 to 
avoid any possible inconsistencies in the diagnostic crite-
ria used. The bibliographies of  all relevant articles were 
reviewed manually to identify additional relevant articles. 
No language restrictions were imposed.

Study selection
Studies were included if  they fulfilled the following cri-
teria: (1) case-control or cohort design and published in 
manuscript form; (2) smoking or alcohol consumption 
included as an exposure of  interest; (3) ECC included as 
an outcome of  interest; and (4) RR in cohort studies or 
OR in case-control studies and their 95%CI (or sufficient 
data to calculate them) reported. If  data on the same 
population were reported in multiple papers, the most 
informative report was selected. Studies were excluded if  
the data were not specified for ECC, or if  they reported 
data for another type of  cancer. Articles or reports that 
were not peer reviewed were not included.

Data extraction
Two investigators (Ye XH and Huai JP) independently 
extracted the following data from all included studies: 
first author’s last name, publication year, geographic loca-
tion of  the study population, study design, methods used 
to determine risk factors and ECC, sample size (cases 
and controls or cohort size), variables adjusted for in the 
analysis, and RR estimates with corresponding 95%CI. 
From each study, the risk estimates that indicated the 
greatest degree of  control for potential confounders were 
extracted, and discrepancies were resolved by consensus.

Assessment of study quality 
The quality of  the included studies was assessed using 
the Newcastle-Ottawa scale[29]. The scale consists of  nine 
items that cover three dimensions: (1) patient selection 
(four items); (2) comparability of  the two study arms 
(two items); and (3) assessment of  outcome (three items). 
A point is awarded for each item that is satisfied by the 
study. The total score therefore ranges from zero to 
nine, with higher scores indicating higher quality. Studies 
that scored seven or more points were considered to be 
of  high quality. The Newcastle-Ottawa scale score was 
assessed independently by both of  the reviewers. Dis-
crepancies in the score were resolved through discussion 
between the reviewers.
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Statistical analysis
Different measures of  RR were included in this meta-
analysis: case-control studies (odds ratio) and cohort stud-
ies (rate ratio, hazard ratio). In practice, these measures of  
effect yielded similar estimates of  RR because of  the low 
absolute risk of  ECC.

Summary RR estimates with their corresponding 
95%CI were calculated with a random-effects model us-
ing the methods of  DerSimonian and Laird, which con-
sider both within- and between-study variations[30]. Most 
of  the included studies reported the RR of  ECC for 
smokers vs nonsmokers and alcohol drinkers vs non-alco-
hol drinkers. If  studies reported separate RRs for males 
and females or for different levels of  alcohol consump-
tion, we calculated the pooled RR and its corresponding 
95%CI. We conducted further analyses stratified by study 
design, geographic region, and adjustment for cholelithia-
sis. 

Heterogeneity was evaluated using the Q-statistic and 
quantified by I2[31]. For the Q test, a P value of  > 0.10 was 
considered to indicate no statistically significant heterogene-
ity. I2 is the proportion of  total variation contributed by be-
tween-study variation. In addition, a sensitivity analysis was 
carried out to estimate the effects of  each included study 
on the overall pooled RR. Publication bias was assessed 
using Begg’s funnel plot and Egger’s test[32,33]. All statistical 
analyses were carried out using STATA software (vs 12.0; 
STATA, College Station, Texas, United States). A two-tailed 
P value of  < 0.05 was considered to be significant.

RESULTS
Search results and study characteristics
Twelve articles (11 case-control studies and 1 cohort 

study) were included in this meta-analysis (Figure 1). 
Eleven studies reported the association between smoking 
and ECC, and seven studies reported the association be-
tween alcohol consumption and ECC. Briefly, our initial 
search identified 361 articles, and 318 were excluded by 
examining the titles and abstracts. Reasons for the exclu-
sion included duplicate citations, reviews, experimental 
studies, meta-analyses and other irrelevant articles. Forty-
three full-text articles were considered for detailed evalua-
tion. One additional relevant study was identified by man-
ually reviewing the references of  all 43 articles. Thirty-
one of  these 43 articles were subsequently excluded from 
the meta-analysis: 4 did not specify the cancer type, 25 
were duplicate reports based on the same population, and 
2 did not evaluate the association between each risk fac-
tor and ECC. The remaining 12 studies were published 
between 1993 and 2013 and included a total of  1834 inci-
dent cases (Table 1). The studies were carried out in Asia 
(n = 4), North America (n = 6), and Europe (n = 2; Table 
1). Ten of  the 12 studies were of  high quality (Newcastle-
Ottawa scale score ≥ 7; Table 2).

Control subjects in the 11 case-control studies were 
recruited from a population-based[11,18,19,21,26] or hospital-
based setting[10,20,23-25,27] (Table 1). Most studies used a 
questionnaire or hospital records to evaluate smoking 
or alcohol consumption status (Table 1). ECC was diag-
nosed on the basis of  histological and imaging methods 
in 10 studies and according to diagnostic codes in 1 
study[11]; the method of  diagnosis was not reported in 1 
study[18] (Table 1). Adjustments were made for potential 
confounders of  one or more factors in nine of  12 studies 
(Table 1).

One study[18] reported an increased risk of  ECC in 
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361 potentially relevant articles 
were initially retrieved

318 articles were excluded on the basis of title 
and/or abstract because they were duplicate 
citations, reviews, experimental studies, meta-
analyses, or other irrelevant articles

43 articles were considered for 
further evaluation

4 articles were excluded due to unspecific cancer type
25 articles were excluded because they were based 
on the same population as another report
2 articles were excluded because they did not 
evaluate the association between either risk factor 
and extrahepatic cholangiocarcinomas 

12 articles were included
  11 case-control studies 
  1 cohort study

Figure 1  Flow chart of the study selection. 
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  Author and year Quality indicators of Newcastle-Ottawa quality assessment scale Score
Selection Comparability Exposure/outcome

Ⅰa Ⅰb Ⅰc Ⅰd Ⅱa Ⅱb Ⅲa Ⅲb Ⅲc
  Ghadirian et al[18] 1993 No Yes Yes Yes Yes Yes Yes No No 6
  Chow et al[19] 1994 Yes Yes Yes Yes Yes Yes Yes No No 7
  Khan et al[20] 1999 Yes Yes No Yes Yes Yes Yes Yes No 7
  Zhang et al[21] 2004 Yes Yes Yes Yes Yes Yes Yes No No 7
  Welzel et al[11] 2007 No Yes Yes Yes Yes Yes Yes Yes No 7
  Shaib et al[10] 2007 Yes Yes No Yes Yes Yes Yes Yes Yes 7
  El-Serag et al[22] 2009 Yes Yes Yes Yes Yes No Yes Yes Yes 8
  Tao et al[23] 2010 Yes Yes No Yes Yes Yes Yes Yes No 7
  Cai et al[24] 2011 Yes Yes No Yes Yes Yes Yes Yes No 7
  Onal et al[25] 2012 Yes Yes No Yes Yes No Yes Yes No 7
  Brandi et al[26] 2013 Yes Yes Yes Yes Yes Yes No No No 6
  Zhou et al[27] 2013 Yes Yes No Yes Yes No Yes Yes No 7

Table 2  Quality of the studies used in this analysis 

For case-control studies; Ⅰa: Indicates cases with independent validation; Ⅰb: Indicates consecutive or representative cases; Ⅰc: Indicates community con-
trols; Ⅰd: Indicates controls with no history of ECC; Ⅱa: Indicates that study controls were comparable for age and sex; Ⅱb: Indicates that study controls 
were comparable on all additional factor(s) reported; Ⅲa: Indicates that the same method of ascertainment was used for cases and controls; Ⅲb: Indicates 
that assessment of exposure was from a secure record; Ⅲc: Indicates that the non-response rate was similar in both groups. For cohort studies; Ⅰa: indicates 
that the exposed cohort was representative of the population; Ⅰb: Indicates that the non-exposed cohort was drawn from the same population; Ⅰc: Indicates 
that the exposure ascertainment was from secure records or a structured interview; Ⅰd: Indicates that ECC was not present at start of study; Ⅱa: Indicates 
that the cohorts were comparable for age and sex; Ⅱb: Indicates that the cohorts were comparable on all additional factor(s) reported; Ⅲa: Indicates that 
ECC was assessed from a secure record; Ⅲb: Indicates that follow-up was long enough for ECC to occur; Ⅲc: Indicates that follow-up was complete. ECC: 
Extrahepatic cholangiocarcinoma.

Study author and year

Population
Ghadirian et al  1993
Chow et al  1994
Zhang et al  2004

Subtotal (I 2 = 26.8%, P  = 0.243)
Brandi et al  2013

Hospital
Khan et al 1999

Subtotal (I 2 = 19.2%, P  = 0.288)

Onal et al  2012

Note: Weights are from random effects analysis
Overall (I 2 = 31.9%, P  = 0.144)

Zhou et al  2013

Tao et al  2010
Cai et al  2011

Shaib et al 2007

2.82 (1.01-7.86)
1.63 (0.90-2.97)
1.49 (0.87-2.56)
1.70 (1.00-3.00) 
0.78 (0.40-1.50)
1.47 (1.06-2.05)

0.63 (0.21-1.88)
1.30 (0.80-1.90)
0.90 (0.50-1.30)
0.90 (0.64-1.25)
1.90 (0.90-4.20)
1.30 (0.86-1.96) 
1.10 (0.88-1.37)  

1.23 (1.01-1.50)

 3.42
  8.27
  9.54
 9.31
 7.11

   37.11

 3.04
  12.63
  11.19
  16.51

 5.58

   62.35
   13.40

  100.00

0.127 7.861

RR (95% CI) Weight (%)

Welzel et al  2007

Study author and year RR (95% CI) Weight (%)

Chow et al  1994
Zhang et al  2004
Shaib et al  2007
Tao et al  2010

Zhou et al  2013
Onal et al  2012

Subtotal (I 2 = 0.0%, P  = 0.447)

Cohort

Subtotal (I 2 = .%, P  = .)
El-Serag et al  2009

Overall (I 2 = 0.0%, P  = 0.575)

Note: Weights are from random effects analysis

0.60 (0.29-1.22)
1.29 (0.78-2.17)
1.29 (0.19-8.19)
1.20 (0.80-1.90)
4.01 (0.48-33.62)
1.05 (0.67-1.65)
1.10 (0.86-1.41)

1.06 (0.60-1.87)
1.06 (0.60-1.87)

    100.001.09 (0.87-1.37)

  15.81
  15.81

  84.19

 24.98
1.13

 27.30
1.38

 19.51
9.90

0.297 33.61

Case-control

Figure 2  Relative risk of extra-
hepatic cholangiocarcinoma. A: 
Smokers as compared with non-
smokers in population- and hos-
pital-based case-control studies; 
B: Alcohol drinkers as compared 
with non-alcohol drinkers in case-
control and cohort studies.

A

B
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1.10; 95%CI: 0.88-1.37; P = 0.288 for heterogeneity, I2 
= 19.2%; Table 3). The summary RR was not significant 
for studies that controlled for cholelithiasis[2,21,27] (sum-
mary RR = 1.28; 95%CI: 0.94-1.76; P = 0.383 for het-
erogeneity, I2 = 0%; Table 3). 

Alcohol consumption and risk of ECC
Six case-control studies and one prospective cohort study 
were identified that reported an association between alco-
hol consumption and the risk of  ECC. The summary RR 
for ECC was 1.09 (95%CI: 0.87-1.37) in a random-effects 
model for alcoholic drinkers vs non-alcoholic drinkers 
(Figure 2B). There was no heterogeneity among studies (Q 
= 4.76, P = 0.575 for heterogeneity, I2 = 0%).

Subgroup meta-analyses were conducted according to 
geographical region and study design. The summary RR 
was not significant for studies conducted outside of  Asia 
(n = 4; summary RR = 0.94; 95%CI: 0.56-1.56; P = 0.313 
for heterogeneity, I2 = 15.7%) or in Asia (n = 3; summary 
RR = 1.17; 95%CI 0.90-1.53; P = 0.835 for heterogene-
ity, I2 = 0%; Table 3). The summary RR was not signifi-
cant for case-control studies (n = 6; summary RR = 1.10; 
95%CI: 0.86-1.41; P = 0.447 for heterogeneity, I2 = 0%) 
or for the cohort study (RR = 1.06; 95%CI 0.60-1.87; 
Table 3). The summary RRs for the population-based[19,21] 

(n = 2; summary RR = 0.92; 95%CI 0.44-1.94; P = 0.089 
for heterogeneity, I2 = 65.4%) and hospital-based[10,23,25,27] 
(n = 4; summary RR = 1.16; 95%CI: 0.86-1.58; P = 0.678 
for heterogeneity, I2 = 0%) case-control studies were not 
significant (Table 3).

Publication bias and sensitivity analysis
A funnel plot showed no evidence of  publication bias 
(Figure 3). P values for Begg’s adjusted rank correlation 
test and Egger’s regression asymmetry test were 0.161 
and 0.296, respectively, which indicate that publication 

bias probably had little effect on summary estimates.
Sensitivity analysis was performed to assess the influ-

ence of  individual studies on the overall risk of  ECC 
by excluding each individual study and recalculating the 
pooled RR. Similar RR and 95%CI were generated with 
the exclusion of  each study, indicating the high degree of  
stability of  the results (Figure 4).

DISCUSSION
In this meta-analysis, we assessed the association between 
smoking and the risk of  ECC and between alcohol con-
sumption and the risk of  ECC. A previous meta-analysis 
evaluated the association between alcohol consumption 
and the risk of  extrahepatic bile system cancer[34], and a 
more recent meta-analysis investigated the association 
between smoking and the risk of  gallbladder cancer[35]. 
Although both of  these previous studies investigated the 
risk of  extrahepatic bile system cancer, the risk of  ECC 
was not specified. To the best of  our knowledge, this is 
the first study to provide comprehensive evidence of  the 
association between smoking and alcohol consumption 
and the risk of  ECC. In this meta-analysis we found that 

No. of 
studies

RR (95%CI) Tests for heterogeneity
Q P I 2

  Smoking
  Geographical region
     Non-Asia 7 1.39 (1.03-1.87) 8.280 0.218 27.5%
     Asia 4 1.08 (0.85-1.38) 3.850 0.278 22.1%
  Study design
  Population-based 5 1.47 (1.06-2.05) 5.470 0.243 26.8%
     Hospital-based 6 1.10 (0.88-1.37) 6.190 0.288 19.2%
     Adjustment for
     cholelithiasis

3 1.28 (0.94-1.76) 1.917 0.383   0.0%

  Alcohol drinking
  Geographical region
     Non-Asia 4 0.94 (0.56-1.56) 3.560 0.313 15.7%
     Asia 3 1.17 (0.90-1.53) 0.360 0.835   0.0%
  Study design
     Population-based 2 0.92 (0.44-1.94) 2.890 0.089 65.4%
     Hospital-based 4 1.16 (0.86-1.58) 1.520 0.678   0.0%
     Case-control 6 1.10 (0.86-1.41) 4.750 0.447   0.0%
     Cohort 1 1.06 (0.60-1.87) - - -

Table 3  Subgroup analyses of the association between 
smoking and extrahepatic cholangiocarcinoma and alcohol 
consumption and extrahepatic cholangiocarcinoma

Ghadirian et al  1993

Chow et al  1994

Khan et al  1999

Zhang et al  2004

Welzel et al  2007

Shaib et al  2007

Tao et al  2010

Cai et al  2011

Onal et al  2012

Zhou et al  2013

Brandi et al  2013

0.96  1.01                 1.23                         1.50    1.61

Figure 4  Influence of each individual study on the relative risks of extra-
hepatic cholangiocarcinoma in smokers as compared with non-smokers. 
Data show the RR (open circle) and 95%CI (dashed horizontal line) when the 
study named on the left was omitted. Random-effects estimates (exponential 
form) were used. RR: Relative risk.

Begg’s funnel plot with pseudo 95%CI

Lo
g 

RR

Standard error of Log RR
0.0                         0.2                         0.4                         0.6

2

1

0

-1

Figure 3  A Begg’s funnel plot with pseudo 95% confidence limits showing 
the symmetrical distribution of included studies. This indicates that there 
was no publication bias. 
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smokers had a 23% increased risk of  ECC as compared 
with non-smokers. The association between alcohol con-
sumption and the risk of  developing ECC was positive 
but not significant.

Although the incidence of  ECC remained low among 
smokers and alcohol drinkers, our results carry substan-
tial clinical and public health implications. The incidence 
of  ECC has been on the rise worldwide in recent years, 
although this type of  malignancy is uncommon[4]. The 
number of  habitual smokers is rising in spite of  current 
anti-smoking campaigns[36], and a rapid increase in the 
consumption of  alcohol has been documented in many 
regions[37]. It is estimated that there are currently more 
than 500 million alcohol drinkers in China[16,36] and ap-
proximately 37% of  Chinese adults are heavy drinkers[37] .

In the subgroup analysis, we found that smoking was 
associated with an increased risk of  ECC in non-Asian 
regions but not in Asia. This difference may be associated 
with ethnicity or with differences in the types of  tobacco 
use between the two areas. For example, cigars contain 
more nicotine than regular cigarettes[38], and the pH of  ci-
gar smoke is higher than that of  cigarettes, allowing more 
complete delivery of  nicotine into the bloodstream[38,39]. 
Only 0.3% of  the Chinese population use cigars[40], com-
pared with 6.7% of  the American population[40]. Howev-
er, most of  the studies included in our meta-analysis did 
not report the type of  tobacco use, and thus we could 
not conduct further analysis. Although the risk of  ECC 
was similar in smokers and non-smokers in Asia, atten-
tion should still be paid to the potential association be-
tween smoking and ECC in this population. The number 
of  smokers in China increased from 320 to 350 million 
from 2005 to 2007[16,36] and 72% of  Chinese citizens aged 
15 years or older have been exposed to tobacco[41,42].

The potential mechanism by which smoking and al-
cohol consumption are associated with ECC remains un-
known. Direct carcinogenic properties of  smoking might 
be mediated by various metabolites generated in ciga-

rettes including formaldehyde, benzene, and chromium. 
As early as the 1970s, it was suggested that tobacco com-
pounds exert carcinogenic effects on the epithelial cells 
of  the bile ducts as a result of  exposure via blood flow[43] 

(Figure 5), and this may underlie the relation between 
smoking and ECC. For alcohol consumption, it is more 
likely that there is an indirect and bidirectional effect of  
carcinogenesis on the development of  ECC. Moder-
ate alcohol intake protects against gallstone formation, 
and gallstones are a risk factor for biliary tract cancer[17]. 
Metabolites of  alcohol are produced in the liver and ex-
creted into the bile duct and may interact with cholesterol 
metabolism. Alcohol also enhances the activation of  dif-
ferent precarcinogenic elements[17]. Therefore, alcohol 
may be associated with ECC via co-effects of  different 
mechanisms.

As with all meta-analyses of  observational studies, 
our results have several potential limitations. First, defini-
tions of  both smoking and alcohol consumption were 
not consistent across the included studies. In addition, a 
dose-response relationship between alcohol consumption 
and ECC was observed in one study[10], in which the risk 
of  ECC development was higher in heavy drinkers who 
consumed at least 80 g of  ethanol per day. However, we 
could not further evaluate this dose-response relationship 
because of  a paucity of  data. The majority of  studies 
included in this meta-analysis were case-control studies, 
which are more susceptible to selection and recall bias 
than are cohort studies. Associations between smoking or 
alcohol consumption and the risk of  ECC in case-control 
studies may be confounded by changes in lifestyle after 
the diagnosis of  ECC. In addition, 6 of  the 11 case-con-
trol studies were hospital based, and these cases may not 
represent the general population of  patients with ECC. 
This may have introduced selection bias into our results. 
Furthermore, moderate heterogeneity was observed 
across studies, and this may also bias the results. This 
heterogeneity results from diversity of  the study designs, 
analysis of  populations from different geographic loca-
tions, and the selection of  participants for the different 
studies. These biases may distort the true associations, 
and data provided by this meta-analysis should thus be 
interpreted with caution.

Confounding effects may also have influenced the 
results of  this meta-analysis. As noted above, moder-
ate alcohol consumption is inversely related to gallstone 
disease[17,44]. When we limited the meta-analysis to studies 
that were adjusted for cholelithiasis, the association be-
tween smoking and ECC was no longer significant, sug-
gesting that a confounding effect may exist. The possibil-
ity of  residual confounding such as gallstone formation 
cannot be excluded because of  a paucity of  data.

Although it is possible that small studies with null 
results were less likely to be published than large studies 
with significant results, we found no evidence from fun-
nel plot analysis and formal statistical tests for such bias.

In conclusion, the results from this meta-analysis 
suggest that smoking, but not alcohol consumption, is 
associated with a higher risk of  ECC. However, the pos-

Smoking 
(cigarettes/cigars)

Metabolites

1 Nitrosodimehtylamine  
2 Formaldehyde 
3 Benzene
4 Chromium

Lung

Blood flow

Epithelial cells of 
extrahepatic bile duct

Carcinogenic effects

Extrahepatic cholangiocarcinoma 

Figure 5  Proposed mechanisms by which smoking may be associated 
with the formation of extrahepatic cholangiocarcinoma.
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sibility that the association may be influenced by bias or 
confounding variables cannot be fully excluded. Further 
well-designed prospective studies are warranted to clarify 
the association between smoking and alcohol consump-
tion and the risks of  ECC.
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