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Abstract
Background: Cereal-derived polyphenols have demonstrated protective mech-
anisms in colorectal cancer (CRC) models; however, confirmation in human 
studies is lacking. Therefore, this study examined the association between cereal 
polyphenol intakes and CRC risk in the Melbourne Collaborative Cohort Study 
(MCCS), a prospective cohort study in Melbourne, Australia that recruited par-
ticipants between 1990 and 1994 to investigate diet–disease relationships.
Methods: Using food frequency questionnaire diet data matched to polyphenol 
data, dietary intakes of alkylresorcinols, phenolic acids, lignans, and total poly-
phenols from cereals were estimated. Hazard ratios (HRs) and 95% confidence 
intervals for CRC risk were estimated for quintiles of intake with the lowest quin-
tile as the comparison category, using multivariable adjusted Cox proportional 
hazards models with age as the time axis adjusted for sex, socio-economic status, 
alcohol consumption, fibre intake, country of birth, total energy intake, physical 
activity and smoking status.
Results: From 35,245 eligible adults, mean (SD) age 54.7 (8.6) years, mostly fe-
male (61%) and Australian-born (69%), there were 1394 incident cases of CRC 
(946 colon cancers and 448 rectal cancers). Results for total cereal polyphenol 
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1   |   INTRODUCTION

Colorectal cancer (CRC) is a major cause of illness and 
mortality world-wide. In 2020, global CRC incidence rates 
were estimated at 1.9 million new cases, reflecting the third 
most common new cancer.1 CRC is also the second leading 
cause of cancer mortality with 935,000 deaths estimated 
in 2020.1 Australia and New Zealand have some of the 
highest rates of colon and rectal cancer incidence, being 
third globally for colon and fifth for rectum.1 Melbourne 
is a multi-ethnic major city in Australia including immi-
grants from southern Europe.2 Findings from the 30-year 
Melbourne Colorectal Cancer Study suggested that first-
generation immigrants from countries with low CRC risk 
increased their risk to reflect Australia's higher incidence 
rates, likely associated with environmental factors.3

Dietary components are modifiable environmental 
factors in many cancers including CRC.4,5 Of all cancers 
studied in over 80,000 US adults, cancers of the colon 
and rectum were estimated to have the highest number 
(n = 52,225) of new cases attributable to a sub-optimal 
diet.4 Dietary factors associated with reduced CRC risk in-
clude the consumption of whole grains and dietary fibre;6 
however, the association between intake of refined grains 
and CRC risk is less clear.6

While dietary fibre may contribute to CRC protection, 
grain and cereal foods contain bioactive polyphenols that 
may also contribute to chemoprotection.7 Polyphenols are 
antioxidant compounds found widely in plant foods in-
cluding grain and cereal foods.8 Grain polyphenols largely 
come from non-flavonoids, and include alkylresorcinols, 
phenolic acids and lignans. Polyphenols may mediate as-
sociations between grain and cereal foods and reduced 
CRC risk, and therefore it is important to investigate as 
there are specific polyphenols either uniquely or largely 
found in grain and cereal foods.9,10

Experimental evidence implicates an association be-
tween cereal phenolic compounds and reduced risk of 
some gastrointestinal cancers.7,11–13 For instance, alkyl-
resorcinols in rye and wheat10 have shown anti-cancer 
properties against colon cancer14,15 including inhibition 
of HCT-116 and HT-29 human colon cancer cell growth,16 
indicated via a cascade of mechanisms inducing apoptosis 
and cell-cycle arrest.14 Avenanthramides, exclusive to oats, 
or their metabolites, have demonstrated anti-cancer activ-
ity in cell and animal models14,15,17,18 and inhibitory effects 
against human colon cancer cell proliferation.19 Potential 
mechanisms associated with ferulic acid, the predominant 
polyphenol in wheat,8 include transformation by intesti-
nal microflora and probiotics to 4-vinylguaiacol, with both 
compounds demonstrating in vitro anti-proliferative ef-
fects against human CRC cell lines HT-29 and HCT-116.20 
Lignan metabolites enterolactone and enterodiol also in-
hibited growth of human colonic cancer SW480 cells.21

What remains unclear is whether the protective effects 
against CRC observed with grain polyphenols in experi-
mental models are seen in populations. There are incon-
sistent findings between case–control and prospective 
studies investigating polyphenols from the whole diet and 
CRC risk,22 and mixed effects reported with subclasses 
including flavonoids having inverse23 or no association24 
with CRC. When stratified by gender, inconsistent as-
sociations with flavonoids25 and phenolic acid intake26 
were found. In particular, there is a lack of data relating 
to intakes of cereal polyphenols and non-flavonoid com-
pounds, including phenolic acids, and CRC risk.22 More-
over, polyphenol data and CRC associations have not been 
explored in Australia; a country suffering high impacts 
from CRC.1

In this study we investigated the association between 
cereal-derived polyphenols and CRC risk, in a large 
population-based Australian cohort. We hypothesised that 

intake showed reduced HRs in Q2 (HR: 0.80; 95% CI, 0.68–0.95) and Q4 (HR: 
0.75; 95% CI, 0.62–0.90), and similar for phenolic acids. Alkylresorcinol intake 
showed reduced HR in Q3 (HR: 0.80; 95% CI, 0.67–0.95) and Q4 (HR: 0.79; 95% 
CI, 0.66–0.95).
Conclusions: Overall, the present study showed little evidence of association 
between intakes of cereal polyphenols and CRC risk. Future investigations may 
be useful to understand associations between cereal-derived polyphenols and ad-
ditional cancers in different populations.

K E Y W O R D S

cereals, colorectal cancer, food frequency questionnaire, Melbourne Collaborative Cohort 
Study, polyphenols
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higher cereal polyphenol intakes would be associated with 
lower risk of colorectal cancer.

2   |   METHODS

2.1  |  Study population

The MCCS is a prospective cohort study comprising 
41,513 adults aged 40–69 years, enrolled between 1990 
and 1994 with baseline diet and lifestyle data collected to 
investigate diet–disease relationships. Most participants 
were Australian-born (69%), with 13% born in Italy, 11% 
in Greece and 6% born in the United Kingdom.2 Further 
details of the MCCS are described elsewhere.2 Participants 
were ineligible for this study if they had pre-baseline can-
cer diagnosis, or self-reported pre-baseline history of an-
gina, heart attack or diabetes, as these may be associated 
with dietary alterations. Participants were also excluded 
if they had missing data on diet or for any confounder or 
reported extreme energy intake in the highest or lowest 
1% of the sex-specific distributions. This resulted in 6268 
exclusions from a cohort of 41,513 participants, leaving a 
total of 35,245 participants eligible for analysis in the pre-
sent study (Figure 1).

2.2  |  Polyphenol intake from cereal foods

2.2.1  |  Diet data

Dietary intake of participants was measured at baseline 
using a self-reported 121-item food frequency question-
naire (FFQ) and ‘Eating Habits’ and ‘Lifestyle’ question-
naires that were designed for use in the MCCS.27 There 
are 17 items within the MCCS FFQ from the ‘Cereal foods, 
cakes and biscuits’ category, all included in the present 
study analyses, namely (1) wheatgerm, (2) muesli, (3) 
other breakfast cereals, (4) rice (boiled) including brown 
rice, (5) fried rice, (6) mixed dishes with rice, (7) white 
bread, rolls or toast, (8) wholewheat or rye bread, rolls 
or toast, (9) fruit bread, (10) crackers or crispbreads, (11) 
sweet biscuits, (12) cakes or sweet pastries, (13) puddings, 
(14) pasta or noodles, (15) pizza, (16) dim sims or spring 
rolls and (17) pies or savoury pastries. Quantities con-
sumed were estimated by converting the intake frequen-
cies of each food item to daily equivalents which were 
then multiplied by sex-specific standard portions. Further 
details of the questionnaires are available in published 
literature.2,27 The FFQ has been validated in studies with 
biomarkers of antioxidant intake28 and plasma phospho-
lipid fatty acids.28

2.2.2  |  Cereal polyphenol data

A study-specific database of polyphenols from cereal food 
items was developed to match the 17 cereal foods items in-
cluded in the MCCS 121-item FFQ,29 including breakfast 
cereals, breads, rice dishes, pasta and sweet and savoury 
baked items (foods only, not supplements). The polyphe-
nol classes and compounds assessed included lignans 
(lariciresinol, matairesinol, pinoresinol, secoisolaricires-
inol), alkylresorcinols (5-n-heneicosylresorcinol (C21:0), 
5-n-heptadecylresorcinol (C17:0), 5-n-nonadecylresorcinol  
(C19:0), 5-n-pentacosylresorcinol (C25:0), 5-n-tricosylresorcinol 
(C23:0)) and phenolic acids (ferulic acid, avenanthramide 
2c, avenanthramide 2p, avenanthramide 2f).

Classification of the polyphenols was based primarily 
as described in Phenol-Explorer database (PED) version 
3.6.8 FFQ items were originally matched to polyphenol 
data in PED,8 a comprehensive database of phenolic com-
pounds that has been utilised in assessment of polyphenol 
intakes and colorectal cancer.26 Where data were unavail-
able, proxy items, or logical zeros, if it was likely that the 
item contained little or none of a particular polyphenol, 
were applied.30 The intention was to have no missing or 
blank data cells to minimise underestimation of polyphe-
nol content.31 Missing and zero values were resolved by 
searching other literature for similar foods and polyphe-
nol values.32

The FFQ cereal items were matched to polyphenol data 
mostly from published literature (Table  S1) with PED8 
used for the initial searches to match cereal foods with 
polyphenols and retention factors. Complex foods were 
deconstructed to their constituent components30 based on 
an Australian food composition database33 or Australian 
recipes available from the internet, or cookbooks. Reten-
tion factors were applied to cooking processes and com-
pounds as relevant.34 The daily quantity of each food item 
consumed was multiplied by the polyphenol values in the 
MCCS cereal polyphenol database. Totals for each poly-
phenol were summed across all foods consumed for each 
individual compound.

2.2.3  |  Exposure variable

The exposure variables were intakes of selected cereal 
polyphenols from polyphenol classes lignans, alkylresor-
cinols and phenolic acids. These were included as these 
polyphenol classes constituted the majority of polyphe-
nols in grains and are associated with anti-carcinogenic 
mechanisms in models of CRC.35,36 Exposure was mod-
elled as individual compounds, classes and total poly-
phenols. Quintiles based on cut-points from the whole of 
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the eligible cohort were used to categorise the exposure 
variables. There was little difference in distributions of in-
takes between males and females therefore quintiles were 
calculated for the whole cohort. The lowest quintile was 
used as the referent category. Intakes were not normally 
distributed; hence, medians and 25th and 75th percentiles 
are presented.

2.3  |  Medical, demographic and 
health data

Additional data collected at baseline include anthropo-
metric measurements, and self-reported data on smok-
ing, alcohol consumption, physical activity, health 
conditions, details of medications taken and socio-
economic status.2 SES is defined as quintiles of Socio-
Economic Index for Areas - Disadvantage (SEIFA): 

Q1 (most disadvantaged) to Q5 (least disadvantaged); 
physical activity was coded from least to most physically 
active (0, >0 to <4, 4 to <6, ≥6) to represent approxi-
mate quartiles of distribution, derived from frequency 
responses that were summed after assigning twice the 
weight to vigorous activity, where 0 (none), 1.5 (one or 
two times per week) and 4 (≥3 times per week) for walk-
ing, less vigorous and vigorous activity.

2.4  |  Cohort follow-up and case 
ascertainment

Cases were identified from notifications to the Victorian 
Cancer Registry (VCR) and the AIHW Australian Cancer 
Database and deaths were ascertained through the Vic-
torian Registry of Births, Deaths and Marriages and the 
National Death Index.

F I G U R E  1   Flow diagram 
summarising inclusion criteria for MCCS 
participants for the survival analysis. 
MCCS, Melbourne Collaborative Cohort 
Study; SEIFA, Socio-Economic Index for 
Areas.
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      |  5VINGRYS et al.

Incident colorectal cancers were defined (following the 
third Revision of the International Classification of Dis-
eases for Oncology) as the primary invasive cancer of the 
colon (C18.0, C18.2–18.9) or rectum (C19.9, C20.9, C21.8). 
Tumours of the appendix (C18.1), anus (C21.0), anal canal 
(C21.1) were censored at date of diagnosis. The date 31 
December 2017 was selected as end of follow-up as com-
plete cancer incidence data were available to that date.

2.5  |  Statistical analysis

Follow-up commenced at study entry and ceased at the 
date of any of the following, whichever came first: date of 
death or date left Australia, at date of diagnosis of CRC, di-
agnosis of a tumour of the appendix (C18.1), anus (C21.0) 
or anal canal (C21.1) or date of diagnosis of unknown 
primary tumour. In the separate model for colon cancer, 
cancers of the rectum were censored at date of diagnosis 
and vice versa.

Potential confounders were identified from a directed 
acyclic graph (Figure  S1) generated using DAGitty soft-
ware v. 3.037 and informed by associations shown with 
CRC in the literature. Thus, models were adjusted for 
socio-economic status (SES), age, alcohol intake, dietary 
fibre intake, ethnicity, energy (kJ) intake, physical activ-
ity and smoking. Body mass index (BMI) was considered 
to be on the causal pathway thus included as a sensitivity 
analysis as baseline diet could potentially be determined 
by current BMI.

Multivariable Cox proportional hazards multivariable 
regression models with age as the time axis were used to 
estimate hazard ratios and 95% confidence intervals for the 
risk of CRC associated with polyphenol intake. The main 
model (Model 1) was adjusted for sex (female, male); SES 
(Q1 to Q5); alcohol consumption: never, ex-drinker, low 
(<20 g/d), moderate (20–39 g/d), high intake (≥40 g/d); 
total fibre (g/d); country of birth (Australia/NZ/Other; 
UK/Malta, Italy, Greece); total energy intake (kJ/d); phys-
ical activity score (0, >0 to <4, 4 to <6, ≥6); smoking status 
(never, current, former). Model 2 was additionally ad-
justed for BMI as a sensitivity analysis. Additional sensi-
tivity analyses were performed, excluding the first 2 years 
of follow-up, and excluding participants using aspirin or 
non-steroidal anti-inflammatory drugs (NSAIDs), calcium 
supplements or fibre supplements at baseline.

The proportional hazards assumption was tested by 
Schoenfeld residuals and graphically. Statistical analysis 
was performed using Stata MP 16.1 statistical software.38 
All statistical tests were two-sided with p < 0.05 consid-
ered statistically significant.

This study is reported according to the Strength-
ening the Reporting of Observational Studies in 

Epidemiology—Nutritional Epidemiology (STROBE-nut) 
framework (Table S2).39

3   |   RESULTS

The study includes an average of 22.4 years follow-up, with 
1394 incident cases included for analysis, comprising 676 
males and 718 females. A total of 1441 individuals that met 
the case definition were initially identified; however, 11 
were excluded due to irregular morphology codes (5 colon 
cancer cases, 5 rectal cancer cases, 1 overlapping site of rec-
tum, anus and anal canal). Another 36 cases were censored 
that were not defined as cancers of the colon or rectum (18 
appendix cancer (C18.1), 14 anal canal (C21.1) and 4 anus 
(C21.0)), leaving a total of 1394 colorectal cases (946 colon 
and 448 rectum) included for analysis.

3.1  |  Participant characteristic by 
quintiles of intake of polyphenols from 
cereal foods

Participant characteristics and dietary intakes of poly-
phenol classes are presented by quintiles of total ce-
real polyphenol intake (Table  1). The median (25th to 
75th percentile) intake of total cereal polyphenols was 
85.9 mg/d (50.9–150.8). Participants with higher intakes 
of total cereal polyphenols were more likely to be born in 
Australia/New Zealand, less disadvantaged, non-smokers 
and to have higher physical activity scores. People in the 
highest quintile of intake were also more likely to be tak-
ing fibre and calcium supplements.

The intakes of all polyphenol classes, fibre and energy 
increased across quintiles of total cereal polyphenol in-
take. Phenolic acids were the most consumed compounds 
with a median intake of 66.3 mg/d (39.1–115.3) (Table 1). 
Alkylresorcinols contributed the second highest amount 
to total intakes, with a median of 19.4 mg/d (10.7–34.1) 
(Table  1). The least consumed cereal polyphenols were 
lignans with a median intake for the cohort of 0.49 mg/d 
(0.13–0.86) (Table 1). The results also show that there was a 
wide range of intakes of the measured polyphenol classes; 
for total polyphenols the median in the top quintiles was 
almost 10-fold that of the lowest quintile (Table 1).

3.2  |  Colorectal cancer risk in relation to 
cereal polyphenol intake

Multivariable adjusted hazard ratios (HRs) and 95% con-
fidence intervals (CIs) for polyphenol quintiles and CRC 
risk are presented (Table  2). There was no evidence of 
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T A B L E  2   Hazard ratios (HRs) and 95% confidence intervals (95% CIs) for colorectal cancera risk in relation to dietary intake of cereal 
polyphenols in the MCCS, by total intake and polyphenol class according to quintile of intakeb.

Model 1 without BMIc Model 2 with BMIc

95% CI 95% CI

Quintiles Number of cases/person years HR HR

Polyphenols totald 1 311/156,691 1.00 1.00

2 245/158,994 0.80 0.68 0.95 0.81 0.68 0.96

3 282/158,527 0.90 0.76 1.06 0.91 0.76 1.07

4 253/157,497 0.75 0.62 0.90 0.77 0.64 0.92

5 303/156,270 0.88 0.73 1.07 0.90 0.74 1.09

Lignanse 1 308/156,691 1.00 1.00

2 257/159,407 0.87 0.74 1.03 0.87 0.74 1.04

3 269/158,977 0.95 0.80 1.13 0.96 0.81 1.14

4 263/157,932 0.85 0.71 1.01 0.86 0.72 1.03

5 297/156,368 0.94 0.78 1.14 0.96 0.79 1.15

Alkylresorcinolsf 1 309/158,412 1.00 1.00

2 254/159,554 0.87 0.73 1.03 0.87 0.73 1.03

3 262/158,235 0.80 0.67 0.95 0.81 0.68 0.96

4 259/157,633 0.79 0.66 0.95 0.80 0.67 0.96

5 310/155,541 0.88 0.73 1.07 0.89 0.74 1.08

Phenolic acidsg 1 318/157,783 1.00 1.00

2 242/158,794 0.75 0.63 0.89 0.75 0.64 0.90

3 279/158,831 0.88 0.74 1.04 0.89 0.75 1.05

4 256/157,657 0.74 0.62 0.88 0.75 0.63 0.90

5 299/156,310 0.84 0.70 1.02 0.86 0.71 1.04

Avenanthramidesh 1 285/158,686 1.00 1.00

2 277/158,928 1.05 0.88 1.24 1.04 0.88 1.24

3 275/159,493 1.03 0.87 1.23 1.04 0.87 1.24

4 268/153,805 0.81 0.67 0.97 0.83 0.69 0.99

5 289/158,463 1.04 0.86 1.25 1.06 0.89 1.28

Ferulic acid 1 317/157,815 1.00 1.00

2 242/158,747 0.75 0.63 0.89 0.76 0.64 0.90

3 281/158,814 0.89 0.75 1.05 0.90 0.76 1.07

4 254/157,674 0.74 0.61 0.88 0.75 0.62 0.90

5 300/156,325 0.85 0.70 1.03 0.87 0.72 1.05

Abbreviations: BMI, body mass index; HR, hazard ratio; MCCS, Melbourne Collaborative Cohort Study; NSAIDs, non-steroidal anti-inflammatory drugs; 
SEIFA, Quintiles of Index of Relative Socio-economic Disadvantage, Q1 (most disadvantaged)–Q5 (least disadvantaged).
aColon and rectal cancer cases combined.
bExposure is category into quintiles with the lowest quintile used as the referent category.
cThe association between cereal polyphenols and colorectal cancer was estimated by Cox proportional hazard models using age (years) as the time scale. 
Model 1 was adjusted for sex (female, male); SES defined as Socio-Economic Index for Areas - Disadvantage (SEIFA): Q1 (most disadvantaged) to Q5 (least 
disadvantaged); alcohol consumption: never, ex-drinker, low (<20 g/d), moderate (20–39 g/d), high intake (≥ 40 g/d); total fibre (g/d); ethnicity, defined as 
country of birth (Australia/New Zealand; UK/Malta, Italy, Greece); total energy intake (kJ/d); physical activity score (0, >0 to <4, 4 to <6, ≥6); smoking status 
(never, current, former). Model 2 also included (BMI, continuous kg/m2).
dSum of alkylresorcinols, lignans and phenolic acids from cereal foods.
eSum of lariciresinol, matairesinol, pinoresinol and secoisolariciresinol from cereal foods.
fSum of 5-n-heneicosylresorcinol (C21:0), 5-n-heptadecylresorcinol (C17:0), 5-n-nonadecylresorcinol (C19:0), 5-n-pentacosylresorcinol (C25:0) and 5-n-
tricosylresorcinol (C23:0) from cereal foods.
gSum of ferulic acid and avenanthramides (avenanthramide 2c, avenanthramide 2p and avenanthramide 2f) from cereal foods.
hSum of avenanthramides (avenanthramide 2c, avenanthramide 2p and avenanthramide 2f) from cereal foods.
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non-proportional hazards. Results from the main model 
(without BMI) for total polyphenol intake showed a re-
duced risk of CRC associated with Q2 (HR: 0.80; 95% CI, 
0.68–0.95) and Q4 (HR: 0.75; 95% CI, 0.62–0.90) compared 
with the lowest quintile. A similar pattern was also seen 
for phenolic acids. The association with alkylresorcinols 
showed a reduced risk of CRC with Q3 (HR: 0.80; 95% CI, 
0.67–0.95) and Q4 (HR: 0.79; 95% CI, 0.66–0.95) compared 
with the lowest quintile, but not for Q5 (HR: 0.88; 95% CI, 
0.73–1.07). The addition of BMI in Model 2 did not appre-
ciably alter the results.

The same associations were also investigated for colon 
and rectum cancers separately (Table  3). Results from 
the main model (without BMI) and Model 2 (with BMI) 
showed that there was no association for colon cancer, 
but the HRs were <1 for Q4 for total polyphenols and all 
subclasses other than lignans. There was no appreciable 
difference when BMI was added to the model. Reduced 
HRs observed in Q2 and Q4 with phenolic acids for colon 
cancer reflected the pattern for ferulic acid in both mod-
els, whereas for avenanthramides, reduced HR was evi-
dent only in Q4 for colon cancer. There was no association 
evident with cereal polyphenol intake and rectal cancer 
incidence, but the HRs were <1 for Q2 for phenolic acids 
that reflected the intake of ferulic acid.

Results of the sensitivity analyses excluding the first 
2 years of follow-up, and participants who used NSAIDs 
or aspirin, fibre or calcium supplements were similar to 
the results of the main analysis (Table S3).

4   |   DISCUSSION

CRC is a major cause of morbidity and mortality, and 
polyphenols within cereal foods may play a role in the 
protective associations of cereal foods in reducing CRC 
risk. Very little evidence of an association between CRC 
risk and intake of total cereal polyphenols or cereal poly-
phenol classes was observed in this study. The findings do 
not support our hypothesis that higher dietary intake of 
cereal polyphenols is associated with lower risk of CRC. 
There was no association for either colon or rectum can-
cer with total cereal polyphenols, but the HRs were <1 for 
Q4 and Q2, and the reduced HRs observed with phenolic 
acids and colon cancer were reflected in ferulic acid, but 
not avenanthramides.

Phenolic acids were the main compounds contributing 
to intakes of cereal polyphenols in the MCCS. Phenolic 
acids may have a role in reducing CRC risk as it has been 
demonstrated in human colon cancer cells that growth 
is inhibited by ferulic acid20 and avenanthramides.40 
Phenolic acids, in particular, ferulic acid, are associated 
with grains such as wheat41 and wheat products were 

commonly consumed in the MCCS. Avenanthramides 
are phenolic acid compounds limited to oats;42 however, 
intake was small and likely due to limited consumption 
of oat-based cereal foods (muesli and porridge) in this 
cohort. In the present study, there was no association be-
tween intake of phenolic acids from cereal foods, either as 
ferulic acid or avenanthramides and CRC risk. The Euro-
pean Prospective Investigation into Cancer and Nutrition 
(EPIC) study reported an inverse association for phenolic 
acids from all foods with colon cancer in men, and a pos-
itive association with rectal cancer in women.26 However, 
the association was for phenolic acids from the whole diet 
which was highly correlated with coffee intake.26 This was 
in contrast to the present study where the analysis was 
limited to cereal-derived polyphenols. Coffee polyphenols 
are different to cereal polyphenols, though various types 
of phenolic acids are found in both.

Alkylresorcinols are phenolic lipid compounds that are 
derived mainly from wheat and rye,43 and in the MCCS 
represented the second highest contributors to cereal 
polyphenol intakes. Alkylresorcinols are reported to have 
experimental anti-cancer properties including inhibiting 
colon cancer growth and inducing apoptosis.15 However, 
in our study there was no clear association between alkyl-
resorcinol intake and CRC risk, intakes in Q3 and Q4 but 
not Q5 were associated with reduced HRs. In EPIC, no as-
sociation was observed for alkylphenol intake and CRC.26 
One EPIC analysis reported that the median (5th to 95th 
percentile) intake of alkylphenols (includes alkylresorci-
nols) for women was 24.4 mg/d (2.0–80.1) and men mg/d 
39.7 (2.3–113.5)26 which is generally in agreement with 
our study [19.4 mg/d (10.7–34.1)].

Lignan phenolic compounds represented the smallest 
contributors to cereal polyphenol intakes in the MCCS. 
Potential anti-carcinogenic effects of lignans include an-
tioxidant activity, estrogenic and anti-cancer activity; 
however, bioavailability of ingested dietary lignans is 
unclear.44 In the present study, there was no association 
between intakes of cereal-derived lignans and CRC risk 
which may be due to the comparatively low intakes. Other 
studies measuring associations between dietary lignan in-
takes and CRC risk were from all foods, and not just cere-
als, and found either no association as in the EPIC study26 
or an inverse association with colon cancer risk in the 
Bellvitge CRC case–control study.23

The association between baseline plasma polyphenol 
concentrations and CRC risk in other studies is unclear. 
In the EPIC study, there was an inverse association be-
tween colon cancer risk and equol, (an isoflavone me-
tabolite), no association with plasma hydroxycinnamic 
acids, including ferulic acid45 but an increased risk of 
colon cancer found with homovanillic acid,45 a phenolic 
acid compound found in black and green olives, olive oil 
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and beer.46 In a case–control study nested within the EPIC 
study, higher concentrations of plasma alkylresorcinols 
were not associated with overall CRC, proximal colon can-
cer or rectal cancer, but were associated with a lower in-
cidence of distal colon cancer.47 In the Nordic health and 
whole-grain consumption (HELGA) cohort, which was 
part of EPIC, the associations between CRC risk and both 
plasma alkylresorcinols and intake of wholegrain assessed 
by FFQ were examined in a nested case–control study.48 
Similar to the EPIC analysis that used plasma concentra-
tions to assess exposure,47 an inverse association between 
distal colon cancer incidence and plasma alkylresorcinol 
concentration was noted.48 However, there was no associ-
ation for wholegrain intake,48 consistent with the present 
study and the EPIC study using dietary questionnaires to 
measure exposure.26

It is important to note that circulating concentrations 
of compounds are not necessarily reflective of dietary 
intake.49 The lack of association of cereal polyphenol 
intake with CRC in the present study may also be partly 
explained by the effects of the cereal food matrix. Wheat 
phenolic acids, such as ferulic acid, are usually found 
as insoluble compounds bound to cell wall components 
such as lignins.41 Free ferulic acid is reported to be well 
absorbed; however, when esterified, as in grains and cere-
als, absorption may be minimal compared with the solu-
ble fraction.49 When ferulic acid was fed to rats in cereal 
diets compared with semi-purified diets, the cereal matrix 
severely limited ferulic acid bioavailability.50

Estimating polyphenol intakes is challenged by the 
limitations of matching polyphenol datasets with food 
frequency data, and potentially a source of estimation 
error. FFQs are practical and efficient tools for measur-
ing dietary intakes in prospective studies, but it is well 
recognised that intakes are measured with considerable 
error.51 We also recognise that polyphenol intake esti-
mation routinely relies on extracting data from external 
polyphenol datasets, with variations in extraction and 
analysis methods,52 gaps in available retention factor 
data particularly for cereal foods34 and possible under-
reporting of non-extractable polyphenols.53 Where 
available, the data used for this study reported values 
after hydrolysis, as hydrolysis is used to liberate com-
pounds bound to the food matrix.54 Additional variation 
is recognised in the polyphenol concentration within 
foods, that may arise due to genetic variability, differ-
ences in degree of ripeness and environmental factors 
such as exposure to light, plant stress, food processing 
and storage time55 and wide variation in nutrients and 
bioactive compounds in similar foods even grown in the 
same region.56 Individual variability in digestion and 
absorption and diet quality are also factors that have 
not been accounted for in this study and future studies 

utilising biomarkers in conjunction with dietary intake 
using diet records may add more clarity to diet–disease 
relationships.

The strengths of the present study include the large 
cohort and its prospective design, which minimises re-
call bias as data are collected years before the event. The 
Cox proportional hazard model was able to assess sev-
eral covariates simultaneously and sensitivity analyses 
provided clarification regarding the effects of potential 
reverse causality or additional confounding, supported 
by a directed acyclic graph. This study used a complete 
case analysis as the number of participants with missing 
data on dietary or confounder variables was assessed as 
relatively small and unlikely to have a significant effect 
on the final results.57,58

The use of a cohort-specific FFQ that included 17 ce-
real foods was also a strength of the study; however, it was 
not designed with the aim of capturing polyphenol data 
and relied on a baseline FFQ to estimate across the en-
tire follow-up period. To improve the accuracy of calculat-
ing polyphenol intakes, we utilised multiple polyphenol 
datasets to match the FFQ items with specific cereal data 
applicable to the cohort, applied proxy and logical zero 
values to avoid missing data, and focussed on key cereal 
polyphenols associated with the foods consumed in the 
cohort. While there may be some similarities with food 
composition in international datasets, and Australians 
consume a lot of imported foods, it is also not feasible to 
conduct a full analysis of cereal polyphenols in Australian 
foods and we appreciate that not all cereal-related poly-
phenols were captured in our assessment. Likewise, we 
acknowledge that polyphenols are widely dispersed in the 
food supply and may have anti-cancer effects,59 and while 
we considered confounders that we had available data for 
using an evidence-informed directed acyclic graph, a body 
of polyphenols represented in other food groups could be 
additional confounders. However, it is reasonable to as-
sume that a study participant consuming a high/low poly-
phenol intake will still have a relatively high/low intake, 
irrespective of which database or dataset is used.

The present study provides new information regarding 
the potential role of cereal polyphenols in CRC aetiology. 
The findings do not support our hypothesis that higher in-
takes of cereal polyphenols are associated with reduced 
CRC risk; however, the association with total polyphe-
nols or other polyphenol classes is still unclear. The pres-
ent findings reflect other prospective cohort studies that 
do not show the same protective effects of polyphenols 
from all foods when compared with some case–control 
studies. Cereal polyphenol intakes measured in the cur-
rent study are in agreement with other studies for alkyl-
resorcinols, but there was limited cohort data from other 
studies to compare with intakes of cereal derived lignans 
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and phenolic acids reported in this study. The lack of as-
sociation in this study between CRC risk and cereal poly-
phenols may be partly reflective of some of the limitations 
of the diet data and the indirect method of assessment of 
polyphenol values. Further studies are warranted to ex-
pand the polyphenol compounds and food groups anal-
ysed to add to the information derived from prospective 
cohorts about dietary factors in CRC aetiology. Direct as-
sessment methods using biomarkers have been used in 
other studies45 and in future studies may provide further 
clarity if used in combination with dietary assessment.
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