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Abstract: Background: The scientific literature has reported an inverse association between broccoli
consumption and the risk of suffering from several types of cancer; however, the results were not
entirely consistent across studies. A systematic review and meta-analysis of observational studies
were conducted to determine the association between broccoli consumption and cancer risk with
the aim of clarifying the beneficial biological effects of broccoli consumption on cancer. Methods:
PubMed /MEDLINE, Web of Science, Scopus, Cochrane Library (CENTRAL), and Epistemonikos
databases were searched to identify all published papers that evaluate the impact of broccoli consump-
tion on the risk of cancer. Citation chasing of included studies was conducted as a complementary
search strategy. The risk of bias in individual studies was assessed using the Newcastle-Ottawa Scale.
A random-effects model meta-analysis was employed to quantitatively synthesize results, with the
12 index used to assess heterogeneity. Results: Twenty-three case—control studies (n = 12,929 cases
and 18,363 controls; n = 31,292 individuals) and 12 cohort studies (n = 699,482 individuals) were
included in the meta-analysis. The results suggest an inverse association between broccoli consump-
tion and the risk of cancer both in case—control studies (OR: 0.64, 95% CI from 0.58 to 0.70, p < 0.001;
Q=3597,p=0.072, 2 = 30.49%—moderate heterogeneity; 12 = 0.016) and cohort studies (RR: 0.89,
95% CI from 0.82 to 0.96, p = 0.003; Q = 13.51, p = 0.333, ? =11.21%—low heterogeneity; T2 = 0.002).
Subgroup analysis suggested a potential benefit of broccoli consumption in site-specific cancers only
in case—control studies. Conclusions: In summary, the findings indicate that individuals suffering
from some type of cancer consumed less broccoli, suggesting a protective biological effect of broccoli
on cancer. More studies, especially cohort studies, are necessary to clarify the possible beneficial
effect of broccoli on several types of cancer.

Keywords: cruciferous vegetables; sulforaphane; anticancer agent; cancer prevention; chemopreventive;
epidemiological studies

1. Introduction

Cancer has become the second leading cause of death worldwide, only surpassed
by cardiovascular diseases. However, mortality from cancer is actually higher than from
cardiovascular diseases in more-developed countries [1]. In 2020, approximately 10 million
patients died from cancer and 19.3 million people were diagnosed with cancer for the first
time worldwide, as prevalence continues to rise [2,3].
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Since the 1990s, cancer incidence and mortality have tended to decline, while the
five-year relative survival rate has increased between 2014 and 2018. Advances in treatment
have led to an accelerated decrease in mortality rates in lung, prostate and colorectal cancers
in men and in breast and colorectal cancers in women [4].

Researchers have long focused their efforts on identifying multiple risk factors that
contribute to the possibility of developing cancer. Tobacco smoking, air pollution, asbestos,
alcohol consumption, ultraviolet radiation, Helicobacter pylori infection, lifestyle, excess
body weight and poor diet are considered exogenous cancer risk factors associated with a
higher incidence of certain types of cancer [5]. In theory, most of these exogenous cancer
risk factors are potentially modifiable, which can contribute to preventing and reducing
the incidence and mortality of various types of cancer [6].

The role of diet has been the subject of countless epidemiological investigations in
cancer prevention. In particular, cruciferous vegetables have been of relevant interest in
the scientific literature due to their content associated with anticancer components such as
glucosinolates, precursors of isothiocyanates, and indole-3-carbinol [7]. Epidemiological
studies and meta-analyses have correlated diets rich in cruciferous vegetables (including
broccoli, cauliflower, Brussels sprouts, cabbage, etc.) with a lower risk of several types of
cancer, such as lung [8,9], gastrointestinal [10], gastric [7], pancreas [11], colorectal [12,13],
bladder [14], renal [15,16], ovarian [17,18], breast [19] and prostate [20] cancers.

Broccoli (Brassica oleracea var. Italica) is an herbaceous plant of the family Brassicaceae,
commonly called cruciferous vegetables (Cruciferae), characterized by low energy content
and high nutritional value due to its fiber, potassium, folate and vitamins C and K con-
tents [21]. Sulforaphane is a compound present in broccoli derived from the hydrolysis
of glucoraphanin by the action of myrosinase. This compound is a glucosinolate that
is a potent inducer of nuclear factor erythroid 2-related factor 2 (Nrf2), a transcription
factor that positively regulates genes associated with the production of antioxidant pro-
teins key to neutralizing oxidative damage. Nrf2 has recently been associated with the
modulation of central metabolic pathways [22,23]. Sulforaphane has shown a variety of
biological properties that contribute positively to human health. It has been revealed as a
chemopreventive and protective agent in various types of cancer, such as colon, gastric,
bladder, prostate, breast, skin and lung cancers [24]. Sulforaphane, isolated from broccoli
aqueous extract, has shown an inhibitory effect on the damage induced by ultraviolet
radiation and the progression of skin cancer [25], as well as decreasing the harmful effects
of prostate cancer [26]. In brief, sprouts were boiled in deionized water for 30 min at over
95 °C to extract glucoraphanin. The resulting aqueous extract was cooled to 37 °C, and
myrosinase was added, catalyzing the conversion of glucoraphanin to sulforaphane over
a 4-h period [26]. The consumption of fresh broccoli is associated with the presence of
sulforaphane in plasma and urine [27,28], which is maintained beyond 24 h after consump-
tion. The presence of sulforaphane is greater when it is consumed as a part of vegetables
than when taken as an extract. This is possibly due to the presence of myrosinase and
other modulating compounds present in fresh broccoli [29-32], a fact also demonstrated in
new varieties of broccoli [33]. The bioavailability of sulforaphane is higher in raw than in
cooked broccoli [34]. It also seems that its absorption and bioavailability improve when
body mass index is higher than 26 kg/m? [35,36].

These data suggest biological plausibility that would explain and reinforce the possible
benefits of broccoli consumption in cancer prevention. Some studies reported positive
associations between broccoli consumption and risk in several types of cancer [37—42];
however, not all studies were consistent [43—45]. To our knowledge, there is no updated
systematic review on this topic that includes all types of relevant studies and evaluates
broccoli consumption associated with cancer risk. Likewise, not all reviews showed sub-
group analyses by study design, which seems relevant for a correct interpretation of the
results. Therefore, we conducted a meta-analysis evaluating the association between broc-
coli consumption and cancer risk with the aim of clarifying the beneficial biological effects
of broccoli consumption on cancer.
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2. Materials and Methods

A systematic review and meta-analysis of observational studies was conducted follow-
ing the guidelines of Preferred Reporting Items for Systematic reviews and Meta-Analyses
(PRISMA 2020) statement [46].

2.1. Information Sources and Search Strategies

Systematic searches were performed in electronic databases: MEDLINE via PubMed,
Web of Science, Scopus, Cochrane Library (CENTRAL) and Epistemonikos. The initial
search strategy was designed for PubMed and adapted to the syntax of the other databases
using Polyglot software (available at: https://sr-accelerator.com/#/polyglot; accessed on
14 November 2023) from Systematic Review Accelerator [47].

Search strategies adapted for each database’s syntax are provided in the Supple-
mentary File S1. These strategies were tailored to optimize search efficiency and ensure
thorough coverage of relevant literature.

To identify unpublished and ongoing studies, study protocols and scientific confer-
ence proceedings and abstracts were also retrieved. Additionally, we carried out forward
and backward citation chasing from each included article using the Citation Chaser soft-
ware (available at: https:/ /estech.shinyapps.io/citationchaser/; accessed on 20 November
2023) [48]. The last search in databases was performed on 22 December 2023.

2.2. Eligibility Criteria

The research team used the population, exposure factor, comparator, outcomes, types
of study designs (PECOT) approach to specify the eligibility criteria as follows: Population:
healthy or sick individuals of any age, sex, ethnicity or country; Exposure: broccoli as a
food in any culinary preparation, including raw, cooked and even as beverages; dehydrated
broccoli was also included, ensuring that the active components remained intact; studies
with broccoli extracts or any active ingredients extracted from broccoli were excluded; Com-
parison: high consumption of broccoli vs. low or no consumption of broccoli; Outcomes:
cancer outcomes were included; and Types of Studies: randomized controlled trials, cohort
studies, case—control studies. Systematic reviews, meta-analyses and umbrella reviews
were also retrieved as a source of primary studies not retrieved from the database search.

2.3. Study Selection Process and Data Extraction

The studies retrieved were managed using ZOTERO software (version 6.0, Corporation
for Digital Scholarship, Vienna, VA, USA), and duplicates were manually removed. The
resulting library was exported in RIS format and imported to Abstrackr software (available
at: http:/ /abstrackr.cebm.brown.edu/account/login; accessed on 12 December 2023) [49].

Blind peer review title and abstract screening was performed by three researchers,
EB, MMo and MVG-C, applying the eligibility criteria to identify articles as “included”,
“excluded” or “not sure”. Articles tagged as “included” and “not sure” were independently
selected for full-text screening by EB, MMo and MVG-C. Discrepancies during the screening
were resolved by consensus between EB, MMo and MVG-C. The identification of full-text
studies and data extraction were performed at the same time by EB, MMo and MVG-C.
The following data were extracted from each study using a piloted form: first author and
year, article’s title, objective, study design, sample size, details about the exposure factor,
results (association measure and 95% confidence interval) and conclusions.

The search and selection process results were reported using a flow diagram according
to the PRISMA 2020 statement [46].

2.4. Risk of Bias Assessment

All articles selected for inclusion in this review were case—control and cohort studies.
To assess the risk of bias in case—control and cohort studies, EB, MMo and MVG-C made
a blinded assessment of each study applying the Newcastle-Ottawa Scale [50]. The scale
assesses the study’s methodological quality and covers key aspects of the risk of bias in
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case—control and cohort studies, and is composed of 4 items that evaluate the selection
process, 1 item to assess whether groups are homogeneous (control of confounding factors
in the design and/or analysis), and 3 items to assess exposure factors (cases and controls) or
outcomes (cohorts) (available at: https:/ /www.ohri.ca/programs/clinical_epidemiology/
oxford.asp; accessed on 10 January 2024).

2.5. Summary of Outcomes

The characteristics of included studies and main findings were presented in a table
of findings, stratifying and organizing the studies based both on cancer outcome and
study design, and in line with the methods proposed by the Centre for Reviews and
Dissemination [51].

2.6. Statistical Analysis

A meta-analysis with Open Metaanalyst software (version 5.26.14; available at:
http:/ /www.cebm.brown.edu/openmeta/; accessed on 12 February 2024) was performed
using a random effects model (DerSimonian-Laird method), which considers heterogeneity
within and between studies, to calculate summary relative risks (RR, cohort studies) and
odds ratio (OR, case—control studies) with a confidence interval (CI) of 95% and 3 digits
of precision. Forest plots of all possible comparisons were performed. The Cochran’s Q
statistic, I2 index and tau-squared (T%) were used to evaluate heterogeneity [52]. For the Q
statistic, a p-value < 0.1 was considered to be representative of statistically significant hetero-
geneity. For I? index, heterogeneity was classified as follows: 25%—low; 50%—moderate;
75%—high levels of variance. A T2 equal to zero indicates no heterogeneity between studies,
and a 12 close to zero indicates lower levels of heterogeneity.

Publication bias was evaluated by Egger’s and Begg’s tests [53,54]. A p-value < 0.05 for
Egger’s or Begg’s tests was considered representative of significant statistical publication bias.

3. Results
3.1. Article Selection Process

We identified 3026 articles from databases (772 articles from PubMed/Medline,
893 articles from Web of Science, 1082 articles from Scopus, and 279 from Epistemonikos).
After removing duplicates and adding five additional articles identified in published sys-
tematic reviews, the complete search strategy resulted in 1369 unique titles and abstracts to
be screened.

During the title and abstract screening, researchers reached agreement on including
34 articles, agreed to exclude 1186 articles, and had doubts on 149 papers, mainly due to a
lack of data to assess if they met all eligibility criteria. Researchers retrieved 183 full-text to
be screened. Finally, 49 articles were selected after complete full-text reading, and 134 were
excluded due to not meeting the population, exposure factor or study design criteria. Of
the 49 included studies, 14 studies could not be meta-analyzed due to lack of data and data
heterogeneity. Finally, 35 studies were meta-analyzed. Figure 1 displays the flow diagram
of the search and screening process.

The snowball search using the 49 included studies yielded 172 potential non-screened
additional records. From this, 159 articles were excluded after the second-round title and
abstract screening, and 13 were selected for complete full-text reading. Finally, all articles
were discarded because they did not meet the eligibility criteria or were already included
in the review.
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Identification

Identification of studies via databases and other sources

Screening

Records identified from:
Databases (n = 3026)
PubMed (n=772)
WoS (n=893)
Scopus (n= 1082)
Epistemonikos (n=279)
Other sources (SR) (n = 5)

Records removed before
screening:
Duplicate records removed
(n=1662)

Records screened
(n=1369)

Records excluded
(n=1186)

A4

Reports sought for retrieval
(n=183)

\4

Reports not retrieved
(n=0)

Reports assessed for eligibility
(n=183)

Included

Figure 1. Flowchart of the article selection process.

Reports excluded:
Wrong population (n = 29)
Wrong exposure factor (n = 9)
Wrong study design (n = 96)

Studies included in review (n = 49)

Studies included in meta-analysis (n = 35)

3.2. Characteristics of the Included Studies

Of the 49 studies included (Table 1), 16 were cohort studies [37,38,43,55-67]
(n = 1,512,760 individuals), and 33 were case—control studies [39-42,44,45,68-94] (n = 18,522 cases
and 24,926 controls; n = 43,448 individuals). The association between broccoli consump-
tion and cancer risk was meta-analyzed in 12 cohort studies [37,38,43,55-57,59,62-66]
(n = 699,482 individuals) and 23 case—control studies [39-42,44,45,68-84] (n = 12,929 cases

and 18,363 controls; n = 31,292 individuals).

High broccoli intake was compared with low consumption. High broccoli intake
ranged from daily to weekly consumption, with a minimum frequency of once per week
and a maximum of once per day. Low broccoli intake was established from not occurring
weekly to three times per month or nonconsumption.
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Table 1. Features and summary of the findings of the studies included in the review evaluating the impact of broccoli consumption on various types of cancer.

Author; Year Design Sample (n) Population/Country/Age Exposure Comparison Outcomes Effect Size Follow-Up Adjustments
Cancer mortality or general cancer incidence
Cancer
Colditz et al., Cohort 1271 Men and women/USA Broccoli High intake vs. mortality (any RR: 0.8; 95% CI from 5 vears Age
1985 [43] study 66 years low intake type); 04tol.6 Y &
n =42 cases
Cancer
Wang L et al., Cohort Women/USA . High intake vs.  incidence (any RR: 1.05; 95% CI from ..
2009 [55] study 38,408 > 45 years Broceoli low intake type); 0.88 to 1.25 11.5 years Multivariate
n = 3234 cases
Breast cancer
RR (adjusted by age):
Adebamowo 1.11; 95% CIL:
CA etal., 2005 Cohort 90,630 Women/USA Broccoli ngh intake vs. Breast cancer 0.67to 1'85; . 5 years Multivariate
[56] study 25-46 years low intake RR (multivariable
adjustment): 0.99; 95%
CI from 0.59 to 1.65
OR: 0.68; 95% CI from
0.56 to 0.82
LinTetal, 2017 Casesand 1491 cases and Women/USA . High intake vs. Raw — OR: 0.78; 95% R
[68] controls 1482 controls 21-97 years Broccoli low intake Breast cancer CI from 0.66 to 0.91 1982-1998 Multivariate
Cooked — OR: 0.83;
95% CI from 0.70 to 0.99
Premenopausal — OR:
0.6; 95% CI from
Ambrosone CB Casesand 740 cases and Caucasian women/USA . High intake vs. 04to1.0 .
et al., 2004 [69] controls 810 controls < 50 years, >50 years Broceoli low intake Breast cancer Postmenopausal — OR: 1986-1991 Multivariate
1.0; 95% CI from
0.7t0 14
Lung and respiratory tract cancer
Fontham ET Cases and 1253 cases; . High intake vs. OR: 0.64; 95% CI from .
et al., 1988 [39] controls 1274 controls Men and women/USA Broccoli low intake Lung cancer 0.54 to 0.78 1979-1982 Multivariate
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Table 1. Cont.
Author; Year Design Sample (n) Population/Country/Age Exposure Comparison Outcomes Effect Size Follow-Up Adjustments
138 cases and
Steinmetz KA Cases and (Zilrjldco(;;l;.r%l;e Women/USA Broccoli High intake vs. Lung cancer; OR: 0.72; 95% CI from 4 vears Multivariate
etal., 1993 [44] controls ! 55-69 years low intake n =179 cases 0.40 to 1.29 y
cohort (n = 41.837
women)
Tarrazo-Antelo .
Casesand 371 cases and Men and women/Spain . High intake vs. OR: 0.54; 95% CI from .
[A71(\)/][ etal, 2014 controls 496 controls Median > 63 years Broccoli low intake Lung cancer 0.35 to 0.84 2004-2008 Multivariate
Garcia- Men and women. Never C 4 Lung cancer;
Lavandeira JA Casesand 438 cases and smokers patients/Spain Broccoli ngh intake vs. adenocarci- OR: 0.55 (0.35-0.83) 2002-2019 Multivariate
controls 781 controls low intake
etal. (2022) [72] > 66 years noma, n = 289.
569 cases Multivariate /
Mettlin C. etal., Cases and (355 men/ Men and women /USA Broccoli High intake vs. Lune cancer RR: 0.31; 95% CI 1989 multiple
1989 [85] controls 214 women) and © oce low intake § cance 0.16 to 0.57 P
regression
569 controls
Women — RR: 2.2;
675 cases i/[;? .il)RR‘ 1.0;
Goodman MT Casesand (463 men and Men and women/USA Broccoli ngh intake vs. Lung cancer p =0.37). 1979-1985 Multivariate
etal., 1992 [86] controls 212 women) and low intake .
Survival of small cell
675 controls .
lung cancer in men RR:
2.6; p=0.02
374 with laryngeal P
Graham Setal,  Casesand cancer and Men and women/USA Broccoli ngh intake vs. Lung cancer NS 1981 -
1981 [88] controls low intake
381 controls
Digestive tract cancer
Gastric
Morrison MEW  Casesand 292 cases and . High intake vs. . OR: 0.61; 95% CI: 0.43 o
et al,, 2020 [40] controls 1168 controls Men and women/USA Broccoli low intake Gastric cancer t0 0.86 1992-1998 Multivariate
Correa P et al,, Casesand 391 cases and . High intake vs. . OR: 1.0; 95% CI from .
1985 [45] controls 391 controls Men and women/USA Broccoli low intake Gastric cancer 07 to 1.7 1985 Multivariate
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Table 1. Cont.
Author; Year Design Sample (n) Population/Country/Age Exposure Comparison Outcomes Effect Size Follow-Up Adjustments
Hansson Adolescence
Casesand 338 cases and Men and . High intake vs. . OR: 0.63; 95% CI from and 20 years o
{}g]et al., 1993 controls 669 controls women/Sweden Broceoli low intake Gastric cancer 0.41 to 0.96 prior to the Multivariate
study
Hara M et al,, Cases and 149 cases and Men and women/Japan . High intake vs. . OR: 0.60; 95% CI: ..
2003 [74] controls 287 controls 20-70 years Broccoli low intake Gastric cancer 0.34 t0 1.08 1998-2002 Multivariate
Graham Setal.,, Casesand 228 cases and . High intake vs. . .
1972 [89] controls 298 controls Men and women/USA Broccoli low intake Gastric cancer Inverse association, NS 2004-2008
Colorectal
Steinmetz KA Cohort 41837 Women/USA Broccoli High intake vs. Colon cancer; RR: 1.0; 95% CI from 5 vears )
etal., 1994 [63] study g 55-69 years low intake n =212 cases 0.7to 1.7 y
Flood A et al., Cohort 45 490 Women/USA Broccoli High intake vs. Colon cancer; RR: 0.78; 95% CI from 7 vears Xsll:ilvfslate/
2002 [64] study ’ Mean > 60 years low intake n = 485 cases 0.58 to 1.06 y b
regression
Women — RR: 0.92;
95% Cl from 0.75 to Average Multivariate/
Nomura AM Cohort 85,903 men and Men and women/USA Broccoli High intake vs. Colorectal 1.15,p =652 follow%u of  multiple
et al., 2008 [65] study 105,108 women 45-75 years low intake cancer Men — RR: 0.94; 95% 73 vear P roor pi 0
CI from 0.76 to 1.15, years CHIESSIO
p =652
Steinmetz and Ly ) oo
Potter JD et al., Cases and 220 cases and Men and . Broccoli ngh intake vs. Colon cancer OR: 0.91; 95% CI from 1979-1980 Multivariate
1993 [71] controls 438 controls women/ Australia low intake 0.48 to 1.72
Hara M et al., Casesand 115 cases and Men and women/Japan . High intake vs. Colorectal OR: 0.18; 95% CI from .
2003 [74] controls 230 controls 20-70 years Broccoli low intake cancer 0.06 to 0.58 1998-2002 Multivariate
Witte JS et al., Casesand 488 cases and Men and women/USA Broccoli High intake vs. Adenomatous OR: 0.64; 95% CI from 1991-1993 Multivariate
1996 [75] controls 488 controls 50-74 years low intake polyps 0.44 t0 0.92
Lin HJ et al., Casesand 459 cases and Men and women/USA Broccoli High intake vs. Colorectal OR: 0.47; 95% CI of 1991-1993 Multivariate
1998 [76] controls 507 controls 50-74 years low intake adenomas 0.30-0.73;
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Table 1. Cont.
Author; Year Design Sample (n) Population/Country/Age Exposure Comparison Outcomes Effect Size Follow-Up Adjustments
Left side colon and
rectal cancer (OR: 0.61;
95% CI 0.39 to 0.96);
Evans RCetal., Casesand 512 cases and Men and women /UK Broccoli High intake vs. Colorectal colorectal cancer in 6 vears Univariate
2002 [77] controls 512 controls low intake cancer general (OR: 0.67; 95% y
CI 0.45 to 1.00); right
colon cancer (OR: 1.00;
95% CI 0.39 to 2.57)
Mahfouz EM Casesand 150 cases and . High intake vs. Colorectal OR: 0.11; 95% CI from
etal., 2014 [78] controls 300 controls Men and women/Egypt Broccoli low intake cancer 0.01 to 0.48: p = 0.03 2010-2011
Men (698 Men — OR: 0.7; 95% CI
case—control pairs) Men and women from 0.4 to 1.0; p = 0.05
Le Marchand Cases and Women (494 (different ethnic Broccoli ngh intake vs.  Colorectal Women — OR: 0.7: 95%  1987-1991
etal., 1997 [79] controls groups)/USA low intake cancer
case—control CIlfrom 04 to1.1;
. < 84 years
pairs) p=0.18
256 colon cancer Inverse association
cases and between the
Graham Setal.,, Casesand 783 controls; . High intake vs. Colon and consumption of
1978 [87] controls 330 rectal cancer Men/USA Broccoli low intake rectal cancer broccoli and the risk of 1978 )
cases and colon cancer, but not
628 controls rectal cancer, NS
Colon cancer
OR (men): 1.0;
p-value: 0.48
Men and women OR (women): 1.0;
194 rectal cancer Lst control series without p-value 0.43
Miller et al., Casesand  cases and athologies Broccoli High intake vs. Colon and n = 348 cases 1983 )
1983 [90] controls 542 controls (2nd p g . low intake rectal cancer Rectal cancer
. 2nd series of surgical
control series, 535) atients/Canada OR (men): 1.0;
P p-value: 0.34
OR (women): 1.2;
p-value: 0.29

n = 194 cases.
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Table 1. Cont.
Author; Year Design Sample (n) Population/Country/Age Exposure Comparison Outcomes Effect Size Follow-Up Adjustments
422 cases Inversely associated
Freudenheim JL. Casesand (277 men and . High intake vs. with the risk of rectal . }
etal., 1990 [91] controls 145 women) and Men and women/USA Broccoli low intake Rectal cancer cancer in men, but not 1978-1986.
422 controls in women, NS
GSTM-1 genotype.
OR:1.23; 95% CI from
0.86 to 1.76 for the
GSTM1-null genotype
OR:0.92; 95% CI from
C e 0.63 to 1.33 for the Multivariate
Slattery ML Casesand 1579 cases and Men and women/USA Broccoli ngh intake vs. Colon cancer GSTMI-present 1991-1994 in GSTM-null
etal., 2000 [92] controls 1898 controls 30-79 years low intake
genotype genotype
OR: 0.30; 95% CI from
0.13 to 0.70; only for the
GSTM1-null genotype
and age less than
55 years
OR 0.41; 95% CI: 0.24 to
Lin HJ et al., Cases and 459 cases and Men and women Broccoli High intake vs. Colorectal 0.70 for the GSTM1-null 1991-1993 }
2002 [93] controls 507 controls 50-74 years low intake adenomas and GSTT1-null
genotypes
Pancreas
Azeem K et al., Casesand 310 cases and Men and women/ Broccoli High intake vs. Pancreatic OR: 0.37; 95% CI from 2006-2009 )
2016 [41] controls 220 controls Czech Republic low intake cancer 0.25t0 0.53
Liver
HR: 0.66; 95% CI from
Zhao Letal.,, Cohort Men and women/USA . High intake vs. . "o .
2023 [67] study 485,403 5071 years Broccoli low intake Liver cancer 0.54 to 0.81; 1995-1996 Multivariate

p trend < 0.001.
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Table 1. Cont.
Author; Year Design Sample (n) Population/Country/Age Exposure Comparison Outcomes Effect Size Follow-Up Adjustments
Urinary tract cancer
Prostate
All prostate cancer —
RR: 0.91; 95% CI from
0.77 to 1.06
. Coq. Aggressive prostate
2K(;(1;s7h[3\)77? etal, Cti)lléort 29,361 ﬁggr/lgsfé car Broccoli {_Ii%};?;la(ke VS Prostate cancer cancer — RR: 0.76;95% 4.2 years Multivariate
study years © € CI from 0.59 to 0.99
Extraprostatic cancer —
RR: 0.55; 95% CI from
0.34 to0 0.89
Men in a prevention
.. program supplemented o . om0
Ambrosini GL Cohort 1985 with beta-carotene and Broccoli ngh intake vs. Prostate cancer.  RR: 0.56; 95% CI from 1990-2004 )
etal., 2008 [57] study . . low intake n=97 0.31to 1.0
retinol/ Australia.
Median 62.6 years
Total prostate
. cancer
Giovannucci E Cohort Men/USA . High intake vs. . RR: 0.87; 95% CI from .
etal., 2003 [66] study 47,365 < 65 years and >65 years Broccoli low intake (excluding stage 0.73 t0 1.05 1986-2000 Multivariate
Tla tumors);
n =962
Joseph MA etal.,, Casesand 428 cases and Caucasian Men/USA . High intake vs. Incident OR: 0.72; 95% CI from . .
2004 [80] controls 537 controls 45-85 years Broccoli low intake prostate cancer 0.49 to 1.06 1986-1991 Multivariate
Bladder
Michaud DS Cohort 47909 Men/USA Broccoli High intake vs. Bladder cancer RR: 0.61; 95% CI from 10 vears Multivariate
etal., 1999 [38] study ! 40-75 years low intake n = 252 cases. 0.42 to 0.87 y
Survival of General death (HR: 0.57;
Tang L etal, Cohort 239 1<VI 6e(§1 /(IeﬁsA 60-70 years Broccoli High intake vs. Eﬁﬁi Z\;:?er 9D5is/2acsle?s.32cti(;i2.321;th 8 years Multivariate
2010 [58] study years, y ! low intake P y

and >70 years

Cancer deaths
n =101 cases

(HR: 0.43; 95% CI
0.25 to 0.74)
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Table 1. Cont.
Author; Year Design Sample (n) Population/Country/Age Exposure Comparison Outcomes Effect Size Follow-Up Adjustments
Men and women L
Castelao JE Casesand 1592 cases . . High intake vs. OR: 0.81; 95% CI from .
etal,, 2004 [81] controls and controls (non-Asians)/USA Broccoli low intake Bladder cancer 059 to 1.09 1987-1996 Multivariate
25-64 years
Bladder cancer,
patients who :
LinJetal,2009 Casesand 884 cases and Men and women/USA . High intake vs. had not received OR: 0.71; 95% CI from 1999
mean age 64 years cases,  Broccoli . - Currently
[82] controls 878 controls low intake previous 0.53 t0 0.96 .
65 years controls ongoing
chemotherapy
or radiotherapy
Men and women Broccoli raw — OR:
(Predominantly 0.57;95% CI from 0.40
Tang L et al., Casesand 275 cases and . . High intake vs. to 0.81 .
2008 [83] controls 825 controls Caucasian)/USA Broccoli low intake Bladder cancer Broccoli cooked —s OR: 1982-1998 Multivariate
25-86 years cases;
21-92 vears controls 0.88; 95% CI from 0.65
y to 1.20
Reproductive system cancer
Shen Y et al., Cases and 600 cases and Women/China . High intake vs. . . OR: 0.55; 95% CI from ..
2016 [42] controls 236 controls 30-50 years Broccoli low intake Uterine fibroids 0.32t00.96 2010-2014 Multivariate
Gates MA etal.,,  Cohort Women/USA . High intake vs. . RR: 0.67; 95% CI from .
2007 [59] study 66,940 Mean 50-51 years Broccoli low intake Ovarian cancer 045 to 1.01 1984-2002 Multivariate
Women/USA o . . oro
Chang E etal, Cohort 97,275 Median age at baseline Broccoli ngh intake vs. Ovarian cancer RR: 0.91; 95% CI from 1995-2003 Multivariate
2007 [62] study low intake 0.61 to 1.36
50 years
Barbone Fetal.,, Casesand 103 cases and . High intake vs. Endometrial OR: 0.5; 95% CI from .
1993 [84] controls 236 controls Women/USA Broccoli low intake cancer 0.3to 1.0 1985-1988 Multivariate
Thyroid cancer
C g HR: 2.13; 95% CI from
Braganza MZ — Cohort 292,477 Menand women/USA g oy Highintakevs. o G cancer 11310 3.99; 1996-2006  Multivariate
et al., 2015 [60] study Mean: 63.4 years low intake
p trend < 0.01.
Ron Eetal., Casesand 159 cases and . High intake vs. . el )
1987 [94] controls 285 controls Men and women/USA Broccoli low intake Thyroid cancer OR: 0.8; p trend: 0.20 1987 -
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Table 1. Cont.

Author; Year Design Sample (n) Population/Country/Age Exposure = Comparison Outcomes Effect Size Follow-Up Adjustments

Lymphoid cancer

Non-Hodgkin
lymphoma
(NHL), diffuse
large B-cell
lymphoma
(DLBCL) and
follicular
lymphoma (FL)
n =415 NHL;
184 DLBCL and
90 FL cases

Abbreviations: AMI = acute myocardial infarction; CC = coronary heart disease; CI = confidence interval; CVD = cardiovascular diseases; DLBCL = diffuse large B-cell lymphoma;
FL = follicular lymphoma; GSTM1 = glutathione S-transferase Mu 1 gene; HR = hazard ratio; n = number of cases; NHL = non-Hodgkin lymphoma; NS = quantitative data not supplied;
OR = odds ratio; RCT: randomized controlled trial; RR = relative risk or risk ratio.

NHL (RR: 0.72; p-value:
0.018). mainly for FL
and weaker or not
apparent for DLBCL.

Thompson CA Cohort Women/USA

. High intake vs.
etal,2010[61]  study 35159 Broccoli

55-69 years low intake 1986-2005 Multivariate
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3.3. Critical Appraisal

In 21 case—control studies, an independent validation to verify and define the cases
was performed (avoiding misclassification bias) [39,68-73,77-84,86-90,94]. Fourteen stud-
ies had clear representativeness of the cases (selection bias) [39,68,69,71-73,77,79-82,85-87],
and in 15 studies, controls were selected in hospital environments (Berkson
bias) [39,40,42,45,68,70,72,74-76,82,84,88,90,93]. As in the cohort studies, the recording of
consumption was through self-report surveys or through nonblinded interviews (detection
bias) (Table 2).

Table 2. Summary of critical appraisal process based on the Newcastle-Ottawa Scale in case-control
studies.

Case—Control Studies

Author; Year Al A2 A3 A4 B.1 C1 C.2 C3

Fontham ET et al., 1988 [39]
Morrison MEW et al., 2019 [40]
Azeem K et al., 2016 [41]
Shen Y et al., 2016 [42]
Steinmetz KA et al., 1993 [44]
Correa P et al., 1985 [45]
Lin T et al., 2017 [68]
Ambrosone CB., 2004 [69]
Tarrazo-Antelo AM et al., 2014 [70]
Steinmetz KA et al., 1993 [71]
Garcia-Lavandeira JA et al., 2022 [72]
Hansson LE et al., 1993 [73]
Hara M et al., 2003 [74]
Witte JS et al., 1996 [75]
Lin HJ et al., 1998 [76]
Evans RC et al., 2002 [77]
Mahfouz EM et al., 2014 [78]
Le Marchand L et al., 1997 [79]
Joseph MA., 2004 [80]
Castelao JE., 2004 [81]
Lin J et al., 2009 [82]

Tang L., 2008 [83]
Barbone F et al., 1993 [84]
Mettlin C et al., 1989 [85]
Goodman MT et al., 1992 [86]
Graham S et al., 1978 [87]
Graham S et al., 1981 [88]
Graham S et al., 1972 [89]
Miller AB et al., 1983 [90]
Freudenheim JL et al., 1990 [91]
Slattery ML et al., 2000 [92]
Lin HJ et al., 2002 [93]
Ron E et al., 1987 [94]

1

™LA

Color legend: Green: response marked in the tool as the most appropriate option, with a low risk of bias; Red:
answer marked in the tool as the least appropriate option; Orange: answer marked as doubtful. Dimensions of
case—control studies: A.1. Adequate case definition; A.2. Representativeness of the cases; A.3. Selection of controls;
A.4. Definition of controls; Bl. Comparability of cases and controls; C.1. Record of exposure (consumption of
broccoli); C.2. Same method to record exposure in cases and controls; C.3. Nonrespondent rate.
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Only 7 of the 16 cohort studies had adequate representativeness [37,43,58,60,61,64,65]
according to the Newcastle-Ottawa Scale; the other nine studies included only health
professionals [38,55-57,59,62,63,66,67]; therefore, their results could not be inferred to the
general population (selection bias). Likewise, in most cohort studies, exposure (consump-
tion of broccoli) was self-reported, with potential detection bias. Uncertainty was also noted
regarding whether exposure could vary over time. Long time periods were established
for the collection of food consumption data. Most of the other evaluated domains were
considered adequate (Table 3).

Table 3. Summary of critical appraisal process based on the Newcastle-Ottawa Scale in cohort studies.

Cohort Studies

Author; Year Al A2 A3 A4 B.1 C1 C.2 C3

Kirsh VA et al., 2007 [37]

Michaud DS et al., 1999 [38]
Colditz GA et al., 1985 [43]
Wang L et al., 2009 [55]
Adebamowo CA et al., 2005 [56]
Ambrosini GL et al., 2008 [57]
Tang L et al., 2010 [58]
Gates MA et al., 2007 [59]
Braganza MZ et al., 2015 [60]
Thompson CA et al., 2010 [61]
Chang ET et al., 2007 [62]
Steinmetz KA et al., 1994 [63]
Flood A et al., 2002 [64]
Nomura AM et al., 2008 [65]
Giovannucci E et al., 2003 [66]
Zhao L et al., 2023 [67]

Illrl

Color legend: Green: response marked in the tool as the most appropriate option, with a low risk of bias;
Red: answer marked in the tool as the least appropriate option; Orange: answer marked as doubtful. Cohort
study dimensions: A.1. Representativeness of the exposed cohort (broccoli consumption); A.2. Selection of the
unexposed cohort; A.3. Record of exposure; A.4. Verification of outcome not present at the beginning of the study;
B1. Cohort comparability; C.1. Evaluation of the outcome; C.2. Sufficient exposure time; C.3. Adequate follow-up
of the cohort.

3.4. Outcomes of Case—Control Studies

Of the 33 included case—control studies that evaluated the association between broccoli
intake and cancer, 23 could be meta-analyzed [39-42,44,45,68-84]. Figure 2 shows detailed
data from the meta-analysis of case—control studies that evaluated the association between
broccoli consumption and various types of cancer.

Overall, the analysis suggested that individuals with higher consumption of broccoli
were less likely to suffer from some type of cancer (OR: 0.64, 95% CI from 0.58 to 0.70,
p <0.001; Q = 35.97, p = 0.072, I? = 30.49%—moderate heterogeneity; t> = 0.016). In the
analysis by cancer subgroups, individuals who consumed more broccoli were less likely
to suffer from some site-specific cancers (lung, gastric, colorectal and bladder cancers,
p < 0.001; reproductive system and breast cancers, p = 0.004 and p = 0.023, respectively).
A low heterogeneity was confirmed for lung cancer (n = 4 studies, Q = 1.06, p = 0.788,
I? = 0%, 2 = 0.000), reproductive system cancer (n = 2 studies, Q = 0.04, p = 0.834, 2 = 0%,
72 =0.000), gastric cancer (n = 4 studies, Q =2.92, p = 0.405, I? = 0%, T* = 0.000), and bladder
cancer (n = 3 studies, Q =2.14, p = 0.344, I? = 6.40%, T = 0.002); however, the subgroups
of breast cancer and colorectal cancer showed moderate heterogeneity (breast cancer,
n = 3 studies, Q =4.39, p = 0.111, I? = 54.45%, > = 0.030; colorectal cancer, n = 8 studies,
Q=1341,p =0.063, > = 47.79, t*> = 0.057) (Figure 2).
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Studies Estimate (95% C.I.) i
Fontham ET et al. 0.640 (0.528, 0.776) 4
Steinmetz KA et al. 0.720 (0.402, 1.290) —_—
Tarrazo-Antelo AM et al. 0.540 (0.347, 0.840) ———
Garcia-Lavandeira JA et al. 0.550 (0.364, 0.830) —l—}—
Subgroup Lung cancer (1*2=0 % , P=0.787) 0.618 (0.529, 0.723) <>
Shen Y etal. 0.550 (0.315, 0.960) ——
Barbone F et al. 0.500 (0.250, 1.000) 5
Subgroup Reproductive system cancer (1'2=0 % , P=0.834) 0.530 (0.343, 0.818) O:-
AzeemK et al. 0.370 (0.250, 0.548) ——
Subgroup Pancreatic cancer (1'2=NA , P=NA) 0.370 (0.250, 0.548) _ !
Morrison MEW et al. 0.610 (0.430, 0.865) —l—
Correa P et al. 1.000 (0.604, 1.656) —_—
Hanson LE et al. 0.630 (0.413, 0.961) —_—
Hara M et al. (gastric) 0.600 (0.335, 1.075) —_—
Subgroup Gastric cancer (12=0 % , P=0.405) 0.674 (0.541, 0.840) <
Steinmetz KA & Potter JD 0.910 (0.480, 1.725) ;—I—
Hara M et al. (colorectal) 0.180 (0.056, 0.579) H i
Witte JS et al. 0.640 (0.445, 0.920) ——
Lin HJ et al. 0.470 (0.303, 0.729) - 5
Evans RC et al. 0.670 (0.449, 1.000) +
Mahfouz EM et al 0.110 (0.025, 0.480) t
Le Marchand et al. (men) 0.700 (0.490, 1.000) —
Le Marchand et al. (women) 0.700 (0.445, 1.100) ——
Subgroup Colorectal cancer (1"2=47.8 %, P=0.063) 0.596 (0.463, 0.766) =
Castelao JE et al. 0.810 (0.590, 1.112) —a—
Lin Jetal. 0.710 (0.530, 0.951) e
Tang L et al. 0.570 (0.401, 0.810) +
Subgroup Bladder cancer (12=6.4 % , P=0.344) 0.698 (0.578, 0.844) <>
Joseph MA et al. 0.720 (0.490, 1.058) —
Subgroup Prostate cancer (1*2=NA , P=NA) 0.720 (0.490, 1.058) _
Lin Tetal. 0.680 (0.564, 0.820) ——
Ambrosone CB et al. (premenopausal) 0.600 (0.400, 0.900) —|;_
Ambrosone CB et al. (postmenopausal) 1.000 (0.700, 1.429) C——
Subgroup Breast cancer (142=54.4 % , P=0.112) 0.736 (0.566, 0.958) <
Overall (1"2=30.49 % , P=0.072) 0.641 (0.583, 0.704) <>
T T T T L T ]
003 0.05 013 0.25 05 064 126 173
Qdds Ratio (log scale)

Figure 2. Results of the meta-analysis of case-control studies [39-42,44,45,68-84].

3.5. Outcomes of Cohort Studies

Of the 16 included cohort studies that evaluated the association between broccoli
intake and the risk of cancer, only 12 could be meta-analyzed [37,38,43,55-57,59,62—66].
Figure 3 presents the detailed data of the meta-analysis of cohort studies that evaluated the
association between broccoli consumption and several types of cancer.
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Studies Estimate (95% C.I.)

Colditz et al 0.800 (0.400, 1.600) ]

Wang L et al. 1.050 (0.880, 1.253) ‘——l—

Subgroup All types (12=0 % , P=0.456) 1.033 (0.870, 1.226) T

Adebamowo CA et al. 0.990 (0.594, 1.650)

Subgroup Breast cancer (I*2=NA , P=NA) 0.990 (0.594, 1.650) e ———

Steinmetz KA et al 1.000 (0.589, 1.698)

Flood A et al. 0.780 (0.574, 1.060) ]

Nomura AMY et al. (women) 0.920 (0.736, 1.150) —l——

Nomura AMY et al. (men) 0.940 (0.768, 1.150) ——

Subgroup Colorectal cancer (1*2=0 % , P=0.754) 0.906 (0.795, 1.032) ==

Kirsh VA et al. 0.910 (0.781, 1.060) —j——

Ambrosini GL et al. 0.560 (0.310, 1.012) »

Giovannucci E et al. 0.870 (0.730, 1.037) —a—

Subgroup Prostate cancer (1*2=18.05 % , P=0.295) 0.872 (0.763, 0.996) e

Michaud DS et al. 0.610 (0.428, 0.870) ]

Subgroup Bladder cancer (1*2=NA, P=NA) 0.610 (0.428, 0.870) e ———

Gates MA et al. 0.670 (0.442, 1.016) ] ;

Chang E et al. 0.910 (0.609, 1.360) |

Subgroup Reproductive system cancer (1*2=7.03 % , P=0.300) 0.785 (0.581, 1.059) —_— T T

Overall (1*2=11.21 % , P=0.333) 0.888 (0.820, 0.962) <>
j I ]‘ T |
031 062 089 155 17

Relative Risk (log scale)
Figure 3. Results of the meta-analysis of cohort studies [37,38,43,55-57,59,62-66].

The analysis showed that a high consumption of broccoli could be associated with a
lower risk of several types of cancer (RR: 0.89, 95% CI from 0.82 to 0.96, p = 0.003; Q = 13.51,
p =0.333, I2 = 11.21%—Ilow heterogeneity; T = 0.002). In subgroup analysis, prostate cancer
showed a statistically significant inverse association between broccoli intake and cancer risk
(p = 0.042). However, this association was not statistically significant in colorectal cancer
(p = 0.136), in reproductive system cancer (p = 0.113), and in cancer in general (p = 0.713).
All cancer subgroups showed low statistical heterogeneity (Figure 3).

In the case—control studies, no evidence of significant publication bias was verified
with the Begg’s funnel plot (Figure 4A, p = 0.06) or with the Egger’s test (p = 0.07). In the
cohort studies, no evidence of significant publication bias was observed with the Begg’s
funnel plot (Figure 4B, p = 0.36) or with the Egger’s test (p = 0.08).
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Figure 4. Begg’s funnel plots of case-control (A) and cohort (B) studies.

4. Discussion

To our knowledge, this is the first meta-analysis that evaluates the association between
broccoli intake and several types of cancer. According to the results of the meta-analysis,
findings from cohort and case—control studies suggested a greater reduction in cancer risk in
people who consumed more broccoli compared to those who consumed less or no broccoli;
however, there is uncertainty about the robustness of the current available evidence. While
more cohort studies are needed to draw more precise conclusions, the results of the case—
control studies showed borderline statistical significance with moderate heterogeneity.

Various meta-analyses have verified that the general consumption of cruciferous
vegetables is inversely associated with the risk of various types of cancer, such as col-
orectal cancer, gastric cancer, bladder cancer, pancreatic cancer, breast cancer, and ovarian
cancer [7,11,12,14,17,19,20]; however, not all meta-analyses have confirmed this associ-
ation [95]. Specific analysis for broccoli yielded similar findings, and these results are
consistent with the review led by Verhoeven et al., 1996 [96], which considered only case—
control studies and suggested that in most of them (56%), the high consumption of broccoli
was associated with a lower probability of developing cancer. In our meta-analysis, 17 of
23 case—control studies (73.9%) showed a protective effect of higher broccoli consumption
on various types of cancer.

For specific types of cancer, case-control studies suggested that high broccoli con-
sumption was inversely associated with lung or respiratory tract cancer, reproductive
cancer, pancreatic cancer, gastric cancer and bladder cancer. Although case—control studies
analyzed in colorectal and breast cancer also demonstrated this inverse association, these
findings should be interpreted with caution due to the subtle and moderate heterogeneity
confirmed in the meta-analyzed studies.

The inverse association observed in case—control studies between greater consumption
of broccoli and the risk of suffering from some type of cancer was corroborated in the
cohort studies, also observing low heterogeneity in the studies. In this regard, the lower
heterogeneity detected in the cohort studies can be attributed, at least in part, to the greater
number of case—control studies compared to the cohort studies.

For specific types of cancer, meta-analysis of cohort studies raised doubts about the
likely beneficial effect of broccoli consumption in reducing the risk of colorectal cancer and
cancer of the reproductive system [59,62-65]. In alignment with these findings, we did not
find an inverse association between broccoli consumption and the risk of suffering from
cancer in general (two cohort studies) and breast cancer (one cohort study) (Nurses” Health
Study II; 2005) [43,55,56]. Conversely, a protective benefit of broccoli consumption was
observed for bladder cancer [38] and prostate cancer [37,57,66]. These results suggest that
broccoli intake could be associated with certain specific cancers. More cohort studies would
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be necessary to support such claims and further improve the perception of the possible
healthy effect of broccoli consumption on specific type of cancer.

Other reviews have previously evaluated the association between broccoli consump-
tion and colorectal cancer with similar findings. In the meta-analysis conducted by Wu et al.,
2013, six studies on broccoli were included: three cohort and three case—control studies.
The set of studies showed a lower risk of colorectal cancer associated with the consumption
of broccoli, although the association was not statistically significant (RR: 0.82; 95% CI 0.65
to 1.02) [13]. By type of study, a non-statistically significant association was observed in the
case—control studies (RR: 0.60; 95% CI 0.32 to 1.13) as well as in the cohort studies (RR: 0.91;
95% CI0.80 to 1.03) [13]. Furthermore, the meta-analysis conducted by Tse et al., 2014 re-
vealed that broccoli intake showed protective benefits against colorectal neoplasia (OR: 0.80,
95% CI: 0.65 to 0.99). It is worth noting that Tse et al. conducted a joint meta-analysis of
both case-control and cohort studies, unlike our approach in this meta-analysis [12].

A similar trend was observed in cancer of the reproductive system. The findings
from the cohort studies in this review on the impact of broccoli consumption on the risk
of reproductive cancer [59,62] are consistent with the results reported by Hu et al., 2015,
who observed a 22% reduction in the risk of ovarian cancer with marginal significance for
broccoli (RR: 0.78; 95% CI 0.58 to 1.06) [18].

When examining thyroid cancer, a case—control study found no significant association
between broccoli consumption and the risk of thyroid cancer [94]. In contrast, findings
from a prospective cohort study hinted at a possible positive association between broccoli
consumption and thyroid cancer risk in men [60]. However, it is important to note that
the results in this study should be interpreted with caution due to the possibility of bias
introduced by the presence of other natural goitrogens. Regarding lymphatic cancer, a
cohort study suggested that broccoli intake could be associated with a lower risk of non-
Hodgkin lymphoma and follicular lymphoma, with a less evident association with diffuse
large B-cell lymphoma [61].

As a whole, the results of this review seem to be consistent with the results of previous
systematic reviews, both with those that evaluated the impact of the consumption of crucif-
erous vegetables on cancer [7,11,12,14,17,19,20] and those that assessed the consumption of
brocceoli [12,13,96]. In this regard, (a) the association between high broccoli consumption
and the risk of suffering from various types of cancer showed an inverse trend, that is,
the higher the consumption, the lower the risk; (b) the inverse association between higher
broccoli intake and the risk of several specific cancers was identified in both case—control
and cohort studies; (c) these findings should be interpretated with caution. Case—control
studies showed marginal statistical significance with moderate heterogeneity, and further
cohort studies are needed.

Several biological mechanisms have been proposed to determine the positive effect
of broccoli uptake associated with cancer. The possible protective effect of broccoli could
be explained, at least in part, by the chemopreventive and anticancer properties of the
metabolites present in this cruciferous plant. Broccoli serves as a significant source of isoth-
iocyanates, small biologically active molecules derived from glucosinolates. Sulforaphane,
as an essential compound in broccoli, is an isothiocyanate with notable anticancer and
chemopreventive properties [97]. Sulforaphane plays a crucial role in diverse biological
processes associated with cancer, including enzymatic detoxification of carcinogens, at-
tenuation of oxidative stress, initiation of cell cycle arrest, promotion of apoptosis, and
regulation of the epithelial-to-mesenchymal transition [97-101]. Numerous studies have
highlighted sulforaphane’s effectiveness in targeting cancer stem cells across various cancer
types, thereby enhancing its potential to prevent drug resistance, metastasis, and tumor
recurrence. Sulforaphane has shown its effectiveness against various tumors, including
lung cancer, prostate cancer, breast cancer, and colon cancer [97-104].

The observed variance in cancer risk associated with broccoli consumption across
studies may predominantly stem from divergent characteristics within studied populations,
encompassing variances not only across different cancer types but also across demographic,
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geographic, cultural, and genetic factors. Additionally, methodological disparities in the
assessment of broccoli consumption, including variations in measurement tools and criteria
for categorizing high versus low intake levels, could contribute to this heterogeneity. Dis-
crepancies in broccoli preparation methods, notably differences in cooking techniques and
the preservation of bioactive compounds, may further amplify this variability. Exposure to
high temperatures during cooking can cause the degradation of myrosinase, decreasing its
functionality and hindering the synthesis of sulforaphane. Therefore, it is preferable to opt
for the consumption of raw broccoli to enhance the bioavailability and protective effects of
sulforaphane [97]. Moreover, inconsistencies in the adjustment for confounding factors,
despite attempts at standardization across studies, introduce another layer of potential
variation, given the divergent types and quantities of confounding factors considered. It
is imperative not to discount other potential contributors to disparate findings, including
dissimilarities in study methodologies or identified limitations encountered during critical
analysis. Finally, it is important to mention that in the studies in which the impact of
broccoli consumption was analyzed based on the presence of the GSTM1-null gene poly-
morphism that is associated with glutathione S-transferase inactivity [76,92], individuals
with this polymorphism seemed to benefit more than other subgroups, a finding that could
also explain the inconsistency and imprecision of the results.

The primary strength of this study lies in its substantial sample size, comprising
699,482 subjects in the cohort studies and 31,292 participants in the case—control studies.
Such a large sample size bestows considerable statistical power, enabling the identification
of a robust association between broccoli consumption and the risk of developing various
types of cancer.

Several limitations must be considered. It should be considered that the definition
of the exposure level varied depending on each study (maximum intake vs. minimum
intake of broccoli). Furthermore, the methods for evaluating the level of broccoli intake
were heterogeneous due to the types of surveys or tools to measure consumption in each
study. The followed-up groups of people were also heterogeneous between the different
studies, which could contribute to the inconsistency of the results. As the data from the
conducted studies relied on observational methods, it is plausible that the observed inverse
association between broccoli consumption and the risk of various cancer types could have
been influenced by unmeasured variables or residual confounding factors. In addition,
several biases were detected, mainly relating to the representativeness of the cases, selection
of controls in hospital environments (Berkson bias), self-reported exposure, nonblinded
interviews, and times for the collection of food consumption data.

5. Conclusions

This review and meta-analysis may be the most comprehensive to date due to the
broad coverage of outcomes for various types of cancer related to broccoli consumption.

From a biological perspective, the consumption of broccoli, regardless of its varieties,
shows a protective and chemoprotective effect on cancer and cancer biomarkers. From a
methodological perspective, this beneficial effect of broccoli consumption on cancer should
be interpreted with caution. Cohort studies should be increased in various specific cancer
types, and case—control studies showed subtle moderate heterogeneity.

As a final remark, while broccoli is generally considered a healthy food choice and
is associated with various health benefits, including potential cancer-preventive effects,
it is important to note that there is generally no significant risk associated with high
broccoli consumption for most individuals. However, certain groups may need to exercise
caution, including individuals on warfarin medications and people with thyroid issues,
allergies/hypersensitivities, or digestive sensitivities [105].

More in-depth studies are warranted to report more-detailed results and stratified
results by different cancer types.



Nutrients 2024, 16, 1583 21 of 25

Supplementary Materials: The following supporting information can be downloaded at:
https:/ /www.mdpi.com/article/10.3390/nu16111583/s1.

Author Contributions: Conceptualization, E.B. and M.M.; methodology, E.B. and M.V.G.-C.; formal
analysis, E.B. and M.V.G.-C.; investigation, E.B., M.M., M.V.G.-C. and E.P,; resources, G.R.; data
curation, E.B. and M.V.G.-C.; writing—original draft preparation, E.B. and M.M.; writing—review
and editing, M.V.G.-C,, E.P. and G.R; supervision, G.R.; project administration, E.B. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: All data of this study are available from the corresponding author on
reasonable request.

Acknowledgments: We would like to extend our heartfelt gratitude to Maria Elena Marques-Medina
and Patricia Martinez-Lopez for their invaluable support throughout various phases of this project.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

o

10.

11.

12.

13.

14.

15.

16.

17.

18.

Dagenais, G.R.; Leong, D.P.; Rangarajan, S.; Lanas, F.; Lopez-Jaramillo, P.; Gupta, R.; Diaz, R.; Avezum, A.; Oliveira, G.B.F,;
Wielgosz, A.; et al. Variations in common diseases, hospital admissions, and deaths in middle-aged adults in 21 countries from
five continents (PURE): A prospective cohort study. Lancet 2020, 395, 785-794. [CrossRef]

Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I; Jemal, A.; Bray, F. Global cancer statistics 2020: GLOBOCAN
estimates of incidence and mortality worldwide for 36 cancers in 185 countries. Cancer J. Clin. 2021, 71, 209-249. [CrossRef]
[PubMed]

Ferlay, J.; Laversanne, M.; Ervik, M.; Lam, F.; Colombet, M.; Mery, L.; Pifieros, M.; Znaor, A.; Soerjomataram, I.; Bray, F. Global
Cancer Observatory: Cancer Tomorrow (Version 1.1); International Agency for Research on Cancer: Lyon, France, 2024.

Cronin, K.A.; Scott, S.; Firth, A.U.; Sung, H.; Henley, SJ.; Sherman, R.L.; Siegel, R.L.; Anderson, R.N.; Kohler, B.A,;
Benard, V.B.; et al. Annual report to the nation on the status of cancer, part 1: National cancer statistics. Cancer 2022, 128,
4251-4284. [CrossRef]

Weeden, C.E.; Hill, W,; Lim, E.L.; Gronroos, E.; Swanton, C. Impact of risk factors on early cancer evolution. Cell 2023, 186,
1541-1563. [CrossRef] [PubMed]

Steck, S.E.; Murphy, E.A. Dietary patterns and cancer risk. Nat. Rev. Cancer 2020, 20, 125-138. [CrossRef] [PubMed]

Wu, Q.-J,; Yang, Y.; Wang, J.; Han, L.-H.; Xiang, Y.-B. Cruciferous vegetable consumption and gastric cancer risk: A meta-analysis
of epidemiological studies. Cancer Sci. 2013, 104, 1067-1073. [CrossRef]

Zhang, Z.; Bergan, R.; Shannon, |.; Slatore, C.G.; Bobe, G.; Takata, Y. The Role of Cruciferous Vegetables and Isothiocyanates for
Lung Cancer Prevention: Current Status, Challenges, and Future Research Directions. Mol. Nutr. Food Res. 2018, 62, €1700936.
[CrossRef]

Wu, QJ; Xie, L.; Zheng, W.; Vogtmann, E.; Li, H.L,; Yang, G.; Ji, B.T.; Gao, Y.T.; Shu, X.O.; Xiang, Y.B. Cruciferous vegetables
consumption and the risk of female lung cancer: A prospective study and a meta-analysis. Ann. Oncol. 2013, 24, 1918-1924.
[CrossRef]

Johnson, I.T. Cruciferous Vegetables and Risk of Cancers of the Gastrointestinal Tract. Mol. Nutr. Food Res. 2018, 62, 1701000.
[CrossRef]

Li, L.-Y,; Luo, Y;; Lu, M.-D.; Xu, X.-W,; Lin, H.-D.; Zheng, Z.-Q. Cruciferous vegetable consumption and the risk of pancreatic
cancer: A meta-analysis. World ]. Surg. Oncol. 2015, 13, 44. [CrossRef]

Tse, G.; Eslick, G.D. Cruciferous Vegetables and Risk of Colorectal Neoplasms: A Systematic Review and Meta-Analysis. Nutr.
Cancer Int. . 2014, 66, 128-139. [CrossRef] [PubMed]

Wu, QJ.; Yang, Y.; Vogtmann, E.; Wang, J.; Han, L.H.; Li, H.L.; Xiang, Y.B. Cruciferous vegetables intake and the risk of colorectal
cancer: A meta-analysis of observational studies. Ann. Oncol. 2013, 24, 1079-1087. [CrossRef] [PubMed]

Liu, B.; Mao, Q.; Lin, Y;; Zhou, E; Xie, L. The association of cruciferous vegetables intake and risk of bladder cancer: A
meta-analysis. World ]. Urol. 2013, 31, 127-133. [CrossRef] [PubMed]

Liu, B.; Mao, Q.; Wang, X.; Zhou, F;; Luo, J.; Wang, C. Cruciferous vegetables consumption and risk of renal cell carcinoma: A
meta-analysis. Nutr. Cancer 2013, 65, 668—676. [CrossRef]

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, €75732. [CrossRef] [PubMed]

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. [CrossRef] [PubMed]

Hu, J; Hu, Y,; Hu, Y.; Zheng, S. Intake of cruciferous vegetables is associated with reduced risk of ovarian cancer: A meta-analysis.
Asia Pac. |. Clin. Nutr. 2015, 24, 101-109. [CrossRef] [PubMed]


https://www.mdpi.com/article/10.3390/nu16111583/s1
https://doi.org/10.1016/s0140-6736(19)32007-0
https://doi.org/10.3322/caac.21660
https://www.ncbi.nlm.nih.gov/pubmed/33538338
https://doi.org/10.1002/cncr.34479
https://doi.org/10.1016/j.cell.2023.03.013
https://www.ncbi.nlm.nih.gov/pubmed/37059064
https://doi.org/10.1038/s41568-019-0227-4
https://www.ncbi.nlm.nih.gov/pubmed/31848467
https://doi.org/10.1111/cas.12195
https://doi.org/10.1002/mnfr.201700936
https://doi.org/10.1093/annonc/mdt119
https://doi.org/10.1002/mnfr.201701000
https://doi.org/10.1186/s12957-015-0454-4
https://doi.org/10.1080/01635581.2014.852686
https://www.ncbi.nlm.nih.gov/pubmed/24341734
https://doi.org/10.1093/annonc/mds601
https://www.ncbi.nlm.nih.gov/pubmed/23211939
https://doi.org/10.1007/s00345-012-0850-0
https://www.ncbi.nlm.nih.gov/pubmed/22391648
https://doi.org/10.1080/01635581.2013.795980
https://doi.org/10.1371/journal.pone.0075732
https://www.ncbi.nlm.nih.gov/pubmed/24204579
https://doi.org/10.1186/1746-1596-9-7
https://www.ncbi.nlm.nih.gov/pubmed/24444040
https://doi.org/10.6133/apjcn.2015.24.1.22
https://www.ncbi.nlm.nih.gov/pubmed/25740748

Nutrients 2024, 16, 1583 22 of 25

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Liu, X.; Lv, K. Cruciferous vegetables intake is inversely associated with risk of breast cancer: A meta-analysis. Breast 2013, 22,
309-313. [CrossRef] [PubMed]

Liu, B.; Mao, Q.; Cao, M.; Xie, L. Cruciferous vegetables intake and risk of prostate cancer: A meta-analysis. Int. ]. Urol. 2012, 19,
134-141. [CrossRef]

Nagraj, G.S.; Chouksey, A ; Jaiswal, S.; Jaiswal, A.K. Broccoli. In Nutritional Composition and Antioxidant Properties of Fruits and
Vegetables; Academic Press: London, UK, 2020; pp. 5-17. [CrossRef]

Gasper, A.V,; Al-Janobi, A.; Smith, J.A. Glutathione S-transferase M1 polymorphism and metabolism of sulforaphane from
standard and high-glucosinolate broccoli. Am. J. Clin. Nutr. 2005, 82, 1283; Correction Am. J. Clin. Nutr. 2006, 83, 724. [CrossRef]
Hayes, ].D.; Dinkova-Kostova, A.T. The Nrf2 regulatory network provides an interface between redox and intermediary
metabolism. Trends Biochem. Sci. 2014, 39, 199-218. [CrossRef] [PubMed]

Yang, L.; Palliyaguru, D.L.; Kensler, T.W. Frugal chemoprevention: Targeting Nrf2 with foods rich in sulforaphane. Semin. Oncol.
2016, 43, 146-153. [CrossRef] [PubMed]

Tahata, S.; Singh, 5.V.; Lin, Y.; Hahm, E.-R.; Beumer, ].H.; Christner, S.M.; Rao, U.N.; Sander, C.; Tarhini, A.A.; Tawbi, H.; et al.
Evaluation of Biodistribution of Sulforaphane after Administration of Oral Broccoli Sprout Extract in Melanoma Patients with
Multiple Atypical Nevi. Cancer Prev. Res. 2018, 11, 429-437. [CrossRef] [PubMed]

Alumkal, J.J.; Slottke, R.; Schwartzman, J.; Cherala, G.; Munar, M.; Graff, ].N.; Beer, TM.; Ryan, C.W.; Koop, D.R; Gibbs, A; et al.
A phase II study of sulforaphane-rich broccoli sprout extracts in men with recurrent prostate cancer. Investig. New Drugs 2015, 33,
480-489. [CrossRef] [PubMed]

Atwell, L.L.; Hsu, A.; Wong, C.P; Stevens, ].F; Bella, D.; Yu, T.-W.; Pereira, C.B.; Loehr, C.V.; Christensen, ].M.; Dashwood,
R.H.; et al. Absorption and chemopreventive targets of sulforaphane in humans following consumption of broccoli sprouts or a
myrosinase-treated broccoli sprout extract. Mol. Nutr. Food Res. 2015, 59, 424-433. [CrossRef] [PubMed]

Cramer, ].M.; Teran-Garcia, M.; Jeffery, E.H. Enhancing sulforaphane absorption and excretion in healthy men through the
combined consumption of fresh broccoli sprouts and a glucoraphanin-rich powder. Br. |. Nutr. 2012, 107, 1333-1338. [CrossRef]
[PubMed]

Clarke, ].D.; Hsu, A.; Riedl, K.; Bella, D.; Schwartz, S.J.; Stevens, ].E; Ho, E. Bioavailability and inter-conversion of sulforaphane
and erucin in human subjects consuming broccoli sprouts or broccoli supplement in a cross-over study design. Pharmacol. Res.
2011, 64, 456-463. [CrossRef] [PubMed]

Oliviero, T.; Lamers, S.; Capuano, E.; Dekker, M.; Verkerk, R. Bioavailability of Isothiocyanates from Broccoli Sprouts in Protein,
Lipid, and Fiber Gels. Mol. Nutr. Food Res. 2018, 62, 1700837. [CrossRef]

Egner, PA.; Chen, ].G.; Wang, ].B.; Wu, Y,; Sun, Y,; Lu, ].H.; Zhu, J.; Zhang, Y.H.; Chen, Y.S; Friesen, M.D.; et al. Bioavailability of
Sulforaphane from Two Broccoli Sprout Beverages: Results of a Short-term, Cross-over Clinical Trial in Qidong, China. Cancer
Prev. Res. 2011, 4, 384-395. [CrossRef]

Oliviero, T.; Verkerk, R.; Vermeulen, M.; Dekker, M. In vivo formation and bioavailability of isothiocyanates from glucosinolates
in broccoli as affected by processing conditions. Mol. Nutr. Food Res. 2014, 58, 1447-1456. [CrossRef]

Sivapalan, T.; Melchini, A.; Saha, S.; Needs, PW.; Traka, M.H.; Tapp, H.; Mithen, R.F. Bioavailability of glucoraphanin and
sulforaphane from high-glucoraphanin broccoli. Mol. Nutr. Food Res. 2018, 62, €1700911. [CrossRef] [PubMed]

Vermeulen, M.; Kloepping-Ketelaars, LW.A.A.; van den Berg, R.; Vaes, W.H.]. Bioavailability and Kinetics of Sulforaphane in
Humans after Consumption of Cooked versus Raw Broccoli. J. Agric. Food Chem. 2008, 56, 10505-10509. [CrossRef] [PubMed]
Charron, C.S.; Vinyard, B.T.; Jeffery, E.H.; Ross, S.A.; Seifried, H.E.; Novotny, ].A. BMI Is Associated with Increased Plasma and
Urine Appearance of Glucosinolate Metabolites After Consumption of Cooked Broccoli. Front. Nutr. 2020, 7, 575092. [CrossRef]
[PubMed]

Charron, C.S.; Vinyard, B.T,; Ross, S.A.; Seifried, H.E.; Jeffery, E.H.; Novotny, ].A. Absorption and metabolism of isothiocyanates
formed from broccoli glucosinolates: Effects of BMI and daily consumption in a randomised clinical trial. Br. J. Nutr. 2018, 120,
1370-1379. [CrossRef] [PubMed]

Kirsh, V.A; Peters, U.; Mayne, S.T.; Subar, A.F,; Chatterjee, N.; Johnson, C.C.; Hayes, R.B. Prospective study of fruit and vegetable
intake and risk of prostate cancer. . Natl. Cancer Inst. 2007, 99, 1200-1209. [CrossRef] [PubMed]

Michaud, D.S.; Spiegelman, D.; Clinton, S.K.; Rimm, E.B.; Willett, W.C.; Giovannucci, E.L. Fruit and vegetable intake and
incidence of bladder cancer in a male prospective cohort. Jnci J. Natl. Cancer Inst. 1999, 91, 605-613. [CrossRef]

Fontham, E.T.H.; Pickle, L.W.; Haenszel, W.; Correa, P; Lin, Y.; Falk, R.T. Dietary vitamin-a and vitamin-c and lung-cancer risk in
louisiana. Cancer 1988, 62, 2267-2273. [CrossRef] [PubMed]

Morrison, M.E.W.; Joseph, ].M.; McCann, S.E.; Tang, L.; Almohanna, H.M.; Moysich, K.B. Cruciferous Vegetable Consumption
and Stomach Cancer: A Case-Control Study. Nutr. Cancer Int. J. 2020, 72, 52-61. [CrossRef] [PubMed]

Azeem, K.; Horakova, D.; Tomaskova, H.; Prochazka, V.; Shonova, O.; Martinek, A.; Kysely, Z.; Janout, V.; Kollarova, H.
Evaluation of Dietary Habits in the Study of Pancreatic Cancer. Klin. Onkol. Cas. Ceske A Slov. Onkol. Spol. 2016, 29, 196-203.
[CrossRef]

Shen, Y,; Wu, Y;; Lu, Q.; Ren, M. Vegetarian diet and reduced uterine fibroids risk: A case-control study in Nanjing, China.
J. Obstet. Gynaecol. Res. 2016, 42, 87-94. [CrossRef]

Colditz, G.A ; Branch, L.G.; Lipnick, R.J.; Willett, W.C.; Rosner, B.; Posner, B.M.; Hennekens, C.H. Increased green and yellow
vegetable intake and lowered cancer deaths in an elderly population. Am. J. Clin. Nutr. 1985, 41, 32-36. [CrossRef] [PubMed]


https://doi.org/10.1016/j.breast.2012.07.013
https://www.ncbi.nlm.nih.gov/pubmed/22877795
https://doi.org/10.1111/j.1442-2042.2011.02906.x
https://doi.org/10.1016/C2016-0-04117-7
https://doi.org/10.1093/ajcn/82.6.1283
https://doi.org/10.1016/j.tibs.2014.02.002
https://www.ncbi.nlm.nih.gov/pubmed/24647116
https://doi.org/10.1053/j.seminoncol.2015.09.013
https://www.ncbi.nlm.nih.gov/pubmed/26970133
https://doi.org/10.1158/1940-6207.capr-17-0268
https://www.ncbi.nlm.nih.gov/pubmed/29691233
https://doi.org/10.1007/s10637-014-0189-z
https://www.ncbi.nlm.nih.gov/pubmed/25431127
https://doi.org/10.1002/mnfr.201400674
https://www.ncbi.nlm.nih.gov/pubmed/25522265
https://doi.org/10.1017/s0007114511004429
https://www.ncbi.nlm.nih.gov/pubmed/21910945
https://doi.org/10.1016/j.phrs.2011.07.005
https://www.ncbi.nlm.nih.gov/pubmed/21816223
https://doi.org/10.1002/mnfr.201700837
https://doi.org/10.1158/1940-6207.capr-10-0296
https://doi.org/10.1002/mnfr.201300894
https://doi.org/10.1002/mnfr.201700911
https://www.ncbi.nlm.nih.gov/pubmed/29266773
https://doi.org/10.1021/jf801989e
https://www.ncbi.nlm.nih.gov/pubmed/18950181
https://doi.org/10.3389/fnut.2020.575092
https://www.ncbi.nlm.nih.gov/pubmed/33072799
https://doi.org/10.1017/s0007114518002921
https://www.ncbi.nlm.nih.gov/pubmed/30499426
https://doi.org/10.1093/jnci/djm065
https://www.ncbi.nlm.nih.gov/pubmed/17652276
https://doi.org/10.1093/jnci/91.7.605
https://doi.org/10.1002/1097-0142(19881115)62:10%3C2267::aid-cncr2820621033%3E3.0.co;2-e
https://www.ncbi.nlm.nih.gov/pubmed/3179940
https://doi.org/10.1080/01635581.2019.1615100
https://www.ncbi.nlm.nih.gov/pubmed/31094219
https://doi.org/10.14735/amko2016196
https://doi.org/10.1111/jog.12834
https://doi.org/10.1093/ajcn/41.1.32
https://www.ncbi.nlm.nih.gov/pubmed/3966422

Nutrients 2024, 16, 1583 23 of 25

44.

45.

46.

47.

48.

49.

50.

51.

52.
53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Steinmetz, K.A.; Potter, ].D.; Folsom, A.R. Vegetables, fruit, and lung-cancer in the iowa-womens-health-study. Cancer Res. 1993,
53, 536-543. [PubMed]

Correa, P; Fontham, E.; Pickle, L.W.; Chen, V.; Lin, Y.; Haenszel, W. Dietary determinants of gastric-cancer in south louisiana
inhabitants. [nci J. Natl. Cancer Inst. 1985, 75, 645-654. [PubMed]

Page, M.].; McKenzie, J.E.; Bossuyt, PM.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, ] M.; Akl, E.A,;
Brennan, S.E.; et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. J. Clin. Epidemiol. 2021,
134,178-189. [CrossRef] [PubMed]

Clark, ].M.; Sanders, S.; Carter, M.; Honeyman, D.; Cleo, G.; Auld, Y.; Booth, D.; Condron, P.; Dalais, C.; Bateup, S.; et al.
Improving the translation of search strategies using the Polyglot Search Translator: A randomized controlled trial. . Med. Libr.
Assoc. 2020, 108, 195-207. [CrossRef] [PubMed]

Haddaway, N.R.; Grainger, M.].; Gray, C.T. Citationchaser: A tool for transparent and efficient forward and backward citation
chasing in systematic searching. Res. Synth. Methods 2022, 13, 533-545. [CrossRef] [PubMed]

Rathbone, J.; Hoffmann, T.; Glasziou, P. Faster title and abstract screening? Evaluating Abstrackr, a semi-automated online
screening program for systematic reviewers. Syst. Rev. 2015, 4, 80. [CrossRef] [PubMed]

Stang, A. Critical evaluation of the Newcastle-Ottawa scale for the assessment of the quality of nonrandomized studies in
meta-analyses. Eur. J. Epidemiol. 2010, 25, 603-605. [CrossRef] [PubMed]

Booth, A.M.; Wright, K.E.; Outhwaite, H. Centre for Reviews and Dissemination databases: Value, content, and developments.
Int. . Technol. Assess. Health Care 2010, 26, 470-472. [CrossRef]

Higgins, J.P.T.; Thompson, S.G. Quantifying heterogeneity in a meta-analysis. Stat. Med. 2002, 21, 1539-1558. [CrossRef]

Egger, M.; Smith, G.D.; Schneider, M.; Minder, C. Bias in meta-analysis detected by a simple, graphical test. Br. Med. |. 1997, 315,
629-634. [CrossRef]

Begg, C.B.; Mazumdar, M. Operating characteristics of a bank correlation test for publication bias. Biometrics 1994, 50, 1088-1101.
[CrossRef]

Wang, L.; Lee, LM.; Zhang, S.M.; Blumberg, ].B.; Buring, J.E.; Sesso, H.D. Dietary intake of selected flavonols, flavones, and
flavonoid-rich foods and risk of cancer in middle-aged and older women. Am. J. Clin. Nutr. 2009, 89, 905-912. [CrossRef]
Adebamowo, C.A.; Cho, E.; Sampson, L.; Katan, M.B.; Spiegelman, D.; Willett, W.C.; Holmes, M.D. Dietary flavonols and
flavonol-rich foods intake and the risk of breast cancer. Int. . Cancer 2005, 114, 628-633. [CrossRef] [PubMed]

Ambrosini, G.L.; de Klerk, N.H.; Fritschi, L.; Mackerras, D.; Musk, B. Fruit, vegetable, vitamin A intakes, and prostate cancer risk.
Prostate Cancer Prostatic Dis. 2008, 11, 61-66. [CrossRef] [PubMed]

Tang, L.; Zirpoli, G.R.; Guru, K.; Moysich, K.B.; Zhang, Y.; Ambrosone, C.B.; McCann, S.E. Intake of Cruciferous Vegetables
Modifies Bladder Cancer Survival. Cancer Epidemiol. Biomark. Prev. 2010, 19, 1806-1811. [CrossRef] [PubMed]

Gates, M.A.; Tworoger, S.S.; Hecht, J.L.; De Vivo, I; Rosner, B.; Hankinson, S.E. A prospective study of dietary flavonoid intake
and incidence of epithelial ovarian cancer. Int. J. Cancer 2007, 121, 2225-2232. [CrossRef]

Braganza, M.Z.; Potischman, N.; Park, Y.; Thompson, EE.; Hollenbeck, A.R.; Kitahara, C.M. Adolescent and mid-life diet and
subsequent risk of thyroid cancer in the NIH-AARP diet and health study. Int. ]. Cancer 2015, 137, 2413-2423. [CrossRef]
Thompson, C.A.; Habermann, T.M.; Wang, A.H.; Vierkant, R.A.; Folsom, A.R; Ross, ].A.; Cerhan, J.R. Antioxidant intake from
fruits, vegetables and other sources and risk of non-Hodgkin’s lymphoma: The lowa Women'’s Health Study. Int. ]. Cancer 2010,
126,992-1003. [CrossRef]

Chang, E.T; Lee, V.S.; Canchola, A.J.; Clarke, C.A.; Purdie, D.M.; Reynolds, P.; Anton-Culver, H.; Bernstein, L.; Deapen, D.; Peel,
D.; et al. Diet and risk of ovarian cancer in the California teachers study cohort. Am. |. Epidemiol. 2007, 165, 802-813. [CrossRef]
Steinmetz, K.A.; Kushi, L.H.; Bostick, R.M.; Folsom, A.R.; Potter, ].D. Vegetables, fruit, and colon-cancer in the iowa womens
health study. Am. J. Epidemiol. 1994, 139, 1-15. [CrossRef] [PubMed]

Flood, A.; Velie, E.M.; Chaterjee, N.; Subar, A.F.; Thompson, EE.; Lacey, ].V,, Jr.; Schatzkin, A. Fruit and vegetable intakes and
the risk of colorectal cancer in the Breast Cancer Detection Demonstration Project follow-up cohort. Am. J. Clin. Nutr. 2002, 75,
936-943. [CrossRef] [PubMed]

Nomura, A.M.; Wilkens, L.R.; Murphy, S.P.; Hankin, ].H.; Henderson, B.E.; Pike, M.C.; Kolonel, L.N. Association of vegetable,
fruit, and grain intakes with colorectal cancer: The Multiethnic Cohort Study. Am. J. Clin. Nutr. 2008, 88, 730-737. [CrossRef]
[PubMed]

Giovannucci, E.; Rimm, E.B.; Liu, Y.; Stampfer, M.].; Willett, W.C. A prospective study of cruciferous vegetables and prostate
cancer. Cancer Epidemiol. Biomark. Prev. 2003, 12, 1403-1409.

Zhao, L.; Jin, L.; Petrick, J.L.; Zeng, H.; Wang, F,; Tang, L.; Smith-Warner, S.A; Eliassen, A.H.; Zhang, EF.; Campbell, P.T,; et al.
Specific botanical groups of fruit and vegetable consumption and liver cancer and chronic liver disease mortality: A prospective
cohort study. Am. J. Clin. Nutr. 2023, 117, 278-285. [CrossRef] [PubMed]

Lin, T,; Zirpoli, G.R.; McCann, S.E.; Moysich, K.B.; Ambrosone, C.B.; Tang, L. Trends in Cruciferous Vegetable Consumption and
Associations with Breast Cancer Risk: A Case-Control Study. Curr. Dev. Nutr. 2017, 1, e000448. [CrossRef] [PubMed]
Ambrosone, C.B.; McCann, S.E.; Freudenheim, J.L.; Marshall, J.R.; Zhang, Y.; Shields, P.G. Breast cancer risk in premenopausal
women is inversely associated with consumption of broccoli, a source of isothiocyanates, but is not modified by GST genotype.
J. Nutr. 2004, 134, 1134-1138. [CrossRef]


https://www.ncbi.nlm.nih.gov/pubmed/8425185
https://www.ncbi.nlm.nih.gov/pubmed/3862897
https://doi.org/10.1016/j.jclinepi.2021.03.001
https://www.ncbi.nlm.nih.gov/pubmed/33789819
https://doi.org/10.5195/jmla.2020.834
https://www.ncbi.nlm.nih.gov/pubmed/32256231
https://doi.org/10.1002/jrsm.1563
https://www.ncbi.nlm.nih.gov/pubmed/35472127
https://doi.org/10.1186/s13643-015-0067-6
https://www.ncbi.nlm.nih.gov/pubmed/26073974
https://doi.org/10.1007/s10654-010-9491-z
https://www.ncbi.nlm.nih.gov/pubmed/20652370
https://doi.org/10.1017/s0266462310000978
https://doi.org/10.1002/sim.1186
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.2307/2533446
https://doi.org/10.3945/ajcn.2008.26913
https://doi.org/10.1002/ijc.20741
https://www.ncbi.nlm.nih.gov/pubmed/15609322
https://doi.org/10.1038/sj.pcan.4500979
https://www.ncbi.nlm.nih.gov/pubmed/17519926
https://doi.org/10.1158/1055-9965.epi-10-0008
https://www.ncbi.nlm.nih.gov/pubmed/20551305
https://doi.org/10.1002/ijc.22790
https://doi.org/10.1002/ijc.29600
https://doi.org/10.1002/ijc.24830
https://doi.org/10.1093/aje/kwk065
https://doi.org/10.1093/oxfordjournals.aje.a116921
https://www.ncbi.nlm.nih.gov/pubmed/8296768
https://doi.org/10.1093/ajcn/75.5.936
https://www.ncbi.nlm.nih.gov/pubmed/11976170
https://doi.org/10.1093/ajcn/88.3.730
https://www.ncbi.nlm.nih.gov/pubmed/18779290
https://doi.org/10.1016/j.ajcnut.2022.12.004
https://www.ncbi.nlm.nih.gov/pubmed/36811575
https://doi.org/10.3945/cdn.117.000448
https://www.ncbi.nlm.nih.gov/pubmed/29955715
https://doi.org/10.1093/jn/134.5.1134

Nutrients 2024, 16, 1583 24 of 25

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.
86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

Tarrazo-Antelo, A.M.; Ruano-Ravina, A.; Abal Arca, J.; Miguel Barros-Dios, J. Fruit and Vegetable Consumption and Lung Cancer
Risk: A Case-Control Study in Galicia, Spain. Nutr. Cancer Int. . 2014, 66, 1030-1037. [CrossRef] [PubMed]

Steinmetz, K.A.; Potter, ].D. Food-group consumption and colon cancer in the adelaide case-control study. I. vegetables and fruit.
Int. J. Cancer 1993, 53, 711-719. [CrossRef]

Garcia-Lavandeira, J.A.; Ruano-Ravina, A.; Torres-Duran, M.; Parente-Lamelas, I.; Provencio, M.; Varela-Lema, L.; Fernandez-
Villar, A.; Pifieiro, M.; Barros-Dios, ].M.; Pérez-Rios, M. Fruits and Vegetables and Lung Cancer Risk in Never Smokers. A
Multicentric and Pooled Case-Control Study. Nutr. Cancer 2022, 74, 613-621. [CrossRef]

Hansson, L.E.; Nyren, O.; Bergstrom, R.; Wolk, A.; Lindgren, A.; Baron, J.; Adami, H.O. Diet and risk of gastric-cancer—A
population-based case-control study in sweden. Int. J. Cancer 1993, 55, 181-189. [CrossRef]

Hara, M.; Hanaoka, T.; Kobayashi, M.; Otani, T.; Adachi, H.Y.; Montani, A.; Natsukawa, S.; Shaura, K.; Koizumi, Y.; Kasuga, Y.;
et al. Cruciferous vegetables, mushrooms, and gastrointestinal cancer risks in a multicenter, hospital-based case-control study in
Japan. Nutr. Cancer Int. J. 2003, 46, 138-147. [CrossRef]

Witte, ].S.; Longnecker, M.P; Bird, C.L.; Lee, E.R,; Frankl, H.D.; Haile, R.W. Relation of vegetable, fruit, and grain consumption to
colorectal adenomatous polyps. Am. |. Epidemiol. 1996, 144, 1015-1025. [CrossRef] [PubMed]

Lin, H.J.; Probst-Hensch, N.M.; Louie, A.; Kau, LH.; Witte, ].S.; Ingles, S.A.; Frankl, H.D.; Lee, E.R.; Haile, R W. Glutathione
transferase null genotype, broccoli, and lower prevalence of colorectal adenomas. Cancer Epidemiol. Biomark. Prev. 1998, 7,
647-652.

Evans, R.C; Fear, S.; Ashby, D.; Hackett, A.; Williams, E.; Van Der Vliet, M.; Dunstan, ED.; Rhodes, ].M. Diet and colorectal
cancer: An investigation of the lectin/galactose hypothesis. Gastroenterology 2002, 122, 1784-1792. [CrossRef]

Mahfouz, E.M.; Sadek, R.R.; Abdel-Latief, W.M.; Mosallem, F.A.-H.; Hassan, E.E. The role of dietary and lifestyle factors in the
development of colorectal cancer: Case control study in minia, egypt. Cent. Eur. ]. Public Health 2014, 22, 215-222. [CrossRef]

Le Marchand, L.; Hankin, J.H.; Wilkens, L.R.; Kolonel, L.N.; Englyst, H.N.; Lyu, L.C. Dietary fiber and colorectal cancer risk.
Epidemiology 1997, 8, 658—665. [CrossRef]

Joseph, M.A.; Moysich, K.B.; Freudenheim, J.L.; Shields, P.G.; Bowman, E.D.; Zhang, Y.; Marshall, J.R.; Ambrosone, C.B.
Cruciferous vegetables, genetic polymorphisms in glutathione S-transferases M1 and T1, and prostate cancer risk. Nutr. Cancer
2004, 50, 206-213. [CrossRef]

Castelao, J.E.; Yuan, ].M.; Gago-Dominguez, M.; Skipper, P.L.; Tannenbaum, S.R.; Chan, K K.; Watson, M.A_; Bell, D.A.; Coetzee,
G.A.; Ross, RK; et al. Carotenoids/vitamin C and smoking-related bladder cancer. Int. J. Cancer 2004, 110, 417-423. [CrossRef]
[PubMed]

Lin, J.; Kamat, A.; Gu, J.; Chen, M.; Dinney, C.P.; Forman, M.R.; Wu, X. Dietary intake of vegetables and fruits and the modification
effects of GSTM1 and NAT2 genotypes on bladder cancer risk. Cancer Epidemiol. Biomark. Prev. 2009, 18, 2090-2097. [CrossRef]
Tang, L.; Zirpoli, G.R.; Guruy, K.; Moysich, K.B.; Zhang, Y.; Ambrosone, C.B.; McCann, S.E. Consumption of raw cruciferous
vegetables is inversely associated with bladder cancer risk. Cancer Epidemiol. Biomark. Prev. 2008, 17, 938-944. [CrossRef]
Barbone, E; Austin, H.; Partridge, E.E. Diet and endometrial cancer—A case-control study. Am. J. Epidemiol. 1993, 137, 393-403.
[CrossRef] [PubMed]

Mettlin, C. Milk drinking, other beverage habits, and lung-cancer risk. Int. J. Cancer 1989, 43, 608-612. [CrossRef] [PubMed]
Goodman, M.T.; Kolonel, L.N.; Wilkens, L.R.; Yoshizawa, C.N.; Lemarchand, L.; Hankin, J.H. Dietary factors in lung-cancer
prognosis. Eur. |. Cancer 1992, 28A, 495-501. [CrossRef] [PubMed]

Graham, S.; Dayal, H.; Swanson, M.; Mittelman, A.; Wilkinson, G. Diet in epidemiology of cancer of colon and rectum. Jnci J. Natl.
Cancer Inst. 1978, 61, 709-714. [PubMed]

Graham, S.; Mettlin, C.; Marshall, J.; Priore, R.; Rzepka, T.; Shedd, D. Dietary factors in the epidemiology of cancer of the larynx.
Am. ]. Epidemiol. 1981, 113, 675-680. [CrossRef] [PubMed]

Graham, S.; Schotz, W.; Martino, P. Alimentary factors in epidemiology of gastric cancer. Cancer 1972, 30, 927. [CrossRef]
[PubMed]

Miller, A.B.; Howe, G.R,; Jain, M.; Craib, K.J.P.; Harrison, L. Food items and food groups as risk-factors in a case-control study of
diet and colo-rectal cancer. Int. . Cancer 1983, 32, 155-161. [CrossRef] [PubMed]

Freudenheim, J.L.; Graham, S.; Marshall, ].R.; Haughey, B.P.; Wilkinson, G. A case-control study of diet and rectal-cancer in
western New-York. Am. J. Epidemiol. 1990, 131, 612-624. [CrossRef] [PubMed]

Slattery, M.L.; Kampman, E.; Samowitz, W.; Caan, B.].; Potter, ].D. Interplay between dietary inducers of GST and the GSTM-1
genotype in colon cancer. Int. J. Cancer 2000, 87, 728-733. [CrossRef]

Lin, HJ.; Zhou, H.Y,; Dai, A H.; Huang, H.F; Lin, ].H.; Frankl, H.D,; Lee, E.R; Haile, R W. Glutathione transferase GSTT1, broccoli,
and prevalence of colorectal adenomas. Pharmacogenetics 2002, 12, 175-179. [CrossRef]

Ron, E.; Kleinerman, R.A.; Boice, J.D.; Livolsi, V.A.; Flannery, J.T.; Fraumeni, J.F. A population-based case control study of
thyroid-cancer. Jnci . Natl. Cancer Inst. 1987, 79, 1-12. [PubMed]

Yu, P; Yu, L.; Lu, Y. Dietary consumption of cruciferous vegetables and bladder cancer risk: A systematic review and meta-analysis.
Front. Nutr. 2022, 9, 944451. [CrossRef] [PubMed]

Verhoeven, D.T.H.; Goldbohm, R.A.; van Poppel, G.; Verhagen, H.; van den Brandt, P.A. Epidemiological studies on brassica
vegetables and cancer risk. Cancer Epidemiol. Biomark. Prev. 1996, 5, 733-748.


https://doi.org/10.1080/01635581.2014.936951
https://www.ncbi.nlm.nih.gov/pubmed/25085257
https://doi.org/10.1002/ijc.2910530502
https://doi.org/10.1080/01635581.2021.1918732
https://doi.org/10.1002/ijc.2910550203
https://doi.org/10.1207/s15327914nc4602_06
https://doi.org/10.1093/oxfordjournals.aje.a008872
https://www.ncbi.nlm.nih.gov/pubmed/8942431
https://doi.org/10.1053/gast.2002.33659
https://doi.org/10.21101/cejph.a3919
https://doi.org/10.1097/00001648-199710000-00008
https://doi.org/10.1207/s15327914nc5002_11
https://doi.org/10.1002/ijc.20104
https://www.ncbi.nlm.nih.gov/pubmed/15095308
https://doi.org/10.1158/1055-9965.EPI-08-1174
https://doi.org/10.1158/1055-9965.EPI-07-2502
https://doi.org/10.1093/oxfordjournals.aje.a116687
https://www.ncbi.nlm.nih.gov/pubmed/8460621
https://doi.org/10.1002/ijc.2910430412
https://www.ncbi.nlm.nih.gov/pubmed/2703270
https://doi.org/10.1016/s0959-8049(05)80086-3
https://www.ncbi.nlm.nih.gov/pubmed/1591072
https://www.ncbi.nlm.nih.gov/pubmed/278848
https://doi.org/10.1093/oxfordjournals.aje.a113147
https://www.ncbi.nlm.nih.gov/pubmed/7234856
https://doi.org/10.1002/1097-0142(197210)30:4%3C927::aid-cncr2820300411%3E3.0.co;2-l
https://www.ncbi.nlm.nih.gov/pubmed/5079436
https://doi.org/10.1002/ijc.2910320204
https://www.ncbi.nlm.nih.gov/pubmed/6307893
https://doi.org/10.1093/oxfordjournals.aje.a115545
https://www.ncbi.nlm.nih.gov/pubmed/2156419
https://doi.org/10.1002/1097-0215(20000901)87:5%3C728::aid-ijc16%3E3.0.co;2-g
https://doi.org/10.1097/00008571-200203000-00011
https://www.ncbi.nlm.nih.gov/pubmed/3474436
https://doi.org/10.3389/fnut.2022.944451
https://www.ncbi.nlm.nih.gov/pubmed/36061884

Nutrients 2024, 16, 1583 25 of 25

97.

98.

99.

100.

101.

102.

103.

104.

105.

Coutinho, L.L.; Junior, T.C.T.; Rangel, M.C. Sulforaphane: An emergent anti-cancer stem cell agent. Front. Oncol. 2023, 13, 1089115.
[CrossRef] [PubMed]

Bagheri, M.; Fazli, M.; Saeednia, S.; Gholami Kharanagh, M.; Ahmadiankia, N. Sulforaphane Modulates Cell Migration and
Expression of 3-Catenin and Epithelial Mesenchymal Transition Markers in Breast Cancer Cells. Iran. ]. Public Health 2020, 49,
77-85. [PubMed]

Bose, C.; Awasthi, S.; Sharma, R.; Benes$, H.; Hauer-Jensen, M.; Boerma, M.; Singh, S.P. Sulforaphane potentiates anticancer effects
of doxorubicin and attenuates its cardiotoxicity in a breast cancer model. PLoS ONE 2018, 13, €0193918. [CrossRef]

Rudolf, E.; Cervinka, M. Sulforaphane induces cytotoxicity and lysosome- and mitochondria-dependent cell death in colon cancer
cells with deleted p53. Toxicol. Vitr. Int. J. Publ. Assoc. BIBRA 2011, 25, 1302-1309. [CrossRef] [PubMed]

Liu, K.C; Shih, T.Y.; Kuo, C.L.; Ma, Y.S,; Yang, J.L.; Wu, P.P.; Huang, Y.P; Lai, K.C.; Chung, J.G. Sulforaphane Induces Cell
Death Through G2/M Phase Arrest and Triggers Apoptosis in HCT 116 Human Colon Cancer Cells. Am. J. Chin. Med. 2016, 44,
1289-1310. [CrossRef]

Nandini, D.B.; Rao, R.S.; Deepak, B.S.; Reddy, P.B. Sulforaphane in broccoli: The green chemoprevention!! Role in cancer
prevention and therapy. J. Oral Maxillofac. Pathol. 2020, 24, 405. [CrossRef]

Peng, X.; Zhou, Y,; Tian, H.; Yang, G.; Li, C.; Geng, Y.; Wu, S.; Wu, W. Sulforaphane inhibits invasion by phosphorylating ERK1/2
to regulate E-cadherin and CD44v6 in human prostate cancer DU145 cells. Oncol. Rep. 2015, 34, 1565-1572. [CrossRef]

Vyas, A.R,; Moura, M.B.; Hahm, E.R; Singh, K.B.; Singh, S.V. Sulforaphane Inhibits c-Myc-Mediated Prostate Cancer Stem-Like
Traits. J. Cell. Biochem. 2016, 117, 2482-2495. [CrossRef] [PubMed]

Li, N.; Wu, X.; Zhuang, W.; Wu, C; Rao, Z; Du, L.; Zhou, Y. Cruciferous vegetable and isothiocyanate intake and multiple health
outcomes. Food Chem. 2022, 375, 131816. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3389/fonc.2023.1089115
https://www.ncbi.nlm.nih.gov/pubmed/36776295
https://www.ncbi.nlm.nih.gov/pubmed/32309226
https://doi.org/10.1371/journal.pone.0193918
https://doi.org/10.1016/j.tiv.2011.04.019
https://www.ncbi.nlm.nih.gov/pubmed/21557998
https://doi.org/10.1142/S0192415X16500725
https://doi.org/10.4103/jomfp.JOMFP_126_19
https://doi.org/10.3892/or.2015.4098
https://doi.org/10.1002/jcb.25541
https://www.ncbi.nlm.nih.gov/pubmed/26990292
https://doi.org/10.1016/j.foodchem.2021.131816
https://www.ncbi.nlm.nih.gov/pubmed/34929422

	Introduction 
	Materials and Methods 
	Information Sources and Search Strategies 
	Eligibility Criteria 
	Study Selection Process and Data Extraction 
	Risk of Bias Assessment 
	Summary of Outcomes 
	Statistical Analysis 

	Results 
	Article Selection Process 
	Characteristics of the Included Studies 
	Critical Appraisal 
	Outcomes of Case–Control Studies 
	Outcomes of Cohort Studies 

	Discussion 
	Conclusions 
	References

