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Abstract

Background: Previous studies regarding the association between cruciferous vegetable intake and pancreatic cancer
risk have reported inconsistent results. We conducted a meta-analysis to demonstrate the potential association between
them.

Methods: A systematic literature search of papers was conducted in March 2014 using PubMed, EMBASE, and Web of
Science, and the references of the retrieved articles were screened. The summary odds ratios (ORs) with 95% confidence
interval (CI) for the highest versus the lowest intake of cruciferous vegetables were calculated.

Results: Four cohort and five case–control studies were eligible for inclusion. We found a significantly decreased
risk of pancreatic cancer associated with the high intake of cruciferous vegetables (OR 0.78, 95% CI 0.64–0.91).
Moderate heterogeneity was detected across studies (P = 0.065). There was no evidence of significant publication bias
based on Begg’s funnel plot (P = 0.917) or Egger’s test (P = 0.669).

Conclusions: Cruciferous vegetable intake might be inversely associated with pancreatic cancer risk. Because of the
limited number of studies included in this meta-analysis, further well-designed prospective studies are warranted to
confirm the inverse association between cruciferous vegetable intake and risk of pancreatic cancer.
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Background
Pancreatic cancer ranks as the fourth leading cause of
death in the USA, with an expected 17,870 deaths in
2013 [1]. It carries a dismal prognosis with a 5-year sur-
vival rate of less than 5%, and for most patients, death
occurs within 6 months after diagnosis of cancer [2].
The study of pancreatic cancer has assumed a position
of growing importance because of the poor prognosis
and increasing incidence in recent years [3]. The primary
causes in pancreatic cancer have been poorly under-
stood. Epidemiologic studies indicate a positive associ-
ation between pancreatic cancer and cigarette smoking,
diabetes mellitus, and body fatness [4,5]. At present, the
role of diet in the prevention of pancreatic cancer re-
mains unclear.
Fruits and vegetables contain numerous substances with

potential anticarcinogenic activity and could therefore play
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a role in the prevention of pancreatic cancer [6]. Among
specific subgroups of vegetables, cruciferous vegetables
have been widely regarded as potentially cancer protective
in recent years. Cruciferous vegetables are a group of veg-
etables named for their cross-shaped flowers, including
broccoli, cauliflower, cabbage, and brussel sprouts and
other members of the family. Previous meta-analyses
have revealed that cruciferous vegetable intake is in-
versely associated with risk of breast cancer, kidney can-
cer, bladder cancer, and prostate cancer [7-10]. In
epidemiological studies, the possible relationship between
cruciferous vegetable intake and pancreatic cancer risk has
also been investigated [11-14], but the findings are incon-
sistent, possibly as a result of the limited evidence and lack
of statistical power in the individual studies.
The purpose of the present study was to summarize

the evidence on the association between cruciferous
vegetable intake and the risk of pancreatic cancer by
conducting a meta-analysis on all relevant published epi-
demiological studies. To the best of our knowledge, this
is the first meta-analysis regarding the relationship
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between cruciferous vegetable intake and pancreatic can-
cer risk.

Methods
Publication search
We conducted a literature search of published papers in
March 2014 using PubMed, EMBASE, and Web of Science.
We used the following search algorithm: (vegetables OR
cruciferous OR brassica OR broccoli OR cauliflower OR
cabbage) AND (pancreas OR pancreatic) AND (neoplasm
OR cancer). All potentially relevant publications were eval-
uated by examining their titles and abstracts, and all of the
studies matching the eligible criteria were retrieved. We
also performed hand searches via cited references from re-
trieved articles and previous reviews on cruciferous vegeta-
bles and cancer. To be included in this meta-analysis, the
studies had to meet all of the following criteria: (a) The ex-
posure of interest was the intake of cruciferous vegetables,
(b) the outcome of interest was pancreatic cancer, (c) the
study had a case–control or cohort study design, and (d)
the risk estimates with their corresponding 95% confidence
intervals (CIs) were reported (or data were available to cal-
culate these values). For publications with same population
resources or overlapping datasets, the study with the largest
number of cases was included in the meta-analysis. This
systematic review was planned, conducted, and reported
in adherence to the standards of quality for reporting
meta-analyses [15].

Quality assessment
We assessed the quality of all included studies by the
Newcastle-Ottawa Scale (NOS) (http://www.ohri.ca/pro-
grams/clinical_epidemiology/oxford.asp). NOS is an eight-
item instrument that allows for the assessment of the
patient population and selection, study comparability,
follow-up, and the outcome of interest. Interpretation
of the scale is performed by awarding points, or ‘stars’,
for high-quality elements. The stars are then added up
and used to compare study quality in a quantitative
manner. The maximum score could be 9 points, repre-
senting the highest methodological quality. We assigned
scores of <7 and ≥7 for low- and high-quality studies,
respectively. Any disagreements were resolved by a joint
re-evaluation of the original article with a third reviewer.

Data extraction
We extracted the following data from each study: the
first author’s name, year of publication, the country in
which the study was carried out, study design, study
period, age of patient, sample size, exposure range, po-
tential confounding variables adjusted, and exposure as-
sessment. The relative risk (RR) was assumed to be
approximately equivalent to the odds ratio (OR), and the
OR was used as the study outcome. Data were extracted
independently by two investigators using a predefined
data collection form, and discrepancies were resolved by
consensus, with involvement of a third reviewer when
necessary.

Statistical methods
Study-specific ORs and their 95% CIs for highest versus
lowest intake of cruciferous vegetable level were ex-
tracted from each article. We pooled data using the fixed
or random effects models depending on heterogeneity
between studies in our meta-analysis. Between-study
heterogeneity across the eligible comparisons was quan-
titatively assessed using the Q statistical test and I2 score
[16]. Heterogeneity was confirmed with a significance
level of P ≤ 0.10. The Galbraith plot was also used to de-
tect the possible sources of heterogeneity [17], and a re-
analysis was conducted with exclusion of the studies
possibly causing the heterogeneity. The subgroup ana-
lyses were carried out by study design, study region,
study quality, and whether controlling for smoking, body
mass index (BMI), or diabetes mellitus (DM). We con-
ducted sensitivity analyses by excluding each study at a
time from the meta-analysis. Cumulative meta-analysis
was also conducted by sorting the studies based on publi-
cation time. We assessed publication bias using the tests
of Egger [18] and Begg [19]. We also used the trim-and-fill
method to evaluate publication bias [20]. Statistical signifi-
cance was considered while P < 0.05. All statistical analyses
were done with Stata statistical software, version 11.0.

Results
Literature search and study characteristics
The process of identifying and selecting studies is shown
in Figure 1. A total of nine studies were eventually re-
cruited in this meta-analysis on the association of crucif-
erous vegetable intake with pancreatic cancer risk
[7,8,12,21-26]. These studies (four cohort and five case–
control studies) were conducted in the following regions:
North America (n = 4), Europe (n = 4), and China (n = 1).
All of the included studies were published between 1989
and 2012 and involved a total of 3,207 cases. Information
on cruciferous vegetable intake was obtained by interview
or a self-administered questionnaire. The study quality
scores, assessed by the NOS, ranged from 4 to 8 (with a
mean of 6.3). Table 1 presents the basic characteristics of
each study included in our meta-analysis.

High versus low cruciferous vegetable intake
The multivariable-adjusted ORs of the highest versus low-
est categories of cruciferous vegetable intake, for each
study and for the combination of all of the studies, are
shown in Figure 2. We found a significantly decreased risk
of pancreatic cancer associated with a high intake of cru-
ciferous vegetables (OR 0.78, 95% CI 0.64–0.91).
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Figure 1 Process of study selection.
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Next, we performed subgroup analyses by study de-
sign, study quality, and geographical region (Table 2). In
the subgroup analyses separated by study design, the ob-
served associations were more pronounced in the case–
control studies (OR 0.72, 95% CI 0.55–0.89) than in the
cohort studies (OR 0.87, 95% CI 0.67–1.06). When we
stratified by study quality, the ORs (95% CI) were 0.78
(0.55–1.01) for high-quality studies and 0.80 (0.66–0.94)
for low-quality studies. Furthermore, when separately ana-
lyzed by geographical area, the summary ORs (95% CI) for
the USA, Europe, and China were 0.62 (0.49–0.76), 0.91
(0.74–1.07), and 0.92 (0.67–1.21), respectively. We also in-
vestigated the impact of some confounding factors on the
estimates of ORs (Table 2). Smoking, diabetes mellitus,
and BMI are potential confounders of the relationship be-
tween cruciferous vegetable intake and the risk of pancre-
atic cancer. Among the eight studies that controlled for
smoking, the pooled OR was 0.79 (95% CI 0.63–0.94).
When further separated and analyzed by DM, the ORs
(95% CI) were 0.76 (0.56–0.96) for studies that controlled
for DM and 0.82 (0.67–0.98) for studies that did not con-
trol for DM. Moreover, the summary effect estimates for
studies that adjusted for BMI or not were 0.80 (95% CI
0.57–1.03) and 0.78 (0.64–0.93), respectively.

Evaluation of heterogeneity
In this meta-analysis, we used the Q test and the I2 index
to evaluate the heterogeneity across studies. As shown
in Figure 2, there was moderate heterogeneity among
the studies (P = 0.065 for heterogeneity, I2 = 46.0%).
Through the Galbraith plot (Figure 3), we found that
two studies by Heinen et al. [12] and Silverman et al.
[23] were the major sources of heterogeneity. After ex-
cluding these two studies, there was no study heterogen-
eity (P = 0.793, I2 = 0.0%), but the overall association was
not significantly changed (OR 0.80, 95% CI 0.69–0.91).

Sensitivity analysis
In the sensitivity analysis, the influence of each study on
the pooled OR was examined by repeating the meta-
analysis while omitting each study, one at a time. The
study-specific ORs ranged from a low of 0.73 (95% CI
0.63–0.82) to a high of 0.82 (95% CI 0.72–0.93) via the
omission of the study by Heinen et al. [12] and the study
by Silverman et al. [23], respectively.

Cumulative meta-analysis
Cumulative meta-analysis was also conducted by sorting
the studies based on publication time. Figure 4 shows
the results from the cumulative meta-analysis of the as-
sociation between cruciferous vegetable intake and pan-
creatic cancer risk in chronologic order. The 95% CIs
became increasingly narrower with the increasing sam-
ple size, indicating that the precision of the estimates
was progressively boosted by the continual addition of
more cases.

Publication bias
There was no evidence of significant publication bias
with Begg’s funnel plot (Figure 5, P = 0.917) or with
Egger’s test (P = 0.669). The trim-and-fill analysis identi-
fied one possible missing study that would not have al-
tered our results (OR 0.82, 95% CI 0.74–0.91).



Table 1 Study characteristics of published cohort and case–control studies on cruciferous vegetable intake and pancreatic cancer

Authors Publication
year

Study design Study
period

Country Age Cases/
subjects

Exposure
range

Study
quality

Variables of adjustment Cruciferous
vegetable
assessment

Olsen et al. 1989 Population-based
case–control study

1980–1983 USA 40–84 212/432 ≥9 vs ≤2
times/month

5 Age, education level, reported diabetes mellitus
history, cigarette smoking, alcohol, and when
appropriate meat and/or vegetable consumption

Interview

Ji et al. 1995 Population-based
case–control study

1990–1993 China 30–74 451/2,003 Highest vs
lowest quartile

4 Age, income, smoking, green tea drinking
(females only), and response status

Interview

Silverman et al. 1998 Population-based
case–control study

1986–1989 USA 30–79 436/2,439 Highest vs
lowest quartile

8 Age at diagnosis/interview, race, study area, calories
from food, diabetes, cholecystectomy, body mass
index, cigarette smoking, alcohol consumption,
income, and marital status

Interview

Stolzenberg-
Solomon et al.

2002 Cohort 1985–1997 Finland 50–69 163/27,111 >22.7 vs ≤1.8
g/day

7 Age, years of smoking, and energy intake Questionnaire

Chan et al. 2005 Population-based
case–control study

1995–1999 USA 21–85 532/2,233 Highest vs
lowest quartile

6 Age, sex, and energy intake Interview

Larsson et al. 2006 Cohort 1987–1997 USA 45–79 135/81,922 ≥3 vs <1
servings/week

7 Age, sex, education, body mass index, physical
activity, cigarette smoking status and pack-years
of smoking, history of diabetes, multivitamin
supplement use, and intakes of total energy
and alcohol

Questionnaire

Nothlings et al. 2006 Cohort 1993–2002 German 45–75 529/
183,522

Highest vs
lowest quintile

7 Age, sex, age at cohort entry, ethnicity, history of
diabetes mellitus, family history of pancreatic
cancer, smoking status, pack-years of smoking,
intakes of red meat and processed meat, energy
intake, and body mass index

Questionnaire

Heinen et al. 2012 Cohort 1996–1997 Netherlands 55–69 423/
120,852

>41.8 vs
≤10.6
g/day

7 Age, sex, smoking, body mass index, family history
of pancreatic cancer, history of diabetes mellitus,
intake of energy, red meat, coffee, and alcohol

Questionnaire

Bosetti et al. 2012 Hospital-based
case–control study

1991–2009 Italy 63
(median)

326/978 ≥1 vs <1
portions/week

6 Age, sex, study center, year of interview, education,
body mass index, alcohol drinking, tobacco
smoking, and total energy intake

Interview
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Figure 2 A forest plot showing risk estimates from case–control and cohort studies estimating the association between cruciferous
vegetable intake and pancreatic cancer risk.
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Discussion
Cruciferous vegetables have been studied extensively
aiming to evaluate their chemopreventive properties. Al-
though several meta-analyses have suggested that crucif-
erous vegetables have been associated with reduced risks
Table 2 Summary of pooled risk estimates of pancreatic canc

Subgroup No. of studies Summa

All studies 9 0.78 (0.6

Study design

Cohort 4 0.87 (0.6

Case–control 5 0.72 (0.5

Study quality

High 5 0.78 (0.5

Low 4 0.80 (0.6

Geographical region

USA 4 0.62 (0.4

Europe 4 0.91 (0.7

China 1 0.92 (0.6

Control smoking

Yes 8 0.79 (0.6

No 1 0.76 (0.5

Control DM

Yes 6 0.76 (0.5

No 3 0.82 (0.6

Control BMI

Yes 5 0.80 (0.5

No 4 0.78 (0.6
of several other cancers [7-10], little is known about the
effects of cruciferous vegetable intake on pancreatic cancer
risk. A few previous studies have been conducted to assess
the relationship between them, but the results were incon-
sistent. As individual studies may have insufficient statistical
er in subgroups

ry OR (95% CI)
Q-test for heterogeneity

I2 score (%) P value

4, 0.91) 46.0 0.063

7, 1.06) 23.0 0.273

5, 0.89) 53.1 0.074

5, 1.01) 64.4 0.024

6, 0.94) 0 0.431

9, 0.76) 6.5 0.36

4, 1.07) 0 0.416

7, 1.21) - -

3, 0.94) 52.7 0.039

6, 1.00) - -

6, 0.96) 60.8 0.026

7, 0.98) 0 0.667

7, 1.03) 67.0 0.017

4, 0.93) 0 0.499



Figure 3 Galbraith plot analysis indicated that two studies were the potential source of heterogeneity.
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power, our meta-analysis of nine studies involving a rela-
tively large number of cases and participants enhanced the
power to detect a significant association and provided more
reliable estimates. To the best of our knowledge, this is the
first meta-analysis evaluating the relationship between cru-
ciferous vegetable intake and incidence of pancreatic can-
cer. The results indicated that high cruciferous vegetable
consumption might be associated with low risk of pancre-
atic cancer (OR 0.78, 95% CI 0.64–0.91).
The observed heterogeneity among the studies of crucif-

erous vegetable intake and pancreatic cancer risk seemed
to be explained by the studies of Heinen et al. [12] and
Silverman et al. [23], which reported the positive and
strongest protective relationships, respectively. After ex-
cluding these two studies, the association between crucif-
erous vegetable intake and the risk of pancreatic cancer
Figure 4 A forest plot showing cumulative meta-analysis of cruciferou
was not significantly changed. In the subgroup analysis,
the pooled analysis from the case–control studies sug-
gested an obvious reduction in risk; the results from the
cohort studies were non-significant, suggesting that our
conclusion depends mainly on the case–control studies.
However, the summary RR for cohort studies was close
to being significant, and it can be speculated that crucif-
erous vegetable intake is likely to be associated with de-
creased risk of pancreatic cancer if more cohort studies
were included. In the subgroup analysis separated by
geographical regions, the association was stronger for
studies from the USA (OR 0.62, 95% CI 0.49–0.76) than
Europe (OR 0.91, 95% CI 0.74–1.07) and China (OR
0.92, 95% CI 0.67–1.21), suggesting that regional differ-
ence may contribute to the observed heterogeneity. We
also examined some important confounding factors,
s vegetable intake and pancreatic cancer risk.



Figure 5 Funnel plot of cruciferous vegetable intake and pancreatic cancer risk.
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including smoking, BMI, and diabetes. It has been estab-
lished that cigarette smoking is one of the most important
risk factors for developing pancreatic cancer [27]. Recently,
a number of epidemiological studies and system reviews
have reported that BMI and DM are associated with an in-
creased risk of pancreatic cancer [28-31]. High cruciferous
vegetable intake tends to be associated with healthy be-
haviors, which are related to lower body mass index and
reduced risk of diabetes. Nevertheless, the inverse relation-
ship still persisted after combining the studies adjusted for
smoking, BMI, and diabetes, further confirming the reliabil-
ity of the results of our study that cruciferous vegetable in-
take is likely a protective factor against pancreatic cancer.
A preventive role of cruciferous vegetables in the de-

velopment of pancreatic cancer is plausible. Isothiocya-
nates, a constituent of cruciferous vegetables, have been
hypothesized to induce xenobiotic-metabolizing en-
zymes, which are involved in eliminating potential DNA
carcinogens [32]. Sulforaphane, which is found in broc-
coli and broccoli sprouts at particularly high levels, has
been the most extensively studied. The potent antipro-
liferative activity of sulforaphane was observed in a
panel of cultured human pancreatic cancer cells [33,34].
Kallifatidis et al. [35] showed that sulforaphane in com-
bination with TRAIL may be a promising strategy for
targeting treatment-resistant pancreatic tumor-initiating
cells. Additionally, benzyl isothiocyanate and phenethyl
isothiocyanate have also been shown to inhibit prolifera-
tion and induce apoptosis in pancreatic cancer cells
in vitro and in vivo [36,37].
There are several important limitations to be considered

in interpreting the results of our meta-analysis. First, our
meta-analysis only included published studies in English;
limited resources prevented us from including articles pub-
lished in other languages. In addition, our search was
restricted to studies published in indexed journals. We did
not search for unpublished studies or original data. The
small number of published studies severely limited the abil-
ity to detect publication bias, although our results seem to
suggest that there was no evidence of publication bias. The
results of funnel plot and Egger’s test still should be inter-
preted cautiously. Furthermore, it is known that in Asia,
people consume large amounts of cruciferous vegetables,
and this is an ideal population to study their action in
health. However, only one study from China was included
in this meta-analysis. Second, we assessed total cruciferous
vegetable consumption because of the relatively large num-
ber of studies on the topic. However, cruciferous vegetables
include a group of vegetables such as broccoli, cauliflower,
cabbage, and brussel sprouts and other members of the
family. Our pooled estimates represented the combination
of different types of cruciferous vegetables that may bring
about different effects on pancreatic cancer. Third, the lower
risk estimates when consumption is evaluated in several cat-
egories could be explained if cruciferous vegetables had a
protective effect that would be stronger when the difference
between the groups of the highest and lowest exposure was
larger. Therefore, only two exposure levels (the highest and
lowest cruciferous vegetables) were examined in our meta-
analysis. There was a wide range of values for the cutoff
points for the lowest and highest categories of cruciferous
vegetable intake in the included studies, which have contrib-
uted to the heterogeneity among studies in the analysis.

Conclusions
Cruciferous vegetable intake might be inversely associ-
ated with the incidence of pancreatic cancer. Because of
the limited number of studies, further experimental and
well-designed prospective epidemiologic studies are
needed to affirm the findings from our study.



Li et al. World Journal of Surgical Oncology  (2015) 13:44 Page 8 of 8
Abbreviations
CI: confidence interval; OR: odds ratio; RR: relative risk.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
LL wrote the manuscript. YL and XX performed the literature search and
analyzed the data. LL and ML performed the statistical analysis. HL and ZZ
revised and edited the manuscript. All authors read and approved the final
manuscript.

Acknowledgments
We thank Dr. Qiqi Mao for editorial assistance of our manuscript.

Author details
1Department of General Surgery, The Second Affiliated Hospital & Yuying
Children’s Hospital of Wenzhou Medical University, Wenzhou, Zhejiang
Province 325027, China. 2Department of Pediatrics, The Second Affiliated
Hospital & Yuying Children’s Hospital of Wenzhou Medical University,
Wenzhou, China.

Received: 19 July 2014 Accepted: 8 January 2015

References
1. Siegel R, Naishadham D, Jemal A. Cancer statistics, 2013. CA Cancer J Clin.

2013;63:11–30.
2. Bosetti C, Levi F, Rosato V, Bertuccio P, Lucchini F, Negri E, et al. Recent

trends in colorectal cancer mortality in Europe. Int J Cancer.
2011;129:180–91.

3. Yadav D, Lowenfels AB. The epidemiology of pancreatitis and pancreatic
cancer. Gastroenterology. 2013;144:1252–61.

4. Fuchs CS, Colditz GA, Stampfer MJ, Giovannucci EL, Hunter DJ, Rimm EB,
et al. A prospective study of cigarette smoking and the risk of pancreatic
cancer. Arch Intern Med. 1996;156:2255–60.

5. Huxley R, Ansary-Moghaddam A. Berrington de Gonzalez A, Barzi F, Woodward
M. Type-II diabetes and pancreatic cancer: a meta-analysis of 36 studies. Br J
Cancer. 2005;92:2076–83.

6. McCullough ML, Giovannucci EL. Diet and cancer prevention. Oncogene.
2004;23:6349–64.

7. Han B, Li X, Yu T. Cruciferous vegetables consumption and the risk of
ovarian cancer: a meta-analysis of observational studies. Diagn Pathol.
2014;9:7.

8. Zhao J, Zhao L. Cruciferous vegetables intake is associated with lower risk of
renal cell carcinoma: evidence from a meta-analysis of observational studies.
PLoS One. 2013;8:e75732.

9. Liu X, Lv K. Cruciferous vegetables intake is inversely associated with risk of
breast cancer: a meta-analysis. Breast. 2013;22:309–13.

10. Liu B, Mao Q, Cao M, Xie L. Cruciferous vegetables intake and risk of
prostate cancer: a meta-analysis. Int J Urol. 2012;19:134–41.

11. Chan JM, Wang F, Holly EA. Vegetable and fruit intake and pancreatic
cancer in a population-based case–control study in the San Francisco bay
area. Cancer Epidemiol Biomarkers Prev. 2005;14:2093–7.

12. Heinen MM, Verhage BA, Goldbohm RA, van den Brandt PA. Intake of
vegetables, fruits, carotenoids and vitamins C and E and pancreatic cancer
risk in The Netherlands Cohort Study. Int J Cancer. 2012;130:147–58.

13. Larsson SC, Hakansson N, Naslund I, Bergkvist L, Wolk A. Fruit and vegetable
consumption in relation to pancreatic cancer risk: a prospective study.
Cancer Epidemiol Biomarkers Prev. 2006;15:301–5.

14. Nothlings U, Wilkens LR, Murphy SP, Hankin JH, Henderson BE, Kolonel LN.
Vegetable intake and pancreatic cancer risk: the multiethnic cohort study.
Am J Epidemiol. 2007;165:138–47.

15. Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA statement.
PLoS Med. 2009;6:e1000097.

16. Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis.
Stat Med. 2002;21:1539–58.

17. Bax L, Ikeda N, Fukui N, Yaju Y, Tsuruta H, Moons KG. More than numbers:
the power of graphs in meta-analysis. Am J Epidemiol. 2009;169:249–55.
18. Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis detected
by a simple, graphical test. BMJ. 1997;315:629–34.

19. Begg CB, Mazumdar M. Operating characteristics of a rank correlation test
for publication bias. Biometrics. 1994;50:1088–101.

20. Duval S, Tweedie R. Trim and fill: a simple funnel-plot-based method of testing
and adjusting for publication bias in meta-analysis. Biometrics. 2000;56:455–63.

21. Olsen GW, Mandel JS, Gibson RW, Wattenberg LW, Schuman LM. A case–control
study of pancreatic cancer and cigarettes, alcohol, coffee and diet. Am J Public
Health. 1989;79:1016–9.

22. Ji BT, Chow WH, Gridley G, McLaughlin JK, Dai Q, Wacholder S, et al. Dietary
factors and the risk of pancreatic cancer: a case–control study in Shanghai
China. Cancer Epidemiol Biomarkers Prev. 1995;4:885–93.

23. Silverman DT, Swanson CA, Gridley G, Wacholder S, Greenberg RS, Brown LM,
et al. Dietary and nutritional factors and pancreatic cancer: a case–control
study based on direct interviews. J Natl Cancer Inst. 1998;90:1710–9.

24. Stolzenberg-Solomon RZ, Pietinen P, Taylor PR, Virtamo J, Albanes D.
Prospective study of diet and pancreatic cancer in male smokers. Am J
Epidemiol. 2002;155:783–92.

25. Tse G, Eslick GD. Cruciferous vegetables and risk of colorectal neoplasms: a
systematic review and meta-analysis. Nutr Cancer. 2014;66:128–39.

26. Bosetti C, Filomeno M, Riso P, Polesel J, Levi F, Talamini R, et al. Cruciferous
vegetables and cancer risk in a network of case–control studies. Ann Oncol.
2012;23:2198–203.

27. Maisonneuve P, Lowenfels AB. Epidemiology of pancreatic cancer: an
update. Dig Dis. 2010;28:645–56.

28. Aune D, Greenwood DC, Chan DS, Vieira R, Vieira AR, Navarro Rosenblatt DA,
et al. Body mass index, abdominal fatness and pancreatic cancer risk: a
systematic review and non-linear dose–response meta-analysis of prospective
studies. Ann Oncol. 2012;23:843–52.

29. Larsson SC, Orsini N, Wolk A. Body mass index and pancreatic cancer risk: a
meta-analysis of prospective studies. Int J Cancer. 2007;120:1993–8.

30. Ben Q, Xu M, Ning X, Liu J, Hong S, Huang W, et al. Diabetes mellitus and
risk of pancreatic cancer: a meta-analysis of cohort studies. Eur J Cancer.
2011;47:1928–37.

31. Liao KF, Lai SW, Li CI, Chen WC. Diabetes mellitus correlates with increased
risk of pancreatic cancer: a population-based cohort study in Taiwan.
J Gastroenterol Hepatol. 2012;27:709–13.

32. Xu C, Li CY, Kong AN. Induction of phase I, II and III drug metabolism/
transport by xenobiotics. Arch Pharm Res. 2005;28:249–68.

33. Pham NA, Jacobberger JW, Schimmer AD, Cao P, Gronda M, Hedley DW.
The dietary isothiocyanate sulforaphane targets pathways of apoptosis, cell
cycle arrest, and oxidative stress in human pancreatic cancer cells and
inhibits tumor growth in severe combined immunodeficient mice. Mol
Cancer Ther. 2004;3:1239–48.

34. Li Y, Karagoz GE, Seo YH, Zhang T, Jiang Y, Yu Y, et al. Sulforaphane inhibits
pancreatic cancer through disrupting Hsp90-p50(Cdc37) complex and direct
interactions with amino acids residues of Hsp90. J Nutr Biochem.
2012;23:1617–26.

35. Kallifatidis G, Rausch V, Baumann B, Apel A, Beckermann BM, Groth A, et al.
Sulforaphane targets pancreatic tumour-initiating cells by NF-kappaB-induced
antiapoptotic signalling. Gut. 2009;58:949–63.

36. Stan SD, Singh SV, Whitcomb DC, Brand RE. Phenethyl isothiocyanate inhibits
proliferation and induces apoptosis in pancreatic cancer cells in vitro and in a
MIAPaca2 xenograft animal model. Nutr Cancer. 2014;66:747–55.

37. Sahu RP, Srivastava SK. The role of STAT-3 in the induction of apoptosis in
pancreatic cancer cells by benzyl isothiocyanate. J Natl Cancer Inst.
2009;101:176–93.


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Publication search
	Quality assessment
	Data extraction
	Statistical methods

	Results
	Literature search and study characteristics
	High versus low cruciferous vegetable intake
	Evaluation of heterogeneity
	Sensitivity analysis
	Cumulative meta-analysis
	Publication bias

	Discussion
	Conclusions
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgments
	Author details
	References

