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OBJECTIVES: Biliary tract cancers (BTCs) are rare but highly fatal. Although the etiology of BTC is poorly understood, gall-
stones are proposed to be a major risk factor. We conducted a systematic review and meta-analysis to examine the associations
between gallstone characteristics and BTC risk.

METHODS: We searched the MEDLINE, Embase, and Cochrane Central databases and systematically reviewed cohort and
case-control studies published before April 9, 2018. All the included studies reported appropriate risk estimates and confidence
intervals (CIs) for associations between the presence, size, number, or duration of gallstones and the risk of BTC, including
gallbladder cancer (GBC), extrahepatic bile duct cancer (EBDC), and ampulla of Vater cancer (AOVC). Summary odds ratios
(ORs) and their 95% Cls were calculated using a random-effects model in the meta-analysis. Subgroup analyses were conducted
to inspect sources of potential heterogeneity, and the Egger test was performed to assess publication bias.

RESULTS: Seven cohort studies and 23 case-control studies in Asian, European, and American populations were included. The
presence of gallstones was associated with an increased risk of BTC (OR, 4.38; 95% CI, 3.23 to 5.93; I’=91.2%), GBC (OR, 7.26;
95% CI, 4.33 to 12.18), EBDC (OR, 3.17; 95% ClI, 2.24 to 4.50), and AOVC (OR, 3.28;95% CI, 1.33 to 8.11). Gallstone size (>1 vs.
<1 cm; OR, 1.88;95% CI, 1.10 to 3.22) was significantly associated with the risk of GBC.

CONCLUSIONS: Gallstone characteristics, such as presence, size, and number, are associated with an increased risk of BTC.
However, significantly high heterogeneity in the meta-analyses is a limitation of this study.
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INTRODUCTION

Biliary tract cancer (BTC) is relatively uncommon in most parts
of the world [1], but is classified as a major cancer based on its in-
cidence in certain countries such as the Korea and India [2,3]. An
increasing incidence of BTC has been observed at all 3 biliary tract
subsites, specifically gallbladder cancer (GBC), extrahepatic bile
duct cancer (EBDC), and ampulla of Vater cancer (AOVC), espe-
cially in high-risk areas [4,5]. The prognosis of BTC is generally
poor, and the estimated 5-year survival rate is only approximately
5% [6]. Although surgery can be curative, only a small percentage
of patients are candidates for surgery because a high proportion
of patients are diagnosed at a late stage of the disease [7]. To im-
prove the survival rate, early detection of the disease based on the
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identification of risk factors is important.

Gallstones, concretions formed in the biliary tract, have been
suggested as an important risk factor for BTC [5]. The carcino-
genic mechanisms of BTC are poorly understood, but they may
involve inflammatory changes near stones [8]. BTC could arise as
a result of chronic inflammation associated with gallstones con-
tinuously irritating the gallbladder and bile duct [9]. While gall-
stones are a common condition [10], BTC rarely occurs, and most
people with gallstones never end up developing cancer [11,12].
However, a significant number of BTC patients have gallstones
[13], which leaves room for further investigations into the poten-
tial association between gallstones and the risk of BTC. One study
attempted a systematic review [14], but it examined the literature
on the association between benign gallbladder disease (the broad-
er term used to represent gallstones) and the risk of BTC. There is
a scarcity of reviews focusing on the relationship between gall-
stones and the risk of BTC.

We conducted a systematic review and meta-analysis of pub-
lished cohort and case-control studies on associations between
gallstone characteristics and the risk of BTC. This study aimed to
update the latest studies through a systematic review and to pro-
vide a better description of the association of gallstones with the
risk of BTC, encompassing its known subtypes GBC, EBDC, and
AOVC [15], while intentionally excluding intrahepatic bile duct
cancer (IBDC) and intrahepatic cholangiocarcinoma. The objec-
tive is this study is to synthesize data from the vast populations
included in various studies (case-control and cohort studies)
throughout the world to determine to what extent patients with
gallstones are more likely to develop BTC and each of its subtypes
than hospital-based or community-based control groups. In this
study, gallstones were characterized in terms of their presence, size,
number, and duration, and detailed subgroup analyses were also
performed stratified by the study design, sex, geographic area, study
period, measurement of exposure, study quality score, and adjust-
ment of confounders.

MATERIALS AND METHODS

The study protocol followed the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analysis) guidelines.

Data sources and searches

The first and second reviewers (DH and HJ) searched the Pub-
Med, Embase and Cochrane Library databases for epidemiologi-
cal studies with the following keywords: (“gallstone” OR “calculi”
OR “cholelithiasis” OR “cholecystolithiasis” OR “choledocholithi-
asis”) AND (“biliary tract cancer” OR “biliary tract neoplasms”
OR “gallbladder cancer” OR “gallbladder neoplasms” OR “gall-
bladder carcinoma” OR “cholangiocarcinoma” OR “extrahepatic
bile duct cancer” OR “extrahepatic cholangiocarcinoma” OR “am-
pulla of vater cancer”). Medical subject headings (MeSH) terms
were used for the PubMed search, and Emtree explode terms were
used for the Embase search when available. The last search was
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conducted on Aug 9, 2018. The language was restricted to English
in PubMed and Embase, but not in the Cochrane Library data-
base. In terms of publication status, our search was confined only
to published human studies. Papers published before April 9,
2018, were reviewed. Duplicates were excluded, and additional
papers obtained by manually searching the references of the se-
lected articles were included.

Study selection

The inclusion criteria for eligible studies were as follows: (1) co-
hort or case-control studies on the association between gallstones
and the risk of BTC (GBC, EBDC, or AOVC); (2) gallstones (pres-
ence, size, number, or duration) as the exposure of interest; (3) stud-
ies in which the primary outcome was the occurrence of BTC
(GBC, EBDC, or AOVC); and (4) studies that reported risk esti-
mates (rate ratio [RR], odds ratio [OR], or hazard ratio [HR]) and
their 95% confidence intervals (Cls). Studies were excluded if any
of the following criteria were met: (1) non-human studies; (2) non-
observational studies or observational studies without an analyti-
cal epidemiologic approach; (3) irrelevant exposure or outcome
variables (hepatolithiasis or intrahepatic cholangiocarcinoma);
(4) duplication or unobtainable abstract/full-text; (5) the absence
of a risk estimate that was either reported or could be calculated
by the given information.

Data extraction

The first and third reviewers (DH and WK) (under the super-
vision of AS) independently screened the titles and abstracts of
studies that met the inclusion criteria. The full texts were reviewed
by 2 independent reviewers (DH and HJ) and the supervisor
(AS).

The 2 independent reviewers (DH and HJ) extracted data using
a standardized extraction form. When discrepancies arose, a
fourth investigator (NS) made the final decision for study eligibil-
ity and data extraction. The relevant data included the last name
of the first author, publication year, study country, study design
(cohort or case-control study), study period, sex, sample size
(number of cohorts and incident cases for cohort studies or num-
ber of cases and controls for case-control studies), exposure varia-
bles (presence, size, number, and duration of gallstones), meas-
urement of exposure (with or without imaging studies), outcome
variables (occurrence of GBC, EBDC, AOVC), duration of fol-
low-up for cohort studies, adjustment variables in the statistical
analysis, and risk estimates, such as OR, RR, and HR with corre-
sponding 95% Cls.

Quality assessment
Quality assessment data were extracted using the Newcastle-

Ottawa scale (NOS), which contains 9 items, with 8 items receiv-
ing 1 point and 1 item accounting for 2 points, leading to a maxi-
mum of 10 points [16]. A quality score equal to or greater than
the median value was judged as indicating high quality.
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Statistical analysis
In this study, the summary risk estimates and their correspond-

ing 95% Cls were calculated using a random-effects model [17].
Selected studies reported different types of risk estimates, such as
ORs, RRs, and HRs. RRs and HRs were treated as equivalent to
ORs. We compared gallstone characteristics as follows: presence
(present vs. absent), size (21 vs. <1 cm, 22 vs. <2 cm), number
(>1vs. 1), and duration. For studies reporting multiple risk esti-
mates according to the subsites of BTC (GBC, EBDC, and/or
AQOVCQ), the pooled risk estimates and their corresponding 95%
Cls that were adequate for meta-analysis were taken as represent-
ative risk estimates.

Statistical heterogeneity across studies was appraised using the
I statistic and the chi-square-based Q tests. I’ values of 25%, 50%,
and 75% indicated low;, moderate, and high heterogeneity, respec-
tively [18]. For the Q statistic, a p-value <0.10 was considered to
indicate statistically significant heterogeneity. To perform subgroup
analyses, we stratified studies by study design, sex, geographic area
(Asia and non-Asia), study period (before, around, and after 2000;
around 2000 refers to studies where the starting point was before
2000 but the ending point was after 2000), measurement of expo-
sure, study quality according to the NOS, and whether the analy-
sis adjusted for confounders (such as age, sex, comorbidity, lifestyle

factors, education, and/or geographic areas). Sensitivity analyses
[19] were conducted by sequentially excluding 1 study at a time to
evaluate the influence of individual studies on the stability of the
pooled results. Forest plots were used to present results graphically.
Publication bias was investigated through funnel plots [20] with
the Egger test [21], and p-values <0.01 indicated statistical signif-
icance. All statistical analyses were performed using Stata version
15.0 (StataCorp., College Station, TX, USA). A 2-tailed p-value
<0.05 was considered to indicate statistical significance, except as
otherwise specifies.

Ethics statement
Informed consent was waved due to the study design (system-

atic review and meta-analysis).

RESULTS

Study selection and characteristics
Figure 1 shows the process of study selection for the meta-anal-

ysis. Initially, we retrieved a total of 5,005 articles, including 1,941
from MEDLINE, 3,027 from Embase, and 37 from the Cochrane
Library. We excluded 1,082 duplicate studies. Based on reviewing
the titles and abstracts, 3,751 other studies were excluded for vari-

= Records identified through database searching
2 (to Aug 9, 2018) (n=5,005)
S - MEDLINE (n=1,941)
b= - Embase (n=3,027)
3 - Cochran library (n=37)
— N Records excluded due to duplicates
. ‘ (n=1,082)
=2 Records after duplicates removed - -
= (n=3,923) Records excluded by title and abstract review (n=3,751)
& - Animal study (n=2)
g .| -Non-observational study (n=786)
- Irrelevant exposure or outcome (n=2,957)
\—J Records screened by title and abstract ~No abstract or full-text (n=6)
— (n=172)
Records excluded by full-text review (n=145)
> - Duplication of dataset (n=2)
3 - Non-observational study (n=15)
=) y - Irrelevant exposure or outcome (n=100)
w Eligible full-text articles - No full-text (n =14)
(n=27) - Insufficient data for the meta-analysis (n=14)
) Additional eligible full-text articles identified
B through the reference review (n=3)
]
§ \ 4
E Studies included in the meta-analysis (n=30)
= - Case-control study (n=23)
- Cohort study (n=7)

Figure 1. Flow chart of study selection for the meta-analysis.
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ous reasons: animal studies (n=2); non-observational studies
(n=786); irrelevant exposures or outcomes (n=2,957); and no
abstract or full text (n=6). We reviewed the full texts of the re-
maining 172 studies and excluded articles with irrelevant expo-
sures or outcomes, insufficient data for the meta-analysis, or other
exclusion criteria, thus resulting in 27 eligible articles. Additionally,
3 relevant studies were included by searching the reference lists of
the eligible articles. Thus, a total of 30 epidemiological studies, in-
cluding 7 cohort studies and 23 case-control studies, were included
in this meta-analysis.

The characteristics of the 7 cohort studies [12,22-27] and 23
case-control studies [13,28-49] are shown in Table 1. Of these
studies, 16 studies were conducted in Asia, 8 studies were con-
ducted in America, and 6 studies were conducted in Europe. As-
sociations between gallstones and the risk of GBC were investi-
gated in 18 studies, where gallstones were characterized in terms
of their presence in 14 studies, their size in 4 studies, and their
number in 2 studies. In terms of the risk of EBDC, with the con-
cept of EBDC embracing extrahepatic cholangiocarcinoma
(EHC), bile duct cancer (BDC), and cholangiocarcinoma (CCA),
there were 17 studies that examined the association between gall-
stone presence with the risk of BTC. All 5 studies on AOVC re-
ported an association between gallstone presence and the risk of
cancetr.

Gallstones and the risk of biliary tract cancer
A total of 26 studies presented associations between the pres-

ence of gallstones and the risk of BTC (Figure 2). Among these
studies, only 2 studies referred to BTC specifically, and the re-
maining 24 studies described the risk estimates according to the
subsites of BTC (GBC, EBDC, and/or AOVC).

We identified 7 cohort studies and 19 case-control studies that
presented associations between the presence of gallstones and the
risk of BTC. When we examined the results stratified by the study
design, a statistically significant positive association was shown in
both case-control studies (OR, 5.04; 95% CI, 3.36 to 7.56; I* = 90.5%;
P <0.001) and cohort studies (OR, 3.17; 95% CI, 2.28 to 4.39; I'=
79.0%; p <0.001). The pooled risk estimate was also statistically
significant (OR, 4.38; 95% CI, 3.23 to 5.93), with high heterogene-
ity across the studies (F=91.2%; p<0.001).

In subgroup meta-analyses, all results showed statistical signifi-
cance, regardless of sex, geographic area, study period, measure-
ment of exposure, study quality, and adjustment for confounders,
as shown in Table 2. The magnitudes of the associations were larg-
er in females (OR, 4.26; 95% CI, 2.75 to 6.59; I' = 84.5%; p < 0.001)
than in males, larger in Asia (OR, 5.25; 95% CI, 3.50 to 7.86; I'=
82.4%; p <0.001) than outside of Asia, larger in studies conducted
before 2000 (OR, 5.39, CI, 2.57 to 11.34; I* = 95.5%; p < 0.001) than
in studies conducted around and after 2000, larger in studies with
imaging studies (OR, 7.09; 95% CI, 3.87 to 12.98; I'=64.5%; p=
0.004) than in studies without imaging studies, and larger in low-
quality studies (OR, 4.81; 95% CI, 2.87 to 8.05; I*=94.9%; p<0.001)
than in high-quality studies. The meta-analysis indicated that the
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Table 1. Characteristics of the studies included in the meta-analysis

Adjustment NOS?

Matching

Gallstone
measurement

Gallstone
characteristics

Outcome

Sample size'

Study period

Country

Study

Cohort studies

Age, sex

Medical records with

imaging

2,583 (5) GBC Present vs. absent

1950-1970

USA

Maringhini et al., 1987 [22]

Medical records

BDC Present vs. absent

GBC

88,178 (104)
17,715 (42)

1981-1993
1977-1993

USA

Bansal et al,, 1996 [23]
Chow et al., 1999 [24]

Age, sex

Medical records

Present vs. absent

Denmark

Present vs. absent

EBDC
AOVC
GBC
BTC

(12)

Present vs. absent

8)

105,019 (3,922)
101,868 (235)

Medical records
Self-reported

Present vs. absent

1986-1998

China

Zou et al., 2000 [25]

Age, sex, area,

Present vs. absent

Japan 1990-1994

Ishiguro et al., 2008 [26]

history of gallstone
disease, BMI, DM,
alcohol, smoking

GBC Present vs. absent

(93)
(142)

Present vs. absent

EBDC

8

Age, sex, calendar

Medical records

192,960 (169) EBDC Present vs. absent

1965-2008

Sweden

Nordenstedt et al., 2012 [12]

year
Age, sex,

GBC Present vs. absent Medical records

DM

1996-2008

Taiwan

Lai etal.,, 2013 [27]

hypertension,

214,179 (206)
Non-DM

hyperlipidemia,

obesity

206,860 (147)

(Continued to the next page)
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No Author Year Ethnicity Exposure Oulcome OR (35% CI)' Weight
1 Maringhini 1987 US Galistone GBC -—-.—I!— 280(0.90,871) 3.05
2 Bansal 1996 US Gallstone CCA ‘ : 220(1.80,269) 520
3 Chow 1999 D BTC? —-.-—: 244(1.36,4.38) 4.44
4 Zou 2000 China Galistone  GBC = 13.70 (7.10, 26.43) 4.26
5 Ishiguro 2008 Japan Gallstone  BTC +: 253(1.56,410) 469
6  MNordenstedt 2012 US Galistone EBDC . : 258(221,301) 525
7 Lai® 2013 Taiwan Galistone GBC —-.— 3.94(1.90,817) 407
9  Lowenfels® 1985 U.S. Galistone GBC —:—-Q-—- 9.10 (1.98, 41.77) 227
12 Khan 1999 US. Galistone  BTC® L 24.91(9.05, 68.57) 3.34
13  Okamoto 1999 Japan Galistone GEC ';—.— 10.80 (4.10, 28.45) 3.45
14 Welzel 2007 US Galistone EBDC : L 11.00 (9.10, 13.30) 5.21
15  Hsing 2007 China Galistone  BTC* -}—.— 942(3.56,2491) 3.4
16 Ahrens 2007 E i GBC —.—I' 249(132,470) 43
17 Grainge 2009 UK Gallstone  BTC® —— 248(1.26,491) 419
18 Tao 2010 China Galistone  EBDC —— 260(1.30,520) 4.16
19 cai 2011 China Galistone  EBDC == 415(285 604) 492
21 Wu 2012 China Galistone  BTC Ii—-.-— 16.78 (4.34,64.89) 259
22 Onal 2012 Turkey Gallstone  CCA —_—— I 0.48(0.18,1.28) 3.42
23 Chang 2013 Tawan Galistone  EBDC * 330(280,389) 524
24 Mogueira 2014 US Galistone BTC —— : 207(133,322) 478
25 He 2014 China Gallstone  AOVC ! —— 12.47 (7.37,21.10) 4.59
26 Cha 2015 Korea Galistone GBC r £ 21.79 (2.41,197.01)1.40
27 Lee(t) 2015 Korea Gallstone  EBDC —— 443 (167,11.75) 343
28  Lee(2) 2015 Korea Galistone EBDC ——.—!— 286(0.52,1565) 199
29 Rosato 2016 Italy Galistone BTC* +: 2.07(1.24,346) 462
30 Tamrakar 2016 Nepal Galistone GBC I < P 46.40(6.92,311.11)1.72
Overall (l-squared =91.2%, p = 0.000) ¢ 438(3.23,593) 100.00
1
Note: Weights are from random effects analysis 'l
| |
0.00321 1 M

Figure 2. Forest plot showing the relationship between presence of gallstone and the risk of BTC. 'OR (95% Cl) refers to the estimate of
effects included in a random-effects model. 2Effect size of Lai et al. [27] was calculated by pooling the results of DM group and non-DM
group. 3Effect size of Lowenfels et al. [29] was calculated by pooling the results of Indian and non-Indian. “Pooled the results of three types
BTC subsites. *Pooled the results of two types BTC subsites. The numbers are arranged in the order of Table 1. OR, odds ratio; Cl, confidence
interval; GBC, gallbladder cancer; CCA, cholangiocarcinoma; BTC, biliary tract cancer; EBDC, extrahepatic bile duct cancer; AOVC, ampulla

of Vater cancer; DM, diabetes mellitus.

association became weaker after adjusting for age, sex, and comor-
bidities. A stronger association than the original result was ob-
served after adjusting for geographic areas, lifestyle factors, and
education. However, there were no significant differences between
the magnitudes of association under any stratifications.

The heterogeneity varied substantially as the stratification meth-
od changed, and subgroup analysis with the studies that reported
the outcomes of only the male patients exhibited the lowest level
of heterogeneity (I’= 35.8%; p=0.132) among the subgroups in-
cluding more than 2 studies.

Gallstones and the risk of gallbladder cancer

Among the 20 studies on associations between gallstones and
the risk of GBC, 16 studies presented associations between the
presence of gallstones and the risk of GBC, as shown in Supplemen-
tal Material 1A. A total of 5 cohort studies and 11 case-control stud-
ies were included in the meta-analysis of cancer at this subsite. When
we analyzed the results according to the study design, statistically

significant positive associations were shown in both case-control
studies (OR, 9.60; 95% CI, 4.45 to 20.70; I* = 95.4%; p < 0.001) and
cohort studies (OR, 4.54; 95% CI, 2.62 to 7.87; I" = 72.5%; p=0.006).
The pooled risk estimate including case-control and cohort stud-
ies was also statistically significant (OR, 7.26; 95% CI, 4.33 to 12.18),
with high heterogeneity across the studies (I'=93.6%; p < 0.001).
Meta-analyses were stratified by diverse subgroups, as present-
ed in Supplemenary Material 2. Regardless of the subgroups, all
the results of meta-analyses were statistically significant with little
differences in the magnitude of risk estimates. However, some dif-
ferences in the risk estimates according to the subgroup analyses
were statistically significant, as follows: geographic areas in Asia
(OR, 12.72; 95% CI, 6.35 to 25.46; I" = 86.2%; p <0.001) versus non-
Asian areas (OR, 3.59; 95% CI, 2.68 to 4.81; I = 56.0%; p=0.026),
measurement of exposure with imaging studies (OR, 15.27; 95%
CI, 7.48 to 31.18; I’=76.9%; p=0.002) versus without imaging
studies (OR, 4.67; 95% CI, 3.29 to 6.61; I'=76.1%; p<0.001), and
adjustment for education (OR, 23.80; 95% CI, 17.00 to 33.32) ver-
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Table 2. Meta-analysis results for the association between the pres-
ence of gallstones and the risk of BTC by subgroups

Subgroup No. .Of OR R hztfecl)'ro—
studies (95% CI)! (%) .
geneity
All studies 26  4.38(3.23,5.93) 912 <0.001
Study design
Cohort study 7 3.17(2.28,439) 79.0 <0.001
Case-control study 19 5.04(336,7.56) 90.5 <0.001
Sex
Male 9 340(2.70,4.28) 358 0.132
Female 9 426(275659) 845 <0.001
Geographic area
Asia 15 525(3.50,7.86) 824 <0.001
Non-Asia2 1 3.58(2.17,591)  95.1 <0.001
Study period?
Before 2000 8 5.39(257,11.34) 955 <0.001
Around 2000 7 267(210,339 386 0.135
After 2000 7 521(213,12.74) 857 <0.001
No records 4  573(261,1261) 873 <0.001
Measurement of gallstones
Medical records with 8 7.09(3.87,12.98) 645 0.004
imaging studies
Medical records without 16 3.81(2.48,5.85) 939 <0.001
imaging studies
No records 2 347(2.88,4.18) 17.1 0.272
Study quality*
High NOS 14  399(2.85559) 756 <0.001
Low NOS 12 4.81(2.87,8.05) 949 <0.001
Adjustment for age, yes 21 3.71(266,5.16) 906 <0.001
Adjustment for sex, yes 20 3.92(2.77,5.55) 91.2 <0.001
Adjustment for 7 3.05(1.84,5.05 757 <0.001
comorbidities, yes
Adjustment for lifestyle 7 484(1.9511.98) 855 <0.001
factors, yes®
Adjustment for 1 942(3.56,2491) - -
education, yes
Adjustment for 4 734(2.28,23.62) 876 0.000

geographic areas, yes

BTC, biliary tract cancer; OR, odds ratio; Cl, confidence interval; NOS,

Newcastle-Ottawa scale.

'OR refers to a summary estimate of effects based on a random-effects

model.

*Non-Asia including USA and European areas.

3Study period was defined by the study’s starting point (a) and ending
point (b). Before 2000, (a) and (b) are both before 2000; around 2000,
(a) is before 2000 but (b) is after 2000; after 2000, (a) and (b) are both
after 2000.

“Quality scores greater than or equal to the median value were judged
as a high NOS (=7).

SAdjustment for lifestyle factors such as alcohol, smoking, body mass
index, etc.

sus the original summary risk estimates (OR, 7.26; 95% CI, 4.33
to 12.18; I =93.6%; p < 0.001).

8 | www.e-epih.org

With regard to gallstone characteristics, we found that the risk
of GBC was associated with gallstone size (> 1 vs. <1 cm: OR, 1.88;
95% CI, 1.10 t0 3.22; I = 35.2%; p=0.201) (> 2 vs. <2 cm: OR, 2.62;
95% CI, 0.90 to 7.60; I =73.8%; p=0.022) [28,30,31,40] and gall-
stone number (> 1 vs. 1: OR, 2.10; 95% CI, 0.80 to 5.47; I* = 63.8%;
p=0.096) [31,40].

Gallstones and the risk of extrahepatic bile duct
cancer

A total of 17 studies presented associations between the presence
of gallstones and the risk of EBDC in its broadest sense (a concept
embracing EBDC, EHC, CCA, and BDC), as shown in Supple-
mentary Material 1B. We identified 4 cohort studies and 13 case-
control studies that presented associations between the presence
of gallstones and the risk of EBDC. Among the 17 studies, 12 stud-
ies reported the risk of EBDC (or EHC), while the remaining 6 stud-
ies investigated the risk of CCA (or BDC) [23,35,37,42,44,46], with
1 study [46] describing the risk of both EBDC and CCA. The sum-
mary risk estimate for the association between gallstone presence
and the risk of cancer was stronger within the studies on EBDC
(or EHC) (OR, 2.87; 95% CI, 2.06 to 3.99; I'=95.0%; p <0.001)
than the studies on CCA (or BDC) (OR, 2.12;95% CI, 1.35 to 3.33;
I’=92.7%; p < 0.001) without statistical significance.

In the comprehensive meta-analysis of EBDC, when we ana-
lyzed the results according to the study design, a statistically sig-
nificant positive association was shown in both case-control stud-
ies (OR, 3.67; 95% CI, 2.26 to 5.95; I = 96.0%; p<0.001) and co-
hort studies (OR, 2.33; 95% CI, 2.00 to 2.72; I' = 21.4%; p=0.282).
The pooled risk estimate was also statistically significant (OR, 3.17;
95% CI, 2.24 to 4.50), with high heterogeneity across the studies
(I'=95.2%; p< 0.001).

In the subgroup meta-analyses, all results showed statistical sig-
nificance regardless of sex, geographic area, study period, meas-
urement of exposure, and study quality, as presented in Supple-
mentary Material 3. However, the differences between the magni-
tudes of the effect sizes did not have statistical significance in any
of the stratifications.

Gallstones and the risk of ampulla of Vater cancer
Five studies presented associations between gallstone character-
istics and the risk of AOVC. Among these studies, 1 study reported
the duration of gallstones [35], and all 5 studies reported the pres-
ence of gallstones [13,24,35,36,44]. Due to the limited number of
eligible studies, we only conducted a meta-analysis according to
the presence of gallstones, as shown in Supplementary Material
1C. The result still showed a significant association between the
presence of gallstones and the risk of AOVC (OR, 3.28;95% CI, 1.33
to 8.11; I'=93.3%; p<0.001). In the subgroup analyses, the mag-
nitudes of association were significantly higher in Asian studies
(OR, 7.23;95% CI, 2.49 to 21.00; I’ = 88.0%; p = 0.004) than in non-
Asian studies (OR, 1.57; 95% CI, 1.28 to 1.92; "= 0.0%; p=0.608)
and in studies that measured gallstones by an imaging modality
(OR, 7.23; 95% CI, 2.49 to 21.00; I’ =88.0%; p=0.004) than the
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studies that did not (OR, 1.57; 95% CI, 1.28 to 1.92; I’=0.0%;
p=0.608) (Supplementary Material 4).

Sensitivity analysis and publication bias

The sensitivity analyses for the relationships between the pres-
ence of gallstones and the risk of BTC are given as Supplementary
Material 5. We found similar results to those of the original meta-
analysis, with the same directions and magnitudes of effects (ORs
ranging from 3.96 to 4.72 and each OR with a 95% CI, embody-
ing the original OR, of 4.38) when we sequentially excluded every
study one by one. The funnel plots for the association between the
presence of gallstones and the risk of BTC by each subsite revealed
no evidence of publication bias (Supplementary Material 6). The
Egger test did not identify publication bias in the overall meta-anal-
ysis, including all the subsites of BTC (BTC: t=0.79, p=0.421;
GBC:t=1.98, p=0.068; EBDC: t=0.41, p=0.688; AOVC: t=1.13,
p=0.340) (Supplementary Material 6A-D).

DISCUSSION

Our systematic review and meta-analysis provided the most
comprehensive evidence to date on the associations between gall-
stones and the risk of BTC, including GBC, EBDC, and AOVC.
This study showed that the risks of GBC, EBDC, and AOVC in-
creased with gallstone presence, and statistically significant asso-
ciations were observed both in 7 cohort studies and in 19 case-
control studies. In terms of gallstone size and number, the meta-
analyses revealed that only size (>1 vs. <1 cm) was significantly
associated with the risk of GBC. Sensitivity analyses of studies re-
stricted according to the study quality or adjustments, as well as
sequentially excluding studies one by one, supported the stability
of the results.

Based on the meta-analysis results for the BTC subsites, specifi-
cally GBC and AOVC, a common trend of significantly stronger
summary effect sizes on the association between the presence of
gallstones and the risk of cancer was present in Asian studies and
studies that measured gallstones with various imaging modalities
(ultrasonography, computed tomography, magnetic resonance
imaging, and endoscopic retrograde cholangiopancreatography)
than among their counterpart groups (Supplementary Materials
2-4). This phenomenon should be further researched to under-
stand the reason for the difference between regions, and it under-
scores the importance of identifying solid evidence of gallstones
in the context of a preventive approach to BTC. In addition, the
summary risk estimate of GBC in accordance with gallstones’
presence, although statistically insignificant, was the strongest
among the subsites of BTC (Supplementary Materials 2-4), which
aligns with the settled consensus [5]. A gallbladder carrying larger
gallstones or crammed with multiple gallstones is already known
to increase the risk of GBC [10], and this finding was also verified
through our meta-analyses (Supplementary Material 7).

The previous reports that were reviewed altogether indicated
that having gallstones was associated with an increased risk of

BTC [26,36,48] and each subsite of BTC: GBC [24-27,29,32,33,
35-37,41,44,45,48,49], EBDC [12,24,26,32,34,36,38,39,41,43,46],
and AOVC [13,24,35,36,44], although some studies reported a
non-significant association [22,47]. Our study summarized the
results of these studies to obtain consistent results. However, the
definition of the presence of gallstones differed throughout the
studies because the criteria were obscure or varied regarding the
minimal required length of time between the establishment of
gallstone-having status and the diagnosis of BTC. Some studies
examined the presence of gallstones up to 1 year before the cancer
diagnosis [44,46], while others examined the presence of gallstones
up to 3 years [34,36] or more than 1 year [43] before the cancer
diagnosis. Two studies [48,49] even classified a lifetime history of
gallstones as the presence of gallstones. Similarly, there was a pau-
city of studies that reported the duration of the presence of gall-
stones [35], which hinders the identification of further implications
on the relationships between the presence of gallstones and the
carcinogenetic processes of BTC. The obscurity in definitions of
the presence of gallstones and the lack of additional information
on the attributes of gallstones, such as duration, may have con-
tributed to the high heterogeneity within our meta-analyses.
With respect to the high heterogeneity of the included studies
in our meta-analyses, no single factor among the study design, sex,
geographic area, study period, measurement of exposure, study
quality, and adjustments of confounders dramatically reduced the
heterogeneity in subgroup analyses. A notable finding is that a
cohort study design, male sex, and measurement of gallstones with
imaging studies slightly alleviated the heterogeneity in the main
analysis (Table 2). Similar trends were observed in the subsite
analyses (Supplementary Mateials 2 and 3). This finding implies
that the cohort studies adopting relatively objective methods for
gallstone measurement reported much more precise and stable
effect sizes. In the stratification by sex, wherein the degree of het-
erogeneity decreased in the studies that reported the outcomes of
only the male group, a possible explanation may be rooted in the
unique epidemiological nature of cholelithiasis and BTC, as female
sex and its related attributes (sex hormones, parity, and the num-
ber of pregnancies) are well-known risk factors for both diseases
[10]. Unlike male patients, female patients are impacted by addi-
tional potential confounders, which were mostly unadjusted in
previous studies. Thus, determining the association between the
presence of gallstones and the risk of BTC is much more complex,
and the effect size of each study may tend to vary substantially.
The biological mechanisms linking gallstones to the risk of BTC
are not well known. One hypothesis suggests that gallstones dropped
down from the upstream biliary tract might result in chronic in-
flammation of the bile duct epithelium as an underlying condition
for tumor development. That is, gallstones could lead to EBDC by
causing inflammation of the bile duct wall [11]. In addition, ap-
proximately 35% of patients with stones develop complications
such as cholecystitis or cholangitis [50], which may contribute to
carcinogenesis in the gallbladder or bile ducts. Another possible
hypothesis of the pathogenesis assumes that hormonal or repro-
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ductive factors might play a role in tumor development [51]. The
increased exposure to endogenous estrogen and progesterone
during pregnancy or exogenous estrogen seems to promote the
formation of biliary stones. Under hormonal exposure, cholester-
ol saturation of bile mounts, leading to impaired contractility of
the smooth muscles of the biliary tract [52]. Therefore, biliary sta-
sis and gallstone formation easily occur, which might be the key
steps in the process of carcinogenesis in the biliary tract [52]. Our
meta-analysis results are not contradictory to either of these hy-
potheses.

There are several limitations to this systematic review and me-
ta-analysis. First, we tried to capture the association between gall-
stones and the risk of BTC, thereby inevitably excluding some
other studies [53-56] that investigated the association between
gallbladder disease (or condition), not gallstones, and the risk of
BTC. Second, the definition of EBDC used in our study encom-
passed not only EBDC and its equivalent term, EHC, but also
CCA and its equivalent term, BDC. CCA (or BDC) is an overlap-
ping term with EBDC, as approximately 90% of CCA is EBDC,
but the remaining 8% to 10% comprises IBDC, which is usually
not a subsite of BTC [15,57]. Third, although we extracted the
risk estimates considering adjustments for potential confounders,
the scope of adjusted confounders varied across the studies,
which could have caused deviations in the meta-analysis results.
Finally, there was significant heterogeneity across the studies,
which might cast some doubts on the reliability of the summary
risk estimates. This high heterogeneity may have originated from
the obscurity in defining gallstones’ presence in previous studies,
as most studies lacked concrete information about the duration of
gallstones. This implies that the interval between the presence of
gallstones and the diagnosis of BTC is inconsistent among stud-
ies, leaving the same limitations for the meta-analyses. Therefore,
future research needs to implement clear criteria for gallstone
presence, assuming that differences in the definition are a plausi-
ble source of heterogeneity. Another reason for this phenomenon
is that our meta-analyses combined all eligible studies, which in
fact, had distinct natures. In our subgroup meta-analyses, the
groups that shared a common study design (cohort study), sex
(male), and measurement of exposure (imaging study) showed
less heterogeneity, respectively, compared to each of their coun-
terparts. Further research with a more sophisticated approach is
needed to narrow these specific groups to secure a lower level of
heterogeneity when synthesizing the risk estimates on the associa-
tion between gallstones and BTC.

Despite these limitations, our study has several strengths. To
the best of our knowledge, this study is the first systematic review
and meta-analysis of the associations between gallstone charac-
teristics and the risk of BT'C. Unlike a previous systematic review
[14], we reported the characteristics of gallstones (presence, size,
and number), not gallbladder disease as a whole, in association
with the risk of BTC. Moreover, we conducted meta-analyses strat-
ified by each subsite of BTC (GBC, EBDC, and AOVC) and other
diverse factors, including the study design, sex, geographic area,
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study period, measurement of exposure, study quality, and wheth-
er analyses were adjusted for various confounders. In this study,
we attempted to explore all the relevant studies and to reflect the
findings and achievements hitherto established to the greatest ex-
tent possible.

CONCLUSION

We found statistically significant associations between gallstones
and an increased risk of BT'C through systematic reviews and meta-
analyses. We verified that the presence of gallstones is a critical
risk factor for BTC as well as for GBC, EBDC, and AOVC. Our
study provides a better description of the association between
gallstones and the risk of BTC.

SUPPLEMENTARY MATERIALS

Supplementary materials are available at http://www.e-epih.

org/.
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