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Abstract
Evidence suggests dietary phytoestrogens may reduce the risk of certain hormonal cancers (e.g. breast
and prostate). There is a paucity of data regarding phytoestrogens and colorectal cancer risk.
Phytoestrogens are plant compounds with estrogen-like activities. Main classes include isoflavones
(found in legumes such as soy) and lignans (found in grains, seeds, nuts, fruits, and vegetables).
Although isoflavones have dominated phytoestrogen cancer research, lignans may be more relevant
to North American diets. Food questionnaires and analytic databases have recently been modified to
incorporate some lignan information. We conducted a case-control study to evaluate the association
between phytoestrogen intake and colorectal cancer risk. Colorectal cancer cases were diagnosed in
1997–2000, aged 20–74 y, identified through the population-based Ontario Cancer Registry, and
recruited by the Ontario Familial Colorectal Cancer Registry. Controls were a sex and age-group
matched random sample of the population of Ontario. Epidemiologic and food frequency
questionnaires were completed by 1095 cases and 1890 control subjects. Multivariate logistic
regression analysis was used to obtain adjusted odds ratio (OR) estimates. Dietary lignan intake was
associated with a significant reduction in colorectal cancer risk [OR (T3 vs. T1) = 0.73; 95% CI:
0.56, 0.94], as was isoflavone intake [OR (T3 vs. T1) = 0.71; 95% CI: 0.58, 0.86]. We evaluated
interactions between polymorphic genes that encode enzymes possibly involved in metabolism of
phytoestrogens (CYPs, catechol O-methyl transferase, GSTs, and UGTs) and found no significant
effect modification with respect to phytoestrogen intake. This finding that phytoestrogen intake may
reduce colorectal cancer risk is important, because dietary intake is potentially modifiable.

Introduction
Colorectal cancer is the third most common cancer and the second leading cause of cancer
death in Canada (1,2). Despite improvements in surgical and chemotherapeutic treatments,
colorectal cancer has a poor 5-y survival rate of 60% (2). Identifying modifiable factors
associated with colorectal cancer is of importance, the ultimate goal being primary prevention.
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Phytoestrogens, contained in plant foods, have nonsteroidal estrogen-like activities (3,4). The
most important dietary sources include isoflavones (e.g. soy products) and lignans (e.g.
flaxseed, grains, nuts, vegetables, fruits) (5). Isoflavones have dominated phytoestrogen
research, because there is convincing in vitro evidence of their cancer inhibitory effects and
soy foods are a major dietary component in Asia where hormone-related cancers are less
prevalent. However, lignans may be more relevant in North America as they are plentiful in
Western diets (6-8); lignan-containing foods include legumes, seeds, cereals/grains, berries,
dried fruit, and vegetables (9). There is epidemiologic evidence that phytoestrogens may
protect against the development of hormone-dependent cancers (e.g. breast and prostate)
(10-13), and it has been suggested that this may extend to colorectal cancer (13-19). The
development of colorectal cancer is thought to be influenced by estrogen exposure; for
example, hormone-replacement therapy (HRT)7 halves the risk of colorectal cancer among
women (20,21). Phytoestrogens may act through hormonal mechanisms to reduce cancer risk
by binding to estrogen receptors (ER) (22) or interacting with enzymes involved in sex steroid
biosynthesis and metabolism (23).

Although epidemiologic findings are inconsistent, several studies have reported lowered
colorectal cancer risk associated with the consumption of soy foods, although findings vary by
type of soy food, colorectal cancer sub-site, and sex (13,15,17-19,24-28). Most studies were
conducted in Asia, were small, and did not assess total phytoestrogen intake but only individual
soy food consumption (proxy for isoflavone intake). The only population-based study
conducted in North America (Hawaii) reported no association between tofu and colorectal
cancer risk and found “legumes and soy products” intake was associated with a reduction in
colorectal cancer risk (only significant for women) (18). Recent development of
comprehensive phytoestrogen databases (6,7,9) now permits a more thorough evaluation of
intake (including lignans) among North Americans.

Both genetic and environmental factors are involved in the development of colorectal cancer.
Some 20% of colorectal cancers display a familial component whereby relatives exhibit a
doubling of risk (29). Less than 5% of colorectal cancer cases are explained by known genetic
syndromes (30,31); thus, common inherited polymorphisms may be of greater public health
importance. Genetic variation exists within genes that code enzymes possibly involved in
phytoestrogen metabolism [e.g. CYP1A1/1A2/1B1,2E1, catechol O-methyl transferase
(COMT), GSTs, UGTs] (32-38) and these genetic variants may alter phytoestrogen metabolism
and consequently modify any phytoestrogen and cancer risk association. Although the
metabolism of phytoestrogens is not well understood, both intestinal bacteria and host
metabolic enzymes are known to be involved; in particular, enzymes important in the
metabolism of estrogen as their substrates are structurally similar (32-38).

We evaluated the association between dietary phytoestrogen intake (isoflavones, lignans, and
total phytoestrogens) and colorectal cancer risk among subjects and control subjects
participating in the population-based Ontario Familial Colorectal Cancer Registry (OFCCR).
In addition, possible effect modification of this association by genetic polymorphisms in
enzymes possibly involved in the metabolism of phytoestrogens was assessed.

Study Design and Methods
The OFCCR is 1 of 6 international sites participating in the Cooperative Familial Registry for
Colorectal Studies established by the U.S. National Cancer Institute. The methods of the

7Abbreviations used: COMT, catechol O-methyl transferase; ER, estrogen receptors; HNPCC, hereditary nonpolyposis colorectal cancer;
HRT, hormone-replacement therapy; NSAID, nonsteroidal antiinflammatory drug; OCR, Ontario Cancer Registry; OFCCR, Ontario
Familial Colorectal Cancer Registry; OR, odds ratio.
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OFCCR have been described previously (39,40) and are outlined below. Colorectal cancer
cases and population control subjects participating in the OFCCR were used to conduct this
study.

Case and control recruitment (subjects)
The population-based Ontario Cancer Registry (OCR) was used to identify and recruit into the
OFCCR, living, incident colorectal cancer cases (pathology confirmed; International
Classification of Diseases 9th revision codes 153.0–153.9, 154.1–154.3, 154.8) (41) aged 20–
74 y and diagnosed between July 1, 1997 and June 30, 2000. The OCR registers all cases of
invasive cancer diagnosed among residents of Ontario using computerized probabilistic record
linkage to resolve the 4 main sources of cancer information (i.e. pathology reports with any
mention of cancer, hospital discharge summaries that include a diagnosis of cancer, reports
from Ontario's regional cancer centers, and death certificates).

Control subjects recruited by the OFCCR were comprised of a random sample of Ontario
residents identified using 2 methods with the same eligibility criteria. Population-based
controls were randomly selected and frequency-matched, within sex and 5-y age groups, to the
colorectal cancer cases. In 1999–2000, persons were identified using a list of residential
telephone numbers in Ontario provided by Infodirect (Bell Canada). Households were
randomly selected from this list and telephoned to obtain a census of household members (age
and sex) so as to identify eligible persons. One eligible person within each household was
randomly selected and invited to participate in the OFCCR. To increase the sample size and
approach a 1:2 case:control ratio, additional population-based control subjects were recruited
in 2001. An age- and sex-stratified random sample of persons was selected from a listing of
all Ontario residents (homeowners and occupants) based on population-based assessment rolls
maintained and made available by the provincial government (database fields included name,
age, sex, and address). A reabstraction study was able to link >95% of persons in the OCR to
this population database, suggesting that its accuracy and completeness are high (42).

Data collection
Physicians identified from pathology reports were asked to permit contact with their patient(s)
and to provide the patient address, telephone number, and vital status. Once a physician
provided consent, his/her patient was mailed a package containing a letter, a brochure
describing the various phases of the OFCCR, a family history questionnaire, and a return
postage paid envelope. A reminder postcard was sent several weeks after this mailing and
nonresponders were then followed up with a telephone call approximately 8 wk after the initial
mailing. Over 90% of physicians consented, and the response rate for phase 1 of the OFCCR
(completion of the family history questionnaire and agreement to complete epidemiologic
questionnaires, provide blood sample, and enroll kin) was ∼61% for colorectal cancer cases
(39).

Following the completion and return of the family history questionnaire, pedigrees were
constructed based on the family information provided. Each colorectal cancer case was then
classified as 1) high familial risk [satisfying hereditary nonpolyposis colorectal cancer
(HNPCC) Amsterdam criteria] (43), 2) intermediate familial risk, or 3) low (sporadic) risk.
Intermediate familial risk has a very broad definition and consists of cases satisfying at least
1 of the following: 1) 2 relatives with HNPCC cancers (this includes 14 cancer sites), and 2
(of 3) are first degree kin, 2) case and relative both with colorectal cancer <50 y of age, and
3) any relative with colorectal cancer <35 y of age. All other cases not classified as high or
intermediate familial risk were classified as sporadic (with the exception of a few cases
categorized as intermediate due to selected “pathology criteria” such as multiple polyps). All
high and intermediate risk cases and a 25% random sample of the low risk cases were selected
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to participate in phase 2 of the OFCCR. Subjects were asked to complete a self-administered
mailed epidemiologic risk factor questionnaire and FFQ, provide a blood sample, and grant
permission to contact their relatives.

Control subjects were mailed a cover letter along with the family history, epidemiologic, and
FFQs. They were also asked to provide a blood sample.

Epidemiologic and dietary information
Daily phytoestrogen intake was determined based on the FFQ adopted by the CFR and used
by the OFCCR. It was important that all CFR sites use the same FFQ; thus, although the chosen
FFQ may not be ideal for use in Canada, it was the one selected by the international CFR
consortium. This 19-page FFQ, which asked about foods “eaten about two years ago,” was
developed by the Epidemiology Program, Cancer Research Center of Hawaii and has been
previously described and validated against 24-h recalls among a multi-ethnic Hawaiian/
Southern Californian population (44). FFQs were analyzed using food composition databases
that include values for macro- and micronutrients, as well as isoflavones (44). In addition, food
composition data for lignans (secoisolariciresinol and matairesinol) was recently added based
on wet weight values reported or calculated from direct food analyses (6,7,45-51). When
multiple values were reported in the literature, averages were calculated; when values were
given in ranges, midpoint values were used. Values for foods that could not be directly matched
to those in the literature were imputed based on those for similar foods defined by their fiber
content and botanical family. The 3 daily phytoestrogen intake variables (isoflavone, lignan,
and total) were defined based on the tertile distribution in the controls.

The 32-page epidemiologic questionnaire included many close-ended questions about
colorectal screening, medical conditions, medication use, diet, reproductive factors, physical
activity, sociodemographics, and anthropometric measures.

Response rates/numbers
The 1536 incident colorectal cancer cases participating in phase 2 of the OFCCR were mailed
questionnaires and asked to provide blood. A total of 1138 (74%) completed the FFQ and 1124
(73%) completed the epidemiologic questionnaire. The 1095 cases completed both the
epidemiologic questionnaire and FFQ and are included in this data analysis. The OFCCR
classified cases based on their familial cancer history. Of the 1095 cases in this dietary analysis,
42 (4%) were high (HNPCC) risk, 483 (44%) were intermediate familial risk (defined above),
and 570 (52%) were low risk.

Of the 4876 eligible controls identified and invited to participate, 2131 refused (43%), and of
the 2745 mailed the questionnaire package, 1928 (70%) completed the FFQ, and 1944 (71%)
completed the epidemiology questionnaire. The 1890 control subjects completed both the
epidemiologic questionnaire and FFQ and are included in this data analysis. Reasons for
nonparticipation included language barrier, illness, too busy, and questionnaire too long;
however, the majority of cases and controls did not provide a reason. Ninety-five percent of
participants in the OFCCR are Caucasian.

Persons (n = 83) who reported extreme energy intakes (females: <700 or >4200 kcal and males:
<800 or >4900 kcal)8 were considered outliers and removed from data analysis. Of the 1095
cases and 1890 controls that completed both questionnaires, 842 cases and 1251 controls
provided a blood (DNA) sample, and these persons comprised the dataset used to evaluate
gene-environment interactions.

81 kcal = 4.184 kJ.
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DNA preparation and genotyping
The OFCCR obtained 40 mL of blood from participating cases and controls. DNA was
extracted from lymphocytes using organic solvents or spin columns (Qiagen) and banked at
4°C.

Genetic variants were chosen for investigation based on a minor allele frequency of ≥5% with
a preference given to polymorphisms with a potential impact on function. Genotyping assays
are standard assays from the literature. Assays to query the single nucleotide polymorphism
of interest were performed using the TaqMan 5′ nuclease allele discrimination assay (Applied
Biosystems). In general, an allele-specific oligonucleotide probe, labeled with a fluorescent
reporter and quencher dye, is cleaved during the amplification process, generating an increased
intensity of fluorescence directly related to the accumulation of PCR product. The reaction mix
consisted of 5 μL Taqman Universal Master mix-no UNG (Applied Biosystems), combined
primer, and probe mix (per manufacturer's instructions), 20–50 ng of DNA template, and water
for a total reaction volume of 10 μL. Cycling conditions for the reaction were 95°C for 10 min,
followed by 40–45 cycles of 94°C for 15 s and 60°C for 1 min. Following PCR amplification,
end-point fluorescence was read using an ABI 7900HT Sequence Detection system and geno-
types assigned using Allelic Discrimination software (Applied Biosystems SDS Software
v2.1). Appropriate controls representative of each genotype and multiple template controls
were included in each analysis. We used microsatellite fragment analysis to genotype
UGT1A1*28. Briefly, PCR was performed on 50 ng of DNA in buffer [100 mmol/L Tris-HCl
(pH 8.0), 500 mmol/L KCl, 1.5 mmol/L MgCl2, 0.2 mmol/L dNTP, 0.2 umol/L of each primer,
and 1 unit of Taq Polymerase (Applied Biosystems)]. Cycling conditions were: initial
denaturation at 95°C for 2 min followed by 30 cycles of denaturation at 94°C for 30 s, annealing
at 55°C for 30 s and extension at 72°C for 45 s, with a 15-min final extension at 72°C.
Microsatellite fragment analysis was performed using the ABI 3730 DNA analyzer and
Genemapper 3.5 software (Applied Biosystems).

Approximately 5% of the samples were selected for duplicate analysis (verification), with an
estimated genotyping error rate of 0.25%.

Statistical data analysis
Associations between each phytoestrogen variable (lignan, isoflavone, and total) and colorectal
cancer risk were examined by computing age-adjusted odds ratio (OR) estimates and
approximate 95% confidence intervals (52). Multivariate logistic regression analyses were
performed to obtain OR estimates while simultaneously controlling for potential confounders
(53). For each analysis, potential confounding variables were evaluated based on the 10%
change in OR estimate methods (54). Potential confounders were evaluated and only true
confounders, plus age and sex, remained in the final multivariate model(s). Potential
confounders included: family history of colorectal cancer, prior diagnosis of inflammatory
bowel disease, BMI, colonic screening, intake of nonsteroidal antiinflammatory drugs
(NSAIDs), folate, calcium, vegetables, fruits, red meat, dietary fiber, saturated fat, total energy
(calories), alcohol consumption, smoking history, and lifetime physical activity. Only dietary
fiber and energy intake were identified as true confounders in our dataset, and these variables
remained in the relevant final multivariate model(s). All statistical analysis was done using
SAS v8.2 (SAS Institute).

The possibility of interactions between selected genetic variants (CYP1A2–163C > A,
rs762551; CYP2E1 1293G > C, rs3813867; CYP2E1 7632T > A, rs6413432; COMT 472G >
A, rs4680; CYP1A1 2455A > G, rs1048943; CYP1A1 3801T > C, rs4646903; CYP1B1 142C
> G, rs10012; CYP1B1 4326C > G, rs1056836; CYP1B1 4390A > G, rs1800440; GSTM1-
locus deletion; GSTT1-locus deletion; GSTM1 K173N, rs1065411; GSTM3delAGG,

Cotterchio et al. Page 5

J Nutr. Author manuscript; available in PMC 2007 April 10.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



rs1799735; UGT1A7 W208R, rs11692021; UGT1A7 N129K, rs17868323; UGT1A1*28 A
(TA)6TAA > A(TA)7TAA) and phytoestrogen intake was initially evaluated by stratified
analyses, where summary OR estimates were computed as appropriate (54). Interaction was
formally assessed by the significance of the Likelihood Ratio Statistic (P < 0.05) after the
addition of the product term to the model (55).

A test for trend consisted of entering the ordinal version of the exposure variable into a logistic
regression model as a continuous variable. The chi-square statistic from the Wald test for
estimated coefficient was used to test the hypothesis that the slope of the effect was equal to
0.

Ethics approval
Ethics approval was granted from the Office of Research Services, University of Toronto, the
Mount Sinai Hospital Research Ethics Board, and the Hospital for Sick Children Research
Ethics Board.

Results
The distribution of colorectal cancer cases and controls by selected subject characteristics was
recently published in greater detail (Table 1) (40). As expected, family history of colorectal
cancer, increased BMI, greater red meat intake, and higher energy intake were considerably
more common among the colorectal cases than the control subjects. NSAID use was associated
with a decreased risk of colorectal cancer and no association was observed regarding dietary
fiber intake and colorectal cancer risk.

We found that higher dietary lignan intake was associated with a considerable reduction in
colorectal cancer risk [Table 2; MVOR (T3 vs. T1) = 0.73; 95% CI: 0.56, 0.94]. Dietary
isoflavone intake was also associated with a reduction in colorectal cancer risk [MVOR (T3
vs. T1) = 0.71; 95% CI: 0.59, 0.86]. It follows that higher total phytoestrogen intake (lignans
and isoflavones combined) was associated with a reduced risk of colorectal cancer [MVOR
(T3 vs. T1) = 0.71; 95% CI: 0.58, 0.86].

The genotypes (n = 16) assessed for interaction with each of the 3 phytoestrogen variables are
listed in the Methods section. None were found to be important effect modifiers of the
association between phytoestrogen intake and colorectal cancer risk (data not shown).
However, it should be noted that 2 variants, CYP1B1 142C > G and CYP2E1 1293G > C, were
borderline significant effect modifiers (Likelihood Ratio Statistic interaction, P = 0.06) with
the reduced colorectal cancer risk observed among persons with high lignan intake limited to
those carrying the CC and GG genotypes, respectively.

The association between phytoestrogen intake and cancer risk was evaluated separately for
microsatellite instability-high and microsatellite instability-low/stable colorectal cancer cases.
We did not observe a significant difference; phytoestrogen intake was associated with a
considerable decreased risk of colorectal cancer for both these types of tumors (as compared
with controls; data not shown). Based on previous isoflavone (soy) and colorectal cancer
literature, effect modification by sex and cancer sub-site (colon/rectal) was also explored. OR
estimates did not differ across sex or sub-site strata (data not shown).

As a disproportionate number of cases in the OFCCR were from families classified as high/
intermediate risk (vs. low risk), we assessed effect modification by familial risk. No differences
across familial risk strata were identified with respect to the association between phytoestrogen
intake and colorectal cancer risk (data not shown).
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Discussion
Our finding that dietary phytoestrogens, both lignans and isoflavones, are associated with a
reduction in colorectal cancer risk is important, because diet is potentially modifiable. Dietary
intake resulting in classification within our top tertile of daily isoflavone or lignan intake is
quite achievable. For example, daily isoflavone intake (>1.0 mg) could come from 1 small
glass of soy milk or a small bowl of miso soup, and lignan intake (>0.26 mg) could come from
2 peaches, 1/2 slice of multigrain bread, or a pinch of flaxseed (9). To our knowledge, no
previous epidemiologic study has evaluated lignan intake, the phytoestrogen most prevalent
in North American diets, in relation to colorectal cancer risk (6,13,28,56,57). Epidemiologic
studies have assessed isoflavone intake and cancer risk, with some reporting that increased soy
product intake is associated with reduced colorectal cancer risk (17-19,24-27).

Several epidemiologic studies conducted in Asia (19,24,58,59) and 1 conducted in Hawaii
(18) evaluated the association between individual soy foods (main source of isoflavones) and
colorectal cancer risk. Although some of these studies reported reduced colorectal cancer risk,
particularly for nonfermented soy foods (e.g. tofu) (19,24), lack of an association between tofu
intake and colorectal cancer risk was also reported (26,27), and occasionally findings differed
by colorectal cancer sub-site, type of soy food, and sex (25). The only case-control study in
North America found that legumes and soy products (analyzed as 1 group) were associated
with a reduction in colorectal cancer risk; however, tofu alone showed no association (18).

The main limitations of previous studies were small sample size and the assessment of specific
soy food intake rather than total phytoestrogen intake. None of these studies were designed to
evaluate phytoestrogen intake; thus, evidence of an association is indirect. Findings from
animal studies suggest phytoestrogens are associated with a reduction in colorectal cancer
(13,60-62). To our knowledge, our study is the first epidemiologic study to examine the
association between colorectal cancer and lignans common in Western diets; recently available
food composition data for lignans (secoisolariciresinol and matairesinol) were added to the
analytic database applied to the FFQ.

Only recently have researchers modified FFQs and analytic databases such that total
phytoestrogen (both isoflavone and lignan) intake can be measured in epidemiologic studies
(6,7,9,50,63). Historically, the lignan content of foods was not included in standard nutrient
databases. Biomarkers of phytoestrogen intake have also been examined, and although
promising (64-67), have limited usefulness in a case-control studies where biologic specimens
are obtained postdiagnosis.

It is thought that phytoestrogens may act via: 1) hormonal effects mediated by ER binding;
2) nonhormonal actions by altering processes involved in carcinogenesis such as apoptosis and
antioxidant activity; or 3) interaction with enzymes involved in sex steroid biosynthesis and
metabolism (23,33,68). Isoflavones may alter CYP(1A1,1A2,1B1)-mediated estradiol
metabolism by reducing formation of carcinogenic hydroxylated metabolites (33) while
increasing less reactive 2-OH estrone and 16α-OH estrone metabolites (69). Also,
phytoestrogens may inhibit CYP-dependent estrogen metabolism by acting as competitive
substrates, or they may reduce circulating levels of estradiol by induction of CYP enzymes
(70,71).

Much is known about the protective association between estrogens and colorectal cancer risk.
Epidemiologic studies and trials consistently report a significant reduction in colorectal cancer
risk among women who used HRT (20,21,72-74). It has been suggested that estrogens may
influence colorectal cancer risk by modification of lipids and bile acids thought to be involved
in carcinogenesis (74,75) or by reducing the likelihood of estrogen-receptor methylation (76),
because the ER gene is thought to play a tumor suppressor role (76-78). English et al. (79)
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report that estrone decreases colonic cell proliferation, whereas estradiol does not, suggesting
the HRT-protective effect may be due to estrone and the metabolism of estrogens may also be
important (74,80).

Phytoestrogen metabolism is poorly understood (32,33), although its large interindividual
variation (13,81,82) likely involves both mammalian enzymes and intestinal bacteria (33,36,
82). Phase I and II enzymes, important in metabolism of endogenous estrogens, may be
important in phytoestrogen metabolism because of the structural similarities of these substrates
and because they are abundant in the liver and small intestine where phytoestrogen metabolism
occurs (33). Isoflavones and lignans are metabolized by CYP(1A1/1A2/1B1,2E1), COMT,
GST, and UGT enzymes and distinct variants acting on the same phytoestrogens produce
different metabolites with varying bioactivities (32-38,83). The role of intestinal microbes in
phytoestrogen metabolism has also been demonstrated and variant bacterial species or strains
may explain interindividual variation (82-86).

Far more is known about the metabolism of endogenous estrogens. It is reasonable to assume
that, given the structural similarity, phytoestrogens may be metabolized similarly to estrogens.
Variation in estrogen metabolism affects the level of circulating estrogen metabolites. Most
pathways of estradiol and estrone metabolism involve CYP enzymes (CYP1A1, CYP1A2,
CYP1B1, and CYP3A4), which carry out irreversible hydroxylation (87-89). COMT also plays
an important role by converting hydroxylated estrone/estradiol into methoxy derivatives that
are inactive estrogens (90). These enzymes are polymorphic, with genetic variants exhibiting
varying levels of enzyme activity/inducibility (91-99).

Our evaluation of gene-environment interactions was of a hypothesis-generating nature. An
improved understanding of interactions between phytoestrogen intake and genetic factors may
provide insight into the mechanisms of carcinogenesis, as well as help in the development of
colorectal cancer prevention strategies. Our data suggest the reduction in colorectal cancer risk
associated with phytoestrogen intake is not markedly modified by polymorphisms in genes
suspected of involvement in phytoestrogen metabolism (e.g. CYPs, COMT, GST, and UGTs
genes).

Possible limitations of our study should be noted. Because fatal cases were excluded, survival
bias may be a concern; if phytoestrogen intake affects survival, then our findings may be biased
as cases with better survival are overrepresented. However, most colon cancer risk factors do
not differ by stage of disease (100). As both our cases and control subjects were selected from
population-based sampling frames, selection bias is unlikely. Furthermore, many known risk
factors (101) were found to be associated with colorectal cancer risk in our dataset, suggesting
the cases and controls are representative (40). However, response bias is always a concern if
high response rates are not achieved. Although unlikely, bias could have been introduced if
participation was differential regarding both case and exposure status.

Possible confounding by known colorectal cancer risk factors was evaluated, and adjusted for,
in our analyses. Because dietary fiber may be a confounder of the lignan and colorectal cancer
risk association, dietary fiber was controlled for in the lignan analysis. Fruit and vegetable
consumption was also evaluated as potential confounders but were not identified as
confounders. It is possible that phytoestrogen-rich food intake may be a marker for other factors
associated with colorectal cancer risk or may be associated with the intake of other protective
food components. Although potential confounders were evaluated, residual or unknown
confounding remains a possibility. It should be noted that whereas the Hawaii FFQ has been
validated among a multi-ethnic American population (44), it has never been validated among
a Canadian population. Recall bias is always a concern in case-control studies, because cases
may report exposures differently than controls; however, because information on a wealth of
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factors was collected in the epidemiologic questionnaire, it would be unlikely that participants
would focus on our particular study hypothesis. Furthermore, the usual concern is that cases
overreport the exposure of interest, but in this study, cases had a lower intake of phytoestrogens.
It is unlikely that overreporting of phytoestrogen intake (misclassification) by the control
subjects is responsible for the protective effect we observed.

Phytoestrogen intake is likely underestimated for some subjects, because the FFQ did not
include all phytoestrogen-containing foods. Flaxseed, which contains a high concentration of
lignans, is omitted, although this is not a frequently consumed food item. Soy milk, alfalfa
sprouts, and mung bean sprouts, all of which contain isoflavones, were not captured by the
FFQ. Future cancer studies should expand upon the standard FFQs available such that they
include all important food sources of phytoestrogens. Many of these food items (e.g. flaxseed,
flax bread, soy milk, sprouts) are not typically included in the common FFQs available for
epidemiologic studies.

Acknowledgments

We thank the OFCCR coordinator, Darshana Daftary (Cancer Care Ontario) and the biospecimen manager, Teresa
Selander (Mount Sinai Hospital), for their dedication to this study. We acknowledge Dr. Suzanne Murphy [Nutrition
Support Shared Resource at the Cancer Research Center of Hawaii (CRCH)] for overseeing the derivation of lignan
intake based on the CRCH FFQ. We also thank Zhanquin Liu (The Centre for Applied Genomics, Hospital for Sick
Children) and Hui Zhang (Hospital for Sick Children) for their invaluable assistance in the laboratory, and Eva D'Souza
(Cancer Care Ontario) for her assistance with manuscript preparation.

Literature Cited
1. National Cancer Institute of Canada (NCIC). Canadian cancer statistics 2004. National Cancer Institute

of Canada; Toronto: 2004.
2. National Cancer Institute of Canada (NCIC). Canadian cancer statistics 2006. National Cancer Institute

of Canada; Toronto: 2006.
3. Messina M, Barnes SJ. The role of soy products in reducing risk of cancer. J Natl Cancer Inst

1991;83:541–6. [PubMed: 1672382]
4. Murkies AL, Wilcox G, Davis SR. Phytoestrogens. J Clin Endocrinol Metab 1998;83:297–303.

[PubMed: 9467531]
5. Tham DM, Gardner CD, Haskell WL. Potential health benefits of dietary phytoestrogens: a review of

the clinical, epidemiological, and mechanistic evidence. J Clin Endocrinol Metab 1998;83:2223–35.
[PubMed: 9661587]

6. de Kleijn MJ, van der Schouw YT, Wilson PW, Adlercreutz H, Mazur W, Grobbee DE, Jacques PF.
Intake of dietary phytoestrogens is low in postmenopausal women in the United States: the
Framingham Study. J Nutr 2001;131:1826–32. [PubMed: 11385074]

7. Horn-Ross PL, Barnes S, Lee M, Coward L, Mandel JE, Koo J, John EM, Smith M. Assessing
phytoestrogen exposure in epidemiologic studies: development of a database (United States). Cancer
Causes Control 2000;11:289–98. [PubMed: 10843440]

8. Milder IEJ, Feskens EJM, Arts ICW, de Mesquita HBB, Hollman PCH, Kromhout D. Intake of the
plant lignans secoisolariciresinol, matairesinol, lariciresinol, and pinoresinol in Dutch men and
women. J Nutr 2005;135:1202–7. [PubMed: 15867304]

9. Thompson LU, Boucher BA, Liu Z, Cotterchio M, Kreiger N. Phytoestrogen content of foods consumed
in Canada, including isoflavones, lignans and coumestan. Nutr Cancer 2006;54:184–201. [PubMed:
16898863]

10. Dai Q, Shu XO, Jin F, Potter JD, Kushi LH, Teas J, Gao YT, Zheng W. Population-based case-control
study of soyfood intake and breast cancer risk in Shanghai. Br J Cancer 2001;85:372–8. [PubMed:
11487268]

11. McCann SE, Muti P, Vito D, Edge SB, Trevisan M, Freudenheim JL. Dietary lignan intakes and risk
of pre-and post-menopausal breast cancer. Int J Cancer 2004;111:440–3. [PubMed: 15221974]

Cotterchio et al. Page 9

J Nutr. Author manuscript; available in PMC 2007 April 10.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



12. Kolonel LN, Hankin JH, Whittemore AS, Wu AH, Gallagher RP, Wilkens LR, John EM, Howe GR,
Dreon DM, et al. Vegetables, fruits, legumes and prostate cancer: a multiethnic case-control study.
Cancer Epidemiol Biomarkers Prev 2000;9:795–804. [PubMed: 10952096]

13. Hughes, I.; Woods, HF. Phytoestrogens and health. Food Standards Agency; London: 2003.
14. Anderson JJB, Anthony M, Messina M, Garner SC. Effects of phytooestrogens on tissues. Nutr Res

Rev 1999;12:75–116.
15. Messina M, Bennink M. Soyfoods, isoflavones and risk of colonic cancer: a review of the in vitro

and in vivo data. Baillieres Clin Endocrinol Metab 1998;12:707–28. [PubMed: 10384821]
16. Thompson LU. Experimental studies on lignans and cancer. Baillieres Clin Endocrinol Metab

1998;12:691–705. [PubMed: 10384820]
17. Spector D, Anthony M, Alexander D, Arab L. Soy consumption and colorectal cancer. Nutr Cancer

2003;47:1–12. [PubMed: 14769532]
18. Le Marchand L, Hankin JH, Wilkens LR, Kolonel LN, Englyst HN, Lyu LC. Dietary fiber and

colorectal cancer risk. Epidemiology 1997;8:658–65. [PubMed: 9345666]
19. Hoshiyama Y, Sekine T, Sasaba T. A case-control study of colorectal cancer and its relation to diet,

cigarettes, and alcohol consumption in Saitama Prefecture, Japan. Tohoku J Exp Med 1993;171:153–
65. [PubMed: 8128484]

20. Rossouw J, Anderson G, Prentice R, LaCroix A, Kooperberg C, Stefanick M, Jackson R, Beresford
S, Howard B, et al. Writing group for the WHI investigators. JAMA 2002;288:321–33. [PubMed:
12117397]

21. Newcomb PA, Storer BE. Post-menopausal hormone use and risk of large-bowel cancer. J Natl Cancer
Inst 1995;87:1067–71. [PubMed: 7616598]

22. Setchell KDR. Phytoestrogens: the biochemistry, physiology, and implications for human health of
soy isoflavones. Am J Clin Nutr 1998;68:S1333–46.

23. Krazeisen A, Breitling R, Möller G, Adamski J. Phytoestrogens inhibit human 17β-hydroxysteroid
dehydrogenase type 5. Mol Cell Endocrinol 2001;171:151–62. [PubMed: 11165023]

24. Hu J, Liu Y, Yu YK, Zhao TZ, Liu SD, Wang QQ. Diet and cancer of the colon and rectum: a case-
control study in China. Int J Epidemiol 1991;20:362–7. [PubMed: 1917235]

25. Inoue M, Tajima K, Hirose K, Hamajima N, Takezaki T, Hirai T, Kato T, Ohno Y. Subsite-specific
risk factors for colorectal cancer: a hospital-based case-control study in Japan. Cancer Causes Control
1995;6:14–22. [PubMed: 7718730]

26. Nishi M, Yoshida K, Hirata K, Miyake H. Eating habits and colorectal cancer. Oncol Rep 1997;4:995–
8.

27. Seow A, Quah SR, Nyam D, Straughan PT, Chua T, Aw TC. Food groups and the risk of colorectal
carcinoma in an Asian population. Cancer 2002;95:2390–6. [PubMed: 12436447]

28. Lechner D, Kallay E, Cross HS. Phytoestrogens and colorectal cancer prevention. Vitam Horm
2005;70:169–98. [PubMed: 15727805]

29. Carstensen B, Soll-Johanning H, Villadsen E, Sondergaard JO, Lynge E. Familial aggregation of
colorectal cancer in the general population. Int J Cancer 1996;68:428–35. [PubMed: 8945611]

30. de Leon MP, Pedroni M, Benatti P, Percesepe A, Di Gregorio C, Foroni M, Rossi G, Genuardi M,
Neri G, et al. Hereditary colorectal cancer in the general population: from cancer registration to
molecular diagnosis. Gut 1999;45:32–8. [PubMed: 10369701]

31. Kinzler KW, Vogelstein B. Lessons from hereditary colorectal cancer. Cell 1996;87:159–70.
[PubMed: 8861899]

32. Kulling SE, Honig DM, Simat TJ, Metzler M. Oxidative in vitro metabolism of the soy phytoestrogens
daidzein and genistein. J Agric Food Chem 2000;48:4963–72. [PubMed: 11052763]

33. Roberts-Kirchhoff ES, Crowley JR, Hollenberg PF, Kim H. Metabolism of genistein by rat and human
cytochrome P450s. Chem Res Toxicol 1999;12:610–6. [PubMed: 10409400]

34. Hu M, Krausz K, Chen J, Ge X, Li J, Gelboin HL, Gonzalez FJ. Identification of CYP1A2 as the
main isoform for the phase I hydroxylated metabolism of genistein and a prodrug converting enzyme
of methylated isoflavones. Drug Metab Dispos 2003;31:924–31. [PubMed: 12814970]

Cotterchio et al. Page 10

J Nutr. Author manuscript; available in PMC 2007 April 10.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



35. Dean B, Chang S, Doss GA, King C, Thomas PE. Glucuronidation, oxidative metabolism, and
bioactivation of enterolactone in rhesus monkeys. Arch Biochem Biophys 2004;429:244–51.
[PubMed: 15313229]

36. Tolleson WH, Doerge DR, Churchwell MI, Marques MM, Roberts DW. Metabolism of biochanin A
and formononetin by human liver microsomes in vitro. J Agric Food Chem 2002;50:4783–90.
[PubMed: 12166960]

37. Roberts DW, Doerge DR, Churchwell MI, Gamboa Da Costa G, Marques MM, Tolleson WH.
Inhibition of extrahepatic human cytochromes P450 1A1 and 1B1 by metabolism of isoflavones
found in Trifolium pratense (red clover). J Agric Food Chem 2004;52:6623–32. [PubMed: 15479032]

38. Kulling SE, Honig DM, Metzler M. Oxidative metabolism of the soy isoflavones daidzein and
genistein in humans in vitro and in vivo. J Agric Food Chem 2001;49:3024–33. [PubMed: 11410004]

39. Cotterchio M, McKeown-Eyssen G, Sutherland H, Buchan G, Aronson M, Easson AM, Macey J,
Holowaty E, Gallinger S. Ontario Familial Colon Cancer Registry: methods and first year response
rates. Chron Dis Can 2000;21:81–6.

40. Cotterchio M, Manno M, Klar N, McLaughlin J, Gallinger S. Colorectal screening is associated with
reduced colorectal cancer risk: a case-study within the population-based Ontario Familial Colorectal
Cancer Registry. Cancer Causes Control 2005;16:865–75. [PubMed: 16132797]

41. International Classification of Diseases. Proceedings of the 9th Revision Conference. World Health
Organization; Geneva: 1977. Manual of the International Statistical Classification of disease, injuries,
and causes of death.

42. Holowaty, EJ.; Lee, G.; Dale, D.; Chong, N. A reabstraction study to estimate the accuracy and
completeness of data elements in the Ontario Cancer Registry. American Association of Central
Cancer Registries; Niagara-on-the-Lake (Ontario): 1994.

43. Vasen HFA, Mecklin JP, Khan PM, Lynch HT. The international collaborative group on Hereditary
Non-Polyposis Colorectal Cancer (ICG-HNPCC). Dis Colon Rectum 1991;34:424–5. [PubMed:
2022152]

44. Stram DO, Hankin JH, Wilkens LR, Pike MC, Monroe KR, Park S, Henderson BE, Nomura AM,
Earle ME, et al. Calibration of the dietary questionnaire for a multiethnic cohort in Hawaii and Los
Angeles. Am J Epidemiol 2000;151:358–70. [PubMed: 10695594]

45. Mazur W, Fotsis T, Wahala K, Ojala S, Salakka A, Adlercreutz H. Isotope dilution gas
chromatographic-mass spectrometric method for the determination of isoflavonoids, coumestrol, and
lignans in food samples. Anal Biochem 1996;233:169–80. [PubMed: 8789715]

46. Mazur WM, Wahala K, Rasku S, Salakka A, Hase T, Adlercreutz H. Lignan and isoflavonoid
concentrations in tea and coffee. Br J Nutr 1998;79:37–45. [PubMed: 9505801]

47. Mazur WM, Duke JA, Wahala K, Rasku S, Adlercreutz H. Isoflavonoids and lignans in legumes:
nutritional and health aspects in humans. J Nutr Biochem 1998;9:193–200.

48. Mazur W, Adlercreutz H. Natural and anthropogenic environmental oestrogens: the scientific basis
for risk assessment. Naturally occurring oestrogens in food. Pure Appl Chem 1998;70:1759–76.

49. Mazur WM, Uehara M, Wahala K, Adlercreutz H. Phyto-oestrogen content of berries, and plasma
concentrations and urinary excretion of enterolactone after a single strawberry-meal in human
subjects. Br J Nutr 2000;83:381–7. [PubMed: 10858696]

50. Pillow PC, Duphorne CM, Chang S, Contois JH, Strom SS, Spitz MR, Hursting SD. Development
of a database for assessing dietary phytoestrogen intake. Nutr Cancer 1999;33:3–19. [PubMed:
10227038]

51. Valsta LM, Kilkkinen A, Mazur W, Nurmi T, Lampi AM, Ovaskainen ML, Korhonen T, Adlercreutz
H, Pietinen P. Phytooestrogen database of foods and average intake in Finland. Br J Nutr 2003;89
(Suppl 1):S31–8. [PubMed: 12725654]

52. Schlesselman, JJ. Case-control studies. Design, conduct, analysis. Oxford University Press; Oxford:
1982.

53. Hosmer, DW.; Lemeshow, S. Applied logistic regression. Wiley; New York: 2000.
54. Maldonado G, Greenland S. Simulation study by confounder-selection strategies. Am J Epidemiol

1993;138:923–36. [PubMed: 8256780]
55. Greenland S. Modeling and variable selection in epidemiologic analysis. Am J Public Health

1989;79:340–9. [PubMed: 2916724]

Cotterchio et al. Page 11

J Nutr. Author manuscript; available in PMC 2007 April 10.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



56. Webb A, McCullough ML. Dietary lignans: potential role in cancer prevention. Nutr Cancer
2005;51:117–31. [PubMed: 15860433]

57. Horn-Ross PL, Lee M, John EM, Koo J. Sources of phytoestrogen exposure among non-Asian women
in California, USA. Cancer Causes Control 2000;11:299–302. [PubMed: 10843441]

58. Hirayama T. Contribution of a long-term prospective cohort study to the issue of nutrition and cancer
with special reference to the role of alcohol drinking. Prog Clin Biol Res 1990;346:179–87. [PubMed:
2374769]

59. Tajima K, Tominaga S. Dietary habits and gastrointestinal cancers: a comparative case-control study
of stomach and large intestine cancers in Nagoya, Japan. Jpn J Cancer Res 1985;76:705–16.
[PubMed: 3930448]

60. Davies MJ, Bowey EA. Adlercreutz H, Rowland IR, Rumsby PC. Effects of soy or rye
supplementation of high-fat diets on colon tumour development in azoxymethane-treated rats.
Carcinogenesis 1999;20:927–31. [PubMed: 10357769]

61. Serraino M, Thompson LU. Flaxseed supplementation and early markers of colon carcinogenesis.
Cancer Lett 1992;63:159–65. [PubMed: 1314132]

62. Hakkak R, Korourian S, Ronis M, Johnston JM, Badger TM. Soy protein isolate consumption protects
against azoxymethane-induced colon tumors in male rats. Cancer Lett 2001;166:27–32. [PubMed:
11295283]

63. Boucher B, Cotterchio M, Kreiger N, Nadalin V, Block T, Block G. Validity and reliability of the
Block98 food-frequency questionnaire in a sample of Canadian women. Public Health Nutr
2006;9:84–93. [PubMed: 16480538]

64. Lampe JW. Isoflavonoid and lignan phytoestrogens as dietary biomarkers. J Nutr 2003;133(Suppl
3):S956–64.

65. Ritchie MR, Morton MS, Deighton N, Blake A, Cummings JH. Plasma and urinary phyto-oestrogens
as biomarkers of intake: validation by duplicate diet analysis. Br J Nutr 2004;91:447–57. [PubMed:
15005831]

66. Kilkkinen A, Valsta LM, Virtamo J, Stumpf K, Adlercreutz H, Pietinen P. Intake of lignans is
associated with serum enterolactone concentration in Finnish men and women. J Nutr
2003;133:1830–3. [PubMed: 12771325]

67. Grace PB, Taylor JI, Low YL, Luben RN, Mulligan AA, Botting NP, Dowsett M, Welch AA, Khaw
KT, et al. Phytoestrogen concentrations in serum and spot urine as biomarkers for dietary
phytoestrogen intake and their relation to breast cancer risk in European prospective investigation of
cancer and nutrition-norfolk. Cancer Epidemiol Biomarkers Prev 2004;13:698–708. [PubMed:
15159299]

68. Strauss L, Santti R, Saarinen N, Streng T, Joshi S, Makela S. Dietary phytoestrogens and their role
in hormonally dependent disease. Toxicol Lett 1998;102–103:349–54.

69. Haggans CJ, Hutchins AM, Olson BA, Thomas W, Martini MC, Slavin JL. Effect of flaxseed
consumption on urinary estrogen metabolites in postmenopausal women. Nutr Cancer 1999;33:188–
95. [PubMed: 10368815]

70. Lu LJW, Anderson KE, Grady JJ, Nagamani M. Effects of an isoflavone-free soy diet on ovarian
hormones in premenopausal women. J Clin Endocrinol Metab 2001;86:3045–52. [PubMed:
11443166]

71. Lu LJ, Anderson KE, Grady JJ, Kohen F, Nagamani M. Decreased ovarian hormones during a soya
diet: implications for breast cancer prevention. Cancer Res 2000;60:4112–21. [PubMed: 10945618]

72. Kampman E, Potter J, Slattery M, Caan B, Edwards S. Hormone replacement therapy, reproductive
history, and colon cancer: a multi-center case-control study in the United States. Cancer Causes
Control 1997;8:146–58. [PubMed: 9134238]

73. Fernandez E, La Vecchia C, Braga C, Talamini R, Negri E, Parazzini F, Franceschi S. Hormone
replacement therapy and risk of colon and rectal cancer. Cancer Epidemiol Biomarkers Prev
1998;7:329–33. [PubMed: 9568789]

74. Grodstein F, Newcomb PA, Stampfer MJ. Postmenopausal hormone therapy and the risk of colorectal
cancer: a review and meta-analysis. Am J Med 1999;106:574–82. [PubMed: 10335731]

75. McMichael A, Potter J. Reproduction, endogenous and exogenous sex hormones, and colon cancer:
a review and hypothesis. J Natl Cancer Inst 1980;65:1201–7. [PubMed: 7001123]

Cotterchio et al. Page 12

J Nutr. Author manuscript; available in PMC 2007 April 10.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



76. Issa J, Ottaviano Y, Celano P, Hamilton SR, Davidson NE, Baylin SB. Methylation of the oestrogen
receptor CpG island links ageing and neoplasia in human colon cancer. Nat Genet 1994;7:536–40.
[PubMed: 7951326]

77. Potter JD. Colorectal cancer: molecules and populations. J Natl Cancer Inst 1999;91:916–32.
[PubMed: 10359544]

78. Slattery M, Potter J, Curtin K, Edwards S, Ma KN, Anderson K, Schaffer D, Samowitz WS. Estrogens
reduce and withdrawal of estrogens increase risk of microsatellite instability-positive colon cancer.
Cancer Res 2001;61:126–30. [PubMed: 11196149]

79. English MA, Kane KF, Cruickshank N, Langman MJS, Stewart PM, Hewison M. Loss of estrogen
inactivation in colonic cancer. J Clin Endocrinol Metab 1999;84:2080–5. [PubMed: 10372714]

80. Eliakim R, Abulafia O, Sherer D. Estrogen, progesterone and the gastrointestinal tract. J Reprod Med
2000;45:781–8. [PubMed: 11077624]

81. Rowland IR, Wiseman H, Sanders TAB, Adlercreutz H, Bowey EA. Interindividual variation in
metabolism of soy isoflavones and lignans: influence of habitual diet on equol production by the gut
microflora. Nutr Cancer 2000;36:27–32. [PubMed: 10798213]

82. Rowland I, Faughnan M, Hoey L, Wahala K, Williamson G, Cassidy A. Bioavailability of phyto-
oestrogens. Brit J Nutr 2003;89(Suppl 1):S45–58. [PubMed: 12725656]

83. Niemeyer HB, Honig DM, Kulling SE, Metzler M. Studies on the metabolism of the plant lignans
secoisolariciresinol and matairesinol. J Agric Food Chem 2003;51:6317–25. [PubMed: 14518962]

84. Bowey E, Adlercreutz H, Rowland I. Metabolism of isoflavones and lignans by the gut microflora:
a study in germ-free and human flora associated rats. Food Chem Toxicol 2003;41:631–6. [PubMed:
12659715]

85. Atkinson C, Frankenfeld CL, Lampe JW. Gut bacterial metabolism of the soy isoflavone daidzein:
exploring the relevance to human health. Exp Biol Med (Maywood) 2005;230:155–70. [PubMed:
15734719]

86. Kilkkinen A, Stumpf K, Pietinen P, Valsta LM, Tapanainen H, Adlercreutz H. Determinants of serum
enterolactone concentration. Am J Clin Nutr 2001;73:1094–100. [PubMed: 11382665]

87. Martucci C, Fishman J. P450 enzymes of estrogen metabolism. Pharmacol Ther 1993;57:237–57.
[PubMed: 8361994]

88. Yager JD, Liehr JG. Molecular mechanisms of estrogen carcinogenesis. Annu Rev Pharmacol Toxicol
1996;36:203–32. [PubMed: 8725388]

89. Shimada T, Watanabe J, Kawajiri K, Sutter TR, Guengerich FP, Gillam EM, Inoue K. Catalytic
properties of polymorphic human cytochrome P450 1B1 variants. Carcinogenesis 1999;20:1607–13.
[PubMed: 10426814]

90. Zhu BT, Conney AH. Functional role of estrogen metabolism in target cells: review and perspectives.
Carcinogenesis 1998;19:1–27. [PubMed: 9472688]

91. Garte S. The role of ethnicity in cancer susceptibility gene polymorphisms: the example of CYP1A1.
Carcinogenesis 1998;19:1329–32. [PubMed: 9744524]

92. Smart J, Daly AK. Variation in induced CYP1A1 levels: relationship to CYP1A1, Ah receptor and
GSTM1 polymorphisms. Pharmacogenetics 2000;10:11–24. [PubMed: 10739168]

93. Cascorbi I, Brockmoller J, Roots IA. C4887A polymorphism in exon 7 of human CYP1A1: population
frequency, mutation linkages, and impact on lung cancer susceptibility. Cancer Res 1996;56:4965–
9. [PubMed: 8895751]

94. Nakajima M, Yokoi T, Mizutani M, Kinoshita M, Funayama M, Kamataki T. Genetic polymorphism
in the 5′-flanking region of human CYP1A2 gene: effect on the CYP1A2 inducibility in humans. J
Biochem (Tokyo) 1999;125:803–8. [PubMed: 10101295]

95. MacLeod SL, Tang YM, Yoko I. The role of recently discovered genetic polymorphism in the
regulation of the human CYP1A2 gene. Proc Am Assoc Cancer Res Meeting 1998;39:396.

96. Sachse C, Brockmoller J, Bauer S, Roots I. Functional significance of a C→A polymorphism in intron
1 of the cytochrome P450 CYP1A2 gene tested with caffeine. Br J Clin Pharmacol 1999;47:445–9.
[PubMed: 10233211]

97. Bailey LR, Roodi N, Dupont WD, Parl FF. Association of cytochrome P450 1B1 (CYP1B1)
polymorphism with steroid receptor status in breast cancer. Cancer Res 1998;58:5038–41. [PubMed:
9823305]

Cotterchio et al. Page 13

J Nutr. Author manuscript; available in PMC 2007 April 10.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



98. Stoilov I, Akarsu AN, Alozie I, Child A, Barsoum-Homsy M, Turacli ME, Or M, Lewis RA, Ozdemir
N, et al. Sequence analysis and homology modeling suggest that primary congenital glaucoma on
2p21 results from mutations disrupting either the hinge region or the conserved core structures of
cytochrome P4501B1. Am J Hum Genet 1998;62:573–84. [PubMed: 9497261]

99. Dawling S, Roodi N, Mernaugh RL, Want X, Parl FF. Catechol-O-methyltransferase (COMT)-
mediated metabolism of catechol estrogens: comparison of wild-type and variant COMT isoforms.
Cancer Res 2001;61:6716–22. [PubMed: 11559542]

100. Slattery ML, Edwards SL, Samowitz W. Stage of colon cancer at diagnosis: implications for risk
factor associations? Int J Epidemiol 1998;27:382–7. [PubMed: 9698124]

101. Colditz G, Atwood K, Emmons E, Monson RR, Willett WC, Trichopoulos D, Hunter DJ. Harvard
Report on Cancer Prevention. Volume 4. Harvard Cancer Risk Index. Cancer Causes Control
2000;11:477–88. [PubMed: 10880030]

Cotterchio et al. Page 14

J Nutr. Author manuscript; available in PMC 2007 April 10.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Cotterchio et al. Page 15

TABLE 1
Distribution of colorectal cancer cases, controls, and age-adjusted OR (AOR) estimates for subject characteristics
and selected colorectal cancer risk factors

Variable
Cases,

n = 1095
Controls,
n = 1890

AOR
(95% CI)

n1 (%)
Age group,2 y
 20–44 71 (7) 126 (7) N/A
 45–49 76 (7) 105 (6) N/A
 50–54 135 (12) 282 (15) N/A
 55–59 172 (16) 356 (19) N/A
 60–64 245 (22) 400 (21) N/A
 65–69 250 (23) 384 (20) N/A
 70–74 145 (13) 231 (12) N/A
Sex
 Female 516 (47)  881 (47) 1.00
 Male 579 (53) 1009 (53) 0.98 (0.84, 1.14)
Education
 High school 638 (59)  960 (51) 1.00
 College/Bachelor 331 (31)  695 (37) 0.72 (0.61, 0.86)
 Graduate 112 (10)  222 (12) 0.76 (0.60, 0.98)
NSAID use3
 No 668 (62) 1062 (57) 1.00
 Yes 400 (38)  804 (43) 0.78 (0.67, 0.91)
BMI 2 y ago (kg/m2)
 <25 393 (37)  769 (41) 1.00
 25–29.9 (overweight) 479 (45)  771 (41) 1.23 (1.04, 1.45)
 ≥30 (obese) 197 (18)  323 (17) 1.21 (0.98, 1.50)
Family history of CRC in 1st degree relative6
 No 781 (71) 1660 (89) 1.00
 Yes 312 (29)  212 (11) 3.11 (2.56, 3.78)
Red meat,4 servings/wk
 0–2 307 (29)  697 (37) 1.00
 2.1–3 224 (21)  370 (20) 1.37 (1.10, 1.70)
 3.1–5 265 (25)  417 (22) 1.45 (1.18, 1.78)
 >5 276 (26)  378 (20) 1.67 (1.36, 2.05)
Energy intake,5 kcal/d
 ≤1514.0 (Q1) 201 (19)  467 (25) 1.0
 1514.1–1937.0 (Q2) 259 (25)  466 (25) 1.29 (1.03, 1.62)
 1937.1–2435.0 (Q3) 266 (26)  466 (25) 1.35 (1.08, 1.69)
 >2435.0 (Q4) 310 (30)  467 (25) 1.56 (1.25, 1.94)
Dietary fiber intake,5 g/d
 ≤17.0 (Q1) 240 (23)  466 (25) 1.0
 17.1–23.3 (Q2) 258 (25)  468 (25) 1.09 (0.87, 1.35)
 23.4–30.8 (Q3) 263 (25)  466 (25) 1.09 (0.88, 1.36)
 >30.8 (Q4) 275 (27)  466 (25) 1.15 (0.93, 1.43)

1
Numbers may not add to total due to missing values.

2
Age at colorectal cancer diagnosis date for cases and referent date (June 30, 1999) for controls.

3
Took aspirin or ibuprofen-based medications at least twice a week for more than a month.

4
Intake 2 y ago (epidemiology questionnaire); quartile distribution based on controls.

5
Intake 2 y ago (based on Hawaii FFQ); quartile distribution based on controls; 1 kcal = 4.184 kJ.

6
CRC, colorectal cancer.
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TABLE 2
Distribution of colorectal cancer cases and controls, multivariate-adjusted OR (MVOR) estimates and 95% CI
for dietary phytoestrogen intake

Phytoestrogen
intake

Cases,
n = 1095

Controls,
n = 1890

MVOR
(95% CI)

mg/d _______n1 (%)_______

Lignans2
 T1: 0–0.158 353 (33) 612 (33) 1.00
 T2: 0.159–0.255 375 (35) 647 (35) 0.86 (0.69, 1.06)
 T3: >0.255 330 (31) 598 (32) 0.73 (0.56, 0.94)

P trend4 = 0.01
Isoflavones3
 T1: 0–0.289 399 (39) 619 (33) 1.00
 T2: 0.290–1.097 337 (33) 640 (34) 0.80 (0.67, 0.96)
 T3: >1.097 300 (29) 607 (33) 0.71 (0.58, 0.86)

P trend4 < 0.01
Total phytoestrogen (lignans + isoflavones)3
 T1: 0–0.531 387 (38) 611 (33) 1.00
 T2: 0.532–1.338 337 (33) 640 (35) 0.79 (0.65, 0.95)
 T3: >1.338 301 (29) 602 (33) 0.71 (0.59, 0.86)

P trend4 < 0.01

1
Numbers may not add to total due to missing values, and tertile distribution is based on the controls.

2
MVOR adjusted for age, sex, dietary fiber, and total energy intake.

3
MVOR adjusted for age, sex, and total energy intake.

4
Chi-square test for trend.
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