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ABSTRACT

Background and objective: This meta-analysis was performed to assess the association
between vegetable and fruit (VF) consumption and biliary cancer risk.

Method: Relevant studies were identified by a search of MEDLINE and Embase databases.
The summary relative risks (RRs) with 95% confidence intervals (Cls) for the highest vs. low-
est consumption and dose-response analyses were assessed.

Results: Fourteen studies were eligible. The summary RRs associated with the risk of biliary
cancer for the highest vs. lowest were 0.48 (n=10; 95% Cl: 0.22-0.74; Q= 68.27, Ppeterogeneity
< 0.001, P = 86.8%) for vegetable consumption and 047 (n=13; 95% Cl: 0.32-0.61;
Q=32.68, Pheterogeneity = 0.001, P = 63.3%) for fruit consumption. Dose-response associa-
tions were analyzed for every 100 gram/day increment: for vegetable (n=8; RR = 0.31,
95%Cl: 0.20-0.47; Phon-linearity = 0.35) and for fruit (n=8; RR = 0.89, 95%Cl: 0.66-1.18;
Pron-linearity = 0.20). There was no publication bias among studies (Pgegq = 0.53, Pegger =
0.84 for vegetable; Pgegg = 0.95, Pegger = 0.64 for fruit).

Conclusion: This meta-analysis indicated that VF consumption may significantly reduce the
risk of biliary cancer. Further well-designed prospective studies are warranted to confirm
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our findings.

Introduction

Biliary cancers, including gallbladder cancer (GBC),
intrahepatic cholangiocarcinoma (ICC) and extrahe-
patic cholangiocarcinoma (ECC), are relatively rare
but highly lethal malignancies (1-3). Despite the glo-
bal incidence rates of biliary tract cancers are low;
geographical (1,4).
Although gallstone disease, primary sclerosing cholan-
gitis, and biliary tract infection have been identified as
the risk factors of biliary cancer (5,6), the exact eti-
ology remains largely unknown.

Vegetable and fruit (VF) consumption may have
protective effects against several types of cancer. The
World Cancer Research Fund/American Institute for
Cancer Research reported in 2018 that VF may prob-
ably reduce the risks of cancer in the mouth, pharynx,
larynx, nasopharynx, esophagus, lung, stomach, breast
and bladder (7). Moreover, there is evidence that VF
consumption is associated with a reduced risk of total
cancer incidence and mortality (8). Regarding biliary

there are notable variations

cancer, it is generally accepted the fact that higher
intake of VF is beneficial for cancer prevention
because of the putative anticarcinogenic and antimuta-
genic micronutrients including vitamin C, vitamin E,
folate, carotenoids and flavonoids (9). Prior studies
investigating associations between VF consumption
and biliary cancer have yielded inconsistent or incon-
clusive results (9-22). Some studies showed an inverse
correlation between VF and risk of biliary cancer
(9-11,13-15,18,21,22), whereas others failed to dem-
onstrate such an association. The lack of consistency
across studies may be due to small sample size, differ-
ences in the study populations and methodological
designs, or variation in quantity of VF consumption,
thus limiting the ability to detect modest associations
and to perform analyses individually by anatomic site.
Previous meta-analyses only reported data concerning
cholangiocarcinoma within Thailand and almost
exclusively assessed ever vs. never VF consump-
tion (23,24).
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Knowledge of VF consumption as a potential pro-
tective factor would allow positive prevention for
patients with a high risk of developing biliary cancer
and would be helpful for exploring intervention strat-
egies. To investigate the association between VF and
biliary cancer, we performed a meta-analysis of pub-
lished studies following the meta-analysis of observa-
tional studies in epidemiology guidelines (25).

Methods
Search Strategy and Data Extraction

Two investigators (Ye XH and Huai JP) independently
performed a computerized search of MEDLINE (from
one January 1966 to 31 May 2020) and Embase (from
one January 1974 to 31 May 2020) databases to identify
potentially relevant articles. The following search terms
were used: “fruit”, “fruits”, “vegetable”, “vegetables”,
“diet”, “dietary”, “food” and “foods” combined with
“biliary cancer”, “bile duct cancer”, “gallbladder cancer”
and “cholangiocarcinoma”. Manual searches on the bib-
liographies of all potential articles were also conducted
to identify additional studies relevant to the review.
Only citations from English-language literature were
included. Studies were included if they met the follow-
ing inclusion criteria: (1) case-control or cohort design
and published in manuscript form; (2) vegetable and/or
fruit included as an exposure of interest; (3) biliary
cancer included as an outcome of interest; (4) studies
reported relative risks (RR) or odds ratios (OR) and
their corresponding 95% confidence intervals (CI). If
multiple reports based on the same population were
retrieved, the most informative study was selected.
Studies were excluded if: (1) the definition of biliary
cancer was not specified; (2) data were not meta-
analyzable (i.e., letter, review, practice guideline, editor-
ial, case report, consensus statement, etc.); or (3)
duplicated reports. Moreover, we used studies that eval-
uated fruit or vegetable groups classified as “all” or
“total”. Also, we included studies that reported “fresh
fruit” or “cooked vegetables”, because fresh fruit or
cooked vegetables accounts for a large proportion of
the total consumption (26). Exposures were excluded
while presented as green-yellow vegetables, green leafy
vegetables, other vegetables, citrus fruit, or other spe-
cific types of fruits.

Data were independently extracted by two authors
(Ye XH and Huai JP) using a standardized data collec-
tion form. For each eligible study, the following data
were extracted: first author’s last name, publication
year, region of the study population, study design, num-
ber of subjects, dietary data ascertainment, variables

adjusted in the analysis, and RR with corresponding
95% CI for the highest vs. the lowest level. When differ-
ent types of adjusted RRs were presented, we extracted
the one that controlled for the most confounders. If RR
was not reported, it was calculated using the original
data (number of case and control subjects exposed to
VF) from the study. Any disagreement was resolved
by consensus.

Assessment of Study Quality

The well-established, validated Newcastle-Ottawa scale
(NOS) was used for assessing the quality of the
included studies (27). It allocates a maximum of nine
points according to three categories: (1) patient selection
(three items); (2) comparability of the two study arms
(two items); and (3) assessment of outcome (two items).
Studies with 7-9 points were considered of high quality,
studies with 5-6 points were considered of moderate
quality, and studies with 0-4 points were considered of
poor quality. The NOS score was assessed independ-
ently by two reviewers. Discrepancies were resolved
through discussion between the reviewers.

Statistical Analysis

Different measures of RR were included in this meta-
analysis: case-control studies (OR) and cohort studies
(RR). Because clinical heterogeneity existed among the
definitions of exposure, we calculated the summary
RRs with their corresponding 95%ClIs for the compari-
son between the study-specific highest category of con-
sumption vs. the lowest using a random-effects model
(28). Heterogeneity was evaluated using the Q-statistic
and quantified using I°. For the Q test, P<0.10 was
considered to imply statistical heterogeneity. I is the
proportion of total variation contributed by between-
study variation. We conducted further analyses strati-
fied by study design, geographic region, source, cancer
type by anatomic site and adjustments for smoking and
alcohol intake. Publication bias was evaluated using
Begg’s funnel plot and Egger’s test (29,30).

For dose-response analysis, we used a one-stage
robust error meta-regression model described by Xu
and Doi (31). Estimates of RRs with 95% ClIs for at
least two categories of VF consumption were required.
The mean or median VF consumption for each cat-
egory was assigned to the corresponding RR for indi-
vidual study. When the data were not provided, the
midpoint of the upper and lower boundaries in each
category was assigned as the average consumption. If
the lowest category was open-ended, we assumed the



lowest boundary to be 0 (32). When the highest cat-
egory was open-ended, the value is 1.5 times the low
end of the interval (33). For studies that reported
results by frequency (10-12,14,16,18-20), we defined a
time or a serving size or a portion equal to 80 gram
for vegetables and 100 gram for fruit according to
previous studies (26,34).

All analyses were performed using STATA software
(version 12.0; College Station, Texas, USA). A P value
of < 0.05 was considered to be statistically significant.

Results
Study Identification and Characteristics

A total of 735 unique citations were retrieved based on
the search strategy, and 708 were excluded by inspection
of the titles or abstracts because they were reviews, experi-
mental studies, meta-analyses, and other irrelevant articles.
Of the remaining 27 articles, 13 articles were subsequently
excluded from the meta-analysis: six reported irrelevant
exposures, five were not meta-analyzable, one did not
evaluate the association between VF and biliary cancer
(35) and one was based on the same cohort (24). As a

735 potentially relevant
citations were initially
retrieved

A 4

27 articles were eligible
for further evaluation

v

14 articles finally included
*12 case-control

*1 nested case-control

*1 prospective

Figure 1. Flow chart of the study selection.
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result, 14 studies (12 case-control, 1 nested case-control,
and one prospective studies) were identified in this meta-
analysis (Figure 1) (9-22).

The characteristics of the included studies are listed
in Table 1. The 14 studies were published between 1989
and 2020 and were performed in 8 countries. Of the 14
studies, 10 were conducted in Asia (9-11,14,16,18-22), 3
in Europe (12,13,17), and 1 in South America (15).
There were a total of 1858 cases with GBC, 1034 cases
with CC and 195 cases with biliary tract cancer (BTC).
Adjustments were made for potential confounders of
one or more factors in 10 of 14 studies. The qualities of
the included studies were shown in Table 2.

Vegetable Consumption and Biliary Cancer

Ten studies showed the results for the highest vs. low-
est consumption (9,12-14,16-18,20,24). Study data
collection occurred from 1995 to 2020. The summary
RR associated with vegetable consumption was 0.48
(95%CI: 0.22, 0.74) (Figure 2A). There was significant
heterogeneity among studies (Q=68.27, Pheterogeneity
< 0.001, P = 86.8%).

(

708 were excluded because they
were reviews, experimental studies,
meta-analyses, and other irrelevant
articles

6 reported irrelevant exposures

5 were not meta-analyzable

1 did not evaluate the association
between VF and biliary cancer

1 was based on the same cohort
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Table 2. Methodological quality of included studies.

Selection

Comparability

Assessment of outcome

&
=2

Author Ic Id

o

Ib lla b lic NOS score

Kato et al. 1989 * *

Parkin et al. 1991
Negri et al. 1991
Moerman et al. 1995
Chernrungroj et al. 2000
Serra et al. 2002
Honjo et al. 2005
Nakadaira et al. 2009
Songserm et al. 2012
Jain et al. 2012
Manwong et al. 2013
Tamrakar et al. 2016
Makiuchi et al. 2017
Mhatre et al. 2020

¥ O K X X X X X X X ¥ ¥
EEE SR R S S R * ¥
* Ok XK X X K K X

KK XK K K K XK X X K X X KX K

* oK K X X ¥
* K X X X

*

* * *

EE I * X X X ¥

00 00 N 00 00 N N N0 000w

* ¥

*
*

¥ O XK X K K X X X X X X X
¥ O XK X X X X X X X X X X
*

*

(o]

For case-control studies: (la) indicates cases with independent validation; (Ib) indicates consecutive or representative cases; (Ic) indicates community con-
trols; (Id) indicates controls with no history of biliary cancer ; (lla) indicates that study controls were comparable for age and sex; (llb) indicates that
study controls were comparable on all additional factor(s) reported; (llla) indicates that the same method of ascertainment was used for cases and con-
trols; (lllb) indicates that assessment of exposure was from a secure record; and (llic) indicates that the non-response rate was similar in both groups.
For cohort studies: (la) 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 biliary
cancer was not present at start of study; (lla) indicates that the cohorts were comparable for age and sex; (llb) indicates that the cohorts were compar-
able on all additional factor(s) reported; (llla) indicates that biliary cancer was assessed from a secure record; (lllb) indicates that follow-up was long
enough for biliary cancer to occur; and (llic) indicates that follow-up was complete. NOS: Newcastle-Ottawa score.

For dose-response analysis, eight studies were
included (9,10,12-14,16,18,20) and there was no evi-
dence of a nonlinear dose-response association between
vegetable consumption and biliary cancer (Pphon-linearity
= 0.35). As shown in Figure 3A, the risk of biliary can-
cer decreased by 69% (RR = 0.31, 95%CI: 0.20-0.47,
P <0.001) for every 100-gram increment per day in
vegetable consumption.

Fruit Consumption and Biliary Cancer

Thirteen studies investigated the association between fruit
and the development of biliary cancer (Figure 2B)
(9-12,14-22). Study data collection occurred from 1989 to
2020. Meta-analysis of 13 studies associated with the high-
est vs. lowest fruit consumption showed an inverse associ-
ation of developing biliary cancer (RR = 0.47; 95% CL:
0.32-0.61). Significant heterogeneity was detected among
studies (Q = 32.68, Pheterogencity = 0-001, > = 63.3%).

Dose-response analysis was achieved by including 8
studies (Figure 3B) (9,11,12,14,16,18-20). The summary
RR per 100-gram increment per day was 0.89 (95% CI:
0.66-1.18, P=10.35) with a linear association between
fruit and biliary cancer risk (Ppon-iinearity = 0.20).

Subgroup Analysis

The summary RRs of subgroup analyses based on a
number of study characteristics are presented in Table 3.
For high vs. low consumption of vegetables, the meta-
analytical results remained significant in all subgroup
analyses. In addition, subgroup analyses according to

region, source and cancer type reduced or eliminated
the heterogeneity of association between vegetable and
biliary cancer.

In subgroup analyses for high vs. low consumption
of fruit, there were statistically inverse associations for
biliary cancer risk in most of the strata except for
region (Europe). Also, fruit consumption was signifi-
cantly associated with reduced risk of different sub-
types of biliary cancer (GBC, CC and BTC).

We also limited the analysis to studies that adjusted
for smoking and alcohol intake. The summary RRs
did not significantly change for both vegetable and
fruit consumption.

Publication Bias

There is no evidence of significant publication bias
(Ppegg = 0.53 and Pggge, = 0.84 for vegetable; Ppegy =
0.95 and Prgger = 0.64 for fruit), indicating that publi-
cation bias probably had little effect on summary esti-
mates (Figure 4).

Discussion

To the best of our knowledge, this systematic review
and meta-analysis is the most comprehensive to sum-
marize recent studies investigating the relationship
between consumption of VF and risk of biliary cancer.
We included 14 studies with a total sample size of
1858 cases with GBC, 1034 cases with CC and 195
cases with biliary tract cancer (BTC) (9-22). Our
main finding was that higher consumption of VF was
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A
Study RR (95% CI) Weight (%)
i
Kato et al. 1989 —“—'E_ 0.37(0.19,0.75) 1432
Negri et al. 1991 * 0.50(0.20,1.20) 10.49
Moerman et al. 1995 B 0.40 (0.20,0.80)  13.97
Chernrungroj et al. 2000 = i 0.06 (0.02,0.14) 17.03
Honjo et al. 2005 i > 1.48 (0.62,3.51) 2.71
Nakadaira et al. 2009 : = > 1.50(0.29,8.92) 0.35
Songserm et al. 2012 N 0.40(0.23,0.76)  14.57
Manwong et al. 2013 E % > 167(054,512) 119
Makiuchi et al. 2017 . * 0.96 (0.37,1.55)  9.10
Mhatre et al. 2020 T B 0.62(049,0.79) 1625
Overall (I-squared = 86.8%, p = 0.000) <> 0.48 (0.22,0.74) 100.00
|
NOTE: Weights are from random effects analysis E
T T T

.001 5 1 2
B

Study RR (95% CI) Weight (%)

1
Kato et al. 1989 + 0.35(0.14, 0.56) 12.02
Parkin et al. 1991 B 0.50 (0.30, 0.90) 9.50
Negri et al. 1991 E . > 0.80 (0.30,2.10) 221
Chernrungroj et al. 2000 _‘E_ 0.34 (0.17, 0.70) 10.44
Serra et al. 2002 *: i 0.32(0.12, 0.84) 8.04
Honjo et al. 2005 S = > 163 (0.64,4.12) 0.66
Nakadaira et al. 2009 ; > 3.80 (0.75, 18.70) 0.03
Songserm et al. 2012 — 0.60 (0.33, 0.98) 8.87
Jain et al. 2012 . 0.50 (0.30, 0.70) 12.31
Manwong et al. 2013 s < > 1.72 (0.85, 3.47) 1.13
Tamrakar et al. 2016 = i 0.10(0.03, 0.35) 13.46
Makiuchi et al. 2017 b v 0.87(0.47,1.27) 7.20
Mhatre et al. 2020 I B 0.53 (0.41, 0.68) 14.13
Overall (I-squared = 63.3%, p=0.001) <> 0.47 (0.32,0.61) 100.00

1
NOTE: Weights are from random effects analysis E

oo ; 1 )

Figure 2. Forest plots of vegetable (A) and fruit (B) consumption (highest vs. lowest) and risk of biliary cancer.
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Figure 3. The dose-response analysis between vegetable (A) and fruit (B) consumption and risk of biliary cancer.

Table 3. Subgroup analyses for the association between vegetable, fruit consumption and risk of biliary cancer.

350

Vegetable Fruit

No Tests for heterogeneity No Tests for heterogeneity
Subgroups of studies RR (95% Cls) Q P P(%)  of studies RR (95% Cls) Q P (%)
Geographical region
Europe 3 0.43 (0.17, 0.69) 0.35 0.84 0.0 2 0.83 (-0.07, 1.73)  0.42 0.51 0.0
Asia 7 0.50 (0.18, 0.82) 64 < 0.001 90.6 10 0.47 (0.31,0.63)  31.16 < 0.001 71.1
South America — — — — — 1 0.32 (0.12, 0.84) — — —
Study design
Case-control 8 0.45 (0.14, 0.75) 58.44 < 0.001 88.0 " 0.41 (0.26, 0.56) 26.03 0.004 61.6
Nested Case-control 1 0.40 (0.23, 0.76) — — — 1 0.60 (0.33,0.98) — — —
Cohort 1 0.96 (0.37, 1.55) — — — 1 0.87 (0.47, 1.27) — — —
Source
Population 5 0.46 (0.27, 0.66) 5.37 0.25 255 5 0.54 (0.35, 0.74) 7.23 0.12 44.7
Hospital 5 043 (-0.01, 0.88) 5024 < 0.001 92.0 8 0.41 (0.20, 0.62)  22.61 0.002 69.0
Cancer type by anatomic site
GBC 5 0.58 (0.35, 0.82) 6.78 0.15 41.0 7 0.40 (0.17, 0.63) 24.04 0.001 75.0
CC 5 0.44 (0.06, 0.82) 16.69 0.002 76.0 7 0.53 (0.37, 0.69) 7.94 0.24 24.4
BTC 1 0.40 (0.20, 0.80) — — — 1 0.48 (0.28, 0.81) — — —
Smoking-adjusted
Yes 7 0.49 (0.19, 0.79) 64.35 < 0.001 90.7 6 0.56 (0.40, 0.71) 6.78 0.24 26.3
No 3 0.39 (0.12, 0.67) 1.47 0.48 0.0 7 0.37 (0.18, 0.57) 16.73 0.01 64.1
Alcohol-adjusted
Yes 4 0.47 (0.05, 0.88) 1812 < 0.001 834 4 0.61(0.30, 0.91)  6.44 0.09 53.4
No 6 0.54 (0.42, 0.66) 4.50 0.48 0.0 9 0.42 (0.25, 0.58) 23.94 0.002 66.6

Abbreviations: RR relative risk; No. number; GBC gallbladder cancer; CC cholangicarcinoma; BTC biliary tract cancer.

associated with a reduced risk of biliary cancer (RR =
0.48; 95% CI: 0.22-0.74 for vegetable; RR = 0.47; 95%
CI: 0.32-0.61 for fruit). Moreover, subgroup analyses
according to subtype of biliary cancer yielded similar
results. In addition, the dose-response analysis indi-
cated a significant lower risk of biliary cancer for each
100 gram per day increment of vegetable (n=8; RR
= 0.31, 95%CI: 0.20-0.47), whereas a nonsignificant
decreasing trend was observed for fruit (n=8; RR =
0.89, 95%CI: 0.66-1.18).

Our results carry substantial clinical and public
health implications. Although a nonsignificant decreas-
ing trend was observed for fruit in the dose-response
analysis, understanding of VF consumption as a pos-
sible protective factor for biliary cancer should still be
improved due to its highly fatal nature (1-3).

Awareness of this beneficial factor would allow ena-
bling proactive implementation of preventive strategies.
Therefore, early and constant publicity and education
of the potential benefit of VF consumption should be
the responsibility of clinical physicians. Moreover,
physicians who are capable of stratifying risk will also
be better placed to help individuals and their families
understand the significance of VF consumption and
potential outcomes.

It has been hypothesized that several micronu-
trients may be involved in decreasing the risk of can-
cer development. Carotenoids might protect DNA,
mutagenesis, tumor growth, malignant transformation
from oxidative damaging (36). Secondly, folate plays
a pivotal role in DNA methylation and synthesis/
repair, and its deficiency causes genomic DNA
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Figure 4. Begg’s funnel plot with pseudo 95% confidence limits showing the symmetrical distribution of included studies for vege-

table (A) and fruit (B) consumption.

hypomethylation as well as defects in DNA synthesis,
which result in carcinogenesis in several types of
tumors (37-39). Furthermore, vitamin C is one of the
major antioxidants contained in diet, and has shown
its protective role in certain types of malignancies
(40). Finally, fiber rich in VF consumption may also
be relevant to the reduced risk of biliary cancer.
Multiple potential mechanisms were suggested for a
cancer-protective effect of fiber including improve-
ment of insulin-resistance, amelioration of IGF activ-
ity, generation of an anti-inflammatory effect by
producing butylate, and optimization of the colonic
micro-biota reinforcing the intestinal barrier (41,42).
However, a prior study showed there was no associ-
ation between total fiber and biliary tract cancer (43).
Indeed, the protective mechanism of VF against bil-
iary cancer is unclear due to data paucity of labora-
tory studies, further researches are warranted to
elucidate the association.

An advantage of this study is that our quantitative
risk assessment for biliary cancer has been controlled
for both smoking and alcohol consumption. A recent
meta-analysis published in 2019 has provided evidence
that smoking and alcohol intake may be potentially
strong risk factors for biliary cancer development (1).
Indeed, the role of lower intake of VF may be com-
promised if smoking and alcohol intake acts as a pri-
mary risk factor in the occurrence of biliary cancer.
However, the protective effect for both vegetable and
fruit remained significant and had little variations
after we separately combined studies that reported the
smoking-adjusted or alcohol-adjusted RR (Table 3).
Another strength of our study is we performed dose-
response analyses with a novel model described by Xu
and Doi (31) in addition to exclusively performing
comparisons of the highest vs. lowest categories.

Using this model, distribution of cases and person-
years (non-cases) for each level of exposure is not
required. Therefore, more studies could be included
in dose-response analysis and a more accurate esti-
mate could reach.

As with all meta-analyses of observational studies,
our results have several limitations. First, there was
significant heterogeneity among certain results. The
included studies were heterogeneous according to
study region, design, source, cancer type by anatomic
site and adjustments. We used a random effects model
assuming that the true effects were normally distrib-
uted, and more weight was assigned to small-sized
studies compared with that in the fixed-effect model
(44). Subgroup analyses were also conducted to
address heterogeneity (Table 3). Subgroup analyses
based on study design and source reduced or elimi-
nated the heterogeneity for both vegetable and fruit
consumption. Also, the majority of studies included in
this meta-analysis were case-control studies, which are
more susceptible to selection and recall bias.
Therefore, caution is needed to interpret the results
from the case-control studies. Thirdly, the misclassifi-
cation and different exposure ranges from the lowest
to highest categories were probably a weak point
across the included studies and this might contribute
to incomparable results and heterogeneity to some
extent. Last, we could not further perform analysis
based on specified fruits or vegetables because of the
miscellaneous definition and data paucity.

In summary, the results from this meta-analysis
suggest that VF consumption is associated with a
reduced risk of biliary cancer. Moreover, the dose-
response analysis indicated a significant lower risk of
biliary cancer for each 100 gram per day increment of
vegetable, whereas a nonsignificant decreasing trend
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was observed for fruit. Therefore, more well-designed,
prospective studies are urgently required to further
validate the dose-response relationship.
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