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Abstract 

Cancers of the oropharyngeal tissues, oesophagus, stomach and colorectum are amongst the most 

common causes of death from cancer throughout the world.  Higher consumption of fruits and 

vegetables is thought to be protective, and cruciferous vegetables are of particular interest because 

of their unique role as a source of biologically active glucosinolate breakdown products. A literature 

review of primary studies and meta-analyses indicates that higher consumption of cruciferous 

vegetables probably reduces the risk of colorectal and gastric cancers by approximately 8% and 19% 

respectively. Some studies support the hypothesis that the protective effect against colorectal 

cancer is modified by genetic polymorphisms of genes regulating the expression of enzymes of the 

glutathione S-transferase family, but due to contradictory findings the evidence is currently 

inconclusive.   

Despite these promising findings, future epidemiological research on the protective effects of 

cruciferous plants will depend critically upon accurate measurement of dietary exposure, both to the 

vegetables themselves, and to their active constituents. The development of sensitive chemical 

assays has facilitated the measurement of urinary excretion of isothiocyanate metabolites as an 

objective biomarker of intake, but sampling strategies need to be optimised in order to assess long-

term exposures at the population level. 

1.0 Introduction 

Globally, tumours of the upper digestive tract, stomach, colon and rectum are amongst 

the most common causes of death from cancer. However the incidence rates for each of 

these sites vary greatly, both between countries, and within populations undergoing 

environmental change. For example, in western industrialised countries, colorectal 

carcinoma (CRC) is usually the most frequently diagnosed cancer after cancers of the lung 
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and prostate in men, and breast in women, whereas in many countries of southern Asia 

and sub-Saharan Africa CRC remains relatively uncommon [1].  Japan provides a striking 

example of an Asian country where CRC was formerly rare, but where incidence has risen 

in parallel with increasing prosperity since the middle of the of the twentieth century.  Of 

note is that the increasing lifetime risk of CRC in Japan has occurred alongside a decline in 

cases of gastric carcinoma [2]. Such  changes are clearly related to environmental 

exposures including diet, tobacco use, alcohol consumption and physical activity, but in 

most cases the precise biological mechanisms remain poorly understood [3].  

Amongst the many environmental exposures thought to influence the aetiology of 

cancers of the alimentary tract, the protective effect of a high dietary intake of fruits and 

vegetables has received much attention over the last few decades, both from researchers 

and from public health bodies. Two comprehensive literature reviews published in the 

early 1990s were particularly influential. Both Block et a l [4] and Steinmetz and Potter [5] 

concluded that the evidence that higher consumption of plant foods protected against 

most solid tumours was overwhelming, and this view was endorsed by the World Cancer 

Research Fund in its wide-ranging report on Food, Nutrition and the Prevention of 

Cancer, published in 1997 [6]. The strength of the epidemiological evidence focused the 

attention of laboratory scientists on the mechanisms responsible for the protective 

effects, and research has since revealed numerous biologically active constituents of 

fruits and vegetables that may modulate the progress of carcinogenesis in human beings 

[7].  

Brassica vegetables and other cruciferous food plants are of special interest because they 

contain glucosinolates, a group of sulphur-containing glycosides which are decomposed 



www.mnf-journal.com Page 4 Molecular Nutrition & Food Research 

 

This article is protected by copyright. All rights reserved. 

4 

by the endogenous plant enzyme myrosinase to yield several biologically active products, 

including the isothiocyanates and indoles [8].  The presence of these compounds in the 

human food chain is of particular interest because of their potentially anticarcinogenic 

effects, including both modulation of the phase I and II enzymes which metabolise 

environmental carcinogens, and the suppression of proliferation and induction of 

apoptosis in tumour cells [9]. These topics are dealt with in detail elsewhere in this 

special volume. This article explores the epidemiological evidence for protective effects 

of cruciferous vegetables against cancers at the most commonly affected anatomical 

sites in the alimentary tract.  In preparing this article emphasis has been placed on 

systematic reviews and meta-analyses which, together with the most recent primary 

studies, have been sourced via Pubmed, using appropriate search terms. The first section 

reviews the general evidence for associations between cruciferous vegetable 

consumption and cancers of the oropharynx, oesophagus, stomach and colorectum.  The 

second section considers the evidence for interactions between the anticarcinogenic 

effects of cruciferous vegetables and the common genetic polymorphisms affecting the 

expression of the enzymes that metabolise isothiocyanates and indoles. 

2.0 Cruciferous vegetable consumption as a risk-factor for cancers of the gastrointestinal tract 

2.1 Oropharyngeal cancers 

Carcinomas of the lip, oral cavity and pharynx are collectively termed oropharyngeal cancers, and 

they account for about 4% of all cancer cases worldwide [10]. They vary markedly in incidence across 

populations, and they are thought to have a range of causes, including infectious agents, nutritional 

deficiencies exposure to environmental and self-administered toxins. Thus, in high-income countries, 

infection with high-risk human Papillomavirus (HR-HPV) is thought to account for more than twenty 
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percent of oropharyngeal cancers [11]. Many of the remainder are thought to be linked to the 

carcinogenic effects of alcohol and tobacco use [12], and to the absence of protective factors 

associated with fruits and vegetables [13]. In 1996, Verhoeven et al [14] published the first 

comprehensive narrative review of epidemiological studies focussed specifically on Brassica 

vegetables and risk of cancer. Their findings were based on a total of 87 case-control studies and 

seven cohort studies available at the time. None of the cohort studies contained relevant data, but 

five of the case-control studies provided information on cancers of the oropharyngeal tissues, and 

two of these reported statistically significant lower risks of cancer associated with the highest 

compared to the lowest quartile for intake of brassica vegetables [15, 16].  

In 2002 Chainani-Wu [17] published a comprehensive narrative review exploring the available 

evidence on the relationship between cancers of the upper digestive tract and consumption of fruits 

and vegetables, including brassica vegetables as a separate category. The author concluded that 

consumption of green vegetables, yellow vegetables and cruciferous vegetables, as well as total fruit 

and citrus fruits, was associated with a significant reduction in risk, but cruciferous vegetables did 

not emerge as more strongly protective than the other categories. 

The World Cancer Research Fund (WCRF) published two comprehensive and influential reports on 

diet and cancer in 1997 and 2007 respectively. Both reports included detailed appraisals of the 

evidence for protective effects of vegetables in general, and wherever possible of specific varieties, 

against all the major cancers, including those of the alimentary tract. The first report [18] assessed 

the evidence that diets high in vegetables decreased the risk of cancers of the mouth and pharynx as 

“convincing”.  The second report [13] addressed the issue in more detail, and included evidence 

from one cohort study, fourteen case-control studies and a single ecological study. The cohort study 

[19] provided evidence of a non-significantly increased risk of oropharyngeal cancer associated with 

a high consumption of cauliflower, and a non-significantly decreased risk for consumption of 

cabbage. The latter observation was consistent with the ecological study, which also showed a 
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statistically significant protective effect of cabbage consumption [20]. Four case-control studies 

provided evidence of statistically significant protective effects of brassica vegetables in general [15, 

16, 21, 22], while nine others showed associations which were not statistically significant. No meta-

analysis of studies pertaining to cruciferous vegetables and cancer at any site was provided. The 

overall conclusion was that a protective effect of non-starchy vegetables against cancers of the 

mouth and pharynx was “probable”, but no particular reference was made to cruciferous vegetables. 

In 2004 the International Agency for Research on Cancer (IARC) published a detailed systematic 

review focused specifically on the relationship between risk of cancer and consumption of 

cruciferous vegetables, isothiocyanates and indoles [23]. The agency’s systematic analysis of 

epidemiological data identified the single cohort study previously mentioned [19], which reported 

no statistically significant effects on oropharyngeal cancers, and seven case-control studies, of which 

only two, also previously mentioned, reported statistically significant protective effects [15, 16]. 

More recently, analysis of a large network of case-control studies conducted by Bosetti et al [24] 

provided evidence for a statistically significant reduction 17% reduction in risk of oropharyngeal 

cancer in subjects consuming cruciferous vegetables at least once a week, compared to non-

consumers. 

2.2 Oesophageal cancer 

Oesophageal carcinoma is an important cause of death from cancer in both high-income countries 

and in the developing world. In any discussion of risk-factors it is important to distinguish between 

two histological sub-types of the disease, which differ markedly in frequency and aetiology.  Until 

the last decades of the twentieth century, oesophageal squamous cell carcinoma (OSCC) was the 

most common form of oesophageal cancer in all populations, and it remains so in the developing 

world [25].  Alcohol consumption and tobacco have long been understood to be major risk factors 

[26] but the disease also shows striking variations in incidence in China and other parts of Asia [27] 
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which, although genetic variance may play some role [28], seem to be largely attributable to 

environmental factors. The other major histological sub-type, oesophageal adenocarcinoma (OAC), 

was relatively uncommon until the 1970s, but the incidence has since risen steeply in many high-

income countries for reasons that remain largely unexplained [25].   OAC develops from a specific 

precursor lesion, Barrett’s oesophagus [29], for which the strongest known risk-factors gastro-

oesophageal reflux disease and smoking [30]. Although tobacco use is also a risk-factor for EAC, 

alcohol consumption does not appear to be important [31]. Despite these significant differences 

between the two forms of oesophageal cancer, the distinction is often not made, particularly in the 

earlier epidemiological literature.  

Verhoeven et al [14] identified four case-control studies that reported on the relationship between 

brassica vegetable consumption and oesophageal cancers. Three of these were conducted in 

Chinese populations but, though some reductions in relative risk associated with higher 

consumption were observed, they were generally statistically non-significant. However a fourth 

study conducted in America and dealing specifically with OAC, observed a relative risk of 0.3 (p for 

trend <0.001) in men and women in the highest quartile of brassica vegetable consumption [32].  

The two reports on diet and cancer from WCRF concluded that the evidence for protective effects of 

fruits and vegetables in general against oesophageal cancer was “convincing” [6] and “probable”[13] 

respectively, but neither came to any specific conclusions with respect to Brassica vegetables. The 

IARC report of 2004 [23] considered four case-control studies, but only that of Brown et al [32] on 

EAC showed a statistically significant protective effect of cruciferous vegetables. A later study by the 

same group on squamous cell carcinoma of the oesophagus showed relative risks less than 1.0 for 

the highest consumers of brassica vegetables but the relationship was not statistically significant 

[33].  More recently there have been individual studies providing evidence of protective effects of 

cruciferous vegetables against unspecified oesophageal cancer [24], against OAC in particular [34, 

35], and against Barrett’s oesophagus [36].  The most recent systematic review on modifiable risk-
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factors for OAC confirmed the protective effect of fruits and vegetables in general but made no 

specific reference to cruciferous vegetables [31].  

2.3 Gastric cancer 

Although the incidence of gastric cancer has tended to decline in most countries in recent years, it 

still ranked fifth for incidence and third as a cause of global cancer mortality in 2015 [37]. Chronic 

infection with Helicobacter pylori is a major risk factor for gastric cancer [38]. Declining rates of 

infection in high income countries are thought to account for much of the reduction in mortality for 

this disease during the twentieth century, and this effect has probably complicated attempts to 

explore the influence of diet in these populations. Nevertheless, case-control studies have provided 

fairly consistent evidence for a protective effect of total fruit and vegetable consumption against 

gastric cancer [39].  

Verhoeven et al [14] recorded eleven case-control studies reporting on associations between 

brassica vegetable consumption and risk of gastric cancer, out of which eight showed at least one 

inverse association and three reported a positive association.  Amongst the studies observing a 

negative association, five reported a statistically significant effect [14].  The WCRF reports of 1997 

and 2007 both concluded that higher consumption of vegetables probably protected against gastric 

cancer, but they reached no specific conclusions with regard to cruciferous vegetables. The IARC 

report of 2004 derived a statistically non-significant negative odds-ratio (OR) of 0.91 (95% 

confidence interval (CI), 0.67-1.23) for brassica vegetables from an analysis of the small number of 

cohort studies available [23]. A more consistent protective effect was obtained from a systematic 

review of case-control studies (OR 0.81; 95% CI 0.73-0.90) but unmeasured confounding with other 

environmental factors could not be excluded, and the protective  effect was somewhat lower than 

that attributed to total vegetable consumption in an earlier IARC review [39] on fruit and vegetable 

consumption and cancer (OR 0.66; 95% CI 0.61-0.71). 
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The most recent available systematic review of cruciferous vegetable consumption and risk of gastric 

cancer is that of Wu et al from 2013 [40]. From the pooled results of sixteen case-control and six 

prospective studies, the authors obtained evidence for a protective effect of cruciferous vegetables, 

giving a relative risk of 0.81 (95% CI 0.75-0.88) when comparing the highest with the lowest intake. 

As previously observed, the statistical significance was stronger for case-control compared to 

prospective studies. In a separate analysis of two cohort and five case-control studies, a protective 

effect specifically for cabbage consumption against gastric cancer was obtained (RR 0.68; 95% CI 

0.58 – 0.80) [41]. 

2.4 Colorectal cancer 

Colorectal carcinoma is amongst the most commonly diagnosed forms of cancer in the world; 

incidence rates are particularly high in prosperous countries, including those of Western Europe, 

North America, Australia and Japan [1]. It has been suggested that the vulnerability of the colorectal 

mucosa to cancerous changes is largely a function of the high rates of stem cell division associated 

with mucosal crypt cell proliferation in these epithelial tissues [42], but the importance of 

environmental factors is clear from the variations in age-adjusted incidence of up to ten-fold that 

occur, both across populations and within populations undergoing dietary and other changes 

associated with increasing prosperity [2].  These epidemiological features have long focused 

attention on the possible role of diet in the prevention of CRC. Early indications from case-control 

studies that fruits and vegetables might play a protective role against CRC [4], coupled with the fact 

that biologically active glucosinolate breakdown products are released by bacterial metabolism in 

the colon [43], have encouraged the hypothesis that cruciferous vegetables play a particularly 

important protective role against CRC. 

Verhoeven et al [14] recorded a single prospective study on the consumption of brassica vegetables 

and risk of colon cancer, conducted amongst post-menopausal women in the USA, and subdividing 
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the exposure into varietal categories including broccoli, cabbage, cauliflower and Brussels sprouts 

[44]. The relative risk associated with brassica consumption was 0.7 (95% CI 0.4 – 1.3); however, for 

each variety the relative risk was close to unity, and none of these associations were statistically 

significant. Overall, in fifteen case-control studies on exposure to brassica vegetables of various 

types and colon cancer, and ten on rectal cancer, at least one inverse association was reported by 

73% and 80% of studies respectively. Amongst these studies, 55% and 50% of the associations were 

statistically significant [14]. 

Neither of the WCRF reports on diet and cancer contained meta-analyses of studies on brassica 

vegetables and CRC, nor came to any specific conclusions on the protective effects of brassica 

vegetables against CRC. The WCRF report of 1997 [6] found convincing evidence of a protective 

effect of vegetables in general, but that of 2007 [13] was more cautious and merely concluded that 

there was limited evidence suggesting a protective effect of non-starchy vegetables.  The IARC 

report on cruciferous vegetables and cancer [23] included a meta-analysis of eleven comparisons 

drawn from six individual cohort studies on CRC, but no statistically significant association was 

observed.  A similar meta-analysis of six case-control studies did however provide evidence for a 

statistically significant inverse association (OR of 0.73; 95% CI 0.63 – 0.84). 

The literature pertaining to cruciferous vegetables and risk of CRC has continued to expand, and 

recently two comprehensive systematic reviews have been published. Wu et al [41] conducted 

meta-analyses on twenty four case-control studies and eleven prospective cohort studies.  The 

combined results indicated a significant inverse association for consumption of all cruciferous 

vegetables (RR: 0.82; 95% CI 0.75 – 0.90). In sub-group analyses, the associations between cabbage 

consumption and CRC (eight case-control and one cohort study) and broccoli consumption and CRC 

(three case-control and three cohort studies) were investigated, yielding RRs of 0.76 (95% CI 0.60 – 

0.97) and 0.82 (95% CI 0.65 – 1.02) respectively. As in previous reviews, the association obtained 
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from analysis of case-control studies (RR 0.74; 95% CI 0.65 – 0.84) was larger and more statistically 

significant than that derived from cohort studies (RR 0.93; 95% Cl 0.87 – 1.00).   

Tse and Eslick [45] conducted a meta-analysis of thirty three articles and obtained a statistically 

significant inverse relationship between intake of all cruciferous vegetables and colon cancer (RR 

0.84; 95% CI 0.72 – 0.98). Sub-group analysis suggested an effect of broccoli (RR 0.80; 95% CI 0.65 – 

0.99) but no statistically significant effects of cabbage or Brussels sprouts were detected.  

3.0 Cruciferous vegetable consumption, GST polymorphisms and gastrointestinal neoplasia 

Like many other potentially toxic xenobiotics, isothiocyanates and indoles are rapidly metabolised 

during and after intestinal absorption by an array of Phase 2 detoxification enzymes, amongst which 

some of the various sub-classes of the glutathione S-transferases (GST) family are particularly 

important [46].  Sulforaphane and other ITCs are converted to glutathione conjugates by hepatic 

microsomal GSTs, including GSTM-1, GSTT-1 and GSTP-1, and then further metabolised to water-

soluble mercapturic acids, which are readily excreted in urine [47]. This detoxification pathway 

forms part of a complex metabolic network which, as is discussed at length elsewhere in the present 

volume, is thought to regulate a variety of anti-carcinogenic mechanisms, including the induction of 

Phase 2 enzymes that metabolise and help to detoxify environmental carcinogens such as the 

constituents of tobacco smoke [48]. Another consequence of the rapid metabolism of glucosinolate 

breakdown products is the appearance in human urine of their metabolites, which can be detected 

and quantified and used as an objective biomarker of cruciferous vegetable consumption [49] [50].   

Human populations display significant inter-individual variations in GST activity due to genetic 

polymorphisms. For example, the prevalence of homozygous null mutations of GSTM1 and GSTT1, 

which lead to an absence of any functional enzyme activity for these sub-types, varies between 10% 

and more than 60% across different population groups [51]. In the case of GSTP1, which is also 

important for the metabolism of isothiocyanates, a single base pair (A-G) substitution in the GSTP1 
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gene, causes an amino acid substitution in the gene product, and leads to a significantly reduced 

level of enzyme activity [52]. These natural variations in gene expression, both between and within 

populations, have been proposed as heritable risk-factors for a variety of cancer including 

carcinomas of the alimentary tract [53].  

Because of the important role that GSTs play in the metabolism of ISTs, variations in their activity 

may modify the duration and level of exposure of target tissues to the unmetabolised and therefore 

biologically active compound. Human intervention trials provide some support for this hypothesis in 

that changes in the level of GST activity in human serum in response to consumption of cruciferous 

vegetables under laboratory conditions have been shown to be influenced to a measurable extent by 

GST genotype [54]. Genetic polymorphisms may therefore lead to variations in the chemopreventive 

effects of cruciferous vegetables detectable in epidemiological studies [47], but this has proved 

difficult to confirm.  In the case of lung cancer for example, two case-control studies appeared to 

show that individuals homozygous for GSTM-1 expression gained greater protective benefit from 

consumption of cruciferous vegetables than individuals null for GSTM-1 [55, 56]. In contrast, London 

et al [57], using urinary ITC metabolites as a biomarker of glucosinolate intakes, reported that the 

protective effect against lung cancer in a cohort of men in Shanghai was significantly greater in 

subjects null for GSTT1 and GSTM1 compared to those positive for each gene, and strongest in 

subjects who were null for both. The inconsistency between these studies remains unexplained.  The 

current state of evidence for any effects of GST polymorphisms on the anticarcinogenic effects of 

brassica vegetable consumption for sites in the gastrointestinal tract is discussed below. 

3.1 Oropharyngeal cancer 

There has been little work done on the interrelationship between diet, GST polymorphisms and risk 

of oropharyngeal cancer. However, Gaudet et al [58] conducted a relatively small case-control study 

(149 cases and 180 controls) on head and neck cancer (which includes both oropharyngeal and 
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laryngeal squamous cell carcinomas) to test the hypothesis that individuals with a null genotype for 

GSTM1 and GSTT1 would benefit from greater exposure of tissues to chemopreventive compounds 

in fruits and vegetables through mechanisms analogous to those postulated by London et al [57] in 

relation to lung cancer. Although there was a statistically non-significant negative relationship 

between higher consumption of raw vegetables and risk of cancer (OR 0.66; 95% confidence interval 

0.3 – 1.33) there was no evidence for protective effects of consumption of cruciferous vegetables, 

and no effect of GST polymorphisms.  More recently Karen-Ng et al [59] reported a similarly sized 

case-control study (115 cases and 116 controls) in which they searched for effects of estimated IST 

intake on risk of squamous cell carcinoma of the oral cavity among subjects with differing GSTM1, 

GSTT1 and GSTP1 polymorphisms. Overall there were no statistically significant interactions 

between IST intake and GST polymorphisms but a statistically significant later age of onset was 

observed in subjects who were non-null for GSTP1 and consuming low levels of IST. This observation 

would perhaps imply and adverse effect of cruciferous vegetable consumption but given the known 

problems of bias in case-control studies, coupled with the difficulty of estimating the consumption of 

phytochemicals from dietary records, the significance of these observations is difficult to assess. 

3.2 Oesophageal cancer 

The relationship between GST polymorphisms and risk of oesophageal cancer has been studied in 

some depth, and there is evidence that GSTM1-null individuals are at higher risk, at least in Asian 

populations[60]. However, a search for publications concerned with interactions between GST 

polymorphisms, cruciferous vegetable consumption and risk of oesophageal cancer produced no 

results. 

3.3 Gastric cancer 

In the same male cohort used by London et al [57] to study the effects of cruciferous vegetable 

consumption on risk of lung cancer in Shanghai, China,  Moy et al [61] investigated the inter-



www.mnf-journal.com Page 14 Molecular Nutrition & Food Research 

 

This article is protected by copyright. All rights reserved. 

14 

relationships between urinary isothiocyanate excretion, GSTM1 and GSTT1 genotype, and risk of 

gastric cancer in 18,244 middle-aged and older men.  Overall, a higher level of urinary ITCs was 

associated with a lower risk of gastric cancer in this cohort, regardless of genotype (OR for highest 

tertile versus lowest tertile: 0.66, 95% CI 0.47 – 0.94). However, the association was larger in 

magnitude in those homozygous for deletion of GSTM1 (OR for first tertile versus third tertile 0.5; 

95% CI 0.27 – 0.93) or GSTT1 (OR for first tertile versus third tertile 0.47; 95% CI 0.25 – 0.88) and 

largest for those with both deletions (OR for first tertile versus second and third tertiles  0.44; 95% CI 

0.21 – 0.93). The authors concluded that, at least in their study population, the protective effect of 

cruciferous vegetable consumption was greatest in those with lower functional activity of the 

GSTM1 and GSTT1 subtypes. 

3.4 Colorectal cancer 

The first study to address the possible influence of GST polymorphisms on the relationship between 

cruciferous vegetable consumption and colorectal carcinogenesis was that of Lin et al [62], who 

explored the effects on the  occurrence of adenomatous polyps, the precursor lesion for the majority 

of colorectal cancers, in a case-control study. The cases were 459 men and women in California USA, 

with adenomas in the distal colon, confirmed by flexible sigmoidoscopy, matched with 507 controls 

from the same population but shown to be free of adenomas.  Intakes of cruciferous vegetables 

were assessed by questionnaire, and all subjects were genotyped for GSTM1 polymorphisms. 

Subjects in the highest quartile for intake of broccoli had a lower risk of polyps compared to those 

who reported never consuming broccoli (OR 0.47; 95% Confidence interval 0.3 – 0.73) but the effect 

was only statistically significant in subjects who were null for GSTM1 (P<0.01). There was weaker 

evidence for protective effects of cruciferous vegetables in general, but further analysis of the data 

for effects of brassica varieties other than broccoli was prevented by low levels of consumption.  

Another case-control study conducted in California USA by Slattery et al [63] looked for an interplay 

between colorectal cancer and consumption of cruciferous vegetables and coffee, both of which act 
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as inducers of GST, in subjects with and without the GSTM1 deletion polymorphism. There were no 

associations for the group of 1579 cases and 1898 controls as a whole, but among GSTM1-null 

individuals less than 55 years of age, a protective effect of high consumption of cruciferous 

vegetables compared to no consumption was observed (OR 0.23 95% confidence interval 0.1 – 0.54), 

with the strongest effect evident for broccoli. Among younger individuals non-null for GSTM1, there 

was a lower risk of colorectal cancer, independently of any differences in consumption of cruciferous 

vegetables. 

Seow et al [64] investigated the effects of ITC intake and GST polymorphisms on risk of colorectal 

cancer in a nested case-control study conducted within a large prospective trial, the Singapore 

Chinese Health Study.  IST intakes were estimated from a food frequency questionnaire, and 213 

cases of colorectal cancer were compared with 1194 controls, all of whom were genotyped for 

GSTM1, GSTT1 and GSTP1 polymorphisms. The results were consistent with those of Lin et al [62] in 

that amongst individuals null for both GSTT1 and GSTM1, high consumers of ITCs were at 

significantly lower risk of colorectal cancer compared to low consumers (OR 0.43 95% confidence 

interval 0.20 – 0.96). A more comprehensive case-control study conducted by Turner et al [65] in the 

UK looked at the effects of meat, fruit and vegetable consumption, including cruciferous vegetables 

as a separate category, on risk of colorectal cancer in subjects genotyped for polymorphisms 

affecting six genes coding for metabolic enzymes (GSTT1, GSTM1, GSTP1, CYP1A1, EPHX1, NQO1). A 

protective effect of vegetables in general, and of cruciferous vegetables independently, was only 

detected in those with reduced expression of GSTT1. Some other interactions were detectable, but 

the authors commented that the multiple comparisons inherent in their study meant that their 

results needed independent corroboration. 

Tijhuis et al [66] obtained results inconsistent with those of Turner et al in a case-control study of 

the effects of cruciferous vegetable consumption on risk of adenomatous polyps in a Dutch 

population. A group of 746 polyp cases were compared to 698 controls, for all of whom genetic 
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polymorphisms in GSTM1, GSTT1, GSTP1 and GSTA1 were determined. Across the whole population, 

higher consumption of cruciferous vegetables was associated with increased risk of polyps, though 

this relationship did not reach statistical significance (OR 1.15; 95% confidence interval 0.92 – 1.44). 

There was no detectable effect of GSTM1 and/or GSTT1 deletion polymorphisms in this study but 

the positive relationship between cruciferous vegetable intake and risk of polyps was only 

detectable in individuals with the GSTP1 low-activity (GG) genotype (OR 1.94; 95% confidence 

interval 1.02 – 3.69).  A similar effect was noted for the low expression (TT) polymorphism of GSTA1, 

although this relationship was weaker and not statistically significant (OR 1.57; 95% confidence 

interval 0.93 – 2.65).  No attempt was made to analyse any effects of cruciferous vegetable 

consumption by variety. The authors concluded that variations in GST activity might modulate the 

relationship between consumption of cruciferous vegetables and colorectal adenomas, but not in a 

way consistent with their initial hypothesis or with the work of others. 

Epplein et al [67] carried out a study of the relationship between urinary IST metabolite levels, GST 

polymorphisms and risk of CRC in a case-control study nested within a multi-ethnic cohort study 

based in Hawaii and California USA. Detection of IST metabolites in urine was associated with a 

statistically significant reduction in risk of CRC (OR 0.59; 95% confidence interval 0.36 – 0.98) relative 

to subjects with undetectable levels.  There was no detectable effect of GSTM1 or GSTT1 deletions 

on this relationship and only a weak suggestion of an interaction such that those with GSTP1 AG or 

GG genotypes and detectable urinary IST had greater protection against CRC compare to those with 

the GSTP1 AA genotype. Yang et al [68] also explored the association between exposure to food-

borne isothiocyanates and risk of colorectal cancer using urinary IST excretion, in a nested case-

control study derived from a cohort of 74,942 women recruited between 1996 and 2000 in 

Shanghai, China. Urinary IST concentrations were again inversely related to risk of CRC, and the 

relationship was only statistically significant in women null for GSTM1 (p<0.04) or for both GSTM1 

and GSTT1 (p< 0.03), amongst whom the OR was 0.51 (95% CI 0.27 – 0.95). In contrast however, 
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Vogtmann et al [69] explored the same question, using a nested case-control study within the 

Shanghai Men’s Heath cohort, but found no association between urinary IST and risk of CRC in the 

group as a whole, and no effect of GST polymorphisms. 

The most recent systematic review on cruciferous vegetable consumption and colorectal cancer was 

published in 2014 by Tse and Eslick , and included a meta-analysis of six case-control [62, 63, 65, 66, 

68, 70] and two nested case-control studies [64, 67] from which the association between cruciferous 

vegetable intake and risk of colorectal cancer could be quantified after stratification by GSTM1 and 

GSTT1 genotype. According to their analysis the only statistically significant result was a reduction in 

risk in high consumers of cruciferous vegetables who were homozygous for the GSTT1 deletion 

genotype (OR 0.78; 95% CI 0.64 – 0.95).  It should be noted that this meta-analysis did not include 

the study of Vogtmann et al [69], also published in 2014, which showed no significant effect of GST 

polymorphisms. 

4.0 Discussion 

All epidemiological investigations on diet and cancer are attempts to extract meaningful signals from 

a sea of necessarily noisy data; even the largest individual studies are rarely definitive. The European 

prospective investigation into cancer and nutrition (EPIC) for example is one of the largest studies of 

its type ever undertaken, with a final cohort of 477,312 individuals. No statistically significant 

protective effects of cabbage intake, or indeed vegetable intake in general, against gastric or other 

cancers of the gastrointestinal tract have been observed [71]. The strongest sources of evidence 

upon which to judge the protective effects of cruciferous vegetables are systematic reviews; 

fortunately those by Wu et al [41] and Tse and Eslick [45] on CRC are reasonably consistent in their 

findings.  From a meta-analysis of 11 prospective studies Wu et al derived an RR of 0.93 (95% CI 0.87 

– 1.0) for the highest versus lowest consumers of cruciferous vegetables, whereas Tse and Eslick 

obtained an OR of 0.92 (95% CI 0.83 – 1.01 for the same comparison).  Tse and Eslick also reported a 
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slightly larger and more statistically significant protective effect for cancer of the colon only (OR 0.84 

95%  CI 0.72 – 0.98) [45].  Thus, both studies reported modest protective effects against CRC, with 

low or marginal statistical significance. It is worth noting that the prospective studies included in 

their analysis by Wu et al have appeared only since 2007, which perhaps explains why the WCRF 

reviews of 1997 [6] and 2007 [13], and the IARC report on cruciferous vegetables and cancer of 2004 

[23] all acknowledged evidence in favour of protective effects against CRC, but lacked sufficient data 

to reach a definitive conclusion (See Table 1). It seems reasonable to conclude therefore that the 

two most recent systematic reviews provide sufficient evidence of a protective effect of cruciferous 

vegetable against CRC.  To put the effect-size in context however, it should be noted that the 

reduction in risk is similar in magnitude to the protective effects reported for vegetables in general 

[72], and smaller than that reported for dietary fibre, another protective component of plant foods 

[73].  

For cancers at sites other than the large bowel, there is less evidence available with which to form a 

definitive conclusion.  The impact of diet on the risk of oropharyngeal and oesophageal cancers has 

received much less attention than for CRC, possibly because these cancers are less common than 

CRC in high income countries.  More data are available for gastric cancer, and the systematic review 

of Wu et al from 2013 [40] indicates a reduction in risk of 19% in the highest consumers of 

cruciferous vegetables compared to the lowest (Table 1). This finding was based on six prospective 

studies, in contrast to the eleven included in the meta-analysis on cruciferous vegetables and CRC by 

the same authors [41], but it seems reasonable to conclude that the gastric epithelia are also 

sensitive to protective effects from the components of cruciferous vegetables, and these benefits 

may be larger in magnitude. This possibility should receive more attention from both experimental 

and epidemiological researchers. 

Despite the balance of evidence in favour of effects of cruciferous vegetable consumption against 

both CRC and gastric cancer, it is not yet possible to conclude that the mechanisms are influenced 
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consistently by genetic polymorphisms of the genes coding for the GST enzyme family.  The 

mechanistic hypothesis that lower expression of the principal GSTs involved in the metabolism and 

excretion of absorbed ITCs leads to higher and/or more prolonged exposure of target tissues to 

active compunds has received support from some, but by no means all, of the epidemiological 

studies designed to test it. That the issue remains unresolved  is evident from the meta-analysis of 

Tse & Eslick [45], which identified only one statistically significant protective association between 

cruciferous vegetable consumption and the presence of the GSTT1 null genotype.  The possibility 

remains that this is a chance finding; the authors themselves concluded that there was little 

evidence to support the hypothesis of protective null GST genotypes, at least in the context of 

colorectal neoplasms.  

The difficulty of testing hypotheses relating to GST polymorphisms and the consumption of 

cruciferous vegetables at the population level is probably largely a reflection of the uncertainties 

associated with the assessment of dietary exposure to glucosinolate breakdown products. Dietary 

assessment by means of food frequency questionnaires is prone to error, and the glucosinolate 

content of the cruciferous vegetables consumed varies with variety, season, storage and cooking 

methods.  The development of reliable and accurate analytical techniques, including  the 1,2-

benzenedithiol-based cyclocondensation assay [74] and improved HPLC-mass spectrometry methods 

for isothiocyanate [75] and indole derivatives [76], has greatly facilitated the detection and 

quantification of isothiocyanates and indoles in foods, plasma and urine. The use of urinary markers 

to measure dietary exposure to cruciferous vegetables is a potentially valuable advance. Although 

statistically significant correlations between urinary ITC levels and self-reported intake of cruciferous 

vegetables can be detected in human populations [50], the clearance of glucosinolate breakdown 

products from plasma is relatively rapid [77]. Spot urine samples are therefore an indicator of recent 

intake rather than long-term exposure.  Improved sampling strategies, including 24h urine 

collections repeated at regular intervals, are needed to optimise the estimation of long-term 
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exposure to isothiocyanates and their metabolites, but this will be difficult to achieve in large 

population samples.   

Apart from the problem of accurately measuring exposure, there are other variables that potentially 

hamper the detection of biological effects of cruciferous vegetable consumption in culturally diverse 

populations.  For example, the quantities and varieties of cruciferous vegetables eaten by American, 

European and Asian populations differ markedly. Chinese populations have been reported to 

consume as much as 80 -100 g of cruciferous vegetables per day [78], whereas intakes as low as 19 g 

per day have been reported for Dutch adults [79]. Moreover oriental populations tend to consume a 

higher proportion of their cruciferous vegetables as pak choi and similar varieties [78].  In laboratory 

studies, glucosinolate breakdown products from broccoli and pak choi exert markedly different 

effects on both gene expression and inflammation induced carcinogenesis in mouse colon [80].  

Together with the differing frequencies of GSTT1 and GSTM1 null genotypes in Caucasian and Asian 

populations, variations in consumption pattern need to be carefully considered when interpreting 

epidemiological findings from different geographical regions. 
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Table 1 Results of published meta-analyses of effects of higher cruciferous vegetable consumption 

on risk of cancer at six anatomical sites in the human alimentary tract. 

Reference Effects of higher consumption of cruciferous vegetables on relative risk. 

 Oropharynx Oesophagus Stomach Colorectum Colon Rectum 

IARC, 2004 

[23] 

Insufficient 

data for 

meta-analysis 

Insufficient 

data for 

meta-

analysis 

 Cohort 

studies All 

CV: OR 

0.91 (0.67-

1.23) 

Case-

control 

studies All 

CV: OR 

0.81 (0.73-

0.90) 

Cohort 

studies All 

CV: OR 0.96 

(0.85-1.09) 

Case-control 

studies All 

CV: OR 0.73 

(0.63-0.84) 

N/A N/A 

Wu et al, 

2013a [40] 

N/A N/A Cohort 

studies All 

CV: RR 0.89 

(0.77-1.02) 

Case-

control 

studies All 

CV: RR 0.78 

(0.71-0.86) 

Cohort 

studies 

(Cabbage) 

RR 0.77 

(95% CI 

0.56-1.06) 

Case-

control 

studies 

(Cabbage) 

RR 0.66 

(0.55-0.79) 

N/A N/A N/A 
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Wu et al, 

2013b [41] 

N/A N/A N/A Cohort 

studies All 

CV: RR 0.93 

(0.87-1.00) 

Case-control 

studies All 

CV: RR 0.74 

(0.65-0.84) 

Cohort 

studies 

(Cabbage) 

RR 0.96 

(0.54-1.72) 

Case-control 

studies 

(Cabbage) 

RR 0.74 

(0.57-0.97) 

Cohort 

studies 

(Broccoli) 

RR 0.91 (0.8-

1.03) 

Case-control 

studies 

(Broccoli) 

RR 0.60 

(0.32-1.13) 

N/A N/A 

Tse & 

Eslick, 2014 

[45] 

N/A N/A N/A All CV: RR 

0.89 (0.77-

1.03) 

Cabbage: 

RR 0.95 

(0.80-1.14) 

Broccoli: 

All CV: RR 

0.84 

(0.72-

0.98) 

All CV): RR 

0.99 (0.67-

1.46) 
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RR 0.80 

(0.65-0.99) 

Brussels 

sprouts: 

RR 1.00 

(0.75-1.34) 

Footnotes. OR: odd ratio; RR: relative risk; All CV: All cruciferous vegetables; N/A: The study did not 

address risk of cancer at this site. 
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Higher consumption of cruciferous vegetables may protect against cancers of the gastrointestinal 

tract.  A literature review of primary studies and meta-analyses indicates protective effects of 8% 

and 19% for colorectal and gastric cancers respectively. Some studies suggest that these protective 

effects are modified by common genetic polymorphisms of genes for the glutathione S-transferase 

enzyme family but the evidence remains inconclusive. 
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