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Abstract

Colorectal cancer (CRC) is the second leading cause of death from cancer in men and
‘women combined in Canada. Research to date suggests that CRC is a result of complex
‘genetic-environmental interactions and diet has long been regarded as the most important
environmental factor. Yet epidemiologic studies have been inconclusive in demonsirating

the role of in ‘CRC. This the ed the effects of

dictary factors on CRC risk using data from a large population-based case-control study

conducted in Newfoundland and Labrador (NL) and Ontario (ON) through three coherent

‘papers. The first two pape pooled data from the assessi
the effects of total energy/macronutrients and selected micronutrients on CRC,

respectively. Overall, findings from these two parts of the thesis suggested that diets high

in energy increased the risk, whereas diets high in fibre, tein reduced
the risk of CRC. Significant protective effects on CRC were also observed for calcium,

vitamin D, vitamin C, riboflavin and folate. Stratified analyses by supplement intake

status further indicated that varied ke

levels from foods. In addit lement users,

in people with lower take from foods. Based on the

findings from the fist two papers, this thesis further compared the effects of calcium,

vitamin D and dairy pr on CRC risk between two p
While the results were consistent in both provinces, statistical associations were only

observed in the ON population. Additionally,this study also feant synergistic

effects between calcium and vitamin D intake. In summary, based on a large population



case-control study, this thesi aluates s d

‘macronutrients in relation to CRC. This work corroborates and adds to the existing
literature in many aspects. Findings from this thesis may have important public health
implications, particularly for those with lower intakes for a number of selected nutrients,

who can benefit greatly from supplement infakes.
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Chapter 1: Introduction

Diet has long been regarded fthe factors

associated with cancer (CRC)'?, part an unbalanced

diet is combined with weight gain, physical inactivity, and such unhealthy practices as
smoking and consuming a great deal of alcohol'**, Several case-control studies
investigating the influence of diet on the risk for CRC have demonstrated a positive:
association between cancer risk and total energy intake®”. The association between CRC
and total energy intake has an important impact on the interpretation of dietary data
“Thus, excess intake of any of the important energy-supplying macronutrient
‘companents of the diet (eg. proteins, fats, carbohydrates) could contribute to a higher isk.

of CRC. However, whether or not individual encrgy-suppl

\& macronutrients,
independent of their contribution to energy intake, are related to CRC risk remains
controversial. A comprehensive report from the World Cancer Research Fund and the
American Institute for Cancer Research'’ concluded that total energy has no simple
relationship with CRC risk, that the data were inconsistent for carbohydrates, cholesterol
and proteins, and that diets high in total fa possibly increase risk. Therefore, the
objective of the first component in this thesis is o identify the association between CRC
risk and intakes of total energy, proteins, fats, carbohydrates (specifically including
cholesterol, selected fatty acids and dietary fibre), and alcohol using data from a large
case-control study conducted in Newfoundland and Labrador (NL) and Ontario (ON).
Consistent with the theme of dictary intake’s influence on CRC, the second

‘component of this thesis is to examine the effects of selected micronutrients on the



occurrence of CRC. Recent epidemiologic studies suggest that calcium, vitamin D, folate,

and some antioxidants are protective against cancer'"?, whereas iron increases risk'*.

Calcium and vitamin D may protect against colorectal carcinogenesis by binding free

fatty acids and y bil intestine, thercby
i o a colorectal
co-factor in don of thymidylate for thesis and
prit donor in the body'*'*. B6

‘and folate may function as coenzymes in the synthesis of purines and thymidylate for
DNA'™""_ Carotene and vitamins A, C, and E may decrease the risk through antioxidant
mechanisms™'. Finally, iron may increase the risk of CRC by generating free radicals
that attack DNA and damage chromosomes™>'.

Despite the biological plausibiliy, epidemiological studies have been inconclusive:

in i ofthe in CRC. Prior to

1998, epidemiologic studies suggested that calcium intake was not associated with a
lower risk of colorectal adenoma or cancer™. In contrast, Ryan-Harshman®® recently

reviewed several case-control and prospective cohort studies and some clinical trials and

concluded that fcalcium and vitamin D being protecti CRC was
stronger. The Alpha-Tocopherol, Beta Carotene Cancer Prevention Study Group

ducted a randomized, double-blind, lled prii trial and

found no interaction between alpha-tocopherol and beta carotene with respect to the
incidence of CRC™. After four years, results from another double-blind three-year

intervention with antioxidants (beta-carotene 15 m, vitamin C 150 mg,

amin E 75 mg,



sclenium 101 microg) suggested a protective role of antioxidants on new adenoma

formation. No effect was detected on the growth of adenomas and polyps”.

s for these inconsistenci such as

the potential selection bias and possil have played a larger role in

beneficial, whether or not diet alone can

RCisa

question. With Fusing individual ivitamin supp

by the Canadian population, whether or not supplement could exert a protective effect

against CRC bec 1 . Therefore, the d comp f this study

1 relationships bet lected  the risk of CRC in

population residing in two Canadian provinces.

Based on the results from thy  paper we found fects of cal

and vitamin D on CRC risk. Dairy products contains large amount of calcium and
vitamin D through fortfication. Whether or not dairy products are protective against CRC
s a question. Again, if dairy product intakes are associated with a lower risk of CRC,

y fcalcium and vitamin D.

Recently, a prospective study by Jarvinen et al. ** indicated that individuals with high

‘milk isk of colon however,

not appear to be due to intakes of calcium and vitamin D. In contrast, it has been shown

that calcium, especially in combinations as found in milk, effectively precipitates luminal

30

Given the high incidence rate of CRC in NL and ON, it is of great public health




por inces. To
‘our knowledge, lite has been done in this area. Therefore, the purpose of third

component of this study he effects of calcium, vitamin iry p

RC i between two

provinces.

Study objectives

1. To identify an association between CRC risk and intakes of total energy, proteins, fts,

selected fibre),
‘and alcohol using data fr based i study inNL
and ON.
2.o examine b i , iron, retinol,

vitamin C, vitamin D, alpha-tocopherol, thiamin, riboflavin, vitamin B6, vitamin B12,
and folate) and the risk of CRC in population residing in two provinces.
3. To assess the effects of calcium, vitamin D and dairy products in the occurrence of

CRC and L

12 Involvement of author in thesis

Th not involved i the familial

colorectal cancer registries used in this thesis. Drs. John McLaughlin and Steven

Gallinger were the Principal Investigators of the Ontario component of this study; Drs. H.

Ban  Pat Principal the
Newfoundland component. Dr. Peter Wang was the principal investigator for the

component project of “Exploration of Risk Factors, Inter-provincial Differences and Risk



Modifiers”. Peter Todd Campbell cleaned and converted the previously unused

from to conform to
formats. The author played a substantial role in
pr s thesis. The author for the statistical analyses and

presentation of the findings from this thesis.

Organization of the thesis

“This thesis is divided into five chapters. Chapter 1 is an overall introduction to the study.

Chapter 2 reviews the incidence and mortality of CRC and associated factors. Chapter 3
reviews in detail the research methods employed in this study. Chapter 4 includes three

results sections. Each section is written in a manuseript format

including its own

Introduction, Methods, Results, and Discussion section. Some repetition of Methods was.

unavoidable. Chapter § the key findings and discusses the

study results and future research.



Chapter 2: Background
2.1 Colorectal cancer: the disease

Col (CRO hs in the colon, rectum and appendi

‘The colon is the first four to five feet of the large intestine. The colon consists of the

cecum, and the sigmoid

colon (Figure 1). The main function of the colon is to absorb water and nutrients from
food. The rectum is the last six to ten inches of the digestive tract. Its main function is to
store waste material prior to excretion.

CRC is an age-related disease with half of all in

over 60 years"!. The discase is believed to arise from benign tumors called adenomatous

‘polyps (adenomas). About 1-10% of adenomas go on to develop into invasive cancer”. In

general, CRC is through py is usually through

surgery which may be followed by chemotherapy.

Figure 1: Anatomy of the colon and rectum®’

Source: hitp:/www fitcare net categorv/cancer



22 Th

cidence and mortality of CRC
‘With 655,000 deaths worldwide per year, CRC i the third most common form of cancer
and the third leading cause of cancer-related death in the Wester world****, Incidence
and mortality rates vary widely throughout the world. High rates are characteristic of
developed countries in North America, norther and western Europe, the United
Kingdom, Austraia, and New Zealand, where meat consumption is characteristically
high and cereal consumption s low . The lowest rates in the world are found in Asia,

Africa, and most of Latin America, where there s a high per capita consumption of fibre-

rich vegetables and starch " This 31

underscores the importance of environmental factors in inducing this cancer.
In Canada, CRC is the second leading cause of death from cancer in men and

‘women combined. In 2009, an estimated 22,000 Cana

s were diagnosed with CRC
and 9,100 died of it"". At current rates, one in 14 men is expected to develop CRC during.
his lifetime and one in 27 will die of it; one in 15 women is expected to develop CRC
during her lifetime and one in 31 will die of it"". The incidence and mortality rates
increase precipitously with age in both sexes. In 2009 it was estimated that more than half

of all newly diagnosed CRC would occur among Canadians aged 70 years or older™. The

estimated f CRC were 62 per
41 per 100,000 among women, and the estimated age-standardized mortaity rates were

26 per 100,000 men and 16 per 100,000 women in 2009.

There ariations in Canada. The

highest CRC incidence rates are seen among men in New’foundland and Labrador (NL)



with a rate of 87 per 100,000, and among women in Prince Edward Island, Nova Scotia
and NL (incidence rates of 52 per 100,000 in NL females). The lowest rates for both

sexes are in British Columbia *. Ontario (ON) ranks in the middle among Canadian

P and 41 per 100, ng women™.
2.3 Factors associated with CRC

the discase in NL may be partly expl igher prevals
of families with a predisposit tary colon cancer””, factors may

‘be an important component of CRC risk'**+*,
231 Hereditary factors

About 15% of people who develop CRC have discase that is familial*. Those with a

family history of CRC polyps in any ger

age 60, orin two or more ati

ase. Among familial cases, a small proportion is attributed to the major CRC

familial polyposis (FAP), and hereditary non-
polyposis colorectal cancer (HNPCC).
FAP s a disease where people typically develop hundreds of polyps in their colon
and rectum. Usually this occurs between the ages of five and 40. FAP is caused by,
mutations in the Adenomatosis polyposis coli (APC) gene. In people with FAP, this gene

i inoperative, leading to the growth of hundreds of polyps in the colon and rectum. Over

time, the cells of
FAP occurs in less than 1% of all CRC patients*™.

HNPCC accounts for 1% o 3% of all CRCs“. This syndrome also develops when



people are relatively young. These people have polyps, but they only have a few, not

hundreds as in FAP. i CRC with

microsatellite instability. Microsatellte instability s a molecular marker for DNA
mismatch repair deficiency. Mutations in mismatch repair genes lead to a lfetime colon

‘cancer risk of 85% in these patients. Carcinomas of the endometrium, ovary, and other

‘organs also oceur with increased frequency®.

232 Environmental factors

‘Genetic predisposition plays a role in about 15% of CRC but most cases are sporadic*”.
About two decades ago, Doll and Peto', using international comparisons of exposure
prevalences and disease rates, estimated that up to 90% of colon cancers may have a
primary dietary contribution. A more recent study estimated that about 70% of CRC can

be prevented by changes in diet and lifestyle®’. Migrant studies of first- and second-

generati {0 the United States show that their ty from colon
cancer is closer to the United States than to Japanese rates which are 2.5 times lower™.
Similar variations are observed in European migrants to the United States and Polish

e

‘migrants to Australia®!“. Immigrants rapidly acquire the incidence rates of the host

country, suggesting that environmental factors play a crucial role in CRC development.

Epidemiologic population studies have shown that obesity, physical inactivity,
tobacco and alcohol use, total caloric intake, dietary fat intake, meat consumption,
ethanol and cholesterol intake may be related to an increased risk of CRC*. Similar

studies hat a d drisk of CRC i, increased intake of

dietary fibre and that a protective effect may be related to consumption of synthetic



antioxidants

such as vitamin A, beta-carotene and ascorbic acid *”. Each of these:

potential risk factors will be considered individually.

2321 Diet

Diet has long been regarded as the most important environmental factor for colon cancer',
‘particularly when a poor diet is combined with inappropriate weight gain, physical
inactivity, and such unhealthy practices as smoking and consuming a great deal of

e

alcohol'**. High intakes of animal fat and/or protein and low intakes of fruits and

vegetabl shown of CRC". However, although
dit and colon cancer rlationships have been studied extensively, the impact of many
dietary factors on colon carcinogenesis remains unresolved** .

232.1.1 Red meat and fat

Most studies have sh siti ciation between red ind the

risk of CRC™, One possible reason is that a diet high in meat tends to be low in
vegetables, fruit, and fibre. Additionally, red meat is a major source of fat, especially
saturated fat. It s thought that fat promotes large bowel cancer by increasing the levels of
free fonized fatty acids and unconjugated bile acids in the bowel lumen, which are
irritating and toxic to the surrounding epithelium *%. Besides the role of fat itself, the

of ic ami i red meat has been

suggested as a link between red meat and CRC"”

A ysis of 13 published coh i that a daily increase in
‘consumption of all meat or red meat by 100 g was associated with a 12% to 17% increase

in the risk of CRC™. However, in 2000 an expert panel workshop reviewed 30 case-



control and 15 Targely -

analysis, and the report showed that red meat was not associated with CRC risk™*

Together with more recent studies, these data indicate a modest positive association
between red meat ntake and CRC risk, while a significant association was found in
intakes of processed meats™'.

As with red meat, total dietary fat intake is not strongly associated with CRC risk **

*, despite what has been suggested in experimental studies on rats and mice™*”, Results

froma 1949 U.S. male health professionals between 1986

and 1992 showed that intakes of total fat, saturated fat, and animal fat were not related to

the risk of colon cancer™. Howe er al. indicated no links between total dietary fat or

saturated fat and CRC risk in pooled individual-level data from 13 case-control and

CRC cases and 10, 15, However, in a Swiss
case-control study, Levi et . found that different types of fat may play different roles in
colorectal carcinogenesis; saturated fats were related to increased risk of CRC, while
monounsaturated and polyunsaturated fas reduced the risk". Results from an Talian case-

control study found that only fat intake was inversely ass with

colon cancer risk, particularly in the right colon”.

232.1.2 Vegetables, fruits and fibres

In 1971 Burkitt first proposed that high-fibre diets were associated with increased fecal
bulk and faster rates of intestinal transit. These changes in colonic function would help to
dillte out any carcinogens or tumor promoters present within the intestinal lumen while

also reducing the time available for their interaction with the intestinal epithelium®”



Frits, vegetables and whole grains contain a high amount of fibre. Terry ef al. examined
fruit, vegetable, and fibre intakes and the risk of CRC among Swedish women, and

concluded that higher fruit ted with a 32% reduction in CRC

risk, while higher intake of cereal fibre did not lower the risk”. Results from a case-
control study in the Swiss Canton of Vaud found a significant inverse relationship

between total fibre intake, intake of certain specific fibre and risk of CRC. Vegetable

fibre appeared to be more protective than either fruit or grain fibre™. In contrast
comprehensive prospective study followed up over 16 years to examine the role of fibre
and its components on the risk of colorectal neoplasms, Fuchs et al. found no protecive
effect of a high-fibre diet against CRC or adenoma. Furthermore, no significant

associations were observed in intakes of cereal, fruit, or vegetable fibre®'

E I data regarding the i ‘vegetables, fruits and dietary fibre on

colorectal i it . This is likely du lex relationship.
Grain fibre may have a different effect than fruit fbre or vegetable fibre. Morcover, other

components of vegetables and frui

such as vitamins and minerals, may be the factors.
responsible for any reduction in cancer risk®.
23.2.1.3 Total energy and macronutrients

CRC rates

f lated to the Wester lifesty 10 colon cancer, a

large and balance. High energy exp
seems to decrease the risk of CRC*”. Case-control studies investigating the influence of

diet on the risk for CRC i cer risk and




total energy intake*'". Energy intake can be responsible for glycaemic overload and a
compensatory increase of serum insulin and the related insulin growth factor-1 (IGF-1).
IGF-1 iss a promoter of tumor cell growth in vitro*™™, and it may expose colonic and
rectal cells to a proliferative stimulus 7', Thus, diabetes has also been related to

increased CRC risk”' 7.

RC and total energy s an important impact on the

dietary data. E: ke of any lyi

‘macronutient components of the diet (eg. proteins, fats, carbohydrates) could contribute:

t0.a higher risk of CRC. However, the question of whether or not individual energy-

ipplying i depend on to energy intake, are related
to CRC risk remains controversial. A report from the Nurses’ Health Study published in
1990 showed that, after adjustment for total energy intake, consumption of animal fat was
associated with increased risk of CRC, but no association was found with vegetable fat’*.
In contrast, reports from prospective cohort studies found that intakes of total fat,
saturated fat, and animal fat were not related to risk of colon cancer**. Non-red meat
sources of animal protein derived from low-fat dairy products, fish and poultry have been

C7%, A comprehensive report from the

typically associated with a lower risk of CR
World Cancer Research Fund and the American Institute for Cancer Rescarch concluded
that total energy has no simple relationship with CRC risk and that data are inconsistent

for carbohydrates, cholesterol and proteins'’. Thus, the epidemiological evidence on the

RC risk and intake of remains largely unclear.

232,14 Micronutrients



The role i in colorectal

Recent epidemiologic studies suggest that calcium, vitamin D, folate, vitamin B6, and

‘some antioxidants are protective against cancer'' ", whereas iron increases risk'*.
Calcium has been hypothesized to protect against CRC by binding secondary bile acids

and fonized fatty acids in the colon lumen to form insoluble calcium soaps, thereby

reducing their proliferative effects on the colonic mucosa'®. Furthermore, calcium may
have effects o el peolife d ptosi and cell-

cycle regulation The roles of dietary calcium and vitamin D are highly correlated
‘because vitamin D regulates the absorption of calcium™. Folate may exert a protective

effect on colorectal carcinogenesis as a co-factor in the methylation of thymidylate for

DNA synthesis and the p ine, the primary methyl donor in
the body"™"*. Antioxidants, including carotene and vitamins A, C, and E, may decrease
the risk by quenching free radicals and reducing oxidative damage to DNA™?'. Vitamin
B6 and folate function as coenzymes in the synthesis of purines and thymidylate for DNA.
Low levels of these vitamins may result in misincorporation of uracil into DNA, leading

to chromosome breaks and disruption of DNA repair' ", Iron may increase the risk of

CRC by generating fr attack DN, 2
Desp i proposed to explain the effects
of colorectal i i evidence on this

issue is unclear. Pior to 1998, epidemiologic studis suggested that caleium intake was
not associated with lower risk of colorectal adenoma or cancer™, However, after a

follow-up of 61,463 women for 11.3 years, Terry et al. found an inverse association



between dietary calcium intake and CRC risk. Vitamin D intake was not clearly
associated with risk”. Results from the Cancer Prevention Study 11 Nutrition Cohort
indicated that calcium modestly reduces risk of CRC. Vitamin D was assaciated with

reduced risk of CRC only in men®. Recent research indicates that calcium and vitamin D

‘might act together, rather than separately, to reduce risk of CRC. Results from a multi-

centre, domized clinical trial found that calcium

was inversely associated with adenoma recurrence only when circulating vitamin D

levels were above the median (29.1 ng/ml)*'.

fruits i against
CRC™, however, rescarchers have recently found weak or nonexistent inverse
associations for total fruits and vegetables®'***. Vegetables and fruits are major sources
of dietary antioxidants, so the weak results in recent studies may reflect on the true

strength of dictary antioxidants and risk of

colorectal neoplasia. The Alpha-Tocopherol, Beta Carotene Cancer Prevention Study

domized, double-blind, d p

trial and found no interaction between alpha-tocopherol and beta carotene with respect to

fCRC™. In contrast, fo rs, results from anotl -blind
three-year intervention with antioxidants (beta-carotene 15 me, vitamin C 150 e,
vitamin E 75 me, and selenium 101 microg) suggested a protective role of antioxidants
on new adenoma formation. No effect was detected on the growth of adenomas and
polyps”.

In North America, multivitamins are major sources of folate. Recent evidence from



Cancer Prevention Study II Nutrition Cohort Study of 145,260 men and women indicated

that regular (- k) use of multivitamins 10 years b i ted

with reduced risk of CRC (RR=0.71)*. In contrast, Zhang et al. followed up 37,916 US

women for 10.1 years to exami folate and vitamin

carcinoma. They concluded that the use of multivitamin supplements was not related to

CRC risk. Their findi the protective folate and vitamin B6 on
CRCY.

23.2.15 Dairy products

Dairy product rtant the 3 dairy

foods have been protect against CRC.

and vitamin s ), conjugated linoleic

acid™, sphingolipids*’, and butyric acid which can potentially be formed by colonic

lactobacilli from milk products. Dairy products i in
reducing CRC neoplasia™®. However, whole milk and many types of cheese have a
relatively high fat content, which may increase the risk of colorectal adenoma and

cancer"”.

Many studies have foun

werse rel

onships between dairy product consumption
and CRC, although the most important components responsible for the apparent

protection remain unclear™ . Recently, a prospective study of Jarvinen et al. indicated

that high ‘milk potent of colon
cancer. The assocation does not appear to be due to intakes of calcium, vitamin D, or to

the specific effects of fermented milk™. In contrast, it has been shown that calcium,



especally in combinations as found in milk, effectively precipitates luminal cytolytic

fecal water, ted risk marker for colon

cancer™™™. Cho et al. conducted a pooled analysis of 10 cohort studies including 534,536
individuals followed up 6 10 16 years to examine a possible association between dairy
products and calcium intakes with CRC risk. They found that intakes of milk and calcium

to CRC risk with a continued d CRC risk™.

2322 Smoking

king has been implicated in many More recent evidence from

two meta-analyses of 28" and 36" prospective studies found that a consistent association
exists between smoking and CRC. Both studies found that the associated risk was

stronger for rectal cancers. The association of tobacco consumption and CRC risk.

appeared (0 be dose-related. All four D cigaretie

consumption (RR =

38 for an increase of 40 cigarettes/day), duration (RR = 1.20 for an

increase of 40 years of duration), pack-years (RR = 1.51 for an increase of 60 pack-years)

and age of initiation (RR = 0.96 for a delay of 10 years in smoking initiation)-were

significantly with CRC incidence™. Based on est from

of the U.S. popul ibuting the risk of CRC to smoki 12% of

CRC deaths were due to smoking”.
2323 Aleohol drinking

Alcohol drinking together with smoking may additively affect CRC risk. More recent

results from a prospective study of the Singapore Chinese population indicated that

subjects who drank seven or more alcoholic drinks per week had a 72% increased risk of



CRC, and suggested that alcohol drinking and smoking may share a common etiologic
‘pathway in rectal carcinogenesis™. In addition, the National Health and Nutrition
Examination Survey | Epidemiologic Follow-Up Study found that a 70% increased risk
of colon cancer was observed in those with a history of 34 years alcohol drinking as

compared to nondrinkers™. When folate intake is low, alcohol appears to increase the

CRC risk. This i ics of alcohol™,
23.2.4 Obesity
Many studies have found that obesity, usually assessed by body mass index (BMI), is

associated with an increased risk of colon cancer'”” The following evidence also

suggests that several indicators of adiposity and adipose tissue distribution are related to

relative to BMI < 23 kg/m? was linked with an approximate 1.5-fold increased risk of

CRC; waist ci =43 i fe 35 inches was

linked with about a 2.5-fold increased risk of disease; and waist-to-hip ratio > 0.99
relative to waist-to-hip ratio < 0.90 was linked with an almost 3.5-fold increased risk".
More recent cohort data indicated that BMI, waist circumference, and fat mass were
similarly associated with increased CRC risk”. Not all studies support these:
associations'"""

23.2.5 Physical activity

Whereas obesity increases risk, physical activity is associated with a decreased risk. Over

50 studies in that physical activity with lower

\
\
CRC risk. Results from a large cohort study of U.S. males showed that BMI > 29 kg/m’
isk for colon cancer, though not for rectal cancer. As much as 50% of a reduction in



incidence of colon cancer has been observed among individuals with high levels of
physical activity'"”. It is estimated that two hours or more of physical activity per week
can significantly reduce the risk of CRC in most people™. Although physical activity is
often associated with other lifestyle factors that may be related with reduced colon cancer
risk™, the inverse association between colon cancer risk and physical activity appears to

be independent. Thune e al. concluded that physical activity may shorten the fecal transit

time and of contact mucosal cells,

inducing favourable effects on insulin, prostaglandin, and bile acid levels, which may

n

otherwise influence the growth and proliferation of colo



Chapter 3: Research methods

3.1 Collaborative data sources

“This study occurred within the Colorectal Cancer Interdisciplinary Health Rescarch team
in Colorectal Cancer (CTCC), which was established in 2001. In 1997, the Ontario
Familial Colorectal Cancer Registry (OFCCR)"™'" was established by the U.S. National
Cancer Institute as one of six interational stes in the consortium of Colon Cancer
Familial Registries (CCFR)"*. In 1999 the Newfoundland Familial Colorectal Cancer
Registry (NFCCR) was established by CTCC modeled on the existing OFCCR. The
‘methods of the OFCCR and NFCCR have been described previously'*' ™7 and are
outlined below. Information of colorectal cancer cases and population control subjects
participating in the OFCCR and NECCR was used in this study. Ethics approval for this
study was obtained from the Human Investigation Committee, Faculty of Medicine,
Memorial University.

3.2 Case ascertainment

Provincial dstri gistry and the Cancer
Registry) were used to identify newly diagnosed cases of colon or rectal cancer and to

recruit into the OFCCR and NFCCR. Inclusion eriteria for cases were:

1) Incident rectal [pathology
International Classification of Discases 9" revision codes: 153.0-153.9, 154.1-

154.3 and 154.8 (ON & NL); or ICD-0 codes: 18.0-18.7, 19.9, 20.9 (NL only)].



2) Diagnosed between July 1997 and June 2000 (phase one) or January 2003 and
April 2006 (phase two) in ON. Diagnosed between January 1999 and December
2003 in NL.

3) Diagnosed at ages between 20 and 74 years old (20 and 74 years old included)

4) Residents of ON and NL at time of diagnosis.

ports ¥ p each province. Initial

contact was with identified port. A letter was

sent to the physician that described the study and requested permission to contact the

patient. consent was obtained, s contacted to inform
them of the study. i

were sent, in sequence, a form, family hi FHQ),
personal ire (PHQ) and food freq e (FFQ). In NL

only, the original study package also contained a blood requisition form.
Non-responders were sent post-card reminders two to three weeks after the initial

mailing, and phoned six to eight weeks afler inital contact to remind them of the mailing.

Subjects were given the opportunity to complete the required information by phone.

ubjects were provided a toll- contact study staff i they had
questions about any of the questionnaire items or procedures of the study. Telephone
follow-up oceurred to a maximum of two contacts for non-responders. If a subject made
any indication of not wanting to participate in the study, the interviewer attempted to
determine and record the reason. No further contact was made with these subjects. Blood

samples were sent directly from the lab closest to the participant to a central laboratory



for investigation of geneti Family history ere used to classify
families as high, intermediate or low risk for genetic counseling.

33 Control ascer

ment
Population controls were a random sample of residents in each province, aged 20-74
years. As a frequency matched case-control study, controls were 5-year age group and sex
‘matched with the colorectal cancer cases. In ON during 1999 and 2000 controls were
identified through a lst of residential phone numbers provided by Bell Canada. Info-
direet,a service from Bell Canada, provided information that included names,telephone
‘numbers, and addresses of potential control subjects. Households were randomly selected
from thislist and telephoned to obtain a census of household members (age and sex) so as
o identify eligible persons. One elgible person within cach houschold was randomly
selected and invited to partcipate in the OFCCR. To increase the sample size and

approach a 1:2 case: control ratio, additional controls were identified from population-

based trolls provincial government
during 2001 and 2002. A detailed description of selecting controls in ON can be found

elsewhere'™.

In NL controls were identified through random digit dialing. In total, a batch of

some 192, i and arranged in
random order for this study. he b
Trained prior exper »

ina i until

controls was reached. A detailed description of selecting controls in NL can be found



elsewhere'®.

A screening interview was conducted among potential control subjects to identify if

y g and age and »
‘willing to take part in the study. Once verbal consent for participation was obtained

during the phone contact, a survey package was then forwarded to each potential

‘participant. The package included an information pamphlet with general information
‘conceming the study; a consent form, a FHQ, a PHQ, and a FFQ, and a self addressed
stamped envelope. As well, participants were asked to submit 30 ml of peripheral blood
for DNA analysis. If a participant was unable to return finished questionnaires within

three weeks, a follow-up telephone call was made to make ensure the study package had

been received. A telephone interview or assistance was offered when iliteracy or physical

34 Dietary information

Dietary information was collected using a self-administrated food frequency

In ON participants. oned about their average
‘consumption of 170 foods about two years before diagnosis or interview. This 19-page

FFQ developed for alifornian populations by the

Epidemiology Program, Cancer Research Centre of Hawaii and has been previously
described and validated against 24-h recalls among a multi-ethnic Hawaiian/Southern

C: popt 011" The FFQ assessed g and cooking.

method for certain foods. Participants were asked to indicate the portion size of their

usual serving for each listed food item from ‘Regular’, *Small”or *Large’. The frequency



of food

ption was assessed using cight opt or hardly ever, once a

month, 2-3 times a month, once a week, 2-3 times a week, 4-6 times a week, once a day,

2 or more t Subjects i their use of any individual or

‘multivit

in supplements, including information of the usual brand, amount and the
duration of consumption (Appendix C).

“The FFQ used in NI was based on the ON FFQ with specific modifications to
adapt for the usual food habits of NL residents (Appendix B). In NL participants were
questioned about their intakes of 169 foods approximately one year before diagnosis or
interview. For cach food item, subjects were asked o estimate the frequency of food
consumption (daily, weekly, monthly and never scales) and their usual portion size

(average, smaller or | bout one year' food

es for

photographs were provided that showed smaller, average and larger portion

‘vegetables, meat and chicken. The NL FFQ also assessed vitamin and other dietary

p that the partic one year interview.

Nutrient iplying the freq 3
cach food item by the nutrient content of portion size. In ON values for the amounts of
nutrients in the foods were obtained from the USDA file. In NL nutrient contents were
based on the 2005 Canadian Nutrient file.

3.5 Epidemiologic data collection

‘The ON and NL registries used the same personal history questionnaire (PHQ). The self-
administered PHQ sought information on possible risk factors for CRC, including

‘medical history, bowel screening history, diet, medication use, diet, physical activity,



reproductive factors, alcohol and tobacco use and socio-demographic measures such as

‘education and income. As well, identifying information such as sex, age, date of birth,

d marital status was collected. For itional questions
relating to reproductive factors (Appendix A).

3.6 Response rates and counts

During phase one of the OFCCR (1997-2000), 3776 patients with CRC were identified in
ON. After we obtained their physicians” approval, the patients were asked to complete

and return the family Among 3776 case: ed, 1593

were willing and abl y with 1187 cases
PHQ and 1143 cases (72%) completing the FFQ (Figure 3).

Phase two of the OFCCR was initiated in January 2003 and was scheduled to
continue to the end of 2006. Phase two data that were available p to April 2006 were
used in this thesis. During this period, among 1263 eligible patients contacted, 727 cases
were able to participate in the study. Personal history data were retumed by 641 cases
(88%), and FFQs were retumed by 279 cases (38%) (Figure 3).

Population controls in ON were contacted via telephone. A total of 2736 control
subjects from ON agreed to participate in the study with 1957 controls (72%) completing
both PHQ and FFQ (Figure 3).

As of July 2006, 1,175 potentially eligible cases in NL were identified through

NFCCR. 16 cases Jligible after contact with their )
Among 1,159 eligible cases contacted about the study, 1126 cases were willing and able

to participate in the study. 705 cases (63%) returned the PHQ and 608 cases (54%)



By July 2005, among 2168 controls contacted, 1603 controls had agreed to participate in

the study. the PHQ and 687 the FFQ

(Figure 2).

For the analyses, we excluded those who did not provide sufficient dietary

baseline, or failed fo tential risk factors at
baseline, those who reported energy intake in the upper or lower 2.5% of intake (lower
‘and upper cutoff: In NL, 925 and 4700 keal for men, 1100 and 4900 keal for women,
respectively; In ON, 1040 and 5200 keal for men, 835 and 4100 keal for women,
respectively), and patients who had familial adenomatous polyposis (FAP) and an in-situ

tumor 3 ions, based on those both the

PHQ and FFQ, 3102 subjects (1272 cases and 1830 controls) from ON and 1139 subjects
(488 cases and 651 controls) from NL remained. Data collected from these subjects were

used for the analysis.



NL population

1159 eligible cases 2168 ligible
contacted controls contacted

1126 cases agreed
to participate

1603 controls agreed
o participate

705 cases retumed
PHQ (63%)

720 controls
retumed PHQ (45%)

608 cases retumed
FFQ (54%)

687 controls
retumed FFQ (43%)

Figure 2. Sample size and response rates of NL population



ON population

e o
Phase II ©
2003-2006

3776 eligible
cases contacted

2736 Controls

participate

1263 eligible
cases contacted

1593 cases agreed
o participate

727 cases agreed
to participate

1187 cases
returned PHQ
(75%)

641 cases returned
PHQ (88%)

279 cases returned
FFQ (38%)

1143 cases
retumed FFQ
(712%)

Figure 3. Sample size and response rates of ON population



3.7 Data analyses
3.7.1 Nutrient analyses—energy adjusted
Itis possible that over- or under-eating (caloric excess o deficiency) is a primary cause

of a disease. In this

ituation, nutrients that contribute to calories (proteins, fats,

and ight be considered P that lead to
increased caloric intake, which in turn causes disease. In addition, larger, more active,
and less metabolically efficient persons tend to eat more of everything so that even

nutrients without caloric value, such as vitamins and minerals, are correlated with total

energy intake. As a result, total caloric intake has impl
for the interpretation of other nutrients, as well as being of intrinsic interest

to a speci ent, the burds the

epidemiologist to demonstrate that the effect of this nutrient i independent of caloric
intake. A number of investigators have employed "nutrient densities" to control for the
effect of total caloric intake. Nutrient densities are computed by dividing nutrient values
by total caloric intake; they provide a convenient and practical way to describe foods or

diets. Nutrient density of,  simplicity, but, unfortunately, this is a

complex variable with hen used to address dict-di

relationships.

Willett and Stampfer ''? created “calorie-adjusted” nutrient intakes, which is a
measure of nutrient intake that is independent of total caloric intake, particularly when

caloric intaks with disease. C: i computed

as the residuals from ion model with total




variable and k variable. § havea
mean of zero and include negative values, it may therefore be desirable to add a constant
(see figure 1). If the usual assumptions for regression analysis are met, these calorie-

‘adjusted nutrient intakes will be uncorrelated with caloric intake.

Nutrient

Mean Catorle Intote

Total Caloric Infake
Foue 4 b

expecid nutrient inake fo & prson with mean ciloric intake 1

According to Wilet theory,the formula of calore-adjusted nutrent ntake is as

followed'"
Ne=ath
N is calorie-adjusted nutrient intake; a is residual for subject A from regression model

‘with nutrient intake as the dependent variable and total caloric intake as the independent



variable; b is the expected nutrient intake for a person with mean caloric intake.

Formula derivation:

Ne=NAAXK;+B)+ AXKyi B

Neis cal intake; Ny is ient intake; A and B are the slope
coefficient and intercept of regression model with nutrient intake as the dependent
variable and total caloric intake as the independent variable; K, is individual caloric
intake; K. is mean caloric intake.

In this study, nutrient intakes were energy-adjusted by using the derived formula.
Because men and women have different caloric intakes, 5o nutrients were adjusted by
different mean caloric intake in each sex. In NL, the mean caloric intake is 2411.5 kcald
for men and 2276.2 keal/day for women; in ON, the mean caloric intake s 2404.8 keal/d
for men and 1987.9 keal/day for women,

clude both caloric intake and

“This approach of calorie adjustment is analogous to i

intake as terms i th
dependent variable. In addition, the use of calorie-adjusted values in multivariate models
will often overcome the problem of high collinearity frequently observed between
nutritiona factors. To the extent that this adjustment also reduces between-person variation
due to over- or underreporting of intake, a further gain in accuracy will be obtained.

3.7.2 Descriptive analyses

Stat

ical analyses 12 SAS statistical 9.1SAS

Institute, Cary, NC, USA). Box plots and histograms of variables were constructed to

isplay d o d diers. ‘cases and controls were



compared by ¢ tests for continuous variables, and chi-square test for categorical variables

All tests of statistical inference employed a two-sided alpha level of 0.05. Correlations

P lation coefficients.
3.7.3 Odds ratios estimates
Nutrient intakes were adjusted for total energy intake via the residual method of Willett to

reduce potential bias due to differential over- or under-reporting of food intakes'"%.

Intakes of i 3

Dand i i les based on the

distribution among the study population without missing endpoints and were entered into

odels icator variables with the i the referent group.

Age-adjusted unconditional logistic regression models were calculated stratified by

provinee. Pooled analyses ce odd: .
similar and tests of two-way interaction for province exposure were not significant
according to the likelihood ratio test statstic. This test was used to assess all interactions
in this thesis.

Age and total energy intake-adjusted odds ratios (OR) and their corresponding 95%

<)) from

‘unconditional to assess

micronutrient intaks and intakes of

dairy products (objective three),

was used

between ) micronutrient



and intakes of dairy with CRC risk setof

potential confounders or covariates. Tests for linear rend in the log odds rato of quintiles

of intake fo i by fitting a including the

same risk factors listed above plus a variable representing the scaled median value for

We chose values for each quintile

rather than using the values 1.0,

.3.0,4.0 and 5.0 to represent each quintile. The latter

thod i actually be

The median by dividing
by the median for the lowest quintile so that the lowest quintile value would equal 1.0,
374 Potential covariates definition and selection

‘The basis fo included: (1) literature and

(2) biological plausibility, (3) wl coeflicient of the
primary dependent variable changed by 10% or more after addition of the potentially
confounding variable, or (4) whether the covariate entered the model at P<0.10. A
backwards-stepwise procedure was performed to obtain the final model.

Potential confounding factors include age, sex, body mass index(BMI), physical

activity(metabolic equivalent hours/week, METs/week), education attainment, household
income, marital status, and province of residence; medical history: family history of CRC,

polyps, and diabetes; history of col Icohol

drinking; regular use of medications and supplements: non-steroidal anti-inflammatory

drugs (NSAID), folate, calcium, and multivitamins; dietary intake: total energy, fruits,

Vegetables, red meat; reported hormone replacement therapy (HRT, females only)



(Appendix A).

Respondents were classified into four age groups (18-49, 50-59, 60-69 and

70+years). More than 95% participants were whites, s0 race was not a confounding factor.
Total energy intake was classified into five groups based on quintiles. Respondents were
classified into four groups regarding body mass index (BMI), .¢., underweight
(<18.5kg/m?), normal weight (18.5-24.9kg/m’), overweight(25-29.9kg/m?) and obese
(230kg/m?). BMI was estimated based on self-reported height and weight.

Physical activity was categorized according to average weekly metabolic
equivalent hours (METS) of physical activity. Physical activity includes walking, jogging,
running, bicycling, swimming laps. playing tennis, squash racquetball, doing calisthenics,
aerobics, vigorous dance, using a rowing machine, fling weights, playing football,
soccer rugby, basketball, doing heavy household work (such as using a non-power mower,
shoveling, moving heavy loads, scrubbing loors). and doing any other strenuous
activities (including skiing, skating, hockey, hunting, sledding or tobogganing, water-
skiing) for a total of at least 30 minutes a week at ages 20-29 years, 30-49 years,

50+years, and lifetime. Average weekly total lfetime physical activity METs was

of all appli ctivity METs divided
weeks since the participant tumed 20yrs. Respondents were then classified into four
groups regarding METs/week, i.c., <7.4, 7.4-22.4, 22.4-53.0, >53.0 METs/week
(Appendix A).

Respondents were classified into two groups having family history of CRC and

having no family history. A family CRC history indicates that one member of the



immediate family had suffered from CRC. Polyps were investigated with the question:
“Has a doctor ever told you that you had polyps in your large bowel or colon or rectum?”
with answers including yes, no and don’t know. Diabetes was investigated by asking the
question: “Has a doctor ever told you that you had diabetes, also known as diabetes

mellitus? Please do not which you had i *and

answers including yes, no and don't know. History of colon sereening procedure were:

derived from reports of a hemoceult test or sigmoidoscopy test or colonoscopy test for

sereening purpose. Participants “Have you ever had ceult test or
sigmoidoscopy test or colonoscopy test?” and “What were the reasons for your first test?”.
Answers for each question were yes, no and don’t know.

S Kkers or non-smokers according fo the question

that “Have you ever smoke one cigarette per day for three months or more?” Alcohol

users least once a week for

six months or longer in their 205, 30s-40s, or 505 and non-users were those who did not

drink in their lifetime. Alcohol users were classified into heavy drinkers (=14drinks/week)

per week in their
205, 305, 405, or 0s.
Education attainment was investigated through the question: “What i the highest
Tevel of education that you completed?” and respondents were classified into three
education groups (high school graduate or less; technical school/ some college! university;
bachelor’s degree/ graduate degree). Household income was investigated through the

question: “Which of the following categories best describes your total annual household



income about 1-2 years ¥ d

into four annual household income groups (less than $12,000, $12,000-29,999, $30,000-

49,999, 550 ). Marital status the question: “What is your
marita status?” and respondents were classified into three groups: currently
‘married/living as married, single or never married, and separated, divorced or widowed.

Medications were assessed with the question “Have you ever taken any of the
following medications regularly (at least twice a week for more than a month)?”. Answer
choices included yes, no and don't know. Use of nonsteroid anti-inflammatory drugs
(including ibuprofen and aspirin use), multivitamin supplements (such as One-A-Day,
Theragram, Centrum, Unicap), folic acid, folate pills or tablets, and calcium pills or
tablets was included in this analysis. Hormone replacement therapy (HRT) was

investigated specially for females with the question: “Have you ever taken HRT

prescribed by a doetor and in the form of a pil or a patch

progestin/cstrogen)’
Answer choices included yes and no.
The dietary intake investigation focused on total energy, fuits, vegetables and red

meat. Total energy intake into quintiles based

the study population. Eating fruits was investigated through the question: “About 1-2
‘years before your recent cancer diagnosis, on average, how often did you cat a piece or

serving of fruit? (One f fruit ed as: | medium-sized fresh fruit; %

cup of chopped, cooked or canned frui; % cup of dried fruit; 6 ounces of fruit juice

(50%-100% pure juice).)” Respondents were classified into four groups by their

67 (714 and >14



servings/week. Eating vegetables was investigated by asking the question: “About 1-2

‘years before your recent cancer diagnosis, on average, how often did you eat a piece or
serving of vegetables? Please include green salads, beans, lentls, et and potatoes (not

packaged potato chips). (One serving of vegetables was interpreted as: 1 cup raw leafy

vegetables; % cup of other vegetables, cooked or chopped raw; 6 ounces of vegetable

juice.)” Respondents were classified into four groups: 0-6 servings/week, 6-7

L 714 and>14 Eating red meat was
investigated through the question: “About 1-2 years before your recent cancer diagnosis,
on average, how often did you eat a serving of red meat (not chicken or fish)? (One
serving of red meat was interpreted as: 2-3 ounces of red meat (a piece of meat about the
size of a deck of cards) and includes beef, steak, hamburger, prime rib, beef ot dogs,
beef-based processed meat, veal, pork, bacon, pork sausage, ham, lamb, venison.)”

spondents d into four groups responses: 0-2 023

(35 and >5




Chapter 4: Results

4.1 Paper 1. Association of total energy intake and macronutrient consumption with

visk: results from a large populati in
Newfoundland and Labrador and Ontario

411 Introduction

In Canada, colorectal cancer (CRC) is the second leading cause of death from cancer in
‘men and women combined””. In 2009, an estimated 22,000 Canadians were diagnosed
‘with CRC and 9,100 will die of it”’. Genetic predisposition plays a role in about 15% of

CRC but most e sporadic”. i the

host country, suggesting that environmental factors play a crucial role in CRC

development

Diet has long been regarded as one of the most important environmental factors for

colon cancer'?; particularly when an unbalanced diet is combined with inappropriate.
weight gain, physical inactivity, and such unhealthy practices as smoking and consuming
a great deal of alcohol'*, Several case-control studies investigating the influence of diet
on the risk for CRC have demonstrated a positive correlation between cancer risk and

total energy intake .

Thus, excess intake of any of the important energy-supplying
‘macronutrient components of the diet (eg. proteins, fats, carbohydrates) could contribute

to.a higher risk of CRC. However, the question of whether or not individual energy-

upplying independent of o energy intake, are related
to CRC risk remains controversial.

In a recent Italian case-control study, the risk of CRC increased with total energy



intake, whereas it moderately decreased with an increase of protein intake. Consumption

of monounsaturated fats appeared uninfluential, while saturated fats showed a modest
positive association with rectal cancer”. In contrast, a report from prospective cohort
studies found that intakes of total fat, saturated fat, and animal fat were not related to risk
of colon cancer™®. Non-red meat sources of animal protein derived from low-fat dairy
products, fish and poultry have been typically associated with a lower risk of CRC™%. A
‘comprehensive report from the World Cancer Research Fund and the American Institute

for C:

with CRC

risk, and that data were inconsistent for carbohydrates, cholesterol and proteins'’.

Given the high incidence rate of CRC in Newfoundland and Labrador (NL) and
Ontario (ON), it is of great public health importance to identify possible associations
between CRC risk and intakes of total energy, three primary macronutrients (specifically
including selected fatty acids, cholesterol, and dietary fibre), and alcohol, These will be
investigated using data from a large population based case-control study conducted in NL
and ON.

4.1.2 Materials and methods
4.1.2.1 Selection of cases and controls

Data for this case-control study were from the Ontario Familial Colorectal Cancer

Registries (OFCCR) and Familial Colorectal Cancer CR).

In ON incident cases di 1997-200¢ through the

population-based Ontario Cancer Registry. In NL incident cases diagnosed during 1999-

2003 through the popt i by the



Newfoundland Cancer Registry. Both registries were used to identify newly diagnosed

‘cases of colon or rectal cancer (pathology confirmed ICD 9™ revision codes: 153.0-153.9,
154.1-154.3, and 154.8 or ICD-0 codes: 18.0-18.7, 19.9, 20.9), and aged 20-74 years.
Phase two of the OFCCR was initiated to collect data for cases diagnosed in ON during

2003-2006. Initial contact was with the surgeon/physici

identified on the pathology

report. was obtained, o inform
them of the study. Particips i ©

were sent, in sequence, a form, family his Q).
personal Q), and food freq i Q). Non-

responders were sent post-card reminders and phoned several weeks afer nitial contact
10 remind them of the mailing.

Controls were a random sample of residents in each provinee aged 20-74 years. In

ON controls i igh a list of residential from

population- ment rolls (owner . In NL controls were

identified through random digit dialing'”

Both registries frequency matched controls to
cases on sex and five-year age strata. Once verbal consent for participation was obtained
during the phone contact, a survey package was forwarded to cach potential participant.
‘The package included an information pamphlet with general information concemning the
study, a consent form, a FHQ, a PHQ, and a FFQ, and a self addressed stamped envelope.
4122 Dietary and epidemiologic data collection

Information on dictary intake was collected using a self-administrated FFQ. This 19-page

FFQ was originally developed for the Hawaiian and Californian populations by the



Epidemiology Program, Cancer Research Centre of Hawaii and has been previously

described and validated against 24-h lt-ethnic

Ciliesi ion01

food frequency

been adapted to include regional foods in NL and was used to assess di

over 1-2 years

prior to diagnosis or interview. Participants were questioned about their intake of almost

170 foods which to'be impor I dmost
‘macronutrients in the diet. For each food item, subjects were asked to estimate the
frequency of food intake and their usual portion size from ‘Regular’, ‘Small or ‘Large’.
A food photographs were provided that showed regular, small and large portion sizes for
vegetables, meat and chicken. Participants were also questioned on their use of any

individual or multivitamin supplements,

cluding the usual brand name, the amounts
taken and the duration of consumption. Intakes of total energy, macronutrients and

aleohol frequency of e Feach food item

by the nutrient content of portion size. In ON values for the amounts of nutricnts in the
foods were obtained from the USDA file. In NL nutrient contents were based on the 2005

Canadian Nutrient file.

personal hi close-ended

i ‘medical history, bowel diet, medication use, dict,

physical activity, repr factors, alcohol and se and s p

measures such as education and income. Ideniifying information such as sex, age, date of
birth, and marital status was collected. For female participants there were additional

questions relating o reproductive factors.



For the analyses, we excluded those who did not provide sufficient dietary
information at baseline, those who failed to provide information on potential risk factors
at baseline, those who reported energy intake in the upper or lower 2.5% of intake (lower
‘and upper cutoff: In NL, 925 and 4700 keal for men, 1100 and 4900 keal for women,
respectively; In ON, 1040 and 5200 keal for men, 835 and 4100 keal for women,
respectively), and patients who had familial adenomatous polyposis (FAP) and an in-situ
tumor were excluded. After these exclusions, based on those who completed both the
PHQ and FFQ, 3102 subjects (1272 cases and 1830 controls) from ON and 1139 subjects
(488 cases and 651 controls) from NL remained. Data collected from these subjects were
used for the analysis.

41.2.3 Statistical analyses

Statistical s statistical 9.15AS

Institute, Cary, NC, USA). Descriptive statis

tics stratified by case-control status were

used i i ated d of the

y participants.  alcohol were adjusted for total energy

intake via the residual method of Willett that were used to reduce potential bias due to

differential over- or under-reporting of food intakes'"%. Nutrient intakes were categorized
into quintiles based on the distribution among the study population without missing
‘endpoints and were entered into models as indicator variables with the lowest quintile as
the referent group.

Age-adjusted unconditional logistic regression models were calculated stratified by

province. Pooled analyses were conducted since odds ratios between provinces were



similar. Age and total energy intake-adjusted odds ratios (OR) and their corresponding

) from likelihood in

unconditional logisti [

was used to evaluate

intakes of total energy ind alcohol with CRC risk after

adjusting a set of potential confounders or covariates. Tests for trend were used to assess

h category of nutrient intake.
Potential confounding factors include age(18-49, 50-59, 60-69, and 70+years); sex;
body mass index(BMI<18.5, 18.5-24.9, 25-29.9, and >30kg/m’); physical activity(<7.4,
7.4:22.4,22.4-53.0, and >53.0 METs/week); family history of CRC(yes, no); polyps (yes,
no); diabetes(yes, no); history of colon screening procedurc(yes, no; cigarette smoking
(ever smoke, never smoke); alcohol drinking(<14, >14drinks/week); education attainment
(high school graduate or less, technical school/ some college/ university, and bachelor’s
degree/ graduate degree); household income(less than $12,000, $12,000-29,999, $30,000-
49,999, and $50,000); marital status(married, single/ never married, and separated/

divorced/widowed); regular use of medication and supplements: non-steroid anti-

y ), multivitamis ), folate

). no); reported

therapy (HRT, females only)(yes, no); and dietary intakes: total energy intake (quintiles),
fruits(0-6, 6-7, 7-14, and 14 servings/week), vegetables(0-6, 6-7, 7-14, and >14
servings/week), red meat(0-2, 2-3, 3-5, and >5 servings/week); province of residence(NL,

ON). The basis for the assessment of confounding factors included: (1) literature and



previous studies, (2) biological plausibility, (3) whether the regression coefficient of the

primary depen by 10% of the potentially
confounding variable, or (4) whether the covariate entered the model at p<0.10. A

backwards-stepwise procedure was performed to obtain the final model. Stat

cal tests

were two sided, and p values les than 0.05 8 —

3 Results

Tabled.1.1 CRC cases and controls according to age, sex,

province of residence, BMI and other selected variables. By design, cases and controls
had similar sex distribution. However, cases tended to be younger than controls. Cases

were more likely to be obese, to be either physically inactive or extremely active, and to

have a family history of CRC. C lar use of NSAID, a
higher cducation, a higher income, and having had a colon screening procedure.

intakes of total energy W alcohol d

controls are shown in Table 4.1.2. Mean daily intake of controls was 2195. I kcal for total
energy, 87.2¢ for protein, 286.2g for carbohydrate, 80.4g for total fat, 25.2¢ for total

dietary fibre, 26.8g for saturated fatty acids, 29. g for monounsaturated fatty acids, 16.6g

for fatty acids, 277. Img sterol, 6.5¢ for aleohol. Results showed
that 15% of calories from protein, 31% of calories from total fat, 50% of calories from
carbohydrate, and 4% of calories from alcohol. Cases reported significantly higher
intakes of total energy, percentage of calories from total fat, percentage of calories from

saturated fat and cholesterol (all p<0.05) than controls. Controls had higher intakes of

total dietary P<0.05).



‘Table 4.1.3 gives the ORs and corresponding 95% C1 of CRC according to quintile

intakes of a High total energy

significantly related to an increased risk of CRC (OR=1.56 in the highest versus the
Towest quintile of intake; 95% CI: 1.21-2.01, p-trend=0.02), whereas inverse associations
emerged for intakes of protein (OR=0.85, 95%Cl: 0.69-1.00, p-trend=0.06), carbohydrate
(OR=081, 95%CI: 0.63-1.00, p-trend=0.05) and total dietary fibre (OR=0.84, 95%
CL0.67-0.99, p-trend=0.04). Total fat, alcohol, saturated fatty acids, monounsaturated
fatty acids, polyunsaturated faty acids, cholesterol appeared unrelated to CRC risk.

We additionally evaluated intakes of percentage of calories from macronutrients in
relation t0 the risk of CRC (Table 4.1.4). A significant inverse trend was observed for
percentage of calories from protein (OR=0.76, 95%CT: 0.61-0.96, p-trend=0.05), while a
direct trend in risk of significance was observed for percentage of calories from alcohol

(OR=1.34, 95%Cl: 1.04-1.72, p-trend=

05). No associations were observed for
percentage of energy from other macronutrients.

‘The relationship between intakes of total energy, protein, carbohydrate and dietary
fibre with CRC risk was further examined in strata of various covariates. No substantial
heterogeneity was observed in separate strata of sex; age(<60, >60years): BMI(<25,
=25kg/m’); physical activity(<22.4, 222 AMETs/week); family history of CRC(no, yes):
reported colon screening procedure(no, yes); NSAID use(no, yes); education
attainment(lower, higher); household income(lower, higher), and total energy

intake(<2109.3, >2109.3 keal/day) (Data not shown).



4.14 Discussion

Our study, one of the largest investi diet and CRC to date,

showed that intakes of total energy were significantly positively associated with risk of
CRC, whereas inverse associations were seen with intakes of protein, carbohydrate, and
dictary fibre. Itakes of total fat, faty acids, cholesterol and alcohol were unrelated to the
risk.

Our study observed a direct association between total energy intake and the risk of

CRC, from several previ control pop

0, cilorlo sosti 5 1 and

colorectal cell proliferation in humans™**™""*. Our study found that CRC risk was
positively related with percentage of calories consumed as alcohol but was not related
with energy-adjusted total alcohol intake. These results suggest that alcoho, independent
of its contribution to energy, may not be associated with CRC risk. Energy intake can be

responsible for glycaemic overload and a compensatory increase of serum insulin and

related insulin growth factor-1 (IGF-1). IGF-1 is a promoter of tumor cell growth in

vitro™ ™, and it cellsto ik

Diabetes has also been related to increased CRC risk’"””. Additionally, higher energy

intake is associated with the cause of obesity, which in tum is a possible risk factor for
CRC,

Most previous studies found no excess risk for animal protein intake afier adjusting

for total energy intake “'""*!'". However, a recent Italian case-control study’ found that

the risk of CRC moderately decreased with an increase of protein intake (OR=0.52 for



colon cancer, OR=0.88 for rectal cancer). Consistent with the Italian study, findings of

ly that CRC risk with protein
95%Cl: 0.69-1.00) and percentage of calories from protein intake (OR=0.76, 95%Cl:

0.61-0.96). In our study . red meat

and similar proportions (around 20%) of proteins derived from red meat, dairy products
‘and the combination of white meat and fish. Thus, non-red meat sources of animal

protein may have a beneficial influence™. Moreover, several previous st

have

consistently found ions with high protein foods (dairy products, white

and poultry) or with non-red meat protein ****7!"!*_In our study, a clearer
inverse association with protein may have emerged if non-red meat protein sources were

analyzed separately A fora ive effect of

protein is that low intakes of methionine may contribute to DNA methylation

ibnormalities, which appear to be imp the initiation ion of col
cancer'”.
Carbohydrate intake was shown to be inversely related to CRC risk in our study.

Compared with partici the lowest quintile of carbohyd . those in

the hi

st quintile were 19% less lkely to develop CRC. We also observed an inverse:
association with fibre intake, which was in agreement with several previous
studies™**' """, In our study, a 16% reduced risk was observed among participants with
higher intake of ibre. The inverse relationships with carbohydrate and fibre may be
related 10 the protection of fuits, vegetables and grains on CRC, because these foods

contain large amount of carbohydrate and fibre.



Different types of fbre appear o have different effects. Terry ef . examined fruit,
vegetable, and fibre intakes and risk of CRC among Swedish women, and concluded that

a higher ption of fuit 232% reduction in CRC risk, while

higher intake of cereal fibre did not lower the risk™’. Results from a case-control study in
the Swiss Canton of Vaud indicated that vegetable fibre appeared to be more protective
than either fruit or grain fibre™. A beneficial effect from fibre may arise by several
mechanisms, including increased fecal weight, greater frequency of defection, decreased

intestinal transit time, dilution of colonic contents, greater microbial growth, alteration of

2y 3 ion, and gr of
hydrogen, methanc, carbon dioxide, and short-chain fatty acids'®"

‘We found no evidence of any substantial effect of the intake of total fat, saturated
fatty acids, monounsaturated fatty acids, polyunsaturated fatty acids, cholesterol intake
on isk of CRC in the present study. These results are consistent with some previous
studies ****, but not all*”. Results from a prospective cohort study of 47,949 U.S. male
health professionals between 1986 and 1992 showed that intakes of total fat, saturated fat,
and animal fat were not related to risk of colon cancer™*. Combined data from 13 case-

control studies of 5,287 CRC cases and 10,470 controls provided substantive evidence of

the lack of any strong tion between the intake

of total fat or any of the d risk of CRC*.

that fat, independent of its contribution to energy, may not be associated with CRC risk.

Although there exists a sensible biological rationale for the possible involvement of fat

colorectal carcinogenesis', it appears that if fat is indeed involved, the mechanism must




be more complex than that which would be implied by a simple empirical association
with daily fat intake per day. It could involve foods or some complex interaction amongst
nutrients or other food components. Discussion of such potential biological mechanisms
i beyond the scope of the present paper.

Consideration must be given to the potential limitations in the present study that
may have influenced the observed associations. First, s in most case-control studies,

potential recall and selection biases are possible. o was

collected after diagnosis, differential recall between cases and controls would bias results;
in particular, cases may recall dietary exposures differently from controls because of the
presence of illness or symptoms. Controls may have agreed to join this study because of
aninterest in health and may therefore have healthier dictary and physical activity habits,
a patter that may exaggerate differences with the cases beyond what might have been
seen with truly comparable controls.

Second, by design, cases and controls had similar sex distribution, however

; cases
and controls were not well comparable according to age group. Estimates of nutrient
intakes from a FFQ are not precise and there is always the potential for measurement

error. Although the original FFQ used in this study has been validated''"""", this

because it was origi ped for the

Hawaiian and Cali that may from NL

and ON. FFQ used in NL has been adapted to include regional foods in NL, however,

‘CR used the original FFQ that has not been adapted. Thus, a sub-study will be

sary 10 assess the level of agreement between the FFQ used by the OFCCR and the




FFQ that was previously developed specifically for Canadian populations. Finally, it is

also possible that the 1-2 year referent period on which dietary data were based is

insufficient if more remote diet (eg. 5-10 yrs) has a stronger influence on CRC risk.
‘This study had a number of strengths. We had a large sample size, which allowed

us to observe associations that would be undetectable in smaller studies. More.

importantly, the previous ects of ere
confined to a specific study population, which makes it difficult to generalize the results

In this study, we conducted pooled analyses of the population of two Canadian provinces

o investi ‘otal energy, alcohol and CRC risk.
Furthermore, nutrient intakes were adjusted for total energy intake. The use of calorie-
adjusted values in multivariate models will ofien overcome the problem of high

collinearity frequently observed between nutritional factors'”. To the extent that, this

adjustment also reduces between-person varition due o over- food

intakes'"?, ftotal energy, Icohol and CRC risk may

differ appreciably by several factors, so we controlled for a wide range of potential

models. Additionally, results of

the consistent findings in separate strata for total energy. protein,

dictary fibre would argue against multple comparisons as an explanation for these

associations. Although some random misclassification of diet s likely, non-differential

5 o bias the risk s the null,
In conclusion, our large population-based case-control study of CRC conducted in

two Canadian provinces with high incidence of CRC, and findings of this study provides



that diets high in energy rease the risk, whereas diets high in

ibre, and carbohydrate may reduce the risk of CRC. These results underline the

¢ aspects of total energy and d consequently the

potential for prevention through dietary changes




Table 4.1.1 Selected characteristies of subjects from CRC case-control study in NL
and ON

Characteristies"

‘ases(n-1760) __Controls(n-2481)
No_(%) No.

Age (years)
1849 368(20.9) 265(10.7)
5059 41203.4) 69027.8)
6069 64636.7) 998(40.2)
70+ 334(19.0) 528213)
Sex
Males 935(53.1) 1357(54.7)
Females 825(46.9) 1124(45.3)
Province of residence
48807.7) 651262)
oN 127272.3) 1830(73.8)
BMP® (kg/m)
Underweight(<18.5) 23(13) 22(09)
Normal(18.5-24.9) 595(33.8) 93037.5)
Overweight (25-29.9) 748(42.5) 1069(43.1)
Obese (30) 39422.4) 460(18.5)
Physical activity (METu/week!)"
0-74 465(26.4) 595(24.0)
74224 348(19.8) 633(25.5)
224-530 42004.4) 633(25.5)
=530 518(29.4) 620025.0)
Family history of CRC"
No 1582(89.9) 2337942
Yes 178(10.1) 144(58)
Reported any colon screening procedure”
No 1500(85.2) 1861(75.0)
Yes 260(148) 62025.0)
Regularue ofNSAID"*
1163(66.1) 1439(58.0)
597(33.9) 1042420)
Edueaion usioment
Highschool grdusi or s $84(502) 1042(42.0)
‘Technical school/ some college/ university 54000.7) 866(34.9)
Dol degree graduate degree 36(19.1) 57323.1)
Houschold income (SCAN)”
<12,000 109(6.2) 154(6.2)
12,000-29.999 50728.8) 573(3.1)
30,000-49.999 S47G1.1) 77731.3)
>50.000 597339 977(39.4)

A clarcie vablsprsened s Tt

)

1 body mass index; METuweek, meiabolic cquivalent hours per week; NSAID, nonsieroid ant-




Table 4.2 Mean intakes of tot
RC

energy, macronutrients, and alcohol among

bjects fr in NL and ON
Intakes of total energy and Ca Controls D'R“‘"“
‘macronutrients’ (=1760)  (n=2481) Commls)
Total energy (keal/day) 16148106 2195157508 121
utrients
Protein (g/day) 8624185 8724171 -1
% of Calories from Protein 152028 15429 02
Carbohydrate (g/day)” 282.0:49.7  286.2:49.6 42
% of Calories from Carbohydrates 496577 S0.048.0 04
Total Fat (¢/day) 134184 8042180 09
% of Calories from Total Fat” 31861 313463 05
Dietary fibre (¢/day)” 200:85 252190 -12
Fatty Acids and Cholest
Saturated Fatty Acids (¢/day) 21470 268471 03
% of Calories from Saturated Fat”  10.6:2.4 10.42.6 02
Monounsaturated Fatty Acids (g/day) 29.6:74 29,1472 0s
Polyunsaturated Fatty Acids (giday) 167550 16,624, ol
Cholesterol (mg/day)” 286241164 277141009 9.1
Alcohol (g/day) 745494 65:368 09
% of Calories from Alcohol 39:63 38459 o1

AT comtinuous variables prescricd 3 mean

5D (standard deviston).
)

* Sigificant differnces between cases and controls (p<0.05)




Table 4.1.3 Associations (adjusted OR’, 95%CI") of total energy, macronutrients,
and alcohol intakes with CRC risk, CRC ease-control study in NL and ON

Tntakes of total h __ Quintilesofintakes
ntake Total _energy. qulf of intakes = trend’

macronutrients, and alcohol _—_QI®

Total energy

No. of cases/controls 357 343505 4041443
Median intake (kealiday) 13485 21093 33
OR" (95% CI) 100 1.16(0.95,1.41) 1.53%(1.26,1.86)  0.01
OR* (95% CI) 100 119092153 156%(121.201) 002
Protein
No. of cases/controls 32479 334513 35/512
Median intake (/day) 684 856 5
OR" (95% CI) 100 088072107 082%067.099) 009
OR* (95% CI) 100 088070.111) 085%069.1.00) 006
Carbohy
No. of cases/controls 392458 332516 3iers
Median intake (/day) 20.1 2826
OR" (95% CI) 100 0.83%(0.68,1.00) nxa-wwo‘m 0.08
OR® (95% C1) 100 084(067.1.02) 081%(0.63.1.00) 005
Total Fat
No. of cases/controls 344506 362487 372475
Median intake (/day) 601
OR" (95% Cl) 100 1.14(0.94,1.39)  1.07(0.88,1.30) 045
OR® (95% C) 100 LISO941.50) 096(0.75122)  0.71
Total dietary fibre:
No. of cases/controls g6 3550493 308/539
Median intake (g/day) 151 27 352
OR" (95% CI) 100 0.98(0.80,1.19) 0. 62,091)  0.04
OR® (95% CI) 100 0.970.771.23) 0.84%(0.67.099)  0.04
Sanaid Faty Acids
ases/controls 36504 3517 ey
o ke ny) 190 266
OR" (95% C1) 100 099(081,1.20) 1 u(nvz 136)  0.10
OR® (95% C1) 100 103081131) 1.000.79,126)  0.80
Monounsaturated Fatty Acids
No. of cases/controls 341509 342/506 371476
Median intake (/day) 212 201 382
ok"ms%cn 100 1.05(0.86,1.28) 1.09(0.89,1.32) 0.2
OR* (95% 100 107084135 09%0.78126) 070
Pu]yun“lurated Fatty Acids
f cases/controls 357493 343/505 372475
Median intake (g/day) 116 164
OR" (95% CI) LO0  1.00(0.82,1.22)  1.04(0.86,1.27) 077
OR* (95% CI) 100 L03(081130) 0.980.77.123) 047




Tntakes of total _energy, Quintiles of ntakes
e o o & ptrend”
Cholesterol
No. of cases/controls 342508 339509 3804467
Median intake (mg/day) 1788 : 92.0
OR” (95% CI) 100 1040851.26) 121%1.00,147) 002
OR* (95% C1) 100 084065107 1000.79,128) 088
Icohol
No. of cases/controls 382467 309/539 344/503
Median intake (g/day) 0 136 1828
OR" (95% CI) 100 0.86(0.69,1.06) 1.15(0.90,1.48) 035
OR* (95% CI) 100 088(067.1.17) 117085161 038
TOR. O ratio 9594CT 957 confdence mierval
* Adfed e and ol vy e, .

yp, disbees,

"

use of muliviamin
ed

HRT (females

e i, o v red meat. Varibles were included inthe

01 forqunie 103 for e, O o i
* Signifcant different fom eference category,p=0.05

intake.




Table 4.1.4  Associations (adjusted OR’, 95%CT’) of percentage of energy from
macronutrients and alcohol with CRC risk, CRC case-control study in NL and ON

Tntakes of % cnergy from Quintiles of intakes )
macronutrients and alcohol QI Q¥ Q5 G
% of Calories from Protein

No. of eases/controls. 369481 365483 31516

Median intake per day 120 15.1 188

ORY (95% CI) 100 094078114 08240671000  0.08

ORY (95% CI) 100 091072115) 0.76%061.096) 005
% of Calories from Tota

No. of cases/controls 37523 344504 365/482

Median intake per day 238 3

ORY (95% CI) 100 105086127) 112092137 019

OR} (95% C1) 100 102081,129) 099(0.79,126) 092
% of Calories from Saturated Fat

No. of cases/controls BUSIS 352496 376471

Median intake per day 75 104 135

ORY (95% CI) 100 1.06087,129) 117096142 003

OR} (95% CI) 100 107085,1.36) 102081130 047
% of Calories from Carbohydrates

No. of cases/controls e asaem wser

Median intake per day 02

OR' (95% CI) M omamiy osomie  on

OR} (95% CI) 100 LOOOS0127)  0900TLLI4) 059
9% of Calories from Alcohol

No. of cases/controls 366484 371477 356/491

Median intake per day 0 3

11
100 80,1.18)  0.95(0.78,1.15) 094
100 131%(1.02168) 134%(1.041.72) 005

al energy inake.
“Adused for ol enrey BML, . CRC,
diabete, Jcohol dinking, ¢

sammen. 9 Jar use of NSAID,

of IRT (females
it et and s of ot g, et Vil st nloed

o1 et
© QI for quinie 1, Q3 for quinile 3, and QS for quintle 5.
* Significant different from reference category, 0.0




4.2 Paper 2. Association of selected micronutrient intakes with colorectal cancer

risk: results from a large populati study in and
Labrador and Ontario
4.2.1 Introduction

The role of he idered in colorectal

Recent epidemiologic studies suggest that calcium, vitamin D, folate, vitamin B6, and

1113, whereas iron may increase risk .

some antioxidants are protective against cancer'
Calcium and vitamin D may protect against coloretal carcinogenesis by binding free
fatty acids and secondary bile acids i the small intestne, thereby protecting colonic

epithelial cells from mutagens'®. Folate and other B-vitamins may exert a protective

effect on colorectal carcinogenesis as co-factors in the methylation of thymidylate for

DNA synthesis and the pr ionine, the primary donorin
the body'™'", Beta-carotene and vitamins A, C, and E may decrease the risk through
antioxidant mechanisms™>'. Finally, it has been suggested that iron may increase the risk
of colorectal cancer (CRC) by generating free radicals that attack DNA and damage
chromosomes™?"

Despite the plausibility of the biologic mechanisms proposed to explain the effects

of colorectal evidence on this

issue is unclear. Prior to 1998, epidemiologic studies suggested that calcium intake was
not associated with lower risk of colorectal adenoma or cancer™. However, after a
follow-up of 61,463 women for 11.3 years, Terry et al. found an inverse association

between dictary calcium intake and CRC risk. Vitamin D intake was not clearly



associated with risk™. A P Tudes th

suggests a protective effect of vitamin D on colon cancer risk'”.

fruit

pted as having p against
CRC™, however, researchers have recently found weak or nonexistent inverse
associations for total fruits and vegetables® **'. Vegetables and fruits are major sources

of dictary antioxidants, so the weak resultsin recent studies may reflect on the true

strength of iation b and risk of
colorectal neaplasia. The Alpha-Tocopherol, Beta Carotene Cancer Prevention Study
‘group conducted a randomized, double-blind, placo-controlled primary-prevention trial
and concluded that there was no interaction between alpha-tocopherol and beta carotene
with respect to the incidence of CRC™. After four years, results from another double-

blind three year intervention with antioxidants (beta-carotene 15 mg, vitamin C 150 mg,

vitamin E 75 me, selenium 101 microg) suggested a protective role of antioxidants on

new adenoma formation. No effect was detected on the growth of adenomas and polyps”.

‘There may be a number of reasons for inconsistencies between studies, such as the
potential selection bias and possible recall bias that could played a larger role in

retrospective studies. If some micronutrients are beneficial, whether or ot diet alone can

tohave. dally protective effect on CRC is a

question. With frequency of supplements
by the Canadian population, whether or not supplement use could exert a protective effect
against CRC becomes a crucial question. Therefore, this paper presents the results of a

large case-control study conducted in two Canadian provinces that examines relationships



between selected micronutrients and the risk of CRC.
422 Materials and methods

(note to readers: this section mostly duplicates 4.1.2)

4.2.2.1 Selection of cases and controls

Data for this case-control study were from the Ontario Familial Colorectal Cancer
Registries (OFCCR) and Newfoundland Familial Colorectal Cancer Registries (NFCCR).

In Ontario (ON) incident cases diagnosed during 1997-2000 were identified through the

popul Cancer Registry. In d Labrador (NL) incident

during 19992003 hrough the population tumor registry
maintained by the Newfoundland Cancer Registry. Both registries were used to identify

ly f colon or rectal P ey ICD 9" revision

: 18.0-18.7, 19.9,20.9), and

codes: 153.0-153.9, 154.1-154.3, and 154.8 or ICD-0 cod

aged 20-74 years. Phase two of the OFCCR was initiated to collect data for cases
diagnosed in ON during 2003-2006. Initial contact was with the surgeon/physician
identified on the pathology report. Once physician consent was oblained, individuals

were then contacted to inform them of the study. Participants who indicated their

in sequence, a writt form, family

ingness to participat ly

his Q). personal q . and food frequency

FQ). ponders were sent post-card reminders and phoned several

weeks after initial contact to remind them of the mailing.
Controls were a random sample of residents in cach province aged 20-74 years. In

ON controls were identified through a list of residential phone numbers or from



population-based property assessment rolls (owners and oceupants). In NL controls were:
identified through random digit dialing'™. Both registries frequency matched controls to

cases on sex and five-year age strata. Once verbal consent for participation was obiained

during e package was forwarded to cach p participant.
‘The package included an information pamphlet with general information concerning the
study, a consent form, a FHQ, a PHQ, a FFQ, and a self addressed stamped envelope.

4222 Dietary and epidemiologic data colleetion

collected using a FFQ. This 19-page

FFQ was originally developed for the Hawaiian and Californian populations by the

Program, C: Centre of Hawaii and p
described and validated against 24-h recalls among a multi-ethnic Hawaiian/Southern
Californian population*!"". This previously validated food frequency questionnaire has
been adapted to include regional foods in NL and was used to assess diet over 1-2 years

prior interview in each Participants about their

intake of almost 170 foods which were believed to be important to the contribution of
‘most micronutrients in the dict. For each food item, subjects were asked to estimate the
frequency of food intake and their usual portion size from *Regular’, ‘Small’ or ‘Large”.
A food photographs were provided that showed regular, small and large portion sizes for
Vegetables, meat and chicken. Participants were also questioned on their use of any
individual or multivitamin supplements, including the usual brand name, the amounts
taken and the duration of consumption. Intake of micronutrient was computed by

‘multiplying the frequency of consumption of each food item by the nutrient content of



portion size. In ON values for inthe foods

from the USDA file. In NL micronutrient contents were based on the 2005 Canadian

Nutient file

I history many close-ended

questions about medical history, bowel screening history, diet, medication use, diet,

‘physical activity, reproductive factors, alcohol and tobaceo use and socio-demographic
‘measures such as education and income. Identifying information such as sex, age, date of
birth, and marital status was also collected. For female participants there were additional
questions relating to reproductive factors.

For the analyses, we excluded those who did not provide sufficient dietary

information at base

ine, those who failed to provide information on potential risk factors
at baseline, those who reported energy intake in the upper or lower 2.5% of intake (lower
and upper cutoff: In NL, 925 and 4700 keal for men, 1100 and 4900 keal for women,
respectively; In ON, 1040 and 5200 keal for men, 835 and 4100 keal for women,
respectively), and patients who had familial adenomatous polyposis (FAP) and an in-situ
tumor were excluded. After these exclusions, based on those who completed both the

PHQ and FFQ, 3102 subjects (1272 cases and 1830 controls) from ON and 1139 subjects

(488 cases and 651 controls) from NI remained. Data collected from these subjects were

used for the analysis.

422.3 Statistie

malyses

Statistical ana performed using cal 9.1SAS

Institute, Cary, NC, USA). Descriptive statistics stratified by case-control status were



used i lated dietary intakes of the

study participants. Intakes of micronutrients were adjusted for total energy intake via the

residual method of Willett that were used to reduce potential bias due to differential over-

or under-reporting of food intakes' posure included food sources and
supplements. Itakes of mi by addi dusted
from food and i 5. Mic

intakes into quintiles based on

among the study
population without missing endpoints and were entered into models as indicator variables
with the lowest quintile as the referent group.

Age-adjusted unconditional logistic regression models were calculated stratified by

province. Pooled anal since odds provinces were
similar. Age and total energy intake-adjusted odds ratios (OR) and their

fid intervals (C1) from likelihood estimates in
unconditional 1o assess the f

micronutrients intakes. Multivariate unconditional logistic regression was used to

evaluate the association of intakes of s with CRC risk after

adjusting a's

 of potential confounders or covariates. Tests for trend were used to assess

dose-response relationships based on the median of each category of micronutrient intake.
Potential confounding factors include age(18-49, 50-59, 60-69, and 70+ years); sex;
body mass index(BMI<18.5, 18.5-24.9, 25-20.9, and =30kg/m’); physical activity(<7.4,

7.4-22.4,22.4-53.0, and >53.0 METs/week); family history of CRC(yes, no); polyps (yes,

no); diabetes(yes, no); history of colon screening procedure(yes, no); cigarette smoking




(ever smoke, Icohol d X education attainment

(high school graduate or less, technical school/ some college/ university, and bachelors

degrec/ household 2,000, $12,000-29,999, $30,000-

49,999, and $50,000); marital satus(maried, single/ never married, and separated/

divorced/widowed); regular use of medication and supplements: non-steroid anti-

y ) no), folate

no), calc no);reported

therapy (HRT, females only)(yes, no); and dictary intakes: total energy intake (quintiles),
fruits(0-6, 6-7, 7-14, and >14 servings/week), vegetables(0-6, 6-7, 7-14, and >14.
servings/week), red meat(0-2, 2-3, 3-5, and >$ servings/week); province of residence(NL,
ON). The basis for the assessment of confounding factors included: (1) literature and.

previous studics, (2) biological plausibi

' (3) whether the regression coeflficient of the

primary dep ped by 10% of

or(4) the model at p<0.10. A
backwards-stepwise procedure was performed to abtain the final model. Statistical tests
were two sided, and p values less than 0.05 were considered statistically significant.
423 Results

Table 4.2.1 CRC sex, dietary

habits and other sclected variables are given in Table 4.2.1. By design, cases and controls

had a similar distribution of sex and province of residence. Cases tended to be younger,

obese, cither physically inactive or pt y y active, more likely to have

positive family history of CRC, and consume more red meats and total energy than



controls.Intakes of ruits and vegelables did not vary significantly between cases and

controls.
Table 422 sh takes of from from

both food and supplement  controls. For

(except iron), ported significan

from from food and ed to cases (all

<0.05). Furthermore, higher intakes of micronutient in controls were primarily due to

larger contributions sources. For example, found in

retinol intake (from food), however, after adding supplements into intake, significant

differences were found bet Cases had higher intakes of iron,

largely due to dietary supplements use(p<0.0001).

‘The OR and 95%C1 of CRC according to intakes of sclected micronutrients from

both food and in Table 4.2.3 i p

covariates, risk of CRC was found to be significantly inversely associated with intakes of

total calcium (highest vs. the lowest quintiles: OR=0.59; 95%CI: 0.45, 0.77), vitamin

C(OR=0.67; 95%C1:0.51, 0.88), vitamin D(OR=0.73; 9

9%CI: 0.57, 0.94),

riboflavin(OR=0.61; 95%Cl: 0.47, 0.78), and folate(OR=0.72;

5%Cl:

.56,0.92). A
direct relation emerged for ron intake (OR=1.34, 95%CI:1.01-1.78). No links were found

with retinol, alpha-tocopherol, thiamin, vitamin B6, vitamin B12.

CRC risk with selected mi from
food source only (Table 4.2.4). After adjusting for potential confounders, CRC risk were

inversely significantly associated with dietary calcium intake (OR=0.76, 95%Cl:



0.59,0.97), dietary vitamin D intake (OR=0.79, 95%Cl: 0.62, 1.00), and non-significantly
inversely related to intakes of vitamin C(OR=0.87, 95%CTl: 067, 1.13),
riboflavin(OR=0.86, 95%CI: 0.68, 1.09), folate(OR=0.83, 95%CI: 0.65, 1.05),

‘We additionally examined CRC risk according to individual supplement use and

levels of micronutrient intakes from foods (Table 4.2.5). After adjusting for multivitamin

pl 3 among

individual supplements users, and weak or nonexistent relationships were found among

pp) users. Stratfied pplement i that the

protective effects vary according to micronutrients intake levels from foods. In addition,

P in people with intake from
foods, such as vitamin C and folate.
4.2.4 Discussion
Our data from a large population based case-control study suggested that inverse
associations with CRC emerged for certain micronutrients from both food sources and
supplements consumption, including calcium, vitamin C, vitamin D, riboflavin, and
folate. A positive association emerged for iron intake. No links were found with retinol,

alpha-tocopherol, thiamin, vitamin B6, vitamin B12. Inverse associations of calcium,

vitamin C, folate and CRC were most
individual supplements users. The positive association between iron intake and CRC risk
‘was most pronounced among iron supplement users.

When intake from diet only was considered for the micronutrients of interest,

associations were diminished. The exclusion of regular supplement users resulted in a



slight decrease in power in these analyses. In addition, we observed that inverse
associations of calcium, vitamin C, folate and CRC were most pronounced among
individual supplement users. One possibility is that i this study micronutrients from

lemental sour between cases and

controls. Intakes of mi from food did not vary sign among.

cases and controls. Thus, we presume that diet alone might not furnish enough

d the levels of mi i the Canadian diet may

greatly reduce the risk of CRC. Instead, individual supplements provide sufficient

d exert protecti ‘Therefore, with the i p
ppl usein C ‘population, our o
coll supplements use when stud

with disease risk.

Our findings suggesting a possible inverse relation of CRC risk with intakes of
calcium and vitamin D are consistent with results from a recent Multiethnic Cohort Study.
conducted in Hawaii and Los Angeles '*. After a follow-up of 85,903 men and 105,108
women for 5-8 years, Park et al. found that total calcium intake (from foods and
supplements) was inversely associated with CRC risk in both men and women (RR=0.70,
0.64, respectively). The inverse association was also seen for total vitamin D intake in
‘men (RR=0.72). As in our study, we observed inverse associations with intakes of total
calcium(OR~0.59) and total vitamin D(OR=0.73). Moreover, after exclusion of
supplement users, inverse associations with calcium and vitamin D (from food source

only) remained significant.



1n 2007, R land

studies and some clinical trials and concluded that evidence of calcium and vitamin D
reducing risk of CRC was stronger. Multivitamin and mineral supplements can
complement a healthy diet™. Consistent results in our study found that the lowest risk
was observed among calcium supplements users with higher dietary calcium intake. This
finding again suggests that the use of calcium supplements have further benefit in

preventing CRC. However, the protective role of vitamin D should be concluded with

caution, D was p from
that vitami CRC,

possibly Antioxidants, such as carotene, retinol, alpha-

tocopherol and vitamin C, by quenching cals and red

oxidative damage to DNA™?'. These findings were in keeping with many other
studies'**'". However, in this study, we observed an inverse association only between

vitamin C and CRC, but no relationships were found with retinol or alpha-tocopherol

intake. One pos that intakes of Tow, even in the highest
quintiles, tions. Results al that vitamin C
supplement dietary intake of

vitamin C. This may be explained by the threshold effect that low intake of vitamin C
‘may inerease risk but incremental intake above the threshold level may add minimal
benefits

‘We observed that higher intakes of folate and riboflavin were inversely associated

‘with CRC risk and a linear dose-response effect of increasing protection emerged for



both nutrients. Our findings support the hypothesis that folate may affect colorectal
carcinogenesis because of itsrole in the synthesis of nucleic acid and DNA
methylation'”. Riboflavin, as flavin adenine dinucleotide, is the cofactor for
methylenctetrahydrofolate reductase (MTHFR), the enzyme that influences homocysteine:

and DNA "% In our study, derived from

foods, folate supplement and multivitamin supplements. After control
multivitamin supplements use, an inverse association between folate and CRC was most
pronounced among folate supplement users. Except for those from food sources,
riboflavin was mainly derived from multivitamin supplements, thus caution should be

taken in friboflavin. Itis further explore

independent effects of riboflavin and vitamin D as individual supplementation on the
occurrence of CRC.

An important finding in our study was the strong positive association between iron
intake and CRC risk, with the risk strongly increased in the highest quintile of iron intake.

ive association between

Also, after controlling for multivitamin supplements use, an po

iron and CRC was most pronounced among iron supplement users, and a 70% increased

risk was observed in the higher level of dietary iron intake. Iron may increase the isk of

CRC by generating fi attack DN
Interestingly, in this study, cases had higher intake of iron than controls, primarily due to
Targer contribution of ron supplement. Iron plays an important role in helping our red
blood cells deliver oxygen to the rest of the body. Low iron levels can cause people to

develop iron deficiency anemia. However, excess intake of iron or inadequately using




iron supplement may have harmful effects of increasing CRC risk. The recommended
daily allowance (RDA) for men and women S0 years old and older has been established

at $mg daily™. In our study, the average daily intake of iron (from food and supplements)
was 30mg for cases and 25mg for controls, which is much higher than the RDA. Thus,

be taken in consuming ind supplement

“This study had a number of sirengths. We had a large sample size, which allowed us

that would. More importantly,
the previous findings about the protective effects of micronutrients were confined to @
specific study population, which makes it dificult to generalize the results. In this study,

we conducted I population of two Canadian

selected \d CRC risk, and hence to

about specif i i CRC.

Furthermore, nutrient intakes were adjusted for total energy intake. The use of calorie-

adjusted values i i will oft of high

collinearity frequently observed between nutritional factors'"”. To the extent that, this

reduces between-px a food

intakes'"”, The rel

nships of selected micronutrients and CRC risk may differ
appreciably by several factors, so we controlled for a wide range of potential confounding

factors using multivariate logistic regression models. Although some random

fdiet i likely, non-di 1 tends to bias
the risk estimates toward the null.

Consideration must be given to the potential limitations in the present study that



may have influenced the observed associations. First, as in most case-control studies,

‘potential recall and ¢ possible. S mation was

collected . differential recall would bias results;
in particular, cases may recall dietary exposures differently from controls because of the
presence of llness or symptoms. Controls may have agreed to join this study because of
an interest in health and may therefore have healthier dietary and physical activity habits,
a patten that may exaggerate differences with the cases beyond what might have been
seen with truly comparable controls

Second, by design, cases and controls had similar sex distribution, however, cases
and controls were ot well comparable according to age group. Estimates of nutrient
intakes from a FFQ are not precise and there is always the potential for measurement

error. Although the original FFQ used in this study has been validated'*""", this

q eq ion because it developed for the
Hawaiian and Californian populations that may be different from people residing in NL
and ON. FFQ used in NL has been adapted to include regional foods in NL, however,
OFCCR used the original FFQ that has not been adapted. Thus, a sub-study will be
necessary to assess the level of agreement between the FFQ used by the OFCCR and the
FFQ that was previously developed specifically for Canadian populations.

“Third, in this study micronutrient intakes were categorized into quintiles based on
the distribution among the study population. Although this method was often used in

several studies™' ", we may

into consideration in future study. For example, micronutrient intakes may be




as £50% RDA, 50%-80%RDA, 80%-120%RDA, >120%RDA. However, this is likely
‘ot a major problem for most micronutrients, as many requirements are related to body
size and physical activity level, and we have taken both BMI and physical activity into
account in this study.

Fourth, these findings may reflect problems of collinearity between various
‘micronutrients, between selected foods (such as fruits and vegetables), and between
‘multivitamin supplements, thus this possibility cannot be completely eliminated. Finally,

itis also possible that the 1-2 year referent period on which dietary data were based

insufficient i 5-10 yrs) has a stronger i RC risk

In conel tud, idence thi

vitamin D, vitamin C, riboflavin and folate) may protect against CRC, however, iron may

increase the risk. Levels of in the Canadian diet may be i o
reatly reduce the risk of CRC. Our findings suggest that specific micronutrients may.
exert an independent protective effect against colorectal carcinogenesis. Furthermore,
calcium supplement, vitamin C supplement, and folate supplement may have further
benefit in preventing CRC, whereas iron supplement may have harmful effect of
increasing CRC risk. Yet it is also likely that other physiologic, behavioral, and dietary
factors interact with micronutrients to affect risk. Attempts to reduce risk by selecting one

or even several for not icipated results

until with other factors



Table 4.2.1 Selected characteristies of subjects from CRC case-control study in NL
and ON

2 . Controls(n=2481)
Characteristcs’ o0

Age (years)

1840 368(209) 265(10.7)

5059 41203.4) 690027.8)

60-69 646036.7) 998(40.2)

70+ 334(19.0) 528021.3)
Sex

Males 935(53.1) 1357(54.7)

Females $25(46.9) 1124(45.3)
Province of residence

NL 48827.7) 651262)

oN 1272(72.3) 1830(73.8)
BMI® (kg/m?)”

Underweight(<18.5) 20.3) 2209)

Normal(18.5-24.9) 595(33.8) 930(37.5)

Overweight (25-29.9) 748(42.5) 1069(43.1)

bese (230) 394(224) 460(18.5)

Physical activity (METs/week")”

0-74 465(26.4) 595(24.0)

74-224 348(19.8) 63305.5)

24-530 420024.4) 63305.5)

~53.0 518(29.4) 62005.0)
Family history of CRC™

No 1582(89.9) 2337(94.2)

Yes 178(10.1) 144(5.8)
Fruit intake (X servings/week)

0<X<6 47507.0) 625052

6<X<7 502(28.5) 754(30.4)

7<X<14 459(26.1) 653(26.3)

>14 324(18.4) 449(18.1)

Vegetable intake (X servings/week)

0=X<6 260(14.8) 367(14.8)

6<X=<7 549(31.2) 796(32.1)

7<X<14 505(28.7) 707(28.5)

X>14 4505.3) 61024.6)
Red meat intake” (X servings/week)

0<X<2 269(15.3) 486(19.6)

2<X<3 702(39.9) 98739.8)

3<X<5 ) 526(21.2)

X>5 392223) 4810194



Cases(n=1760) __Controls(n=2481

Charsctaint No- (%) No- (%)

Toul ety e Gl
Quintile | (<158 313178 53621.6)
(1330003 341(19.4) 50620.4)
3(1943.2314) 343(19.5) 50620.4)
Quintie 4 (2314-2866) 359204) 48919.7)
Quintile 5 (-2866) 04229 444(179)

A characieisic varblespreaied s e
BMI

Seniean et et o s ool 203



‘Table 4.2.2 Comparison of mean i
and controls, CRC case-control study in NL and ON

akes of selected micronutrients between cases

- Cases Controls ~ Difference
Micronutrient intakes' 1760 paiyind 4(:1.:1‘. prvalue®
calein gD
From 948843164 1003843377 55 <0.0001
From hmd and supplements  1005.7:489.9  1199.8:537.0 1041 <0.0001
tron (mg/da
o food 17.4459 178462 04
From food and supplements ~ 30.1:586 24,5454 56 <0.0001
Retinol (ug/d)
From food 890964541 914884420 239 0.087
From food and supplements  1351.941052.6 14905511828 1386 <0.0001
Vitamin C (mg/d)
From food 160.5480.5  1682488.5 7.7 0.006
From food and supplements 403749403 473041082 693 0.03
Vitamin D (ug/d)
From food 54128 57429 03 <0.0001
From food and supplements 81456 91463 10 <0.0001
Alpha-tocopherol (mg/d)
From food 61424 63425 02 0.028
From food and supplements 4424855 57.6:97.0 134 <0.0001
Thiamin (mg/d)
From fo 19405 20405 01 0029
From food and supplements 28431 33445 05 <0.0001
Riboflavin (mg/d)
rom food 25107 26407 01 <00001
From food and supplements 36834 41447 05 <00001
Vitamin B6 (mg/d)
24508 25408 01 0.025
m food and supplements 36539 43459 07 <0.0001
Vitamin BI2 (ug/d)
From food 71439 71434 0 081
From food and supplements 1214138 1424186 21 <0001
Folate (ug/d)
From food 343561239 360241257 167 <0.0001
53494043 632 <0.0001

From food and supplements

" Forc

Taest



Table 423  Adjusted OR’, 95%CI' of CRC risk according to selected
micronutrients intakes from both food and supplement sources, CRC case-control
study in NL and ON

Tood “Quintiles of nakes 3
Qt Qz Q3 [} Q5 wend”
Calcium
No.ofcasesiconirols 414436 362486 385463 315533 284563
Median intake (mg/d) 7 WD 107 lss  1me
OR® (95% C) 100 083 094 0.660 004
(068,101 (077.1.14) (054050) mu nlm
ORS (95% C1) 100 086 110 [ o
6T (0861) 05609 04507
Iron
No. of cases/controls I4AT6 3TIATS MV R20S]W 350497
Mein sk (g0 126 153 185 251 367
OR® (95% [T 094 083 095 042
(088130) (077,1.14) (©6,101) (©.78,1.15)
ORS (95% C1) 100 009 097 1.09 134 00
(079.125) (077.123) (084143) (LOL178)
Retinol
No. of cases/controls 369481 380468 61487 B[S0 3123
Median intake (ug/d) 448 76 1088 27662
OR" (95% C) 10013 105 090 08¢ 007
(093,137) (086,128) (074,109) (0.67,1.00)
ORS (95% C1) 100 129 124 114 18 077
(099.1.62) (098.157) (089.146) (0.79,147)
Vitamin C
No.ofcasesiconirols 407443 359489 354494 33¥SIS 307540
Median intake (mg/d) ms im0 ma es 7
OR" (95% C) 100 087 085 0740 006
(©72,106) (070,103 (061090) (0 ss om
ORS (95% C1) 100 054 009
OR10D ©e10 8109 5108
Vitamin D
No. of cases/controls dase S doaese  00R NES
Median intake (ug/d) 2 ae 664 115 5z
OR® (95% C) 10 086 108 o7 013
(O71105) (089,131) (060089) (0. 59037»
ORS (95% C1) 100 0% 1.20 075 018
O 0315 ©50% 05705
Alpha-tocopherol
No. of cases/controls 38WAR 32476 3TIATS 32553 302sds
Median intake (mg/d) 43 55 76 197 1741
OR® (95% C1) 0 097 096 076t om 015
(080.118) (080.117) (063093) (060.08)
ORS (95% C1) 100 097 105 1.04 08 005
(076122) (083.133) (076,143) (065.1.13)
Thiamin

No. of cases/eontrols 380468 376473 365483 342507 206550




Tood

e
CoTR— [ FoT——
Vi make (mgid) 153 18 2T 295 316
OR" (95% CIT) 0 107 1.02 0.89 0.70% 0.01
O8130 084129 OTLLO (055050
ORe@s% 1) wo o o ok 0w o
076121) (087139 OT413) 055,112
Riboflav
Norofcasesoniols 41243 04SS9 WSS 290557
Modan ke (gl 193237 ss a1 s
) o om om0t o0
(0.69,1.01) (0.66,0.98) (0.62,0.92) (0.47,0.70)
or esrac) 100 s s+ oot
(0.69,1.11)  (0.68,1.10) (0.64,1.05) (0.47,0.78)
Vimin B
Norofcusesconrols  IGHGH I9AT 30489 MBS0 208549
Medanmake(ng) 170 20525 400 sm
OR" (95% CI) 1.00 099 095 0.89 0.60% 001
(082,121) (0.78,1.15) (0.73,1.08) (0.57,0.84)
R o5ty oo 3 s 0ss
OF13) OR13) OILLE) 066,130
Folue
No.ofcusscontols 412438 J94S) 343505 303iSdS 313
Mcdmn mukc (ug/d) 2365 3113 390.7 7ﬂ\ 2 1069.8
OR® (9% 1.00 1. 081* 0.69% 0.08
(0.83,1.22) (0.67,0.99) (0. 5’ 77) 0.56,0.84)
OR (@s% 1) w o 0; 7 ook
(0.76,123) (0.67,1.09) (0. 5() ﬂ 92) (0.56,0.92)
amin B12
wis ISt ATy 3SUMSS 3296 30k
Medanimake g 415 60 B1s. 182 2
OR" (95% 1.00 0.98 0.90 0.89 ome 0.01
080,119 O74L10) 071108 (058086)
o estacy w0 oss osi | tio 097
05120 O74119) (81145 ©66132)
0RO e 37T, 75 o el
" Adjusted for age and total energy intake.
<Ad = M 3
oy dsbo o G
Saient, houschold income, markal e, gl e of NSAD, el s ofmuliviain
I ART (e o), . iake of T vegeable, and ed

of interest

* Significan different from reference category,p=0.05



Table 424  Adjusted OR’

f CRC risk according to selected
‘micronutrients intakes from food source only, CRC case-control study in NL and

oN
‘Micronutrients from food Quintiles of imtakes [
source only oo Qs [ [ trend”
Calcium
No.ofcasesconrols 398452 374474 339/509  343s05  306/541
Median intake (my/d) 6310 8052 9366 10915 13919
OR® (95%CI 1 096 084 052% 66* 0003
OT9.117) (0.69,1.03) (067.0.99) (0.540.81)
OR® (95% C) 100 076 006
(O74L18) (0.64,104) (071L1S) (059097
Vitamin C
No.ofcasesconrols 386464 372476 33ISIS 34305 326521
Matien ok (g) 712163 1524 194.1 713
OR® (95% 100 108 087 093 08¢ 009
(086,1.27) (071,106) (076,L13) (0.67,1.00)
ORE (95% C) 100 005
OT3LI8) (069.1.14) (O69.1.15) (067.1.13)
Vitamin D
No.ofcasesconrols 382468 356491 ISRA9L 364484 300547
fedian intake (ug/d) 249 305 517 657 o
OR® (95%CI) 10 098 104 017
(081,120 08500 0409
ORS (95% C) 100 097 08 00 032
(076,1.24) (084,137) (084,137 (0.62,1.00)
Rbofarn
IS 3004s8 357492 d6yA82 R85 320527
Median nake (mgd 185221 2, 286
OR" (95%CI) 100 09 0. 0s0° . 002
(075,110) (0.79,116) (0660.97) (0.61,0.90)
OR® (95% C) 100 103 054 08 013
©77.12) (0821.30) (067,106 (0.68,1.09
Folate
No.ofcasesconrols 405445 365483 347501 328520 315532
Median intake (ug/d) 255 285 3354 3937 4950
OR® (95%CI) 100 0% 086 079 072 0001
076,.12) (071105 (0650.96) (0.59.0.88)
OR® (95% C) 100 86 083 006
O68.1.07) (073115 (O68.1.08 (065.105)
708, Ot 5%C1 95 contes el
* Adjusted for age and toal energy ifaks
< Adjusted BML history of CRC
yps,diabet e
tainmen, fal sttus,regular use of NSAID,
i ted HRT (females only). W inakes of fiuis, vegetables, and red
eat, the final model
m nterest.

*Signfcantdiflent

ded p value for estof
o

m reference category. p<0.05

for.



idual supplement
use and levels of micronutrient intakes from foods, CRC case-control study in NL
and ON

Table 4.2.5 Adjusted OR”, 95%CI" of CRC risk according to indi

Individual supplement use

Dictary nutrients intake from food (mg/d)

Lower intake. Higher intake 7"
Tron supplement use Tron intake from foods
Median intake <1615 mgd >16.15 mgd
Non-users
No. of cases/controls 6751875 571825
OR" (95% CI) 1.00 1.04(0.87,1.25)
Users
No. of cases/controls 2857437
OR" (95% C1) 1.70%(1.15.2.52) 005
Calcium supplement use foods
Median intake <=936.56 mg/d >936.56 mg/d
Non-users
. of cases/controls 6437758
OR"® (95% C1) 100 1.02(0.84,1.24)
Users
No. of cases/controls 285/435
OR" (95% CI) 080%0.63.1.00)  068%0.54085) 007
Vitamin C supplement use Vitamin C intake from foods
Median intake <=152.44 meid >152.44 mgld
Non-users
No. of e 622m7 462/64
OR” (95% Cl)y 1.00 0.89(0.73,1.09)
No. numwmm.n 378/636
OR" (95% CI 0.68%(0.54.0.86) 0.78%(0.63,0.96) 0.19
Folate snwlemml use Folate intake from foods
Median intak: <=335.36 ugld 33536 ugld
Non-users
cases/controls 748/825 512/798
OR® (95% CI) 1.00 0.87(0.72,1.04)
Users
0. of cases/controls 209340 201/5
OR® (95% CI) 067052086 073058092 012
TOR. O ratio 95%4CT 957 confidence inierval
* Ad y intake,age, s, BMI, . CRe,
Jype, disbe Jeobol drinkin, cducation
lar use of NSAID, regular
supplemens,repored HRT (femal ad ntake s, and red

st
* Signifcant different rom reference caegory, p<0.05

quintle of ntake.




4.3 Paper 3. Association of calcium, vitamin D and dairy products intakes with

risk: results from a largg on-based case-control study in
Newfoundland and Labrador and Ontario

43.1 Introduction

Colorectal cancer (CRC) is the third most common cancer and the second leading cause
of cancer death in men and women combined in Canada™. In 2009, an estimated 22,000
Canadians were diagnosed with CRC and 9,100 died of it'". There are substantial inter-
provincial incidence rate variations in Canada, and Newfoundland and Labrador (NL) has
the highest incidence, while Ontario (ON) ranks in the middle. According to the Canadian
Cancer Statistics 2009, the age-standardized incidence rates of CRC in NL were 87 per
100,000 for men and 52 per 100,000 for women, which are higher than ON rates (men:

60 per 100,000 and women: 41 per 100,000) and the national average rates(men: 62 per

100,000 and women: 41 per 100,000)"*.

‘The high rates of the disease in NL may be partly explained by a high prevalence of

families with a predisposition to hereditary colon cancer””, however environmental

factors have been shown to be important components to CRC ri

5404, Dt has long
been regarded as one of the most important environmental factors associated with the

cause of CRC'. High intake of animal fat or protein and low intake of fruits and

‘vegetables have repeatedly been shown to increase the risk of CRC'™. It is thought that fat

promotes large bowel cancer by increasing the levels of free fonized fatty acids and
unconjugated bile acids in the bowel lumen. These are iitating and toxic to the

surrounding epithelium®**,



Calcium h ized to protect against CRC il

acids and ionized Tumen to form thereby
ing th "%, Furthermore, calcium may
cell proliferation 1 d cell-
o

cycle regulation™ "%, The roles of dietary calcium and vitamin D are highly correlated
because vitamin D regulates the absorption of calcium™. In addition to its indirect role in

homeostasis, the direct f vitamin D is linked to a

multitude of biological including DNA double-strand

breaks by exogenous or endogenous sources, making vitamin D an important independent

contributor A

plausibility, tudies have been inconclusive:
in demonstrating the role of calcium and vitamin D in the etiology of CRC. Prior o 1998,
reviewers of epidemiologic studies concluded that calcium intake was not associated with
i

Tower risk of colorectal adenoma or cancer Dairy products contain large amount

of calcium and vitamin D through fortification. It has been shown that calcium, especially

b found in milk, effectively Tuminal

and thus inhibi %, In contrast, in i Jarvinen et
al. ™ indicated that individuals with a high consumption of milk have a potentially

reduced risk of colon cancer, however, the association did not appear to be due to intake

of calcium, vitamin D, or o . Arecently p

review i suggests @ fect of vitamin D on

colon cancer risk ., Re

 research indicates that calcium and vitamin D might act



together, rather than separately, to reduce risk of CRC. Results from a multi-centre,
placebo-controlled randomized clinical trial found that calcium supplementation was

associated with adenom: vitamin D levels

9.1 ng/m)®.
‘There may be a number of reasons for these inconsistencies between studies, such as

the danger of selection bias and possibly recall bias that could have played a larger role in

In recent years, Canada populat or
‘multivitamin supplements, however, some studies do not take supplements use into
‘account. Moreover, the effects of calcium and vitamin D on risk may differ appreciably

by several factors including gender, total dietary fat intake, and use of nonsteroidal anti-

Whether or not dairy CRC

s a questi i products with reduced risk of CRC,

whether these as

ciations can be explained by components of calcium and vitamin D.

In order to investigate these associations, we selected NL and ON residents as the
target population. NL is geographically isolated, culturally distinct, relatively
economically disadvantaged, and fresh fruits and vegetables are less ofien available.
Consequently, people may consume more preserved and salted traditional
foods. Whether or not the highest incidence of CRC in NL can be partly explained by the
unique dietary habits of NL population is a question. Squire ef a. recently found that in
NL higher intake of red pickled meat was associated with increased risk of CRC''. In
contrast, ON is a centrally located, culturally diverse, and economically advantaged

‘province. It was hypothesized that if consistent results of the protective effects of calcium



and vitamin D were found in two diverse provinces, we could provide support to the
argument that calcium and vitamin D have chemo-preventive effects on CRC. To our

knowledge, litle has been done in this area. Therefore, the purpose of this report is to

. vitamin D, dairy pr on CRC and

432 Materials and Methods

(note to readers: this section mostly duplicates 4.1.2)

43.2.1 Selection of cases and controls

Data for this case-control study were from the Ontario Familial Colorectal Cancer

Registries (OFCCR) and Newfoundland Familial Colorectal Cancer Registries (NFCCR).

InON diagnosed during 1997- i through the

population-based Ontario Cancer Registry. In NL incident cases diagnosed during 1999-

2003 were identified through registry maintained by the

Newfoundiand Cancer Registry. Both regisries were used to identify newly diagnosed
cases of colon or rectal cancer (pathology confirmed ICD 9™ revision codes: 153.0-153.9,
154.1-154.3, and 154.8 or ICD-0 codes: 18.0-18.7, 19.9, 20.9), and aged 20-74 years.
Phase two of the OFCCR was initiated to collect data for cases diagnosed in ON during
2003-2006. Initial contact was with the surgeon/physician identified on the pathology
report. Once physician consent was obtained, individuals were then contacted to inform
them of the study. Participants who indicated their willingness to participate the study

were sent, in sequence, a written consent form, family history questionnaire (FHQ),

personal history ). and food freqy i FQ). Non-



responders were sent post-card reminders and phoned several weeks after initial contact
o remind them of the mailing.

Controls were a random sample of residents in each province aged 20-74 years. In

ON controls were igh a list of residential p from

population-based In NL controls were

identified through random digit dialing. Both registries frequency matched controls to
cases on sex and five-year age strata. Once verbal consent for participation was obained
during the phone contact, a survey package was forwarded to each potential participant.
The package included an information pamphiet with general information concerning the
study, a consent form, a FHQ, a PHQ, and a FFQ, as well as self addressed stamped
envelopes.

43.2.2 Dietary and epidemiologic data collection

Information on dietary intake was collected using a self-administrated FFQ. This 19-page
FFQ was originally developed for the Hawailan and Californian populations by the
Epidemiology Program, Cancer Research Centre of Hawaii and has been previously
described and validated against 24-h recalls among a multi-ethnic Hawaitan/Souther
Californian population*!"". This previously validated food frequency questionnaire has

been adapted to include regional foods in NL and was used to assess diet over 1-2 years

prior interview in each ce. Particip bout their
intake of almost 170 foods which were believed to be important to the contribution of
‘most nutrients in the diet. For each food item, subjects were asked to estimate the

frequency of food intake and their usual portion size from ‘Regular’, ‘Small’ or ‘Large’



A food photographs were provided that showed regular, small and large portion sizes for
Vegetables, meat and chicken. Participants were also questioned on their use of any.
individual or multivitamin supplements, including the usual brand name, the amounts

taken and the duration of consumption.

Nutrient intakes iplying the freq
cach food item by the nutrient content of portion size. In ON values for the amounts of
nutrients in the foods were obtained from the USDA file. In NL nutrient contents were:

based on the 2005 Canadian Nutrient file. Intakes of calcium and vitamin D were energy-

adjusted by using calculated from the ofthe log of nutrient
intake versus the log of energy intake'"”. Residuals were adjusted to mean energy intake
in men or women i each province. In NL, residuals were adjusted to 2411.5 keal/day for
men and 2276.2 keal/day for women; in ON, residuals were adjusted to 2404.8 keald for
‘men and 1987.9 kealiday for women. Intakes of total calcium and total vitamin D were
calculated by adding energy-adjusted nutrients from food and unadjusted nutrients from

supplements.

We also examined CRC risk and the ffive

groups of dairy foods (total dairy products, milk, non-milk dairy products, yogurt, and

cheese), because these groups were measured in most of the studies. We computed total

dairy food consumption by adding the daily servings ofall foods in the dairy categories
“Total milk consumption was calculated by adding the daily servings of nonfat milk or

skim milk, low-fat milk, and whole milk. Non-milk dairy products consumption was

calculated by adding the daily servings of yogurt, cheese and cream.



“The self-administered personal history questionnaire included many close-ended

questions about medical history, bowel sere

ing h

tory, diet, medication use, diet,
physical activity, alcohol and tobacco use and socio-demographic measures such as

‘education and income. Identifying information such as sex, age, date of birth, and marital

status was collected. For f dditional o
reproductive factors.

For the analyses, we excluded those who did not provide sufficient dietary
information at baseline, those who failed to provide information on potential risk factors
at baseline, those who reported energy intake in the upper or lower 2.5% of intake (lower
‘and upper cutoff: In NL, 925 and 4700 keal for men, 1100 and 4900 keal for women,
respectively: In ON, 1040 and 5200 keal for men, 835 and 4100 keal for women,
respectively), and patients who had familial adenomatous polyposis (FAP) and an in-situ

tumor fler . based on both the

PHQ and FFQ, 3102 subjects (1272 cases and 1830 controls) from ON and 1139 subjects
(488 cases and 651 controls) from NL remained. Data collected from these subjects were
used for the analysis.

4323 Sta

ical analyses.

Stat

tical analyses were performed using SAS statistical software (version 9.1 SAS
Insttute, Cary, NC, USA). Descriptive statistics stratfied by case-control status were
used to describe the demographic/health-related characteristics and dietary intakes of
subjects. Intakes of calcium, vitamin D and dairy products were categorized into quintiles

based on the distribution among the study population without missing endpoints and were



entered into models as indicator variables with the lowest quintile as the referent group.

Age and total energy intake-adjusted odd:

confidence ) from estimates in

‘unconditional logistic regression o assess the association of the outcome with dietary
intakes. Multivariate unconditional logistic regression was used to evaluate the

Kes of cal

. vitamin D and dairy pr CRC risk after
adjusting for a set of potential confounders or covariates. Tests for trend were used to
assess dose-response relationships based on the median of each category of dictary intake.
Potential confounding factors include age(18-49, 50-59, 60-69 and 70+ years); sex;
body mass index(BMI<18.5, 18.5-24.9, 25-29.9, and >30kg/m’); physical activity(<7.4,

7.4-22.4,22.4-53.0, and >53.0 metabolic equi

lent hours/week, METs/week); family

history of CRC(yes, no); polyps(yes, no); diabetes(yes, no); history of colon screening

no) smoke, never smoke); alcohol drink 3
>14drinks/week); education attainmeni(high school graduate or less, technical school/
some college! university, and bachelor’s degree/graduate degree); household income(less
than $12,000; §12,000-29,999, $30,000-49,999, and $50,000); marital status(married,

single/never married, and separated/divorced/widowed); regular use of medication and

supplements: non-steroid ant-inflammatory drug (NSAID)(yes, no), multivitamin

no), no); reported » therapy
(HRT, females only)(yes, no); and dietary intakes: total energy intake (quintiles), fuits(0-

6,67, 7-14,and >14

3 67,714, and >14

red meat(0-2, 2-3, 3-5, and >5 servings/week); province of residence(NL, ON). The basis



for the assessment of confounding factors included: (1) literature and previous studies, (2)
biological plausibility, (3) whether the regression coeflicient of the primary dependent
variable changed by 10% or more after adition of the potentially confounding variable,
or (4) whether the covariate entered the model at p<0.05. A backwards-siepwisc

procedure was performed to obtain the final model. Statistical tests were two sided, and p

values less than 0.05 were considered statistically significant.
433 Results
Demographic and life 3 participants,stratified by provinces

and case-control status, are shown in Table 4.3.1. The study participants included 1760
cases (488 from NL, 1272 from ON) and 2481 controls (651 from NL, 1830 from ON),
NL cases were slightly older than controls, while ON cases were slightly younger than
conirols. In both provinces, cases had higher BMI than controls, and were less likely to
report any colon screening procedure, o report use of multivitamin supplements, and to
have taken HRT over the previous 1-2 years (females only). Physical activity
(METs/week), or heavy alcohol drinking history did not vary significantly between cases
and controls in two provinces. NL cases tended o be smokers, and less likely to have

acquired higher education or obtain a high income during the preceding year (all p<0.05),

ON CRC cases more often had a family history of CRC, and they less often used NSAID
during the past year (all p<0.05)

Table 4.3

gives the mean intakes of food, selccted nutricnts and dairy products by
the cases and controls in both provinces. Both provinces” cases reported higher intakes of

total

ergy than controls. There was a greater red meat cons

imption among ON cases,




but ked fruit and between cases and

controls were found province. Control higher levels of mean

daily intake of calcium and vitamin D, however, the extent of the differences varied by

province. Specifically, red significantly high of
total calcium, calcium from food, calcium from supplements,total vitamin D and vitamin
D from supplements than did their respective cases (all p<0.05). In ON controls also
reported significantly higher consumption of vitamin D from food, total dairy products
and milk than did cases (all p<0.05).

The OR and 95%Cl of CRC according to intakes of calcium and vitamin D from

food and supplements, stratified by provinces, are shown in Table 4.3.3. Inverse

associations with CRC risk were observed for high intakes of age-energy-adjusted total
calcium, calcium from food and total vitamin D in both provinces, however, after other

potential covariates were taken into account, the inverse associations were no longer

significant in NL, but i o ficant only in
ON. i justed OR of CRC in ON in the I

of ith those in the I for total calcium(95% Cl:
0.42-0.77, p-trend=0.03), 0.76 for dietary calcium(95% CI: 0.60-0.97, p-trend=0.06), and

0.73 for total vitamin D(95% CI: 0.54-1.00, p-trend=0.18). In addition, higher intake of
dietary vitamin D in ON subjects were also significantly inversely associated with CRC
risk (OR=0.77, 95% CI: 0.61-0.99, p-trend=0.38). The observed reduction in risk among.
participants in both provinces with consuming calcium-containing supplements were

33% (NL) and 24% (ON), and 32% reduced risk in NL emerged for consuming vitamin



D-containing supplements.

ftotal dairy

foods in relation to the risk of CRC (Table 4.3.4). In ON, the risk of CRC was

for those wh total dairy food >25.
compared with those who consumed <3. I ervings/week (OR=0.78, 95%CI: 0.60-1.00) in
both age-energy adjusted models and multivariate-adjusted models. In particular, those:
who consumed 14 9cups/week of milk had a 22% lower risk of CRC than did those who

consumed <0.6cups/week. A non-significant inverse association was found in yogurt

intake. In NL, for age-energy adjusted total dairy

foods and milk, however, ater adjusting for multi-variables, the inverse relationships
were no longer significant.

When the combined effect of total calcium and total vitamin D was considered, the

was most pronounced calcium and
high vitamin D intakes compared to those reporting a low intake of bot h nutrients (Table
435).
4.3.4 Discussion
In this large population case-control study conducted in two Canadian provinces, we
found inverse associations of intakes of total calcium, dietary calcium, total vitamin D,
dietary vitamin D, total dairy products and milk with CRC risk in two provinces.

Howeve

; after adjusting for potential confounders and covariates, significant inverse
associations are only observed in the ON population. Nonetheless, in NL the inverse:

associations of calcium, vitamin D with CRC risk were most pronounced among calcium-



o vitamin D- containing supplements users. In ON use of calcium-containing
supplements was inversely related to CRC risk. These results add to support for
synergistic effects of calcium and vitamin D in the prevention of colorectal carcinogensis.

Results from this study support hypothesis that calcium may protect agai

CRC by

binding secondary bile acids and ionized fatty acids in the colon lumen to form insoluble

reducing f the colonic mucosa'® and

vitamin D regulates the absorption of calcium™, as well as their effects on cell

proliferation and differentiation, apoptosis, angiogenesis, and cell-cycle regulation

Our findings are consistent with a number of studies that have reported inverse
associations between calcium, vitamin D and CRC risk™ '™, In 2004 Grant, W. B.'**
found that the available research suggested a protective effect for vitamin D on colon

cancer risk. In 2007, Ryan-Harshman reviewed several case-control and prospective

cohort studies and some clinical trials and concluded that evidences of calcium, vitamin
D reducing CRC risk were stronger. In particular, recent research indicates that calcium

and vitamin D might act together, rather than separately, to reduce the sk of colorectal

adenomas. People might b of CRC itan
and mineral levels through cating more vegetables and fruit, Multivitamin and mineral
supplements can complement a healthy diet®. As in our study. significant inverse

associat

ins of CRC risk emerged with intakes of total calcium, dietary calcium(from
food), total vitamin D, and dietary vitamin D(from food) in ON population. We also

observed a combined effct of calcium and vitamin D that  significant decreased risk of



CRC was observed among those who had higher levels of calcium and vitamin D intake.

Moreover, calcium or vitamin D supplement use was inversely related to CRC risk.
Nonetheless, it i rather surprising that we did not observe meaningful associations
of calcium, vitamin D with CRC risk in NL after adjusting for multi-variables. We did
observe these inverse associations in NL after adjusting for age and total energy intake
only. One possibility is that intakes of these nutrients in NL were too low, even in the
highest quintiles, for us to observe significant associations. This may be the case with
calcium, for which intakes in ON subjects were considerably higher than in NL subjects
(Table 2). Ttis also possible that the findings i this study may be due in part to colliearity
between nutrients and foods of which they are constituents. For instance, dietary fat,
Phosphorous and dietary fibre may limit the intstinal absorption of calcium due to
increased production of insoluble calcium complexes'**!. However, the inverse

associations of calcium, vitamin D with CRC risk were most pronounced among calcium-

or vitamin D-containing users in NL subjects. NL controls were more likely
than cases s \- or vitamin (Table 2). Yet it is
also likely that ibout health and

have healthier dictary and physical activity habits. However, we attempted to control for
the effects of other physiologic, behavioral, and dietary factors in these analyses. Another
possibility that calcium- or vitamin D containing supplements use may have independent

effects on cancer risk. Discussion of such potential biological mechanisms is beyond the

scope of the present paper.

Consistent with results of relationships among calcium, vitamin D and CRC risk in




two provinces, results from this study found that inverse associations emerged for total

y inON, ificant in NL.

that tobe
calcium and vitamin D. Our findings add to the evidence that dairy products, in particular

milk, is an important contributor to dietary calcium and vitamin D. It has been shown that

calcium, especially found in milk, y precipitates luminal

eytol

substances and reduces cytotoxicity of fecal water, an accepted risk marker for

colon cancer”. Besides calcium and vitamin D through fortification, many other

f dairy foods have been she tect CRC.

Dairy foods contain conjugated linoleic acid and lactoferrin, which inhibit colonic

carcinogenesis in animal models'*'*,and the milk protein casein has antimutagenic
activity on the dig 7, Cert fermented dairy foods have
also been hypothesized isk of CRC'*. In this study, ted dairy foods,

such as cheese and yogurt,did not appear {0 be related to CRC risk. A possible reason is

that cheese fats, particularly saturated fats, might increase risk"”. In addition, the intakes

of cheese and yogn Tow to ificant associatior

“This study had a number of strengths. We had a large sample size, which allowed us

portantly,

the previous the fined to a

specific study population, which makes it difficult to generalize the results. In this study,
we examined the effects of dietary calcium, vitamin D and dairy products on the

occurrence of CRC in two Canadian provinces with different rates of CRC incidence. We



d diffe f Furth trient

intakes were adjusted for total energy intake. The use of calorie-adjusted values in

ill » of frequently

observed between nutritional factors''%. To the extent that, this adjustment also reduces

P over- ffood intakes' ™. The
relationships of calcium, vitamin D, dairy products and CRC risk may differ appreciably
by several factors, so we controlled for a wide range of potential confounding factors

using odels. Although

diet i likely, non-differential misclassification generally tends to bias the risk estimates
toward the null.

Consideration must be given to the potential limitations in the present study that
‘may have influenced the observed associations. First, as in most case-control studies,
potential recall and selection biases are possible. Since exposure information was

collected after diagnosis, differential recall between cases and controls may bias results;

in particular, dietary differentl; the
presence of illness or symptoms. Controls may have agreed to join this study because of
aninterest in health and may therefore have healthier dictary and physical activity habits,
a pattern that may exaggerate differences with the cases beyond what might have been
seen with truly comparable controls.

Second, by design, cases and controls had similar sex distribution, however, cases
and controls were not well comparable according to age group. Estimates of nutrient

intakes from a FFQ are not precise and there is always the potential for measurement



error. Although the original FFQ used in this study has been validated"'™"", this

because it was origi ped for the

Hawaiian and Califonian may be different from NL
and ON. FFQ used in NL has been adapted to include regional foods in NL, however,
OFCCR used the original FFQ that has not been adapted. Thus, a sub-study will be
necessary 10 assess the level of agreement between the FFQ used by the OFCCR and the

FFQ that was previously developed specifically for Canadian populations. Third, these

s problems trients, between selected

foods, and between multivi upplements, thus this

eliminated.

Another potential limitation of this study may be the absence of information on sun
exposure. As we know, it s difficul to accurately measure vitamin D exposure in
humans'*%, We did not have information on sunshine exposure at baseline. Finally, it is
also possible that the 1-2 year referent period on which dietary data were based is
insufficient if more remote diet eg. 5-10 yrs) has a stronger influence on CRC risk.

In conclusion, the results of our case-control study add to the evidence that total
calcium, dietary calcium, total vitamin D and dietary vitamin D are associated with a

lower risk of CRC. Total dairy products and milk related with

CRC risk, and these associations may be largely due to calcium and vitamin D.
Furthermore, Calcium- or vitamin D-containing supplements may reduce risk of CRC.
Finally, the present data support a joint action of calcium and vitamin D in the prevention

of colorectal carcinogensis



Table 43.1 Selected characteristics of cases and controls, st
CRC case-control study in NL and ON

o
Characterisies ConolsCases
a-1272)
R 0505 SRAL09
BMI (kg 22a44 26747
Physu:nl-cnv i (METuweek)* 5022732
ve family history of CRC (%" S483)
iny colon screening (%) 145023)
Remn s ENSAID: 252087

78743.0)
664135)  145(23)  4364343) 3

supplements (%)
eported HRTS (%) 120QII) 2SI086)  440°046)  820452)
Smokers, currentandlorpast (%" 353%723)  401(616)  73ST6)  1078(58.9)
Heavy drinkers (% SHILO)  68(104)  1SH12D)  205(112)
High'level of education’ (%)" ISIG70) 351539 T00SS0)  1087(59.4)
High houschold income* (%)" 1020009) _ 229G51) __ 506098) 758414

™ Continuous varisbles presented s meant SD(sandard deviation), dlTerences between cases 4nd Corols

based on T-est.

" Cigorical vl peseried 3 mamber(X) iffoces bewess cass ad comos bsed cn chi-

square

"M, dy mas index: METsweck, meabli quivaent housper wek; NSAID, nonsersidal an

inflamimatory drugs; HRT, homone replacement therapy, female only: Heavy drinkers, average
ty or pos

*Significant difference between cases and contols (7<0.05)



‘Table 4.3.2 Mean intakes of foods and nutrients among cases and controls, stratified
by province, CRC ease-control stud

ON subjects
“Cont

Intakes of foods and nutrients’ Cases rols
(1=458) (=127 830)
Fruit (servings/week) 96581 IE] 110:82
Yot (erving wesk) 111476 138290 132185
ed meat (servings/week) 35433 6424 40538
“Total enengy (kealiday) 2415048382 220367449 22660°796.1 2161.54757.7
Calcium (mg/day)
“Total calcium 0806444026 1108345009 137.1445002  1231.64544.1
Calimfom ood 9334%3541  O80.0:3940  956.0%:3020 1009543149
jum from supplements  562°1602  1193:240.1  ISLI%4047 222154406
Viamin D (Udoy
“Total vitamin D 32242025 393522995 3198%2184 352742364

24951241 251041300 2021%1045 22081110
$73%2010 14252603 1177041868 131942036

“Total dairy products 1286102 1344104 122%86  13.0:99
Milk 82:80 8380 72066 81281
Non-milk products 50857 52159 56551 55452
Yogurt 037 22:39 13419 13417
Cheese 30837 30841 38442 38443

g aniSD

d on test.
*Significant diffeence between cases and controls (p<0.05)
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Table 435 Adjusted on' 95%CI* of CRC risk according to level of total calcium
and total vitamin D in

o viomin D ke “Total Calcium intake (mg/day
(1U/day) TI (<=8352) T2 (8353-1064.2) TJ‘1>1064 2)
TI(<=157.3)
No. of cases/controls 3431420 99127 1530
OR" (95%C1) 1.00 094(0.69,1.29)  0.84(0.65,1.14)
T2°(157.4-241.5)
0. of cases/controls 115/120 20322 86141
OR" (95%C1) 110080,186) 106084134 0810.59,L11)
T3¢(>241.5)
No. of cases/controls 1520 941162
OR® (95%C1) LO00.502.02) _ 0.86(0.6: 0.75*(049.0.99)
TOR. O rati 9594CT, 957 confidence interval
D B
Jyps,dibe Jeohal drinkin,
i Jaruse of NSAID,regu
i ed HRT (femles only), o nak
ofntrest.

subjects, I fortertle 1, T2 for tetle 2, and T3 for tertle 3
fgnificant diffrent from reference category p<0.05




Chapter 5: Summary

risk
This pos i colorectal cancer
(CRO)risk in ind Labrador (NL) ON)

through three coherent papers. The first two papers were based on pooled data from two

total energy/ ind selected
micronutients on CRC, respectively. Based on the findings from the first two papers, the
third paper compared two provinces to further explore the relationships among calcium,
vitamin D, dairy products and the risk of CRC.

Consistent with ¥

. this pos

between total energy of CRC. This finding

y intake with lower energy increase CRC risk. Additionally,
higher energy intake is associated with the cause of obesity, which in tum is a possible
tisk factor for CRC. Inthis study percentage of calorie from alcohol were associated with

increased CRC risk. Given the high incidence of CRC in two provinces,

s necessary to

ige peopl gy foods and activities.

High intakes of protein, carbohydrate and fibre seemed to decrease CRC risk. In this

study population, i similar

rtions (around 20%) of . dairy p the
‘combination of white meat and fish. Thus, consistent with several previous

assTs

studies  this study suggests that the protective effect of protein may be

largely contributable to non-red meat protein. The inverse associations of CRC risk with



bohydrate and h ion of fruits, vegetables and grains,

because these foods contain a large amount of carbohydrate and fibre. There is a great

need their di RC,

Vegetable and fuit intake, and the frequency of high fibre diet.
Certain micronutrients (¢.g. calcium, vitamin D, vitamin C, riboflavin and folate)
scemed to have protective effects on CRC. However, when intake from food source only

idered i ients, associatior (except for

calcium and vitamin D). The exclusion of intake from supplement sources resulted in a
slight decrease in power in these analyses. In addition, inverse associations of calcium,
vitamin C, folate and CRC were most pronounced among individual supplement users,

d the

These f dict alone might not fumish enough

levels of micronutrients in the Canadian diet may be insuficient to greatly reduce the risk

of CRC. Instead, individual suppl
protective effects. Stratified analyses by individual supplement use status further
indicated that the use of vitamin C or folate supplement appeared to have further benefit
among those with relative lower intakes of these nutrients from food. Therefore, these:
findings highlight the importance of dietary supplements use in prevention for CRC.
Another important finding in this study was the strong positive association between
iron intake and CRC risk. Stratified analyses by individual supplement use status further
indicated that a positive association between iron and CRC was most pronounced among
iron supplement users. Interestingly, i this study, cases had higher intake of iron than

controls, p larger In addition, the average




daily intake of total iron (from food and supplements) was much higher than the

Thus, iron or inadeq

using iron supplement may have harmful effects of increasing CRC risk. Attention should

Consistent results of calcium, vitamin D and dairy products with CRC risk were

observed in two provinces; howeve

ficant associations were only observed in the
ON population. One possibility is that genetic predisposition for CRC is stronger in NL
as compared to ON. The high rates of the disease in NL may be partly explained by a
high prevalence of families with a predisposition to hereditary colon cancer'. However,
in ON genetic factors is not as strong as in NL and dictary factors are rlatively more
important in the cause of CRC. The complex genetic-environmental interactions may be
investigated in future research.

5.2 Implications of the study

Consideration should be given to the potentiallimitations i the present study that have.
been discussed previously i three papers. This study has a number of strengths and adds

10 the existing lterature in many aspects. First, built on existing literature, this study

total energy, and

It for ietary changes in

CRC. Second, to lge, this is the ly
nutrient intakes and CRC risk in NL and ON both with a high incidence of CRC. A large

us to observe associations that would

studics. Third, this study highlights the importance of supplement use in prevention for



CRC. Diet alone might not furnish W levels of in

the Canadian diet may be insufficient to greatly reduce the risk of CRC. Findings from
this thesis may have important public health implications, particularly for those with
Tower intakes of a number of micronutrients, who can benefit greatly from supplement

intakes. With respect to other physiologic, behavioral, and dietary factors interacting with

nutrients to affect risk, is warranted i causal
relationships for more effective cancer prevention.

5.3 Future research

‘The results from thi vitamin

may have s in pr g CRC. Multi large
‘numbers of nutrients which may be correlated in influencing the likelihood of cancer. For

instance, phosphorous and dietary fibre may limit the intestinal absorption of calcium due

1, -

o » fi complexes'

carefully design clinical i i  individual

intervention to assess supplement intake as cumulative dose over a long time frame (e.g.
supplements use over al0-year reference period)

“The current study examines associations of individua dietary components with CRC
risk, which is beneficial for gaining insight into possible mechanisms of each dietary
‘component. However, it i not adequate for considering the synergistic effect of highly
0,

correlated nutrients and other compounds found in foods'*. Future rescarch will




neither of which is consumed in isolation.

d are oft ith

other health behaviors such as physical activity, smoking, and cancer screening'™.

However, i pendent effect of a
particular risk factor(s) and have paid how various -

related in aff s 1 various
risk factors and e o n. Future

study will use structural equation modeling analysis to test a hypothesized conceptual

‘model that specify complex causal relationships among various risk factors of CRC.
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Appendix B. Food frequency questionnaire used in Newfoundland and Labrador

Canadian Study of Diet and Health

Memorial

. SAMUEL LUNENFELD RESEARCH INSITUTE

oo e
o', W, Canada ATB 125,

100N ary s abu oo e s, calour 0 s, 1380084908,

Thank you for your time and assistance.
T —

L R T L S



P ki 1)1 NEVER OR AARELY

o e et o N Y ) ot b
ST o G e T e T POTATOS oy
e oo il




Dicry Qe InormationShet

the ucsiommaire. his oy s g done i Newouriid and Laendor
Onr.

e quesionmaie and we kot e comemets wou' sl 10 cveryone. We o
00 e e ol i e st

+ Queston s, et he oo 1
oo i ot e

Question 89 Bologa. e s 0 check your sl potion size in e quston on
».m..w...mm..xmm. ice 0 you woukd k.
g

Qo5 il Mes. Newlonand nd b b shouk e
The sedired

* Qe 156135 Moo el W e b s
ol et e o s o e e s

+ et 158 M ad Buer. b o ke sprehe vt
marrine e o . Aghn e K o rony popl vk o
AHNugh ey ey el .5 e

* Quesion This ks st an e seving of e cup Mo of s i
o e e e e B s
e prtion e, o,

- You will a s tht s sbot ot o dry products e e ot
gl and b

T e e b e e ok e o
e ot e o0 k.l g et

 Weae s meresed i theamourof el fods you st 1y oy

e ou i hess o

Thankyou




Secion A Secions
A | o HoworTEN?
Fo00 Stn, ANOT | (Campete oo coumonty)




“Sers [ Secn
vean serone oGO -
orten St
(Compltecne ok any) o
| || e | e
| | |

il e Sy




|88 (750EETS outes o e
o5 7 §1ukieps or RUTAB @
@ onemmoor

e e e
& VELON SoUASH (e | HootIS™




P

ccacmopogo




Sacon A e
_ || vean o ouamoss
Avesge | _porton owoFTENT
Fo00 Porion | Sizn, HNOT | (Conpiesone o o)
Sae | Aversge




2
AT, B !

AR g

Beas - 3760 L" o

. 3 e a

e honcor 1| °o o

T | | 0

Eolo e

S

A=

58




=

LGHT o DET 158 CREMS | %o 0

), I
v

OFTor UOHT PUODING [ 0w 5

c.ece




Socion &




YeAR

ate chac o ccta o i o ppropr e

ot sk o o st st k1o rpaed e e A0OUT e
SETORE DUAG

rase: Gt

R ko

P
S mwt” 3Ome <Onmm

205 4 Orone




I
I
I
1
1
1
1
1
1
I
1
I
I
I
|
|
|
|
|

PART 2..USE OF VITAMINS AND DIETARY SUPPLEMENTS

Now e woukt e o o sbot youruseof viamins and

oty suppiemts.
Yo sk ey of e g o Yo e

Somct el brand and s and o o 00

Onene PO tum s Dm0 Osarerom ng

VRamin and Amount ~Haed, w0 -lll-y— M'—

LEI:_ EIEJ-*

O Wore O yen s vsmrws =
et o e
R e -
 Comp vmis
72 ONe Oves Hyem e

(e, O~
(= (T~
(O, [T~

e
‘Obore O baon 1001 O 100015000 O sove 15000 10
OMow  OBuows0 00100 Ouwveldd mg

e Osuorio Owown  Osmemo n
Dn—-“uu—vm 0 10000-15000 O sbove 15000 1
e Oburts Ottm  Oumats my
Onoe  Osuonzo Omsm  Omneso
OMee  Obewi0 Owww Omowmn m

O Saary sppaments 3.y, cod e o4 k)
77 e Oven smch e

=, (13-

T



FOOD PHOTOGRAPH PAGE

Plaase use thosa photon

1t quesiomnaire tha efr you 10 pictures

5 or C 1o holposmats your vl porkon 25 Th nser ot e oo
you 1 visuaizs thesizeof ha 8 G shown.




THANK YOU VERY MUCH for your assistance in this researchi




Appendix C. Food frequency questionnaire used in Ontario
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