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Abstract

Objective Epidemiological evidences indicate that dia-
betic individuals may have an increased risk of several
cancers; however, the relationships between diabetes and
risk of cancers of biliary tract or its subsites remain
unclear.

Methods To provide a quantitative assessment of this
relationship, we identified studies by a literature search of
Medline (from 1 January 1966) and EMBASE (from 1
January 1974), through 31 July 2010, and by searching the
reference lists of pertinent articles. Summary relative risks
with corresponding 95% confidence intervals were calcu-
lated with a random-effect model.

Results Analysis of 21 studies (8 case—control and 13
cohort studies) found that diabetes was associated with an
increased risk of biliary tract cancer, compared with no
diabetes (summary RRs = 1.43, 95% CI = 1.18-1.72),
with significant heterogeneity among studies (p = 0.001).
The positive association was also found between diabetes
and risk of gallbladder cancer or extrahepatic cholangio-
carcinoma, but not cancer of ampulla of Vater. No signif-
icant publication bias was found.

Conclusion These findings strongly support the link
between diabetes and increased risk of cancer of biliary
tract and its subsites: gallbladder cancer or extrahepatic
cholangiocarcinoma, but not cancer of ampulla of Vater.
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Abbreviations
BTC Biliary tract cancer

GBC Gallbladder cancer

ECC Extrahepatic cholangiocarcinoma
AVC Cancer of ampulla of Vater

DM Diabetes mellitus

AORs Adjusted odds ratios

CI Confidence intervals

IGFs Insulin-like growth factors

SIR/SMR  Standardized incidence/mortality ratio
HR Hazard ratio

Introduction

Biliary tract cancers (BTCs) include a spectrum of invasive
adenocarcinomas: extrahepatic cholangiocarcinoma (ECC),
cancer of ampulla of Vater (AVC), and gallbladder cancer
(GBC). Every year, about 12,000 people were afflicted by
BTC in the United States [1], and in Shanghai, China, a
rapid increase was also seen in the incidence of BTC over
the last three decades [2]. Additionally, incidence rates of
GBC and ECC, the two common components of BTC, have
different variation trends: the incidence rates of GBC are
increasing, whereas the rates of ECC have been steady [3].
From a general viewpoint, prognosis of BTC is very poor,
and surgical resection is associated with 5-year survival
rates of 24-40% [4]. However, only about 20% of patients
are fortunate enough to undergo resection of their tumors
at the time of diagnosis [5]. To explore the effective
tools for the prevention of BTC, identification of epide-
miologic factors that influence the development of BTC
would facilitate prevention and/or early detection of this
disease.
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Unfortunately, due to the rarity and high fatality of BTC
or cancer of its subsites, little is known about their etiol-
ogies. To date, several risk factors, such as obesity, history
of gallstones or cholecystitis, and lifestyle-related factors,
have been suggested for GBC and ECC development [6-9].
However, most individuals who exposed to these known
environmental risk factors never develop these cancers; on
the other hand, quite a number of these cancers could
develop among individuals without exposure to these risk
factors.

The relationship between diabetes mellitus (DM) and
malignancies has long been investigated. Among these
studies, the most consistently reported associations are the
associations between DM and risk of liver cancer [10] and
pancreatic cancer [l11]. The hypothesized biological
mechanisms are related to the effect of insulin and insulin-
like growth factors (IGFs) on cellular growth and anti-
apoptosis, which are involved in the development and
progression of malignancies [12, 13]. With respect to the
association of DM and risk of BTC or cancer of its subsites,
most studies are compatible with a positive association. To
provide a quantitative assessment of the relationship
between DM and risk of BTC and cancer of its subsites, we
conducted a meta-analysis as a systematic approach to
review published studies evaluating the association
between DM and risks of BTC and cancer of its subsites.
We also evaluated whether the associations varied by sex
and by study design.

Materials and methods
Data sources and searches

A computerized literature search was conducted in Medline
(from 1 January 1966) and EMBASE (from 1 January
1974), through 31 July 2010, by two independent investi-
gators (H. Ren and T. Yu). We searched the relevant studies
with the following text word and/or Medical Subject
Heading (MeSH) terms: “diabetes mellitus,” “diabetes,”
“biliary tract cancer,” “extrahepatic cholangiocarcinoma,”
“gallbladder cancer,” “cholangiocarcinoma, cancer of
ampulla of Vater,” “epidemiologic studies.” Furthermore,
we reviewed citations from retrieved articles to search for
more studies. No language restrictions were imposed.

9 <

Study selection

Studies were included in this systematic review if (1) they
had a case—control or cohort design; (2) the interests of
outcome were BTC, AVC, ECC, and/or GBC; (3) relative
risk (RR) in cohort studies or odds ratio (OR) in case—
control studies and their 95% confidence intervals (CIs) (or
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data to calculate them) were reported. If data were dupli-
cated in more than one study, the most recent study was
included in the systematic review. This resulted in the
exclusion of one article from our systematic review [14].
Articles or reports from non-peer-reviewed sources were
also not considered for this analysis.

Data extraction

Two researchers independently extracted the following
data from each publication: the first author’s last name,
year of publication, country where the study was per-
formed, study design, ascertainment of interest of exposure
and outcome, sample size (cases and controls or cohort
size), variables adjusted for in the analysis, and the RR
estimates with corresponding 95% Cls. From each study,
we extracted the risk estimates that reflected the greatest
degree of control for potential confounders. If studies
reported both incidence rate and mortality rate, we
extracted the incidence rate, since mortality rate could be
confounded by survival-related factors.

Statistical analysis

We included in this systematic review reporting different
measures of relative risks: case—control studies (OR),
cohort studies (rate ratio, hazard ratio), and cohort studies
of diabetic patients using external population comparisons
(standardized incidence ratio, SIR). In practice, these
measures of effect yield similar estimates of RR because
the absolute risk of BTC or cancer of its subsites is low.
We did not include the study with standardized mortality
ratio (SMR) [15] in the calculation of a summary measure.

Summary relative risk estimates with their correspond-
ing 95% CIs were calculated with the methods of DerSi-
monian and Laird by the use of the assumptions of a
random-effects model that considers both within- and
between-study variation [16]. If studies that reported rela-
tive risks specific for both sexes, respectively, we calcu-
lated a pooled RR and its corresponding 95% CI. If the
association between DM and risk of cancer of subsites of
biliary tract were reported together, we first analyzed
together (as RR estimates for BTC) and then separately (as
RR estimates for cancer of its subsites). Statistical heter-
ogeneity among studies was evaluated using the Q and I*
statistics [17]. For the Q statistic, a p value of less than 0.10
was considered representative of statistically significant
heterogeneity. I* is the proportion of total variation con-
tributed by between-study variation.

We conducted analyses stratified by study design, gen-
der, and geographic area, and we also evaluated the impact
of adjustment for smoking and body mass index (BMI) on
the association between diabetes and the risk of BTC or
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GBC. To assess the potential publication bias, we used a
funnel plot by the Begg’s adjusted rank correlation test and
by the Egger’s regression test [18, 19]. All statistical
analyses were performed with STATA, version 11.0
(STATA, College Station, TX, USA). A two-tailed
p value < 0.05 was considered to be significant.

Results
Study characteristics

There were 21 studies included in this systematic review
(Tables 1, 2). The continents or countries in which the
studies were conducted were as follows: Asia (n = 8), the
United States (n = 7), and Europe (n = 6).

The eight case—control studies reported a total of 1,874
cases with BTC or cancer of its subsites; among these 1,874
cases, 320 patients with diabetes were reported (Table 1),
whereas among 165,861 control subjects, a total of 25,387
subjects having diabetes were reported. Control subjects
recruited were originated from a population-based [7, 20, 21]
or hospital-based setting [8, 22-25]. Diabetes status was
ascertained by self-reported history of DM or hospital
records in all studies. Diagnosis of BTC or cancer of its
subsites was based on histological methods in four studies [8,
22,23,25] and on a review of medical records or diagnostic
codes in three studies [7, 20, 24]. Ascertainment of outcome
was based on histological methods or medical records in
another one study [21]. Adjustments were made for potential
confounders of one or more factors in seven of eight studies,
with the exception of one study [8].

We identified 13 prospective cohort studies that reported
an association between diabetes and risk of BTC or cancer
of its subsites (Table 2). Among these 13 studies, eight
were cohort studies, using incidence and/or mortality rate
ratios as the measure of relative risk, and five were diabetic
cohorts, using SIR/SMR as the measure of relative risk.
The former eight cohorts included 5,218,193 subjects;
among them, 1,054,564 subjects with diabetes, and the
latter diabetic cohorts included 276,782 participants (range:
1,135-153,852) with diabetes. These 13 cohort studies had
a median duration of follow-up of 10 years (range:
2.3-20 years), reporting a total of 2,493 incident cases of
BTC or cancer of its subsites. The methods of DM ascer-
tainment were on the basis of self-reported history of DM
or blood glucose levels test in most studies, except for two
studies in which the ascertainment of DM was based on
registry of disease [26, 27]. The ascertainment of outcome
was based on cancer registry in all studies, with the
exception of one study in which GBC diagnosis was made
by histological evaluation [28]. Potential confounders were
controlled in all studies.

Diabetes and risk of BTC

We identified two case—control studies [21, 23] and seven
cohort studies [27, 29-34] that presented results on dia-
betes and risk of biliary tract cancer. Another diabetic
cohort study reported results with SMR [15]. Of these, five
studies did not find an increased risk of BTC in patients
with diabetes [21, 23, 31-33], and in another five studies,
positive relationships were found [15, 27, 29, 30, 34].

In analysis of all these nine studies that reported relative
risk of DM and BTC, the summary RRs and corresponding
95% CIs were 1.43 (95% CI 1.18-1.72) in a random-effects
model for those with diabetes compared with those without
diabetes. There was statistically significant heterogeneity
among studies (Q = 22.71,p = 0.001, 2 = 71.1%) (Fig. 1).

We then conducted subgroup meta-analyses by sex,
geographic area, and study design (Table 3). Six studies
provided results on cancer incidence stratified by sex and
found that diabetic males had an increased risk of developing
BTC (summary RRs = 1.31; 95% CIs 1.17-1.47; test for
heterogeneity, Q = 2.72, p = 0.743, P = 0), which was
similar in diabetic females (summary RRs = 1.29; 95% Cls
1.13-1.46; test for heterogeneity, Q = 3.74, p = 0.442,
I? = 0% vs. males, z = 0.18, p = 0.86). In addition, sum-
mary RRs of the associations between diabetes and BTC risk
were significantly higher for studies conducted in non-Asia
(the United States and Europe) than in Asia [summary RRs
(95% CI), 1.66(1.26-2.19) vs. 1.23 (1.11-1.37); z = 1.99,
p = 0.047]. Lastly, a positive association between DM and
BTC risk was found in cohort studies (summary
RRs = 1.42; 95% ClIs 1.16—-1.74), and a positive, but non-
significant association was found in case—control studies
(summary RRs = 1.50; 95% CIs 0.72-3.13).

Body mass index (BMI) and smoking status are two of the
most important confounders for the positive association
between diabetes and BTC risk. When we limited the meta-
analysis to the four studies that controlled for BMI [21, 32—
34], a positiv e association but not significant between dia-
betes and BTC risk was found (summary RRs = 1.46; 95%
CIs 0.88-2.42, test for heterogeneity Q = 6.30, p = 0.098,
P? = 52.4%). Similarly, when the meta-analysis was
restricted to the studies controlled for smoking [31-34], an
increased but not significant risk of BTC was also found for
history of DM (summary RRs = 1.39; 95% CIs 0.89-2.19,
test for heterogeneity Q = 17.78, p < 0.001, I* = 83.1%).

Diabetes and risk of cancer of subsites of biliary tract
DM and GBC risk
Individual study results and the summary results for four

case—control studies [20, 21, 24, 35] and seven cohort
studies [28, 29, 33, 34, 36-38] of diabetes and GBC risk
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Studies RR (95%Cl)
Case-control studies E
Kahan/1999 — 1.86 (0.57.6.03)
Shebl /2010 —_— 1.31(0.51.3.34)
Subtotal (-squared = 0.0%. p = 0.649)  ~f 1 = 1.50 (0.72.3.13)
Cohort studies E
Wideroff / 1997 — 1.40 (1.15.1.70)
Jee/2005 o 1.22 (0.98. 1.52)
Inoue/ 2006 —_— 1.15 (0.42. 3.10)
Khan/2006 — 0.80 (0.32. 1.98)
Jamel/2009 | —.— 2.13 (1.78. 2.56)
Chen/2010 - 1.24 (1.10. 1.41)
Adami /1996 —— 1.51(1.17.1.95)
Subtotal (-squared = 78.2%. p = 0.000) <> 142 (1.16.1.74)
\
Overall (-squared =71.1%. p = 0.001) <> 143 (1.18,1.72)
T

0.K5 1 5
Relative Risk

Fig. 1 Forest plot of risk of biliary tract cancer associated with
diabetes. Test for heterogeneity among studies: p = 0.001, > = 71.1%

are shown in Fig. 2. Three of these eleven studies found a
statistically significant positive association between dia-
betes and GBC risk (range of individual RRs, 0.57-2.63;
summary RRs for all 11 studies 1.52, 95% ClIs 1.26—1.84).
There was no significant heterogeneity among studies
(p = 0.141, > = 32.2%).

Subgroup meta-analyses by study design indicated that
the positive association was statistically significant among
both cohort studies (summary RRs = 1.49, 95% ClIs:
1.19-1.86, p = 0.129 for heterogeneity) and case—control
studies (summary RRs = 1.63, 95% ClIs: 1.07-2.47,
p = 0.254 for heterogeneity) (Table 3). One case—control
study [21] and five cohort studies [28, 29, 33, 36, 37]
presented results specific for sex, and we found an
increased risk of GBC in diabetic females (vs. non-diabetic
females) but not in diabetic males (vs. non-diabetic males).
The association between diabetes and GBC risk was
significantly positive in studies conducted in non-Asia
(summary RRs = 148, 95% CI: 1.19-1.85, p = 0.107
for heterogeneity), but not in Asia (summary RRs = 1.61,
95% CI: 0.98-2.62, p = 0.194 for heterogeneity).

When we limited the meta-analysis to studies that con-
trolled for BMI[20, 21, 24, 33, 34, 36], a positive association
between diabetes and GBC risk was found (summary RRs
1.65, 95% CIs 1.22-2.23, p = 0.083 for heterogeneity).
Lastly, when restricting the meta-analysis to the studies that
controlled for smoking [20, 24, 29, 33, 34, 36], we found an
increased risk of GBC in diabetic individuals, compared with
those with no diabetes (summary RRs 1.45, 95% ClIs
1.16-1.82, p = 0.082 for heterogeneity).

Diabetes and risk of ECC

We identified four case—control studies [7, 8, 21, 25] and
three cohort studies [26, 29, 34] that presented results on

diabetes and ECC risk, and the summary RRs of ECC were
1.59 (95% CI 1.26-1.99; p = 0.011 for heterogeneity) in a
random-effects model for those with diabetes compared
with those without diabetes (Fig. 3). Because only one
study reported results specific for gender [29], we stratified
data into subgroups according to study design and geo-
graphic area. A positive association was found among both
cohort studies (summary RRs, 1.54; 95% CI 1.06-2.23)
and case—control studies (summary RRs, 1.62; 95% CI
1.05-2.49). In addition, the summary estimates were sig-
nificant for studies conducted in non-Asia (summary RRs
1.55, 95% CI 1.24-1.95; p = 0.022 for heterogeneity) but
not in Asia (summary RRs 1.62, 95% CI 0.74-3.57;
p = 0.038 for heterogeneity) (Table 3).

Diabetes and risk of AVC

Two studies [21, 29] presented results on the association
between DM and AVC risk (data not shown). One [29]
reported a statistically significant positive association, and
the other [21] observed a non-statistically significant
association. When the two studies were pooled, a positive,
but non-significant association between diabetes and AVC
risk was found (summary RRs 1.60, 95% CI 0.60—4.22, test
for heterogeneity p = 0.146).

Publication bias

The funnel plot revealed no evidence for publication bias
concerning diabetes and risk of BTC and cancer of its
subsites. p Values for Begg’s adjusted rank correlation test
and Egger’s regression asymmetry test were 0.61 and 0.82,
respectively, both suggesting that publication bias probably
has little effect on summary estimates (Fig. 4).

Discussion

This review indicates that compared with non-diabetic
individuals, diabetic individuals (largely type two diabetes)
may have an approximately 50% increased risk of devel-
oping BTC and similarly increased risk for ECC or GBC is
also found. Nevertheless, we find no significant association
between diabetes and AVC risk.

To date, this is the first systematic review to compre-
hensively and systematically evaluate the observational
studies that report a link between type 2 DM and risk of
cancer of bile tract or its subsites. In the present study, we
included a large number of studies; thus, we could assess
the association according to sex and cancer subsites with
high precision, avoiding insufficient statistical power to
detect some relationships in the individual studies due to
small sample sizes.
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Table 3 Summary relative risks for the association between diabetes and biliary tract cancer and cancer of subsite by study characteristics

Subgroup References Relative risk (95% CI) Tests for heterogeneity
0 P P (%)
BTC
Geographic region
Asia [21, 23, 27, 31-33] 1.23 (1.11-1.37) 1.38 0.926 0
Non-Asia [29, 30, 34] 1.66 (1.26-2.19) 10.53 0.005 81.0
Sex
Male [27, 29-33] 1.31 (1.17-1.47) 2.72 0.743 0
Female [27, 29, 30, 32, 33] 1.29 (1.13-1.46) 3.74 0.442 0
Study design
Case—control study [21, 23] 1.50 (0.72-3.13) 0.21 0.649 0
Cohort studies [27, 29-34] 1.42 (1.16-1.74) 27.48 0.000 78.2
Adjustment for BMI [21, 32-34] 1.46 (0.88-2.42) 6.30 0.098 524
Adjustment for smoking [31-34] 1.39 (0.89-2.19) 17.78 0.000 83.1
GBC
Geographic region
Asia [21, 24, 33, 37] 1.61 (0.98-2.62) 4.72 0.194 36.4
Non-Asia [20, 28, 29, 34-36, 38] 1.48 (1.19-1.85) 9.06 0.107 44.8
Study design
Case—control study [20, 21, 24, 35] 1.63 (1.07-2.47) 4.07 0.254 26.3
Cohort studies [28, 29, 33, 34, 36-38] 1.49 (1.19-1.86) 9.9 0.129 39.4
Sex
Male [21, 28, 29, 33, 36, 37] 1.26 (0.99-1.62) 1.09 0.955 0
Female [21, 28, 29, 33, 36, 37] 1.37 (1.16-1.61) 1.84 0.871 0
Adjustment for BMI [20, 21, 24, 33, 34, 36] 1.65 (1.22-2.23) 9.73 0.083 48.6
Adjustment for smoking [20, 24, 29, 33, 34, 36] 1.45 (1.16-1.82) 9.78 0.082 48.9
ECC
Geographic region
Asia [8, 21, 25] 1.62 (0.74-3.57) 6.55 0.038 69.5
Non-Asia [7, 26, 29, 34] 1.55 (1.24-1.95) 9.65 0.022 68.9
Study design
Case—control study [7, 8, 21, 25] 1.62 (1.05-2.49) 7.31 0.063 59.0
Cohort studies [26, 29, 34] 1.54 (1.06-2.23) 8.71 0.013 77.0

CI confidence interval, BMI body mass index, BTC biliary tract cancers, ECC extrahepatic cholangiocarcinoma, GBC gallbladder cancer

Although the absolute risks of BTC are low among
diabetic individuals, our results have important clinical and
public health significance. This is due to the following
reasons. Initially, DM is a very common disease; in the past
two decades, the prevalence of DM has been elevated
markedly in both developed countries and developing
countries [39, 40]. Second, the incidence and mortality
rates of BTC have been on the rise worldwide, although
malignancies of the biliary tract are less common. For
example, in Shanghai, China, biliary tract cancer was the
most rapidly increasing malignancy from 1972 to 1994,
with an increase in incidence of 119% in men and 124% in
women [41].

There are several potential limitations that should be
considered. First, case—control studies are susceptible to

@ Springer

recall and selection biases; cohort studies might be affected
by detection bias because patients with diabetes are under
increased medical surveillance and thus might be more
likely to be diagnosed as BTC. These biases may distort the
true effects. Second, most of the studies included in this
manuscript did not distinguish between type 1 and type 2
diabetes. So, some degree of misclassification of exposure
to diabetes is likely to have occurred. This non-differential
misclassification would tend to attenuate the magnitude of
the association between diabetes and BTC risk. However, it
is likely that the vast majority of individuals with diabetes
included in these studies had type 2 diabetes, because this
disease is by far the most common form particularly in
older individuals. Third, confounding is also likely to be
present,because history of DM may also reflect other
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Fig. 2 Forest plot of risk of gallbladder cancer associated with
diabetes. Test for heterogeneity among studies: p = 0.141,7 = 32.2%
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Fig. 3 Forest plot of risk of extrahepatic cholangiocarcinoma
associated with diabetes. Test for heterogeneity among studies:
p=0011, P = 63.9%

factors related to an unhealthy lifestyle, such as smoking,
heavy alcohol consumption, and obesity. Such unhealthy
lifestyles have generally been associated with an increased
risk of cancer. Although most studies controlled for these
lifestyle factors, the possibility of residual confounding
cannot be completely excluded. Thus, the observed
increased risk of BTC associated with a history of diabetes
may reflect confounding by these risk factors. However, a
positive association between diabetes and BTC or gall-
bladder cancer risk remained when we limited the meta-
analysis to studies that controlled for BMI or smoking.
Finally, as in any meta-analysis, the possibility of publi-
cation bias is of concern, because small studies with null
results tend not to be published. However, the results
obtained from funnel plot analysis and formal statistical
tests did not provide evidence for such bias.

s.e. of: log[ RR]

Fig. 4 Funnel plot of all studies evaluating the association between
diabetes and biliary tract cancer and cancer of its subsites. Begg’s
regression asymmetry test (p = 0.61)

A relationship between diabetes and risk of bile tract
cancer is biologically plausible. Type 2 diabetes is asso-
ciated with insulin resistance, compensatory hyper-insuli-
nemia, and up-regulated level of insulin-like growth factors
(IGFs). IGFs may stimulate growth through cellular pro-
liferation and inhibition of apoptosis within the cholan-
giocytes [42]. An important role of IGFs in the
carcinogenesis of cholangiocytes is supported by in vitro
and in vivo studies [43]. Additionally, in some, but not all,
studies, diabetes has been independently associated with an
increased risk of biliary stones [21, 44], which are one of
the major risk factors for BTC, especially for GBC. In the
study from China, Shebl et al. [21] found that diabetes was
associated with a twofold risk of biliary stones, and about
60% of the effect of diabetes on biliary tract cancer was
mediated by gallstones. The authors also found that dia-
betes was related to several key factors important in the
process of stone formation [21, 45]. In line with these
investigation, Biddinger et al. [46] also found that insulin
resistance might result in increased production of biliary
cholesterol and lithogenic bile salt, which directly pro-
moted the formation of gallstones.

Type 2 diabetes and bile tract cancer or gallbladder
cancer share similar risk factors, including cigarette
smoking and obesity(BMI > 30) [8, 47]. So, the observed
positive associations between these cancers and a history of
diabetes may reflect confounding by the two risk factors.
When we limited the meta-analysis to studies which were
adjusted for the two risk factors, a positive association
between diabetes and GBC risk remained. However, the
magnitude of the association between diabetes and BTC
risk has been attenuated and is not significant. This indi-
cated an effect of confounding may be existed.
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By subgroup analysis, significantly positive associations
between diabetes and risk of GBC and ECC were found for
studies conducted in non-Asia but not in Asia. Similarly,
summary RRs of the associations between diabetes and
BTC risk were significantly higher for studies conducted in
non-Asia than in Asia (p = 0.047). These results may
reflect the differences in ethnic and lifestyle between the
West and the East.

In summary, the results from this systematic review
strongly support an association between diabetes and
increased risks of cancer of biliary tract or its subsites in
both women and men. However, the possibility that the
association may be due to bias or confounding cannot be
ruled out. More research, both epidemiological and
mechanistic, is needed to further clarify the association
between diabetes and risk of cancer of bile tract or its
subsites.

Conflict of interest There are no potential conflicts of interest
among all authors.
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