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ABSTRACT

Background:Some dietary patterns have been associated with colorectal cqdeC)
in observational studies but the findings are inconclusiee aim of this studisto
explore associations betwedwo dietary patterns, derived using different dietary

assessment methodsnd risk ofCRC

Methods:CRG @Sy & RI Gl F2NJ GKS 'Y 22YSyRHS / 2K2|
Digital. Adherencescoresto the Mediterranean dietary pattern and to the 20070vd
CancerResearchFund/ Americaninstitute of CancerResearc(WCRF/AICRgancer

prevention recommendatios respectively were generate@ox regression was used to
estimate hazard ratiofHRsYor CRGQisk, for each score separatelysing a cohort

approach for food frequency data ardcasecohort designfor analyses with food

diary data. Agreementbetweenscores derived bthe two different assessment

methodswas assessed by weighted Kappa statistics and the Blinchn method.

Results:After 17 years, 527 CRi@ses were observed. The Mediterranean dietary
pattern, assessed usirige food frequency questnnaire(FFQ)was assoctad with a
decreased risk dERCFor a Zpoint increment in the Mediterranean di¢MD)score,
HRO0.88, 95% CI: 0.78,99;Prend = 0.03. No evidence of an association was observed
when data from food diaries was used for deriving the dietary pattimna L-unit
increment in the MD score, HR 0.94; 95% CI: 0.83 to 1:6&;0232.Similarly, no
significant associations were obsed between Igher adherence to the WCRF/AICR
guidelinesand risk ofCRCFor a iunit increment in the WCRF/AICR score 0HR,
95% Cl0.82, 1.03; Fna0.169for FFQdata whilst HR 1.01; 95% CI: 0.83, 1.24sdP
0.87 for food diary datathe BlandAltman method showed higher energy intake by
the FFQn comparison to the food diargnd agreement between the two methods
gl a atA3aKE T 20Nb;8RCI: .54, 046) AfaitFor tiie WCRF/AICR

a O 2 N0B38;®%% Cl: 0.37, 0.39).

ConclusionThe Mediterranean dietary pattern is inversely associated @RCisk
whilst ahigher adherence to the WCRF/AICR cancer prevention guidelithe®t

significantly decrase CRC risk in this cohortBritish women.
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CHAPTER 1 INTRODUCTION, AIM & OBJECTIVES

1.1 Introduction

Colorectal carcinoma is one of the main cancer sites in the developed world and both
environmental and genetic factors are involved in its aetiology (Hamilton, 20003l
epidemiological research based on ecological and international correlation studie
showed dietary factors were strongly correlated with several types of cancers,
specifically dietary fat, meat and animal protein consumption with incident colon and
rectal cancer risk and mortality rates (Drasar & Irving, 1973; Armstrong & Doll, 1975).
Quch analysis is however considered exploratory and thus limited in its usefulness to

identify relationships that may require further study.

Diet is considered to be the second biggest modifiable risk factor on cancer outcomes
after tobacco in the developed worldith diet-related factors thought to account for
about 30% and 20% of cancers in developed and developing countries respectively
(Key et al., 2002 The geographical variation of colorectal cancer (CRC) incidence is
wide and overall conclusions from migrant studies show that subjects moving from low
to high CRC imence areas acquired the incidence of the native population (Haenszel
& Kurihara, 1968). Such evidence supports the theory that diet and nutrition may have

a role in the aetiology of CRC.

In 1981, in a quantitive estimate of avoidable US cancer, a paie3@% of stomach
and largebowel carcinogenic mortality was attributed to dietary factors (Doll & Peto,
1981). Nevertheless, nutritional epidemiology is challenged by several interactions,
namely genetic, epigenetic and environmental risk determinangghle extended
carcinogenic expression and by the heterogeneaetsologyof CRC (Song et al., 2015).
More recently, scientists estimated that 45% of bowel cancers in the UK could be
prevented through healthy changes in diet, physical activity and weldgis. translates

into a potential prevention of approximately 19 000 cases per WAERF, n.gl.

1.2 Rationale for further research

Notwithstanding the wealth of available data on the associations between diet and risk

of CRC, research has focussed on sjgoibds and nutrients and is inconclusive with
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bias resulting from dietary assessmeselection and recall bias in cohort and case
control studies contributing towards inconsistencies in findings. Furthermore, given
that several dietary componés have been associated with risk of CRC, the dietary
pattern approach may prove particularly useful in considering the combined effects of

the former, providing additional insight.

In 2007, the World Cancer Research Fund / American Institute of Cancer Research
(WCRF/AICR) systematically reviewed research on food, nutrition, physical activity in
relation to risk of cancer and published a second expert report (WCRF/AICR, 2007). In
2011, as part of the Continuous Update Project (CUP), a report was published with
updated evidence for CRC (WCRF/AICR, 2011), and a third report updating the 2011
CUP CRC report was published very recently in September 2017 (WCRF/AICR, 2017). In
all three repats, the following scale for classifying the strength of evidence with

respect to a particular food / nutrient and other lifestyle factors decreasing or
increasing the risk of CRC was used: convincing, probable, ligsieghestive, limited

¢ no conclusio and substantial effect on risk unlike§ome cohort studies have

provided evidence on the association between CRC and some dietary patterns, but the
2017 WCRF/AICR updated report concluded that there was limited evidence and thus
no conclusion for an asciation between dietary patterns and CRC risk (WCRF/AICR,
2017). The DietarguidelinesAdvisory Committee (DGAC, 2015) of the United States
Department of Agriculture (8DA), in a systematic review of dietary patterns and CRC
concluded that there was miterate evidence for associations between some dietary

patterns ad CRC. The findings of battviews will be discussed in chapter 2.

This research will thus focus on the associations between CRC and dietary patterns
rather than with individual foods or riients. No dietary pattern specifically predicting
CRC was found in the literature and thus the WCRF/AICR cancer prevention
recommendations and the Mediterranean dietary pattern were chosen for this

research.The rationale for using these specific pattefis discussed in chapter 3.

With specific reference to CRC outcome and adherence to a Mediterranean dietary

pattern, studies are limited, results unconvincing and may vary depending on the
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definition of the diet used to measure the score. This is digmias length in the next
chapter. Few studies have looked at concordance to the cancer prevention
recommendations, specifically the WCRIFCR recommendations in relation to risk of

CRC. Further research is thus merited.

1.3 Data source

Data fromthe UK Woména / 2 K2NIi { GdzReé o6! Y2/ {0 gAff 0
carried out to reach the objectives of this dissertation. The UKWCS is one of the largest
populationtbased, prospective cohort studies in the UK. Originating though the WCRF,

it was established in B% primarily to explore associations between diet and chronic
disease, particularly cancer. Criteria for participant inclusion in the cohort were made

AY | 6l @& GKFIG YFEAYAEASR GENRIFGAZ2Y Ay LI N
differences in eating fggerns to be detected. Large numbers of fishters, meat

eaters and vegetarians were recruited. Dietary assessment was carried out using a
217-item food frequency questionnaire (FFQ) at baseline (35,372 women) aitthp 4

food diary (FD) at phase 2 (153women) (Cade et al., 2015). Chapter 3 gives

additional details on the cohort and on the dietary assessment tools used to capture

the data used. It describes the general methods, including statistical tests used in the

three main results chapters 4, 5.

The large size of the cohort, the alternative measures of diet and the high analytical
power for exploration resulting from the specific study design make this study
population ideal for the investigations required for this research. The prospective
nature of the cohort allows for minimization of measurement error, partially arising
from recall bias and potentially reverse causality which can occur with other
epidemiological study designs. Furthermore, several lifestyle factors that may be
consideredo be confounders have been captured in the questionnaire, allowing for
their adjustment in the analyses. In view of the outlined strengths, the UKWCS is used
to explore previously unexploited data related to CRC. The women in the cohort are
generally hedh conscious. Recommendations from the findings of this research would
thus be primarily pertinent to similar individuals that may be interested in altering

their dietary habits and other lifestyle factors to decrease their risk of CRC.
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Notwithstanding, tle variation in dietary preferences was taken into account in the
analyses and probability weighting was used to account for the large proportion of
vegetarians and fish eaters in the cohort. In this way, results would be more applicable
to the UK generakimale population. Table 1.1 depicts the relationship between the

two available data sourcesthe baseline FFQ and the phase 2 FD, the number of
incident cancer cases resulting from the data respectively, and the objectives of this

dissertation, outlinedn section 1.4 below.

Tablel.1 CRC cases by diet assessment method and chapter in the disseftation

Number of incident cancer cases Dietary Pattern ‘
UKWCS dataset i i
Colorectal Colon ORI Recta|Mediterranean WC.RF/.AICF
colon colon Guidelines
Baseline FFQ
527 391 203 130 167

N=35,372 Chapter 4 Chapter 5
Phase 2

Questionnaire & FI. 173 / Chapter 6 Chapter 6
N=12,253

By2 /[T 'Y 22YSyEF foodFrégReNdy quesiictuiaige TFD food diary

Adherence scores to both the Mediterranean dietary pattern and to the WCRF/AICR
guidelines for all women in the UKWCS will be derived using data from both data
sources. Agreement between the scores will Bplered in Chapter 6. The

investigation of associations between the dietary patterns chosen for this research and
incidence of CRC is carried out using both baseline and phase 2 data. The relatively
large number of CRC cases (n=527) identified at basalmes for associations

between dietary patterns and colon, proximal colon, distal colon and rectal cancer to
be explored separately. This is novel in comparison to studies with similar objectives
whilst the mean followup time for cancer incidence of ové7 yearsallowed for more
cases to be identifiedSuch studies are reviewed in sections 2.7 and 2.8 of chapter 2.
Chapter 4 reports findings for the association between the Mediterranean dietary
pattern and incidence of CRC using baseline data, whilst chapter 5 is a second results
chapter reporting finthgs on the association between WCRF/AICR guidelines and
incident CRC. In exploring links between dietary patterns and CRC incidence using data
from FD, a comparatively smaller number of incident CRC cases (n=173) were

identified. Thus, only the associatitbetween CRC and the respective dietary patterns
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was investigated, since there was insufficient power for the separate analyses of

different anatomical sutsites.Nevertheless, FD coding is a laborious process and the

cohort studies that have carried oahd published work related to data derived from

FD are limited. This chapter thus offers a significant contribution to this area of

nutritional epidemiology. A summary discussion is given in Chapter 7.

1.4

Aim and objectives

The central aim of this researdt

Woexplore the relationship between dietary pattern exposures and CRC incidence as

an outcome using data fromthé Y2 / { Q®

To address the overarching aim, the following objectives are being proposed:

T

Perform an advanced literature review of associaidetween CRC risk and
dietary patterns (Chapter 2);

Construct adherence scores for women in the UKWCS, for the culturally defined
Mediterranean dietary pattern and for the WCRF/AICR recommendations for
cancer prevention using baseline data obtained W®Rnd data from the follow

up phase 2 FD respectively (Chapters 4, 5 & 6);

Assess adherence to the Mediterranean dietary pattern for UKWCS participants
at baseline in relation to incident CRC risk, including different anatomical sub
sites, and explore anwssociations with dietary habits by linking records
available throughNational Health ServiceNHS Digital (Chapter 4);

Assess adherence to the WCRF/AICR recommendations for cancer prevention at
baseline in relation to incidence of CRC, exploring imoeeat subsites
separately, for women in the UKWCS (Chapter 5);

Assess the level of agreement betweee tMediterranean diet (MD) scoresd

the WCRF/AICR scores obtained for the women in the UKWCS from the data
recorded via FFQ and that recorded via Ebapter 6);

Explore associations between two dietary patterriee Mediterranean dietary
pattern and the WCRF/AICR guidelines respectively and incidence CRC using data
from FD derived from phase 2 of the UKWCS (Chapter 6);

Put forward public health recomemdations on dietary patterns toeduce risk

of CRC (Chapter 7).
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CHAPTER 2 LITERATURE REVIEW OF ASSOCIATIONS BETWE
DIET AND COLORECTAL CANCER

2.1 Chapter overview

The key purpose of this chapter is to review the research to date on the associations
between diet and CRC. A classification of CRC is outlined in section 2.2. An overview of
CRC epidemiology is discussed in section 2.3, namely its incidence, mortality and
survival rates, its pathogenesis and the major thetary risk factors associated with

carcinogenesis in this anatomical site.

Observational and interventional studies conducted to determine potential dietary
factors associated with CRC risk have giaeansistent results. An advanced review of
the literature surrounding diet and CRC will be tackled in section 2.4, where the major
food types associated with CRC risk are reviewed. Other lifestyle factors linked to CRC,
namely alcohol intakdyody massridex BMI) & obesity, and physical activity levels are
discussed in section 2.5. Several of the conclusions drawn in the WCRF/AICR 2007
second expert report, and 2011 and 2017 reports are discussaaimaresof these
conclusionsare found in Appendiesl, Il and llirespectively Results from several

recent studies are outlined in this chapter to better summarize the evidence for food
and nutrients in relation to cancers of the colon and rectum to date. Reference is made
to the association®f diet with the different anatomical sites of the colorectum where
relevant. Section 2.6 will consider the range of proposed interacting direct and indirect
mechanisms through whickomefood and nutrients may exert their protective action,

thus influencing colorectalarcinogenesis.

Despite the fact that as is common practice, the role of individual foods or nutrients
has been explored in relation to risk of CRC in WCRF/AICR report, it is often difficult to
separate out the specific effects of single fo@hsl nutrients Nutrients and foods are
likely to interact to influence CRC risk (Song et al., 2015) and this research will thus
focus on dietary patterns; a summary of the evidence on the latter from the
WCRF/AICR report, from individual studies and from a systenesiew published by

the USDA in 2015 on dietary patterns and risk of CRC (DGAC, 2015) is indicated in

section 2.7.
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The Mediterranean dietary pattern and the current cancer prevention
NEO2YYSYRI(GA2yaz GKSANI RSTAYAsdeesaldnéalthi KS A |
status and the evidence to date of these dietary patterns in relation to risk of CRC will

be discussed in sections 2.8 and 2.9. A summary of the chapter is presented in section

2.10.

2.2 Classification of colorectal cancer

2.2.1 Histological clssification

Tumours of the colon and rectum are histologically classified into epithelial tumours of
the colorectal mucosa, neepithelial tumours, secondary tumours and polyps. The
adenoma is the chief precursor lesion whichdetected and treatd by endoscopic
techniques. The carcinoma is an epithelial malignant tumour and one of the chief cancer
sites in the developed world. Ov80% of colorectal carcinomas are adenocarcinomas
originating from epithelial cellsBpsmanet al., 2010). They are alacterized by
glandular formation, with over 95% of the tumour being gland forming in well
differentiated adenocarcinomaand less than 50% gland formation in the mainly solid
poorly differentiated adenocarcinomas (Fleming et al., 2012). Other epithefr@urs
include the carcinoids, wetlifferentiated endocrine neoplasms, and mixed carcinpid

adenocarcinomagBosmaret al., 2010).

Non-epithelial tumours such as lymphomas, mesenchymal and endocrine tumours are
less common in the bowel. Polyps that aren-neoplastic are generally not considered
precancerous, unless they occur in intestinal polyposis syndromes (Bosman et al., 2010).
Such syndromes include the most common familial adenomatous polyposis (FAP),
hamartomatous polyposis, and rarer types suah the hereditarymixed polyposis
syndrome (HMPS) (Hsu, 2015). They are characterized by the dominant type of polyp
adenomatous or hamartomatous YR A GQa 20 G4A2y Ay (KS
Such syndromes carry a considerable risk for theetiggment of cancers of the colon,

Gl tract and of the pancreas, with the two most common heritable syndromes of colon
cancer being FAP & hereditary nonpolyposis cancer of the colon (Schreibman et al.,
2005).



2.1.1 Stages and grades

The anatomic extent of theumour strongly predicts the treatment; accurate staging is
thus of utmost importanceThe tumour, node, metastasis (TNM) staging system is used
to decide on treatment options. T denotes the depth of tumour invasiong(T3, T4a,

T4b) whilst N refers to # extent of nodal metastasis (NDN2), both of which are
determined via histological examination (Fleming et al., 2012). Metastasis (M) describes
whether the cancer has spread to other parts of the body (M1) or not (I@@n¢er
Research UK, 2017).

The grade of the cancer (1 to 3) gives an indication of its rate of growth and likeliness to
spread with high grade cancers being faster growing and more likely to spread. Grade 1
(low grade) cancer cells look like normal cells wiiisade 3 (high grade) cells look very

abnormal (Cancer research | 2017).

2.3 Epidemiology of colorectal cancer

CRC is a major public health concern. It is the third most common cancer in men and
the second most commonly diagnosed malignancy in wo(Renlay et al., 2015)n

the UK, CRC is the fourth most common cancer in both sexes, and the fourth most
common in females, accounting for 12% of all new cases (18, 400 cases) (O#E4

for National Statistics, 2016

2.3.1 Inddence & trends

In 2012, 1.4 million new cases were estimated worldwide, accounting for 9.2% of all
female cancer case€RC incidence exhibits wide geographical variation and such
patterns are similar in both sexes with almost 55% of cases occurring in more
developed countries (Ferlay et al., 2015). The variation in incidence and mortality rates
varies up to 16old worldwide, with distinct gradients across human development

levels and increasing burden in countries in transition. Incidence rates in countries with
a very high Human Development Index (HDI) were six times greater than countries
with a low HDI (Arnold et aR016). This may be partly due to better surveillance
through screening for CRC in more developed countries, resulting in earlier detection

and diagnosis of cases, different prevalence in risk factors and also due to varying data
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guality worldwide (Enter & al., 2009. The agestandardised incidence rates (ASR) in
2012 for female CRC in Australia/ New Zealand was 32.2 per 100, 000 women

compared to the lowest ASR in Western Africa at 3.8 per 100, 000 women (Ferlay et
al., 2015).

Figure2.1shows that the incidence rates of CRC in the UK have increased by 14% since
the 1970s, though this includes a larger increase for males and a smaller 3% increase
has been observed for females between 19881 and 2012013. Such trends could
potentially be the result of a change in risk factor prevalence, with the current

incidence trends reflecting past risk factor prevalence, as well as the CRC screening

programmes introduced in the mi#l000s Qffice for National Statistics, 2016

Figure2.1 European agestandardised colorectatancer incidence rates, per
100000 population, by sex, for Britain between 1979 and 2013.
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Although globally the burden of CRC is projected to increase by 60% by 2030 (Arnold et
al., 2016), the incidence rates in the UK are expected to fall by 11% between 2014 and

2035. This decrease is expected to be larger in males, with a 7% decrease grigecte
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females, which equates to 63 cases per 100, 000 women in 2035. In 2012, the
incidence rate for CRC wasMfighest forffemales in EuropéFerlay et al., 2015

The lifetime risk of diagnosis with CRC in the UK for females is 1 in 19. As indicated in
Figure 2.2, CRC increases with age, reflecting cell DNA biological damage and
accumulated risk factor exposures over time. Approximately 44% of cases between
2012 and2014 in the UK were diagnosed in people aged 75 or over and the peak rate
of cases was in the age grougOffice for National Statistics, 20L& notable

increase in incidence is seen in the@age group in the years folling 2006 when

the bowel screening programme was started in the UK, where previously undiagnosed

cases were identified.

Figure2.2 European agestandardised colorectatancer incidence rates, per
100000 population, by age, for Britain between 1979 and 2012.
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In the UK, the largest proportion of CRC cases in both sexes occurs in the rectum. In
females, 23.1% of cases occurred in the rectum, 20.4% in the sigmoid cold% ih
the caecum and 9.8% in the ascending colon. Some cases may be recorded as
occurring in the colorectum, with the anatomical site not specified, whilst others may

occur in more than onsite Office for National Statistics, 2014
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Figure2.3 Distribution of cases diagnosed by anatomical site, UK, between 2010
and 2012
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2.3.2 Mortality & survival

Globally, in 2012, an estimated 694 000 deaths were attributed to CRC, accounting for
8.5% of total deaths from cancer, with a fefotd variability in mortality rates in females
worldwide (Ferlay et al., 2013)vhile globally the overall numbers are obwsby higher,

this is a lower percentage than the 12% of total cancer deaths attributed to CRC in
Europe (215, 000 deaths). In Europe, mortality rates are lowest in Albania and highest
in Hungary for both sexes, with rates in the UK being thé Ibdvest in females.
Notwithstanding, CRC is the third most common cause of female cancer deaths in the
UK, responsible for 10% of cancer deaths in women in 2014. This translates to a crude
mortality rate of 22 CRC deaths for every 100, 000 fem@&l#fgé for Natioml Statistics,
2016). Variation according to geographical location of CRC mortality rates tend to follow
those of incidence, with a greater number of case fatalities in countries with lower levels
of HDI indices (Arnold et al., 2016).

The agestandardised net survival for woen diagnosed with bowel cancer during 2010

2011 in the UK was 74% for one year or more, and 58% for survival of at least 5 years.
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Comparing survival rates across countries is difficult due to the different patient
inclusion criteria and methodologies usddring analyse¢Cancer Research UX014).

The EUROCARE study aimed at assessing trends inye Survival rate in 16
European countries, by age, stage and anatomical(Bitenneret al., 2012). The time
period covered was from 198B990 to 20062002. In all regions, an increase in survival
was observed, with generally more distinct increases in younger patients, earlier stages

of CRC and more for rectal than for colon car{@emeret al., 2012).

2.3.3 Major risk factors for colorectal cancer

CRC is a heterogeneous disease of which three major forms have been described,
namely hereditary, sporadic and coliassociated cancer (CAC) (Wang & Dubois, 2010).
A number of risk factors arassociated with CRC incidenége, sex, racial and ethnic
background family medical history of adenomatous polyps or of CRC and personal
medical conditions such as type 2 diabetes, chronic inflammatory bowel diseases and a
history of adenomatous polypsr CRC are established nrorodifiable CRC risk factors
(American Cancer Society (ACH)16 Rasool et al., 2013).

Incidence and mortality rates are higher in men than in women and increase with age

with the rate of the former being 15 times higher inudi$ over 50 years compared

with younger adults. Jews of Eastern European descent have one of the highest CRC

risks of any ethnic group worldwid@&CS, 2016 With respect to family history, a
meta-analysis including 47 studies estimated the relative (f#R) of developing CRC:

the pooled estimate was 2.24 (97% CI 2.06 to 2.43) for individuals with at least one
affected firstdegree relative and 3.97 with at least two affected relatives (Butterworth

et al., 2006)The risk ofCRGs around30% higher in people with type Il diabetes,

compared with nordiabetics(Larrson et al., 2005! £ OSNJ G A @S O2f AGA & |
disease are significant aetiological factors in the development of colorectal

carcinomas. Clinicatudies report up to 289old increased incidence in colorectal

malignancy in subjects with ulcerative colitis, whilst the incidence increatsd $

I NP KyQa &adzFFSNEBNHBR ol FYAfd2y SG Ff oS wnnn
increased risk afleveloping CRC when compared to individuals with no previous

history (de Jong et al., 2005).
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Some inherited syndromes have also been linked to CRCF#&Rand hereditary non
polyposis CRC (HNPCC), also known as Lynch syndrome, being the most common
syrdromes increasing CRC risk. About 5 to 10% of CRC cases stem from a recognized
hereditary condition (Haggar & Boushey, 2009). Mutations in the genes MLH1 and
MSH2, involved in the DNA repair pathway have been associated with HNPCC. On the
other hand, mutaions in the tumour suppressor geelenomatous polyposis coli

(APC) cause FAP. Individuals with FAP generally develop hundreds of adenomas, one of
which is transformed into a malignancy, typically by the age of 40 if left untreated
(Wang & Dubois, 2010).omever, only 1% of CRC cases are due to FAP. On the other
hand, people with HNPCC typically only develop a few polyps and this syndrome is
responsible for 2 to 6% of incident CRC (Haggar & Boushey, 2009). Patients with
HNPCC typically develop CRC at apprately 44 years as compared to 64 years in the
general population (Wang & Dubois, 201Dhere is evidence to show the clinical
effectiveness of nossteroidal antiinflammatory drugs (NSAIDS), including aspirin and
cyclooxygenase2 (COX) inhibitors forthe prevention of CRC and polyips

populations with different risks for developing CRGemopreventiorvaries for the

general population, for individuals with a personal history of polyps or with a family or
personal history of CRC and for individuaithwAP or HNPCC (Cooper et al., 2010).
Specific COX inhibitors may reduce intestinal polyp burden in patients with FAP
(Gupta & DuBois, 2011) whilst aspirin may redmoédenceof adenoma or recurrence

of advanced adenomas in individualgh a historyof CRC (Cooper et al., 2010).
Notwithstanding, data suggests that for chemopreventiaapirin would be needed in
large doses for a period of approximately 10 years and since it is not risk f2e®, it

potential benefit should be weighed againstits harfsbe) S3 | f @S HAnT O G

Other factors with a less clear effect on CRC risk include night shift work and previous
treatment for testicular and prostate cancghCS, 2006 Therapeutic pelvic radiation

is a rare, but well recognised aetiological factor (lem et al., 2000).

It is widely believed that lifestyle factors such as diet, physical inactivity, overweight
and obesity, smoking and alcohol consumption play an important role in the
development of CRC and can thus also contribute to(Hskjgar & Bashey, 2009). It
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has been estimated that 54.4% of incident CRC in the UK incZ08.6% in males and
51.9% in femaleg may be attributed to lifestyle and environmental factors (Parkin et
al., 2011). Evidence fenvironmental factors characterising risk of CRC comes from
geographical factors, including migrant studies and urban residence. Incident rates in
migrants from low to high risk countries typically increase to agree with those of the
host country. Incidece in urban areas is approximately 30% higher than for those in
living in rural areas, and is higher for urban residence when compared to urban birth
area (Janout & Kollarova, 2001). Such modifiable risk factors are discussed in detail in

sections 2.4 an@.5.

2.4 The major foods and nutrients associated with colorectal cancer

Diet is an important component of cancer risk, and as a result of numerous
epidemiological and experimental studies, consumption of several foods and nutrients
has been associated withcident CRC in the past decades. This section will review the
epidemiological evidence to date surrounding the major dietary factors hypothesized to

have a role in CRC risk.

2.4.1 Dietary fibre, carbohydrates amehole grains

In 1971, Burkitt proposed that digry fibre may decrease CRC risk (Burkitt, 1971) and
research using retrospective recall methods supported this hypothesis. Many
mechanisms of this mitigation have been proposed since then, including bulk of the
stool, reduction in transit time, alteratioof bile acid metabolism, dilution of the

colonic lumen pH, increased production of short chain fatty acids and alteration of gut
flora (Chan & Giovanucci, 2011), though findings from published studies remain
inconsistent. Following systematic reviews lo¢ tavailable literature, the strength of
evidence in favour of food containing dietary fibre decreasing risk of colon and rectal
cancers was listed as probalg¢he second level of gradingn the WCRF/AICR 2007
report and raised to convincing in the 2D%ersion (WRCF/AICR, 2007; 2011), and back
to probable in the 2017 updated version (WCRF/AICR, 2017). Fibre may be derived
predominantly from cereal as well as from fruit, vegetables and leguidetably, in

the latest report of the CUP, for the first time in, the expert panel concluded that the
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evidence fowhole grainsn decreasing CRC risk was strqmgobable (WCRF/AICR,
2017).

In the Pooling Project of Prospective Saglof Diet and Cancer (Park et al., 2005),
including over 725,000 subjects, dietary fibre intake was inversely associated with risk
of CRC in agadjusted analyses but was not significantly associated with a reduced
CRC risk when other dietary factors waxounted for A range oFFQsvere used to
assess diet in this pooled analyses of primary data, potentially resulting in dietary fibre
misclassification arising from measurement eri@onversely, findings from the

European Prospective Investigation into Cancer and Nutrition (EPIC) study showed a
significant inverse association of dietary fibre with CRC, with fibre from cereal offering
a greater risk reduction than fruit, vegetable aeglime fibre (Bingham et al., 2005;
Bradbury et al., 2014). A metmalysis including 25 prospective studies found that the
summaryRRfor developing CRC with each increment of 10g daily dietary fibre
consumption was as follows: 0.90 (95% Confidence Int¢@ix= 0.86, 0.94) for total
dietary fibre, 0.93 (95% CI = 0.82, 1.05) for fruit fibre, 0.98 (95% CI = 0.83, 0.97) for
vegetable fibre, 0.62 (95% CI = 0.27, 1.42) for legume fibre and 0.90 (95% CI = 0.83,
0.97) for cereal fibre; and 0.83 (95% CI = 007&9) for an increment of 3 servings of
wholegrain per day (Aune et al., 2091

Little is yet known on the effect of different fibre types on this health outcome and
variation in the predominant source of fibre could potentially explain the inconsigtenc
of results from the different studies outlined above. In two recent reviews of the
literature surrounding dietary fibre and CRC, it was concluded that recommending the
consumption of a higfiibre diet is reasonable as it has been associated with other
health outcomes, but increasing fibre intake is unlikely to largely decrease risk of CRC

(Chan & Giovanucci, 2010; Song et al., 2015).

The evidence for an association between diets high in highly refined carbohydrates and
thus with a highglycaemidandex orload and CRC is inconsistent. It is postulated that
the surges of insulin secretion resulting from refined carbohydrates may stimulate

carcinogenesis of the colorectum. However, a systematic review and-ametigsis of
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14 cohort studies concluded that amdependent association between diets high in
carbohydrate glycaemiandex orglycaemidoad and CRC incidence was not
supported. The RR for high versus low intake was 1.00 (95% CI = 0.87, 1.14) for
carbohydrate, 1.07 (95% CI = 0.99, 1.16gfpcaemidndex and 1.00 (95% CI = 0.91,
1.10) forglycaemidoad (Aune et al., 20H). The panel of the 2017 CUP report in fact
came to no conclusion on the role of glycaemic index and glycaemic load in CRC

development due to limited evidence (WCRF/AICR, 2017).

Nevertheless, consumption of wholegrain, a carbohydrate of high quality with a low
glycaemidndex has been associated with improved insulin sensitivity and lower
fasting insulin levels, potentially mediated by the fibre and magnesium components in
wholegran (McKeown, 2004)Vhole grainsare rich in other protective nutrients and
phytochemicals that have been linked to disease prevention, including antioxidants,
phenolic compounds, phytates, phytestrogens, vitamins and minerals (Slavin,

2004). In view ofhe above, the rationale for recommending an increased wholegrain

consumption to decrease colorectal carcinogenesis is sound.

2.4.2 Fruit, vegetables and antioxidants

Along with dietary fibre, a growing interest in associations with fruit and vegetable
intakeand cancer outcome was seen in the 1990s (Willett, 2005). Epidemiological
studies carried out before the miti990s, using retrospective recall methods
correlated fruit and vegetable consumption with protection against cancer of a range
of anatomic sitesThe chemepreventative effect provided was often attributed to
classes of compounds that can potentially contribute to antioxidant activity. Such
compounds include phenolics and glucosinolates in cruciferous vegetables
(Antosiewicz et al., 2008) and flavads in fruit and vegetable$n vitroandin vivo
studies where flavonoids showed inhibitory effects of various stages in the cancer
process suggest tissue protection against free radicals and lipid peroxidation
(Wattenberg, 1992; Hollman Batan, 1999). The WCRF/AICR 1997 report concluded
that there was sufficient evidence for a convincing inverse relationship between fruit
and vegetable intake and risk of cancer (WCRF/AICR, 1997); this conclusion was

however based mostly on casentrol sudies.
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Nevertheless, studies on both the effects of dietary flavonoid consumption and of high
fruit and vegetable intakes with risk of several cancers consistently give conflicting
findings with risk being significantly reduced in some studies (Kneiit,eit997;
Theodoratou et al., 2007) but not in others (Hertog et al., 1994; Hertog et al., 1995).
Based on recommendations of the World Health Organisation (WHO), 2001 saw the
launch of the fivea-day fruit and vegetable initiative in the UK. Prospectigbort

studies carried out since then have been far less supportive of a benefit for CRC
(Boffetta et al., 2010) and in both the 2007 WCRF/AICR report and the 2011 CUP
report, the panel concluded that overall evidence towards the protective effect

offered by intakes of fruit and nosstarchy vegetables against the risk of CRC is limited

- suggestive (WCRF/AICR, 2007; 2011). This was further confirmed in a 2011 review
which stated that data from epidemiological studies suggested little, if any association
between fruit and vegetable consumption and risk of common cancers (Key, 2011). In
a metaanalysis of 19 prospective studies, the association between fruit and vegetable
intake and CRC risk was reported to be nonlinear, inverse and though weak,
statisticallysignificant (Aune et al., 20&L However, when risk was assessed by
colorectalsub sitein the EPIC study of 470,000 participants, individuals with the
highest fruit and vegetable intake were shown to have a borderline significant 14% and
a significant 2% decreased risk of colorectal and celmmy cancer respectively,

though findings could potentially depend on smoking status (van Duijnhoven et al.,
2009). In view of the inconsistency of observations with respect to colorectal, colon
and rectal cancer sk reduction with high fruit and vegetable intake, further studies

are warranted investigating associations with each anatomical site separately.
Following reexamination of the evidence in 2017, CUP, conclusions with respect to
fruits and nonstarchy vegtables were on the same level of strength; however the
inclusion of the new studies enabled the CUP findings to reach statistical significance,
which was not the case in the 2010 systematic literature review (SLR). The panel
concluded that there was limitebut reasonably consistemtsuggestive evidence to
show that a low intake (below 100 grams per day) of fruit and-sianch vegetables

increased CRC risk (WCRF/AICR, 2017).
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Garlic is a vegetable that has attracted particular interest, with the WCRF2AIZR

and 2011 reports, together with a 2007 systematic review (Ngo et al., 2007) concluding
a probable inverse association between garlic intake and CRC risk. These findings were
not however in agreement with a more recent evaluation of garlic and garlic

supplement use with CRC in two large cohort studies that did not support this
association (Meng et al., 2012), or wih updated metaanalysis of prospective

studies that concluded no significant association garlic consumption and CRC risk (Hu
et al., 204). In fact, the 2017 WCRF/AICR CUP reported that the evidence was limited

and no conclusion could be made for an association between garlic and CRC risk.

Selenium, beta carotene and vitamins A, C & E are dietary micronutrients believed to
have anticarchogenic effects due to their antixidant and antinflammatory

properties, with observational studies showing the strongest associations for selenium
(Chan & Giovanucci, 2010). Although early ecologic-caseol and relatively small
prospective studieshowed an inverse association of antioxidant intake with risk of
CRC, this association did not hold when data from several cohort studies testing this
hypothesis were pooled or in large randomised controlled trials $REPECifically
designed to test the efficacy of antioxidant supplements in tumour prevention (Song et
al., 2015). From the evidence to date, it has been concluded that antioxidant

supplements are unlikely to prevent CRC (Chan & Giovanucci, 2010; Sang@t3).

2.4.3 Red & processed meats

The correlation of red and processed meat consumption to increased CRC risk has long
been put forward and numerous studies in literature are found on this subject. A
meta-analysis of thirteen prospective cohort studies indicated that an increase of 100g

of meat on a daily basis significantly increased risk of CRCcliy %2(Sandhu et al.,

2001), whilst in 2007, WCRF/AICR experts concluded that higher intakes of processed
and red meat are convincingly positively associated with CRC (WCRF/AICR, 2007). This
was confirmed in a review of epidemiologic and experimental evidence in 2008;
Santarelli and colleagues stated there was enough evidence to support the hypothesis
that high intake of red and processed meat may increase risk of CRC; furthermore that

the consumption of 1g of processed meat increased the risk two to ten times more
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compared to the same amount of unprocessed meat (Santarelli et al., 2008). A
systematic review and metanalysis of 22 studieStolinska & Paluszkiewic2009)
concluded that the ®quency of consumption rather than the total amount of

consumed red meat is associated with an increased risk of carcinogenesis of both
colon (RR of 1.37; 95% CI = 1.09, 1.71) and rectal cancer (RR of 1.43; 95% CI = 1.24,
1.64).Consumption of over 50g oéd meat daily was associated with increased risk of
colon (RR of 1.21; 95% CI = 1.07, 1.37) but not of rectal cancer (RR of 1.30; 95% CI =
0.90, 1.89)In 2010, a summary of 35 prospective studies concluded that collectively
associations were generally ae, were in their majority not statistically significant;

and varied by anatomical site and gender thus the available evidence to date does not
support an independent positive association between red meat and CRC (Alexander &
Cushing, 2010). Alexander acolleagues also arrived to the same conclusion on the
association between processed meat and CRC risk following a review of

epidemiological studieAlexander et al., 2010).

Conversely, a 2011 metmalysis with the aim of updating the evidence from ti@92
WCRF/AICR report with results from 10 additional prospective studies revealed an
approximate linear CRC risk increase (Chan et al., 2011). Increasing intake of red and
processed meats with RRs for the highest versus the lowest intake and for every 100g
/day increase being 1.22 (95% CI = 1.11, 1.34) and 1.14 (95% CI = 1.04, 1.24)
respectively, up to around 140g /day and with similar associations for risks of both

colon and rectal cancer. Colorectal and colon cancer were also related to intakes of red
andprocessed meat respectively, analysed separately; conversely this association was
not observed for rectal cancer. Then again, the WCRF/AICR updated report published
in 2011 concluded that the evidence that red and processed meat intake causes CRC is

convicingc the strongest level of grading of evidence (WCRF/AICR, 2011).

Nevertheless, Cappellani et al. (2013) argued that because some studies reported no
significant association, or an increased risk for only colon but not rectal cancer, and
because no gnificant risk reduction is observed in vegetarian patients, red meat
intake does not fully explain the increased CRC risk in developed countries when

compared to developing ones. Chan & Giovanucci (2010) suggested that it is
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potentially the cooking procesthat explains the association between red meat and
CRC, with consumption of heavily browned meat that has undergone prolonged
cooking at high temperatures being associated with increased risk of colon cancer. The

potential underlying mechanisms for trassociation are discussed in section 2.6.

In summary to their reviews, Chan & Giovanucci (2010) and Song et al., (2015) both
conclude that based on the evidence to date, limiting red and processed meat and
substituting it with poultry or fish is recommeded for prevention of CRC. In 2015, on

the basis of evidence linked mainly to CRC, the International Agency for Research on

/' yOSNI 6L! w/ 0 OflFaaArAFASR NBR YSId Ia wLI
YSIEG a WOl NDOA GARG, 0157 0e recent 281028 UPyfapddted similar
findings with the panel concluding that while consumption of red meat is probably a

cause of CRC, processed meat consumption is a convincing cause of CRC. The evidence
for the latter was based on a dosesponse metaanalysis showing a significant 16%
increased CRC risk per 50g of processed meat daily (RR 1.16 (95% CI = 1.08, 1.26)
(WCRF/AICR, 2017).

2.4.4 Dairy products, calcium and vitamin D

Based on SLRs, experts of the WCRF/AICR 2007 and 2011 repciudex that the
evidence of an inverse association between intake of milk and calcium and CRC risk
was strong and graded as probable; whilst only limited evidence that cheese
consumption increases CRC risk was available (WRCF/AICR, 2007; 2011). This was
previously demonstrated in a pooled analysis of ten cohort studies resulting in over
500,000 subjects, where milk and calcium intake were inversely related to cancer of
the distal colon and rectum with a 500 g/day increase in milk intake corresponding to a
12% decrease in risk. Cheese and yoghurt intake were weakly positively and inversely
respectively associated with CRC risk, but not statistically significant (Cho et al., 2004).
These conclusions were furthermore partly supported by a ragtalysis incluaig 19

cohort studies showing that high intakes of milk and total dairy products as opposed to
cheese or other dairy products were significantly associated with reduced risk of colon
cancer when compared with a low intake (Aune et al., 2)1Burther studes are

needed to identify whether inverse associations are restricted to colon cancer or are
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also applicable to rectal cancer and whether the observations made for total dairy
products may be explained by the fact that a large proportion of total intakleesto

milk consumption.

Song et al. (2015) concluded that in view of the evidence to date, it may be reasonable
to encourage milk, and possibly yoghurt consumption, but not cheese for prevention

of CRC. This is partly in line with conclusions madédy®17 CUP panel who, based

on the evidence to date, reported dairy productscluding total dairy, milk, cheese

and dietary calcium as offering probable protection against CRC. Notwithstanding, the
panel added that while doseesponse metaanalysis weg statistically significant for

dairy products, milk and dietary calcium, whilst the evidence for cheese was less strong
(WCRF/AICR, 2017).

The protective effect of dairy may be related to it being one of the main sources of
calcium, for which several meanisms have been proposed (Larsson et al., 2006);
these will however be discussed in section 2.6.6. In summary, data suggest a
significant, modest ability of calcium intake to decrease CRC incidence (Chan &
Giovanucci, 2010) and individuals should be emaged to increase their calcium

intake to a level above 760000 mg/day (Song et al., 201%here is also some

evidence from randomised controlled trials (RCT) suggesting a modest, beneficial
effect of supplementation with calcium, on recurrent adenomlashe large clinical
controlled trialof 930 subjectsthe Calcium Polyp Prevention Study, calcium carbonate
supplementation was associated with a significant, though moderate, decrease in the
risk of recurrentcolorectaladenomas (Baron et al., 1999Qonverselyin theplacebe
controlled EuropeanCancer Prevention Intervention Trfl 665 patientswhilst

calcium supplementation was associated with a modest risk reduction of adenoma
recurrence, this was nesignificant (BonithosKopp et al., 2000)n a third

randomized, doublélind, placebecontrolled trial involvingpver 36000

postmenopausal womenfrom 2 YSy Q& | SIFfGK LYyAGAFGA@BS

O«
(0p))

supplementation of calcium with vitamin D for seven years had no effect on the
incidence of CR@actawskiWende et al., 2006)The 2017 CUP repocdoncludedthat

there was strong evidence to show that calcium supplements, at a dose of between
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200¢ 1000 mg daily, probably decreased the risk of CRC, although no conclusion could
be reached on theffect of nordairy sources of calcium due to limited evidence

(WCRFJ/AICR, 2017).

Dairy products are also commonly fortified with vitamin D. The 2011 WCRF/AICR

report concluded that there was limited, suggestive evidence to show that foods
containing ths vitamin decreased CRC (WCRF/AICR, 2011). Notwithstanding, according
to Klampfer (2014)j KS Y2 aid | OGA DS F2N¥Y 2F QAU YAY
dihydroxyvitamin B(1,25 (OH)Ds), is able to interfere with Wrgignallingand to

inhibit inflammation that pomotes tumour formation. This enables the regulation of

the intestinal lumen, preventing the development of colon cancer (Klampfer, 2014).
Furthermore, vitamin D has been implicated in antiproliferation, induction of
differentiation and apoptosis, anthflammation, inhibition of invasion and metastasis,

and suppression of angiogenesis (Feldman et al., 20b4gonclude, the association

and exact mechanism by which vitamin D decreases CRC risk is yet unclear and this
area thus merits further exploratiorhe 2017 CUP Panel, after considering the

evidence for foods containing vitamin D, plasma vitamin D and vitamin D supplements
concluded that there was limited evidence to suggest that vitamin D decreased CRC

risk (WCRF/AICR, 2017).

2.4.5 B vitamins

In view of the fact that vitamin B6, pyridoxine and vitamin B9, folate, together with other
B vitamins are fundamental nutrients in the processes of DNA synthesis, repair,
methylation and stability, they have been implicated in cancer prevention. Folae ha
been investigated widely in relation to CRC risk. Whilst observational studies examining
the risk of CRC with folate intake generally show that increased folate intake results in
reduced risk, experimental studies do not tend to support this benefit (iC&a
Giovanucci, 2010). The fola@RC relationship is thus complex; whilst folate stimulates
antineoplastic activity in normal, healthy tissues, it may stimulate growth by enhancing
DNA synthesis in cancerous cells that are rapidly replicating (Song 204%). In a
systematic review and metanalysis investigating the relationship between level of

folate intake and incidence of CRC, the summary risk estimate for high vs. low total
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folate intake was 0.85 (95% CI = 0.74, 0.99) for-cas&rol studies and.92 (95% CI =

0.81, 1.05) for cohort studies, with no significant heterogeneity in both (Kennedy et al.,
2011). It has also been hypothesized that the effect of folate is dependent on the
AYRAGARIZ £t Q& ol a8t AyS  S@St thewsidpflénerfafion]S NA Y
of folate decreased the recurrence of adenomas only in individuals with low CRC levels
(Wu et al., 2009) A metaanalyses of data on approximately 50 000 individi@&ing

at the effect of folic acid supplementation on cancer incidefound no significant
shortterm effect of folic acid allocation on CRC incidence when compared with the
placebo (Vollset et al., 2013 otwithstanding the fact that the evidence is inconsistent,

it is currently recommended that individuals should reee 40Qug of folate, and
populations that are folate deficient may benefit from folate supplementation to reduce
CRC risk, particularly if they are do not have a history of cancer (Chan & Giovanucci,
2010).

A focus on the association between vitamin B&aCRC is only recent. Given the
involvement of this coenzyme in several cellular functions, its potential role in cancer
prevention is hypothesized to go further than that in ec&rbon metabolism (Chan &
Giovanucci, 2010). A metmalysis of nine prosptee studies assessing the association

of Vitamin B6 intake and blood levels of the active form of vitamin B6 (pyridexal 5
phosphate- PLP) with risk of CRC reported an inverse association for blood PLP levels
but not for Vitamin B6 intake (Larsson et @010). Largescale intervention trials are

thus necessary before any recommendations can be made with respect to vitamin B6
intake and the risk of CRC. In view of the limited evidence, the 2017 CUP Panel have
arrived to no conclusion on the role on folaaed vitamin B6 on CRC prevention and
causation (WCRF/AICR, 2017). Data regarding vitamin B2 and vitamin B12 is scant and

inconclusive (Song et al., 2015).
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2.5 Lifestyle factors associated with colorectal cancer

2.5.1 Alcohol

The WCRF/AICR 2011 report concluthed there was convincing evidence that

alcoholic drinks increased the risk of CRC in men and probable evidence of the same
association in women (WCRF/AICR, 2011); this was confirmed in the latest CUP report
where it was concluded that consumption of o\&€F grams of alcohol per day was a
convincing cause of CRC (WCRF/AICR, 2017). In-amaétais of sixteen prospective
cohort studies on the relationship between alcohol intake and CRC cancer, including
over 6300 patients with CRC, a weekly intake of H0ghol was associated with a

15% increased risk, with no significant differences for colon and rectal cancer (Moskal
et al., 2007). In another pooled analysis of primary data from 8 cohort studies in 5
countries from North America and Europe, alcohohk& of approximately 490 000
participants was assessed at baseline using a FFQ and followed up a minimum of 6 and
maximum of 16 years. An increased risk of both colon and rectal cancer was associated
only with consumption of over 2 drinks/day (Cho et 2004). This was confirmed by
results of a doseesponse metaanalysis published in 2011, summarising the evidence
from 27 cohort and 34 caseontrol studies that provided strong evidence for an
association between drinking over 1 alcoholic drink / day @R risk, with stronger

RRs reported for men and in Asian populations when compared tdoumasional

drinkers (Fedirko et al., 2011). In 2010, 11.6% of all CRC cases in the UK were
attributed to alcohol consumption: 15.5% of all male cases and 6.9%fefralle cases
(Parkin et al., 201). Thusnotwithstandingthe fact that epidemiological evidence
supports positive associations between alcohol consumption and CRC risk, findings
with respect to sex, the doseesponse association and geographical region warrant
further investigation. Nevertheless, from the evide to date, it is sensible to

recommend that people decrease their alcohol intake, especially if their current level is

high, to prevent CRC.

2.5.2 BMI and abdominal fatness
Overweight and obesity are risk factors for CRC; the WCRF/AICR classified body
fatness, as marked by BMI, waist circumference and waist: hip ratio as being

convincing causes of colon and rectal cancer (WCRF/AICR, 2017). In a 2013 systematic
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review of prospective studies including over 9 million people, the RR of CRC incidence
for obese imlividuals vs. those in the normal category of BMI was 1.33 (95% CI = 1.25,
1.42), whilst the RR for individuals in the highest vs. the lowest category for waist
circumference (WC) wds46 (95% CI = 1.33, 1.60) (Ma et al., 2013). Thus both general
and cental obesity were positively associated with risk of GRIen the studies were
stratified by anatomical site, it was evident that a higher BMI ahdgher WC

increased the risk of both proximal and distal colon cancer, as well as of rectal cancer
(Ma et d., 2013). The associatidar BMI was stronger for men than for women, with

a 47%ncreased risk in obese vs. normal men, to a 15% increased risk in obese vs.

normal women (Ma et al., 2013).

Notwithstanding, Robsahm and colleagues reported a more proced association

for the distal colon with BMI, with a RR of 1.59 (95% CI = 1.34, 1.89) when compared to
the proximal colon and rectum, with a RR of 1.24 (95% CI = 1.08, 1.42) and 1.23 (95%
Cl =1.02, 1.48espectively Robsahm et al., 2013)hey howevereported such

differences as being minor and added that it is unlikely thatittodogical mechanisms

in place vary in their impact on the different colorectal sites.

A quantitative analysis from 56 observational studies including almost 94 000 cases
showed the association of BMI with CRC is stronger in premenopausal women when
O2YLI NBR (2 LRAaGYSyYy2Ll dzalt g2YSyod 90Sy 4
of 23.0 to 24.9 kg mhad an increased risk of CRC compared to women with a BMI of

< 23.0 kg i (Ning et al., 2010). In a systematic review and rretalysis of

observational studies looking at adult weight gain and occurrence and recurrence of
colorectal adenomas, even a small amount of weight gain was associated with a higher
adenoma occurrence (Selsinger et al., 2017). The authors argued that in view of the
fact that adenomas are precursors of most carcinomas, weight control in adulthood
may have a role in the early CRC preventidthough based on the above studies,
obesity, in particular viscal adiposity appears to play a role in CRC, the mechanisms

by which obesity increases risk of CRC are still not well understood. The several

possibilities that have been hypothesised are discussed in section 2.6.
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2.5.3 Physical activity

In the WCRF/AICR 20X port, the evidence for physical activity reducing the risk of
CRC was listed as convincing (WCRF/AICR, 2011). Following the report, two meta
analyses were published supporting the role of physical activity in decreasing both
proximal and distal colon caec(Boyle et al., 2012; Robsahm et al., 2013), but not in
decreasing rectal cancer (Robsahm et al., 2013). An approximate 33% decreased risk of
colon cancer was reported by Robsahm and colleagues for those with the highest level
of physical activity whenampared to the least physically active. The magnitude of the
inverse association was the same for both distal and proximal colon cancer with
physical activity (Robsahm et al., 2013). This difference in association by anatomical
site could be indicative dafifferent mechanisms in the development of colon and

rectal cancer. The 2017 CUP confirmed the findings of the previous 2011 CUP stating
there was convincing evidence to show that physical activity reduced the risk of colon

cancer, but no conclusion coute drawn on rectal cancer (WCRF/AICR, 2017).

The risk reduction in CRC as a result of physical activity could be due to several
mechanisms. Firstly, there is evidence to show that the risk of adenomas decreases
with physical activity, with aapproximate 16% decrease risk (RR=0.84, 95% CI = 0.77,
0.92) reported, and a similar inverse association in both sexes (Wolin et al., 2011).
Adenomas could progress into cancerous tumours, as outlined in section 2.2.1.
Physical activity leads to more regubowel movements, thus decreasing transit time
and the contact time of harmful substances in undigested food with the intestinal
lumen. Furthermore, it also reduces the levels of insulin, hormones and other growth
factors that could stimulate tumour graw, and potentially alters the level of

prostaglandins thus reducingflammationl

2.6 Potential mechanisms for diet and colorectal cancer

The literature outlined in sections 2.4 and 2.5 support associations of some dietary
components, obesity and physical activity with CRC, and thus they have a potential
role in its prevention. It is likely that diet influences colorectal carcinogenesis through
numerous interacting mechanisms, including both the direct effects on responsiveness

of the immune system and inflammation, and the indirect effects of other risk factors
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for CRC such as over nutrition and obesity (Song et al., 2015). This section will give an
overview of the different mechanisms proposed to relate such dietary and liéesty

factors to cancer risk.

2.6.1 The inflammation and colorectal cancer connection

Genetic, pharmacological and epidemiological data support the association between
inflammation andumourigenesisand whilst inflammatory bowel disease (IBD) is an
important risk factor in CRC development, inflammation is likely to also be involved in
sporadic and heritable colon cancer (Terzic et al., 2010). The association between
inflammation and cancer can be said to consist of two pathvgays extrinsic one

driven by inflanmatory conditions that increase risk, such as IBD and an intrinsic
pathway driven by genetic alterations, such as oncogenes (Mantovani et al., 2008).
Chronic inflammation is indicated by a sustained active inflammatory response and
destruction of tissuegKraus & Arber, 2009). Colorectal tumours are infiltrated by
various immune cellall with either pre or antrtumourogenic roles. Prnflammatory
cytokines, released by such cells, and distinct immune lealle in fact been

implicated in all phases ablon tumourigeneis (Terzic et al., 2010).

Chronic inflammation promotes carcinogenesis via the induction of gene mutations,

the inhibition of apoptosis, the stimulation of angiogenesis and cell proliferation or the
induction of epigenetic alteration€yclooxygenas2 (COX2) and nuclear factor kappa

B (NFB) family of transcription genes are the central genes in the inflammatory

process, providing mechanistic associations with CRC. They are thus considered targets
for chemoprevention (Kraus & ArberQ@9).Compounds such as the carbohydrates

inulin and oligofructose and the phytochemicals resveratrol and curcumin have been
found to reduce CRC risk (Kim et 2007). Butyrate produced loplonic bacteridrom

the fructose polymers seems to modulate CPXignalling, as well asgnallingof

other genes (Tong et al., 2004) whilst phytochemicals reduce the activation«d NF

thus affecting inflammation (Jeong et al., 2004).

In conclusion, whilgthere is evidence to showhat the cumulatie effect of chronic

inflammation, particularly IBD leads to colorectal carcinogenesis, the precise
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mechanism is yet unclear (Kraus & Arber, 2009). Furthermore, numerous unanswered
guestions as yet remain. For instance, it is still unsure whether inflaroméi

sufficient for neoplasia development without a carcinogenic agent and whether some
aspects of cancerelated inflammation are common, irrespective of tumour diversity

(Mantovani et al., 2008).

The evidence on theconnection betweennflammation and cancer is substantial and
different dietary factors are implicated in thaetiology of CRC. @ne nutrients
implicated in CRC development are proposed to do so via theirirdldmmatory
properties,and by decreasing the activity of on@rgcsignallingpathways(Terzic et al.,
2010)amongst other mechanism#part from the carbohydrates and phytochemicals
mentioned above, vitaminsA, C, E & D, selenium, methionine and om8ga
polyunsaturated fatty aciddrave been implicated. &erthelesswhilst the level of
evidence for vitamin D is suggestive, there is limited evidence for other nutrients and a

conclusion cannot be reached as previously discussed in section 2.4 (Song et al., 2015).

2.6.2 Microorganisms in inflammatieénduced colorectal cance

The presence or function of commensal microbial populatisjsknown asthe
microbiome The composition or disruption of the microbiotaeems to be a
predisposing factor to CROiet and nutritional status have an influence on both the
composition as well as on the operations of the gut microbiota, and dietary habits
influence the structure of the human genome (Kau et al., 20h1an organ such as the
gastrointestinal tract, ifdhmmationdrives cancer development and thale of microbial
communitiesin chronic inflammation is pivotal (Elinav et al., 20K3u and colleagues
report a connection between nutrient metabolism and the immune systemdextribe

how nutrient NR OS&aaAy3 o6& GKS YAONROA2GFT G23Sa
responseg; this is described as the diaticrobiotaimmune axifKau et al., 2011). The
microbiome has also been described as interface between food, different fuels absorbed
and the human body (Flint, 2012Short chain fatty acidsSCFAsare an excellent
example¢ they are end products of macronutrient fermentation by microbes. Their

concentration m the lumen varies according to the amount of dietary fibre in the diet
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which in turnaffects the composition of the microbiota. They act as an energy source
F2N) GKS K2ad FyR I FFSOU GKS 1 0G§SNDRDa AYY

Dietary intake of carbohydrates that are only partially digested, such as resistant starch,
prebiotics and opn-starch polysaccharides, provide energy for colonic bacteria. The
quantity and type of such carbohydrates may influence species compositiothe
microbial communities in the intestine. Furthermore, gut microbiota respond differently

to changesindiehy AYRAQ@ARdzZ fax (GKdza KIFI@Ay3a @I NA
Manipulation of bacteria through diet could have beneficial health implications (Flint,
2012).

Several potential mechanisms have been implicated that allow microbes to contribute

to carchogenesis. These include metabolite or genotoxin production thus damaging
DNA or impeding its repair, penetration of the colonic mucus, induction of epithelial
LINEE AFSNI GA2Y YR YdzO2al f Ay Fisblatdleihat2 y 6
the variation in incident cancer between different anatomical sslies of the
colorectum reflects diversity in microbial niches and their functions. The risk of cancer

in the large intestine is much higher than that in the small intestine. The latter boasts a
larger surface area and faster epithelial turnover when compared to the larger bowel,

but the bacterial load is much lower in the small intestine. Figufeextracted from
{KFEYIFTKFEY 9 hQ¢22t{S> wnmnXI adzyYFNAaSa GKS

variation in cancer incidence.
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Figure2.4 Schematic representation of the small bowel and the large bowel
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2.6.3 Mechanisms relating overweight, obesity to colorectal cancer

The mechanisms underlying the association between obesity and cancer are
multifaceted, not well recognized and include hormones, growth factors, modulation of
energy balance and calorie restriction, multipénallingpathways and processes
related to infammation (Vucenik & Stains, 2012), as discussed in section 2.6.1. Obesity
generates a low grade inflammation state as a result of an increased fat mass,
macrophage infiltration of adipose tissue and abnormal production of adipokines and

pro-inflammatory gtokines (Vucenik et al., 2016).

Adipose tissue is an active endocrine organ that releases free fatty acids as fuel in
response to signals from other organs and releases peptide hormones such as leptin,
adiponectin, resistin and tumour necrosis facto(TNF) (Calle & Kaaks, 2004). Whilst
leptin is positively correlated with fat stores and induces cancer progression by
activating PI3K, MAPK and STAT3 pathways, adiponectin is inversely associated with
adiposity, inflammation and hyperinsulinaemia. Adipadiree@xerts its antineoplastic

effect by decreasing insulin, insulike growth factor (IGF) and mTORignallingand

via its ati-inflammatory inhibition of NF«B (Vucenik & Stains, 2012). Chronic
hyperinsulinaemia has been associated with cancer dewvedop and the neoplastic

effects of insulin could be direct via receptors in target cells, or potentially related to
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alterations to endogenous hormone metabolism, such as the promotion of synthesis

and activity of IGR (Calle & Kaaks, 2004).

Figure 2.5, extracted from Vucenik & Stains, 2012, portrays obesity as leading to
increasedsignallingvia the PI3K/Akt cascade, a promotion of cell proliferation and
inhibition of cell apoptosis as a result of increasing levels of circulating leptii, $G&
cytokines. Equally, caloric restriction promotes apoptosis via enhansgpmalling

through AMPK and suppression of mTOR activity.

Alterations in the metabolism of endogenous sex steroids has also been proposed to
potentially explain the association between obesity and CRC, since adiposity influences
their synthesis and bioavailability. The increase in circulating levels of insdlitG&i
bioactivity via adipose cells, decreases the synthesis eheerone binding globulin
(SHBG) in the liver and its concentration in the blood. The decreases in SHBG levels
increase the bioavailable oestradiol in both men and women, increase tlavdilable
testosterone in men and lead to reduced testosterone production in men (Calle & Kaaks,
2004).

Figure2.5 The effect of obesity and caloric restriction on cancer development

Caloric Restriction
{Decreased Leplin, Insulin,
IGF-1, proinflammatory
Cylokings)

Obesity
{Increased Leptin, Insulimn,
IGF-1, proinflammatony
cylokings)

Cancer Cell Proliferation
and Survival

Source: Vucenik &tains (2012)
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Thus, if insulin resistance is a risk factor for CRC, reduced testostewanentrations
as a result of obesity may partly explain sex differences in the strength of association

between men and women (Larrson & Wolk, 2007).

It has been preiously suggested that insulin resistance and hyperinsulinaemia amongst
other factors related to obesity are stronger risk factors for colon than for rectal cancer,
with circulating levels of Beptide, a marker of insulin secretion, and of leptin being

more positively associated with incidence of colon cancer than with incidence of overall

CRC or rectal cancer (Larsson & Wolk, 2007).

2.6.4 Mechanisms relating meat to colorectal cancer

Numerous biological mechanisms have been proposed to explain the associatio
between CRC and red and processed meat and have reviewed by several authors
(Ferguson, 2010; Cross et al., 2010; Bastide et al., 2011; Chan et al., 2011). The three

most plausible hypotheses underlying this association are discussed below.

1 Mutagenic heerocyclic amines and polycyclic aromatic hydrocarbons

Cooking meat at high temperatures results in the production of mutagenic heterocyclic
amines (HCA). These are however also formed in poultry and consumption of the latter
is not associated with increadeCRC risk. Furthermore, the amounts resulting in
carcinogenesis is animal studies range from 1,000 to 100,000 times higher than the
amount consumed by humans. Polycyclic aromatic hydrocarbons (PAHSs) result from
incomplete combustion of organic compoundsdaare found in varying amounts in in
many common foods, including well cooked meats, but also fish and also poorly washed
foods. They are particularly prevalent in processed meats, and are typically transferred

into meat during the process of smoking.

1 N-nitroso compounds

N-nitroso compounds (NOCs) are multisite carcinogens, present in some processed
meats, smoked fish and smoked cheeses. Theyfammed in the Gltract, by N
nitrosation of peptide derived amines or amides, as a result of the nitratdsnéntes

added during processing of meats. This reaction is minimized by the addition of Vitamin
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C.Nitrite is the primary inhibitofor microorganisms while the latter reduce nitrate to
nitrite in raw meat products (Honikel, 200Processed meat is tygally the main source
of human exposure taddednitrite; on the other hand microbes in the oralaty and in
the Gltract may reduce nitrate to nitriteNitrite is mixed with food and swallowed; it
may form carcinogenic nitrosamines in the acidic envinent of the stomach (Honikel,

2007).

1 Heme iron

It has been suggested by Sesink and colleagues that heme iron, in its ferric form hemin,
may explain the association between the consumption of red meat and colon cancer risk
(Sesink et al., 1999). Red meamntains 10 times more heme than white meat. Heme
iron present in red meat is easily nitrosylated and acts as a nitrosating agent; its
presence thus acts as a catalyst increasing the endogenous formation of NOCs from

natural precursors.

Additional less kelyhypotheses that have been proposed include the high protein, high
saturated fat, high cholesterol and high salt content of red mEat.instance, Wwile high

fat diets have beerypothesigd to promote carcinogenesis, via insulin resistance or
faecal bile acids,results from experimental and observational studies have given

inconsistent results (Santarelli et al., 2008).

2.6.5 Mechanisms relating dietary fibre, whole grains to colorectal cancer

The mechanisms granting dietary fibre a protective effectGRC incidence are well
established, whilst whole grains are good fibre sources. In the large intestine, fibre
increases the weight of stool, dilutes the carcinogenic nature of faeces, reduces transit
time and stimulates microbial fermentation. This decresshe contact time between
carcinogens and the intestinal mucosa (Lipkin et al., 1999). SS@Ga#ely acetate,
propionate and butyrate are bgroducts of fermentation that may act as an energy
source for the colonocytes, reduce the pH of the colonic lumen and thus may exert

protection against CRC (Slavin, 2003).
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Whole grains are also rich in gemn and antioxidants, including vitamin E & B complex,
trace minerals (iron, magnesium, zinc and selenium) and phytochemicals (Seal et al.,
2016). Folate and magnesium have both been associated with a reduced risk of CRC, but
in observational studies, rafis persisted following adjustment for these factors,
suggesting an independent association (Aune et al., BDIllhey contain compounds

such as phytates, lignin, plant stanols and sterols that may all protect against chronic
disease (Slavin, 2003). Fugtmore, whole grains mediate insulinaemic and glycaemic
responses; whilst this may explain the association between higher intakes offering
protection against weight gain and type 2 diabetes (Seal et al., 2016), potentially via
reduced insulin resistancehé¢ latter has also been linked to CRC incidence as explained

in 2.6.3 above.

2.6.6 Mechanisms relating calcium and milk to colorectal cancer

Calcium has been hypothesized to be antineoplastic, by binding to ionized fatty acids
and to secondary free bile acidsthe lumen of the colon, thus forming insoluble soaps

and decreasing the rate of epithelial cell proliferation (Newmark et al., 1984; Van der
Meer et al., 1991). Other proposed mechanisms by which calcium may decrease CRC risk
is through its influencermmultiple intracellular pathways. These include suppression of
cell proliferation, promotion of normal cell differentiation and of apoptosis in
transformed cells, inhibition of damage from oxidative DNA and modulation of cell

signallingpathways related2 / w/ 6 [ F LINBQ SG Ff & mMdphoT |

Milk, besides being one of the main dietary sources of calcium, could potentially offer
protection through other components. The fat content is a source of conjugated linoleic
acid and butyric acid, both shown to offer protection in experimental studieggBa
dairy product, it also contaifactoferrin, lactic acid bacteria if fermented and vitamin D

if fortified; all three components could be protective (Norat & Riboli, 2003).

2.7 Exploring dietary patterns

2.7.1 Why explore dietary patterns?
The term diet is broad and encompasses a variety of food consumption aspects. In

nutritional epidemiology, diet has been widely studied in relation to CRC risk.
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Traditionally, investigations on the role of diet on individual cancer risk focused on

varied posures, including a complex network of individual foods, food groups or

nutrients making itsole in disease prevention difficult to elucidate (Michels & Schulze,
HAanpLu®d® ¢KAA | LIINRFOK KIa 06SSy G4SN¥YSR WNB
instrumental inrevealing the role of individual foods, it has its limitations (Willett,

2012, notably also since a change in one component of a diet typically results in

substitution by another (Cespedes & Hu, 2015).

I RASGIENE LI GOGSNY YI @ ydsporettFaperaidralidedias & Y dzf |
aAy3IftS SELRAIINBQ o6YIydz unnnod 5ASGENE LI
complementary approach to such investigations; it represents a more complete

picture of food and nutrient intake, takes into account the synstigieffect of food
combinations, the variety, frequency and quantity with which they are normally

consumed, and may thus be more predictive of disease risk (Hu, 2002). It is likely that

it is the interactive effect of several dietary components that pcedisease risk.

Dietary patterns embody the totality of the diet and allow for several ways to achieve

a healthydiet (Cespedes & Hu, 2015).

2.7.2 Methods used to assess dietary patterns

Statistical method are used to characterize dietary patternsjng cokcteddietary
information (Hu, 2002). Several methods have been used to relate dietary patterns to
disease outcomess depicted in Figure 2.6aéhprovideinformation about the diet

from a different perspective. These range from ddtaven methods that use principal
component analysis, factor analysis or cluster analysis to derive dietary patterns
dietary indices or scoredetermined and drivemy theinvestigator, and a combination

of both methods- reduced rank regression (Michels & Schulze, 2005).

Numerical indices are designed to assess adherence to a specific pattern whilst
mathematical approaches derive patterns of food intake common in theystud
population (USDA, 2014). Dietary patterns that are determined using diet indexes or
scores assess compliance with prevailing dietary guidelines / recommendations (Kant,

2004). Such are hypothesisiented and are assessed by useagdrioriscores
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composite numeric scores of foods and / or nutrients assessed as either variables with
pre-defined cutpoints, or quintiles, or as continuous variables (USDA, 2014). Such
AYRSESa INB ONBIGSR 2y (KS o6lara 2F LINBOG.
performance of individuals arthen compared to these prepecifiedstandards (Hu,

2002; Michels & Schultze, 2005). It is common that multiple indexes describe

variations of the same dietary pattern, such as the MD score or use different scoring

and weighting schaes, such as Dietary Approaches to Stop Hypertension (DASH) as
opposed to the use of fixed coffs according to recommended intakes, as in say the

Alternate Healthy Eating Index (HEI) (Cespedes & Hu, 2015).

Figure2.6 Methods to derive dietary patterns

Methods to derive
dietary patterns

Data-driven

approaches Hybrid approaches

Factor analysis Diet quality index Reduced rank
Cluster analysis scores regression

Source: Reedy (016

Datadriven approaches use factor or cluster analysis to empirically derive dietary
patterns, where a large set of dietary variablesggr@gated and reduced to ffim a
smaller set of variables. Such analyses are considaengosterioribecause dietary
patterns are determined via statistical modellingdsétary data (Hu, 2002qften

assessedising FFQs, 2dour recalls or diet records (USDA, 2014).

Recently, collaborations were underway to standardize the methodology for dietary

patterning across several population based cohorts in view of the fact that the lack of
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reliable conclusions has been attributed to inconsistencies in methodologies. In 2012,
the Dietary Patterns Methods Project (DPMP) was initiated with the aim of
strengthening research evidence on dietary indexes, patterns and health. The
collaboration included 4 research groups, 3 large US based cohorts and 4 dietary
indexes. Findings sugsfed that the essential components of a healthy diet were
captured by all 4 indexes and reported consistent, strong association fcask,
cardiovascular diseag€VD and cancer mortality in all 3 cohorts. This implies that
observational research sitair to that carried out by the DPMP can be used as a strong

basis for making public healtecommendations (Liese et al., 2015).

2.7.3 Limitations of dietary scores

The approaches to extract dietary patteristed in section 2.7.2 abovsth have
limitations, andare subject to dietary measuremeatrors (Kant, 2004). The
composition of a diet index, its similarities and differences to other indices, and the
choices made in its creation are very important in determining its usefulnesscas

in dietary assessment (Waijers et al., 2007). Randi and colleagues also discuss the
reproducibility of dietary patterns as one of the major limitations associated with such
research (Randi et al., 2010). They explain that the reproducibility méyéatened

by whether the study design is prospective or retrospective, and is dependent on the
different study population and geographical region since eating habits including the
method of consumption across populations vary (Randi et al., 2010). Dpattgrn
analysis is also subject to a low percentage of explained variance of the original food
groups; this depends on the number of food items aggregated into food groups;
variance increases witthe number ofitems inthe samefood group In other words,

the broaderthe classification of foods, the more likely that foods both weakly and
strongly associated with a pattern are classified in the same category. Hence, the

information captured by a specific pattern increagMcCann et al., 2001).

2.7.4 Dietary patterns and colorectal cancer
Notwithstanding the fact that as a result of nutritional epidemiological studies, there is
evidence for the role of some dietary factors in CRC development, further

experimental studies areequired. In spite of its limitations, dietary pattern analysis is
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ideal for exploring such a complex association, where several dietary components have
been associated with the disease. A dietary pattern specifically predicting risk of CRC
has not been stablished to date but several reviews have looked at diverse dietary
patterns in relation to CRC incidence. Findings from these studies are outlined in this
section. The specific dietary patterns explored in this research are discussed in sections
2.8 and2.9, whilst the rationale for the choice of these specific patterns is discussed in

chapter 3.

The WCRF/AICR 2011 continuous update report on food, nutrition and physical activity
in relation to cancers of the colon and rectum concluded that the evidence for an
association with dietary patterns was limited and thus no conclusion could be made
(WCRFAICR, 2011). Several systematic reviews examining studies looking at dietary
patterns and CRC risk were published in recent years (Randi et al., 2010; Miller et al.,
2010; Magalhaes et al., 2012; Yosof et al., 2012; Fung & Brown,R2GEZ;2015

Tabung g al., 201Y.

A 2010 review by Randi and colleagues investigating 32 articlkmg at the

association between dietary patterns and risk of CRC, colon and rectal cancer, and
adenomasconcluded thathealthy and prudent dietary patterns, high in fruitdan
vegetable consumptiorproteins such as fish and poultry and whole grains had a
favourable effect on risk of CRC. In contrast, traditional and Western dietary patterns
rich in refined grains, red and processed meat and potatoes were associdtedrw
increased risk of CRC (Randi et al., 20M.review okixcohort studies by Yusof and
colleagues came to the same conclusion (Yusof et al., 2012). In a third review two
dietary patterns were found to modestly influence colorectal adenoma and cancer risk;
namely a healthier pattern based on a greater consumptibfruit and vegetables and
lower intakes of red and processed meat and a less healthy pattern typified by higher
intakes of the meat, potatoes and refined carbohydrates (Miller et al., 2010). A further
systematic review ogightcohort andeight casecontrol studies addressing this same
association witha posterioridietary patterns found comparable results for both

proximal and distal colon cancevjth an increase for high intake of red and processed

YSIGO W2SaldSNYyQ Iy R chigh RisaniNgdgetatdie caheuMptionK S - £ { |
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dietary patterns; no significant associations were observed for rectal cancer
(Magalhaes et al., 2012)-ung & Brown (2013yoncluded that a planbased diet
together with some dairy intake appears to decrease CRC rislstalhiigh intake of
meats, refined grains and added sugar in the diet seteniscrease risk of CRC, and

evidence for alcohol and CRC remant®nsistent.

In 2015, following aystematic review including 21 articles from prospective cohort

studies andne article from &RCT, the Scientific Report of the 2WGA® the USDA
concluded that the level of evidence for dietary patterns in relation to riSRREC was

moderate (USDA, 2015).

Gaz2RSNF S SOARSYOS AYRAOLI (Sa pattginskhgt @€ NBE S |
higher in vegetables, fruits, legumes, whole grains, lean meats and seafoeidt low

dairy and moderate alcohol; and low in red and processed meats, saturated fat and

sodas and sweets relative to other dietary patterns and the risk oh@oid rectal

cancer. Conversely, diets that are higher in red and processed meats, French fries and
potatoes, and sources of sugars (i.e., sodas, sweets and dessert foods) are associated
GAUK | 3ANBFGSN O2ft @EACRYRRChaper@pd: 30). OF Yy OS NJ NJ

More recently, Tabung and colleagues conducted a review synthesizing data from 28
cohort studies and 21 casmntrol studies related to dietary patterns, covering a 17
year period Findings were very similar to those reported by the USDA (20Tey
showed that a healthy pattern with a high consumption of fruit and vegetable, whole
grains, nuts and legumes, fish and other seafood, milk and other dairy products was
associated with lower CRC risk, whilst diets with high intakes or red and peaces
meat, sugary beverages and desserts, refined grains and potatoes were associated

with a higher incidence of CRC (Tabung et al., 2017).

2.8 The Mediterranean dietary pattern

2.8.1 Defining the Mediterranean diet

WaSRAUGSNNI ySIyYy RASGQ stiibefitte Nigtarypatterd KS 0 SN
characteristic of Mediterranean Basin countries in the 1960s, associated with greater

longevity and reduced mortality and morbidity (SeMajem et al., 2004). The
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traditional MDis characterised by an abundance of plant foodst fvegetableswhole
grains beans, nuts and seeds, a moderate intake of fish, poultry, eggs and dairy and
low amounts of red and processed meats. Wine is typically consumed with meals, olive

oil is the main fat source and dessert is normally fruit (Willett et al., 1995).

2.8.2 The Medierranean diet and health status

With the available evidence on its associated health benefits (Pauwels, 2011; Kontou
et al., 2011), awareness of this eating pattern is widespread. Several of the food
components making up the traditional diet, as listedWillett and colleagues have

been consistently associated with increasing or reducing CRC risk, such as red meats
andwhole graingespectively (Willett et al., 1995), as outlined in section 2.4.
Adherence to the MDmay thus confer a reduced risk of CR@ aeveral scores have

been created to measure this factor. A review of the use of indices in evaluating the
adhererce to the MDin epidemiological studies has been carried out by Bach et al.

(2006). This classification is highlighted further in sectior23.8

In metaanalyses reviewing cohort studies explorirtharence to a Mand health

status, a significant reduction in orzl mortality, mortality from CVRnd incidence of

or mortality of cancer amongst other diseases was associated with a greater
adheence (Sofi et al., 2008; Sofi et al., 2010; Sofi et al., 20Aa¥)a twepoint

increment of the MD scorean 8% reduction in overall mortality (0.92; 95% CI = 0.91,
0.93), a 10% reduction in CVD risk (0.90; 95% CI = 0.87, 0.92) and a 4% reduction of
carcer (0.96; 95% CI = 0.95, 0.97) was observed (Sofi et al., 2014). In a systematic
review of observational studies in the elderly, this reduced risk of CVD and some
cancer types as a result of a higtharence to a MDs confirmed (Tyrovolas &
Panagiotakos2009). This is consistent with results from a prospective cohort study on
the Greek segment of EPIC where a statistically significant reduction in total mortality
(0.86, 95% CI = 0.83, 0.93) was associated with a higher adherence of the
Mediterranean eatng pattern (Trichopoulou et al., 2009). In a separate investigation
also using data from EPIC and looking at the association beteaeordance to a

Mediterranean dietary pattern and overall cancer risk, a lower overall cancer risk
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(0.96, 95%CI = 0.95.98 for a twepoint increment of the Mscore was found with a
greater adherence to th&D (Couto et al., 2011).

Evidence frem RCEin humans are lacking. The only intervention trial investigating
adherence to the MD and cancer incidence is the LycartHeCT, which was initially
not specifically designed to look at cancer survivile results suggest that following
a MediterraneadikeRA S (i  NiflolBriic adidyfs significantly associated with
prolonged survival and cancer protection, themberof cases was smatl¢ Lorgeril

et al., 1998)

The randomized, primary prevention PREDIMEREvencion con Dleta
MEDiterranealrial assessed the long term effects of an eneugyestricted MD on
CVD in over 7000 men and women. Results provaen/incing evidence that a plant
based M, rich in unsaturated fats and polyphenols may prevent CVD, especially in

those at high risk (Martine@onzalez et al., 2015; Estruch et al., 2013).

2.8.3 The Mediterranean diet and colorectal cancer

Studies specificallgxploring associations between the MD and risk of CRC are limited
and have given inconsistent results, especially in relation to the different anatomical
sites of the colorectum and by gender. Fung and colleagues found no association
between adherence tthe Alternate Mediterranean diet (aMed) and colorectal, colon

or rectal cancers in a large cohort of mid@lged men and women (Fung et al., 2010).
The aMed was based on the original MD score as defined by Trichopoulou et al. (2003)
but modified by excludig potato productsrom the vegetable group, splitting fruit and
nuts into individual groups, eliminating dairy from the score, including only wholegrain
products, including only red and processed meats in the meat group and giving a score
of 1 for alcohointake betweens and 15 g/d (Fung et al., 2006).a casecontrol study

using data from the Prostate, Lung, Colorectal and Ovarian (PLCO) Cancer Screening
Trial, Dixon and colleagues found a reduced risk of colorectal adenomas in men only
(Dixon et al.2007). This was consistent with findings from a large US cohort study
looking at four different indesbased dietary patterns that found adherence to thédM

reduced risk of distal colon and rectal cancers, but not of proximal cancers, only in
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men, whilst noassociations were found in women (Reedy et al., 2007). Conversely, in
the large European cohort EPIC, there was a reduced risk for colorectal and distal colon
cancers, but not for proximal colon or rectal cancers, with associations for CRC more
evident anong women (Bamia et al., 2013). In the Italian section of EPIC, similar
associations were found for all cancer sites, but the risk reduction was observed in

both sexes (Agnoli et al., 2013).

Notwithstanding, comparisons between studies should be madk eaution in view

of the variation in the derivation of the MD scores. Furthermore, the reporting of
inconsistency of results by sex and anatomical site across different studies may not be
statistically significant, especially in cases where the Cl ovdrauch cases, the

outcome categories (sex or site) can be said to have been segmented.

2.9 Cancer prevention recommendations

2.9.1 Defining the recommendations

In 2007, the WCRF/AICR issued public health goals and recommendations on diet,
physical activity angveight management for cancer prevention, based on judgments
made of the available evidence to date. The aim is to reduce cancer incidence and risk
of other noncommunicable disease throughout the world. The issuing panel proposed
that the recommendationsteould form the basis of public health policies, influence
choices on an individual level and direct future scientific research and cancer
prevention education programmes. Eight general and two special goals and
recommendations are listed, with public healgjoals and / or personal
recommendations following each general recoemdation (WCRF/AICR, 2007). The
recommendations ardisted below whilst the sulbecommendations are found in

AppendixiV.

General recommendations
1. Body fatness
Be as lean as possibletin the normal range of body weight.
2. Physical activity

Be physically active as part of everyday life.
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3. Food and drinks that promote weight gain

Limit consumption of energyense foods and avoid sugary drinks.
4. Plant foods

Eatmostly foods of plant origin

5. Animal foods

Limit intakeof red meat and avoid processed meat

6. Alcoholic drinks

Limit alcoholic drinks

7. Preservation, processing and preparation

Limit consumption of salt and avoid mouldy cereals (grains) or pulses (legumes).
8. Dietary supplements

Aim tomeet nutritional needs through diet alone.

Special recommendations
1. Breastfeeding

Mothers to breastfeed and children to be breastfed.
2. Cancer survivors

Follow the recommendations for cancer prevention.

The ACS also publishes Nutrition and Physical AdBuigelinedased on the current
scientific evidence on diet and activity patterns in relation to cancer risk. These
guidelines are developed by a panel of experts with the fields of cancer research,
epidemiology, public health and poligythe current vesion was last updated in 2012
(Kushi et al., 2012).

2.9.2 Adherence to cancer prevention recommendations and health status
Researchers have turned cancer prevention guidelines into a dietary index, enabling
them to assess the extent to which a population adlsei@ cancer prevention

guidelines and the health outcomes associated with doing so. This was first done using
the ACS cancer prevention guidelines. In 2012, Romaguera and colleagues were the
first research group to publish a study using the WCRF/AICRrganesention

guidelines as a dietary pattern (Romaguera et al., 2012). More information on the
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WCRF/AICR score, and its construction are given in chapters 3 and 5. Since then, a
number of studies have tested indexes based on adherence to WCRF/AICR cancer
prevention recommendations in relation to different health outcomes.

In the Cancer Prevention study Il Nutrition cohairivestigating the effect of

adherence to the ACS cancer prevention guidelines, a lower risk of death from cancer,
CVD, and all causesawfound only in noismokers (McCullough et al., 2011).

Thomson and colleagues also examined the association between the ACS guidelines
and cancer; the highest adherence scores were associated with a 17% reduced risk of
any cancer, 27% lower risk of mdita from all causes, and 20% lower risk of cancer

specific mortality in postmenopausal women (Thomson et al., 2014).

In EPIC, a study of approximately 380 000 participants from 9 European countries,
concordance with WCRF/AICR recommendations was inaestign relation to cancer

risk (Romaguera et al., 2012) and to mortality risk (Vergnaud et al., 2013). Participants
with the highest adherence score were found to have a 34% lower death risk (95% CI =
0.59, 0.75) when compared to the lowest scores (Veugnet al., 2013), whilst a 5%

lower total cancer risk was reported (95% CI = 3%, 7%) for-paineincrement in the
WCRF/AICR score (Romaguera et al., 2012). Conversely, in the Framingham Offspring
cohort of approximately 3000 participants, the overalbse was not associated with
obesityrelated cancer risk (Makarem et al., 2015); notably the results may be less
reliable than for the EPIC study in view of the much smaller sample populbtian.
F2ft26 dzlJ 2F GKS L2g1 2 2Y S aacerlsiBviverd) K a G dzl
adherence to the WCRF/AICR guidelines was associated with lowausd mortality,

with the strongest association being that of the physical activity recommendation,
implying that older cancer survivors may reduce their death nstobowing the

recommendations (Inou€hoi et al., 2013).

2.9.3 Adherence to cancer prevention recommendations and colorectal cancer

When investigating associations between adherence to cancer prevention guidelines
and incidence of cancers of the colon amdctum, studies have mainly explored
adherence to ACS guidelines (Thomson et al., 2014; Kabat et al., 2015), or looked at

incidence of total CRC rather than differentiated between the colon and rectal cancer
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sites (Makarem et al., 2015; Romaguera et #12 Hastert & White, 201& Nomura

et al., 2016). Furthermore, results of the latter studies are conflicting.

Ly G0KS 22YSyQa I SIfGdK LYAGAFGADS hoaSNBDI
menopausal women, a 52% reduced CRC risk (95% CI 6828Yayvas reported for the
highest ACS guidelines scores compared with the lowest (Thomson et al., 2014).
Romaguera and colleagues reported a 12% decreased CRC in¢REMcEl = 9%, 16%)

with a I-point increase in the WCRF/AICR score in the EPIC populRitmnaguera et

al., 2012). In thé\ational Institutes of HealthAmerican Association of Retired Pers¢NsH

AARP Diet and Health Study, a cohort study of over 565,000 adults, a high ACS score
was association with a significantly reduced risk of batlort (HR=0.65; 95% CI = 0.54,
0.78) and rectal (HR=0.64; 95% CI = 0.49, 0.83) cancer (Kabat et al., 2015). In the
VITamins And Lifestyl®TAl. cohort, meeting 13 WCRF/AICR recommendations was
associated with 3415% lower CRC incidence, whilst meetifgjrécommendations was
associated with 58% reduced CRC risk (Hastert & White, 2016). Conversely, in the
CNI YAYIKFY hFFALINAY3I O2K2NI oal 1+ NBY Si
Study (Nomura et al., 2016), no significant associations were reptmédeen the

overall score and CRC.

In view of the limited evidence and the inconsistency in results, further studies
operationalising the WCRF/AICR guidelines in diverse populations and looking at the
association between CRC, and exploring the diffemrdtomical sites separately are
needed. This will allow an assessment of the validity of cancer prevention

recommendations for specific cancers, and in different populations.

2.10 Summary

The combined evidence from observational and experimental studiesnigaki
associations between diet and CRC suggests, at the very least, that cancer risk is
modifiable.Routine screening assists in the reduction of CRC incidence and mortality,
but may be foiled in regions with limited resources. The preventive channel, via

lifestyle modifications may contribute in lowering the overall risk and is potentially



46

more appropriate in reducing the global burden. The several modes of action of
different dietary components on CRC risk have been discussbis ichapter.

As methodgo assess dietary patterns improve, the level of evidence is strengthened
and the advantage of their use in research over individual foods and nutrients

becomes more apparent. The way forward is thus their use not only in nutritional
epidemiologic analysisut also as an approach for giving public health

recommendations (Cespedes & Hu, 2015). This dissertation will explore the association
between dietary patterns and risk of CRC in a population of British women, thus

contributing to the body of evidence the area of dietary chemoprevention.
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CHAPTER 3 GENERAL METHODS

3.1 Chapter overview

A number of methodological approaches are required in order to satisfy the objectives
outlined in chapter 1. These include summarising the evidence toatateell as
investigating dietary patterns and relating them to CRC. This chapter gives details to
the UKWCS study design, including #ampling methods undertaken in section 3.3.

The dietary assessment tools used for data collecdomdiscussed in seoti 3.4, the
assessment dJKWC®artich LI y 1 & Q K S| { se&tionl3ykRd tlie ethilad G & £ S
consicerations made at thénitiation of the studyare outlined in section 3.@he
information used to define cases is outlined in section 3.7 whilst a desan leading

to the choice of the two dietary patterns used is given in sectionRi&hemore,

details ofstatistical method€ommon tothe results chaptes 4, 5 & 6 are outlined in
section 3.9. Section 3.10 depicts the analytical framework of tlgsishin a flow chart

whilst section 3.11 summarises the chapter.

3.2 Gap analysis

There is a body of research associated with diet and cancer as outlined in the previous
chapter. For the purpose of this study, studies specifically investigating links between
diet and incidence of colorectal, colon and rectal cancer have been considered.
Evidence to date concerning this relationship was examined to identify gaps and areas
in the literature that have been least explored. An advanced-systematic search for
existing reviews, using several databases including EMBASE, Ovid MEDLINE, The
Cochrane Database of Systematic Reviews and Web of Science amongst others was
conducted to gather the relevant literature. Titles and abstracts were screened for
relevance. Findirggfrom the 2007 and 2011 WCRF/AICR Systematic Literature Reviews
on the associations between food, nutrition and physical activity and CRC incidence
were considered in particular. The literature search and reading led to the
identification of a gap in thecientific evidence on the associations between some
dietary patterns and CRC. The search was eventually expanded to look at recent,

original studies, focusing mainly on cohort studies.
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3.3 Study design & population

The analyses in this study will use existing;gathered data from one of the largest
populationtbased prospective studies in the UK that was primarily designed to
investigate links between diet and chronic diseas#ise UKWCS. Two phases for the
cohortwere planned at the start, baseline data collection and phase 2 fallpwata
collection 4 years later. Nevertheless, subsamples of the cohort were contacted
several times since then, and numerous investigations have been carried out since
then, as detded in the cohort profile (Cade et al., 2015). For the first time this dataset
will be used to assess CRC risk in relation to the dietary patterns derived fraitxhe

and the WCRF/AICR cancer prevention guidelines.

The UKWCS of 35 372 middiged women s in its majority formed from

participants of a WCRF 1995 direct mail survey, targeted towards women. 75% of
those who initially responded were willing to participate in further studies. In view of
the fact that the dataset was initially designed to compdisease incidence in
vegetarians, fisteaters and red meat eaters, all eligible-8% year old women stating
they were vegetarian or nered meat eaters were asked to participate (approximately
16,000) whilst only a percentage of meat eaters were inetlioh the study. Further
recruits were identified by respondents of the baseline questionnaire themselves. 58%
of the 61,000 women invited to participate completed a saliministeed FFQ

between 1995 and 1998, providing data for the baseline dataset. Information on diet,
lifestyle and health was also provided. Approximately four years after initial
recruitment, between 1999 and 2002 participants werecontacted and asked to
completea followup health and lifestyle questionnaire as well as a four Eagnd
exercise diary for one day. 14 172 (40%) and 12 453 (35%) completed the

questionnaires and diary respectively.

This information resulted in a second, smaller, foHopvdataset Participant detailg

including the NHS number, name and date of birth were submitted to the Office of
National Statistics for flagging on NHS Digital (at the time called the NHS Central
Registerg NHSCR). In this way, health outcome episodes and regpstraf participant

deaths would be rearded. This was successful for 0@82o of the full cohort
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participants. For the purpose of this study, the main health outcome of interest is
incidence of CRC. The censor date used was 1st April 2014, and 527tinagtenof
CRC were documented with NHS Digital. Figutelepicts the timeline for women
completing different phases of the UKWCS.

Figure3.1 Timeline depicting phase 1 & phase 2 of the UKWCS

Phaze 1
1555-1958
n=35,372
Baseline FFQ, | | Phase2
lifestyle & 1533-2002
demographic Health & lifestyle data n=14,172
data Food diary data n=12,453
—_—— r—"k_\
(1995 2000 2005 2010 21]];

The cohortparticipants are mainly white, middleass and wekducated with 27%
having a degree and 86% are married and have children. In view of the recruitment
process partly via the WCRF, (women ready to fill in relatively long questionnaires)
together with thefact that over a quarter claimed to be vegetarian, the women may
be said to be generally health consciausnly a small percentage are smokers whilst
more than half report taking dietary supplements. TheYMy Qa ol aSft Ay S
characteristicaretabulated in chapters 4, 5 & 6, in tables 462 and6.1 respectively.
This implies that the cohort is not representative of the UK population and thus limits
the generalizability of results. Notwithstanding, it was never intended to be and
subjects wee selected in a way that ensured representation of a range of dietary
patterns.Such a selectioansured that the exposure tihe dietary factors of interest
was optimised, increasing the power footential associatios between diet and

cancer (Cade et al., 2084
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3.4 Dietary assessment tools

3.4.1 Food frequency questionnaire

The guestionnaire sent to participantslaseline was developed from one used by the
Oxford arm of the EPIRIpoli & Kaaks, 199 Ayith the addition of vegetabldased
composite dishes taccommodatehe high proportion of vegetarians in the UKWCS.
This modification resulted from a pilot study @1 vegetarian women, who were

asked to answer a FFQ and kedpldor 7 days, contributing to additional information

on typical vegetarian dishes and portion sizes. (Cade et al. 22004

Figure3.2shows an example section from the FFQ relating todesgy of

consumption of some meats whilst the combined baseline questionnagifesfood
frequency and lifestyle are found in AppeniixA total of 217 food items made up the
questionnaire; participants were asked to tick one of 10-poeed categories,

indicating average consumption frequency of the specific item, ranging from never to 6

or more times daily, over the past 12 months.

Figure3.2 Section of the baseline FR®lated to intake of some meats

FOODS AND AMOUNTS HOW OFTEN HAVE YOU EATEN THESE FOODS IN THE LAST 12 MONTHS?
NEVER | Less 1-3 per | once | 2-4 5-6 once 2-3 | 45 | 6+
than month a per per per per per per
once a week | week | week | day day | day | day

month

Chicken/Turkey roast, slices

Breadcrumbed e.g.chicken nuggets/kievs | 0 1 2 2 4 5 6 7 8 g
Chicken/Turkey in creamy sauce, curry 0 1 2 3 4 5 6 7 8 9
Bacon 0 1 2 3 4 5 6 . 8 G
Ham 0 1 2 3 4 5 6 7 8 9
‘Corned Beef, Spam, Luncheon Meats 0 1 2 3 4 8 6 > 8 9

This allowed an estimation of the number of portions consumed per day for each item.
Portion weight was assigned to each food itemalculated as the average of three
sources (Calvert et al., 1997). These include&Qigrom the pilot study; (2) portion

sizes for women from the National Diet and Nutrition Sur{idpNS, 1994)3) other
published valueg¢Crawley, 1993Nutrient intakes were then calculated using data
FTNRY aO/ I yOS Bhe CompoRitbmai PogtE? adition) (Holland et al.,
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1991), choosing foods to include all varieties and all possible cooking methods (Calvert
et al., 1997).

3.4.2 Food diaries

When subjects were contacted a second time in phase 2, they were sent a booklet and
asked to log all food and beverages consumed within af@ayrperiod, as well as the
physical activity performed on the third day. Participants were given instructions on
how to complete the diary. They were askiedrecord foodandto include a

description of howt was prepared, to provide the nutritional information provided on
the packet of anyeadymadeoods consumed, to list recipes of items / meals made
from scratch and to give weighed or estimated portion sizes. Suggestions to use
household measures such as tablespoons or cup measures if kitchen scales were not
available were given. Instructions given included a-dajf example on how to fill in

the booklet, as dpicted in Figure3.3. The women were also asked to make note of any

dietary supplements they took.

Following four days of recording food intake, participants were also asked some

general questions about their diet, as a confirmation of facts, with thenraan of

ensuring that the coding process is as accurate as possible. Examples of such questions
includedW! 26 GKAO(f& RAR @2dz ALINBIFR @&2dzNJ 6 dzi i
ONJ O Sa@WSSMiIROKe2 dz | RR al f i G 2AcépgattIFF 22 R Rd
template is found in AppendiXl. Participants were also sent a questionnaire

requesting additional information related to their eating habits, health and lifestyle. A

copy of this questionnaire template is found in Appendix VII
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Figure3.3 Sample food log given to phase 2 participarttsaid completion of
food diary

EXAMPLE DAY - UP TO LUNCH

Date: 14 October 1998 Day of the week Friday

Time of | Description of food or drink amount

food or | consumed (include brandname

drink where possible)

7.15 am Filter Coffee 1 cup (200ml)
semi-skimmed milk 3 tablespoons

7.30 am Sainsbury's orange juice, un-sweetened 1 glass (150ml)
Sainsbury’s Bran flakes 40g
semi-skimmed milk 180ml

10.30am | Plain chocolate digestives (large biscuits) 2
Earl Grey tea (weak) no milk 1 cup

11 am banana (medium sized) 95g

11.30 am | London herb company Lemon Zester tea 1

12.10 pm | Local bakery's wholemeal bread 1 slice 47g

un-sliced loaf (cut thickly)

Tesco sunflower margarine thinly spread

home-made mushroom risotto (see recipe) | About 1/3 of

recipe
green seedless grapes 32g
Cox's Orange Pippin apple (medium) 82g
Sainsbury's wholemilk fruit yoghurt (150g) | 1 pot
London herb company sweet berry tea 1
2pm Warburton's Carrot cake - with cream 1 slice - 75g

cheese topping (see nutritional information) | (on packet)

3.4.2.1Food diary coding
Nutrient intakes from FD were calculated using Diet and Nutrition Tool for Evaluation

(DANTEY a Microsof Access program developed by the University of Leeds
Nutritional Epidemiology Group. Thishiouse package uses standard values from
alOl I yOS g 2TheGapbsitidnotFdoE" edition) (Holland et al., 1991)
as well as additional data from mangfarers and recipes. In cases where the portions
sizes were missing, average portion sizes as listed in the Food Standards Pamhcy
Portion Sizeg3rd edition) (FSA, 1994were assigned. Furthermore, recipes provided

by the subjects were added to thEackage. This ensures entry of data is as accurate as

possible.
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Whilst recruiting participants willing to keep a detailed record of their food intake for
several days is challenging, the processing of such recorded; déday codingjs very

labour intersive and not all diaries have been coded to datee caseohort method

was thus used for the purpose of this resear€b. of women identified as CRC cases
through NHS Digital were handpicked and coded together with an equal number of
random cohort contrts chosen via a Microsoft Access queBych controls are chosen
FNRY (GKS FdzZf £ 02 K22 KiZHiRvwadrdodedo alliv thé cdder G K S
to be blind, reducing coder bias. Control diaries were selected from the full sample of
approximately # 000 phase 2 subjects to ensure the sample is not skewed. Since some
diaries (both cases and controls) had been previously coded for use in different
research, the number of random control diaries chosen was greater than the number

of cases to ensure siudfent control diaries and maintenance of coder blinding. The
nutrient profile reports generated for all cases and controls respectively, together with
previously generated reports available from investigations of other associations in the
UKWCS were usead the analyses in order to consolidate findings. Diary coding details
were logged on a tracking form within a Microsoft Access database to facilitate future

research.

FD coding may include a percentage of coder subjectivity. To counteract this, a
protocol to guide coders on the use of DANTE and on interpreting FD was prepared by
the researcher to minimize coder variability (Refer to AppeMlix. Coders were also
initially trained in the use of the package and invited to query when in doubt or when
they had any issues relating to specific food items. Protocol instructions specified food
items to be entered into DANTE in the form eaten, such as the weight of cookext rath
than raw pasta. This is crucial since participants tend to report the raw weight of
consumed food, but in the case of say cereals, which absorb water during cooking, the
food weight multiplies around four fold. On the other hand, protein foods such as

meat decrease in mass during cooking. Coders were thus given access to an Excel
spreadsheet, prggrogrammed with cooking conversion multiplication factors; this

would allow the raw weight to be entered, and it would be converted to the cooked
weight. McCan8 9 2 A R RBedCar@pygsiiaén of Foo(Es" edition) (Holland et

al., 1991) was used to source conversion factors. This process helped to minimise
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coding errors. Nevertheless, code®swere crosschecked betweenaders and

edited as necessary.

3.4.2.2 Quality checklist
Since resources do not allow for the full coding of&lk key information from all

returned FD has been previously captured and the data entered onto a database
quality checklist. The data captured includes type of bread, milk and fat spread
consumed, grams of fruit and vegetables consumed, whether any,matd, dairy
products or supplements were consumed, amongst other information, as depicted in
Figure3.4, for all the days of completedD These key pieces of information provide an

overall picture of the diet consumed by cohort members.

Figure3.4 Section of the food diary quality checklist,leded to one day of
consumption

Uays completed:

Grams fruit day 1:
mlz juice day 1:
Grams veg day 1:

Type of milk conzumed day 1
Main type of fat zpread used day 1:

Any beans or pulses consumed day 1:

Any nuts or seeds consumed day 1:
Any red meat/meat products consumed day 1:
Any white meat/meat products consumed day 1:

Any fizh/fizh products conzumed day 1:
Any dairy products conzumed day 1:
MNumber of units of alcohol day 1:

Any homemade recipes consumed day 1:
Any organic items consumed day 1:

Any wild vegetation consumed day 1:
Do you take d-ietaul supplements day 1:
Arnw breakfast cereal conzumed day 1:
Mumber of meal events day 1:

LSRR SRR RRRRARGAL

Baseline data extracted from the FFQ was used for the investigations detailed in
chapters 4 & 5, whilst data extracted from &BBd some of the data reported in the
quality checklist was used for the study in chapter 6. FD with less than 3 full days

completed were not coded and thus not included in the gee.
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3.5 Assessment of health & lifestyle

The guestionnaire given at baseliakso included questions on health and lifestyle,

with questions on smoking, size, physical activity, illness, education, employment,
menstrual and obstetric history following the FFQ and other food related questions. At
phase 2, in conjunction with the Fparticipants were also asked to fill in a
guestionnaire asking mostly about eating habits and cooking methods but also about
smoking, weight and height, illnesses and family medical history, physical activity,
medications, pregnancy, contraception andms&ual cycle and bowel movements.
Figures3.5and 3.6 show sections of the baseline and phase 2 questionnaires
respectively, related to some of the questions asked on physical activity. Some of the
data in both these quesinnaires was used to derivane of the dietary patterng; the
WCRF/AICR score, as detailed in chapter 5, to exclude some participants from the
analysig; such as people with a previous family history of cancer, and to adjust for

potential confounding factors, as explained in section32

Figure3.5 Section of the baseline health & lifestyle questionnaire related to
activity.

PHYSICAL ACTIVITY
46: In atypical week during thelast 12 moenths, how many hours did you spend on each of the

following activities? Put “0” if none

Housework, such as cleaning, washing, cooking, child care | hours minutes per week
Do-lt-Yourself _“ hours [__i__|minutes per week
Gardening In Summer 7 I hours  minutes per week
} ] S | S |
In Winter _l__lhours__Il__| minutes per week
Walking, including to work, shopping & leisure In Summer ‘ hours LI minutes per week
In Winter ‘ | hours L_IL__! minutes per week
Cycling, including to work & leisure In Summer ‘7 I__Ihours _Il__: minutes per week
In Winter ’ _ii_lhours L__IL__: minutes per wegk

Other physical exercise, such as keep-fit, —3r r
aerobics, jogging, tennis, swimming In Summer ‘ 3 7\ hours LIl minutes per week

f : ;
In Winter ‘ fhoursi. | minutes per week
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Figure3.6 Section of the phase 2 questionnaire relatémlweekday activity.

ACTIVITY

37. On an average weekday how is your day spent?

Number of hours &/ or
minutes in a 24 hour day
spent doing the
following activities?

Hours Minutes

Sleeping

Sitting

Light activities (e.g. washing, dressing, eating)

Standing

Household chores (e.g. vacuuming, ironing)

Lifting heavy objects

Light exercise (e.g. walking, yoga, easy gardening)

Moderate exercise (e.g. fast walking, easy swimming,
hill walking, easy cycling)

Strenuous exercise (e.g. running, vigorous swimming,
high impact aerobics)

3.6 Ethical considerations

The dataset from the UKWCS is the property of the Nutritional Epidemiology Group at
the University of Leeds, available for this research and carries with it ethical approval
that was granted at its initigon in 1993 from relevant research ethics committees

(174 within the UK) (Cade et al., 2@)4Participants had consenting to the

confidential use of collected data at baseline, in folopistages and from cancer
registries for research purposes. A copy of one of the approval letters from a local
ethics committee is found in AppendiX The Naional Research Ethics Committee
(RECjor Yorkshire and the Humbelteeds East have now taken on responsibility for
the ongoing cohort (Cade et al., 2015). Whilstnew information was needed for the
investigations carried out in this study and thus ml&ional ethical approval was
necessary, the researcher made contacted the Committee and establidRE€Ca
reference number for the UKWE35/YH/0027. This will facilitate ethical approval for
further research on the cohort, when necessary. The relegantimunication related

to this is found in AppendiX
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3.7 Outcome data, censor date & case definition

The cancer outcomes used in the analyses are incident malignant neoplasms of the
colon (codes 153:053.9 or C18) and of the rectosigmoid junction and &f tctum
(codes 154.4154.1 or C19 and C20) of the International Statistical Classification of
Diseases (ICD), 9th and 10th editiofit.elCD10 codes for malignant neoplasms are
as specified for the CRC site in the GLOBOCAN 2012 dataltd€e 201D Table3.1

lists the relevant codes.

Table3.1 Colorectal neoplasms: IC®and ICBLO classification codes

ICD9 ICDB10 Description Category
Code Code

Malignant neoplasm of the colon

153.4 C18.0 Caecum Proximal
153.5 Ci18.1 Appendix Proximal
153.6 C18.2 Ascending colon Proximal
153.0 C18.3 Hepatic flexure Proximal
153.1 C184 Transverse colon Proximal
153.7 C18.5 Splenic flexure Proximal
153.2 C18.6 Descending colon Distal

153.3 C18.7 Sigmoid colon Distal

153.8 C18.8 Overlapping lesion of colon Colon general
153.9 C18.9 Colon, unspecified Colon general
Malignant neoplasms of the rectosigmoid junction and of the rectum
154.0 C19 Rectosigmoid junction Rectum

154.1 C20 Rectum Rectum

Regional cancer registries document cancer diagnoses under ICD codes; these are then
collated by NHS Digital. Registrations of cancer diagnosis for women in the UKWCS are
made available to the University of Leeds at least annually. These are made v recor
linkage of identification codes to the central register of NHS Digital. Any personal
information enabling identification of the women is deleted before the data is made
available for analysis. This data is available from baseline in 1995 until therilst Ap

2014. The latter was used as the censor date for the purpose of this study, for both the

baseline and the phase 2 datasets. 98% of baseline participants were successfully
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traced to allow record linkage. The median time to cancer incidence or timenteca

date from the date the questionnaire was received was 17.4 years.

Cases were identified as patients who were cancer free, except femeanoma skin
cancer, at the time of FFQ or FD completion and who developed CRC a minimum of 12
months after thestart of dietary assessment. This was done since the presence of
latent disease, though not formally diagnosed could have influenced the eating habits
of women suspecting to be ifExcluding all cancer patients, in favour of excluding only
those with CR@:sults in the loss of a substantial number of cases. However several
studies show thatancer diagnosis may motivate patients to alter their lifestyle habits,
anda considerable number of patients change their dietary intake, exercise habits and
supplemaent use following a cancer diagnosis. In a study of 250 women newly
diagnosed with nommetastatic breast cancer, Maunsell and colleagues found that 41%
of women reported dietary changes since diagnosis, with 77% of those decreasing
their meat intake can 72%creasing their fruit and vegetable consumption (Maunsell
et al., 2002).Similarly, a study on 260 women from New Mexico reported modest,
significant dietary changes, namely decreases in total energy and macronutrients and
an increased fat consumptiorsa percentage of diet, 2 years post breast cancer
diagnosis, with decreases being greater in younger women (Wayne et al., 30QH).
findings were also reported in loigrm breast cancer survivors; in a study on

survivors on average 12 years posagnasis, 25% of participants reported making
positive exercise and diet chges (Alfano et al., 2008). In thiKprospective

multicentre study,DietCompLyf, consisting of a cohort of over 1,500 breast cancer
patients, a significant increase in consumption of fruit and vegetahlbsle grains

and lean protein sources was reported pasagnosis, whilst products high in fat and
sugar, red meat, céée, alcohol and refined grains were seen to decrease significantly
(Velentzis et al., 2011).

In cases where no saléported data of prior medical history was available (n=2585),
women were assumed to be free from disea®¢her participants who were eluded

were those who reported very high (> 6000 kcal/day) or very low (< 500 kcal/day) total
energy intake in the FFQ. Energy intake restriction helps to address issues of potential

improper FFQ completion and over and undeporters (Willett, 2012)
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3.8 Didary patterns

3.8.1 Choice of relevant dietary patterns

The WCRF/AICR 2011 report concluded that there is evidence, ranging from convincing
to limited, for the association of various foods and nutrients increasing or decreasing
the risk of CRC (WCRF/AICR, 2Q1his has been discussed at length in chapter 2.

Whilst several dietary patterns have been linked to various health outcomes in the
literature, no one dietary pattern has been specifically linked to CRC. For the purpose
of this research, several factoreve considered in choosing dietary patterns with the

aim of choosing the ones that are potentially most relevant. Such factors include:

1. The foods listed in the WCRF/ AICR 2011 report as compared to the
components making up the respective dietary pattemgh preference given
to food and nutrients for which evidence of an association with increasing or
decreasing CRC risk was convincing or probable as opposed to limited,;

2. The nature of the recommendations on which the indices were based, that is
on the prewention of CVD or general health, or on cancer prevention
recommendations;

3. The fact that the UKWCS patrticipants are Brigigineference was thus given to
scores based on international dietary guidelines, rather than those specifically
intended for the Ameican population;

4. The variables present in the UKWCS and the ease of generation of the

components making up the respective dietary patterns.

On the basis of the above factors, in particular the nature of the recommendations,
and in view of the gap in thé&erature as highlighted in section 2.9.3 and in the
introduction to chapter 5, the WCRF/AICR cancer prevention recommendations were

chosen as one of the dietary patterns to be explored.

In choosing the second dietary pattern, the available scientigécaitire was consulted
and the choice was narrowed down to four eating patterns commonly investigated in
relation to chronic diseasesnamely the HEI 2010, the 2005 Diet Quality k¢2Ql),

the MD Scoreand the Recommended Food Score (RFS).
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Table 3.dists the different, relevant components making up these patterns considered

for inclusion in the study and categorises them in relation to the foods and nutrients

listed in the WCRF/AICR report. For instance, the report concluded that there was
convincld S@ARSYOS (2 aK2¢ (GKIG WF22Ra O2y il J
CRC. In the HEI 2010, whole grains and refined grains were the two components

affecting the total score that could be linked most closely to dietary fibre intake.

Nutrients thatwere a component of the various dietary patterns, but that were not

listed in the WCRF/AICR report as decreasing or increasing the risk associated with

CRC, such as sodigone of the twelve components in the HEI 201 @ere not

included in the table.

The MD scorevas the dietary pattern that included most relevant components, listed
in the WCRF/AICR 2011 report as being backed by convincing / probable evidence in
the aetiology of CRC. Furthermore, its components could be epsilgrated from the
variables present in the UKWCS database. It was thus chosen as the second dietary

pattern to be investigated in relation to incidence of CRC.



Table3.2
Dietary pattern

Number of components
Basis of dietary pattern

WCRF/AICR, 2011

61

Comparison of the HEI 2010, the DZDIO5, the MDS and the RFS in relation to conclusions from the WCRF/AICR, 2011

Healthy Eatingndex 2010 Diet Quality Index 2005 Mediterranean Diet Score Recommended Food Score
(Trichopolou et al., 2003 (Kant et al., 2000)

(Guenther et al., 2013)
12 components
DietaryGuidelines for
Americans

Convincing / Probable evidence

Foods containing dietary
fibre

Red meat / Processed meat

Alcohol
Garlic

Milk / Calcium
Limited- suggestive evidence
Non-starchy vegetables

Fruits

Foodscontaining Vitamin D
Foods containing Iron
Cheese

Foods containing animal fats

Foods containing sugars

whole grains fefined
grains

protein foods /
seafood, plant proteins
empty calories

N/A

dairy

total vegetables / greens
& beans

fruits

N/A

N/A

dairy

empty calories / fatty
acids

empty calories

(Zamora et al., 2010)
10 components
Dietary Guidelines for
Americans

whole grains

N/A

alcohol

N/A

reduced fat milk &
alternatives

vegetables

fruits

N/A

N/A

N/A

total fat / saturated fat
/ cholesterol

9 components

Mediterranean diet

cereals

meat / fish

alcohol
N/A

dairy

vegetables

fruit & nuts

N/A

N/A

dairy
Monounsaturated fat:
Saturated fat

foods containing sugar N/A

23 components5 food groups
Dietary Guidelines for
Americans

whole grains

lean meat or meat alternates

N/A
N/A

low-fat dairy

vegetables

fruits

N/A

N/A

low-fat dairy

N/A
N/A
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3.8.2 Calculation of dietary pattern component values from dietary assessment sources
FFQ

Data from the FFQ used at baseline was converted into a Microsoft Access format to
allow values for the different components making up & and the dietary

components listed in the WCRF/AICR recommendations to be derived. Different FFQ
items were groupedo generate one value for each component; details on the specific
food items combined to form each food group and thus construct the MD and

WCRF/AICR scores respectively are found in App&hdix

FD

The generation of the components making up the diefaasterns from the FD data
proved to be more challenging than the process required to generate the same
components from the FFQ. Some components were generated by combining food
subcategories, as defined in THé Bditionofa O/ | Yy OS 3 2ThRR2g6a2y Qa
Compaition of Food¢Holland et al., 1991 The specific categories included are listed

in AppendixXll. Others were included in the quality checklist described inigect

3.4.2.2, and thus the value could be derived from that dataset (Refer to RBgf)re
Nutrient components were extracted from DANTE. Some of the components in the
WCRF/AICR score are not food based; data from the phase 2 questionnaire was used
where pcassible, whilst data from the baseline questionnaire was used in the case of
breastfeeding where no relevant data was available at phase 2. B&d&mmarises

the various sources used for generating the components making up both dietary

patterns.

The deivation of some components was thus less straightforward than of others. In
the WCRF/AICR cancer prevention recommendations, the@mmendation relates

to limiting foods and beverages that promote weight gain. For the purpose of
operationalizing the WERF/AICR score, this recommendation was divided into two sub
recommendations, namely limiting the consumption of energy dense foods and
avoiding sugary drinks. Further details on sogperationalizatiorare given in Section
3.8.4 and Chapter 5. In derignihe energy density of the diet, the energy provided
(kcal / 100g / day) by total food (solid, sesalid and liquid foods such as soups), less
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the energy content provided by beverages, divided by the total food weight was used

to derive a value.

The man challenge was estimating nutrients from composite dishesletermining
the specific proportions of a composite dish, the same approach as is used in
disaggregation of composite dishes in the National Diet and Nutrition Survey (NDNS)
was taken, and thsiseveral sources of information were usadthe following order
1 Information given by the product manufacturer;
1 Recipes written by pécipants in their FD
T {GFyRFENR NBOALISA T NP YTha Compoyitidrs of Boods A RR
(Holland et al., 1991(NDNS, 2014

Table3.3 Different data sources used for generating dietary pattern components

Dietary pattern

components Data source

Mediterranean Diet Score

Vegetables Quality checklist

Legumes aO/lyOS g9 2ARR2gazy
Fruit & nuts Fruit- Quality checklist; NutsM&W codes
Cereals M&W codes

Fish M&W codes

MUFA & PUFA: SFA DANTE

Meat M&W codes

Poultry M&W codes

Dairy M&W codes

Alcohol Quiality checklist

WCRF/AICR Score

BMI Phase 2 questionnaire
Physical activity Phase 2 questionnaire
Energy dense foods M&W codes

Sugary drinks M&W codes

Fruit & vegetables Quiality checklist
Dietaryfibre DANTE

Red & processed meat M&W codes

Alcohol Quality checklist
Sodium DANTE

Supplements Quality checklist

Breastfeeding Baseline questionnaire
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Furthermore, the Nutritional Epidemiology Group at the University of Leeds was in
possession of an Excel file used in previous researdthe UKWCS, using HDahm et

al., 2010). This contained a list of several composite dishes, with proportions of their
components when disaggregated, and reference was made to it by the researcher
where necessary. For dishes where none of the above sources were informative,
reference to the composition of dishes with known proportions was made. A number
of assumptions were thus made, some of which are outlined in Tallédomemade
patties were assumed to be made of 77% minced beef or pork, and thus not
considered to be procsgd meat, whilst canned, chilled or frozen readgde meat

products such as sausages, curries and stews were assumed to be processed.

Table3.4 Assumptions made with respect to food composition

Food item/ dish Assumptions made
Meat patties, homemade 77% meat, not processed
Burgers with bun, retalil 25% meat, processed
Pies, retail 30% meat or alternative
Sausages 63% meat, processed
Casseroles, retail 37% meat or alternative
Stews, retail 37% meabr alternative
Curries, retalil 32% meat or alternative
Pate' / pastes 30% meat or alternative
Protein & carbohydrate dish

eg: chicken & rice, beef & potato 40% meat or alternative
Breaded / battered chicken / fish 60% chicken or fish

Stir fry, with vegetables 60% meat or alternative
Marzipan 50% nuts

Mixed nuts and dried fruit, trail mix 50% nuts

Bean / lentil & rice / nut dish 50% nuts, beans or lentils
Yoghurt, fruit 20% fruit

Custard 80% dairy
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3.8.3 Calculating adherence to tiMediterranean diet

Bach and colleagues classified indexes evaluatingradie to theMD intothree
categories, based on the calculations ugdd) those based on positive and negative
component scores; (2) those that add and subtract standardised coersn(3)

those based on a ratio between components. For the purpose of this study, an
adherencescore to the MDwill be generéed from the UKWCS data. The MD score

used is a modified version of that by Trichopoulou and colleagues (Trichopoulou et al.,
2008). This score has nine components, including both food and nutrients and that are
scored dichotomously (0,1) with positive (+), positive in moderation (+m) and negative
(-) scores. In view of the ease of its application, this score is the one used most
extensively (Bach et al., 2006). It gives a logical coverage of food types and is

representativeof a typical MD

The score indicating aéhhence to the Mas defined by Trichopoulou and colleagues
in 2003 was modified with respect to three componentse lipid ratio
(polyunsaturated: saturated fatty acids), meat and poultry with the last two being
considered as separate categories. Monounsaturates were substituted as being a non
Mediterranean cohort, use of olive oil in the UKWCS is minimal. This ajppn@ecalso
taken in the EPIC multentre prospetive cohort study where the MD scoveas used

to calculate adherence to the Mediterranean dietary pattern in nine European
countries (Trichopoulou et al., 2005). This resulted in 10 components, out of fanich
9 of the components, a binary score of 0 or 1 was assigned, with the cohort median
used as &ut-off. Thus, for components considered to have a beneficial effect
namely vegetables, legumes, fruit and nuts, cereal, fish and fatty acid ratio, women
whose consumption was at or above the median were assigned a score of 1 whilst
those whose intake was below the median were given a 0 value. Conversely, for
components presumed to be detrimentakhat is meat, poultry and dairy products, a
score of 1 was agmed for intakes below and a score of O for intakes abovetit®ff
median respectively. For alcohol, the 10th component, daily intakes between 5 and
25g a value of 1 was assigned whilst women consuming intakes outside this range
decreased their scorby 1. As a result, the total MD scar@nged from a minimal

adherence score of 0 to a maximal adherence score of 10. #dbie chapter 4 lists
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the canponents making up the UKWCS MD saord thecut-off median used for each

component.

3.8.4 Calculating adhence to the WCRF/AICR cancer prevention recommendations
Developing an index from cancer prevention recommendations to assess a dietary
pattern presents several research challenges. These include but are not limited to,
which of the recommendations should be included for construction of the score based
on the p@ulation under investigation, the method of assessing whether an individual

meets a recommendationr not (Simmonds, 2015).

An adherence score to WCRF/AICR recommendations will be generated from the
UKWCS database. The approach in constructing the sdabmeflect that taken by EPIC
to predict cancer incidence (Romaguera et al., 2012) and mortality in women
(Vergnaud et al., 2013). In these publications, seven out of ten components were
operationalised in women, namely body fatness, physical activtysumption of

foods and drinks that promote weight gain, plant foods, animal foods, alcoholic drinks
and breastfeeding. Some studidaque-Choi et al., 2013Yomura et al., 2016) that

also generated a WCRF/AICR score operationalised an 8th recommendatitire

limiting of salty foods and foods processed with salt, by using daily sodium intake as a
variable. This data in relation to salt intake is available for the UKWCS.
Notwithstanding the fact that in view of this dietary component being perceivdakto
less healthy, it is subject to undeszporting (Newby, 2003) and acknowledging that
sodium data from a 24hour urine collection would be more suitable, it was decided
that for the purpose of this research, the 8th recommendation re sodium intake would

be operationalised.

A maximum adherence score of 8 was possible for the UKWCS, with higher values
indicating greater concordance with the recommendations. If the recommendation
was met, the woman was assigned a score of 1, if not met a 0 was assignad and
intermediate category, resulting in a score of 0.5 was also created. Each major
recommendation contributed equally to the final single score for each participant since
WCRF/AICR recommendations were not ranked according to priority; for guidelines

with more than one personal recommendation, an average of the allocated scores was
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derived. Cuoffs used will be quantitative criteria as described in the WCRF/AICR
recommendations. Further details on tloperationalizatiornof the recommendations

and generatio of the WCRF/AICR score are found in Taldlen chapter 5.

3.9 Statistical analyses

This section will describe the statistical techniques common to chapters 4, 5 & 6,
namely the use of descriptive statistics, survival analysis and the selection ofatesari

for adjustment. An overview of cubic splines used in chapter 4 and Kappa statistics and
Bland Altman plots used in chapter 6 is given in the respective chapters. Statistical
analyses were conducted using IC Stata 13 statistical soft{@sa&eCorp 20L3)and all

tests calculated two sidegd values and 95% confidence intervals (95% CI).

3.9.1 Descriptive statistics

The datasets were first explored and cleaned. Variables of interest were checked for
errors. Histograms were drawn for continuous variahigslst the frequency of

categorical variables was checked to enable the identification of potential outliers in
the datasets. Descriptive statistics were used to describe the demographic, health,
lifestyle and dietary characteristics of women within thénod at baseline and phase

2, according to the Mediterranean and WCRF/AICR dietary patterns. Characteristics of
cases and controls were explored separately to enable a better understanding of the
studied population. Such information is tabulated in chaptéy 5 and 6. Differences in
characteristics of women at baseline and phase 2 are slight and have been previously

reported (Cade et al., 2015).

3.9.2 Cox proportional hazards regression

The relationstp between the MDscore and the WCRF/AICR score and risk of CRC was
estimated using survival analysi€ox proportional hazards regression in chapters 4
and 5 respectively for baseline data, and in chapter 6 @ihlscores using phase 2

data. The time in the study was lcalated as the time from completion of FFQ or FD to
CRC incidence, censor date or to the date the participant was lost to follow up was
measured, and such a variable was created in Stata and used as the time variable. A

second variable flagging CRC inokefollowing completion of dietary assessment was
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created. Cox proportional hazard ratios (HRs) and 95% Cls were used to estimate risk
of CRC incidence in relation to dietary patterns. In such modelling, the key assumptions
include anindependenceof the observations and a proportionality of hazardfie
proportional hazards assumption may be checked graphically Bpdpgurves of

survival for all terms in the model; continuous variables were first split into 3 groups. It
was ensured that the proportionidnazards assumption was not violated when the

graph lines were roughly parallel.

3.9.2.1 Reweighting
As previously explained in section 3.3., the sampling scheme at recruitment was

stratified, specifically to include a large number of vegetarians aneefisdrs. In order

to account for this oversampling, #@eighting was used in statistical models, based on
the inverse probability of being sampled, to reflect the actual proportions of
vegetarians and fiskaters in the UK. This ensures that estimates pravidiee more
representative of the UK population. In view of the fact that there were nearly four
times as many vegetarians sampled as there were vegetarians at the time, and around
twice as many pescatarians in the UKWCS as there were in the general populat

0.27 and 0.43 were used to reweight vegetarians and pescatarians respectively.

3.9.2.2 Modelling strategy and adjusting for confounders
An important step in obtaining valid estimates in exposawcome relationships is

adjusting for confounders. Thisparticularly the case for cohort studies where

potential confounders mawgffect the estimated risks if they are not controlled for.

Such variables are associated with the exposure of interest, in this case the dietary
pattern, but are alsendependent risk factors of the disease outcome, i.e. CRC
incidence A priori confounderare those identified from previous robust evidenge

one approach considered suitable in identifying confounders and used in this research.
A DirectedAcyclic GraphdAG) (Refr to Appendix Kl) was also generated for the
UKWC$o provide a visual and rigorossimmary of causal links betwedme different
exposures and the outcomgincidence of CR@.enabled a check of whether

sufficient confounders haveden seleted for the adjustment, whilst ensuring that

over-adjustment in models was avoide@onfounders were detected by identifying
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common influences on exposures and outcoi@eeenland and colleagues state that
confounders on the same path are causally related and adjustment for just one

represents the minimal sufficiency set (Greenland et al., 1999).

In building models to explore the associations of interest in this distenta

unadjusted regression models were initially used. Age, considered as a confounder in
view of it being a strong risk factor for CRC was then added to give a simple regression
models. Evidence based confounding factors in the link between the respelgiary
patterns of interest and CRC that may impact on findings that were identified from
previous literature, as detailed in chapteniere taken into consideration. Fully

adjusted regression models were thus built for both dietary patterns respdgtive

For the MD the confounders included in the fulfdjusted model wes age (years),

BMI (kg/m?), energy intake (kcal/day), physical activity/@ay), smoking status (never,
current or former smoker), family history of CRC in a first degree relatidesacio
economic status (professional/ managerial, intermediate or routine and manual). For
the WCRF/AICR dietary pattern, the ftdljjusted model included the following
covariates: age (years), smoking status (never, current or former smoker), family
history in a first degree relative and so@oonomic status (professional/ managerial,
intermediate or routine and manuallPotential confounders that were either included
in the score derivation, such as BMI and physical activity, or were closely retaded t
score component, such as energy (kcal) to energy density were excluded from the

adjusted analyses.

The UKWCS population were women and 98% were white; thus although gender and
ethnicity are considered to confound the agionship between diet and CR@Gey

were not included as confounders. It could also be noted that only employment status

as inthe National Statistics Sockronomic ClassificatiofNSSECineasured for socio
economic position, a situation that could result in risking residual confounding.

Education was considered and included as an additional confounder but 2668 women
were lost due to missing data collinearity test between education andso-

SO2y2YAO aidGlidza aK26SR tSFENER2YQa O2NNBf I

moderate.It was thus decided to use a more parsimonious model and adjust only for
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sociceconomic status with respect to occupation. Whilst this may not be
recommended for dferent populations, in a cohort of British middéged women,

where 86% of the participants are married with children, it may be acceptable to make
the assumption that sockeconomic position is a sufficient measure.

Participants with incomplete data any one of the chosen confounders were

excluded from the analyses. Notwithstanding, confounding factors that had a
substantial proportion of missing observations were not included in the fully adjusted
model, particularly if another closely related varialvas available. For instance, the
socioeconomic status variable rather than education was chosen as a confounder

since the latter had more missing observations.

Women with a family history of CRC cancer are at an increased risk of CRC. Such
women couldbe excluded from the analyses in order to provide a more accurate risk
estimate for women with no family history. Alternatively, family history could be
included as a confounding factor. The latter approach was adopted for this research to
ensure that themaximum number of CRC cases possible are retakigdre 3.&hows

the questions asked in the baseline questionnaire relating to family history of cancer.
Family history was defined as having a first degree relative, namely a parent or sibling
who had cacer. Participants were asked to provide further details on the type of
cancer. This information was used to derive a variable relating to whether the women

had a family history of CRC.

Figure3.7  Section of the baseline questionnaire relating to family history of cancer.

): Have your mother and/or father ever suffered from cancer or heart sttack’heart disease?

51: If vou have brothers and/or sisters. have they ever suffered from cancer or heart attack/heart
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3.9.2.3Sensitivity analyses
Section 3.8.4 described how 8 of the WCRF/AICR cancer prevention recommendations
were operationalised to generate an adherence scordlitr dietary pattern. In
chapter 5, sensitivity analyses were carried out operationalisintjr@&mmendation
relating to the recommendation on supplement use in the WCRF/AICR score.
This approach was taken for several reasons. Firstly, there is e@dershow that
supplement use is generally associated with having a healthier lifestyle profile and
nutritional intake (Kirk et al., 1999). They are more likely to exercise regularly, maintain
a healthy weight and avoid tobacco use (Dickinson and Ma@kdyl). The exclusion
of supplement users from the main analysis thus reduces potential confounding and
ensures estimations of dietary patterns and CRC incidence are more accurate.
Secondly, the data available for supplement use at baseline was limitege® @ar no
response to the questiorDo you take any vitamins, minerals, fish oils, fibre or other
food supplementsWomen were also asked to give details on the name, brand and
frequency of supplement use. Several women chose not to answer this question (
2778); including this recommendation in the original adherence score construction

would have resulted in an unnecessary loss of CRC cases.

3.10 Analytical framework

Figure 3.8lepicts the UKWCS as the target population for this research and lists the
maxinum number of participants in each dataset. The research focused on the
association between various dietary patterns as the exposure and CRC incidence as the
outcome. The dietary patterns stueti were determined using the MD score and the

WCRF/AICR score
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Figure3.8 Analytical framework
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3.11 Summary

This chapter has given a background to the UKWCS study design and the process of
data collection. It has described details of the two dietary assessment methods used in
the different phases, namely the FFQ and the FD, and the coding process. Information
on how the components making up the two respective dietary patterns were derived
from both the FFQ and from the FD was given, as were details on how adherence
scores were calculated. Statistical techniques common to several of the analyses were

also discusst

The subsequent two chapters, 4 and 5 will explore associations between incidence of
CRC and the Mediterranean dietary pattern and WCRF/AICR dietary pattern
respectively, using baseline data. Chapter 6 will investigate these sasociations

using data from phase 2, and the agreement between the two dietary assessment

methods will be explored.
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CHAPTER 4 THE MEDITERRANEAN DIET AND RISK OF
COLORECTAL CANCER IN THE UKWCS

4.1 Chapter overview

BackgroundEvidence from epidemiological studiesestigating associations between
adherence to the MD and CRE€inconsistent. The aim of this chapter isagsess
whether adherence to the Mediterranean dietary pattern is associated with reduced

incidence of cancers of the colon and rectum in thhéWCS

Method: Primary data from the UKWCS was used to investigate the associations
between adherence to the MD score and colorectal, colon and rectal cancefrisk.
total of 35 372 women were followed for a median of 17.4 yeAr&Gcomponent
scoreindicating adherence to the MD was generated for each cohort participant using
a 21%item FFQThe MD score ranged from 0 for minimal adherence to 10 for maximal
adherence Cox proportional hazards regression was useprtvide adjusted HRs and

95% Cl$or colon and rectal cancer risk.

ResultsA total of 465 incident CRC cases were documerfiedoderate, inverse, nen
linear association was observed between adherence to the MD score and risk of CRC.
In the multivariableadjusted model, thee was a statigcally significant trend

(HR=0.88, 95% CI: 0.78 to 0.B&nq¢= 0.03 for a 2point increment in the MD score.

For rectal cancer, agoint increment in the MD score resulted in an HR (95% CI) of
0.69 (0.56 to 0.86) whilst a 62% linear reduced risk (HR 0.38; 98%0@40 0.74Prrend

< 0.001) was observed faromen within the highest vs. the lowest category of the MD
score.Estimates for an association with colon cancer were wBad= 0.41) While

the estimates of the association were stronger for rectal than for colon cancer, the CI

were wide potentially implying no difference between the sites.

ConclusionFindings suggest womemth a higher adherence to a Mediterranean
dietary patterncompared to those with a lower adherenogy have a lower risk of

CRC, especially rectal cancer.
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4.2 Introduction

CRC is the third most common cancer with 1.36 million cases diagnosed worldwide in
2012 (Ferlay et gl2015). The MD has consistently been found to have a beneficial
influence on total morbidity and mortality, as well as offering cardio protection and
reduction in overall cancer incidence (Couto et 2011 Estruch et al., 2013; Sofi et

al., 2014. It is traditionally characterised by a high intake of olive oil and nuts, cereals,
fruit and vegetables, moderate intakes of fish, poultry and wine with meals, and low

intakes of red and processed meats, dairy products and sweets (Willett et al., 1995).

However, studies exploring associations between the MD and risk of CRC are limited
and have given inconsistent results. Fung and colleagues found no association between
adherence to the MD and colorectal, colon or rectal cancers in a large cohort of
middle-aged men and women (Fung et al., 2010). This was however inconsistent with
findings from a large US cohort study (Reedy et al., 2008) and from the large European
cohort, EPIC (Bamia et al., 2013), that both reported a reduced risk of CRC with
adherene to the MD. Similar associations were reported for all CRC sites in the Italian
section of EPIC (Agnoli et al., 2013). Notwithstanding, comparisons between studies
should be made with caution in view of the variation in the derivation of the MD

Sscores.

The aim of this chapter is to assess whether adherence to the Mediterranean dietary
pattern is associated with reduced incidence of cancer of the colorectum, colon and

rectum in a large UK cohort of women with a long follow up period.

4.3 Methods

4.3.1 Study desig, study population and ethical approval

The UKWCS of 35 372 middiged women was formed from participants of a WCRF
1995 direct mail survey. Women completed a -selministered FFQ between 1995
and 1998, providing data for the baseline dataset. Infororabn diet, lifestyle and
health was also provided. The cohort participants are mainly white, middbs and
well-educated with 27% having a degree and 86% married with children. Details of

recruitmentand the cohort profile have been reported in detaléewhere (Cade et al.,
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2004g; Cade et al., 2@®) and are outlined in section 3.3. The study carries with it

ethical approval granted at its initiation in 1993 as detailed in section 3.6.

4.3.2 Baseline characteristics and dietary information

Anthropometricsifestyle factors and socidemographic information were self

reported. Information on physical activity was collected whilst s@donomic status

was based on occupatioithe FFQ used at baseline was developed from one used in

EPIC (Riboli et al., 1990d consisted of 217 food items and participants were asked

to indicate average consumption frequency of food items over a 12 month period, with
missing data assumed to be noonsumption. Standard portion weights were

assigned and energy intake was deRve dzZa Ay 3 a O/ I yOBe s 2 ARR2 6 3
Composition of Food$sth Edition) (Holland et al., 1991).

4.3.3 Case definition

The cancer outcomes used in the analyses are incident malignant neoplasms of the
colon (codes 153:053.9 or C18) and of the rectosigmoid junatiand of the rectum
(codes 154.4154.1 or C19 and C20) of the ICD, 9th and 10th editions (AMA 2004;
WHO, 2010)Registrations of cancer diagnosis for women in the UKWCS were made
via record linkage of identification codes to the central register of NH&Dithis

data is available from baseline in 1995 until the 1st April 2014 for 98% of the cohort

women.

4.3.4 Mediterranean diet score construction

A score indicating adherence to the MD was generated for each cohort participant.
The definition used and the approach taken in constructing the score was as described
by Trichopoulou and colleagues (Trichopoulou et al., 1995), though modified with
respectto the lipid ratio as defined in a later study (Trichopoulou et al., 2005), in view
of the nonMediterranean British cohort under study. This resulted in 10 components,

9 of which had a binary score of O or 1 assigned, with the cohort median usezlas a

off. Thus, for components considered to have a beneficial effeeimely vegetables,
legumes, fruit and nuts, cereal, fish and fatty acid ratio (sum of monounsaturated and

polyunsaturated fats to saturated fat), women whose consumption was at or above
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the median were assigned a score of 1 whilst those whose intake was below the
median were given a 0 value. Conversely, for components presumed to be detrimental
¢ that is meat, poultry and dairy products, a score of 1 was assigned for intakes below
the median and a score of O for intakes above the-off median respectively. For

alcohol, the 10th component, daily intakes between 5 and 259 a value of 1 was
assigned whilst women consuming intakes outside this range decreased their score by
1. The MD score &s thus calculated as the sum of the Os and 1s assigned to the
different components respectively, with the total ranging from a minimal adherence

score of 0 to a maximal adherence score of[détails are given in Table 4.1.

Table4.1 Derivation of the Mediterranean diet score

Indicator Value

MD ScoreComponent 1 0
Vegetables (g/day) X HYH <282
Legumes (g/day) X OM <31
Fruit & nuts (g/day) X HTO <273
Cereals (g/day) X HHC <226
Fish(g/day) X H <24
MUFA + PUFA : SFA X M®Ppo < 1.53
Meat (g/day) <40 X nn
Poultry (g/day) <13 X MO
Dairy (g/day) <97 X T
Alcohol (g/day) 5-25 <50r>25

1Ratio of the sum of monounsaturated fatty acids and polyunsaturated fatty acksttoated

fatty acids.

4.3.5 Statistical analysis

Statistical analysis were conducted using Stata version 13 statistical software
(StataCorp 2013). Descriptive statistics were used to describe lifestyle characteristics

of participants.Survival analysis was conducted to explore the relationship between

the MD score and colorectal, proximal colon, distal colon and rectal cancer risk. Cox
proportional hazards regression was used to provide HRs and 95% CI for the estimation
of relative riskof cancer. The proportional hazards assumption was tested graphically

for all terms in the model. In order to account for the stratified sampling scheme at



77

recruitment, oversampling vegetarians and figaters, statistical models used weights
based on tle inverse probability of being sampled to provide estimates more
representative of the UK population. The time variable used in the models was time in
the study, calculated from the date of questionnaire receipt until either death or

censor date (% April 2014). Adherence to the MD score was modelled as categorical
(0-2, 3, 4, %6 and #10), to create groups with similar numbers, with each category
assigned a score 1, 2, 3, 4 & 5 respectively, and comparing each category to the lowest,
reference categoryEstimates per point increment in the continuous MD score and

tests for linear trend were also calculated. Analyses were carried out for CRC, and then
for colon, proximal colon, distal colon and rectal cancer separately. The individual MD
score componets were split into thirds based on their tertiles, labelled as low,

medium and high intakes and explored in association with incidence of colorectal,
colon and rectal cancers, using the low intake as the reference category. Cox

regression models were uséd test for trend, using the continuous variable.

Risk factors for CRC previously identified in the literature were taken into
consideration. Associations were estimated first as a simplead@ested model, and
finally as a full model adjustingrfage(years), BM{kg/m?), energy intake (kcal/day),
physical activity (hr/day)smoking status (never, current or former smoker), family
history of CRC in a first degree relative and secionomic status (professional/
managerial, intemediate or routine and manual). Participants with incomplete data on
these variables were excluded. Education was included as an additional confounder in
a third model, but several women were lost due to the missing data (n=2668) and no
major differencesvere observed in the results. It was thus decided to use the more
parsimonious model described above, adjusting only for occupation as a measure of
sociceconomic status, which is acceptable in our cohdntthe analysis exploring the
association of théndividual componentsf the MDscore with colorectalcolon and

rectal cancerthe same potential confounders as listed abovergvadjusted forA
consideration was given to the mutual adjustment of titeer components in the
score,but given thatseveral foods were highly cedated, such afor instance

vegetable intake and legume intakadjusting for them in the same model was not
deemed appropriateWhilst it is understood thathe correlation between other

components, such as fish and cereatsuld be much lowemnutually adjusting for
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some components but not for others in a range of models would be confusing.
Furthernore, in view of the fact thathe objective of the analysis was mainly to

identify which, if any of the score components drowe association between the MD
and CRC incidence, rather thahether any were independent predictoradjustment

for potential confounders wasonsistent for all the analyses involving the
Mediterranean dietary patterin this study Restricted cubisplines based on three

knots at 10, 50 and 90% through the distributions of the data were also used to
explore potential deviation from linear associations in the continuous variables (Orsini
& Greenland, 2011).

4.4 Results

4.4.1 Demographics

During a mediarollow-up time of 17.4 yearsrterquartile range(IQR =1.7), a total of

527 women in the UKWCS were diagnosed with incident E&@cipants who did not
provide sufficient data at baseline to allow flagging on NHS Digital (n=695), women
selfreporting history of any previous malignant cancer at baseline, except for non
melanoma of the skin (n=2391), women who were diagnosed with CRC within one year
of baseline (n=53) and women with energy intakes outside the plausible rarkg® of

to 6000kcal/day (n=79) were excluded. Following exclusions, 32 154 cohort
participants were eligible for inclusion in the analysis with 465 CRC cases, of which 366
were located in the colon (173 in the proximal colon and 119 cases in the distal colon)

and 154 cases were located in the rectum.

4.4.2 Adherence antlaseline characteristics

Figure 4.1 depicts the proportion of UKWCS participants adhering to the
Mediterranean dietary pattern, according to the individual scoring categofies.
characteristics o$tudy participants according to the 5 categories of the MD score are
reported in Table 4.2. Women in the highest category of the score were likely to be
younger, had a lower BMI and engaged in more physical activity compared to those in
the lower categoes. High adherers to the MD score tended to have a higher energy
intake but lower alcohol intake, were more likely to be vegetarians and fish eaters and

to take supplements than women with lower adherence scores. Women with scores
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reflecting poor adherenceéended to smoke and were less likely to have a degree or

hold a managerial position.
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Figure4.1 Proportion of UKWCS participants adhering to the Mediterranean dietary pattern
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Baseline characteristics of women in the UKWCS according to adherence to the Mediterranean dietary pattern.

MD score range (median)

N (%)

Age (years)
Mean

95% ClI
BMI (kg/n¥)
Mean

95% CI

Energy intake (kcal/day)

Mean
95% ClI

Physical activity (hr/day)

Mean
95% ClI

Ethanol (g/day)

Median

IQR

Current smoker

N (%)

Professional / Managerial SES

N (%)

Degree level of education

N (%)

Total
0-10
32154 (100)

52.0
(51.9, 52.1)

24.4
(24.4, 24.5)

2338
(2331, 2348)

0.24
(0.23, 0.24)

5.5
11.8

3484 (11.2)

19956 (63.4)

8862 (27.4)

1
0-2 (2)
3631 (11.3)

53.4
(53.1, 53.7)

25.6
(25.5, 25.8)

2104
(2085, 2123)

0.18
(0.16, 0.19)

1.9
6.8

482 (13.7)

1976 (55.9)

694 (18.9)

Mediterranean diet score

2
3
4295 (13.4)

53.3
(53.1, 53.6)

25.0
(24.9, 25.1)

2171
(2152, 2190)

0.20
(0.18, 0.21)

3.6
10.8

571 (13.7)

2401 (55.9)

906 (21.0)

3
4
5610 (17.5)

52.8
(52.6, 53.0)

24.8
(24.6, 24.9)

2236
(2216, 2252)

0.21
(0.20, 0.22)

4.8
11.8

622 (11.4)

3357 (61.4)

1421 (25.2)

4
5-6 (5)
11245 (35.0)

51.8
(51.6, 52.0)

24.3
(24.2, 24.4)

2377
(2362, 2391)

0.25
(0.24, 0.26)

6.1
12.1

1124 (10.3)

7145 (64.8)

3213 (28.4)

5
7-10 (7)
7373 (22.9)

50.3
(50.1, 50.5)

23.5
(23.4, 23.6)

2575
(2560, 2591)

0.30
(0.29, 0.31)

8.0
11.6

685 (9.6)

5077 (70.2)

2605 (35.2)



Diet group

Meat-eaters, N (%)

Fisheaters, N (%)

Vegetarians, N (%)

Supplement users

N (%)

Family history of colorectal cancer
N (%)

Total
20663 (70.3)
4002 (13.6)
4712 (16.0)

16815 (57.5)

1826 (6.0)

82

3111 (98.1)
16 (0.5)
45 (1.4)

1542 (42.5)

217 (6.0)

Mediterranean diet score
2 3

3440 (91.4) 4149 (82.7)
117 (3.1) 321 (6.4)
207 (5.5) 547 (10.9)

2023(47.1) 2810 (50.1)

243 (5.7) 329 (5.9)

6989 (67.3)
1388 (13.4)
2005 (19.3)
6067 (54.0)

624 (5.5)

2974 (42.2)
2160 (30.7)
1908 (27.1)
4373 (59.3)

413 (5.6)

1UKWCS UK Women's Cohort Study, MD Mediterranean diet, Cl Confidence Interval, BMI Body mass index, SES Socioeconomic status
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4.4.3 Survival analysis

The HRs and 95% Cls for incidence of colorectal, colon and rectal cancer across
categories of adherence to the MD score are shown in Table 4.3. In the multivariable
adjusted model, compared to the reference intake, all categories had a lower risk of
CRC. The test for trend was statistically significant where the risk estimatepgoant2
increment in the MD score was 0.88 (0.78 to 0B&xq4= 0.03. An inverse association
for rectal cancer risk with adherence to the MD score was demonstrated, with a HR
(95% CI) d©.38 (0.20 to 0.74Rend < 0.001) fovomen within the highest category of
the score in comparison to the reference category. In the continuous modebacen?
increase in the MD score resulted in an HR (95% OI%8f(0.56 to 0.86) for rectal
cancer. No strong association for risk of colproximal colon or distal colon cancer
with adherence to a Mediterranean dietary pattern was found, although the risk
estimates in both the categorical and continuous models for colon cancer suggest a
possible protective association. Notwithstanding, aliigh estimates for rectal cancer
were stronger than for colon cancer, the confidence intervals were wide; hence the

possibility of no difference in association between the two sites exists.
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Table4.3 Hazard ratios and 95% confidence intervals for incidence of colorectal,
colon and rectal cancer according to adherence to the Mediterranean diet score.

Multivariable-
Cancer Mediterranean diet Ageadjusted adjustec?
site score categories Case$ HR (95% CI) HR (95% CI)
465
1 74 1 1
2 75 0.89 (0.65, 1.24) 0.91 (0.64, 1.30)
3 88 0.80 (0.58,1.10) 0.82(0.58, 1.15)
Colorectal 4 136 0.64 (0.48, 0.86) 0.63 (0.45, 0.87)
5 92 0.76 (0.55,1.06) 0.82(0.57, 1.17)
Per 2 unit increment 0.86 (0.77,0.96) 0.88 (0.78, 0.99)
Prrend 0.007 0.030
336
1 49 1 1
2 54 0.98 (0.66, 1.44) 0.98 (0.64, 1.51)
Colon 3 66 0.95 (0.65, 1.38) 0.92 (0.60, 1.39)
4 100 0.72 (0.51,1.02) 0.70(0.47, 1.04)
5 67 0.95 (0.65, 1.41) 1.03(0.67, 1.57)
Per 2 unit increment 0.92 (0.81,1.04) 0.94 (0.82,1.08)
Prrend 0.188 0.413
173
1 20 1 1
2 35 1.55 (0.89, 2.70) 1.67 (0.90, 3.10)
Proximal 3 27 0.93 (0.52,1.69) 0.92 (0.47, 1.80)
colon 4 53 0.97 (0.57,1.64) 1.06 (0.59, 1.91)
5 38 1.38 (0.78, 2.43) 1.66 (0.893.10)
Per 2 unit increment 0.99 (0.83,1.18) 1.05(0.87,1.27)
Prrend 0.912 0.590
119
1 18 1 1
2 12 0.61 (0.29, 1.27) 0.60 (0.26, 1.34)
Distal 3 35 1.39 (0.78,2.48) 1.38(0.72, 2.62)
colon 4 30 0.54(0.29, 1.00) 0.48 (0.24, 0.97)
5 24 0.89 (0.46,1.72) 0.86 (0.41, 1.79)

Per 2 unit increment

Ptrend

0.89 (0.71, 1.10)
0.272

0.87 (0.69, 1.11)
0.255
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Multivariable-
Cancer Mediterranean diet Ageadjusted adjustec?
site score categories Case$s HR (95% CI) HR (95% CI)
154
1 30 1 1
2 26 0.76 (0.45,1.28) 0.77 (0.44, 1.35)
Rectal 3 26 0.52 (0.30, 0.90) 0.58 (0.321.02)
4 44 0.51 (0.32,0.82) 0.50 (0.29, 0.83)
5 28 0.41 (0.23,0.72) 0.38(0.20, 0.74)
Per 2 unit increment 0.72 (0.60, 0.87) 0.69 (0.56, 0.86)
Prrend 0.001 0.001

1Case numbers apply to multivariable adjusted models.
2 Adjusted for age, BMI, energy intake, physical activity, smoking status, socioeconomic status

and family history of colorectal cancer.

The relationships portrayed in Table 4.3 were reflected inrgstricted cubic spline
models, depicted in Figures24 43 and 44. The bars indicate 95% CI derived from the
3-knot restricted cubic spline regression. A deviation from linearity was observed for
the relationship between the MD score and CRC (Fig@)ea#hd colon cancer (Figure

4.3) respectively, with adherence scores above 6 showing little risk reduction. The
cubic spline model portraying the relationship between adherence to a MD and risk of
rectal cancer showed no deviation from linearity (Figus®.4igure 4.5 also depicts

the estimates shown in Table 4.3utt-variable adjusted hazard ratios GRC

incidence, by anatomical sub site are shown according to the level of adherence to the
MD score. Adherence to the fourth score category of the MD reduced the risk of total
CRC by 37%95% C# 0.45 to 0.87and decreased the risk of rectal cancer by 50%
(95% CI 9.29 to 0.83).
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Figure4.2 Restricted cubic spline for the association between colorectal cancer
and the Mediterranean diet score.
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Figure4.3 Restricted cubic spline for the association between colon cancer and
the Mediterranean diet score.
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Figure4d.4 Restricted cubic spline for the association betwesttal cancer and
the Mediterranean diet scee.
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Table 4.4 shows the estimates of the separate components of the MD score with
colorectal, colon and rectal cancer. The analysis found no association with CRC or
colon cancer, whilst an inverse association was seen only fdrigfieintake of

legumes on rectal cancer riskith a 44% lower risk95% CI: 0.35 to 0.9B;end = 0.02)
when compared to the lowest reference intake. Estimated associations for legume

intake and CRC risk, though wewalere in the expected direction.
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Figure4.5  Association betweenalorectal cancer incidence, by anatomical sub siégmdadherence to the Mediterranean diet scomategories
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1 Cox regression model adjusted by age, BMI, energy intake, physical astivilging status, socioeconomic status and family history of colorectal
cancer
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Multivariate -adjusted hazardatios of colorectal, colon and rectal cancer incidence according to intake of the Mediterranean diet

Mediterranean

Colorectal Cancer

Colon Cancer

Rectal Cancer

diet score I\i/lnt?[gli(aen Cases Ageadiusted WUV Cases Ageadjusted BTN Cases Ageadjusted M;g!zzzaa;ee-
components - day) HR (95%C1) 11 (95% i) HR (95% CI) 1 (959 ci) AR (s €Y HRJ(95% ch
Vegetables
Low 164 174 1 1 129 1 1 52 1 1
Medium 281 145  0.82(0.65, 1.03) 0.85 (0.66, 1.09) 106  0.80 (0.61, 1.05) 0.80 (0.60, 1.08) 50 0.98 (0.65, 1.46) 1.07 (0.69, 1.65)
High 452 146 0.82(0.65, 1.03) 0.87 (0.68, 1.13) 101  0.79 (0.60, 1.04) 0.88 (0.65, 1.18) 52 0.90 (0.601.36) 0.90 (0.57, 1.40)
Prrend 0.078 0.286 0.080 0.370 0.623 0.657
Legumes
Low 12 194 1 1 138 1 1 65 1 1
Medium 31 151  0.84(0.67,1.05) 0.80(0.63,1.02) 111  0.89 (0.68, 1.15) 0.83 (0.62, 1.10) 49 0.78 (0.53, 1.15) 0.78 (0.51, 1.18)
High 73 120 0.83(0.64, 1.06) 0.78 (0.60, 1.02) 87 0.91 (0.68, 1.21) 0.87 (0.64, 1.20) 40 0.72 (0.47, 1.11) 0.56 (0.35, 0.91)
Prrend 0.103 0.052 0.455 0.330 0.117 0.017
Fruit & nuts
Low 134 148 1 1 105 1 1 50 1 1
Medium 271 166 0.98(0.77,1.23) 1.05(0.81,1.37) 123  1.00(0.76, 1.31) 1.08 (0.79, 1.46) 55 0.99 (0.66, 1.47) 1.05 (0.67, 1.65)
High 485 151  0.86 (0.68, 1.09) 0.95 (0.73, 1.25) 108  0.86 (0.65, 1.14) 0.93 (0.67, 1.28) 49 0.81 (0.53, 1.23) 0.93 (0.57, 1.51)
Prrend 0.201 0.719 0.286 0.609 0.314 0.754
Cereals
Low 132 172 1 1 125 1 1 56 1 1
Medium 227 158  0.99 (0.79, 1.24) 1.05 (0.81, 1.37) 108  0.94 (0.72, 1.22) 0.95 (0.69, 1.29) 61 1.15 (0.79, 1.68) 1.31 (0.83, 2.08)
High 354 135  0.90 (0.71,1.14) 0.97(0.72,1.31) 103  0.99 (0.75, 1.30) 1.02 (0.72, 1.45) 37 0.67 (0.43, 1.05) 0.74 (0.42, 1.33)

Prrend

0.380 0.858

0.910 0.910

0.105 0.383
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Colorectal Cancer

Colon Cancer

Rectal Cancer

Mediterranean

diet score Median Ageadjusted Mgltivariate- Ageadjusted Mgltivariate- Ageadjusted Mu_ltivariate-
components intake  Case$ HR (95% CI) adjustec? Case$ HR (95% CI) adjustec? Cases HR (95% CI) adjustec?
(g/day) HR (95% CI) HR (95% CI) HR (95% CI)
Fish
Low 3 140 1 1 92 1 1 54 1 1
Medium 23 158 0.86 (0.67, 1.10) 0.89 (0.68, 1.17) 118 0.93 (0.69, 1.25) 0.98 (0.70, 1.36) 48 0.72 (0.47, 1.09) 0.75 (0.49, 1.17)
High 47 167 0.86 (0.67, 1.10) 0.87 (0.66, 1.14) 126 0.92 (0.69, 1.24) 1.03 (0.74, 1.43) 52 0.76(0.51, 1.15) 0.68 (0.43, 1.07)
Pirend 0.265 0.360 0.620 0.804 0.273 0.112
MUFA & PUFA: SF.
Low 1.20 159 1 1 114 1 1 55 1 1
Medium 1.53 166 1.16 (0.93, 1.46) 1.10 (0.87, 1.42) 117 1.15(0.88, 1.50) 1.04 (0.78, 1.40) 56 1.11 (0.76, 1.63) 1.12 (0.75, 1.68)
High 1.96 140 0.98 (0.77, 1.25) 0.99 (0.76, 1.29) 105 1.09(0.82, 1.44) 1.14 (0.84, 1.54) 43 0.76 (0.49, 1.17) 0.67 (0.42, 1.08)
Pirend 0.984 0.975 0.510 0.416 0.241 0.130
Meat
Low 0 113 1 1 72 1 1 46 1 1
Medium 40 185 1.30 (1.00, 1.68) 1.35(1.02,1.80) 143 1.63 (1.20, 2.22) 1.61 (1.15, 2.27) 49 0.80 (0.51, 1.27) 0.99 (0.60, 1.61)
High 93 167 1.17 (0.89, 1.52) 1.17 (0.86, 1.58) 121 1.37 (1.00, 1.89) 1.29 (0.90, 1.85) 59 0.98 (0.63, 1.53) 1.13 (0.67, 1.90)
Prrend 0.699 0.795 0.474 0.752 0.747 0.566
Poultry
Low 0 122 1 1 86 1 1 42 1 1
Medium 11 179 1.11 (0.86, 1.43) 1.13 (0.85, 1.50) 141 1.13 (0.84, 1.52) 1.15 (0.83, 1.60) 45 0.97 (0.61, 1.56) 1.06 (0.64, 1.76)
High 34 164 1.02 (0.79, 1.32) 1.04(0.79, 1.38) 109 0.89 (0.65, 1.22) 0.95 (0.68, 1.33) 67 1.39 (0.91, 2.13) 1.38 (0.86, 2.22)
Prrend 0.848 0.968 0.200 0.450 0.057 0.141



Mediterranean

Colorectal Cancer

91

Colon Cancer

Rectal Cancer

g:)er;rs)(:r)]r:ms m;?!:n Case$ ﬁgRe(%%J;? tgs gﬂdligls\/tzzeate Cases ﬁgRegdsJ;: tce:zlc; g/ldl;:;zgeate Cases ﬁ%e(%?;f té:lc; gﬂdlj!::ls\{tzr;@ate
(g/day) HR (95% CI) HR (95% CI) HR (95% CI)

Dairy

Low 41 154 1 1 111 1 1 49 1 1

Medium 97 153 0.96 (0.76, 1.21) 1.09 (0.84, 1.43) 114 0.96 (0.73, 1.26) 1.08 (0.80, 1.46) 51 1.04 (0.69, 1.58) 1.14 (0.71, 1.83)

High 180 158 0.93 (0.73, 1.17) 1.00 (0.76, 1.31) 111 0.87 (0.66, 1.14) 0.89 (0.65, 1.22) 54 1.07 (0.71, 1.62) 1.18 (0.73, 1.92)

Prrend 0.515 0.954 0.307 0.433 0.739 0.505

Alcohol

Low 0.40 161 1 1 110 1 1 59 1 1

Medium 5.51 157 1.06 (0.84, 1.34) 1.04 (0.81, 1.34) 120 1.17 (0.89, 1.54) 1.14 (0.84, 1.53) 50 0.96 (0.65, 1.44) 1.02(0.66, 1.59)

High 16.96 147 1.09 (0.86, 1.37) 1.14 (0.88, 1.48) 106 1.15 (0.87, 1.53) 1.18 (0.87, 1.60) 45 0.90 (0.59, 1.37) 1.06 (0.66, 1.69)

Prrend 0.488 0.334 0.309 0.283 0.634 0.821

1Case numbers apply to multivariable adjusted models.

2Adjusted for age, BMI, energy intake, physical activity, smoking status, socioeconomic status and family history ofl calocecta

3Ratio of the sum of monounsaturated fatty acids qudyunsaturated fatty acids to saturated fatty acids.
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45 Discussion

This study evaluated adherence to the Mediterranean dietary pattern in relation to

risk of CRC in a UK cohort of middiged women, followed up for a median of 17.4
years. 465 cases of CRC were included in the analysis. The MD score chosen for this
analysis was deemed most suitable for this British cohort. It gives a logical coverage of
food types and its components were variables in the UKWCS database, allowing
gengation of the MD adherence score. The overall MD score was inversely associated
with incidence of colorectal and rectal cancenth the magnitude of the association

being stronger for rectal cancer risk, whilst little association was seen for risk of colo
cancer alone in multivariate adjusted analydaesestigation of the separate score
components showed that legume intake offered a degree of protection against risk of
rectal cancer. No evidence of an association was found for the intake of any other

individual component of the MD score with either site of the colorectum.

Several prospective studies have investigated the association between the MD and
CRC risk (Fung et al., 2010; Reedy et al., 2008; Bamia et al., 2013; Agnoli et al., 2013),
although resilts were not consistent. A mefanalysis of 21 cohort and 12 casentrol
studies reported a 14% reduced risk of CRC with high adherence to MD (Schwingshackl
et al., 2014), which is comparable to the 18% decrease in risk reported for this cohort.
The resits of this study are in part in agreement with those of Agnoli and colleagues
who also reported a reduction in risk of developing colorectal and rectal cancer, but
differed to the results of this cohort in finding evidence of an inverse association also
for distal colon cancer (Agnoli et al., 2013), although our study may have been limited
by small numbers for subite analysis. In contrast, no association for either cancer site

in women was observed in the NBRARP Diet and Health Study (Reedy et al.8R00

The cubic spline for MD score and CRC (Fig@)gdrtrays a nodinear association

above MD score 6, with a plateau being reached, potentially implying that the MD

does not offer added benefit with respect to cancer risk reduction above this level of
adherence. Conversely, for rectal cancer, the cubic spline (Fighrelbws no

deviation from linearity across the MD score, reflecting the strong inverse association
inferred in the results. If a true difference exists between different anat@ulxsites

of the colorectum, the heterogeneity in estimates could be attributed to the different

microbial composition, molecular features and biochemical environment of the colonic
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lumen (Song et al., 2015). Nevertheless, the apparent difference in associations may

be due to the relatively smadub sitenumbers.

Whilst the magnitude of the association for CRC in this study is similar to that observed
in the EPIC study (Bamia et &013), in the latter a strong inverse association was
evident for colon cancer whilst that for rectal cancer was much weaker. Fung and
colleagues found no association between conformity to the MD and risk of CRC and
colorectal adenomas, respectively vimmen (Fung et al., 2010). This inconsistency in
NBadzZ 6a FNRY RAFTFSNBYy(G &aGddzZRAS& Ylé& 06S Rdz
what constitutes a Mediterranean dietary pattern, the variation in the scores used to
assess adherence to it including-qoints for intake that may vary by sex, dietary
measurement error resulting in the attenuation of modest associations as well as
potential false reporting of interactionsy sex and anatomical sittNieuwenhuis et

al., 2011)For instance, authors mawltely declare that exposure to a particular

eating pattern is associated witbRC in males but not in females, when the CI

between both sexes overlap and the interaction by sexotsstatistically significant.
Furthermore, a lower number of cases in skalthat differentiate categories

according to sex may result in weaker risk estimates for women.

The beneficial effect of the MD on risk of CRC may be due to the predominantly plant
based nature of this dietary pattern, characterised by foods highatadi fibre,

including fruit, vegetables, nuts and legumes, and a low intake of red meat, specifically
processed. The potential of an increased fibre (Aune et al.,l20urphy et al., 2012)

and fish consumption (Wu et al., 2012; Norat et al., 2005) wekse CRC risk have

been previously reported as has the association of high intakes of red and processed
meat with increased risk of colorectal, colon and rectal cancers (Chan et al., 2011).
Notwithstanding, a systematic review and metaalysis by Maga#tes and colleagues
reported a higher risk of proximal and distal colon but not of rectal cancer in subjects
with high consumption of red meat and low consumption of fruit and vegetables
(Magalheas et al., 2012). In EPIC, inverse associations were obg®reeckal fibre

and colon and rectal cancer, whilst fibre from cereals but not from fruit and vegetables
was associated with decreased rectal cancer (Murphy et al., 2012). The estimated

associations for vegetables, legumes, fish and red meat reporteahie .4, though
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not all strong, are in the expected directions and support the implication that such
components are mediating the associations observed for adherence to the MD.
Despite the standard MD adherence score (Trichopoulou et al., 2005) as ubkesl in
study attributing a detrimental effect to poultry and dairy products, recent evidence
shows that poultry (Shi et al., 2015) and milk (Aune et al., Bpd®derately reduce
CRC incidence, whilst the association with yoghurt warrants further investigéggong

et al., 2015).

The exact mechanisms underlying the association between the MD and CRC remain
unclear. In areview, Somy al. states that diet affects CRC carcinogenesis directly
through immune responsiveness and inflammation, indirectly tigto excess weight

which is itself a risk factor and may result in insulin resistance and also attributes a role
to the gut microbiota (Song et al., 2015). Several relevant hypotheses have linked red
meat consumption to CRC,; it is a source of saturatedridtheme iron, the latter may
induce the formation of the carcinogenicmitroso compounds, whilst the production

of heterocyclic amines and polycyclic aromatic hydrocarbons during prolonged cooking
at high temperatures may also be responsible for the aesgmn (Chan et al., 2010;

Song et al., 2015). The aimiflammatory and antineoplastic role of ome@a
polyunsaturated fatty acids (PUFAs) mainly through the reduction of prostaglandin E2
synthesis and/or synthesis of astiflammatory resolvins has begmoposed as a
mechanism (Cockbain et al., 2012) inversely relating PUFAs and thus fish consumption
to CRC. Fibre from legume and vegetable intake in a MD may function in reducing CRC
risk by diluting carcinogens from faeces and binding to carcinogegiadids,

reducing colonic transit time and pH and may be fermented into benef¢&A

(Kritchevsky et al., 1995; Lipkin et al., 1999).

Strengths of this study include the large size of this UK cohort, its design and the long
follow up, cancer registrgonfirmed diagnosis and the ability to control for ndietary
potential confounding factors. Some limitations have also been identified. The single
FFQ administered at baseline is the only method of assessment of dietary information,
leaving potential chiages in diet throughout followap unaccounted for. The use of a
dietary score in itself has its limitations (Mich&<schulze2005; Hu et al., 2002). In

this study, the scoring system gave each component an equal weighting which may not
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equate to potential mechanisms of effect and limits the dietary advice that can be

given. Furthermore, the small number of cases in the analyssslbgiteresults in

limited power.

In conclusion, this study has given evidenca abnlinear relationship between the
MD and CRC, and of a strong, linear risk reduction between the MD and rectal cancer.

Women adhering to a MD pattern may have a lower risk of CRC.
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CHAPTER5 DOES ADHERENCE TO THE WCRF/AICR CANCER
PREVENTION GUIDELINES RE[SBOBFRCOLORECTAL CANCER
Lb ¢19 'Y 2ha9bQ{ /hlhwe¢ {¢!5 K

5

5.1 Chapter overview

BackgroundEvidence on adherence to diet related cancer prevention guidelines and
assoa@tions with CR@sk is limited and conflicting. The aim of this cohort analysis is to
evaluate associatits between adherence to the WCRF/ARIR7 recommendations

and incident CRC.

Method: The UKWCE8omprises over 35,372 women who filleada FFQt baseline in
1995.They were followed up for CRC incidence for a median of 17.4 years, an individual
score linking adherence to eight of the WCRF/AICR recommendations was constructed.
Cox proportional hazards reggsion provided HRs and 95%fGidhe estimation of CRC

risk, adjusting for confounders.

Results:Following exclusions, 444 CRC cases were identified. In the multivariate
adjusted model, women within the second and third (highest) categories of the
WRCF/AICR score had HRs (95% Cls) of 0.79.(0092nd 0.730(48-1.10) respectively

for CRC compared with those in the lowest, reference category. The overall linear trend
across the categories was not significant (p=0.17). No significant associations were
observed between the WCRF/AICR score and proximal coksta) dolon and rectal
cancers separately. Of the individual score components, a BMI within the normal weight
range was borderline significantly protective only for rectal cancer in the fully adjusted

model.

Conclusionin view of the likely different caaes of CRC subtypes, further research is
needed to identify the optimal dietary patterns associated with reducing colon and

rectal cancer risk respectively.
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5.2 Introduction

CRGs the third most common cancer in men and the second in women, with about
694 M0 annual deaths estimated worldwide, accounting for 8.5% of deaths from
cancer. With respect to incidence, almost 55% of cases are reported in the more
developed countries and occurrence differsfod in both men and womerpetween
countries (Ferlay edl., 2013. This wide geographical variation in incidence supports
the theory that diet and nutrition may have a role in the aetiology of CRC and are thus

consdered modifiable risk factors (Center et al., 2D09

Although the role of diet in relation to CRC risk has been widely investigated, the
synergistic effect and complex interactions of food components make the analysis of
dietary patterns better at capturing disease risk thadividual foods or nutrients

(04 S Q). Rurthermore, dietary data combined with data on lifestyle choices
represents a more complete picture. Guidelines promoting lifestyles to reduce cancer
risk have been issued by both the A8shi et al., 2006) and the WCRF and the AICR
(WCRF/KCR, 200y Both sets of guidelines include recommendations targeting a
healthy diet and body weight, low alcohol consumption, if any, and more physical
activity for cancer prevention whilst the WCRF/AICR also makes two special
recommendations to encourad&eastfeeding where possible and for cancer survivors
to follow gudelines for cancer prevention (WCRF/AICR, 2@®&Yeral studies have
operationalised a set of these guidelines to explore the association between
concordance to the guidelines and reduagsk of chronic diseases, -gfuse cancer

and mortality (Cerhan et al., 2004; Ino@hoi et al., 2013; Vergnaud et al., 2D13

With respect to reduced risk of incidence of cancers of the colon and rectum, studies
have mainly exploreddherence to ACSuglelines (Thomson et al., 2014; Kabat et al.,
2019 or the Dieairy Guidelines for Americans (Harnack et al., 208@d others have
looked at incidence of total CRC rather than differentiated between thencaiwl

rectal cancessites (Makarem et al., 201Bomaguera et al., 2012; Hastert & White
2016; Nomura et al., 20)6Furthermore, results of the latter studies are conflicting.
Further studies operationalising the WCRF/AICR guidelines and looking at the

association between CRC, and exploring colonraathl cancer separately are
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needed. In factthe 2017 WCRF/AICRUPreport stated that due to the limited

evidence on this associatipno conclusion can be made (WCRF/AICR,)2017

The aim of this study is to assess whether adherence to the WCRFAXIGR ¢
prevention recommendations released in 2007, related to body fatness, physical
activity, nutrition and breastfeeding is associated with reduced incidence of cancer of
the colorectum, colon and rectum in a large UK cohort of women with a long foflow u

period.

53 Methods

5.3.1 Study design and population

The UKWC& 35 F2 middleaged women was initiated in 199&th the aim of

exploring diet and chronic disease associations. Dietary information at baseline was
obtained using @ostal questionnaire a FFQ and questiomms lifestyle and health.
Participants with varied dietary patterns were chosen for inclusion in the caohort
order to increasehe explorative power of the cohort with respect to diet and disease
outcomes. Theahort women have a mean (standard deviation, s.d.) age of 52.3 (9.4)
years at baseline, are mainly midettass and 86% have children. They are generally
well-educated and health conscious with only 8% reporting that they smoke daily and
a mean BMI in theormal range. Further details on the cohort profile have been

reported in section 3.3

5.3.2 Baseline characteristics and dietary information

Values for age, weight, height and waist circumference wereregptirted. Additional
information on medical history, smoking habit, supplement use and breastfeeding was
also seldescribed, as was soedemographic information such as marital status.
Paricipants were asked about the time spent on vigorous activities to collect
information on physical activity whilst their soegconomic status was classified based
on their occupation. Women were grouped as either (a) professional / managerial; (b)
intermediate; (c) routine / manual as defined by the NESE(Rose et al., 2005
Although collected, ethnicity data was not used since over 99% of cohort participants

were Caucasian.
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The FFQ sent to participants at baseline was developed fronusee by tle Oxford

arm of the EPIC (Riboli et al., 1998nd adapted to better suit the high proportion of
vegetarians in the UKWCS. A total of 217 food items made up the questionnaire;
participants were asked to tick one of 10 preded categories, indicating aage
consumption frequency of the specific item over a 12 month period and ranging from
never to 6 portions/day or more. The estimated number of portions were assigned a
standard portion weight and the energy intake from macronutrients and alcohol was
derivS R dza Ay 3 a O/ | y Ok Comp8ésitidR Bf Fan@isth Fdicn)

(Holland et al., 1991 In the case of missing data on food consumption,-response

was assumed to imply neconsumption.

5.3.3 Ethical approval

Ethical approval was granted at the inii@t of the UKWCS in 1995 frdtii4

individual UK locadthics committeedor the study to follow participants for cancer

and other diseases.drticipantswere consideredonsenting to the confidential use of
collected data at baseline, in folleup stagesand from cancer rgistries for research

purposes when they returned a completed questionnaire. The back page of the

j dzZSaGA2yYyIFANBE a1 SR F2NJ I O0Saa G2 LI NIAO,.
I ISy SNI f ddiNdsCandioiitlingdyhs Aldd the study as that of examining

WGiKS 200dzNNBy OS 2F OSNIFAYy RAAaSIasSa &dzOK

5.3.4 Cancer case definition

The cancer outcomes used in the analyses are incident malignant neoplasms of the
colon (as identified by codes 3®-153.9 or C18) and of the rectosigmoid junction and
of the rectum (as identified by codes 154184.1 or C19 and C20) of the International
Statistical Classification of Diseases (I@bB and 10th revisions) (AMA, 2Q04HO,
2010. Cases were defined patients who were cancer free, except for nron
melanoma skin cancer, at the time of FFQ completion and who developed CRC, as
reported through the NHS Digital, a minimum of 12 months after the dietary

assessmento ensure the absence of latent disease thady otherwise have
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history (n=2585)vere assumed to be free from disease.

5.3.5 WCRF/AICR score construction

An adherence score to WCRF/AICR recommendations for cancer prevevda®n
generated from the UKWCS database for each cohort participant. The approach taken
in constructing the score was to operationalise eight out of ten WCRF/AICR
recommendations, namely body fatness, physical activity, foods and drinks that
promote weightgain, plant foods, animal foods, alcoholic drinks, consumption of salty
foods and breastfeeding. All recommendations for which data was available were
operationalized in an attempt to allow the evaluation of adherence to the dietary
pattern formed as a whie, in relation to CRC risk. The recommendation to avoid the use
of dietary supplements for cancer protection was explored in sensitivity analyses since
data in the cohort related only to whether supplements were taken or not, and no
information was availale on whether supplements were taken to reduce cancer risk.

The recommendation for cancer survivors was not applicable to this population.

A maximum adherence score of 8 was therefore possible for the UKWCS, with higher
values indicating greater concadce with the recommendations. If the

recommendation was met, the woman was assigned a score of 1, if not met a 0 was
assigned and an intermediate category for partially met, resulting in a score of 0.5 was
also created. Each major recommendation contrdmiequally to the final single score

for each participant since WCRF/AICR recommendations were not ranked according to
priority. For guidelines with more than one sub recommendation, namely energy
density and plant foods, each sub recommendation was sceepdrately and an

average of the allocated scores was derived. Where quantitative criteria were
described in the WCRF/AICR recommendations, these were used@féscUthis was

the case for body fatness, physical activity, energy density, consumptiomtcind
vegetables, dietary fibre intake, consumption of animal food, alcohol intake, sodium
intake and breastfeeding. With respect to the consumption of sugary drinks, the
recommendation is avoidance of drinks with added sugars; for this study subjecs

considered noradherent if they reported consuming more than one sugary drink a



101

day (>250g/day) in the FFQ. Participants wiiksimg data on BMiere dropped from

the analysis, those with missing information on physical activity (n=1928) and
breastfeeding (n=9533) were assumed to not have undertaken physical activity or
breastfed respectively, whilst missing data on food and drinks was assumed to imply
non-consumption. Details of the scooperationalizatiorare given in Table 5.The
WCRF/AICR scores for participants were categorised into three groups, to indicate low,

YSRAdzZY YR KAIK | RKSNBYyOS G2 (GKS NBO2YYS)H
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Table5.1 Classification and operationalization of the WCRF/AICR cancer prevention recommendations and the percentage adherence in the

UKWCS

UKWCS CRC cases

WCRF/AICR adherents adherents
recommendation Personal recommendations Operationalization Scoring (%) (%)

1. Body fatness (a) Ensure that body weight through Insufficient data available NA NA NA

Be as lean as possible childhood and adolescent growth projects

within the towards the lower end of the normal BMI

normal range of body range at 21

weight. (b) Maintain body weight within the normal BMI (kg/n¥): 18.524.9 1 62.4 55.6
range from age 21 BMI: 2529.9 0.5 25.6 26.8

.aLY fmMy®dp 2N x0 0 12.0 17.6

(c) Avoid weight gain and increases in waist Insufficient data available NA NA NA
circumference throughout adulthood

2. Physical activity (a) Be moderatelphysically active, equivalen >30 min/d of vigorous PA 1 13.8 12.6

Be physically activeaspar 12 o NA&ai 6l f1Ay3IZ T2 1530 min/d of vigorous PA 0.5 19.4 17.1

of everyday life. <15 min/d of vigorous PA 0 66.8 70.3
600 !'a FTAGOYS&a A YLINE Insufficient data available NA NA NA
Y2RSNI 0SS 2NJ F2NJ % o07r
activity every day.
(c)Limit sedentary habits such as watching Insufficient data available NA NA NA

television.
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UKWCS CRC cases

WCRF/AICR adherents adherents
recommendation Personal recommendations Operationalization Scoring (%) (%)
3. Foods and beverages  (a) Consume energyense foods sparingly 95Y Xmup {1 OFfkmn 1 32.8 33.3
that promote weightgain ED: >125 to <175 kcal/100 g/d 0.5 57.9 59.0
Limit consumption of ED: >175 kcal/100 g/d 0 9.3 7.7
energy dense foods; avoid (b) Avoid sugary drinks Sugary drinks: 0 g/d 1 4.8 5.2
sugary drinks. {dzaF NE RNRAYyl1aY 05 83.5 84.0
Sugary drinks: >25§/d 0 11.7 10.8
(c) Consume fast foods sparingly, if at all.  Insufficient data available NA NA
4. Plant foods 60 9FdG x p LERNIA2YECs+Y xnnn 3IkR 1 24.5 23.4
Eatmostly foods of plant  variety of nonstarchy vegetables and of fruit F&V: 200 to <400 g/d 0.5 41.1 42.8
origin. every day. F&V: <20@/d 0 34.4 33.8
(b) Eat relatively unprocessed cereals (grain 5 A SGF NBE FAONBY x 1 7.5 7.0
and / or pulses (legumes) with every meal. Dietary fibre: 12.5 to <25 g/d 0.5 50.4 50.2
Dietary fibre: <12.5¢g/d 0 42.1 42.8
(c) Limit refined starchy foods. Insufficient data available NA NA NA
(d) People who consume starchy roots or ~ Not applicable to this population NA NA NA

tubers as staples should also ensure sufficie
intake or nonstarchy vegetables, fruit and
pulses (legumes).

5. Animal foods People who eat red meat should consume RPM <500 g/wk and PM <3 g/d 1 36.0 27.3
Limit intake of red meat <500 g / wk and very few, if any, processed RPM <500 g/wk and PM 3 to <50 g/ 0.5 48.8 53.8
and avoid processedeat. meats wta xps/2MJta xpn O 15.2 18.9
6. Alcohol If alcoholic drinks are consumed, limit 9U0KIyYy2fY Xwmn 3IKR1 66.3 68.2
Limit alcoholic drinks. O2yadzYLJiAzy G2 XH RN Ethanol: >1€0 g/d 0.5 21.1 19.4

drink/d for women. Ethanol: >20 g/d 0 12.6 12.4
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UKWCS CRC cases

WCRF/AICR adherents adherents
recommendation Personal recommendations Operationalization Scoring (%) (%)
7. Preservation, processin( (a) Avoid safpreserved, salted or salty foods Insufficient data available NA NA NA
preparation preserve foods without using salt.

Limit consumption of salt;

avoid mouldy cereals (b) Limit consumption of processed foodswi { 2 RA dzYY X mop Ik 1 3.5 3.36

(grains) or pulses addgd salt to ensure an intake of <6g (2.49 Sod?um: >1.5t0 2.4 g/d 0.5 23.3 23.2

(legumes). sodium) every day. Sodium: >2.4 g/d 0 73.2 73.2
(c) Do not eat mouldy cereals (grains) or Insufficient data available NA NA NA
pulses (legumes).

8. Dietary supplements Dietary supplements are not recommended Not applicable to this population NA NA NA

Aim to meemutritional for cancer prevention.

needs

through diet alone.

WCRIRICR special recommendations

S1. Breastfeeding (BF)  Aim to breastfeed infants exclusively upto 6 / dzY dzf 6 A @S . CY x 1 38.2 37.6

Mothers to breastfeed; months and continue with supplementary ~ Cumulative BF: >0 to <6 months 0.5 26.4 28.8

children need to be feeding thereafter. No breastfeeding 0 354 33.6

breastfed.

S2. Cancer survivors (a) All cancer survivors should receive Not applicable to this population NA NA NA

Follow the nutritional care from an appropriately trainec

recommendations for professional.

cancer prevention. (b) If able to do so, and unless otherwise Not applicable to this population NA NA NA

advised, aim to follow the recommendations
for diet, healthyweight, and physical activity.

1BMI, body mass index; NA, not applicable; PA, physical activity; ED, energy density; F&V, fruit and vegetables; wlaweRRMted and processed meat;

PM, processed meat
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5.3.6 Statistical analysis

Descriptive statistics were used to describe baseline characteristics of participants.
Survival analysis was conducted using the Cox proportional hazards regression model
to estimate cancerisk in the form of HRs and 95% Qlhe relationship between
adherence to WCRF/AI@Ridelines and CRAas explored as the primary outcome,
whilst some exploratory analysis was carried out on distal and proximal colon cancers
and on rectal cancer as seaary outcomes. Probability weightindescribed in detall

in section 3.9.2.1was used to account for the large proportion of vegetarians and fish
eaters in the cohort and to reflect the inverse probability of being sampled, thus

Ay ONB I a Ay 3 xterralSalidig Rh2 thide Gasiablé used in the models was time
in the study (person years), calculated from the date of questionnaire receipt until
either cancer diagnosis, death or censor date (01 April 2014). Assumptions for

proportional hazards were tted graphically for all terms in the model.

The risk of cancer as adherence to the WCRF/AICR score increased was ddtbymine
comparing each groupf participants, to the lowest adherence, reference group. Risk
estimates were calculated per ofgmint increment in the continuous WCRF/AICR
score and by théhree score categorigdinear trend was also calculated. Risk factors
for CRC previously identified in the literature were taken into consideration. Potential
confounders that were either included inghscore derivation, such as BMI and
physical activity, or were closely related to a score component, such as energy (kcal) to
energy density were excluded from the adjusted analyses, as were those that had
considerable missing observations, particularky strongly related variable was
available. Associations were estimated for CRC, and then for colon, proximal colon,
distal colon and rectal cancer separately. Results are presented for aadagsted
model, and then for a full model adjusting for agedys), smoking status (never,
current or former smoker), family history in a first degree relative and sectmomic
status (professional/ managerial, intermediate or routine and manual). Sensitivity
analyses were carried out operationalisingar8commendation relating to

supplement use in th®VCRF/AICR scoigtata version 13.0 statistical software

(StataCorp 2013)was used for all analyses aa@-sided p@ | f dzS Xndnp &1 &

statistically significant.
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5.4 Results

5.4.1 Demographics

During a mean (s.d.) follow up time of 18.7 (0.8) years, 527 incident CRC cases were
documented for women in the UKWCRis is equivalent to approximately 28.2 new
cases of CRC yearly in the cohort, i.e. 79.6 cases per 100,000 women. In 2@b%, the
standardised rate of CRi@cidence was 52 per 100,000JKfemale population (Office

for National Statistics, 2017)he directly agestandardised rate of CRC in UKWCS is 63
per 100,000nomen(95% CI: 58, 68), standardized to the European Standard
Population 6r women aged 35 and ovehlthough the two rates are not directly
comparable as the women in the cohort are over 35 yeahe incidence rate in the

cohortis broady consistent with thateported in the general UK population.

From the total cohort (n=35 372)articipants who did not provide sufficient data at
baseline to allow flagging on NHS Digital (n=695), womesegadirting history of any
previous malignant cancer at baseline, except for-nmglanoma of the skin (n=2391)
women who were diagnosed with CRC within one year of baseline (n=53), women with
energy intakes outside the plausible ranges6D to 6000kcal/day (n=79), and women
with missing data for BMI (n=1191) were excluded. Following exclusions, a total of 30
963cohort participants, followed for a median of 17.4 years (IQR=1.7) were eligible for
inclusion in the analysis with 444 CRC cases, of which 322 were located in the colon
(164 in the proximal colon and 115 cases in the distal colon) and 146 cases were of

rectal cancer.

5.4.2 Baseline characteristics

The baseline characteristics of total study participants, women diagnosed with CRC
and according to the level of adherence to the WCRF/AICR recodatens are

reported in Table 5.2Women wio were in the highest adherence category of the

score were likely to be younger and less likely to smoke or eat meat when compared to
those in low and medium adherence categories. Lower adherers were less likely to
possess a degree qualification or to haldhanagerial positiorigure 5.1 depicts the
proportion of UKWCS patrticipants adhering to the individual recommendations, in

comparison with the proportion of CRC cases. The greatest differences in proportion
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are for red meat and BMI, where CRC casesesmeadherentTable 5.3 depicts the
baseline characteristics of CRC cases andcages for UKWCS patrticipants when the
9t recommendation to avoid supplements for cancer prevention is included in the
WCRF scoré&€ases tended to be older, have a highktH Bnd were less likely to hold a
managerial position or to have a degree level of education thancasesThey were

also more likely to eat meat, although their median alcohol intake was lower than that

that of women without a CRC diagnasis
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Table5.2 Characteristics of colorectal cancer cases and across WCRF/AICR score categories for participants in the UKWCS
WCRF/AICR score categories

Variable Total CRC cases 1 2 3
Observations N (%) 30963 444 (1.4) 6319 (20.4) 20978 (67.7) 3671 (11.9)
WCRRAICR score range 0-8 0-3 3.255 5.258.0
Age (years)
Mean 52.0 57.7 52.8 52 50.6
95% ClI (51.9, 52.1) (56.9,58.6)  (52.6,53.0) (51.9,52.1)  (50.3,50.9)
BMI (kg/n?)
Mean 24.4 25.1 26.9 24 22.5
95% ClI (24.4, 24.5) (24.6,255)  (26.8,27.0)  (24.0,24.1)  (22.4,22.5)
Energy intake (kcal/day)
Mean 2342 2355 2450 2326 2247

95% ClI

Ethanol (g/day)

Median

IQR

Physical activity (hr/day)
Mean

95% ClI

(2334, 2350)

5.54
11.8

0.24
(0.24, 0.25)

(2285, 2425)

4.73
11.74

0.22
(0.18, 0.26)

(2433, 2468)

11.88
20.23

0.1
(0.09, 0.11)

(2317, 2335)

5.23
10.8

0.23
(0.22, 0.24)

(2222, 2272)

2.21
6.64

0.56
(0.54, 0.58)
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WCRF/AICR score categories

Variable Total CRC cases 1 2 3

Smoking status

Current smoker N (%) 3361 (11.2) 42 (9.8) 985 (16.0) 2106 (10.3) 270 (7.6)
Former smoker N (%) 9240 (30.7) 136 (31.6) 2006 (32.5) 6146 (30.2) 1088 (30.6)
Never smoker N (%) 17501 (58.14) 252 (58.6) 3177(51.5) 12129 (59.5) 2195 (61.8)
Socieeconomic status

Professional / Managerial N (%) 19298 (63.6) 247 (57.0) 3688 (59.6) 13039 (63.5) 2571 (71.5)
Intermediate N (%) 8298 (27.4) 139 (32.1) 1825 (29.5) 5734 (27.9) 739 (20.5)
Routine andnanual N (%) 2736 (9.0) 47 (10.9) 675 (10.9) 1773 (8.6) 288 (8.0)
Education level

No qualifications N (%) 4656 (16.4) 98 (24.8) 1215 (21.2) 3020 (15.7) 421 (12.2)
Nondegree qualifications N (%) 15983 (56.2) 205 (51.8) 3209 (55.9) 10920(56.8) 1854 (53.6)
Degree N (%) 7789 (27.4) 93 (23.5) 1312 (22.9) 5293 (27.5) 1184 (34.2)
Diet group

Meat-eaters N (%) 19919 (70.3) 317 (78.5) 5162 (92.2) 13408 (69.8) 1349 (38.3)
Fisheaters N (%) 3860 (13.6) 39 (9.7) 181 (3.2) 2699 (14.1) 980 (27.8)
Vegetarians N (%) 4543 (16.0) 48 (11.9) 254 (4.5) 3095 (16.1) 1194 (33.9)
Supplement users N (%) 16244 (57.6) 236 (58.3) 2972 (51.2) 11129 (58.3) 2143 (65.3)
Family history of colorectal cancer N (%, 1755 (6.0) 35 (8.3) 326 (5.5) 1238 (6.3) 191 (5.6)

WCRF/AICRNorld Cancer Research Fund/ American Institute of Cancer Research; BMI, body mass index; CRC, colorekf® cameeyuartile range
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Figure5.1 Proportion of UKWCE8&spondents and colorectal cancer cases meeting each renendation or subrecommendatiort
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1F&V, fruit and vegetables; BMI, body mass index; PA, physical activity
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Characteristics of colorectal cancer cases and4tases for

participants in the UKWCS at baseline including a 9th (supplement use)

recommendatiort

Variable
Observations N (%)
Age (years)

Mean

95% ClI

BMI (kg/n)

Mean

95% CI

Energy intake (kcal/day)
Mean

95% CI

Ethanol (g/day)
Median

IQR

Physical activity (hr/day)
Mean

95% CI

Smoking status
Current smoker N (%)
Formersmoker N (%)
Never smoker N (%)
Socieeconomic status

Professional / Managerial N (%

Intermediate N (%)

Routine and manual N (%)

Education level
No qualifications N (%)

Non-degree qualifications N (%

Degree N (%)
Diet group
Meat-eaters N (%)
Fisheaters N (%)
Vegetarians N (%)

Supplement users N (%)
Family history oCRON (%)

Total
28185

52.0
(51.9, 52.1)

24.4
(24.4, 24.5)

2342
(2334, 2350)

5.54
11.8

0.24
(0.24, 0.25)

3361 (11.2)
9240 (30.7)

17501 (58.14)

19298 (63.6)
8298 (27.4)
2736 (9.0)

4656 (16.4)
15983 (56.2)
7789 (27.4)

19919 (70.3)
3860 (13.6)
4543 (16.0)
16244 (57.6)
1755 (6.0)

Cases
405(1.4)

57.7
(56.9, 58.6)

25.1
(24.6, 25.5)

2355
(2285, 2425)

4.73
11.74

0.22
(0.18, 0.26)

42 (9.8)
136 (31.6)
252 (58.6)

247 (57.0)
139 (32.1)
47 (10.9)

98 (24.8)
205 (51.8)
93 (23.5)

317 (78.5)
39 (9.7)
48 (11.9)
236 (58.3)
35 (8.3)

Non-cases
27780 (98.6)

51.9
(51.8, 52.0)

24.4
(24.4, 24.5)

2342
(2334, 2350)

5.54
11.8

0.24
(0.24, 0.25)

3319 (11.2)
9104 (30.7)
17249 (58.1)

19051 (63.7)
8159(27.3)
2689 (9.0)

4558 (16.3)
15778 (56.3)
7696 (27.5)

19602 (70.2)
3821 (13.7)
4495 (16.1)
16008 (57.6)
1720 (6.0)

1BMI, body mass index; IQR, interquartile rang&C, colorectal cancer
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5.4.3 Survival analysis

The HRs (95% Cls) for incidence of colorectal, colon and rectal cancer according to the
three different adherence categories of the WCRF/AICR score are shown in Table 5.4
and depicted in Figure 5.th the ageadjusted model, those within the second and

third adherence categories had HR®&% CI) for CRC of 0.76 (0.61, 0.95) and 0.66
(0.45, 0.99)1¢=0.05) respectivel\gompared with those in the lowest adherence
category, with a unit increment in the WCRF/AICR score corresponding to a 10%
decrease in risk of CRC (HR=0.90, 95% GL@8YL However, further adjustment for
smoking, socioeconomicattus and family history of CRC in a first degree relative
rendered the overall linear trend across the categories for the association non
statistically significant (p=0.17). Although HRs suggested an inverse relationship
between the WCRF/AICR score andoeas of the colon and rectum respectively, no
significant associations were observed in multivariate adjusted models. Sensitivity
analyses operationalising the recommendation for dietary supplements did not

significantly change the results, as depicted able 5.5.

Table 5.6 shows the results for the independent association between the separate
components of the WCRF/AICR score and risk ofextll colon and rectal cancer,
whilst Figure 5.3 depicts the HRs of CRC associated with meeting each
recommendaion or subrecommendation individuallyin the ageadjusted models,
women who met the recommendation for body fatness had a statistically significant
reduced risk of colorectal and rectal cancer (HR (95% CI) of 0.69 (0.53, 0.91; p=0.03)
and 0.53 (0.33, 83; p=0.004)) respectively, compared to those who did not. Women
who met the recommendation for animal foods had a statistically significant 32%
reduced risk of colon cancer incidence when compared to theaudtirerent (HR (95%
C1)0.68 (0.48, 0.96; p=0.08hese asociations were however attenuated; the
association between body fatness and rectal cancer did not reach statistical
significance (p=0.07), associations were not statistically significant for any of the other

components in the fully adjusted ntidariate modes.
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Hazard ratiosand 95% confidence intgalsfor incidence of colorectal,

colonand rectal cancer according to categories of the WCRF/AICR score

Cancer site
Colorectal

Colon

Proximal
colon

Distal colon

Rectal

WCRF/AICR score
categories

444
1
2
3

Per 1 unit increment

Prrend
322
1
2
3

Per 1 unit increment
Hrend

164
1
2
3

Per 1 unit increment

Ptrend
115
1
2
3
Per 1unit increment
Pfrend
146
1
2
3
Per 1 unit increment

Pfrend

Cases

Multivariable-
adjustec?
HR (95% CI)

Ageadjusted
HR (95% CI)

1.0 1.0
0.76 (0.61, 0.95) 0.79 (0.62, 1.00)
0.66 (0.45, 0.99) 0.73 (0.48, 1.10)

0.90 (0.81, 1.00) 0.92 (0.82, 1.03)
0.046 0.169

1.0 1.0
0.79 (0.61, 1.02) 0.82 (0.62, 1.09)
0.61 (0.38, 0.99) 0.72 (0.44, 1.19)

0.89 (0.79, 1.01) 0.93 (0.82, 1.07)
0.065 0.308

1.0 1.0
0.71 (0.50, 1.02) 0.75 (0.511.10)
0.69 (0.36, 1.31) 0.83 (0.43, 1.60)

0.90 (0.76, 1.06) 0.93 (0.77, 1.12)
0.212 0.441

1.0 1.0
1.01 (0.65, 1.59) 0.96 (0.58, 1.58)
0.41 (0.17, 0.99) 0.41 (0.16, 1.07)

0.91 (0.76, 1.09) 0.93 (0.76, 1.14)
0.290 0.504

1.0 1.0
0.72 (0.49, 1.06) 0.72 (0.48, 1.08)
0.65 (0.33, 1.28) 0.61 (0.29, 1.26)

0.90 (0.75, 1.09) 0.88 (0.72, 1.08)
0.291 0.239

1Case numbers apply to multivariable adjusted models.

2Adjusted for age, smoking status, socioeconomic status and family history of colorectal

cancer.
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Figure5.2  Association between the WCRF/AICR score and risk of tatiarectal, colon and rectal cancér
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1 Cox regression model adjusted by age, smoking status, socioeconomic status and family history of colorectal cancer.
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Table5.5 Hazard ratiosand 9%% confidence interval®r inciderce of colorectal,
colon and rectal cancer according to categories of the WCRF/AICR score, incauding
9th (supplement use) recommendation

Multivariable-
Cancer WCRF/AICR score Ageadjusted adjustec?
site categories Case$ HR (95% CI) HR (95% CI)
405
1 1.0 1.0
2 0.79 (0.60, 1.04) 0.81 (0.60, 1.08)
Colorectal 0.70 (0.37, 1.34) 0.79 (0.40, 1.55)
Per 1 unit increment 0.93 (0.84, 1.03) 0.95 (0.86, 1.06)
Hrend 0.155 0.391
293
1 1.0 1.0
Colon 2 0.84 (0.60, 1.16) 0.89 (0.63, 1.27)
3 0.65 (0.28, 1.49) 0.79 (0.34, 1.84)
Per 1 unit increment 0.91 (0.81, 1.02) 0.94 (0.83, 1.07)
Prrend 0.102 0.344
149
Proximal L 1.0 1.0
colon 2 0.70 (0.451.08) 0.75 (0.47, 1.20)
3 0.48 (0.15, 1.61) 0.60 (0.18, 2.02)
Per 1 unit increment 0.88 (0.75, 1.04) 0.91 (0.76, 1.08)
Prrend 0.135 0.265
105
1 1.0 1.0
Distal 2 1.38 (0.72, 2.66) 1.30 (0.65, 2.61)
colon 3 0.13 (0.02, 1.00) 0.14(0.02, 1.10)
Per 1 unit increment 0.94 (0.80, 1.09) 0.93 (0.79, 1.12)
Prrend 0.389 0.465
134
1 1.0 1.0
2 0.77 (0.48, 1.25) 0.71 (0.43, 1.16)
Rectal
3 0.73 (0.26, 2.06) 0.70 (0.23, 2.10)

Per 1 unit increment
Ptrend

0.97 (0.81, 1.17) 0.96(0.79, 1.16)
0.775 0.647

1Case numbers apply to multivariable adjusted models.

2Adjusted for age, smoking status, socioeconomic status and family history of colorectal cancer.
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Age and fuly-adjusted hazard ratio@nd 9%% confidence intervalfor colorectal, colon and rectal cancers per component of the

Colorectal Cancer

Colon Cancer

Rectal Cancer

Multivariate- Multivariate- Multivariate-
Ageadijusted adjusted Ageadijusted adjusted Ageadjusted adjusted
HR (95% CI) Prena HR (95% CI) Pyrenda HR (95% CI) Prena HR (95% CI) Prend HR (95% CI) Piena HR (95% CI) Prrend
1. Body fatness
(BMI)
1.0 0.032 1.0 0.102 1.0 0.390 1.0 0391 1.0 0.004 1.0 0.070
0.5 0.69 (0.51, 0.93) 0.70 (0.51, 0.97) 0.69 (0.48, 0.99) 0.66 (0.45, 0.96) 0.75 (0.46, 1.22) 0.85 (0.50 1.46)
1 0.69 (0.53, 0.91) 0.72 (0.54, 0.97) 0.78 (0.57, 1.07) 0.76 (0.55, 1.07) 0.53 (0.33, 0.83) 0.66 (0.40, 1.09)
2. Physical activity
0 1.0 0.859 1.0 0.886 1.0 0721 1.0 0.965 1.0 0.677 1.0 0.815
0.5 0.97 (0.74, 1.26) 0.97 (0.73, 1.28) 1.00 (0.74, 1.37) 1.07 (0.77, 1.48) 0.63 (0.51, 1.36) 0.62 (0.36, 1.08)
1 0.99 (0.73, 1.34) 0.99 (0.72, 1.36) 0.92 (0.64, 1.33) 0.97 (0.66, 1.43) 1.22 (0.75, 1.98) 1.12 (0.67, 1.87)
3. Foods that
promote weight
gain
0 1.0 0.492 1.0 0.644 1.0 0.656 1.0 0.860 1.0 0.487 1.0 0.563
0.25 0.85 (0.31, 2.34) 0.76 (0.28, 2.11) 1.18 (0.28, 4.90) 1.01 (0.24, 4.21) 0.60 (0.14, 2.57) 0.58 (0.14, 2.46)
0.5 0.74 (0.27, 1.98) 0.67 (0.25, 1.80) 1.07 (0.26, 4.33) 0.98 (0.24, 3.97) 0.49(0.12, 2.00) 0.44 (0.11, 1.79)
0.75 0.79 (0.34, 2.13) 0.75 (0.28, 2.03) 1.10 (0.27, 4.47) 1.03 (0.25, 4.23) 0.56 (0.14, 2.30) 0.54 (0.13, 2.20)
1 0.52 (0.17, 1.79) 0.42 (0.11, 1.55) 0.83 (0.17, 4.15) 0.62 (0.11, 3.35) 0.19 (0.02, 2.07) 0.20(0.02, 2.21)
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Colorectal Cancer

Colon Cancer

Rectal Cancer

Multivariate- Multivariate- Multivariate-
Ageadjusted adjusted Ageadijusted adjusted Ageadjusted adjusted
HR (95% Cl) Prena HR (95% Cl) Prend HR (95% CI) Prena HR (95% CI) Prena HR (95% CI) Prend HR (95% CI) Prrend
4. Plant foods
0 1.0 0529 1.0 0.891 1.0 0727 1.0 0.787 1.0 0551 1.0 0.532
0.25 0.88 (0.661.17) 0.88 (0.64, 1.20) 0.93 (0.66, 1.31) 0.96 (0.66, 1.39) 0.71(0.42, 1.18) 0.69 (0.40, 1.17)
0.5 1.02 (0.78, 1.35) 1.05 (0.78, 1.41) 1.02 (0.73, 1.41) 1.10 (0.77, 1.58) 1.09 (0.69, 1.74) 0.97 (0.59, 1.60)
0.75 0.79 (0.56, 1.11) 0.84(0.58, 1.21) 0.81 (0.54, 1.22) 0.88 (0.57, 1.36) 0.64 (0.34, 1.19) 0.67 (0.36, 1.27)
1 0.92 (0.43, 1.97) 1.08 (0.50, 2.33) 1.23 (0.56, 2.75) 1.51 (0.68, 3.39) 0.50 (0.10, 2.59) 0.55 (0.11, 2.85)
5. Animal foods
0 1.0 0.065 1.0 0.236 1.0 0.030 1.0 0.167 1.0 0.477 1.0 0.433
0.5 0.87 (0.68, 1.11) 0.94 (0.72, 1.22) 0.83 (0.62, 1.10) 0.89 (0.66, 1.21) 0.82 (0.53, 1.26) 0.89 (0.56, 1.41)
1 0.75 (0.56, 1.01) 0.82 (0.59, 1.13) 0.68 (0.48, 0.96) 0.76 (0.52, 1.11) 0.83 (0.501.39) 0.80 (0.45, 1.40)
6. Alcohol
0 1.0 0561 1.0 0.360 1.0 0.685 1.0 0703 1.0 0.827 1.0 0.702
0.5 0.91 (0.64, 1.30) 0.92 (0.63, 1.34) 1.10 (0.72, 1.67) 1.11(0.71, 1.74) 0.69 (0.37, 1.31) 0.72 (0.38, 1.36)
1 0.90 (0.67, 1.22) 0.86 (0.63, 1.19) 0.98 (0.68, 1.42) 0.99 (0.66, 1.47) 0.92 (0.55, 1.55) 0.82 (0.47, 1.41)
7. Preservation,
processing and
preparation
0 1.0 0.769 1.0 0.821 1.0 0814 1.0 0.940 1.0 0.824 1.0 0.833
0.5 0.99 (0.79, 1.26) 0.96 (0.75, 1.24) 0.94 (0.71, 1.24) 0.89 (0.66, 1.20) 1.11 (0.75, 1.64) 1.13(0.75, 1.71)
1 1.16 (0.69, 1.96) 0.99 (0.55, 1.80) 1.32 (0.75, 2.35) 1.30 (0.71, 2.40) 0.86 (0.29, 2.50) 0.38 (0.08, 1.91)
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Colorectal Cancer Colon Cancer Rectal Cancer
Multivariate- Multivariate- Multivariate-
Ageadijusted adjusted Ageadijusted adjusted Ageadjusted adjusted

HR (95% CI) Prend HR (95% Cl) Pyenda HR (95% CI) Prenda HR (95% CI) Prenda HR (95% CI) Prend HR (95% CI) Prrend

8. Breastfeeding

0 1.0 0.730 1.0 0.719 1.0 0317 1.0 0.780 1.0 0.694 1.0 0.627
0.5 0.99 (0.77, 1.27) 0.96 (0.74, 1.25) 0.90 (0.68, 1.20) 0.90 (0.66, 1.49) 1.18 (0.76, 1.82) 1.04(0.65, 1.65)
1 0.96 (0.76, 1.21) 1.04 (0.90, 1.33) 0.87 (0.66, 1.14) 0.96 (0.72, 1.28) 1.09 (0.72, 1.65) 1.11 (0.73, 1.69)

WCRF/AICRNorld Cancer Research Fund/ American Institute of Cancer Redgtigiody masedex.

20 is assigned if the recommendation is not met, 0.5 is assigned for partly met recommendations and 1 is assigned fommenciatons.
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Figure5.3 Fully adjusted hazard ratios of colorectaincer associated with meeting each recommendation or-sabommendation
individually*.
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1 Cox regression model adjusted by age, smoking status, socioeconomic status and family history of colorectal cancer.
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5.5 Discussion

This study evaluated adherence to the WCRF/AICR cancer prevention
recommendations in relation to risk of CRC in a UK cohort of maigd women. The
overall score related toperationalizatiorof eight recommendations was not
significantly associated witincidence of colorectal, colon or rectal cancer in
multivariate adjusted analyses. Investigation of the separate score components
showed adherence to the body fatness and animal foods recommendations to
potentially offer a degree of protection againstkrisf cancers of the colorectum and

rectum and of the colon, respectively.

Few studies have looked at the WCRF/AICR recommendations and CRC incidence.
Findings from this study are consistent with those from Eramingham Offspring

cohort (Makarem etal2015 andintt§ . £ I O1 22YSyQa |1 SIfiK {
2016 where the overall WCRF/AICR score was not significantly associated with CRC
incidence. Conversely, a opeint increment in the WCRF/AICR score was significantly
associated with a 12% (95% &% to 16%) decreas€&@RC risk in the EPIC cohort
(Romaguera et al., 2012nd a 13% (95% CI: 5% to 20%) decreased risk of CRC in the
VITAL cohort (Hastert & White, 2016loweverthe EPIC and VITAL cohorts
(Romaguera et al., 2012; Hastert & Whi2916) operationalized a total of 7 and 6
recommendations respectively, rather than 8 score components as operationalized in
this cohort. Notwithstanding, an evaluation of our results using a similar composite to
the EPIC and VITAL cohorts (Romaguera et 42; 2fastert & White, 2016p

facilitate comparison, by dropping first the recommendation in relation to-salt
preserved food, and secondly dropping two recommendatigtisose related to sait
preserved food and to breastfeeding, did nagraficantly chang the results, as

depicted in Table 5. 7.homson and colleagu@dso reported a statistically significant
RSONBIFaSR Nrxal 2F /w/ Ay (KS 22YSyQa | S| 1
the ACS cancer prevention guidelines were operationalized for the study and
associations were weakest amongst whites, which peyly explain the inconsistency

in findings when compared to this study where most women are wfiitomson et

al., 2014) Associations for colon and rectal cancers were not investigated separately in

any of the previous cohort studies operationalising W@RF/AICR guidelines.
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Table5.7 Age and fullyadjusted hazard ratios and 95% confidence intervals for
colorectal cancer operationalising a different number of recommendations of the
WCRF/AICR cancer preveort guidelines

Multivariable-
WCRF/AICR Ageadjusted adjustec?
UKWCS Composite score categories Case$ HR (95% CI) HR (95% CI)
EPIC Cohort composite . 444
score categories
(7 recommendations) 1(03) 137 1.0 1.0
2 (>3 to <4) 121 0.75 (0.58, 0.97) 0.80 (0.61, 1.05)
3 (4 to <5) 132 0.70 (0.54, 0.89) 0.77 (0.59, 1.00)
4(5t07) 54 0.86 (0.61, 1.21) 0.99 (0.70, 1.42)
Per 1 unit increment 0.89 (0.80, 0.99) 0.92 (0.82, 1.04)
Pirend 0.037 0.174
VITAL Cohort composite pgy 1 nit increment 0.87 (0.77, 0.99) 0.89 (0.80, 1.02)
(6 recommendations)
Pirend 0.029 0.089

ICase numbers apply to multivariable adjusted models.
2Adjusted for age, smokimgjatus, socioeconomic status and family history of colorectal cancer.

Two studiesgvaluating associations for risk of colon and rectal cancer separately

looked at adherence to the Dietary Guidelines for Americitasr{ack et al., 2002and

to the ACS reaomendaions (Kushi et al., 20Q08espectively. A statistically significant
decrease in colon cancer risk was reported with greatérerence in both studies

(Kabat et al., 2015; Harnack et al., 2D0& agreement with results from this cohort,
datafromKS L2gl 22YSyQa | Sl-Hase&coHoiiaizRe = I LJ2 LJd
postmenopausal women reported inverse, but not significant decreased rectal cancer
incidence with increased adherencedancer prevention guidelines (Harnack et al.,

2002.

The different strendts of associations for the colon and for the rectal cancer sites may
be due to the different biological characteristics of the mucosa in that part of the
colorectum or to the differat mechanisms in oncogenesis (Kapiteijn et al., 2001
Notwithstanding ths plausible explanation, the estimation of the association between

the WCRF/AICR recommendations and cancer incidence by site should be considered
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as being of an exploratory nature due to the smaller sample size. The cohort comprises
relatively health consous women when compared to the general population.
Furthermore, the source of diet assessment was a single FFQ measured at baseline
that is not only prone to recall bias and uneleporting, but also may not be fully
representative of eating patterns Ignterm. Nevertheless, dietary patterns in the

UKWCS have been previously shown to be relatively stable over time and using
groupings of dietary patterns in contrast to energy and nutrient intake, reduces bias
cau®d by such measurement error (Greenwoodaét 2003. Although women who

died within one year of dietary assessment were excluded to reduce reverse causation,
anthropometric and lifestyle factors were se#fported, there is no data on their

validity and thus potentially contributed to measuremeartor. No data was available

on whether women were previously screened for CRC; this would have been an
important confounding factor. These factors may have led to an attenuation of results
suggesting that the association between risk of cancer at diftesges of the

colorectum and some dietary factors is probably stronger than stated in this cohort.
Further discrepancies in results between different studies may be explained by
differences in the treatment of the individual recommendations, the-afiis chosen

and the number of components used during the W@RER score operationalization.

An assessment of the contribution of the individual components to the overall score
showed body fatness, assessed by BMI to be the strongest predictor of canaghof b
the colon and rectum, as well as animal foods being a predictor of colon cancer. This is
in line with findings fom the VITAL cohort (Hastert & White, 201#ho also reported

body fatness and red and processed meat intake to be the recommendations most
strongly associated with higher CRC risk for women. Despite inverse associations of
these components with cancer incidence in this cohort, associations after adjusting for
confounders were not significant although borderline significance was noted for BMI
and rectal cancer. BMI was similarly reported to be the strongest predictor of all
cancer inalence in the NIH_AARP cohort (Kabat et al., 204BIst almost all

components of the WCRF/AICR score were associated with total danickance in

the EPIC stly (Romaguera et al., 20L2ZT'he lack of statistical significance in this study

with respect to BMI and animal foods could be explained by insufficient statistical
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power of the sample, or in the case of BMI, closely related measurements such as that
of vicceral fat may have been a better indicator of body fatness and a bptetictor

of CRGLarsson & Wolk, 200:7The association may also be stronger in men than in
women, which could potentially explain the stronger links reported in other dsho
includng both sexes (Kabat et al., 2015; Romaguera et al.,)2Mgh have higher

rates of CRC than women, with rectal cancer being higher in men and proximal colon
cancer higher in women. Hormonal factors could prot®omen from distal cancers

(Gao et al., 208). Other score componentssuch as breastfeeding, are unlikely to be

on the direct causal pathway for cancer of the colorectum and thus, the fact that the
scoring system used gives equal weighting to every recommendation is considered a

limitation of this study.

Although the exact mechanisms linking body fatness to CRC are yet unclear, some
possibilities hae been put forward. Insulin / 1GIhd the adipokines, adiponectin and
leptin are two hormonal systems that have been hypothesimemediate tle

association (Ma et al., 20)1.3Adipose tissue is metabolically active and could produce
inflammatory molecules that modulate carcinogenesis/tokines sex steroids and
adipokinegSong et al., 2015Yhus, as adiposity increases, concentration&et

binding proteirl and adiponectin decrease, resulting in elevated levels of freelIGF
and serum leptin that have been assateid with increased CRC risk (Larsson and Wolk,

2007).

Strengths of this prospective cohort include its design, the long felipweriod, the
potential to adjust for several confounding variables and the size of the study
population. The latter enabled for the first time, a separate investigation of the colon
and rectal sites in relation to the score derived from the WCRF/AICR gaevention

guidelines and its individual components.

In conclusion, there were no statistically significant trends shown between adherence
to the WCRF/AICR cancer prevention guidelines and risk of CRC. Of the individual score
components, a BMI within the normal weight range was borderline significantly

protective in the fully adjusted model, emphasising the importance of this for cancer
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prevention. A better understanding of different dietary components on this health
outcome may panit higher or lower WCRF/AICR score component weighting. In view
of the likely different causes of CRC subtypes, further research is needed to identify

the optimal dietary patterns associated with reducing colon asxtal cancer risk

respectively.
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CHAPTER 6 COMRRISON OF DIETARY PATTERNS FROM
FOOD DIARIES AND FOOD FREQUENCY QUESTIONNAIRES IN
RELATION T@WLORECTAL CANCER RISK

6.1 Chapter overview

BackgroundStudies comparing dietary patterns derived from two different
assessment methods, in relation to diet atidease are limited. The aims of this study
areto assess the agreement betweerethry patternsderived fromFFQ and FBnd to
compare the associations between the Mediterranean dietary pattern and the

WCRF/AICR dietary pattern in relation to decice ofCRC

Method: The study population included 2276 healthy middiged womerr,
participants of the UKWCA.casecohort study design was uselnergy and nutrient
intakes, derived from 4dayFDsand from a 214tem FFQwere compared. A 10
component scor@and an 8component scoreéndicating adlerence to the MDand to
the 2007 WCRF/AICR cancer prevention recommenasit@spectivelywere
generated Agreement was assessed by weighted Kappa statestidthe Blane
Altman method Cox regresen was used to estimateRsfor CRQCiskfor both the FD

andthe FFQ patters for each sore separately.

ResultsThe BlandAltman method showedthigherenergy intake o0t525 kcal (95% CI
556,-493)by the FFQn comparison to the FIAgreement between the two methods
wasslight for the MDa O 2 N3515;®5% CI: 0.14, 0.1&)dfair for the WCRF/AICR
a O 2 NIB38;05% Cl: 0.37, 0.39)total of 173 incident cases of CRére
documented.In the multtvariable adjusted model®r FDpatterns the estimates for
an asociation with CR@ere weak. For a-linit increment in theMD score HR 0.94;
95% CI: 0.83 to 1.064dr4¢0.32, and HR 1.01; 95% CI: 0.83 to 1.24B.87 fora 1
unit increment in the WCRF/AICR scdi@. scores derived frorthe FFQestimates
were inverse, but weak {E=0.06for the MDscore& Rrend=0.13for the WCRF/AICR

scorerespectively)
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ConclusionThere is insufficient evidence of an associatio@BCiskwith the
Mediterranean dietary pattirn or with the WCRF/AICR cancer prevention

recommendations, irrespective of the dietary assessment method.

6.2 Introduction

Dietary patternsare used as measures of exposure in studies exploring diet disease
associationgnd have been shown to predj¢hough modestlydisease incidence,

mortality and related biomarkeréWaijers et al., 2007)-FQs and F2se the most

common dietary assessment methodsobtdietary pattern analyses have used FFQ
datafor large population studie€Crozier et al., 20Q8whilst FD tend to be used with
smaller datasetsrad followed up for shorter terrg restrictingthe possibility ofa

direct comparison between the tw&tudies comparing the two assessment methods

in relation to diet and disease are limiteahdthose that dohave given inconsistent

results as discussed below. No studies have looked at dietary patterns in evaluating the

agreement between results derived from FFQ andrFiDe same cohort

It has beerpreviouslysuggestedhat reported associatios between diet and disease
are affected bythe method ofdiet assessmentised and that Finay be superior t@n
FFQn evaluating such relationships. Strong significant associations have been
reported between biomarkers for certain nutrients, and intakssassessed via Hut
not FFQn a study exploring associations with heart dise@@agham, 2008 Dietary
measurement error in an FFQ Hasthermore been implied apotentially obscuring
the true relationship between dietary fat and breast cancer,nghkilst a positive
association was seen when fatake was measured via a fBingham 2003;
Freedman eal 200§. Dahm and colleagues also arghat the inconsistency in results
from epidemiological studies looking at diet and cancer may be due to measut
error and methodological differences. The authors who were looking at the
relationship between dietry fibre and CRi@Gcidence reported a statistically significant
association when intake was ascertained via FD, as opposed to no statistical
signifiance following analysis of data obtained from FFQ (Dahm et al., 2610).
contrast, inthe UK Dietary Cohort Consortiumbich uses pooled data from 4

prospective UK based studiasd thus boasts a relatively large sample sike
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association between fat and breast cancer risk was reported, irrespective of whether
diet was measured via FFQFD (Key et al., 201 Differentstudies usalifferent

FFQs, which all vary in timember andtype of foods included, the frequency of
consunption of foods reported, the description of portion size usedl the method of
administration,amongstother differenceqCade et al., 20@3). This may partly explain

the discrgancies in the different studies discussed ahove

The aim of this study tsvo-fold. It aimsto assess the agreement betwedretary
patterns derived fronthe FFQ andfom FD in the UKWCSSecondly, it aim®
comparethe associatios between theMediterraneandietary pattern aml the
WCRF/AICR dietary pattern respectivdigrivedfrom the two different dietary
assessment methodsn relation toincidence of CR@ order to determine whether

associations vary with the method of assessment.

6.3 Methods

6.3.1 Study design and study population

The UKWCgarticipants atbaselinewere 35 372women Five years following baseline
data collection, participants were 1f&ontacted and asked tcomplete a four day Fx

one day exercise diary and emce agairprovideinformation linked to diet, health and
lifestyle. Around 35% of the parti@pts at basetie returned completed Fh=12,625)
and were included in the follow up phaséthe cohort studyHealth andifestyle
characteristics anthean (95% CI) intake of energy, selected nutrients and non
nutrientsfor total cohort women at baseline, for those who responded at phase 2, and

split by those who wer€RC cases non-cases atire reported in Tablé.1.

Diary codng is extremely time consuming andly a fraction (n=2276) of the returned
FD have been cied to date. For this study casecohort approach was used:
completedFD of women identified as CRC cases through NHS Digital were coded
together with an equal number of random cohort controls chosen via a Microsoft
Access queryRairs of diaries were\gn to the coder and thus the lattevas unaware
of which diaries were controls or cases in ordentmimize individuatoder biasThe

FFQs of the same participants who also had a coded FD were also used in the analysis.
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Table6.1 Sample lifestyle characteristics and daily mean (95% CI) intake of
energy, selected nutrients and nemutrients as recorded by all women in the UKWCS
at baseline, by phase 2 respondents and for CRC cases andas@s:

Baseline Food Food Diary

Frequency respondents at Colorectal
Variale Questionnaire  baseline cancer cases Non-cases
Number of participants 35,372 2,276 173 2,103
Age (years)
Mean 52.3 54.5 57.6 54.3
95% ClI (52.2,52.4) (54.1, 54.9) (56.3, 58.9) (53.9, 54.7)
BMI (kg/nt)
Mean 24.5 24.3 24.6 24.2
95% Cl (24.4, 25.5) (24.1, 24.4) (23.8, 25.3) (24.1, 24.4)
Physical activity (hr/day)
Mean 0.25 0.25 0.25 0.25
95% Cl (0.25, 0.26) (0.23, 0.27) (0.17, 0.32) (0.23,0.27)
Currentsmoker
N (%) 3810 (10.8) 192 (8.5) 15 (8.7) 177 (8.4)
Professional / Managerial SES
N (%) 21852 (63.2) 1442 (64.8) 98 (56.6) 1344 (63.9)
Degree level of education
N (%) 8787 (27.2) 597 (28.9) 44 (25.4) 553 (26.3)
Diet group
Meat-eaters, N (%) 24738 (69.9) 1539 (67.8) 128 (74.0) 1411 (67.1)
Fisheaters, N (%) 4156 (11.8) 272 (12.0) 21 (12.1) 251 (11.9)
Vegetarians, N (%) 6478 (18.3) 459 (20.2) 24 (13.9) 435 (20.7)
Family history of CRC
N (%) 2044 (6.1) 145 (6.8) 17(9.8) 128 (6.1)
Energy intake (kcal/day)
Mean 2352 2357 2423 2350
95% Cl (2340, 2360) (2323, 2390) (2287, 2560) (2316, 2386)
Protein (g/day)
Mean 89.8 89.8 90.1 89.8
95% Cl (89.4,90.1) (88.3,91.4) (85.5, 94.7) (88.2,91.5)
Carbohydrate (g/day)
Mean 312.7 314.3 319.7 313.9
95% ClI (311.6, 313.9) (309.8, 318.9) (299.5, 339.8) (309.2, 318.5)
Dietary fibre (g/day)
Mean 25.6 26.3 26.9 26.3
95% Cl (25.5, 25.7) (25.8, 26.8) (24.9, 28.8) (25.8, 26.8)
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Baseline Food Food Diary

Frequency respondents at Colorectal
Variable Questionnaire  baseline cancer cases Non-cases
Sugars (g/day)
Mean 149.7 150.9 154.7 150.6
95% ClI (149.0, 150.4)  (148.3, 153.5) (143.6, 165.7) (148.0, 153.3)
Fat (g/day)
Mean 85.0 85.3 89.6 84.9
95% ClI (84.7, 85.4) (83.7, 86.8) (83.8, 95.4) (83.3, 86.5)
SFA (9)
Mean 29.5 29.3 30.4 29.2
95% ClI (29.3, 29.6) (28.7, 29.9) (28.3, 32.6) (28.6, 29.9)
Iron
Mean 18.2 18.5 18.8 18.5
95% ClI (18.1, 18.3) (18.2,18.8) (17.6, 20.1) (18.1, 18.8)
Sodium
Mean 3.10 3.11 3.13 3.11
95% ClI (3.09, 3.11) (3.06, 3.16) (2.94, 3.32) (3.06, 3.16)
Ethanol (g/day)
Median 8.71 8.11 9.25 8.01
IQR 0.22 0.81 3.86 0.81

1BMI, body mass index; SE8¢ioeconomic status; CRC, colorectal cancer; SFA, saturated fatty

acids; IQR interquartile range

6.3.2 Dietary assessment methods

The FFQ used at baselioensisted of 217 food items anépicipants were asked to
indicate their average intakef food items over the past yeaFurther cetailson the
FFQare found in section 3.4.1.

When subjects were contacted a second time in the follow up phase, they were asked

to log all food and beverages consumed within a fday period, and give weighed or
edimated portion sizesNutrient intakes from FRvere calculated usinPANTE, a

Microsoft Accessprogra@2 y i AyAy 3 F22R RIGlI FTM&Y ad/ |
Composition of Foods™ edition) (Holland et al., 1991 oderswere initially trained in

the use of the package and were asked to follow a coding protocol prepared by the
researcher, on the use of DANTE and on interpretingdppegndix MI). In cases where

the portions sizes were missing, average portion sizes as listed in the Food Standards
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AgencyFood Portion Siz¢8 edition) (FSA, 2002yere assigned. Furthermore,
recipes provided by partigants were added to DANTRutrients in the form of
supplements were not considereBstimation of the intake asome nutrients from FD
proved challeging since not all items are found in British food tables. This was
especially the case for composite dishes, and in fact a number of assumptions with
respect to various constituents of cooked dishes were m&ode instance, piewere
assumedo contain 30% ofmeat, poultry, fish or vegetarian alternativespectively
whilst for burgers this percentage was 40%idcBen or fish in batter or crumbs was
assumed to contaia 60% protein portion. Homemade patties were assumed to be
made of 77% minakbeef or pork, and thus not considered to be processed meat,
whilst canned or chilled readyade meat products were assumed to be processed.
Details are found in section 3.8 2oded diaries were checked for errors and edited as

necessary. Such a pra&iceduces coder variability.

6.3.3 Case definition

Details are found in section 3.7.

6.3.4 Construction of the MD score and of the WCRF/AICR score

Adherence scores were calculated for each of the two dietary patterns
Mediterranean (FFQ & FD) and WCRF/AICR (FHY) &r each of the women in the
UKWCS who completed both phases of the stiibtails on how 4 0-component
adherencescore to the MDwas generated fowomen who filled in an FFQ habeen
previously given in section 4.3.Bhe same approach was taken in constructinda

score for women in the cohort who filled in a FD.

In constructing the VERF/AICR scofer women at baselineeight out of ten
WCRF/AICR recommendations, namely body fatness, physical activity, foodsndsd d
that promote weight gain, plant foods, animal foods, alcoholic drinks, consumption of
salty foods and breastfeeding were operationaliz€de recommendation on avoiding
the use of supplements for cancer prevention and the recommendation for cancer
survivors were nofapplicable to this population and thus noperationalizedThis

resulted in a maximum adherence score of eight, with higher values indicating greater
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adherence to the recommendationBurther details on how this score was
operationalisedor women who filled in thé=-FQ are reported isection5.3.5.The
same approach was used for women who filled in a FD and details of the score
operationalization and of the percentage adherents to the score at baseline and at
phase 2 are given in Tale2 and depicted in Figure 6.Eor women with missing data
on BMI at phase 2 (n=5)2BMI from phase 1 was us&@hen this was availabl&ince
no data on breastfeeding was collected at phase 2, the data used at phvese Used

for score derivation.

6.3.5 Staistical analysis

Statistical analysis were conducted using Stata versiatdtBtical software

(StataCorp 2013. The significance levelastwoa A RSR | YR | LI @I f dzS
considered statistically significarDescriptive statistics were used describe the

LJ- NI A OA LI v (i daad inGakelodkledieidl SuNiBnisThdcGniinuous vaable

mean energy intake (kcalay)wascomparedgraphicallyusinga BlandAltman plot

(Bland & Altman, 19860 describehe agreement between the FFQ and iBthods.
Themean difference (FFQFD)of the two quantitativemeasurements was plotted

against the mean of both measures for each woreang thecomponents of bia and
precision were assessed by using the koftagreement2 standard deviations of the

mean differencepetween methods.

A linear weighted Kappa)was used to evaluate the agreement between the two
methodsof assessing diet in the UKW@&mely the baseline FFQ and the phase 2 FD,
over and above that which would be expected by chanod,ta account for the level

of disagreement between the methodSach kappatatistic was compared with
recognised standards of agreement as follows/ 2 | 3 NI&@OY' 8 & i DR G Q
0.20; W T 16 #0NRED.40); WY 2 R SA\g0.418.6D);W & dzo & i O/6EOASD)f atd

Wi f YENF-95.8%k1190) (andis & Kochl977.

Survival analysiwas conducted to explore the relationship between the
Mediterranean dieary pattern and the WCRF/AlIGdre and CR(@sk respectively,

using data derived from FH2ndthe correspondindg-F@. Cox proportional hazards
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regression wasised to provide HRs and 95% forsthe estimation of relative risk of
cancer. The proportional hazards assumption was tested graphically for all terms in the
model. A weghting factor was used in statistical models, based on the inverse
probability of being sampled, to account for the stratified sampling scheme at
recruitment including ovesampling of vegetarians and figlaters and thus ensuring

the providedestimates are more representative of the UK population. The time

variable used in the models was time in the study, calculated from the date of either
FD or FFQ receipt until either death or censor daté'@dril 2014).

Adherence to the MD score wastegorically modelled in tertiles of the score, whilst
four similarly sized categories of the WCRF/AICR score were categorically modelled.
Each category was then compared to the lowest, reference category. Estimates per 1
point increment in the continuousceres and tests for linear trend were also

calculated. Risk factors for CRC previously identified in the literature were taken into
consideration. Potential confounders that were closely related to a score component
or explicitly included in the score deation, such as BMI and physical activity in the
WCRF/AICR score were excluded from the analyses. For both scores, associations were
estimated first as a simple ageljusted model, and finally as a fuligjusted model.

For the MD score, adjustments wereade for age (yearsBMI(kg/m?), energy intake
(kcal/day), physical activity (hr/dgydmoking status (never, current or former smoker),
family history of CRC in a first degree relative and secanomic status (professional/
managerial, intermediate or routine and manual), whilst the WCRF/AICR score was
adjusted for age, smoking status, family history of CRC in a first degree relative and

socioeconomic status.
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Classification andperationalizationof the WCRF/AICR cancer prevention recommendations and the percentage adherence in the

WCRF/AICR Personal recommendations Operationalization Scoring Adherence Adherence
recommendation at baseline at phase 2
(%) (%)
1. Body fatness (a) Ensure that body weight through Insufficient data available NA NA NA
Be as lean as possible within tt childhood and adolescent growth
normal range of body weight.  projects towards the loweend of the
normal BMI range at 21
(b) Maintain body weight within the BMI (kg/nt): 18.524.9 1 62.4 56.8
normal range from age 21 BMI: 2529.9 0.5 25.6 30.2
BMI: vy ®p 2 NJ X o0 N 0 12.0 13.0
(c) Avoid weight gain and increases in  Insufficient data available NA NA NA
waist circumference throughout
adulthood
2. Physical activity (a) Be moderately physically active, >30 min/d of vigorous PA 1 13.8 19.1
Be physically active as partof S|lj dzA @I £ Sy G (2 06 NJA & 1530 min/d of vigorous PA 0.5 19.4 24.1
everyday life. every day. <15 min/d of vigorous PA 0 66.8 56.8
000 !'a FTAGYyS&aa A YL Insufficient data available NA NA NA
2F Y2RSNI 4GS 2N F2N
physical activity every day.
(c)Limit sedentary habits such as Insufficient data available NA NA NA

watching television.



WCRF/AICR
recommendation

3. Foods and beverages that
promote weight gairLimit
consumption of energy dense
foods; avoid sugary drinks.

4. Plant foods
Eat mostly foods of plant origin

5. Animal foods
Limit intake of red meat and
avoid processed meat.

6. Alcohol
Limit alcoholic drinks.
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Personal recommendations Operationalization Scoring Adherence Adherence
at baseline at phase 2
(%) (%)
(a) Consume energyense foods 95Y Xmup (1OFfkmnysl 32.8 24.6
sparingly ED: >125 to <175 kcal/100 g/d 0.5 57.9 56.3
ED: >175 kcal/100 g/d 0 9.3 19.1
(b) Avoid sugary drinks Sugary drinks: 0 g/d 1 4.8 24.4
{dzZ3F NBE RNAY1aY X05 83.5 59.2
Sugary drinks: >250 g/d 0 11.7 16.4
(c) Consume fast foods sparingly, if at a Insufficient data available NA NA NA
OF0 910 x p LRNIA2CgxY xnnann 3IKR 1 24.5 52.0
variety of nonstarchyvegetables and of F&V: 200 to <400 g/d 0.5 41.1 36.9
fruit every day. F&V: <200 g/d 0 34.4 111
(b) Eat relatively unprocessed cereals 5 A S+ NBE FAONBY xit1 7.5 1.4
(grains) and / or pulses (legumes) with Dietary fibre: 12.5 to <25 g/d 0.5 50.4 51.6
every meal. Dietary fibre: <12.5¢g/d 0 42.1 47.0
(c) Limit refined starchy foods. Insufficient data available NA NA NA
(d) People who consume starchy roots ¢ Not applicable to this population NA NA NA
tubers as staples should also ensure
sufficient intake or norstarchy
vegetables, fruit and pulses (legumes).
People who eat red meat should RPM <500 g/wk and PM <3 g/d 1 36.0 44.3
consume <500 g/wk and very few, if any RPM <500 g/wk and PM 3 to <50 g/c 0.5 48.8 34.4
processed meats wta xpnn I 2N ta O 15.2 21.4
If alcoholic drinks are consumed, limit 9 G Kl y2f Y Xmn 3IkR 1 66.3 89.0
O2yadzYLIiA2y G2 >»XH Ethanol: >1€0 g/d 0.5 21.1 9.3
1 drink/d for women. Ethanol: >20 g/d 0 12.6 1.7
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WCRF/AICR Personal recommendations Operationalization Scoring Adherence Adherence
recommendation at baseline at phase 2
(%) (%)

7. Preservation, processing,  (a) Avoid salpreserved, salted or salty  Insufficient dataavailable NA NA NA
preparation foods; preserve foods without using salt
Limit consumption of salt; avoic (b) Limit consumption of processed fooc { 2 RA dzYY X m®p 3Ikli1 35 8.7
mouldy cereals (grains) or with added salt to ensure an intake of <t Sodium: >1.5 to 2.4 g/d 0.5 23.3 41.0
pulses (legumes). (2.4g sodium) every day Sodium: >2.4 g/d 0 73.2 50.3

(c) Do not eat mouldy cereals (grains) o Insufficient data available NA NA NA

pulses (legumes).
8. Dietary supplements Dietary supplements are not Not applicable to this population NA NA NA

Aim to meet nutritionaheeds  recommended for cancer prevention.
through diet alone.

WCRF/AICR special recommendations

S1. Breastfeeding Aim to breastfeed infants exclusively up / dzy' dzt F G A @S . CY xc1 38.2 38.3
Mothers to breastfeed; childrer to 6 months and continue with Cumulative BF: >0 to <6 months 0.5 26.4 26.5
needto be breastfed. supplementary feeding thereafter. No breastfeeding 0 35.4 35.2
S2. Cancer survivors (a) All cancer survivors should receive  Not applicable to this population NA NA NA
Follow the recommendations  nutritional care from an appropriately
for cancer prevention. trained professional.

(b) If able to do so, and unless otherwisi Not applicable to this population NA NA NA

advised, aim to follow the
recommendations for diet, healthy
weight, and physical activity.
LWCRF/AICR, World Cancer Research Fund / American Institute of Cancer RBs#atmbgy mass index; NA, not applicable; PA, physical activity; ED, energy

density; F&V, fruit andegetables; RPM, red and processed meat; PM, processed meat.
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Figure6.1 Proportion of UKWCS respondents meeting e&¢RF/AICRecommendation or sulsecommendationat baseline and at phase'2
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6.4 Results

6.4.1 Sample characteristics

By the 2 April 2014 a total of 173 womenwho participatedn the UKWCSt phase 2
were diagnosed with incident CRIheMD score and WCRF/AICR saespectively
were derived for all the 2276 women participatiagphase 2 for whona FDhad been
coded.Women not flagged on NHS Digital (n=21) sminen selfreporting history of
any previous malignant cancer, except fmam-melanoma of the skin (n=23®%)ere
excluded.Thusfollowing exclusions, 2023 phaseespondents, witha coded FDwere
eligible for inclusion in the analysis, resulting in 134 CRC das#=ivng the
WCRF/AICR scorgseswith missing BMI data thavas also not available at baseline
were also lost (n=2), resulting in 132 CRC cd¥ben considering the same phase 2
respondents, this time at baseline, 154 and 153 CRC cases followivafide of the
MD score and WCRF/AICR sasege eligible for inalsion in the analysis.

Thehealth and lifestyleharacteristicsmean energy, nutrient and nemutrient intake

of the total cohortparticipantsat baselinecompared with tte total respondents at
follow up phase, those diagnosed with CRC and@BIC casese reported in Table

6.1. Difference in baseline characteristics by response status were sh@thenwho
responded at phase 2 had a slightly lower Bidre less likelyfo smoke more likely to
have reached degreelevel of education and thold a mangerial position than non
respondents. They were alstightlylesslikelyto eatred meat, more dietary fibre and
to consume less alcohol. Those diagnosed with CRC tended to be older, were more
likely to hotl a managerial position aralgreater percentagbad a family history of
CRC than cancéree phase 2 respondent$heir total energy intake, meat and alcohol

intake was also higher.

Table6.2 reports the percentagef adherentsto the WCRF/AICR guideliresbaseline
and at phase 2. In the followp phase, where dietary assessment waada through a
FD a higheradherenceto the WCRF/AIR recommendations was recorded/hilst

participants werdess likelyto maintain their weight within the normal rangs phase
2 than at baseline, they tended twe more physically active.igher consumption of

fruit and vegetaldes was reported through the ERhan through the FOparticipants
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alsoreported consuming fewer animal foods, fewsrgarydrinks incluéhg alcohol,

fewer salt preserved foods but a diet higher in dietary fibre at phase 2 compared with
the intake reported at baseline via FFQ. Notwithstandihg, dverall energgensity of

the diet was calculated to be lower for the majority of the partanps at baseline than

for those at phase 2.

6.4.2 Agreement between FFQ and FD

The daily energy intakes of the UKWCS women as calculated from the FFQ and from
the FD were compared using a Blafliman distribution as depicted in FiguBel. The
FFQ gave a highenergy intake compared to the Fyetbias (mean differencg

between the two methdswas-525kcal(95% C1556,-493) with limits of agreement
whereby the two methods broadly agree being within a range2682 to 982kcal A
positive trend seems to be evideritom the plot; although the positivebias seems to

be due to measuremds greaterthan 2500 kcal, whilst for other energy intakes the

data points are closer to each other.

Figure6.2 Bland! f GYIFy LX 20 F2NJ I 3N
intake (kcal) as recorded by FFQ and FD (n=2276)
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Table6.3 shows thedaily nutrient intake data and thKappa agreements between the
MD score and itsespective components as derived via FFQ and as derived véa FD
number of differences were noted between nutrient intakes as estimated from the
FFQ and FOrheoverallagreementin the MD scordetween the two method®f
assessing dietas72%, andvaried depending on thepecific component making up
the score Agreementfor the different components ranged from 624 legume
intaketo 83% for red meatUsing kappa statistics, the measurement of agreement
between the two methods of capturindjet vaied betweenslight agreemenfor the
overal MD scored $0.15; 95% CI: 0.14, 0.16) to substantial agrent for red meat
Ay G 1=p.62; 3% CI: 0.60, 0.64).

Kappa agreements between the two dietary assessment methods for the overall
WCRF/AICR score attg recommendations from which it is derived are found in

¢-ofS codnd hyfte FFEAN FINBSYSYylHh orrnodoyT
the overall WCRF/AICR score derived from the FFQ to that from the FD.

Notwithstanding, the strength of agreemenanies from fair for physical activity,

energy density, sugary drinks, processed meat and alcohol to substantial for BMI

SrTfndtoT o2 /LY ndt10X ndtnld 6KSYy O2yaiR
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Table6.3 Kappa agreements between the MD score and its respective components derived via FFQ and that derivetl via FD
FFQ median Agreement  Weighted Kappa Strength of
Score / Component (IQR) FD median (IQR) Difference (%) (95% CiI) agreement
MD Score 5 (3) 3(2) 2 72 0.15 (0.14, 0.16) Slight
Vegetables (g/ d) 300 (203) 195 (142) 105 64 0.19 (0.17, 0.20) Slight
Legumes (g/ d) 31 (36) 0 (30) 31 62 0.21 (0.19, 0.21) Fair
Red Meat (g/ d) 33 (71) 25 (60) 8 83 0.62 (0.60, 0.64) Substantial
Dairy (g/ d) 111 (102) 242 (220) -131 63 0.16 (0.14, 0.17) Slight
Poultry (g/ d) 9 (22) 6 (43) 3 73 0.43 (0.41, 0.45) Moderate
Cereals(g/ d) 230 (153) 140 (92) 90 63 0.18 (0.16, 0.19) Slight
Fruit & nuts (g/ d) 292 (239) 207 (194) 85 69 0.30 (0.27, 0.31) Fair
Fish (g/ d) 24 (28) 18 (43) 6 71 0.35 (0.32, 0.38) Fair
MUFA + PUFA : SF. 1.55 (0.54) 1.34 (0.57) 0.21 66 0.24 (0.21, 0.25) Fair
Alcohol (g/ d) 5.1 (11.0) 1.6 (6.0) 3.5 80 0.55 (0.54, 0.58) Moderate

1MD, Mediterranean diet; FFQ, food frequency questionnaire; FD, food diary; IQR, interquatrtile range.

2Ratio of the sum of monounsaturated fatty acids and polyunsaturated fatty acids to saturated fatty acids.



141

6.4.3 Survival analysis

TheHRs and 95% Cls for incidence of CRC according to tertiles of adherence to the MD
score as derived by both FD and FFQ are shown in Table 6.5. For women at phase 2, in
the multivariableadjusted model, compared to the reference intake, the third

category lad a lower risk of CRC but the test for trend was not statistically significant
and the risk estimate foa 1-point increment in the MD scoreas 0.94 (0.83 to 1.06;

Prend = 0.33. An inverse association for CRC risk with adherence to the MD score in the
fully-adjusted model was demonstrated in phase 1 for women assessed via FFQ.
Although the risk estimates in both the categorical and continuous models suggest a
possible protective association, Wit 2point increment in the MD sconmesulting in

an HR ©0.90 (0.80 to 1.0(Rend = 0.06) the association was nesignificant.

Analysis of the WCRF/AICR score derived from FD filled in by women at phase 2, found
no association with CRC wiens = 0.87 in the multivariabladjusted model, as

recorded also in Table 6.5. Conversely, estimated associations for the score as derived
from FFQ at phase 1, were inverse, though weak and only statistically significant in the
ageadjusted modelRrend = 004); in the multivariable adjusted model the significance

of the overall trend was logPrend = 0.13).Such associations are also depicted in Figure
6.3.



142

Table6.4 Kappa agreements between the WCRF/AICRes@nd the respective recommendations derived via FFQ and that derived Via FD
Score / FFQ median FD median Difference Agreement Weighted Kappa  Strength of
Recommendation (IQR) (IQR) (%) (95% CI) agreement
WCRF/AICR Score 4.5 (1.25) 4.75 (1.5) -0.25 90 0.38 (0.37, 0.39) Fair
BMI (kg/n) 23.5(4.5) 24.0 (5.0) -0.5 93 0.73 (0.73,0.74)  Substantial
Physical activity (min/d) 9 (26) 10 (26) -1 80 0.21 (0.19, 0.23) Fair
Energy density (kcal/ 1009/ d 135 (33) 146 (43) -11 74 0.23 (0.220.24) Fair
Sugary drinks (g/d) 78 (131) 92 (192) -14 76 0.21 (0.20, 0.22) Fair
Fruit and vegetables (g/ d) 599 (387) 412 (266) 187 71 0.19 (0.17, 0.20) Slight
Dietary fibre (g/ d) 14 (9) 13 (6) 1 73 0.19 (0.18, 0.20) Slight
Red meat (g/ wk) 131 (346) 175 (418) -44 81 0.47 (0.45,0.49) Moderate
Processed meat (g/ day) 7 (18) 6 (23) 1 79 0.38 (0.35, 0.39) Fair
Alcohol (g/ d) 5.0 (11.0) 1.6 (6.0) 3.4 80 0.40 (0.39, 0.41) Fair
Sodium (g/ d) 3.0 (1.3) 2.4 (1.0) 0.6 68 0.11 (0.09, 0.11) Slight

IWCRF/AICR, World Cancer Research Fund / American Institute of Cancer Research; BMI, Body Mass Index, FFQ, food ftemreniey, flsood diary,

IQR, interquartile range.



Table6.5

143

and to quartiles of the WCRF/AICR score for two dietary assessment methods

Hazard ratiosand 95%confidence intervaldor incidence of colorectal cancaiccording to tertiles of the Mediterranean dietcore

Dietary pattern Score categories

Casel
134
1 42
Mediterranean 2 S0
diet score 3 42
Per 1 unit increment
Ptrend
132
1 37
2 31
WCRF/AICR scote 3 33
4 31
Per 1 unit increment
Ptrend

Food diaries Food frequency questionnaires
Multivariable- Multivariable-
Age-adjusted adjusted Ageadjusted adjusted

HR (95% CI)

1.0
0.92 (0.59, 1.41)
0.74 (0.46, 1.20)
0.96 (0.86, 1.06)

0.374

1.0
0.86 (0.52, 1.40)
0.93 (0.57, 1.53)
0.97 (0.58, 1.61)
1.00 (0.84, 1.19)

0.975

HR (95% CI)

1.0
1.00 (0.60, 1.67)
0.75 (0.42, 1.32)
0.94 (0.83, 1.06)

0.322

1.0
0.87 (0.50, 1.51)
1.04 (0.60, 1.79)
1.03 (0.58, 1.81)
1.01 (0.83, 1.24)

0.872

Cases
154
40

51

63

153
47
33
42
31

HR (95% CI)

1.0
0.72 (0.47, 1.10)
0.82 (0.54, 1.25)
0.94 (0.85, 1.03)

0.190

1.0
0.49 (0.31, 0.77)
0.58 (0.38, 0.90)
0.64 (0.40, 1.03)
0.82 (0.67, 0.99)

0.041

HR (95% CI)

1.0
0.63 (0.39, 1.01)
0.70 (0.43, 1.12)
0.90 (0.80, 1.00)

0.061

1.0
0.54 (0.33, 0.90)
0.66 (0.41, 1.07)
0.71 (0.421.20)

0.84 (0.67, 1.05)

0.129

1 Case numbers apply to multivariable adjusted models.
2 Adjusted for age, BMI, energy intak#hysical activity, smoking status, socioeconomic status and family history of CRC.
3Adjusted for age, smoking status, socioeconomic status and family history of CRC.
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Figure6.3  Association between colorectaancer incidence, by anatomical sub site, and adheretacthe Mediterranean diet and WCRF/AICR
cancer prevention guidelinésespectively, derived using the food diary and the food frequency questionnaire
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6.5 Discussion

Accuratelyassessingabitualdietary intake is vital istudies aimed atletermining the
role of diet in cancer preventigtut difficult to achieveln this study, we assessed the
agreament between adherence scorestwfo dietary patterns, the Mediterranean
dietarypattern and the WCRF/AICR cancer prevention guidelines, by comparing the
scores derived from a 21ifem FFQ and aday FDWe also looked at the association

of the named dietary patterns derived from the different dietary assessment methods

and CRC rigk the UKWCS.

The agreement between scores showing adince to the MDwvas poorer tharthat
between scoresor the WCRF/AR score. Foall components othe MD scoreexcept

dairy, the medianintake in theFFQ was higher than in the FD, whilst for the dietary
components of the WCRF/AICR score, only for sugary drinks and red meat intake was
the FFQ median loer than the FD median. Overestinan of fruit andvegetable

intake (Neville et al., 2017), and ofuit and nut intake (Carlsen et al., 200 FFQ

when compared to FD has been previously reportelis underestimation of added
sugar(Carlsen et al., 2010) and of soft drinks and cheese (Vereecken & Maes, 2003)

from the FFQ compared with the FD.

Therelative bias in energy intake between the two dietary asseent methods was
considerable, with energy intakes25 kcal (95% &$56,-493)higher with FFQs
compared to mean energytiake estimated from FDHigherenergy intake by FF@®
comparison to B has been ngorted in several previous studi¢Brunner et al., 2001;
Kowalkowska et al., 201BgrnandezBallart et al., 2010 Such discrepancies in energy
and nutrient intake between the two methods may be related to several factors,
including inadequee participantestimation offrequency andood portion sizes,
incorrect choice of food item by coder from database or use of an inaccurate dish
recipe during FD codirendthe FFQ structure with respect to the numtaard choice

of food items(Cade et al.2004). For instancegverestimation of fruit and vegetable
intake when assessed via FFQ compared to other dietary assessment methods may be
attributed to the fact that these items are listed individually resulting in a reported

magnified intakeBrunnerand colleaguealso noted such a finding the Whitehall II
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studyand stated it could be related to the numerous items on the FFQ used (Brunner
et al., 2001) Furthermore,in this studythe FD was completed approximately 5 years
after the FFQ was adminesed, a period during which participants may have altered
their eating habitsAlthoughthe difference in energy intakeas substantialthe

values for energy density were closer on comparison of methwill,a difference of

11 kcal/100g/d. In fact, considering both the FFQ andngDiars,(i KS &6 2 Y Ssy Q&
said to be borderline kgveen low to medium energy densitBNF 2009.

In this female UK cohqgrCRC risk was not associated with a higher adherence to the
Mediterranean dietary pattern or to the WCRF/AICR cancer prevention guidelines as
derived from FFQs or FBstimatesf the associations of CRC with scores generated

from the FFQhough not statistically significantere protective for both dietary

patterns, when comared to those generated from the FD, suggesting attenuation,
potentially due to therelatively small numbers of casds.fact, inthe studyreported

in chapter 4, which included larger number of CRC cases, a 12% decreased risk of CRC
was reported (HR=88; 95% CI 0.78 to 0.9%eR= 0.03) with a Zoint increment in

the MD score

In line with findings from this studywo other studies in womerthe NIHAARP Diet

and Health StudyReedy et al., 2007) and the Nur€egalth Study (Fung et al., 2010)
also reportedno statistically significant associatibetween the MDCand CRC in

women. Notwithstandinga recent systematic review and metmalysisof 11
observational studies reported an 18% reduced risk of CRC for high adherers to a
Mediterranean dietay pattern (Schwingshack et al., 201Whilst thediscrepancy in
findings may bepartly attributed to the different methods of dietary assessment,

other variations in studies that may contribute to the inconsistencies includierdift
definitions of theMD and the components included in the scaed the choice of cut

off points determining adherence according to intakgudies investigating the
association between th&/CRF/AICBancer preventiomecommendations and CRC
incidence have reportethconsistent findingg ¢A G K (K2aS FTNRY GKS
Health StudyNomura et al., 201&nd from the Framingham Offspring cohort
(Makarem et al., 2015eporting no significant association in agreement with results of

this study. In contrast, both thEPIGRomaguera et al., 2012nhd VITAL cohort
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(Hastert & White, 201&eported reduced CRC risk with increased adherence to the
WCRF/AICR recommendations for cancer prevenHionvever, none of the mentioned
cohort studies used FD for dietary assessnamt thus comparison is limited. The
number of guidelines operationalized varies between studies; this may explain in part

the inconsistencies.

Our findings do thus not support previous research that suggestsé-preferableat
estimatingrisk in cohort studies of diet and cancer (Bingham et al., 2003; Freedman et
al., 2006)Non-consecutive repeated 24our recalls are considered the gold standard
for assessing usual intakBiro et al., 2002)n comparison, although appropriately
filled in FBsresult in a more accurate asssnent, the less laboriou$FQ seems to ke
better predictor ofboth habitual intake as well as at predicting items that are
commonly not consumed on a daily basis, such as alcohol. For such items, the FFQ
median reflects the consumption patterns better; the discrepaoic$.5g / day of
alcohol between the FFQ and tR® is substantiaRarticipantdurdened with

recording their food intake for @eriod of timemay lead healthier lifestyles, may

report foods that are considered more socially acceptable or may alter their food

intake to simplify recording of diet (Barawski, 2013).

The key strength of this study is that scores for the two dietary patterns being explored
could be derived from both FFQ and FD. Whilst the advantages and disadvantages of
the two different dietary assessment methods have been previouslynsktely

reviewed (Cade et al., 2002), the fact thetth methodsare usedn the same cohort

gives a broader overview of dietary patterns in relation to CRC in this cdtnart.
prospective naturef the studyalso reduces selected recall hidke long followup

period is considered a strength, as is tijustment of several potential nedietary
confounding factorsThe casecohort design allows the processing of data for only a
proportion of the noncase participantsilthough therelatively snall number é CRC
cases ishe main limitation of this study, it was still considered of interest to explore
since studies looking at cancer risk and using FD for dietary assessment are Boarce
small numbers create uncertainty around estimates makiimpallenging to determine
whether true associations exist and are being masked by wider confidence intervals.

Furthermore, limitations characteristic of a methodology based on using dietary scores
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can also be attributed to this study, where the adheresceres for both dietary

patterns were generated by scoring all components equally.

The results of thigexploratorycasecohort studyon dietary patterns derived from FFQ
and FD respectively, and CRC do not sugpasthe MDor the WCRF/AICR cancer
prevention guidelines arassociated with CRC risk in this British cohort of middied
women.Further studies with larger sample sizesing FDor diet assessmerdre

warranted.
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CHAPTER 7 SUMMARY AND CONCLUSIONS

7.1 Chapter overview

Findingdrom the three main parts of this theslzave been individually reported,

compared with previous studies and their implications discussed in chapters 4, 5 and 6
respectively. This chapter aims to provide a summary of the key results across the
separate studiesdyringing together the different elements of this work in an overall
discussion. It attempts to critically reflect on the research carried out, highlighting how
effectively the work conducted met the centraim identified at the initial stages of

the research, namely:

Woexplore the relationship between dietary pattern exposures and CRC incidence as
'y 2dz002YS dzaaAy3d REFEGEF FNRY GKS !''Y2/{ Qo
A number of points of specific interest will be targeted for an expanded discussion in
section 7.2, whilst thetrengths and limitations of the overall study will be considered

in section 7.3. Areas where further research is warranted willigklighted in section

7.4 andpublic health recommendations based on the research findings will be made in

section 7.5. Sdion 7.6 concludes the chapter.

7.2 Summary discussion

The analyses presented in this thesis have used data from the UKWCS, a large
population based British cohort designed to assess associations between diet and
chronic diseases. Dietary information froind cohort which was previously assessed
via a FFQ at baseline, and in tHé f2llow-up phase of the study viaFD, was
combined with CRC incidence records obtained from NHS Digital. This allowed the
exploration of an association between incidence otd€RC, and the different
anatomical sub sites of the colorectum, in UK women in relation to dietary patterns
derived from different dietary assessment methodée investigatioralsosought to
determine whetherthe associationgrom the FD derived pattesware in agreement
with FFQ derived pattern®lot only was such dataom phase Zoreviously
unexploitedin relation to CR@ the UKWCS, but exploring associations between

dietary patterns and cancer using FD derived data in addition to FFQ data ha=enot b
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previously reported in the literatureStudies differentiating associations by sub site are

also very few. This originality of this work is thus highlighted.

The dietary patterns chosen for investigation in this study wereetipeiori
Mediterranean dietary pattern and the 2007 WCRF/AICR cancer prevention
recommendations. This alternative approach of studying dietary factors in relation to
CRC risk was chosen in favouewiphasizinghe effect of single foods or nutrients.

The latterapproach has given several inconclusive results, as discussed in chapter 2
whilst dietary patternanalysisallows an investigation of the consumption of foods in
combination, portraying a more realistic scenafitie cancer protective effect of
dietary paterns may be more pronounced than that of individual components due to
interactions between the latteresulting in health benefits being more apparent.
Furthermore dietary indicesnay overcome issues of confounding factors and of
collinearity between cmponents, and allow the evaluation of the extremes of
cumulative exposure. The use of studies looking at dietary patterns to assess cancer

incidence is thus truly justified (Verberne et al., 2010).

The thesis successfully addressed the following resealttives, as stated in
Chapter 1:

1 An advanced literature review was conducted to identify observational studies
reporting associations between diet, nutrients and dietary patterns and risk of
CRC, and reported in Chapter 2.

1 A 1Gcomponent adherence scerto the Mediterranean dietary pattern and an
8-component adherence score to the WCRF/AICR cancer prevention
recommendations for UKWCS participants were constructdracteristics of
low and high adherers, as estimated using FFQs and FD are presented in
Chapters 4, 5 and 6 respectively.

1 The association between the Mediterranean dietary pattern derived from diet
assessed via FFQ, and incident CRC risk, including consideration of the proximal
colon, distal colon and rectal anatomical ssites respectivelyas explored

using survival analysis and is presented in Chapter 4.
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- Atotal of 527 incident CRC cases were reported since baseline and the MD
score was associated with a significantly lower risk of CRC and of rectal
cancer, whilst estimates for association with colon cancer were weak but
suggested a protective association. Notwithstanding, the confidence
intervals for estimates for colon and rectal cancer were wide, potentially
suggesting tle difference in associatidretween the two anatomicalub
sites was due to chance.

1 The association between adherence to the WCRF/AICR cancer prevention
recommendations, derived from a FFQ, and risk of total CRC, colon and rectal
cancer was also assessed using survival analysis and is presented in Chapter 5.
- A total of 444 incident CRC cases were included in the analysis, following

exclusions; the WCRF/AICR score was not significantly associated with a
lower risk of colon or rectal cancer. Although a protective association from
CRC was also seen with the higthadherence category of the score, the

overall linear trend across categories was not significant.

1 Finally, the agreement between the MBnd the WCRF/AICR scores derived
from the different dietary assessment methods, namely the FFQ and the FD
was evaluaed using a Blandltman plot and Kappa statistics; the associations
of the named dietary patterns derived from FD with risk of CRC was explored
using a caseohort study design usirig Chapter 6.

- FD for a total of 2276 women were available, of whichtaltof 173 CRC
cases were documented. Estimates for an association with CRC were weak
with both the MD score and the WCRF/AICR score, though case numbers
were small. The energy intake from the FFQ was considerably higher than
that from the FDAgreement baveen the two methods was slight for the
MD scoreandfair for the WCRF/AICR score.

The combination of these objectives ensured that adherence to the two chosen dietary
patterns in relation to CRC risk in this cohort of women had been thoroughly
investigaed and that the overarching aim of this thesis has been successfully reached.
A wealth of information was added to research on dietary patterns and risk of CRC,

and the study gave invaluable insight into the potentially different associations of diet
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with the separate anatomical sub sites of the colorectum. Whilst the first two
objectives listed above used only baseline data of the UKWCS, the third objective used
data from both the first and second phases of the study. Women were followddrup

incidenceof CRC from phase 1 for over 17 years

Drawing together the available evidence, the Mediterranean dietary pattern appears
to be associated witheducedCRC risk, but the associations tend to be more
consistent with rectal cancer and total CRC rather tfuarcolon cancer. The

differential associations between the Mediterranean dietary patterns and the two
different anatomicakites of the colorectum suppothe notion that the pathology of
these conditions may differ and the different foodnaponents of aMD potentially

exert a different influence on the process of cancer development. A differetiblogy
was also noted between the proximal and distal colon, and although both associations
were not significant, the difference may be explained on the lifdbeair distinct
biological characteristicI.hese anatomical differences may stenpart from
embryological origin and partly from modificationrihg postnatal development; one
may argue that they thuslicit a varied response to the same environmerfigators
(Glebov et al., 2003).

On looking at the associations of the individual components making up the MD,
legumes stood out among the different components as being one of the key food
groups driving the decrease in risk of rectal cancer and to sonenegf CRC. Whilst
attributing this to their high dietary fibre content is biologically plausible, a systematic
review and metaanalysis of 25 prospective observational studies reported a reduced
risk of CRC with a high fibre intake but on analysis bg §bbtype, the RR for legume
fibre was not significant (Aune et al., 2@ 1 Although a high legume intake wakso
associated with a decreased risk of colorectal and other cancers in asieltase
control study, the authors acknowledged the neediforestigating this association in
prospective cohort studies (Aune et al., 2009). It is worth mentioning that in view of
the highpercent 3S 2F @S3ISGINAFIYA Ay GKS ! M2/ { X
expected to behigher than of the general Utsopulationg this has been confirmed in a
previous study looking at legume intake in the UKWW&®wairji, 2013)Women with

higher legume consumption could potentially have a lower intake of red pneay
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lead healthier lifestyles overall and have lowéIB. Such factors have all been linked
to a lower risk of CR@lotwithstanding, legumes may reduce CRC via several
mechanisms, including their fibre content, their role in weight management in view of
their impact on satiety as well as their polyphenobnitent. Legume fibre, in

particular blue lupin kernel fibre has been shown to improve colonic function and to
have beneficial effects on faecal mass and pH, transit time, &@lFAsk factors for

CRC (Fechner et al., 2013).

Olive oil isan integral corponentof the MDand high in polyphenol$iowever, sce

the population under study is a neMediterranean British cohort, olive oil is unlikely

to be the main source of unsaturated fatty acatsdthusthe total amount of

unsaturated fats was used in li@ MUFAS to derive the MD scoirethis study There

is someepidemiologicakvidence to show thatlietaryomega3 fatty acidsare
associatedvith a reducedCRC riskCockbain et al., 2012). Fish is a natural source of

the eicosapentaenoic acid and docbgxaenoic acid. Epidemiological dategeneral

report a small decrease in incidence of CRC with increased fish consumption (Norat et
al., 2005; Cockbain et al., 2012; Wu et al., 2012). The WCRF/AICR 2017 CUP report
supports this view and concluded the é&nce for an association with fish

consumption is suggestivbut limited; they could not come to a conclusion on the
association wittomega3 fats from fish (WCRF/AICR, 20 Efidemiological studies

using FFQ to assess diet may be hindered by lackafrdisation between oily and

lean fish, and processed and nprocessed fish (Cockbain et al., 2012), thus

potentially failing to reveal an association between fish intake and CRC risk. Estimates
for fish reported in this study though weak are in the expéairection, thus

supporting the implication that fishpartly due to its omeg& content,is one

component of the MD mediating the observed associatidne may thus hypothesise

that the type of fat in the diet has a role in cancer progressind is toa degree
responsible for the decreased CRC incidence observed with a higher adherence to the
MD. Pauwels (2011) also describes an added benefit of fish and olive oil consumption;

together with red wine they aid in the consumption of legumes and vegetables
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Other components of the MD that have consistently been associated with reduced CRC
risk include vegetables and fruits and whole grain foods. Conversely, the MD is
characterised by a low consumption of red meat and dairy prodiéstsnated
associationseported for vegeables and red meat consumption in this study, though
not strong, were also in thexpected directionsvVerberne and colleagues describe the
beneficial effect of the MD on cancer risk as being mediated through chronic
inflammation and oxidtive stress amongst other numerous biological mechanisms
(Verberne et al., 2010T.he Mediterranean dietary pattern is rich in antioxidants such
as vitamin @nd E, flavonoids and phenaad associated with low levels of low
density lipoprotein cholesteradnd may be said to be aatiflammatory.While
polyphenols from olive oil, resveratrol from red wine and lycopene from tomatoes
have been shown to obstruct molecular cancer pathwaysr{Eti et al., 2017)The
fibre content may compensate for the effect ofrlitroso compounds bgcavenging
nitrite whilst the omega3 fatsmay play a role in cancer initiation and progression
(Verberne et al., 2010). The adequatmega6 and omege fatty acid ratio, the low
trans fatty acid intake, the high fibre content and the high intake of antioxidants and
polyphenols resulting from adherence to a MD lead to beneficial effects on human
health (Tyrovolas & Panagiotak@)10).

In relation to the assaation between adherence to the WCRF/AICR cancer prevention
guidelines and CR@cidence in the UWCS there was no evidence of statistically
significant associationia any of the analyses carried out as part of this thesis. The
generally null associatiomas seen both whethe data to generate the adherence
score was derived via FFQ as described in chapter 5 and also with the FD derived
pattern reported in chapter 60perationalizing a ninth recommendation on
supplement use in sensitivity analydigl notchange the resultsTheseveral
differences irthe food componentsnaking upthe Mediterranean dietary pattern and
those mentioned inthe WCRF/AICR cancer prevention guidelisesh a fish, nuts,
dairy,alcoholand sodiummay be to an extent mediating the difference in
associations. Notwithstandingysh observations ar@ linewith findings from sme
studies, but not with others, as discussed at length in chapters 5 afldeymay be

explained by a true lack of assodiet between this specific dietary pattern asdncer
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or by the low case numbers in the case of FD derived dietary pattahesnatively,
methodological limitationsn dietary assessment and in data collection, especially
based on selfeported dietary ittake, and challenges such the ones related to
measurement error as discussed above read to misclassification of individuals-vis
a-vis adherence to one or more recommendations; this rmegount for the null
findings.Another issue relates to a potentiallyadequate variation in dietary pattern
adherence across the UKWQ$otwithstanding the fact that the variation in

adherence to the WCRF/AICR cancer prevention guidelines across the UKWCS was
considerable, the womeim this study may be healthier thahe generalUK

population. Thismplies that the participants may on average have greater adherence
levels to such recommendations in comparison to other British women; the proportion
of women with low adherence would ti$ be insufficient to reveal an increased risk of
CRC, if one existeBor instancenly around 20% of the women in the UKWCS baseline
analyses had an adherence score of 3 or less, which is relatively low compared to the
50% of the EPIC study participantso scored 3 or less in a similar study (Romaguera
et al., 2012). Another potentiaeason for finding a null result is also related to the
methods of dietary assessment. Both the FFQ and tdaylFD methods may be too
imprecise to measure some score caments, such as sodium, accuratdtyview of

the fact that the recommendations are given to preventalse cancer, some of

them may not be directly applitde to CRC risk; this may attenudle true

associationsesulting in null findings.

The statstically significant association between adherence to the MD and CRC
incidence reported in Chapter 4 using baseline data was however not seen when phase
2 FD recorded data was used in the analyses as described in Chapter 6. Estimates
though inverse, were @ak and norsignificant. One plausible explanation for the null
observation is the relatively small number of cases by comparison to the over 400 CRC
cases documented with baseline data. It may also be argued that the difference in
results is due to the fferent dietary assessment methods. The data indicates
reasonable validity of the FHeased dietary pattern estimates losigrm, justifying the

use of such an assessment method in studies of diet and cancer associations. This

implies the FFQ may be considd more appropriate for recording habitual intake.
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Although the FD is an accurate method of assessment, the use of short term dietary

data for estimating usual intake is associated with several challenges. Such
measurements are for instance expected ® frone to substantial withiperson

SNNRNY | O2Y0AYylLGA2y 2F GFNARIFGAZ2Y | NRdzyR
measurement error (Kipnis et al., 2003). Such dietary measurement error attenuates
disease risk estimates, thus reducing the power to detedistteal significance.

Findings from this study, and similar nutritional epidemiological investigations should

be interpreted with caution considering that important diet disease associations may

be masked.

7.3 Strengths and limitations

The choice of studyintipe role ofwell-establishedlietary patterns as opposed to that

of individual foods or nutrients in the development of CRC may be considered one of
the key strengths of this thesis. The interaction of different nutrients may affect their
bioavailabilitywhilst a single nutrient may be present in several foods. An above

I SN} 3S Ayalr1S 2F F LI NIGAOdzZ F NI F22R AGSY
another food (Michels & Schulze, 2005). Such factors make linking of nutrients and
foods to diseae outcomes complex. Studying dietary patterns allows different dietary
exposures that may be associated with disease risk to be captured, though it has been
argued that if the effect on disease outcome is that of a single exposure, it may be
diluted with dietary pattern analysis (Michels & Schulze, 2005). Nevertheless, because
dietary patterns encompass the overall diet, they allow public health

recommendations to be easily translated into eating habits and a healthy diet to be

achieved in several way€espedes & Hu, 2015).

The dietary patterns used in this thesis to investigate the diet CRC association were
both predefned diet quality scores. The MD scalkescribes a dietary pattern including
the consumption of a number of food groups, but it does ngeg comprehensive

diet pattern. Other limitations of using dietary indices include variation in the
individual score components selected for inclusion in the score and in the definition of
their respective cubff points between differenstudies (Hu, 202). Furthermore, a

dietary index is generated using the knowledge available on the diet disease
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association at the time of the study, and is thus limited by that understanding. Dietary
recommendations used to build a dietary pattern for instance may eatifpdated in
accordance to the latest available scientéadence (Hu, 2002). TM#CRF/AICR

cancer prevention guidelines used in generating the WCRF/AICR score for this
research, as described in chapter 5, were published in 2007. This is considered a
limitation since scientific research is ongoing; new evidence is systematically reviewed
as part of the WCRF CUP, evaluated and used to make conclggidiast a review of

the recommendations is expected teIpublished in the near futur@VCRF

International, n.d.).

A posteriorimethods for defining eating patterns have also been used in the literature
where the dietary data available is manipulated using statistical techniques, with the
most commonly used being ipcipal component analysiReduced rank regression is
different in that it targets the dietary pattern to a specific disease outcome by using
both available data as well as prior knowledge. Although it is a more targeted
approach, it is novel in comparison to other methods andsthas been used less in

the literature (Michels & Schulze, 2005). Using mixed methods to study dietary
patterns in this thesis, each method with its strengths and limitations, may have
provided a more comprehensive approach in answering the research que®i the
other hand, a major strength of this thesis is the use of multiple methods of dietary
assessment to derive dietary patterns. Whilst most studies of dietary patterns use the
FFQdietary data for the analyses was also derived from FD apidrexiin relation to
CRC risk, thus contributing better to an understanding of the diet and disease

relationship.

A key strength of this work is the study populatipthe UKWCS is a high quality

cohort of a large size. Itg@spective nature minimized recahd responder biashe

large proportion of vegetarians recruited allowed a greater spectrum of dietary intakes
to be explored, making this cohort unique in that sense. Still, the cohort was
reweighted by the percentage of vegetarians disth-eaters, as dtailed in section

3.9.2.1. This ensures the resudtse more applicable to women ithe general UK

population, although the extent of this is unknowifihe large size of the cohort gave
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the analyses undertaken using baseline data substantial power, anchbwed an
exploration of the associations with different anatomical sub si#&hough the

smaller number of CRC cases available for inclusion in the anatyslease 2 ia

limitation of this study, no other studies haused FD derived data to l&@tan
association between dietary pattermsk of CRC, which makes the study novel

Another advantage of the UKWCS study design are the health and lifestyle
questionnaires filled in by the participants, both at baseline and at phase 2. Although
selfreporting of anthropometric data is not ideal, the questionnaires enabled several
factors to be captured. Those that were potential confounders could be adjusted for in
survival analysedNo adjustment could however be made for screening of CRC since
this data was not availableCRC screening could have been a probable confounding
factor for several reasons: the process is likely to identify cases sooner, health aware
participants such as those in the UKWCS were more likely to attend screening, and
such womertended to have a stronger family history of CRC and a higher risk of CRC

themselves.

7.4 Future research

7.4.1 Usingthe UKWCS

The data used for analyses in this thesis could be explored further via sensitivity
analyses. Family history is a strong risk factor for CRC and excluding women with a
family history wouldallow a potential different association to be investigatddvas

also mentioned in Chapter 2 that some patients have a hereditary type of CRC known
as HNPCC which develops at around 44 y@@eng & Dubois, 2010 sensitivity

analysis excluding all cases before 50 years would exclude such hereditary cases.
People withadenomatous polyps have an increased risk of CRC and risk factors for
their development are likely to be similar to those for CRC. Sensitivity analysis could
be conducted to exclude people reporting a history of polyps at basastieeir

dietary choice may have been influenced.

The work irthis study focused on twdietary patterns. The association between
several other dietary patterns, such aegtern, prudent, DASHDietary Inflammatory

Indexand lowfat amongst others could be investigated in relation to the incidence of



159

CRC Different health outcomes available for the UKWCS could also be examined in
relation to the Mediterranean and WCRF/AICR dietary patteBosne examples
include adenomatous polyps, total cancer incidence, cancer mortality and cancers at

different anatomical sites.

In relation to the WCRF/AICR patterhetadherence score as generated in this and
similar studiesassumes each score componérnequally important in relation to
health. The total unweighted score has been compared with specific cancers or all
cause cancers in several publications. It is however worth considering a score
weighting where a greater emphasis on specific recommendatis made, developing
weights potentially on the relative risk reported for CR@x. instance, the
breastfeeding component is unlikely to be related to CRC risk (Parkin et al., 2011).
Furthermore, he WCRF/AICR cancer preventipidelinesare expecteda be

updated very sooms part of the CURt would be interesting to see the association

between cancer incidence and adherence to the new recommendations.

A future follow up study would result in a later censor date from NHS Digital, giving a
greater umber of documented CRC cases. This would alleanatyses, with greater
power and would be especially valuable for sub site analysis (progotual,distal
colonand recta) and for dietary pattern derived from FD. As previously discussed, only
a fracton of the available FD have been coded to date. With a greater number of FD,
one could create a new grouping of women whose FD and FFQ scores are in
agreement, and investigate whether the associations with CRC incidence were

stronger.

7.4.2 Other studies

Chapte 2 discussed the several existing studies assessing the association between diet
and CRC. Those focusing on dietary pattanesfewer and in their majority conducted

in Europe or in the US. Evidence b associationsf dietary patternswith different
anatomical sites of the colorectura very limited andhe 2017 WCRF/AICR CUP report
could thus make no conclusion on this association (WCRF/AICR, 2017). Further studies

in varied population groups are thus need&lich reseaftshould ideally be of a
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longitudinaldesign, with large numbeysr dietary pattern interventionsLarge cohort
studies would allow associations for colon and rectal cancer to be studied separately.
Longterm trials arerare for several reasons, mainly a&d to cost and poor

adherence to the dietThe only intervention triad the Lyon Heart Trialas carried out

on a much smaller scale and results are thus only suggedide(geril et al., 1998).
ThePREDIMEDial (MartinezGonzalez et al., 20)% an exceptiorg it is alandmark

trial that includedover 7000 participants with risk faars for CVDOvho were advised to
follow either a low fatcontrol diet or a Mediterranearstyle diet the latter were

provided with either nuts or olive oil. Aftemaapproximate4 year followup, both
intervention groups experienced an approxi@30% reduction in CVD events
compared with the control group. In view of the observational evidemt¢he

association between higher adherence to the MD and decreased CRC incidence from
this study, ad from other cohorts, similar trialsith cancer as an outcomare

needed. Such interventions would lend support on bemefits of the MD in primary
prevention of cancer and provide tangible scenatlts may guide policies on public
health.

Chapter 2eviewed he numerousnodesof action of various dietargomponents on

incidence of CR@ is apparent that a better understanding of the complex

mechanisms by which diet influences the development and progression of CRC is

crucial if the prevention of cecer is to be addressedhis should be one of the focal

points of future researchC dzNII KSNY 2 NB X A Y RA QA Raffectithd Q I Sy S
gle F22R A4 LINRPOS&aaSRI ydziNASyGa STFSOG
number of nutritional factos may protect the genome from damage. The interaction
between nutrition and genes is termed nutrigenomics and is in summary the impact of
dietary components on the genome (Mead, 20(Hgsearch evidence from

nutrigenomicgo the treatment and prevention fodiseasas very likehithe way

forward inthe prevention of CRC, amongst other chronic diseases.

Dietary assessment is associated with several challenges as discussed in previous
chapters.A recent systematic review on the validity of dietary assessmeathods

(Walker et al., 2017) concluded thasearch is necessary to support the development
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and validation of accurate dietary assessment methods, specifazatlyidering
innovative technologiedDietary data to examine diet and cancer risks may be
colected using odine assessment methods such as 24hr recall questionnaires and
FFQs, viamartphone applicationgnd other emerging technologies suchiesge
assisted dietary assessment methods. In the latter, handheld devices or wearable
cameras areised to capture image&semming et al2015) Advantages of such
technolagies include realime recording, reduction in seteport bias, less time spent
collecting data and coding, thus reducing also coding er&ush tools enhance the
accuracy of selfeport dietary assessment and potentially, being less burdensome on

participants, simply their recruitment enabling larger cohorts to be studied.

7.5 Public healthpolicy implications

Dietary patternsare an alternative approado individual foods and nutentsfor

informing public health recommendatiorf€espedes & Hu, 201%)/hilst the
WCRF/AICR017CUP reviewon CRC reported limited and inconclusive evidence for
dietary patterns, a very recent review on dietary patterns and CRC risk (Tabung et al.,
2017)reported thatW O 2 y & dzY A Yy 3 | hidghinSriits @ vegestaliled SnNJ/
t26 AY YSIFGa FyR &¢SSia ThHisas todN&igioinga S | 3
with findings from this study as the characteristics of the dietary pattern reported

are similar to those of the MOrurthermore, the review reported stronger

associations in men than in women and more significant findings frasecontrol
studies in comparison to cohort studies (Tabung et al., 200.current results
suggestthat adherence to the Mediterranean dietary patteraduces rislof CRC,
especially of rectal cancelcegumes seem particularly beneficial for lowegrmsk and

based on this study results, their importance shotiids be emphased.

Public health messages should thus continue to encourage adherence to the MD, not
only because it is beneficial in preventing heart dised@&struch et al., 2013put

also to reduce risk of CRThese findings are positias the public needs consistent
dietary advice as primary prevention for a range of chronic diseases; they do not say
choose to protect themselves against CVD but not cartagthermore, results from

Chapter 4 showhat healthbenefits in the sense of risk reduction are not seen only



162

in women with full adherence to the Mediterranean dietary patterns, blgo in
those who are partially adherent. This is encouraging as it implies tleat @few
OKIy3aSa G2 2y Smnghalapdsitiva influéinde brSdiégase risk.
Unfortunately dietary habits of southerBuropean countrieBave changed over the
past fivedecades, andecommendations should focus on supporting people in
reversingthe trend and consume the traditional MD of the 19§0®urlouki et al.,
2013)

As reported in chapters 5 and 6, no protective effect of adhering to the WCRF/AICR
cancer prevention guidelines w&sund in terms of CRC risk/hile this is in line with

results from smaller studies, it does not support previous research from larger cohort
studiessuch as EPIC (Romaguera et al., 26@d)VITAL (Hastert & White, 2016).
Nevertheless, on looking at ttessociation withndividual WCRF/AICR

recommendations, results weiadicative of lmdy fatness as potentially driving the
association betweelVCRF/AICR and CRC rdthough further research is necessary

to supportthis, KS A YL NIFYyOS 2F YIAYyll AyAdedd 2y SQ:
a normal, healthy range should thus be emphasised for CRC preventios,. despe

the evidencdrom this thesiswhen ©nsidering the limitations in seteported dietary

assessmentit is difficult to regard findingsdm this single study agefinitive.

The public health message to adhere to cancer prevention guidelines should remain,
especially since there is no evidence of detrimental effects. Furthermore, many of the
food related recommendations for cancer prevention are in line with a typical MD,
suchas consuming high intakes of fruit and vegetables, increasing dietary fibre
consumption via whole grains, eating less red meat and avoiding sugary foods.
However, more promotion and implementation of such dietary recommendations is
needed to reach the geal public Anumber of YouGov surveys help to give an
AYaAraKid Aydz (2008 Ydulsled suve athe KMCRF, af éver 2100
participants found that only one in five Britons eat the recommended five portions of
fruit and vegetables day(You®v, 2012a)vhilst another survey showed 64% of
Britons said they will not change their eating habits following a report that red meat

increases risk of heart disease arahcer(Gardiner, 2012 A third survey reported



163

that whilst 88% are aware that a highgar diet is a health risknly a third check the
sugar content of a food on the lab@ahlgreen2014).

In view of the above he strategy foreducing the cancer burden should thus not be
restricted to behaviour change on an individual le¥lctors affectingg Y RA @A Rdzl £ & ¢
food choicedecisionsare complex.In a qualitative study aimed at exploring the

LJdzof A 0Qa gAffAy3IySaa (2 NBRdIzOS NBR YSIF O
consumption with pleasure and linked it to social, pers@ra cultural values

(MacDiarmid et al., 2016 review investigating factors affecting fruit and vegetable
consumption listed sensory appeal, familiarity and habit, social interactions, cost,
availability, time constraints, personal ideology, media addertising and health as

affecting food choice (Pollard et al., 2003uch barriers need to be addressed in order

to increase adhenece to healthy dietary patterns arlblic healthinitiativesand

policy initiatives are necessary at higher national antdrnational levels.

7.6 Conclusion

In this population of healtftonscious, middkaged, British women, a higher
adherence to tle Mediterranean dietary patternderived from a FF@yas associated
with a reduced risk of CRC,; this association was particappgrent with rectal
cancer.Conversely, asignificantassociation was found between adhering to the
WCRF/AICR cancer prevention guidelines and CRC, which is contrary to results of larger
cohorts, and which may be in part attributed to the relatively leighdherence scores
of the women in our cohort in comparison to those in other cohorts and togeeral
UK populationFor the first time this thesis investigated the associations between
dietary patternsderivedusing FD datan relation to CRC incideacTheFDsreported a
lower energy intake thathe FF@Q@. Estimates for both the Mediterranean dietary
pattern and for the WCRF/Al@Ridelines, derived from F¢gere nonsignificant,

though case numbers were smaifhplying potential attenuation of assotians.



164

REFERENCES

AGNOLLI, C., GRIONI, S., SIERI, S., PALLI, D., MASALA, G., SACERDOTE, C., VINEIS, P
TUMINO, R., GIURDANELLA, M.C. and PALA, V., 2013. Italian Mediterranean Index and
riskof colorectal cancer in the Italian section of the EPIC cohudrnational journal

of cancer132(6), pp. 14041411.

ALDWAIRJI, M., 20IBhe association between dietary fibre intakes and incidence of
type 2 diabetes mellitysrhe University of Leeds.

ALEXANDER, D.D. and CUSHING, C.A., 2011. Red meat and colorectal cancer: a critical
summary of prospective epidemiologic studi€hesity reviewsl2(5), pp.e472e493.

ALEXANDER, D.D., MILLER, A.J., CUSHING, C.A. and LOWE, K.A., 2010. Processed me.
andcolorectal cancer: a quantitative review of prospective epidemiologic studies.

European journal of cancer preventiothe official journal of the European Cancer

Prevention Organisation (ECPY(5), pp. 328341.

ALFANO, C.M., DAY, J.M., KATZ, M.L., HERNDON, J.E., BITTONI, M.A., OLIVERI, J.M.,
DONOHUE, K. and PASKETT, E.D., 2009. Exercise and dietary change after diagnosis ant
OF yOSNIINBf ISR aevyLlizya Ay f2y3andSNY & dzN
t & @& OK Zogyhl§(2) pp. 128133.

AMERICAN CANCER SOCIETY. 2016. Colorectal cancer risfChalihetis.
Available athttps://www.cancer.org/cancer/cola-rectalcancer/causesisks
prevention/riskfactors.html

[Accessed October 2016].

AMERICAN MEDICAL ASSOCIATION |@@0dational classification of diseases, 9th
revision, clinical modification: physician {&QM, 2005: volumes 1 and 2, cetmded,
illustrated. AmerncanMedical Asaciation.

ANTOSIEWICZ, J., ZIOLKOWSKI, W., KAR, S., POWOLNY, A.A. and SINGH, S.V., 2008.
Role of reactive oxygen intermediates in cellular responses to dietary cancer
chemopreventive agent®lanta Medicay4(13), pp. 157a.579.

ARMSTRONG, B. and DOLL, R., 1975. Environmental factors and cancer incidence and
mortality in different countries, with special reference to dietary practices.
International journal of cancef,5(4), pp. 617631.

ARNOLD, M., SIERRAS., LAVERSANNE, M., SOERJOMATARAM, I., JEMAL, A. and
BRAY, F., 2017. Global patterns and trends in colorectal cancer incidence and mortality.
Gut,66(4), pp. 683%691.

AUNE, D., CHAN, D., LAU, R, VIEIRA, R.,, GREENWOOD, D., KAMPMAN, E. and NORA1
T., 202. Carbohydrates, glycemic index, glycemic load, and colorectal cancer risk: a
systematic review and metanalysis of cohort studie€ancer Causes & Contr2g(4),

pp. 521535.


https://www.cancer.org/cancer/colon-rectal-cancer/causes-risks-prevention/risk-factors.html
https://www.cancer.org/cancer/colon-rectal-cancer/causes-risks-prevention/risk-factors.html

165

AUNE, D., LAU, R,, CHAN, D., VIEIRA, R., GREENWOOD, D., KAMPMAN, E, and NORA
T., 2012. Dairy products and colorectal cancer risk: a systematic review and meta
analysis of cohort studies\nnals of oncology23(1), pp. 3745.

AUNE, D., DE STEFANI, E., RONCO, A., BOFFETTA, PEDEERANI, H., ACOSTA,
G. and MENDILAHARSU, R009. Legume intake and the risk of cancer: a multisite
casecontrol study in UruguayCancer Causes & Contra0(9), pp. 1605L615.

AUNE, D., LAU, R., CHAN, D.S., VIEIRA, R., GREENWOOD, D.C., KAMPMAN, E. and
NORAT, T., 2011. Nonlinear reduction ik f& colorectal cancer by fruit and

vegetable intake based on metmalysis of prospective studigSastroenterology,

141(1), pp. 106118.

AUNE, D., CHAN, D.S., LAU, R,, VIEIRA, R., GREENWOOD, D.C., KAMPMAN, E. and
NORAT, T., 2011. Dietary fibre, whalaigs, and risk of colorectal cancer: systematic
review and dosaesponse metanalysis of prospective studidBMJ (Clinical research
ed.),343 pp. d6617.

BACH, A., SERRI\JEM, L., CARRASCO, J.L., ROMAN, B., NGO, J., BERTOMEU, I. and
OBRADOR, B., 2006. The use of indexes evaluating the adherence to the

Mediterranean diet in epidemiological studies: a revi®@ublic health nutrition9(1a),

pp. 132146.

BAMA, C., LAGIOU, P., BUCKLAND, G., GRIONI, S., AGNOLI, C., TAYLOR, A.J., DAHM,
C.C., OVERVAD, K., OLSEN, A. and TIINNELAND, A., 2013. Mediterranean diet and
colorectal cancer risk: results from a European coleuropean journal of

epidemiology28(4), pp.317-328.

BARON, J.A., BEACH, M.F., MANDEL, J.S., VAN STOLK, R.U., HAILE, R.W., SANDLER,
ROTHSTEIN, R., SUMMERS, R.W., SNOVER, D.C., BECK, G.J. and BOND, J.H., 1999.
Calcium supplements for the prevention of colorectal adenoisv England Journal

of Medicine 340(2), pp.101107.

BARANOWSKI, T., 2013-Hdur recall and diet record methodsIONOGRAPHS IN
EPIDEMIOLOGY AND BIOSTATI8W®)Spp. 4969.

BASTIDE, N.M., PIERRE, F.H. and CORPET, D.E., 2011. Heme iron from meat and risk of
colorectal ancer: a metaanalysis and a review of the mechanisms involv&ahcer
prevention research (Philadelphia, P4(R), pp. 177184.

BATES, B., LENNOX, A., PRENTICE, A., BATES, C.J., PAGE, P., NICHOLSON, S. and S
G., 2014National Diet and Nutrition $uey: Results from Yearstl(combined) of the
RollingProgramme (2008/2002011/12).Executive Summarfublic Health England.

BINGHAM, S.A., LUBEN, R., WELCH, A., WAREHAM, N., KHAW, K. and DAY, N., 2003.
Are imprecise methods obscuring a relation betwdat and breast cancerhe
Lancet362(9379), pp. 21214.



166

BINGHAM, S., LUBEN, R., WELCH, A., LOW, Y.L., KHAW, K.T., WAREHAM, N. and DAY
N., 2008. Associations between dietary methods and biomarkers, and between fruits

and vegetables and risk of ischaemic heart disease, in the EPIC Norfolk Cohort Study.
International journal of epidemiology7(5), pp. 978987.

BINGHAM, S.A., NORAT, T., MOSKAL, A., FERRARI, P., SLIMANI -GlHARRMBEN,

F., KESSE, E., NIETERS, A., BOEING, H., TJONNELAND, A., OVERVAD, K., MARTINEZ
DORRONSORO, M., GONZALEZ, C.A., ARBANAXARRO, C., QUIROS, J.R., KEY,

T.J., DAY, N.E., TRICHOPOULOU, A., NASKA, A., KROGH, V., TUMINO, R., PALLI, D.,
PANICO, S., VINEIS, P., BUBERIESQUITA, H.B., OCKE, M.C., PEETERS, P.H.,
BERGLUND, G., HALLMANS, G., LUND, E., SKEIE, G., KAAKBOR, &hd2R05. Is

the association with fiber from foods in colorectal cancer confounded by folate intake?
Cancer epidemiology, biomarkers & prevention : a publication of the American

Association for Cancer Research, cosponsored by the American Sderetyeative
Oncology,14(6), pp. 15521556.

BIRO, G., HULSHOF, K., OVESEN, L. and CRUZ, J.A., 2002. Selection of methodology to
assess food intaké&uropean journal of clinical nutritioB6(S2), pp. S25.

BLAND, J.M. and ALTMAN, D., 1986. Statisticdladstfor assessing agreement
between two methods of clinical measuremeiitie lancet327(8476), pp. 30810.

BNF. 2009. British Nutrition Foundatiafthat is energy densityf®nline].
Availablenhttps://www.nutrition.org.uk/healthyliving/fuller/whatis-energy

density.html
[Accessed July 2017].

BOFFETTA, P., COUTO, E., WICHMANN, J., FERRARI, P., TRICHOPOULE%: D., BUENC
MESQUITA, H.B., VAN DUIJNHOVEN, F.BINBBCF.L., KEY, T. and BOEING, H., 2010.
Fruit and vegetable intake and overall cancer risk in the European Prospective
Investigation into Cancer and Nutrition (EPI©urnal of the National Cancer Institute,

102(8), pp. 52%637.

BONITHONOPP, CKRONBORG, O., GIACOSA, A., RATH, U., FAIVRE, J. and EUROPEA
CANCER PREVENTION ORGANISATION STUDY GROUP, 2000. Calcium and fibre
supplementation in prevention of colorectal adenoma recurrence: a randomised
intervention trial. The Lancet356(9238), pp.1304.306.

BOYLE, T., KEEGEL, T., BULL, F., HEYWORTH, J. and FRITSCHI, L., 2012. Physical acti
and risks of proximal and distal colon cancers: a systematic review andamelygsis.
Journal of the National Cancer Institui€4(20), pp. 1548L561.

BRADBUR K.E., APPLEBY, P.N. and KEY, T.J., 2014. Fruit, vegetable, and fiber intake in
relation to cancer risk: findings from the European Prospective Investigation into

Cancer and Nutrition (EPIChe American Journal of Clinical Nutriti@80 Suppl 1

pp. P4S8S.

BRENNER, H., BOUVIER, A.M., FOSCHI, R., HACKL, M., LARSEN, |.K., LEMMENS, V.,
MANGONE, L. and FRANCISCI, S., 2012. Progress in colorectal cancer survival in Europe


https://www.nutrition.org.uk/healthyliving/fuller/what-is-energy-density.html
https://www.nutrition.org.uk/healthyliving/fuller/what-is-energy-density.html

167

from the late 1980s to the early 21st century: the EUROCARE #ttetyational
Jaurnal of Cancerd31(7), pp. 16491658.

BRUNNER, E., JUNEJA, M. and MARMOT, M., 2001. Dietary assessment in Whitehall II:
comparison of 7 d diet diary and fodtequency questionnaire and validity against
biomarkers British Journal of Nutritior86(3), pp. 40%414.

BURKITT, D.P., 1971. Epidemiology of cancer of the colon and rectum.

BUTTERWORTH, A.S., HIGGINS, J.P. and PHAROAH, P., 2006. Relative and absolute ris
of colorectal cancer for individuals with a family history: a rremalysisEuropea
journal of cancer42(2), pp. 21e227.

CADE, J.E., BURLEY, V.J., ALWAN, N.A., HUTCHINSON, J., HANCOCK, N., MORRIS, M
¢Clw9!t[9¢ChbX 509d YR Dw99b2hh53% 5@/ &I H.
cohort study (UKWCSternational journal of epidemiogy,46(2), pp. eliell.

CADE, J.E., BURLEY, V.J., GREENWOOD, D.C. and UK WOMEN'S COHORT STUDY
STEERING GROUP, 2004. The UK Women's Cohort Study: comparison of vegetarians,
fish-eaters and meataters.Public health nutrition7(7), pp. 871878.

CADE, E., BURLEY, V., WARM, D., THOMPSON, R. and MARGETTS, B.,2004. Food
frequency questionnaires: a review of their design, validation and utilisaliatrition
research reviewd,7(1), pp. 522.

CADE, J., THOMPSON, R., BURLEY, V. and WARM, D., 2002n&ye#jgation
and utilisation of fooefrequency questionnaireg review.Public health nutrition(4),
pp. 56#587.

CALLE, E.E. and KAAKS, R., 2004. Overweight, obesity and cancer: epidemiological
evidence and proposed mechanis&ture Reviews Cancél(8), pp. 579%691.

CALVERT, C., CADE, J., BARRETT, J., WOODHOUSE, A. and UKWCS STEERING GRO
1997. Using crossheck questions to address the problem of m@porting of specific

food groups on food frequency questionnair&irogean journal of clinical nutrition,

51(10), pp. 708712.

CANCER RESEARCH UK (n.d.). Bowel Cancer Si@tisites.

Available athttp://www.cancerresearchuk.org/healtiprofessional/cancer
statistics/statisticsby-cancertype/bowel-cancer

[Accessed October 2016].

CANCER RESEARCH UK. 2016. Physical activity facts and ¢@dlenele.
Available athttp://www.cancerresearchuk.org/abodtancer/cause®f-
cancer/physicahctivity-and-cancer/physicabctivity-factsand-evidence
[Accessed August 2017].



http://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/bowel-cancer
http://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/bowel-cancer
http://www.cancerresearchuk.org/about-cancer/causes-of-cancer/physical-activity-and-cancer/physical-activity-facts-and-evidence
http://www.cancerresearchuk.org/about-cancer/causes-of-cancer/physical-activity-and-cancer/physical-activity-facts-and-evidence

168

CANCER RESEARCH UK. 2017. Stages of[Canlices].

Available athttp://www.cancerresearchuk.org/abodtancer/whatis-cancer/stages
of-cancer

[Accessed November 2017].

CAPPELLANI, A., ZANGHI, A., DI VITA, M., CAVALLARO, A., PICCOLO, G., VEROUX, P.
MENZO, E.L., CAVALLARO, V., DE PAOLI, P. and VEROUX, M., 2013. [Frontiers in
Bioscience 18, 19098, January 1, 2013] Strong correlatiorivibeen diet and

development of colorectal cancdfrontiers in Bioscienc&8, pp. 196198.

CARLSEN, M.H., LILLEGAARD, I.T., KARLSEN, A., BLOMHOFF, R., DREVON, C.A. and
ANDERSEN, L.F., 2010. Evaluation of energy and dietary intake estimates from a food
frequency questionnaire using independent energy expenditure measurement and
weighed food recorddNutrition journal,9(1), pp. 37.

CENTER, M.M., JEMAL, A., SMITH, R.A. and WARD, E., 2009. Worldwide variations in
colorectal cancerCA: a cancer journal for clinicia®$(6), pp. 366378.

CERHAN, J.R., POTTER, J.D., GILMORE, J.M., JANNEY, C.A., KUSH]I, L.H., LAZOVICH,
ANDERSON, K.E., SELLERS, T.A. and FOLSOM, A.R., 2004. Adherence to the AICR can
prevention recommendations anglbsequent morbidity and mortality in the lowa

Women's Health Study coho@ancer epidemiology, biomarkers & prevention : a

publication of the American Association for Cancer Research, cosponsored by the
American Society of Preventive Oncoldg(7), pp.11141120.

CESPEDES, E.M. and HU, F.B., 2015. Dietary patterns: from nutritional epidemiologic
analysis to national guideline§he American Journal of Clinical Nutritia@1(5), pp.
899-900.

CHAN, A.T. and GIOVANNUCCI, E.L., 2010. Primary prevention of colorectal cancer.
Gastroenterologyl138(6), pp. 2022043. e10.

CHAN, D.S., LAU, R., AUNE, D., VIEIRA, R., GREENWOOD, D.C., KAMPMAN, E. and
NORAT, T., 2011. Red and processed meat and ca@boactcer incidence: meta
analysis of prospective studiegRloS one§(6), pp. €20456.

CHO, E., SMITWARNER, S.A., SPIEGELMAN, D., BEESON, W.L., VAN DEN BRANDT,
PIET A, COLDITZ, G.A., FOLSOM, A.R., FRASER, G.E., FREUDENHEIM, J.L. and
GIOVANNUCCI, E., 20Dairy foods, calcium, and colorectal cancer: a pooled analysis

of 10 cohort studiesJournal of the National Cancer Institug§(13), pp. 1015.022.

COCKBAIN, A.J., TOOGOOD, G.J. and HULL, M.A., 20123 pohagzsaturated fatty
acids for the treatrent and prevention of colorectal cancé&ut,61(1), pp. 135149.

COOPER, K., SQUIRES, H., CARROLL, C., PAPAIOANNOU, D., BOOTH, A., LOGAN, R.|
MAGUIRE, C., HIND, D., and TAPPENDEN, P., 2010. Chemoprevention of colorectal
cancer: systematic review andawmic evaluation. In: NIHRealth Technology
Assessmemirogramme: Executive Summaridg(32), Southampton (UK).


http://www.cancerresearchuk.org/about-cancer/what-is-cancer/stages-of-cancer
http://www.cancerresearchuk.org/about-cancer/what-is-cancer/stages-of-cancer

169

COUTO, E., BOFFETTA, P., LAGIOU, P., FERRARI, P., BUCKLAND, G., OVERVAD, K.,
DAHM, C., TIGNNELAND, A., OLSEN, A. and-CHAHHLON, F., 201

Mediterranean dietary pattern and cancer risk in the EPIC coBoitish journal of
cancer,104(9), pp. 14931499.

CRAWLEY, H. 19%80d Portion Sizes 2nd Editibondon: HMSO.

CROSS, A.J., FERRUCCI, L.M., RISCH, A., GRAUBARD, B.l., WARD, M.H., PARK, Y.,
HOLLENBECK, A.R., SCHATZKIN, A. and SINHA, R., 2010. A large prospective study of
meat consumption and colorectal cancer risk: an investigation of potential

mechanisms underlyinipis associationCancer researcff(6), pp. 240e2414.

CROZIER, S.R., INSKIP, H.M., GODFREY, K.M. and ROBINSON, S.M., 2008. Dietary
patterns in pregnant women: a comparison of fefsdquency questionnaires and 4 d
prospective diariesBritish journal dnutrition, 99(4), pp. 869875.

DAHLGREEN,Y2014.a2 a i LIS2LJX S R2y Qi [ORirel0O] G KSANJ
Available athttps://yougov.co.uk/news/2014/01/20/nest-dont-checksugarcontent

their-food/

[Accessed Novemb&017].

DAHM, C.C., KEOGH, R.H., SPENCER, E.A., GREENWOOD, D.C., KEY, T.J., FENTIMAN
SHIPLEY, M.J., BRUNNER, E.J., CADE, J.E. and BURLEY, V.J., 2010. Dietary fiber and
colorectal cancer risk: a nested cgesentrol study using food diariedournal of the

National Cancer Institutel02(9), pp. 614626.

DE LORGERIL, M., SALEN, P., MARTIN, J., MONJAUD, |., BOUCHER, P. and MAMELLE
1998. Mediterranean dietary pattern in a randomized trial: prolonged survival and
possible reduced cancer rat@rchives of Irérnal Medicine158(11), pp. 11841187.

DGAC. 2015. Dietary Guidelines Advisory Committee. Scientific Report of the 2015
Dietary Guidelines Committee. [Online].

Available athttps://health.gov/dietaryquidelines/2015cientific
report/pdfs/scientificreport-of-the-2015dietary-guidelinesadvisorycommittee. pdf
[Accessed 2018017].

DICKINSON, A. and MAGKR., 2014. Health habits and other characteristics of
dietary supplement users: a revielNutrition journal,13(1), pp. 14.

DIXON, L.B., SUBAR, A.F., PETERS, U., WEISSFELD, J.L., BRESALIER, R.S., RISCH, A
SCHATZKIN, A. and HAYES, R.B., 2007. Adherdme& SDA Food Guide, DASH

Eating Plan, and Mediterranean dietary pattern reduces risk of colorectal adenoma.

The Journal of nutritior],37(11), pp. 24432450.

DOLL, R. and PETO, R., 1981. The causes of cancer: quantitative estimates of avoidable
risksof cancer in the United States toda)NCI: Journal of the National Cancer
Institute, 66(6), pp. 11921308.


https://yougov.co.uk/news/2014/01/20/most-dont-check-sugar-content-their-food/
https://yougov.co.uk/news/2014/01/20/most-dont-check-sugar-content-their-food/
https://health.gov/dietaryguidelines/2015-scientific-report/pdfs/scientific-report-of-the-2015-dietary-guidelines-advisory-committee.pdf
https://health.gov/dietaryguidelines/2015-scientific-report/pdfs/scientific-report-of-the-2015-dietary-guidelines-advisory-committee.pdf

170

DRASAR, B.S. and IRVING, D., 1973. Environmental factors and cancer of the colon and
breast.British journal of canceR7(2), pp. 167172.

DUBEC., ROSTOM, A., LEWIN, G., TSERTSVADZE, A., BARROWMAN, N., CODE, C.,
SAMPSON, M. AND MOHER, D., 2007. The use of aspirin for primary prevention of
colorectal cancer: a systematic review prepared for the US Preventive Services Task
Force Annals ofinternal medicinel46(5), pp.365375.

ELINAV, E., NOWARSKI, R., THAISS, C.A., HU, B., JIN, C. and FLAVELL, R.A., 2013.
Inflammationrinduced cancer: crosstalk between tumours, immune cells and
microorganismsNature Reviews Cancér3(11), pp. 759771.

ESTRUCH, R., ROS, E., SBARGADO, J., COVAS, M., CORELLA, D., AROS, F., GOMEZ
GRACIA, E., RMUBUTIERREZ, V., FIOL, M. and LAPETRA, J., 2013. Primary prevention of
cardiovascular disease with a Mediterranean dikew England Journal of Medicine,

368(14), pp. 12791290.

FARINETTI, A., ZURLO, V., MANENTI, A., COPPI, F. and MATTIOLI, A.V., 2017.
Mediterranean diet and colorectal cancer: A systematic revigwtrition (Burbank, Los
Angeles County, Calif43-44, pp. 8388.

FECHNER, A., FENSKE, K. afREIBHG., 2013. Effects of legume kernel fibres and
citrus fibre on putative risk factors for colorectal cancer: a randomised, deullvid,
crossover human intervention triaNutrition journal,12(1), pp. 101.

FEDIRKO, V., TRAMACERE, I., BAGNAROTA/.MR, SCOTTI, L., ISLAMI, F., NEGRI, E.,
STRAIF, K., ROMIEU, I. and LA VECCHIA, C., 2011. Alcohol drinking and colorectal
cancer risk: an overall and dagesponse metaanalysis of published studiesnnals of
oncology22(9), pp. 19581972.

FELDMAN, DKRISHNAN, A.V., SWAMI, S., GIOVANNUCCI, E. and FELDMAN, B.J., 2014
The role of vitamin D in reducing cancer risk and progreshblature reviews cancer,
14(5), pp. 342357.

FERGUSON, L.R., 2010. Meat and caMeat Science84(2), pp. 308313.

FERAY, J., SOERIJIOMATARAM, |., DIKSHIT, R., ESER, S., MATHERS, C., REBELO, M.,
PARKIN, D.M., FORMAN, D. and BRAY, F., 2015. Cancer incidence and mortality
worldwide: sources, methods and major patterns in GLOBOCAN Ridhational

journal of cancerl36(5),

FERNANDEZALLART, J.D., PINOL, J.L., ZAZPE, |, CORELLA, D., CARRASCO, P., TOLE
E., PEREEAUER, M., MARTINEDNZALEZ, M.A., SAIS¥& VADO, J. and MARTIN
MORENO, J.M., 2010. Relative validity of a sprantitative foodfrequency

guestionnaire in arelderly Mediterranean population of SpaiBritish journal of

nutrition, 103(12), pp. 1808L816.

FLEMING, M., RAVULA, S., TATISHCHEV, S.F. and WANG, H.L., 2012. Colorectal
carcinoma: Pathologic aspec@&urnal of gastrointestinal oncolod3(3), pp. 153173.



171

FLINT, H.J., 2012. The impact of nutrition on the human microbiNoitetion reviews,
70(s1),pp. S16S13.

FREEDMAN, L.S., POTISCHMAN, N., KIPNIS, V., MIDTHUNE, D., SCHATZKIN, A.,
THOMPSON, F.E., TROIANO, R.P., PRENTICE, R., PART&REOARROLL, R., 2006.
A comparison of two dietary instruments for evaluating thegbatast cancer
relationship.International journal of epidemiolog®5(4), pp. 10111021.

FSA, 1994. Food Standards Agency. Food Portion SiZed. 3 ondon: TSO

FUNG, T.T. and BROWN, L.S., 2013. Dietary patterns and the risk of colorectal cancer.
Current nutrition reports2(1), pp. 4855.

FUNG, T.T., HU, F.B., MCCULLOUGH, M.L., NEWBY, P.K., WILLETT, W.C. and HOLMES
M.D., 2006. Diet quality is associated with tiek of estrogen receptenegative
breast cancer in postmenopausal womdine Journal of nutritior,36(2), pp. 466472.

FUNG, T.T., HU, F.B., WU, K., CHIUVE, S.E., FUCHS, C.S. and GIOVANNUCCI, E., 2010
The Mediterranean and Dietary Approaches to Stopéttension (DASH) diets and
colorectal cancerThe American Journal of Clinical Nutritieg&(6), pp. 14291435.

GAO, R., NEUTEL, C.I. and WAI, E., 2008. Gender differences in colorectal cancer
incidence, mortality, hospitalizations and surgical proceduneCanadalournal of
public health30(2), pp. 194201.

GARDINER, B. (2012). Red meat increases health risks [Online].
Available athttps://yougov.co.uk/news/2012/03/15/reemeat-increaseshealth-risks/
[Accessed November 2017].

GEMMING, L., UTTER, J. and MHURCHU, C.N., 2015a¢sisipel dietary
assessment: a systematic review of the evidedeoeirnal of the Academy of Nutrition
andDietetics,1151), pp. 6477.

GLEBOV, O.K., RODRIGUEZ, L.M., NAKAHARA, K., JENKINS, J., CLIATT, J., HUMBYRL
DENOBILE, J., SOBALLE, P., SIMON, R. and WRIGHT, G., 2003. Distinguishing right frorr
left colon by the pattern of gene expressiddancer Epemiology and Prevention
Biomarkers12(8), pp. 755762.

GREENLAND, S., PEARL, J. AND ROBINS, J.M., 1999. Causal diagrams for epidemiologi
research Epidemiologypp.3748.

GREENWOOD, D., GILTHORPE, M., GOLDING, C. and CADE, J., 2003. Stability over tim
of dietary patterns in the UK Women's Cohort Stuelsoceedings of the Nutrition
Society62(1), pp. 89A.

GUENTHER, P.M., CASAVALE, K.O., REEDY, J., KIRKPATRICK, S.I., HIZA, H.A., KUCZ}
K.J., KAHLE, L.L. and KRE®ISH, S.M., 2013. Update of the healthy eating index: HEI
2010.Journal of the Academy of Nutrition and Dietetitk3(4), pp. 569%80.


https://yougov.co.uk/news/2012/03/15/red-meat-increases-health-risks/

172

GUPTAR.A. AND DUBOIS, R.N., 2001. Colorectal cancer prevention and treatment by
inhibition of cyclooxygenas2. Nature Reviews Cangéy(1), p.11.

HAENSZEL, W. and KURIHARA, M., 1968. Studies of Japanese migrants. |. Mortality
from cancer and other diseases among Japanese in the United Stateral of the
National Cancer Institutel0(1), pp. 4368.

HAGGAR, F.A. and BOUSHEY, R.P., 2009. Cbtmecta epidemiology: incidence,
mortality, survival, and risk factor€linics in colon and rectal surge2@(04), pp. 191
197.

HAMILTON, S.R. and AALTONEN, L.A., 2000. WHO classification of tumours. Pathology
and genetics of tumours of the digestivestem.Gereva: World health organization.

HARNACK, L., NICODEMUS, K., JACOB&R @riR. FOLSOM, A.R., 2002. An evaluation
of the Dietary Guidelines for Americans in relation to cancer occurrdriee American
Journal of Clinical Nutritiorr6(4), pp. 889896.

HASTERT, T.A. and WHITE, E., 2016. Association between meeting the WCRF/AICR
cancer prevention recommendations and colorectal cancer incidence: results from the
VITAL cohortCancer Causes & Contr@f(11), pp. 13471.359.

HERTOG, M.G:ESKENS, E.J., HOLLMAN, P.C., KATAN, M.B. and KROMHOUT, D., 1994
Dietary flavonoids and cancer risk in the Zutphen Elderly Shualyition and Cancer
22(2), pp. 174184.

HERTOG, M.G., KROMHOUT, D., ARAVANIS, C., BLACKBURN, H., BUZINA, R., FIDANZ
F.,GIAMPAOLI, S., JANSEN, A., MENOTTI, A. and NEDELJKOVIC, S., 1995. Flavonoid
intake and longerm risk of coronary heart disease and cancer in the seven countries
study.Archives of Internal Medicing554), pp. 381386.

HOLLAND, B., WELCH, A., UNWIBUES, D., PAUL, A. and SOUTHGATE, D., 1991.
aO/lyOS YR 2ARR2gaz2yQa ¢KS /2YLRAAGAZ2Y
Chemistry. Ministry of Agricultur&isheries and Food Cambridge.

HOLLMAN, P.H. and KATAN, M.B., 1999. Dietary flavonoids: intake dfieaith and
bioavailability.Food and Chemical Toxicolo8y(9), pp. 937942.

HOLT, P.R., ATILLASOY, E.O., GILMAN, J., GUSS, J., MOSS, S.F., NEWMARK, H., FAN,
YANG, K. and LIPKIN, M., 1998. Modulation of abnormal colonic epithelial cell

proliferation and differentiation by lowat dairy foods: a randomized controlled trial.
Jama,280(12), pp. 1074.079.

HONIKEL, K., 2008. The use and control of nitrate and nitrite for the processing of meat
products.Meat Science/8(1), pp. 6876.

HSU, E.K. 201mtestinal Polyposis syndromg€nline].
Available athttp://emedicine.medscape.com/article/92914dverview
[Accessed January 2017].



http://emedicine.medscape.com/article/929144-overview

173

HU, F.B., 2002. Dietary pattern analysis: a new direction in nutritional epidemiology.
Current opinion in lipidology,3(1), pp. 29.

HU, J.Y., HU, Y.W., ZHOU, J.J., ZHANG, M.W., LI, D. and ZHENG, S., 2014. Consumptior
of garlic and risk of colorectal cegr: an updated metanalysis of prospective studies.
World journal of gastroenterologp0(41), pp. 154135422.

IARC. 2015. International Agency for Research on CdAE4E. Monographs evaluate
consumption of red meat and processed mdé&inline].

Avalable at:https://www.iarc.fr/en/media-centre/pr/2015/pdfs/pr240_ E.pdf
[Accessed November 2016].

INOUECHOI, M., LAZOVICH, D., PRIZMENT, A.E. and ROBIEN, K., 2013. Adherence to
the World Cancer Research Fund/American Institute for Cancer Research
recommendations for cancer prevention is associated with better haalidted

quality of life among elderly female cancer survivd@urnal of Clinical Oncology,

31(14), pp. 1758.766.

INOUECHOI, M., ROBIEN, K. and LAZOVICH, D., 2013. Adherence to the WCRF/AICR
guidelines for cancer prevention is associated with lower mortality among older

female cancer survivor€ancer epidemiology, biomarkers & prevention : a publication

of the Amertan Association for Cancer Research, cosponsored by the American Society
of Preventive Oncolog22(5), pp. 792802.

JANOUT, V. and KOLLAROVA, H., 2001. Epidemiology of colorectalcaacer.
Universitatis Palackianae Olomucensis Facultatis Medippes-10.

JEONG, W., KIM, I., HU, R. and KONG, A.T., 2004. Modulatory properties of various
natural chemopreventive agents on the activation ofNEsignallingpathway.
Pharmaceutical researcB1(4), pp. 661670.

KABAT, G.C., MATTHEWS, C.E., KAMENSKY, V., HOLLENBECK, A.R. and ROHAN, T.E.
2015. Adherence to cancer prevention guidelines and cancer incidence, cancer

mortality, and total mortality: a prospective cohort studyhe American Journal of

Clinical Nutrition101(3), pp. 55869.

KANT, A.K., 2004. Dietary patterns and health outcodmgnal of the American
Dietetic Associatior1,04(4), pp. 615635.

KANT, A.K., SCHATZKIN, A., GRAUBARD, B.I. and SCHAIRER, C., 2000. A prospective
study of diet quality and nmtality in women.Jama,283(16), pp. 2102115.

KAPITEIIN, E., LIEFERS, G., LOS, L., KLEIN KRANENBARG, E., HERMANS, J., TOLLEN
R., MORIYA, Y., VAN DE VELDE, C. and VAN KRIEKEN, J., 2001. Mechanisms of
oncogenesis in colon versus rectal candére Journal of patholog$952), pp. 171

178.


https://www.iarc.fr/en/media-centre/pr/2015/pdfs/pr240_E.pdf

174

KAU, A.L., AHERN, P.P., GRIFFIN, N.W., GOODMAN, A.L. and GORDON, J.I., 2011.
Human nutrition, the gut microbiome and the immune systédature,474(7351), pp.
327-336.

KENNEDY, D.A., STERN, S.J., MOREMAT®K, I., SARKAR, M., NICKEL, C. and
KOREN, G., 2011. Folate intake and the risk of colorectal cancer: a systematic review
and metaanalysisCancer epidemiolog$5(1), pp. 210.

KEY, T.J., ALLEN, N.E., SPENCER, E.A. and TRAVIS, R.C., 2008f die¢ effeisk
of cancer.The Lancet360(9336), pp. 861868.

KEY, T. J., APPLEBY, P. N., CAIRNS, B. J., LUBEN, R., DAHM, C. C., AKBARALY, T.,
BRUNNER, E. J., BURLEY, V., CADE, J. E., GREENWOOD, D. C., STEPHEN, A. M., MIS
G., KUH, D., KEOGH, RWHITE, I. R., BHANIANI, A., BORGULYA, G., MULLIGAN, A. A.
& KHAW, K. T. 2011. Dietary fat and breast cancer: comparison of results from food
diaries and fooerequency questionnaires in the UK Dietary Cohort Consortium.

American Journal of Clinical Nutoit, 94, 104352.

KIM, Y.S. and MILNER, J.A., 2007. Dietary modulation of colon cancgreidkurnal
of nutrition, 137(11 Suppl), pp. 2576579S.

KIPNIS, V., SUBAR, A.F., MIDTHUNE, D., FREEDMAN, L.S-FARBARD R.,
TROIANO, R.P., BINGHAM,&{GELLER, D.A., SCHATZKIN, A. and CARROLL, R.J.,
2003. Structure of dietary measurement error: results of the OPEN biomarker study.
American Journal of Epidemiolody8(1), pp. 1421.

KIRK, S.F., CADE, J.E., BARRETT, J.H. and CONNER, M., 199@e&yd¢ and |
characteristics associated with dietary supplement use in worReblic health
nutrition, 2(1), pp. 6973.

KLAMPFER, L., 2014. Vitamin D and colon canoeld journal of gastrointestinal
oncology6(11), pp. 43437.

KNEKT, P., JARVINEN,ERPPANEN, R., HELIOVAARA, M., TEPPO, L., PUKKALA, E. and
AROMAA, A., 1997. Dietary flavonoids and the risk of lung cancer and other malignant
neoplasmsAmerican Journal of Epidemiologyi6(3), pp. 223230.

KONTOU, N., PSALTOPOULOU, T., PANAGIOTARIME)PQULOS, M.A. and LINOCS,
A., 2011. Th&lediterraneandiet in cancer prevention: a revie@ournal of medicinal
food, 14(10), pp. 1065L078.

KOWALKOWSKA, J., SLOWINSKA, M.A., SLOWINSKI, D., DLUGOSZ, A., NIEDZWIEDZk
E. and WADOLOWSKA, L., 2013. Cosguadf a full fooefrequency questionnaire

with the three-day unweighted food records in young Polish adult women:

implications for dietary assessmemutrients,5(7), pp. 27472776.

KRAUS, S. and ARBER, N., 2009. Inflammation and colorectal Caneat.opinion in
pharmacology9(4), pp. 40%410.



175

KRITCHEVSKY, D., 1995. Epidemiology of fibre, resistant starch and colorectal cancer.
European Journal of Cancer Preventigb), pp. 345352.

KUSHI, L.H., BYERS, T., DOYLE, C., BANDERA, E.V., MCOULGANSHER, T.,
ANDREWS, K.S. and THUN, M.J., 2006. American Cancer Society Guidelines on
Nutrition and Physical Activity for cancer prevention: reducing the risk of cancer with
healthy food choices and physical activiBA: a cancer journal for clinios 56(5), pp.
254-281.

Y!'{ILZ [®l X 5h,[9Z /> a//!'[[h!DI T adr
BANDERA, E.V., GAPSTUR, S., PATEL, A.V., ANDREWS, K. and GANSLER, T., 2012.
American Cancer Society guidelines on nutrition and physical activity for cancer
prevention.CA: a cancer journal for clinicia®®(1), pp. 3667.

LANDIS, J.R. and KOCH, G.G., 1977. The measurement of observer agreement for
categorical dataBiometricspp. 159174.

LAPRE, J.A.,, DE VRIES, H.T., KOEMAN, J.H. and VAN DER MBER)&., 19
antiproliferative effect of dietary calcium on colonic epithelium is mediated by luminal
surfactants and dependent on the type of dietary f@ancer research3(4), pp. 784

789.

LARSSON, S.C., ORSINI, N. and WOLK, A., 2010. Vitamin B6 facmlorsktal
cancer: a metanalysis of prospective studiekama,303(11), pp. 10771083.

LARSSON, S.C., ORSINI, N. and WOLK, A., 2005. Diabetes mellitus and risk of colorectal
cancer: a metanalysisJournal of the National Cancer Institu8§(22),pp.16791687.

LARSSON, S.C., BERGKVIST, L., RUTEGARD, J., GIOVANNUCCI, E. and WOLK, A., 20(
Calcium and dairy food intakes are inversely associated with colorectal cancer risk in

the Cohort of Swedish Meithe American Journal of Clinical NutritiB&(3), pp. 667

73; quiz 7280.

LARSSON, S.C. and WOLK, A., 2007. Obesity and colon and rectal cancer risk: a meta
analysis of prospective studieBhe American Journal of Clinical NutritiB6(3), pp.
556-565.

LIESE, A.D., KREBAETH, S.M., SUBAR, A.FOBEGE, S.M., HARMON, B.E.,
NEUHOUSER, M.L., BOUSHEY, C.J., SCHAP, T.E. and REEDY, J., 2015. The Dietary
Patterns Methods Project: synthesis of findings across cohorts and relevance to dietary
guidanceThe Journal of nutritior},453), pp. 39402.

LIPKINM., REDDY, B., NEWMARK, H. and LAMPRECHT, S.A., 1999. Dietary factors in
human colorectal canceAnnual Review of Nutritiod,9(1), pp. 54586.

MA, Y., YANG, Y., WANG, F., ZHANG, P., SHI, C., ZOU, Y. and QIN, H., 2013. Obesity an
risk of colorectal cacer: a systematic review of prospective studiekS oneg(1), pp.
e53916.



176

MACDIARMID, J.l., DOUGLAS, F. and CAMPBELL, J., 2016. Eating like there's no
tomorrow: Public awareness of the environmental impact of food and reluctance to
eat less meat as part of a sustainable digppetite,96, pp. 487493.

MAGALHAES, B., PELETBR&nhd LUNET, N., 2012. Dietary patterns and colorectal
cancer: systematic review and meaaalysisEuropean journal of cancprevention:

the official journal of the European Cancer Prevention Organisation @8CBH)pp.
15-23.

MAKAREM, N., LIN, BANDERA, E.V., JACQUES, P.F. and PAREKH, N., 2015.
Concordance with World Cancer Research Fund/American Institute for Cancer
Research (WCRF/AICR) guidelines for cancer prevention and eleéstiéyl cancer risk
in the Framingham Offspring cohort (132D08). Cancer Causes & Cont@§(2), pp.
277-286.

MANTOVANI, A., ALLAVENA, P., SICA, A. and BALKWILL, F., 2008laBzohcer
inflammation.Nature,454(7203), pp. 436144.

MARTINELONZALEZ, M.A., SAIS¥& VADO, J., ESTRUCH, R., CORELLA, D., FITO, M.,
ROS, E. and PREDIMED INVESTIGATORS, 2015. Benefits of the Mediterranean diet:
insights from the PREDIMED stuByogress in cardiovascular diseass®1), pp. 50

60.

MAUNSELLIE., DROLET, M., BRISSON, J., ROBERT, J. and DESCHENES, L., 2002. Diets
change after breast cancer: extent, predictors, and relation with psychological distress.
Journal of Clinical Oncolo@((4), pp. 10171025.

MCCANN, S.E., MARSHALL, J.R., BRASURERAHAM, S. and FREUDENHEIM, J.L.,
2001. Analysis of patterns of food intake in nutritional epidemiology: food

classification in principal components analysis and the subsequent impact on estimates
for endometrial cancerPublic health nutritiond(5), pp. 989997.

MCCULLOUGH, M.L., PATEL, A.V., KUSHI, L.H., PATEL, R., WILLETT, W.C., DOYLE, C.
THUN, M.J. and GAPSTUR, S.M., 2011. Following cancer prevention guidelines reduces
risk of cancer, cardiovascular disease, andalise mortalityCancer egiemiology,

biomarkers & prevention : a publication of the American Association for Cancer

Research, cosponsored by the American Society of Preventive On2e(6gypp.

10891097.

MCKEOWN, N.M., 2004. Whole grain intake and insulin sensitivity: eviftente
observational studiedNutrition reviews62(7), pp. 286.

MEAD, M.N., 2007. Nutrigenomics: the genefumd interface Environmental health
perspectivesl1512), pp. A582D.

MENG, S., ZHANG, X., GIOVANNUCCI, E.L., MA, J., FUCHS, C.S. £td8H, E.,
association between garlic intake and risk of colorectal cari@@ncer epidemiology,
37(2), pp. 152155.



177

MICHELS, K.B. and SCHULZE, M.B., 2005. Can dietary patterns help us dgetect diet
disease associationdtutrition research reviewd,3(2), pp.241-248.

MILLER, P.E., LESKO, S.M., MUSCAT, J.E., LAZARUS, P. and HARTMAN, T.J., 2010.
Dietary patterns and colorectal adenoma and cancer risk: a review of the
epidemiological evidenc@utrition and cancer62(4), pp. 413424.

MITROU, P.N., KIPNIS,THJEBAUT, A.C., REEDY, J., SUBAR, A.F., WIRFALT, E., FLOOD
A., MOUW, T., HOLLENBECK, A.R. and LEITZMANN, M.F., 2007. Mediterranean dietary
pattern and prediction of altause mortality in a US population: results from the -NIH

AARP Diet and Health Studyrchives of Internal Medicin@67(22), pp. 24612468.

MOSKAL, A., NORAT, T., FERRARI, P. and RIBOLI, E., 2007. Alcohol intake and colorectz
cancerrisk: AdogNB a L2y asS YSGF nl yl f&aA dntethdtionaldzo f A &
journal of cancer120(3),pp. 664671.

MURPHY, N., NORAT, T., FERRARI, P., JENAB, M:-DBVEHS$QUITA, B., SKEIE, G.,
DAHM, C.C., OVERVAD, K., OLSEN, A. and TIGNNELAND, A., 2012. Dietary fibre intake
and risks of cancers of the colon and rectum in the European prospectiveigatast

into cancer and nutrition (EPI®IloS one?(6), pp. €39361.

NDNS 1994. The Dietary and Nutritional Survey of British ABuither analysis.
London: HMSO.

NDNS 2014. National Diet and Nutrition Survey: Headline results from Years 1 to 4
(combined) of the rolling programme 2088 2011-12 (Appendix A) [Online]

Available athttps://www.food.gov.uk/sites/default/files/ndnsappendixa.pdf
[Accessed Jan 2015].

NEVILLE, C., MCKINLEY, M., KEE, F., YOUNG, |., CARDWELL, C. and WOODSIDE, J., 2
Validity of fruit and vegetable intake assessed by a food frequency questionnaire (FFQ)

in older adults: the Northern Ireland Cohort for the Longitudinal Study of Aging
(NICOLAProceedings of the Nutrition Socief(OCE3)

NEWBY, P.K., HU, F.B., RIMM, E.B., SWMARNER, S.A., FESKANICH, D., SAMPSON, L.
and WILLETT, W.C., 2003. Reprodugilaihid validity of the Diet Quality Index Revised

as assessed by use of a fagvequency questionnaireThe American Journal of Clinical
Nutrition, 78(5), pp. 941949.

NEWMARK, H., WARGOVICH, M. and BRUCE, W., 1984. Colon cancer and dietary fat,
phosphate and calcium: a hypothesidournal of the National Cancer Institu#(6),
pp. 13231325.

NGO, S.N., WILLIAMS, D.B., COBIAC, L. and HEAD, R.J., 2007. Does garlic reduce risk o
colorectal cancer? A systematic reviekine Journal of nutritiorl,37(10), pp. 2264
2269.

NIEUWENHUIS, S., FORSTMANN, B.U. and WAGENMAKERS, E., 2011. Erroneous
analyses of interactions in neuroscience: a problem of significéshatere
neurosciencel4(9), pp. 11051107.


https://www.food.gov.uk/sites/default/files/ndns-appendix-a.pdf

178

NING, Y., WANG, L. and GIOVANNUCCI, E., 2010titatjua analysis of body mass
index and colorectal cancer: findings from 56 observational stu@ibssity reviews,
11(1), pp. 1930.

NOMURA, S.J., DASH, C., ROSENBERG, L., YU, J., PALMER, J.R-Gal RBRANMS
L.L., 2016ls adherence to the WCRRIAR cancer prevention recommendations
associated with colorectal cancer in African American womémeilack Women's
Health StudyZancer Causes and Contr@s, pp. 869879.

NORAT, T. and RIBOLI, E., 2003. Dairy products and colorectal cancer. A review of
possible mechanisms and epidemiological evidektgopean journal of clinical
nutrition, 57(1), pp. 117.

NORAT, T., BINGHAM, S., FERRARI, P., SLIMANI, N., JENAB,R|.MMAAHRVAD,

K., OLSEN, A., TIGNNELAND, A. and CLAVEL, F., 2005. Meat, fish, and colorectal cance!
risk: the European Prospective Investigation into cancer and nutridioarnal of the

National Cancer Institut€7(12), pp. 906916.

OCKE, M.C., 201Bvaluation of methodologies for assessing the overall diet: dietary
quality scores and dietary pattern analystsoceedings of the Nutrition Sociefyy(2),
pp. 192199.

OFFICE FOR NATIONAL STATISTICS (2014). Cancer Registration Statistics, England: 20
[Online]. Available at:
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocate/conditi
onsanddiseases/bulletins/cancerregistrationstatisticsengland/2064.9

[Accessed May 2018].

OFFICE FOR NATIONAL STATISTICS (2016). Cancer Registration Statistics, England: 20
[Online]. Available at:
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditi
onsanddiseases/budtins/cancerregistrationstatisticsengland/2014

[Accessed May 2018].

ORSINI, N. and GREENLAND, S., 2011. A procedure to tabulate and plot results after
flexiblemodellingof a quantitative covariateStataJournal,11(1), pp. 1.

PARK, Y., HUNTER, D.J., SPIEGELMAN, D., BERGKVIST, L., BERRINO, F., VAN DEN
BRANDT, PIET A, BURING, J.E., COLDITZ, G.A., FREUDENHEIM, J.L. and FUCHS, C.S.
2005. Dietanyfibre intake and risk of colorectal cancer: a pooled analgkis

prospective cohort studiedama,294(22), pp. 2842857.

PARKIN, D., BOYD, L. and WALKER, L., 2011. 16. The fraction of cancer attributable to
lifestyle and environmental factors in the UK in 20Rftish journal of cancef,05, pp.
ST77S81.

PAUWELS, E.K., 2011. The protective effect of the Mediterranean diet: focus on cancer
and cardiovascular riskledical principles angractice:international journal of the
Kuwait University, Health Science Cer2(¥2), pp. 103111.


https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/bulletins/cancerregistrationstatisticsengland/2014-06-19
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/bulletins/cancerregistrationstatisticsengland/2014-06-19
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/bulletins/cancerregistrationstatisticsengland/2014
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/bulletins/cancerregistrationstatisticsengland/2014

179

POLLARD, J., KIRK, &1d CADE, J., 2002. Factors affecting food choice in relation to
fruit and vegetable intake: a revieWutrition research review4,5(2), pp. 373387.

RANDI, G., EDEFONTI, V., FERRARONI, M., LA VECCHIA, C. and DECARLI, A., 2010.
Dietary patterns andrte risk of colorectal cancer and adenomisstrition reviews,
68(7), pp. 389408.

RASOOL, S., KADLA, S.A., RASOOL, V. and GANAI, B.A., 2013. A comparative overview
of general risk factors associated with the incidence of colorectal cafiaaror
Biology,34(5), pp. 2462476.

REEDY, J., MITROU, P., KISEBBH, S., WIRFALT, E., FLOOD, A., KIPNIS, V.,
LEITZMANN, M., MOUW, T., HOLLENBECK, A. and SCHATZKIN, A., A8dndex
dietary patterns and risk of colorectal cancer: the MIARP Diet and Health Siu
American Journal of Epidemiolody8(1), pp. 3&48.

w995 T Wb oHnmcO® W5ASHF NE utillelelpstiedisio a S i K
supportLJ2 £ A O& T 2 NJ[FoweyPOIS MdsensayoulNaldbi@ at:
www.wcrf.org/sites/default/files/ReedyinaFWCC11-2-16.pptx

[Accessed 2012017].

RIBOLI, E. and KAAKS, R., 1997. The EPIC Project: rationale and study design. European
Prospective Investigation into Cancer and Nutritibmiernational journal of
epidemiology26 Suppl 1pp. S€l4.

ROBSAHM, T.E., AAGNES, B., HJARTAKER, A., LANGHAY,FH. and LARSEN, |.K.,
2013. Body mass index, physical activity, and colorectal cancer by anatomical subsites:
a systematic review and metanalysis of cohort studieguropean journal of cancer
prevention:the official journal of the European Gaan Prevention Organisation (ECP),
22(6), pp. 492505.

ROMAGUERA, D., VERGNAUD, A.C., PEETERS, P.H., VAN GILS, C.H., CHAN, D.S,,
FERRARI, P., ROMIEU, I., JENAB, M., SLIMANI, N-GHARELON, F., FAGHERAZZI,

G., PERQUIER, F., KAAKS, R., TEUCHEE|NBG,BH., VON RUSTEN, A., TJONNELAND,

A., OLSEN, A., DAHM, C.C., OVERVAD, K., QUIRQOS, J.R., GONZALEZ, C.A., SANCHEZ
NAVARRO, C., BARRICARTE, A., DORRONSORO, M., KHAW, K.T., WAREHAM, N.J.,
CROWE, F.L., KEY, T.J., TRICHOPOULOU, A,, LAGIOU, E., BIWNGM A, G., VINEIS,

P., TUMINO, R., SIERI, S., PANICO, S., MAY, A.M.;[BEMESQUITA, H.B.,

BUCHNER, F.L., WIRFALT, E., MANJER, J., JOHANSSON, I., HALLMANS, G., SKEIE, G.
BENJAMINSEN BORCH, K., PARR, C.L., RIBOLI, E. and NORAT, T., 2@EAcks concor
with World Cancer Research Fund/American Institute for Cancer Research guidelines

for cancer prevention related to subsequent risk of cancer? Results from the EPIC
study.The American Journal of Clinical Nutriti®6(1), pp. 156163.

ROSE, D., PEMN, D.J. and O'REILLY, K., 2D National Statistics So@gonomic
Classification: origins, development and UBalgrave Macmillan Basingstoke.

SANDHU, M.S., WHITE, I.R. and MCPHERSON, K., 2001. Systematic review of the
prospective cohort studiesromeat consumption and colorectal cancer risk: a meta


http://www.wcrf.org/sites/default/files/Reedy-final-WCC-11-2-16.pptx

180

analytical approachCancer epidemiology, biomarkers & prevention : a publication of
the American Association for Cancer Research, cosponsored by the American Society of
Preventive Oncology0(5), pp.439-446.

SANTARELLI, R.L., PIERRE, F. and CORPET, D.E., 2008. Processed meat and colorectal
cancer: a review of epidemiologic and experimental evideNegtition and cancer,
60(2), pp. 131144.

SCHLESINGER, S., ALEKSANDROVA, K., ABAR, L., VIERIA, A., VINGELIENE, S., POLE
E., STEVENS, C., GREENWOOD, D., CHAN, D. and AUNE, D., 2017. Adult weight gain ar
colorectal adenomas a systematic review and me&nalysisAnnals of Oncology,

28(6), pp.1217-1229.

SCHREIBMAN, |.R., BAKER, M., AMOS, C. and MCGARRITY, T.J., 2005. The
hamartomatous polyposis syndromes: a clinical and molecular reViegvAmerican
Journal of Gastroenterolog¥00(2), pp. 476.

SCHWINGSHACKL, L. and HOFFMANN, G., 2014én&dherMediterranean diet and
NAal 2F OFyOSNY ! a2adSYFdAO NBGASG I yR
International journal of cancef,358), pp. 18841897.

SCHWINGSHACKL, L., SCHWEDHELM, C., GALBETE, C. and HOFFMANN, G., 2017.
Adherence to Mediterranean diet and risk of cancer: an updated systematic review
and metaanalysisNutrients,9(10), pp. 1063.

SEAL, C.J., NUGENT, A.P., TEE, E. and THIELEC&BMRgI2Qflain dietary
recommendations: the need for a unified global approdgtitish Journal of Nutrition,
11511), pp. 20342038.

SERRMAJEM, L., TRICHOPOULOU, A., DE LA CRUZ, JOY NGO, CERVERA, P., ALVAR
A.G., LA VECCHIA, C., LEMTOUNI, A. &dAROULQOS, D., 2004. Does the definition

of the Mediterranean diet need to be updateé2blic health nutrition7(7), pp. 927

929.

SESINK, A.L., TERMONT, D.S., KLEIBEUKER, J.H. and VAN DER MEER, R., 1999. Red |
and colon cancer: the cytotoxic and hypesliferative effects of dietary hemeé&ancer
researchp9(22), pp. 570467009.

SHANAHAN, F. and O'TOOLE, P.W., 2014ntitwsbe interactions and spatial
variation of cancer in the guNature Reviews Cancd#(8), pp. 511512.

SHI, Y., YU, P. and ZEDRG 2015. Dosgesponse metanalysis of poultry intake and
colorectal cancer incidence and mortaliuropean journal of nutritiorg4(2), pp.
243-250.



181

SIMMONDS, A., (201%).! & Ay 3 2dzNJ OF yOSNJ LINS@SYy GA2y NEX
patterns researcl® 2 / w C Q a6 Aufyuat2615 [Online]

Available athttp://www.wcrf.org/int/blog/articles/2015/08/using-our-cancer
preventionrecommendationgdietary-patternsresearch

[Accessed Jan 2016].

SLAVIN, J., 2004. Whole grains and human heittrition research reviewd4,7(1),
pp. 99110.

SLAVIN, J., 2003. Why whole grains are protective: biological mechaRreeesedings
of the Nutrition Societyg2(1), pp. 129134.

SMOLINSKA, K. and PALUSZKIEWICZ, P., 2010. Risk of colorectal catioertm rel
frequency and total amount of red meat consumption. Systematic review and-meta
analysisArchives of medicalcienceAMS,6(4), pp. 605610.

SOFI, F., MACCHlI, C., ABBATE, R., GENSINI, G.F. and CASINI, A., 2014. Mediterranean
diet and health stats: an updated metanalysis and a proposal for a literatdbased
adherence scoreRublic health nutrition17(12), pp. 2762782.

SOFI, F., ABBATE, R., GENSINI, G.F. and CASINI, A., 2010. Accruing evidence on benefit
of adherence to the Mediterraneanet on health: an updated systematic review and
meta-analysisThe American Journal of Clinical Nutriti®g&(5), pp. 11891196.

SOFI, F., CESARI, F., ABBATE, R., GENSINI, G.F. and CASINI, A., 2008. Adherence to
Mediterranean diet and health status: metaalysisBMJ (Clinical research e®R7,
pp. al344.

SONG, M., GARRETT, W.S. and CHAN, A.T., 2015. Nutrients, foods, and colorectal
cancer preventionGastroenterologyl48(6), pp. 12441260. el6.

STATACORP. 2083ata Statistical Software: Release Cdllege Station, TX:
StataCorp LP.

TABUNG, F.K., BROWN, L.S. and FUNG, T.T., 2017. Dietary Patterns and Colorectal
Cancer Risk: a Review of 17 Years of Evidenceq2006).Current Colorectal Cancer
Reports 13(6), pp. 440454.

¢COw®LOZ WIS, RARINGEER dnd KARINAVE, 2010. Inflammation and colon
cancer.Gastroenterologyl138(6), pp. 21012114. e5.

THEODORATOU, E., KYLE, J., CETNARSKYJ, R., FARRINGTON, S.M., TENESA, A,
BARNETSON, R., PORTEOUS, M., DUNLOP, M. and CAMPBELL, H., 2007. Dietar
flavonoids and the risk of colorectal canc€ancer epidemiology, biomarkers &
prevention : a publication of the American Association for Cancer Research,
cosponsored by the American Society of Preventive Onca&(dgy, pp. 684693.



182

THOMSON, C.A.,GCULLOUGH, M.L., WERTHEIM, B.C., CHLEBOWSKI, R.T., MARTINE:
M.E., STEFANICK, M.L., ROHAN, T.E., MANSON, J.E., TINDLE, H.A., OCKENE, J.,
VITOLINS, M.Z., WACTAWWENDE, J., SARTO, G.E., LANE, D.S. and NEUHOUSER,
M.L., 2014. Nutrition and physical activagncer prevention guidelines, cancer risk,

and mortality in the women's health initiativ€ancer prevention research

(Philadelphia, Pa.y,(1), pp. 4253.

TONG, X., YIN, L. and GIARDINA, C., 2004. Butyrate suppressestivaxion in
colon cancer cé&d through HDAC inhibitioBiochemical and biophysical research
communications317(2), pp. 463471.

TOURLOUKI, E., MATALAS, A., BOUNTZIOUKA, V., TYROVOLAS, S., ZEIMBEKIS, A,
GOTSIS, E., TSILIGIANNI, I., PROTOPAPA, I., PROTOPAPAS, C. and METALLINOS, G.,
2013. Are current dietary habits in Mediterranean islands a reflection of the past?

Results from the MEDIS studgcology of Food and NutritioB2(5), pp. 371386.

TRICHOPOULOU, A., COSTACOU, T., BAMIA, C. and TRICHOPOULOS, D., 2003.
Adherence to a Metkerranean diet and survival in a Greek populatibhe New
England Journal of Medicin2Z003348), pp. 2592608.

TRICHOPOULOU, A., BAMIA, C. and TRICHOPOULQS, D., 2009. Anatomy of health
effects of Mediterranean diet: Greek EPIC prospective cohort siiey. (Clinical
research ed.)338, pp. b2337.

TRICHOPOULOU, A., KOWBRIKZOS, A., WAHLQVIST, M.L., GNARDELLIS, C., LAGIOU,
P., POLYCHRONOPOULOS, E., VASSILAKOU, T., LIPWORTH, L. and TRICHOPOULOS
1995. Diet and overall survival in elderly peofd&lJ (Clinical research e®),1(7018),

pp. 14571460.

TRICHOPOULOU, A., ORFANOS, P., NORAT, T-PRNMESQUITA, B., OCKE, M.C.,
PEETERS, P.H., VAN DER SCHOUW, Y.T., BOEING, H., HOFFMANN, K., BOFFETTA, P
NAGEL, G., MASALA, G., KROGH, V., PANIOIBIO, R., VINEIS, P., BAMIA, C.,

NASKA, A., BENETOU, V., FERRARI, P., SLIMANI, N., PERA, G-GWRKTMEZ
NAVARRO, C., RODRIGBERRANCO, M., DORRONSORO, M., SPENCER, E.A., KEY,
T.J., BINGHAM, S., KHAW, K.T., KESSE, E.;CHANELON, FOBTROMNRUAULT,

M.C., BERGLUND, G., WIRFALT, E., HALLMANS, G., JOHANSSON, I|., TJONNELAND, A
OLSEN, A., OVERVAD, K., HUNDBORG, H.H., RIBOLI, E. and TRICHOPOULOS, D., 200
Modified Mediterranean diet and survival: ERdl@erly prospective cohort studiaMJ

(Clinical research ed330(7498), pp. 991.

TYROVOLAS, S. and PANAGIOTAKQOS, D.B., 2010. The role of Mediterranean type of diel
on the development of cancer and cardiovascular disease, in the elderly: a systematic
review.Maturitas, 65(2), pp. 122130.



183

USDA. 2014. United States Department of AgricultAr8eries of Systematic Reviews
on the Relationship between Dietary Patterns and Health Outco[@esine].

Available at:

https://www.cnpp.usda.gov/sites/default/files/usda_nutrition _evidence flbrary/Dieta
ryPatternsReporfullFinal.pdf

[Accessed July 2016].

VAN DER MEER, R., KLEIBEUKER, J. and LAPRE, J., 1991. Calaienbjibasptis
and colorectal canceEuropean Journal of Cancer Preventigmp. 5562.

VAN DUIJNHOVEN, F.J., BUBERMESQUITA, H.B., FERRARI, P., JENAB, M.,
BOSHUIZEN, H.C., ROS, M.M., CASAGRANDE, C., TJONNELAND, A., OLSEN, A,
OVERVAD, K., THORLUSTISSING, O., CLAMVGHAPELON, F., BOUTHRWMULT,

M.C., MOROIS, S., KAAKS, R., LINSEISEN, J., BOEING, H., NOTHLINGS, U.,
TRICHOPOULOU, A., TRICHOPOULGQS, D., MISIRLI, G., PALLI, D., SIERI, S., PANICO, ¢
TUMINO, R., VINEIS, P., PEETERS, P.H., VANHGIOEKE, M.C., LUND, E., ENGESET,

D., SKEIE, G., SUAREZ, L.R., GONZALEZ, C.A., SANCHEZ, M.J., DORRONSORO, M.,
NAVARRO, C., BARRICARTE, A., BERGLUND, G., MANJER, J., HALLMANS, G.,
PALMQVIST, R., BINGHAM, S.A., KHAW, K.T., KEY, T.J., ALLEN, N.E.PBOFFETTA,
SLIMANI, N., RINALDI, S., GALLO, V., NORAT, T. and RIBOLI, E., 2009. Fruit, vegetables
and colorectal cancer risk: the European Prospective Investigation into Cancer and
Nutrition. The American Journal of Clinical NutritiB&(5), pp. 14411452.

VELENTZIS, L.S., KESHTGAR, M.R., WOODSIDE, J.V., LEATHEM, A.J., TITCOMB, A.,
PERKINS, K.A., MAZUROWSKA, M., ANDERSON, V., WARDELL, K. and CANTWELL, M
2011. Significant changes in dietary intake and supplement use after breast cancer
diagnosis in a UK ntidentre study.Breast cancer research and treatmeth28(2), pp.

473482.

VERBERNE, L., BAZIG, A., BUCKLAND, G. and SE2REM, L., 2010. Association
between the Mediterranean diet and cancer risk: a review of observational studies.
Nutrition and cancer62(7), pp. 866870.

VEREECKEN, C.A. and MAES, L., 2003. A Belgian study on the reliability and relative
validity of the Health Behaviour in Schaded Children foodrequency questionnaire.
Public health nutritiong(6), pp. 581588.

VERGNAUD, A.C., ROMAGUERA, D., PEETERS, P.H., VAN GILS, C.H., CHAN, D.S.,
ROMIEU, I., FREISLING, H., FERRARI, P.;CHAFELON, F., FAGHERAZZI, G.,

DARTOIS, L., LI, K., TIKK, K., BERGMANN, M.M., BOEING, H., TJONNELAND, A., OLSE
A.,OVERVAD, K., DAHM, C.C., REDONDO, M.L., AGUDO, A., SANCHEZ, M.J., AMIANO,
P., CHIRLAQUE, M.D., ARDANAZ, E., KHAW, K.T., WAREHAM, N.J., CROWE, F.,
TRICHOPOULOU, A., ORFANOS, P., TRICHOPOULOS, D., MASALA, G., SIERI, S., TUV
R., VINEIS, P., PANICO, ENBRDEMESQUITA, H.B., ROS, M.M., MAY, A., WIRFALT,

E., SONESTEDT, E., JOHANSSON, I., HALLMANS, G., LUND, E., WEIDERPASS, E., PAI
C.L,, RIBOLI, E. and NORAT, T., 2013. Adherence to the World Cancer Research
Fund/American Institute for Cancer Researcldglines and risk of death in Europe:

results from the European Prospective Investigation into Nutrition and Cancer cohort
studyl1,4.The American Journal of Clinical Nutriti®@(5), pp. 11071120.


https://www.cnpp.usda.gov/sites/default/files/usda_nutrition_evidence_flbrary/DietaryPatternsReport-FullFinal.pdf
https://www.cnpp.usda.gov/sites/default/files/usda_nutrition_evidence_flbrary/DietaryPatternsReport-FullFinal.pdf

184

VOLLSET, S.E., CLARKE, R., LEWINGTON, S., EBBINEEYWJ.HADNN, E.,

ARMITAGE, J., MANSON, J.E., HANKEY, G.J., SPENCE, J.D. AND GALAN, P., 2013. Effe
of folic acid supplementation on overall and s#gecific cancer incidence during the
randomised trials: metanalyses of data on 50 000 individudlte Lancet381(9871),
pp.10291036.

VUCENIK, 1., JONES, L. and MCLENITHAN, J., 2016. Linking Obesity, Metabolism, and
CancerMetabolic Syndrome: Metabolic Syndrome: A Comprehensive Textbook, edited
by Rexford Ahima, Springer International Publishopg 723-741.

VUCENIK, I. and STAINS, J.P., 2012. Obesity and cancer risk: evidence, mechanisms, anc
recommendationsAnnals of the New York Academy of Scierkk&gl(1), pp. 3743.

WAIJERS, P.M., FESKENS, E.J. and OCKE, M.C., 2007. A critical review of predefined die
quality scoresBritish Journal of Nutritior7(2), pp. 219231.

WALKER, J.L., ARDOUIN, S. and BURROWS, T., 2017. The validity of dietary assessmen
methods to accurely measure energy intake in children and adolescents who are
overweight or obese: a systematic revidduropearjournal of clinical nutritiondoi:
10.1038/s4143@)17-0029-2.

WANG, D. and DUBOIS, R.N., 2010. The role e2 @OMtestinal inflammation rad
colorectal cancerOncogene29(6), pp. 781788.

WACTAWSRKNVENDE, J., KOTCHEN, J.M., ANDERSON, G.L., ASSAF, A.R., BRUNNER, R
O'SULLIVAN, M.J., MARGOLIS, K.L., OCKENE, J.K., PHILLIPS, L., POTTERN, L. AND
PRENTICE, R.L., 2006. Calcium plus vitasup@ementation and the risk of

colorectal canceNew England Journal of Medicji854(7), pp.684696.

WATTENBERG, L.W., 1992. Inhibition of carcinogenesis by minor dietary constituents.
Cancer research2(7 Suppl), pp. 20852091s.

WAYNE, S.J., LOPEZ, S.T., BUTLER, L.M., BAUMGARTNER, K.B., BAUMGARTNER, R.I
and BALLARBARBASH, R., 2004. Changes in dietary intake after diagnosis of breast
cancer.Journal of the American Dietetic Associatib®4(10), pp. 15611568.

WCRF/AICR 2007.0Ad Cancer Research Fund / American Institute for Cancer
Research. Second Expert Report. Food, Nutrition, Physical Activity and the Prevention
of Cancer: a Global Perspective. [Online].

Available athttp://www.aicr.org/assets/docs/pdf/reports/Second _Expert Report.pdf
[Accessed 2012017].

WCRF/AICR 201World Cancer Research Fund / American Institute for Cancer
Research. Continuous Update Project Report. Food, Nutrition, Physical Activity and the
Prevention of Colorectal Cancer. [Online].

Available athttp://www.wcrf.org/sites/default/files/ColorectaiCancet2011-

Report.pdf
[Accessed 2012017].



http://www.aicr.org/assets/docs/pdf/reports/Second_Expert_Report.pdf
http://www.wcrf.org/sites/default/files/Colorectal-Cancer-2011-Report.pdf
http://www.wcrf.org/sites/default/files/Colorectal-Cancer-2011-Report.pdf

185

WCRF/AICR 201World Cancer Research Fund / American Institute for Cancer
Research. Continuous Update Project Repost,Mutrition, Physical Activity and the
Prevention of Colorectal Cancer. [Online].

Available athttp://www.aicr.org/continuousupdate-project/reports/colorectat
cancer201 7report.pdf

[Accessed October 2017].

WCRF INTERNATIONAL. (nMoyld Cancer Research Fund Internatio@antinuous
Update Project (CUHDnNIine].
Available athttp://www.wcrf.org/int/research-we-fund/continuousupdate-project-

cup
[Accessed October 2017].

WCRF UK (n.d.). World Cancer Research Fund UK. Cancer statistics. [Online].
Available athttps://www.wcrf-uk.org/uk/preventingcancer/canceipreventability
statistics

[Accessed October 2017].

WILLETT, W., 201Qutritional epidemiologyOxford University Press.
WILLETT, W.C., 2005. Diet and cancer: an evolving pidgaume.,293(2), pp. 23334.

WILLETT, W.C., SACKS, F., TRICHOPOULOU, A., DRESCHERZZIFERRO
HELSING, E. and TRICHOPOULOS, D., 1995. Mediterranean diet ayraltoic|
model for healthy eatingThe American Journal of Clinical Nutriti6@(6 Suppl), pp.
1402S1406S.

WOLIN, K.Y., YAN, Y. and COLDITZ, G.A., 2011. Physical activity and risk of colon
adenoma: a metanalysisBritish journal of cancef,04(5), . 882885.

WORLD HEALTH ORGANIZATION (WHO)|r28fdrtational Statistical Classification of
Diseases and Related HéaRroblems. IGD0.Geneva: WHO.

WU, S., FENG, B,, LI, K., ZHU, X., LIANG, S., LIU, X., HAN, S., WANG, B., WU, K. and
MIAO, D., 2012.i¢h consumption and colorectal cancer risk in humans: a systematic
review and metaanalysisThe American Journal of Medicid256), pp. 551559. eb.

WU, K., PLATZ, E.A., WILLETT, W.C., FUCHS, C.S., SELHUB, J., ROSNER, B.A., HUNTE
D.J. and GIOVANNUCEL 2009. A randomized trial on folic acid supplementation and

risk of recurrent colorectal adenom@he American Journal of Clinical Nutriti®@(6),

pp. 16231631.

YouGov UK (2012).Do you get your five a day? [Online].
Available athttps://yougov.co.uk/news/2012/05/15/deyou-get-your-five-day/
[Accessed November 2017].



ttp://www.aicr.org/continuous-update-project/reports/colorectal-cancer-2
ttp://www.aicr.org/continuous-update-project/reports/colorectal-cancer-2
http://www.wcrf.org/int/research-we-fund/continuous-update-project-cup
http://www.wcrf.org/int/research-we-fund/continuous-update-project-cup
https://www.wcrf-uk.org/uk/preventing-cancer/cancer-preventability-statistics
https://www.wcrf-uk.org/uk/preventing-cancer/cancer-preventability-statistics
https://yougov.co.uk/news/2012/05/15/do-you-get-your-five-day/

186

YUSOF, A.S., ISA, Z.M. and SHAH, S.A., 2012. Dietary patterns and risk of colorectal
cance: a systematic review of cohort studies (26B011).Asian Pacific Journal of
Cancer Preventior,3(9), pp. 47134717.

ZAMORA, D., GORDQANRSEN, P., JACOBS, D.R.,JR and POPKIN, B.M., 2010. Diet
quality and weight gain among black and white young adthissCoronary Artery Risk
Development in Young Adults (CARDIA) Study ¢2085).The American Journal of
Clinical Nutrition92(4), pp. 784793.



187

APPENDICES

APPENDIXWCRF/AICR @djudgement on CRC prevention and causation

FOOD, NUTRITION, PHYSICAL ACTIVITY, AND CANCERS OF THE COLON AND THE RECTUM

In the judgement of the Panel, the factors listed below modify the risk of cancers of the colon and the rectum. Judgements are graded according to the

strength of the evidence.

Cenvineing Physical activity'? Red meat’?
Processed meat®s
Aleoholic drinks (men)s
Body fatness
Abdominal fatness
Adult attained height”
Foods containing dietary fibre® Alcoholic drinls (! 1)E
Garlic®
Milke™
Calcium™
Limited — Nen-starchy vegetables® Foods containing iron®®
suggestive Eruits® Cheese'®

DECREASES RISK

Foods containing folate®
Foods containing selenium?

INCREASES RISK

Foods containing animal fats®
Foods containing sugars's

Fish
Foods containing vitamin D812

Selenium™
Limited — Cereals (grains) and their products; potatoes; poultry; shellfish and other seafood; other dairy products; total fat; fatty acid
no conclusion composition; cholesterol; sugar (sucrose); coffee; tea; caffeine; total carbohydrate; starch; vitamin A; retinol; vitamin C; vitamin E;

multivitamins; non-dairy sources of calcium; methionine; beta-carotene; alpha-carotene; lycopene; meal frequency; energy intake

Substantial
effect on risk None identified
unlikely

1 Physical activity of all types: occupational, household, transport, and recreational.

2 Much of the evidence reviewed grouped colon cancer and rectal cancer together as "colorectal’ cancer. The Panel judges that the evidence is stronger for colon
than for rectum.

3 The term 'red meat' refers to beef, pork, lamb, and goat from domesticated animals.

4 Although red and processed meats contain iron, the general category of *foods containing iren’ comprises many other foods, induding these of plant origin.

5 The term ‘processed meat’ refers to meats preserved by smoking, curing, or salting, or addition of chemical preservatives.

& The judgements for men and women are different because there are fewer data for women. Increased risk is only apparent above a threshold of 20 gfday of

ethanol for both sexes.
7 Adult attained height is unlikely directly to modify the risk of cancer. It is a marker for genetic, environmental, hormonal, and also nutritional factors affecting
growth during the pericd from preconception to completion of linear growth (see chapter 6.2.1.3).
8 Includes both foods naturally containing the constituent and foods which have the constituent added (see chapter 3.5.3). Dietary fibre is contained in plant foods
(see box 4.1.2 and chapter 4.2).
9 Judgements on vegetables and fruits do not include those preserved by salting andfor pickling.
10 Although both milk and cheese are included in the general category of dairy products, their different nutritional compaosition and consumption patterns may
result in different findings.
11 Milk from cows. Most data are from high-income populations, where calcium can be taken to be a marker for milk/dairy consumption. The Panel judges that a
higher intake of dietary calcium is one way in which milk could have a protective effect.
12 The evidence is derived from studies using supplements at a dose of 1200 mg/day.
13 Found mastly in fortified foods and animal foods.
14 The evidence is derived from studies using supplements at a dose of 200 pg/day. Selenium is toxic at high doses.
15 "Sugars’ here means all 'non-milk extrinsic’ sugars, including refined and other added sugars, honey, and as contained in fruit juices and syrups. It does not include
sugars naturally present in whole foods such as fruits. It also does not include lactose as contained in animal or human milks.

Far an explanation of all the terms used in the matrix, please see chapter 3.5.1, the text of this section, and the glossary. A
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APPENDIXKWCRF/AICR 2011 judgement on CRC prevention and causation

FOOD, NUTRITION, PHYSICAL ACTIVITY AND

CANCERS OF THE COLON AND THE RECTUM 2011

DECREASES RISK INCREASES RISK

Physlcal actlvity*2 Red meat?s

Foods contalning Processed meat*®

dletary fibre3 Alcoholic drinks (men)?
Body fatness

Abdominal fatness
Adult attalned helght®

Garlic Alcohollc drinks (women)?
Milk®
Calcium?®

Non-starchy vegetables Foods containing iron3#4

Fruits Cheese'!
Foods containing Foods containing animal fats®
vitamin D312 Foods containing sugars13

Fish; glycaemic index; folate; vitamin C; vitamin E;
selenium; low fat; dietary pattem

Substantial None Iidentified
effect on risk

unlikely

1 Physical activity of all types: occupational, household, transport and recreational.

2 The Panel judges that the evidence for colon cancer is corwincing. No conclusion was drawn for rectal cancer.

3 Includes both foods naturally containing the constituent and foods which have the constituent added.
Dietary fibre is contained in plant foods.

4 Although red and processed meats contain iron, the general category of foods containing iron’
comprises many other foods, including those of plant origin.

5 The term ‘red meat’ refers to beef, pork, lamb, and goat from domesticated animals.

6 The term ‘processed meat’ refers to meats preserved by smoking, curing, or salting, or addition of
chemical preservatives.

7 The judgements for men and women are different because there are fewer data for women.

For colorectal and colon cancers the effect appears stronger in men than in women.

8 Adult attained height is unlikely directly to modify the risk of cancer. It is a marker for genetic,
environmental, hormonal, and also nutritional factors affecting growth during the period from
preconception to completion of linear growth (see chapter 6.2.13 — Second Expert Report).

9 Milk from cows. Most data are from high-income populations, where calcium can be taken to be a
marker for milk/dairy consumption. The Panel judges that a higher intake of dietary calcium is one way
in which milk could have a protective effect.

10 The evidence is derived from studies using supplements at a dose of 1200mg/day.

11 Although both milk and cheese are included in the general category of dairy products, their different

nutritional composition and consumption patterns may result in different findings.

12 Found mostly in fortified foods and animal foods.

13 ‘Sugars’ here means all ‘non-milk extrinsic” sugars. Including refined and other added sugars, honey,

and as contained in fruit juices and syrups. It does not include sugars naturally present in whole foods
such as fruits. It also does not include lactose as contained in animal or human milks.
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APPENDIXWICRF/AICR 2017 judgement on CRC prevention and causation

DIET, NUTRITION, PHYSICAL ACTIVITY
AND COLORECTAL CANCER 2017

DECREASES RISK INCREASES RISK

Processed meat?®

Convincin Physical activity*2 Mlcchpilc deinkac
? & - Body fatness®
STRONG Adult attained helght®
Wholegrains
S 2 Foods containing dietary
Probable fibre’ Red meat®
Dairy products®

Calcium supplements®

Foods containing vitamin c1* ~ LOW intakes of non-starchy

Limited - Fish vegetables™*

N Low intakes of fruits**
suggestive Vitamin D**

Foods containing haem
Multivitamin supplements*? irons i

LIMITED Cereals (grains) and their products; potatoes; animal fat;

poultry; shellfish and other seafood; fatty acid composition;

EVIDENCE cholesterol; dietary n-3 fatty acid from fish; legumes;

STRONG

EVIDENCE

Limited - garlic; non-dairy sources of calcium; foods containing
: added sugars; sugar (sucrose); coffee; tea; caffeine;
no conclusion carbohydrate; total fat; starch; glycaemic load; glycaemic
index; folate; vitamin A; vitamin B6; vitamin E; selenium; low
fat; methionine; beta-carotene; alpha-carotene; lycopene;
retinol; energy intake; meal frequency; dietary pattern

Substantial

effect on risk
unlikely

10
11

12
13
14
15

Physical activity of all types: occupational, household, transport and recreational.

The Panel judges that the evidence for colon cancer is convincing. No conclusion was drawn
for rectal cancer.

The term ‘processed meat’ refers to meats preserved by smoking, curing, or salting, or addition
of chemical preservatives.

Based on evidence for alcohol intakes above approximately 30 grams per day (about two drinks
a day).

Body fatness marked by body mass index (BMI), waist circumference or waist-hip ratio.

Adult attained height is unlikely to directly influence the risk of cancer. It is a marker for genetic,
environmental, hormonal and nutritional growth factors affecting growth during the period from
preconception to completion of linear growth.

Includes both foods naturally containing the constituent and foods that have the constituent added.
Dietary fibre is contained in plant foods.

Includes evidence from total dairy, milk, cheese and dietary calcium intakes.
The evidence is derived from supplements at a dose of 200 - 1,000 mg per day.
The term ‘red meat’ refers to beef, pork, lamb, and goat from domesticated animals.

The Panel judges that the evidence for colon cancer is limited. No conclusion was drawn for
rectal cancer.

Includes evidence from foods containing vitamin D, serum vitamin D, and supplemental vitamin D.
Definitions and categorisation of multivitamin supplements are not standardised.

Increased risk observed at low intakes (below 100 grams per day).

Foods include red and processed meat, fish and poultry.
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APPENDIK/WCRF/AICR cancer prevensobrecommendations

Recommendation

Sub-recommendations (personal recommendations)

1) Be as lean as possible without
becoming underweight

1.1) Ensure that body weight through childhood and adolescent growth projects3 towards the lower end of the
normal BMI range at age 21

1.2) Maintain body weight within the normal range from age 21

1.3) Avoid weight gain and increases in waist circumference throughout adulthood

2) Be physically active for at least 30
minutes every day

2.1) Be moderately physically active, equivalent to brisk walking, for at least 30 minutes every day

2.2) As fitness improves, aim for 60 minutes or more of moderate, or for 30 minutes or more of vigorous,
physical activity every day

2.3) Limit sedentary habits such as watching television

3) Limit consumption of energy-dense
foods

3.1) Consume energy-dense foods sparingly
3.2) Avoid sugary drinks.
3.3) Consume 'fast foods’ sparingly, if at all

4) Eat more of a variety of
vegetables, fruits, wholegrains, &
pulses such as beans

4.1) Eat at least five portions/servings (at least 400 g or 14 oz) of a variety of non-starchy vegetables and of
fruits every day

4.2) Eat relatively unprocessed cereals (grains) and/or pulses (legumes) with every meal

4.3) Limit refined starchy foods

4.4) People who consume starchy roots or tubers as staples also to ensure intake of sufficient non-starchy
vegetables, fruits, and pulses (legumes)

5) Limit consumption of red meats
(such as beef, pork and lamb) and
avoid processed meats

5.1) People who eat red meatto consume less than 500 g (18 oz) a week, very little if any to be processed

6) If alcoholic drinks are consumed,
limitconsumptionto no more than
two drinks a day for men and one
drink a day for women

6.1) If alcoholic drinks are consumed, limitconsumption to no more than two drinks a day for men and one
drink a day for women

Recommendation

Sub-recommendations (personal recommendations)

7) Limit consumption of salt & avoid
mouldy grains and cereals

7.1) Avoid salt-preserved, salted, or salty foods; preserve foods without using salt

7.2) Limit consumption of processed foods with added salt to ensure an intake of less than 6g (2.4g
sodium) a day

7.3) Do not eat mouldy cereals (grains) or pulses (legumes).

8) Aim to meet nutritional needs
through diet alone

8.1) Dietary supplements are not recommended for cancer prevention

9) It is best for mothers to
breastfeed exclusively for up to 6
months and then add other liquids &
foods

9.1) Breastfeeding protects both mother and child
9.2) 'Exclusively’ means human milk only, with no other food or drink, including water
9.3) In accordance with the UN Global Strategy on Infant and Young Child Feeding

10) After treatment, cancer survivors
should follow the recommendations
for cancer prevention

10.1) Cancer survivors are people who are living with a diagnosis of cancer, including those who have
recovered from the disease

10.2) This recommendation does not apply to those who are undergoing active treatment, subject to the
qualifications in the text

10.3) This includes all cancer survivors, before, during, and after active treatment

(SourceRomageura et al., 2016.

www.wcrf.org/sites/default/files/SessiofPresentatiorWCCromaguera.pptx
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