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Introduction

Colorectal cancer (CRC), a form of cancer that was quite rare in the middle of the
20™ century, is now one of the most common forms of cancer in the world, and the
number of cases diagnosed per year is continuing to rise globally as well as in
Sweden (1). As CRC develops over a long timespan, early detection and accurate
prevention are crucial in order to counteract further increases.

The cause of CRC is multifactorial, and lifestyle is thought to be a major
contributor to the development of CRC. There are numerous studies examining the
associations between diet and CRC. Associations with CRC have mostly been
found for intake of fibre, foods containing wholegrains, red meat, processed meat,
dairy products, and calcium supplements, factors which increase or decrease the
risk of CRC (2). It is important to examine associations with foods and nutrients in
different populations, as risk factors have been seen to differ in between
populations.

It can be hypothesised that associations between intake of specific foods and risk
of developing CRC depends on intakes of other foods. In addition, effects of food
components may depend on the food source, as nutrients within the foods may
interact. Other lifestyle-related factors, such as body composition, blood glucose,
insulin levels and insulin resistance, or sex and clinicopathological characteristics,
such as tumour location and tumour-stage, may also influence the risk from food
components.

If the associations between foods and CRC differ by sex, tumour location, weight
status or diabetes is not yet confirmed, and associations between dietary intake and
different stages of CRC has not previously been examined.

This thesis therefore aimed to examine associations between 1) different fibre
sources and CRC; 2) different meat types and CRC; 3) combinations of food
intakes and CRC; 4) blood glucose, plasma insulin, and insulin resistance and
CRC, as well as 5) whether associations with CRC differ depending on sex,
tumour location, and weight status.
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Colon and rectum

Cecum, appendix, ascending colon, transverse colon, descending colon, sigmoid
colon, and rectum all together form the large intestine. The main function of the
large intestine is to store and concentrate faecal material before defecation. The
colon and rectum absorb fluids and salt left in the faeces. It is also where the
immune system interfaces with diverse arrays of antigens in food and gut
microbes, and where a production of short-chain fatty acids (SCFA), vitamin K
and biotin by the microbiota is taking place (3).

The mucosal layer in the large intestine acts as a protectant against microbial
infections and invasions, and produces bicarbonates to neutralize the acidity of the
faecal content. Some tissue in the large intestine are of lymphoid tissue, especially
in the appendix, and are involved in the immune system, and also help to produce
antibodies, as well as cross-reactive antibodies (3).

Colorectal cancer epidemiology

In the Western world CRC is one of the most common forms of cancer (4, 5). In
Sweden, it is the fourth most common form of cancer. It is roughly 7.000 persons
per year who develops the disease, and the incidence is increasing, and has been
doing so for at least half a century (6).

Colon cancer is more common than rectal cancer, and the ratio is roughly two to
one. The incidence of CRC differs throughout the world, and it is more common in
developed countries. The highest incidence is found in Australia and New
Zeeland, whereas the lowest is found in Western Africa (7).

The incidence rate for CRC is similar for women and men worldwide. In Sweden,
the incidence rate for women is 26.5 per 100 000 individuals, and for men 32.3 per
100 000 individuals (1).

Colorectal carcinogenesis

CRC is a slowly growing cancer, which develops during 10 to 15 years. It is more
common that CRC arises in the distal colon, than in the proximal (8), and
adenocarcinoma is the most common type of CRC. CRC develops from a polyp in
most cases, and the polyp turns into an adenomatous polyp which is a precursor to
adenocarcinoma. Adenocarcinoma can also occur in the sessile polyp, or
hyperplastic polyp, which at first was considered to be benign, but the sessile
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lesions has been seen to transform into serrated sessile polyps, which in turn can
advance into cancer (9). One of the earliest signs of carcinogenesis in the colon is
hypothesised to be the aberrant crypt foci, which are clusters of abnormal tube-like
glands developed in the lining of the colon (10).

The molecular events that lead to CRC are heterogeneous, and there are three
pathways known; the chromosomal, the guanine-containing dinucleotide (CpG)
island methylator phenotype and the microsatellite pathway (11). The pathways
can both individually and in combination with each other cause CRC. The
development of most CRC is caused by chromosomal instability, and secondly by
microsatellite instability. Microsatellite instability and CpG island methylator
phenotype is more common in proximal colon cancer, whereas it is more common
with chromosomal instability in distal colon cancer (12).

Chromosomal instability

In chromosomal instability it is mutations in the adenomatous polyposis coli
(APC) gene and deoxyribonucleic acid (DNA) hypomethylation that activates
Whnt-signalling pathways by increase of -catenin, which in turn causes the polyps
to change into adenoma (13). Activation of the oncogene v-Ki-ras2 Kristen rat
sarcoma viral oncogene homolog (KRAS) and genetic alterations to genes on
chromosome 18q, with loss of heterozygosity (LOH), results in adenoma growth.
KRAS mutations lead to a permanently active state that allows the cell to evade
apoptosis. Inactivation of tumour suppressor gene (TP) 53, which plays a major
part in the cell cycle and apoptosis, then leads to formation of carcinoma.
Chromosomal instability is clinically characterised by distal location, high
differentiation grade and intermediate prognosis (12).

Microsatellite instability

Microsatellite instability is caused by defected DNA repair by inactivation of
mismatch repair caretaker genes, and is the start of the pathway towards CRC (11).
A decrease in activated genes involved in the mismatch repair, leads to forming of
adenoma. Oncogenes, e.g. mutated v-Raf murine sarcoma viral oncogene homolog
B1 (BRAF) gene, later triggers the adenoma into carcinoma. Microsatellite
instability is clinically characterised by proximal location, poor differentiation,
increased numbers of tumour infiltrating lymphocytes, and/or mucinous histology,
and is quite rare in metastatic CRC (14).
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CpG island methylator phenotype

In the CpG island methylator phenotype pathway, there is a larger part of the
genes that are hypermethylated, and transcriptional silencing of promotors
important in development of carcinoma occur, which lead to development of
adenoma, and further alterations leads to carcinoma, and then to metastatic disease
(15). CpG island methylator phenotype is clinically characterised by proximal
location, poor prognosis, poor differentiation, female sex and older age (16).

Tumour-classification

A simple classification of CRC is to classify it as colon and rectal cancer or distal
and proximal CRC. Although, the most widely used clinical classification system
is the Tumour (T)- Node (N)-, Metastasis (M)-classification (17). It classifies the
tumour by size, if it is integrated in the surrounding tissue, and by its spread. The
most important prognostic factors are depth of the invasion and the presence or
absence of lymph node metastasis. To decide which molecular pathway is
involved is also an important factor in later treatment (18).

Metastases

o)
T T
umour g Nodes

Figure 1. TNM-classification

lllustration of classification by tumour size, integration and spread, where the size of the tumour, its integration in
adjacent tissue, and presence of lymph node metastases and metastases classifies the tumour in the Tumour (T)-
Node (N)-, Metastasis (M)-classification system (17).

Clinical aspects

CRC is diagnosed by rectoscopy and colonoscopy with biopsy sampling and
histopathologic examination (19). Computed tomography (CT) scan of the
abdomen and thorax is used for assessment of liver and lung metastasis, and a
pelvis magnetic resonance tomography (MRT) is used in rectal cancer for
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assessment of pelvis metastasis (19). The symptoms are diffuse at first in most
cases, although approximately 20% are discovered because of acute colonic
obstruction. Right-sided colon cancers are most likely to be discovered by fatigue
or iron-deficiency anaemia, and proximal adenocarcinomas by occult bleeding,
changes in bowel habits, or left lower quadrant discomfort in form of cramping
(20). Symptoms later in the development of the disease are fatigue, low energy
intake and weight loss. If metastasises occur, the most common sites are the liver
and the thorax (21).

The 5-year survival rate for CRC is about 65% in Sweden (22). For cancers which
are early discovered, the S5-year survival rate rises markedly (23). To earlier
discover CRC, and increase the survival rate, some countries have introduced
screening programs with faecal occult blood test and colonoscopy to earlier
remove precancerous polyps (8). These programs have been found to lower the
incidence of CRC (24). In the Gotland and Stockholm regions in Sweden,
screening is conducted with faecal occult blood test, and with a following
colonoscopy if tested positive (25). There is also a screening study, Screening of
Swedish colons, calculated to end in 2019, investigating which screening method
is the most suitable to early discover CRC (26).

Colorectal cancer — A preventable cancer?

The aetiology behind CRC is diverse. There are both risk factors that are
modifiable and those that are not, such as age, sex, hereditary factors and adult
height (2). CRC most commonly is the cancer type where the highest number of
non-synonymous mutations takes place, which indicate that CRC are most
sensitive to environmental factors (27). It has therefore been discussed that
lifestyle and lifestyle-related diseases, such as the metabolic syndrome, are
attributed to 40-70% of the development of CRC (28-30), giving the opportunity
to prevent the development of most CRCs.

Age
More than 65% of all CRC occur after the age of 65 years (22), and age-specific
incidence rates increase abruptly after the age of 50 years (4). It is predicted that

the proportion of CRC occurring in the elderly will increase to 70% of all CRCs at
the year of 2030 (31).
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Socioeconomic factors

Lower educational level (32), as a marker for lower socioeconomic status, together
with lower socioeconomic status, has been found to be associated with CRC (33).
It has been discussed if this association depends on higher incidence of smoking,
exposure to work-related carcinogens, higher incidence of obesity, a more
sedentary lifestyle and less healthy dietary habits in individuals with lower
socioeconomic status (33).

Sex and hormonal factors

There is a possible difference in the way how CRC develops between the sexes,
and different factors may determine the sensitivity for carcinogens and
development of neoplasia between the sexes. Distal CRC is more common in men,
and proximal CRC is more common in women (1). It has been discussed if
proximal and distal CRC have very different origins (12). The difference in transit
time between the sexes (34) could alter the contact between carcinogenic or anti-
carcinogenic compounds and the colonic mucosa.

There are also sex-differences in glucose metabolism, and as glucose metabolism
in the cancer cell is an important factor for development of CRC, this may explain
differences in cancer development between the sexes. Sex-differences in DNA
methylation has been found with an association between altered expressions of
DNA and insulin secretion in the human pancreatic islet in women, giving women
a higher glucose-induced insulin secretion (35).

The sex hormones also play a part in cancer development, where oestrogen
strengthens the tight junctions and facilitates the transport of glucose to the brain
and promotes neural aerobic glycolysis (36). On the other hand, 5-DHEA, an
adrenal steroid hormone, modulates glucose uptake (37).

Menopausal hormonal replacement therapy (MHT) has been found to be inversely
associated with the risk of CRC (38). It has been speculated that MHT is
preventing DNA methylation-induced silencing of oestrogen receptor expression,
or that the mismatch repair gene might be oestrogen-responsive (39).

Hereditary factors

With a family history of CRC, there is a greater risk that CRC arises in the
individual (40). About 20% of all sporadic CRCs are of familiar origin. Familial
adenomatous polyposis (FAP) and Lynch syndrome, also called Hereditary non-
polyposis colorectal cancer, are the two most common forms of hereditary CRC.
The Lynch syndrome represents approximately 3% of all CRCs (41), and is caused
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by microsatellite instability after germline mutation of the mismatch repair genes
(42). Lynch syndrome most likely develops between the age of 20 and 30 years.
FAP often occurs before the age of 45 years, and is caused by mutations in
germline and APC genes, causing chromosomal instability (15). FAP represents 1-
2% of all CRCs (43), and if colectomy is not performed, 100% of persons with
FAP will develop CRC (15).

Adult height

The World Cancer Research Fund international (WCRF), together with American
Institute for Cancer Research (AICR), has concluded that there is strong evidence
for that tall adult height is associated with increased risk of CRC (2). This has
been shown in a meta-analysis, where they also reported a 60%-risk increase per
10 cm increase in genetically predicted height (44). It has been speculated that a
larger cell mass, with a greater risk of developing CRC, might be the cause (44),
together with early nutrition and its hormone-related effects (45).

Inflammation

Chronic inflammation affects development of cancer and later occurrence of
metastasis through different mechanisms (46). Inflammation is enabling the
transformation into cancer via the Epithelial-Mesenchymal Transition (EMT). In
EMT, epithelial cells become mesenchymal cells and thereby can differentiate,
and in later stage start the initiation of metastases. The healing process of the cell,
which occurs during the inflammatory response, creates an increase in
angiogenesis, which facilitates tumour progression and later invasion.
Inflammation also causes genetic instability where reactive oxygen species (ROS)
affects genomic instability by creating mutations and interleukin-10 and
activation-induced cytidine deaminase (AID) initiates mutations in genes such as
p53. Finally, inflammation initiates proliferation and apoptosis when
overexpression of genes, such as the peroxisome proliferator-activating receptor
(P-PAR) gene, p 53 and AID occurs.

A 3-fold risk increase to develop CRC has been seen in chronic Inflammatory
Bowel Disease (IBD) (40), and the risk correlates with duration of the disease
(47), presence of Primary Sclerosing Cholangitis (PSC) (48) and severity of
inflammation (49). The chronic inflammation in IBD has been found to lead to
shortening of telomeres, DNA damage and DNA senescence (50).

Regular use of Non-Steroidal Anti-Inflammatory Drugs (NSAID) has been shown
to be associated with decreased risk of CRC (51), although, this is not the case
when there is a BRAF mutation-caused CRC (52). Aspirin is an inhibitor of
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cyclooxygenase-2, which is an important mediator of the inflammatory response,
and a factor in CRC development (53).

Lifestyle-related diseases

Lifestyle-related diseases, such as obesity (40), the metabolic syndrome (54), and
type 2 diabetes (55), are associated with increased incidence of CRC.

Overweight and obesity are established risk factors for CRC, and the risk for CRC
has been seen to increase with 30% per every 5-unit increase of Body Mass Index
(BMI) (56). Factors explaining possible influence by obesity in CRC development
is thought to be the presence of low-grade inflammation and changes in the gut
microbiota (57), together with hormones such as oestrogen (58), Insulin-like
Growth-Factors (IGF) and leptin (59).

Hyperinsulinemia, that has been associated with both obesity and type 2 diabetes
(60, 61), as well as with CRC (62, 63), has been proposed to be a factor in the
relation between dietary factors, overweight and development of CRC. It has also
been discussed if the hyperglycaemia and the insulin resistance, together with the
hyperinsulinemia, that defines type 2 diabetes, is an interstage to CRC, or if the
aetiology between the two diseases is similar. Hyperinsulinemia is a factor in the
carcinogenic process through influence on growth of cancer cells, stimulation of
proliferation, decrease of apoptosis, and promotion of intestinal carcinogenesis
(64). Hyperglycaemia, on the other hand, gives energy to malignant cells to
facilitate their non-insulin dependent proliferation (65). In hyperglycaemia there is
a chronic inflammation present, which may lead to imbalance between production
of ROS, which leads to oxidative stress and DNA damage (66). Insulin resistance
and metabolic pathways leads to overstimulation of mitogenic pathways and
stimulation of cell proliferation leading to carcinogenic disease (64).

Physical activity

Physical activity is inversely associated with risk of CRC (2, 67). There are several
plausible mechanisms explaining why physical activity may protect against CRC.
Physical activity may lead to higher insulin sensitivity and reduced plasma insulin,
which in turn might reduce the risk of developing CRC (68). Physical activity also
stimulates peristalsis and decreases colon transit time, thus decreasing the time for
the carcinogens to be in contact with the mucosa (69). In addition, effect on body
fatness (70) and effect on hormone levels (71) may be of importance.
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Smoking

Smoking increases the risk of developing CRC, and the risk increases with
increasing pack-years (40). It has been seen that the association is somewhat
stronger for rectal cancer, than for colon cancer (72). Smoking causes irreversible
genetic damage to the colon mucosa, which in turn may cause formation, and
increase in the growth rate, of adenomatous polyps (73).

Alcohol consumption

Associations have been found between higher intake of alcohol and increased risk
of CRC (74). A 7%-risk increase have been found per 10 g increase of daily
alcohol intake (74). Alcohol is believed to be carcinogenic to humans, and a risk
factor in many different cancers (75). Alcohol consumption may also be associated
with lower intake of essential nutrients (76, 77) and thereby indirectly with higher
susceptibility to CRC. Alcohol increases production of ROS and facilitates the
uptake of carcinogens (78). Alcohol has been associated with certain types of
CRC, where hypermethylation of IGF-2 takes place (79).

Diet

Diet seems to be an important factor in the development of CRC, especially in
CRC caused by microsatellite instability, as it is a type of cancer most sensitive to
environmental factors because of its high number of non-synonymous mutations
(27). High intakes of dietary fibre, wholegrain, red and processed meat, dairy
products, and calcium supplements have all been associated with either higher or
lower risk of CRC (2).

Dietary fibre

Intakes of dietary fibre and wholegrain have been associated with decreased risk
of CRC (2), and WCRF and AICR conclude that there is strong evidence that
intake of wholegrain and foods containing fibre decrease the risk of CRC, and
suggestive evidence for that low intake of fruit probably increases the risk of CRC
(2). The evidence for the associations between the different food sources of fibre
and CRC has not been deemed as strong as the association for fibre, except for the
association between wholegrain and CRC (2). However, high intake of fruit and
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vegetables has been seen to associate with lower risk of CRC (80), and similar, but
non-significant results, have been seen in a meta-analysis (81).

The microbiota uses dietary fibre to produce SCFAs, such as butyrate. The
microbial production of SCFAs seems to be the most probable cause up to date, as
to why fibre intake is inversely associated with CRC. SCFAs constitute the
predominant energy source for colonocytes and increase the strengthening of tight
junction assembly and are mediators between the microbiota and host immune
system for maintenance of gut homeostasis. The SCFAs also conditions gut
epithelial cells to mount protective immunity through mitogen-activated protein
(MAP) kinase signalling, inhibit pro-inflammatory cytokines, such as nuclear
factor kappa-light-chain-enhancer of activated B cells and tumour necrosis factor-
o, and inactivate mutagens (82).

Other potential mechanisms may be decreased colon transit time and dilution of
colonic content with subsequent increased stool output (83), which could decrease
the contact between mutagenic compounds and the colonic mucosa. In addition,
fibre intake could decrease secondary bile acid production. Bioactive components
in fibre-rich foods, such as cytoprotectants (vitamins, minerals, polyphenol
flavonoids, and anthocyanins), have antiproliferative effects, and may also be
important factors in the association seen between fibre intake and CRC. High
intake of vitamin C has been found to be associated with CRC, although the
evidence for a causal relation is deemed to be limited (2). The proposed
mechanisms behind the association is the antioxidant qualities of vitamin C,
leading to reduction of ROS and nitrate levels, inhibition of lipid peroxidation, as
well as inhibition of production of carcinogens (84).

Dairy products

The WCRF and AICR have concluded that there is strong evidence for that intake
of dairy products is associated with decreased risk of CRC (2). Dairy products are
foods rich in calcium and vitamin D, whose anti-carcinogenic properties are some
of the suggested mechanisms for the association between dairy products and CRC.
There is limited evidence for that intake of vitamin D decreases the risk of CRC,
and strong evidence for that intake of calcium supplements decreases the risk of
CRC (2, 85). Calcium may bind free fatty acids and bile acids, promote cell
differentiation, decrease cell proliferation, prevent KRAS mutations and inhibit
heme iron’s effects on carcinogenesis (86, 87). Other suggested mechanisms in the
association between dairy products and CRC are their content of lactic acid
bacteria, lactoferrin, folate and butyrate of which may have cancer protective
properties (88).
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Meat

High intake of processed meat is associated with increased risk of CRC (2), and
even low intakes seem to increase the risk. A risk increase of 17% per 50 g daily
intake of processed meat has been found (89). Although the support for that red
meat intake increases the risk of CRC is not as convincing as that for processed
meat, the WCRF and AICR have concluded that there is probable evidence for that
high intake of red meat increases the risk of CRC (2). The National Food agency
in Sweden recommends an intake of red meat not higher than 500 g/week (90),
and the average intake of meat in Sweden is just below of 500 g/week (91).

The mechanisms behind the associations between meat and CRC are not known,
but it has been speculated that for example heme iron may damage the epithelial
cells in the colon (92) and amplify the production of ROS (93). There is limited
evidence that foods containing heme iron are associated with risk of CRC (2). Fat
content and fat quality of the meat may be of importance for CRC development
(94, 95). Moreover, the cooking- and preservation methods might induce
cancerous compounds such as heterocyclic amines, polycyclic aromatic
hydrocarbons and N-nitroso compounds (96, 97). As processed meat often
contains high amounts of salt (98), salt intake has also been discussed as a factor
in CRC development (99).

Fish

Even though the evidence that high intakes of fish and lower risk of CRC are
considered to be limited (2), such associations have been suggested (100). Fish
contains some of the nutrients that might be inversely associated with risk of CRC,
e.g. vitamin D (2). Vitamin D promotes cell differentiation and decreases cell
proliferation and apoptosis (101). It may also promote the innate and adaptive
immune system, together with reduction of inflammation and inhibition of
angiogenesis. Fatty fish is also high in omega-3 fatty acids, which in vitro has
been seen to have anti-inflammatory properties, probably due to inhibition of
cyclo-oxygenase-2 and the omega-6 polyunsaturated fatty acid production of
eicosanoids (102).

Dietary pattern

As foods are not consumed as a single unit, but combined with other foods, it is
important to not only study them one by one, but also to study the combinations of
foods. There are also complex interactions that occur between foods, and the
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combined effect foods exert on a person might be stronger than that of individual
foods.

Pattern analysis describes the way that foods are combined and there are two main
ways of conducting pattern analysis: the a posteriori (data-driven) or the a priori
(hypothesis-driven) constructed index. The data-driven pattern analysis is made
either from cluster analysis, factor analysis or reduced rank regression. In the
hypothesis-driven pattern analysis, the pattern is based on the interpretation of
evidence of associations between diet and health (103).

Although pattern analysis gives a wider understanding, it also has to be combined
with the analysis of the individual component of the pattern to complete the
understanding on how the nutrients or foods included in the pattern may interact in
influencing the disease (104). An overall dietary pattern may not enhance the
understanding of the mechanism of the disease, but the analysis of an individual
food may well do so.

The association between CRC and the interaction of foods has been examined with
several dietary patterns and indexes, and CRC has been found to be associated
with several dietary indexes. The Healthy Eating Index (HEI), the Mediterranean
Diet Score (MDS), and the Dietary Inflammatory Index (DII) are hypothesis-
driven constructed indexes with nine or more items, which has been associated
with risk of CRC (105). The HEI and the MDS have both been found to be
associated with decreased risk for CRC, and the DII with increased risk of CRC
(106-112). A high MDS score was seen to lower the risk with 11-28% compared
with a low score, and high HEI score lowered the risk with 20-30% compared with
low score, high DII score increased the risk for CRC with up to 40% compared
with low score.

The association has also been examined with a data-driven pattern analysis. In a
study of the EPIC cohort, the patterns that were inversely associated with CRC
were either characterised by a high variety of vitamins and minerals or by vitamin
B,,, riboflavin, calcium, cholesterol, total protein and phosphorous (113). Other
data-driven pattern analyses have shown that a prudent dietary pattern was
inversely associated with risk of CRC and a westernized dietary pattern was
associated with higher risk of CRC, both in a Japanese population (114) and in a
North American population (115). An inverse association was also seen when
comparing a traditional Korean dietary food pattern, rich in fruit and dairy, and a
Westernized dietary pattern, abundant in meat, where the traditional pattern was
inversely associated with risk of CRC, and the Westernized dietary pattern was
positively associated with risk of CRC (116).

To the best of our knowledge, no previous study has examined an index based on
the conclusions regarding diet by the WCRF in the context of CRC.
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Aims

Overall aim

The aim of this thesis is to examine associations between dictary intakes and CRC
in the MDC cohort, and whether the associations are modified by different
preconditions.

Specific aims

Paper 1

Paper 2

Paper 3

Paper 4

To examine the association between fibre intake, and its food sources,
and incident CRC. The secondary aim was to examine if the association
differs depending on sex, tumour location and TNM-classification.

To examine the association between blood glucose levels, insulin levels,
insulin resistance and incident CRC. The secondary aim was to
investigate whether tumour location or sex may modify the before-
mentioned associations.

To examine if intake of red meat, divided into beef and pork,
unprocessed and processed meat, fish and poultry is associated with
incident CRC. The secondary aim was to investigate whether sex,
tumour location or overweight may modify the association between meat
intakes and CRC.

To examine the association between a constructed dietary index, the
Colorectal Dietary Quality Index (CDQI), based on conclusions from
WCREF, and risk of incident CRC, and weather the association differs
depending on tumour site. The secondary aim was to extend our earlier
studies on associations between fibre and processed meat intake and risk
of CRC, with an additional 4-years follow-up and 195 new cases of
incident CRC, and to examine if there is an association between intake of
dairy products and CRC.
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Material and Methods

Ethics

The study was approved by the Regional Ethical Review Board in Lund (50-91,
2013/803).

Study population

The Malmo Diet and Cancer study

All papers in the thesis are based on the Malmo Diet and Cancer (MDC) cohort,
which is a population-based cohort with a long follow-up time. The main objective
of MDC was to evaluate the effect of diet on different types of cancer, for example
CRC. In MDC, all inhabitants of Malmo, Sweden, born between 1926 and 1945
were invited to participate from March 1991 to May 1995. Although, after May
1995, the invite was extended to include men born between 1923 and 1945, and
women born between 1923 and 1950 (117). Exclusion criteria were mental
disability and inadequate Swedish language (n = 1975). Altogether, 28,098
participants completed the baseline examinations after having given their informed
consent, which represented 41% of the eligible individuals. Of those having
completed the baseline examinations, 167 individuals had been diagnosed with
CRC before or at baseline examinations, and were therefore excluded from all the
four studies. Paper 2 is based on a smaller part of the MDC cohort, the
cardiovascular cohort (MDC-CC). MDC-CC comprises of 6,103 individuals
randomly selected from MDC, whereof 5,540 returned for collection of blood
samples. The MDC-CC participants were examined between October 1991 and
February 1994 (118). In Paper 2, individuals were excluded if they had prevalent
diabetes (n = 219), prevalent CRC (n = 14) or had not left a blood glucose and
plasma insulin sample (n = 397), leaving 4,910 individuals (1,992 men).
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Available for
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Figure 2. Participant flow
Paper 1, 3 and 4 is based on the Malmé Diet and Cancer (MDC) cohort and Paper 2 on the Malmé diet and Cancer
cardiovascular cohort (MCD-CC).

Method of Malmo Diet and Cancer study

Data collection

At baseline, the participants visited the screening centre twice. On their first visit,
they were instructed on how to fill out questionnaires on socioeconomic-, lifestyle-
, and dietary factors, and how to register their cooked meals and cold beverages
including alcoholic beverages in a seven day long food record. Weight, height, and
waist circumference were measured and blood samples were collected by trained
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nurses. Body composition was estimated with a single-frequency bio-impedance
methodology (BIA 103, RJL systems, Detroit, MI, USA,). Body fat percentage
was calculated using an algorithm provided by the manufacturer. Ten days after
the first visit it was time for a second visit, where their questionnaires were
controlled and a completing diet history interview was conducted by nutritionists
to rule out overlap between the food frequency questionnaire and food record.

Dietary data

Dietary data was collected through a modified diet history method with a 7-day
menu book for registration of meals that varied from day to day, most likely lunch
and dinner, cold beverages and nutrient supplement. In addition, a 168-item
questionnaire was distributed to the participants for estimation of consumption
frequencies and portion sizes of foods not covered in the menu book. A diet
history interview completed the dietary assessment at the second visit. The
interview contained questions about cooking methods and portion sizes for foods
registered in the menu book. The interview was shortened from 60 minutes to 45
minutes due to economical reasons in 1994. The change in interview time did not
affect the ranking of individuals (119). The data was then coded using the Swedish
Food Data Base (120).

Handling of dietary data

We used the following variables for daily nutrient intake in Paper 1, 3 and 4: total
energy (MJ), non-alcoholic energy (MJ), carbohydrates (percentage of energy
(En%)), fat (En%), protein (En%), fibre (g), calcium (mg) and folate (mg).

In Paper 1, we also used the variables fibre (g/MJ) and vitamin D (ug) for daily
nutrient intake, in Paper 3 saturated fat (g), iron (mg), and zinc (mg), and in
Paper 4 vitamin D (pg), iron (mg), and zinc (mg).

In Paper 1, the following daily intakes of foods were examined: vegetables
(g/MJ), fruits and berries (g/MJ), fibre-rich cereal products (portions of fibre-rich
bread and breakfast cereals/MJ) and red meat (g).

In Paper 3, the following daily intakes of foods were used: red meat (g),
unprocessed red meat (g) processed red meat (sausages and cured meat) (g), beef
(g), pork (g), poultry (g), fish (g), dairy products (portions of milk, yoghurt, sour
milk, cream, cheese, and ice cream), fruit and berries (g), and sugar-sweetened
beverages (g). Red meat was defined as pork, beef, lamb and game. Total red meat
included both processed and unprocessed red meat. Intakes of pork and beef were
mainly based on non-processed meat, as distinction between pork and beef was not
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possible for all processed meats based on items included in the food questionnaire.
The fish variable consisted of both processed and unprocessed fish.

In Paper 4, the following daily intakes of foods were used in the study: processed
meat (g), dairy products (portions of milk, yogurt, cream, cheese, and ice-cream),
and vegetables (g).

Portion sizes of dairy products and fiber-rich cereal products were used instead of
grams, to analyze products with different water content and usually consumed in
different weights. Standard portion sizes from the National Food Agency in
Sweden were used: milk and yoghurt (200 g/portion), cheese (20 g/portion), cream
(25 g/portion), ice cream (75 g/portion), fibre-rich soft bread (50g/portion), fibre-
rich crisp bread (30g/portion), and fibre-rich breakfast cereals (25g/portion) (121).

Energy-adjusted food variables were created by either dividing dietary-intakes by
non-alcohol energy intake (Paper 1,4) or by regressing the food intakes on non-
alcohol energy intake (Paper 3) (122).

The diet analyses were adjusted for the variables called “method version” and
“season”. Method version was used because of the altered coding routines of
dietary data introduced in September 1994 in order to shorten the interview time
(from 1 h to 45 min). This resulted in two somewhat different method versions,
before and after September 1994, but did not have any major influence on ranking
of individuals (119). The variable season was divided into spring, summer,
autumn, and winter depending on when in the year the baseline examination was
executed. Information on dietary change in the past was available, based on the
question “Have you substantially changed your eating habits because of illness or
some other reasons?” Dietary change in the past was reported by 24.3%. The
relative validity of the MDC method was evaluated in the Malmé Food study
1984-1985 in a sample of Malmo residents, 105 women and 101 men, 50-69 years
old. An 18-day weighted food record was used as the reference method, comprised
of three days every second month over a one-year period (123, 124).

Age, sex, BMI, and lifestyle and socioeconomic variables

Age and sex was obtained via the personal identification number. BMI was
calculated from measured weight and height. From the questionnaire, data on level
of education, physical activity, alcohol intake, smoking and use of NSAID or
MHT were collected. Level of education was divided into four different
categories: < 8 years; 9-10 years; 11-13 years of education; and university degree.
The participants were asked to estimate their physical activity in how many
minutes per week they spent on 17 different activities. The duration was multiplied
with an activity-specific intensity coefficient and an overall leisure-time physical
activity score was created (125). Alcohol intake, based on both the questionnaire
and the dietary history method, was divided into four categories: zero; < 15 g/d for
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women and < 20 g/d for men; 15-30 g/d for women and 20—40 g/d for men; and >
30 g/d for women and > 40 g/d for men. Smokers were divided into three
categories: current smokers, including irregular smokers; ex-smokers; and non-
smokers. Current use of MHT and regular use of NSAID were divided into non-
users and users.

Plasma insulin, blood glucose and insulin resistance

In the MDC-CC, all the blood and plasma samples were collected by a trained
nurse in the morning after 12 hours of fasting, and plasma was separated and
immediately frozen at -20°C until analysed (118). The blood samples were on
average collected eight months after the first visit. Analyses were performed
according to clinical routines at the Department of Clinical Chemistry, Malmo
Sweden. Blood glucose was analysed using a routine hexokinase method. Insulin
levels were measured in mIU/ml by a radioimmunoassay, where the lowest limit
for detection was 3 mIU/ml.

Homeostasis model assessment for insulin resistance (HOMA-IR) was calculated
with the use of a HOMA-IR calculator (126). In the analysis of HOMA-IR,
extreme values of blood glucose (< 3.5 or > 25 mmol/l) were excluded, as were
extreme values of plasma insulin (< 3 or > 57.5 mlIU/ml), thus leaving 4,451
individuals for analysis of HOMA-IR.

Cancer cases

Cancer cases were identified from the Swedish Cancer Registry. Information on
date of death was collected from the Swedish Cause-of-death Registry. In Paper
1-3, cancer cases were identified until 31 December 2010, and in Paper 4, until 31
December 2014. Until last follow-up, 4.0% of the men, and 2.8% of the women
had developed CRC, of which 590 were colon cancers (322 women), 317 were
rectal cancers (152 women), and 16 were synchronous colon- and rectal cancers (6
women), during 502,136 person-years of follow-up.

Tumour characteristics

Classification of the CRC cases used in Paper 1 was possible in 635 cases of
CRC, whereof 363 were colonic cancers and 272 rectal cancers. The classification
was performed by examining clinical- and/or pathology records. In addition, the
histopathological examination was re-evaluated by a senior pathologist. Colorectal
tumours were classified according to the TNM-system. The method used to

31



identify the tumour characteristics of CRC has been described elsewhere and the
clinicopathological characteristics did not differ between CRC tumours in the
MDC and those in the EPIC cohort (127). The cases were identified until end of
2008. Of the cancer cases where cancer-staging was possible: 113 were tumour
(T)-stage 1 and 2; 405 were T-stage 3 and 4; 292 were node-negative (NO) disease;
193 were lymph node positive (N1 and N2) disease; 451 were non-metastasis
(MO) disease; and 116 were metastatic (M1) disease.

Diabetes cases

Prevalent diabetes diagnosis was determined from self-reported diagnosis, self-
reported medication for diabetes or information from medical data registries with a
date of diagnosis before inclusion in the MDC. Incident diabetes diagnosis was
obtained either from the Regional Diabetes 2000 Register of Scania, the Malmo
HbA1C Register or the Swedish National Diabetes Register. In the MDC, 1,183
prevalent cases of diabetes and 3,245 incident cases of diabetes were identified
until end of follow-up, 31 December 2010. In all those with diabetes, 185 cases of
incident CRC were found.

Statistical methods

All statistical analyses were performed in the SPSS version 21-23 (SPSS Inc.
Chicago, I, USA). All statistical analyses were two-sided and significance was
assumed at p-value < 0.05.

The general linear model was used when examining baseline continuous
characteristics in the cases and non-cases, and adjusted for age, sex (when
appropriate), and also for season and method version for the food variables. The
chi,-test was used when examining baseline categorical characteristics in the cases
and non-cases.

Food variables were log-transformed (e-log) to normalize the distribution before
analysis. A very small amount (0.0001) was added to the food variables before
transformation to handle zero intakes (128).

Cox proportional hazard analysis was used for estimating hazard ratios (HR) for
CRC in quintiles of food intake, and quartiles of insulin, glucose, and HOMA-IR,
or Index groups. Time in the study was used as underlying time variable, defined
as time between baseline to either diagnosis, death, migration or end of follow-up
by 31 December 2010 (Paper 1-3) or 31 December 2014 (Paper 4). In the
analysis of TNM-classification, end of follow-up was until 31 December 2008
(Paper 1).
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Agreement for proportionality was tested with Kaplan-Meier curve or for
interactions between the underlying time variable and the examined covariates.
Spearman’s test for correlations was used to examine correlations between
variables.

Paper 1

HR was estimated for incident CRC, colon- and rectal cancer, and TNM-stages,
depending on energy-adjusted quintiles of fibre, vegetables, fruit and berries, and
fibre-rich cereal products. Adjustments were made for age, sex (when applicable),
season, method version, total energy intake, level of education, smoking, alcohol
intake, physical activity, BMI, and when applicable, for current use of MHT.
Additional adjustments were made for regular use of NSAID, intakes of folate, red
meat, vitamin D or calcium. Test for interactions between sex and fibre or food
component with regard to CRC incidence was performed by adding a
multiplicative variable [sex x diet quintile (treated as continuous variables)] to the
full model. In sensitivity analyses, individuals with a reported dietary change in
the past or prevalent cancer (except cervix cancer in situ) were excluded.

Paper 2

HR was estimated for incident CRC, colon cancer, and rectal cancer, depending on
quartiles of blood glucose, plasma insulin and HOMA-IR. The proportionality
assumption was tested for all the adjustment factors with a Kaplan-Maier curve
before analysis. Two models were presented: one unadjusted model, and a full
model. The full model was adjusted for the background variables indicating a
difference between the cases and the non-cases (p < 0.2), i.e. age, sex (when
appropriate), BMI, and smoking status.

A test for interaction between sex and blood glucose; plasma insulin levels; and
HOMA-IR, respectively, with regard to CRC incidence was performed by adding
a multiplicative variable (i.e. [sex X glucose quartiles (treated as continuous
variables)] to the full model. If a significant interaction was found, subgroup
analyses based on sex was performed.

In the sensitivity analysis, we excluded individuals with incident diabetes, and
apart from that we performed one additional model, the full model glucose/insulin.
The full model insulin was only used when estimating HR of incident CRC for
quartiles of blood glucose levels and was adjusted for age, sex (when applicable),
BMI, smoking status and plasma insulin. The full model glucose was only used
when estimating HR of incident CRC for quartiles of plasma insulin levels and
was adjusted for age, sex (when applicable), BMI, smoking status and blood
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glucose. In addition, we excluded individuals with CRC diagnosis within two
years of inclusion.

Paper 3

HR was estimated for incident CRC, colon cancer, and rectal cancer, depending on
quintiles of energy-adjusted food intakes (red meat, beef, pork, unprocessed red
meat, processed red meat, poultry, and fish). The energy-adjustment was made
with the residual method (122). The proportionality assumption was tested for all
the adjustment factors with a Kaplan-Maier curve before analysis. Adjustments for
age, sex (when appropriate), season, total energy intake, level of education,
smoking status, alcohol intake, physical activity, BMI, NSAID use, and when
appropriate, for current use of MHT. Additional models were constructed with
further adjustments for diabetes (prevalent and incident) or potential dietary
confounders found in previous studies (intake of: fibre; protein; saturated fat;
calcium; folate; iron; zinc; fruits and vegetables; milk products; and sugar-
sweetened beverages) (2).

Spearman’s correlation matrix was used to examine the correlation between
energy-adjusted food intakes (total red meat, beef, pork, unprocessed red meat,
processed red meat, poultry, and fish). For intakes where a correlation over 0.40
was found, additional models were constructed with mutual adjustments in the full
models.

Test for interaction between sex or BMI status (< 25 and > 25) and dietary intakes
with regard to CRC incidence was performed by adding a multiplicative variable
(e.g. [sex x diet quintile (treated as continuous variables)] to the full model.

In sensitivity analysis, we excluded individuals with a reported dietary change in
the past, all forms of prevalent cancer except cervix cancer in situ or incident and
prevalent diabetes.

Paper 4

An a priori defined dietary index for CRC, the Colorectal cancer Dietary Quality
Index (CDQI), was constructed by classifying the individuals according to intake
quintiles of processed meat, fibre, and dairy products. Points ranging from zero to
four were assigned to the different quintiles, where high points were assigned to
intake quintiles expected to be associated with decreased CRC risk, and low points
assigned to intake quintiles expected to be associated with increased CRC risk.
Finally, the index points were summed up to the CDQI, and were then divided into
four groups; low CDQI (0-3 points); medium low CDQI (4—6 points); medium
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high CDQI (7-9 points); and high CDQI (10-12 points). The four groups of the
CDQI were then used as exposure categories.

Tabel 1. Index points for the Colorectal Diet Quality Index

Values are index points in the Colorectal Diet Quality Index assigned to different quintiles of food intake, where high
index points were assigned to intakes expected to be inversely associated with risk of CRC, and low index points
assigned to intakes expected to be associated with increased risk of CRC, based on earlier studies (2).
Quintile 1= Lowest intake of food or nutrient

Quintiles 1 2 3 4 5
Processed red meat 4 3 2 1 0
Fibre 0 1 2 3 4
Dairy products 0 1 2 3 4

HR was estimated for incident CRC, colon- and rectal cancer, depending on
quintiles of energy-adjusted intakes (fibre, dairy products, and processed red
meat), and CDQI. Adjustments for age, sex (when appropriate), season, and total
energy intake, education, smoking status, alcohol intake, physical activity, BMI,
NSAID-use, and when appropriate, for current use of MHT, were made. To test if
the proportional hazard assumptions held, we tested interactions between the
underlying time variable and examined covariates.

Test for interaction between sex and intakes of fibre, dairy products and processed
meat and CDQI groups with regard to CRC incidence was performed by adding a
multiplicative variable, e.g. [sex x CDQI group (treated as continuous variables)].
Exclusion of individuals with a reported dietary change in the past was performed
as sensitivity analysis.
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Main results

Paper 1

High fibre intake was associated with lower incidence of CRC (HR: 0.72 for
highest compared with lowest quintile; 95% CI: 0.55, 0.94; p for trend = 0.026).
Of the foods high in fibre, vegetable intake was associated with lower incidence of
CRC (HR: 0.83 for highest compared with lowest quintile; 95% CI: 0.64, 1.07; p
for trend = 0.048).

In separate analyses depending on tumour location, we observed a borderline
interaction between sex and fibre intake (p = 0.052) and found that high fibre
intake was inversely associated with incidence of colon cancer in women (HR:
0.51 for highest compared with lowest quintile; 95% CI: 0.31, 0.75; p for trend =
0.013), but not in men (p for trend = 0.69). In addition, women with high intake of
fruits and berries had a significantly decreased risk of colon cancer (HR: 0.62 for
highest compared with lowest quintile; 95% CI: 0.37, 0.98; p for trend = 0.022).
No tendency of protective association was seen in men (p for trend = 0.72), even
though the interaction between intake of fruits and berries and sex did not reach
significance (p = 0.16).

When analysing intakes of fibre and fibre-rich foods and rectal cancer, no
significant associations were seen in any of the sexes. However, we detected a
significant interaction between vegetable intake and sex on rectal cancer (p =
0.039), and the risk of developing rectal cancer tended to increase with higher
vegetable intake in women (HR: 2.22 for highest compared with lowest quintile;
95% CI: 1.07, 4.61; p for trend = 0.06). In contrast, a tendency of protective
association between high vegetable intake and rectal cancer was seen in men (p for
trend = 0.14). We also observed a significant interaction between fibre intake and
sex on rectal cancer (p = 0.048), but although the associations in men and women
seemed to reflect those for vegetable intake, the tendencies for fibre intake was
less clear (p-values for trend > 0.26).

Intake of fibre-rich cereal products was significantly associated with lower risk for
N-stage 0 (p for trend = 0.015) and for MO (p for trend = 0.046), but we did not
observe any tendencies of associations with N-stage 1 and 2 or M-stage 1. When
analysing women and men separately, the tendencies of different associations with
intake of fibre-rich cereal products depending on N- and M-stage was mainly seen
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in men, and the association between fibre-rich cereal products and stage NO was
significant for men (HR: 0.64 for highest quintile compared with lowest; 95% CI:
0.37; p for trend = 0.024). No other significant associations with tumours
classified according to the TNM-system were found.

Paper 2

High blood glucose levels were associated with CRC, and we observed a
significant interaction with sex (p = 0.013). We found an association between high
blood glucose levels and CRC in men (HR: 2.80 for highest compared with lowest
quintile; 95% CI: 1.37, 5.70; p for trend = 0.001), but not in women (HR: 1.02 for
highest compared with lowest quintile; 95% CI: 0.53, 1.95; p for trend = 0.74). We
did not find any association between plasma insulin or HOMA-IR and CRC.

Table 2. Hazard ratio (HR) of incident colorectal- and colon cancer associated with blood glucose for men and
women in the Malmo Diet and Cancer Study cardiovascular cohort.

Full model: Calculated with the Cox proportional hazard regression model. Adjusted for age (quartiles of age), BMI (<
25 kg/m2, > 25 kg/m2), and smoking (current, ex or never).

Values are quartile ranges, hazard ratios (HR), and 95% confidence intervals (Cl).

Colorectal cancer Colon cancer
Full model Full model
Quartiles of glucose ~ Min-max Cases/ HR Cl Cases/ HR Cl
(mlun) person- person-

years years
Men
1 3.3-4.5 5/4400 1.00 2/4358 1.00
2 4.6-4.8 10/7276 1.25 0.55,2.85  4/7216 1.95 0.57,6.70
3 4.9-5.2 16/9835 2.03 0.95,4.32  9/9767 2.08 0.60, 7.17
4 5.3-16.8 40/10853 2.80 1.37,5.70  22/19679 4.23 1.46, 13.44
p for trend 0.001 0.002
Women
1 3.4-45 20/13981 1.00 12/13888 1.00
2 4.6-4.8 20/14048 1.21 0.62,2.34  9/13977 0.73 0.27, 1.96
3 4.9-5.2 18/12553 0.82 0.44,1.55  13/12510 0.96 0.45,2.09
4 5.3-12.2 16/8834 1.02 0.53,1.95  10/8797 1.01 0.44,2.34
p for trend 0.739 0.878

Paper 3

In the full multivariate model, beef intake was inversely associated with risk for
CRC in women (HR: 0.65 for highest compared with lowest quintile; 95% CI:
0.45, 0.95; p for trend = 0.046), but not in men, and a borderline interaction
between sex and beef intake was seen (p = 0.07). High pork intake was associated
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with increased incidence for CRC (HR: 1.39 for highest compared with lowest
quintile; 95% CI: 1.09, 1.78; p for trend = 0.023). The association was only
significant in women (HR: 1.54 for highest compared with lowest quintile; 95%
CIL: 1.12, 2.15; p for trend = 0.003), but no significant interaction with sex was
seen (p = 0.157). We found that higher intake of processed red meat was
significantly associated with increased risk for CRC in men (HR: 1.23 for highest
compared with lowest quintile; 95% CI: 0.87, 1.73; p for trend = 0.023), but not in
women, and a borderline interaction was seen (p = 0.062).

High intake of beef was inversely associated with risk of colon cancer (HR: 0.60
for highest compared with lowest quintile; 95% CI: 0.44, 0.82; p for trend =
0.009). The inverse association was significant in women (HR: 0.60 for highest
compared with lowest quintile; 95% CI: 0.37, 0.96; p for trend = 0.049), and a
similar tendency was seen in men (p for trend = 0.069). High intake of pork was
associated with increased risk of colon cancer (HR: 1.41 for highest compared
with lowest quintile; 95% CI: 1.04, 1.90; p for trend = 0.021). We observed a
borderline significant association between high intake of processed meat and
increased risk of colon cancer in men (HR: 1.23 for highest compared with lowest
quintile; 95% CI: 0.80, 1.90; p for trend = 0.053), but no significant interaction
with sex was seen (p = 0.127).

High intake of beef was associated with increased risk of rectal cancer in men
(HR: 1.82 for highest compared with lowest quintile; 95% CI: 1.02, 3.25, p for
trend = 0.028), but not in women, and a significant interaction was seen between
beef intake and sex (p = 0.025). High intake of fish was inversely associated with
risk of rectal cancer in all (HR: 0.59 for highest compared with lowest quintile;
95% CI: 0.38, 0.92, p for trend = 0.025), and the association did not differ
depending on sex (p for interaction = 0.597).

No significant interactions were found between the different types of meat intakes
and BMI status (< 25 or > 25) on CRC.

Paper 4

No significant interactions were found between the different types of meat intakes
and BMI status (< 25 or > 25) on CRC In the full multivariate model, a high CDQI
was associated with decreased risk of CRC (HR: 0.57 for highest compared with
lowest quintile; 95% CI: 0.43, 0.75; p for trend < 0.001). Similar findings were
seen for colon- and rectal cancer (HR: 0.58 for highest compared with lowest
quintile; 95% CI: 0.41, 0.83; p for trend = 0.003 and HR: 0.58 for highest
compared with lowest quintile; 95% CI: 0.36, 0.94; p for trend = 0.018,
respectively). No significant interaction between sex and the CDQI was seen, and
the risk only slightly differed between women and men, when analysed separately.
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High intake of dairy products was associated with decreased risk of CRC (HR:
0.77 for highest compared with lowest quintile; 95% CI: 0.62, 0.96; p for trend =
0.008), colon cancer (HR: 0.81 for highest compared with lowest quintile; 95% CI:
0.61, 1.06; p for trend = 0.042), and rectal cancer (HR: 0.66 for highest compared
with lowest quintile; 95% CI: 0.46, 0.94; p for trend = 0.019).

High intake of fibre was inversely associated with risk of CRC (HR: 0.77 for
highest compared with lowest quintile; 95% CI: 0.61, 0.98; p for trend = 0.043).
No significant association was seen between fibre intake and colon cancer or rectal
cancer, although the risk estimates were similar to those in CRC.

High intakes of processed meat was associated with increased risk of CRC (HR:
1.31 for highest compared with lowest quintile; 95% CI: 1.05, 1.63; p for trend =
0.012). A borderline significant association was seen between processed meat and
colon cancer (HR: 1.36 for highest compared with lowest quintile; 95% CI: 1.03,
1.78; p for trend = 0.06), as well as with rectal cancer (HR: 1.29 for highest
compared with lowest quintile; 95% CI: 0.87, 1.83; p for trend = 0.05).

No significant interaction was seen between sex and dietary intake on CRC (p =
0.20-0.37) or rectal cancer (p = 0.91-0.95), but there was a tendency towards
interaction between sex and fibre intake on colon cancer (p = 0.08). An inverse
association between fibre intake and risk of colon cancer was seen in women (HR:
0.56 for highest compared with lowest quintile; 95% CI: 0.38, 0.82; p for trend =
0.007), but not in men (HR: 0.98 for highest compared with lowest quintile; 95%
CI: 0.61, 1.57; p for trend = 0.66).
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General discussion

Main findings and interpretation

Fibre intake and colorectal cancer

In Paper 1, we studied intake of fibre, and fibre sources, in relation to incident
CRC. We found that fibre intake was inversely associated with risk of CRC, as
well as some of the fibre sources, as fruit and berry intake in women regarding
colon cancer. In Paper 4, we studied intake of fibre again, but with prolonged
follow-up time and 195 more cases of CRC. In Paper 4, compared with Paper 1,
we found that the association between fibre intake and CRC still remained, and
that the association between fibre intake and colon cancer in women were now
even more pronounced.

In line with our findings several studies have found an association between fibre
and CRC, and it can therefore be hypothesised that the association between fibre
and CRC reflects a true association. Although, if the association really differs by
sex, still needs to be replicated in more studies. However, as before mentioned,
there might be different factors behind CRC development in women and men, and
the differences in results may for example depend on different bowel transit-time
in women and men. Women have a longer bowel transit-time (34), and may
therefore potentially have a greater benefit from increase in fibre intake. Women
might also benefit more from a higher fibre intake because of their decrease in
oestrogen after menopause, whereas men have a later hormonal decrease, and
might therefore not benefit as much. Oestrogen may strengthen the tight junctions
in the epithelial barrier (129). When oestrogen levels decrease, increased
permeability can occur (130), with increased translocation of carcinogenic
compounds. Fibre, together with other anti-carcinogenic compounds found in
fibre-rich foods, may counteract the effect of lower oestrogen levels.

Only individuals in the highest quintile had a reported fibre intake at or above the
recommended intake of 3g/MJ in Sweden (131). When comparing the study
population’s intake with a large study on dietary intake in Sweden, the intake of
vegetables and fruit has increased over the years, with a 30% increase for women
and 15% increase for men between 1989 and 2011. Still, only one third of the
population has a fibre intake above recommended intake, and the average intake is
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20 gram fibre/day (91). This could also be an explanation to why the associations
between men and women differ, if hypothesised that the increase in women
represents an even greater intake of fibre mostly in women already eating a larger
amount of fibre at the MDC baseline.

Fibre has many potentially anti-carcinogenic effects, in addition to the decrease in
bowel transit-time. Increase in stool output, stool frequencies and dilution of faecal
output are some of them, together with reduction of potential toxins and bile acids,
increased fermentation in the bowel, and not least the increase of the production of
SCFAs (132, 133), adding to the evidence of the inverse association between fibre
intake and CRC.

It has also been found that wholegrain, which could be considered comparable to
fibre-rich cereals, is associated with decreased risk of CRC (2). In Paper 1, we
also studied intake of fibre, and its sources, in relation to classification of CRC.
We found that intake of fibre-rich cereals was associated with decreased risk for
stage MO and NO. This indicates that when excluding more advanced cases of
CRC, an association between intake of fibre-rich cereals and CRC might be
present in the MDC as well. Intake of fibre-rich cereals is higher in Sweden (134),
than in for example USA (135). Higher intakes may indicate that more individuals
reach the threshold for when a potential anti-carcinogenic effect occur, making it
difficult to compare groups with different intakes. As there is a shortfall of other
prospective studies examining the association between fibre intake and tumour
classification, further research is warranted.

Fruit and berry intake was inversely associated with colon cancer in women
(Paper 1). The decreased risk of CRC associated with fruit and berries intake may
in general be explained by their content of cytoprotectants, such as phenolic
compounds. Phenolic compounds can protect against DNA damage repair, cell
proliferation and differentiation, avoidance of apoptosis, mutations, invasion and
forming of metastasis (136). The difference between women and men may reflect
the relatively low intake of fruits and berries in men compared with women. In
Sweden, the intake of fruit and berries is relatively low compared with other
countries. This was for example found in the European Prospective Investigation
into Cancer and Nutrition study (137).

In Paper 1, we found that high intake of vegetables was associated with decreased
risk of CRC, but we also found a discrepancy in that high intake of vegetables
tended to be associated with increased risk of rectal cancer in women, but tended
to be associated with decreased risk for rectal cancer in men. The association
between intake of vegetables and CRC were no longer present, both when
excluding individuals with prevalent cancer and when excluding individuals with
dietary change in the past. This might indicate that the intake of vegetables was a
temporary effect of other diseases and an unstable intake of vegetables over time.
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Meat intake and colorectal cancer

In Paper 3, we found that high intakes of pork and processed meat were
associated with increased risk of CRC. We also found that the association for
processed meat was more pronounced in men. Although in Paper 4, with a longer
follow-up time and more cases added, the interaction with sex seen in intake of
processed meat found in Paper 3 did not remain. In Paper 3, we found a
discrepancy in that high intake of beef was associated with decreased risk of colon
cancer, but also with increased risk of rectal cancer in men. Most studies have
found that high intake of red meat is associated with CRC (2), but as there might
be differences in meat production between countries, such as use of growth
hormones and antibiotics, associations between meat intake and CRC might not be
entirely comparable between countries. Traditionally, there are also high intakes of
pork in the southernmost region of Sweden, compared with other regions in
Sweden. This may affect the results, as the intake of beef may be eaten more
sporadically making it more difficult for the individuals to report a correct intake.
Even if our findings indicate an association between meat intake and risk of
developing CRC, and that the association differs depending on the type of meat,
one must take the intake levels in the MDC cohort into consideration, and
speculate on what the different intakes are representing. That beef, in our study, is
protecting against colon cancer in women, might indicate a rather small intake
level and that it was not large enough to give a negative effect, or just gave a
positive effect by for example increasing levels of iron and other nutrients. Beef
intake might also be a marker of a higher socioeconomic status, as beef is more
expensive than for example pork, or a marker of more healthy food choices. That
intake of pork and processed meat are associated with CRC is more in line with
observations in several studies and suggested underlying mechanisms (2).

The difference on risk for colon and rectal cancer can be explained by different
physiology throughout the colon and the rectum (12), and that the possible
carcinogenic properties in food and mechanisms initiated by food have different
time to affect. Meat, which mostly is absorbed in the small intestine, affects other
systems in the digestion, such as the secretion of bile acids, which in turn can
affect the development of cancer.

Similar to pork, the fish intake has been traditionally high in the southernmost
region of Sweden and the fish intake seems to have been consistent over the years
in Sweden (91). In Paper 3, we found that high intake of fish was inversely
associated with rectal cancer. This has been found in other studies (100), giving
our result a confirmative role. Particularly as fish contains nutrients that might
have anti-carcinogenic properties, it confirms the result further. Fatty fish contains
vitamin D in abundance, as well as omega-3 fatty acids, both of which have been
found to have anti-carcinogenic and anti-inflammatory properties (101, 102).
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Intake of dairy products and colorectal cancer

Dairy products contain many vital nutrients and may be associated with decreased
risk of CRC because of many factors. The most discussed factors are the dairy
products contents of calcium and vitamin D. Both calcium and vitamin D have
been associated with decreased risk of CRC (2). Calcium may bind to bile acids
and ionised fatty acids in the lumen of the colon, through which it increases cell
differentiation and induces apoptosis (86, 87). Vitamin D has been proposed to be
both growth-inhibitory and antiproliferative (101). As both calcium and vitamin D
are present in dairy products, they might work together to decrease the risk of
CRC.

Dairy products were found to be inversely associated with CRC, irrespective of
fat-content (138), which is comparable with our results on dairy products in Paper
4. In our study, all types of dairy products were included in the analysis, and there
was a strong inverse association with CRC.

High intake of dairy products has been seen to be associated with higher nutrient
density, as well as lower energy density (139). It has also been found to be
inversely associated with obesity (140). High intake of milk has been found to be
associated with overall healthier lifestyle choices and better socioeconomic status
(141), or lower alcohol intake (142). Therefore, a high intake of milk might also
reflect other factors involved in development of CRC. In Paper 4, we adjusted for
socioeconomic status and leisure time physical activity, but cannot rule out
residual confounding.

The Colorectal cancer Dietary Quality Index

In Paper 4, we found that high CDQI was inversely associated with CRC.
Previous studies examining the association between an overall healthy lifestyle,
which included dietary recommendations from WCRF, and CRC have found an
association between overall healthy lifestyle and CRC (143, 144). CDQI is a more
disease-specific index, than other indexes examining the association between food
intake and CRC. CDQI may contribute to the understanding of the complex
association between foods, and possibly even to better understand the underlying
mechanisms, as it is does not include as many components as in most other
indexes.

Even though other studies have investigated the association between the WCREF’s
conclusions regarding lifestyle factors including diet and CRC, and found an
inverse association, we chose to focus on foods which already have shown an
association with CRC.

It is important to examine the combined effect of foods, since we do not eat a
single food, but several together. Different foods may also interact with each other.
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The CDQI indicated a much stronger risk, than any of the included components. It
is further important to analyse all the included components of an index, to rule out
that the association are not solely dependent on the component’s correlation to
each other (103, 104). Since intake of fibre, processed meat and dairy products all
have shown to be associated with CRC, and very likely represent casual
associations (2), they are valid components to insert into an index when examining
associations with CRC. Since intake of processed red meat is strongly associated
with intake of red meat, we chose to only include processed red meat in the
analysis, although WCRF has concluded that there is strong evidence for an
association between high intake of red meat and CRC (2).

Overweight, meat intake and colorectal cancer

In Paper 3, we found that presence of overweight did not affect the associations
between different intakes of meat. Overweight is a strong risk factor in the
aetiology of CRC (40), and presence of overweight might more be associated with
an overall high intake of food and low physical activity, than with intake of a
specific nutrient or food. Obesity is also a strong risk factor for type 2 diabetes
(145), and in Paper 2, we found that high blood glucose level was associated with
CRC, especially in men. In the MDC cohort, the cases, compared with the non-
cases, had a higher BMI and a wider waist, and they also more frequently
developed type 2 diabetes. The question still remains if obesity is a factor that
causes CRC, mainly via the rise in glucose levels that often occur in obesity, or
whether other factors involved in obesity mediates observed associations between
obesity and CRC.

Hyperglycaemia, hyperinsulinemia, and insulin resistance and
colorectal cancer

As other studies have found similar results (146) as we in Paper 2, between high
blood glucose levels and risk of CRC, especially in men, it strengthens our
conclusion that there is an association between high blood glucose levels and
CRC. There also seems to be a causal effect, as glucose is an important part of the
cancer tumour’s energy utilisation. Hyperglycaemia in itself is causing
inflammation, which in turn causes ROS and induces oxidative stress (66). An
association solely in men and not in women might be explained by the difference
in glucose metabolism (35).

Even though, we did not find a significant association between high plasma insulin
levels and CRC, the risk estimates indicate a risk increase with higher plasma
insulin levels, and there are plausible mechanisms that point towards an
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association. Insulin has been found to be involved in the stimulation of the cell’s
proliferation via binding to the IGF-receptors (147). This in turn will raise the
levels of circulating IGF-1, which has been found to increase the risk for CRC
(148). Other studies have found an association between insulin resistance and
CRC, but it has mostly been case-control studies (146).

Insulin resistance is affecting the metabolic pathways for the cell, and over-
stimulates the pathway which induces cell mitosis and proliferation (64). In type 2
diabetes, the insulin production from pancreas increases to compensate for high
blood glucose and insulin levels. The increased insulin levels are speculated to
increase the epithelial cells activity, and thereby their transformation into EMT
(149).

In our study, we found that more of the CRC-cases than the non-cases developed
diabetes during follow-up, but also had a larger waist circumference. The question
still remains whether it is the different components in the metabolic syndrome that
causes CRC, or if it is the same mechanisms behind both diseases.

It has also been found that use of Metformin, an anti-diabetic medicine, is
associated with decreased risk of CRC (150). Metformin reduces insulin resistance
and improves glycaemic control. Unfortunately, we did not have access to
information on use of Metformin. It would have been valuable to compare the
results after excluding of Metformin users, with the sensitivity analysis excluding
incident diabetes.

In Paper 3, we applied the knowledge that diabetes is a risk factor in CRC, and
performed sensitivity analysis where we excluded individuals with diabetes. It did
not affect the results to any major extent, except for that the association between
intake of processed meat and CRC in men did not remain significant.

Methodological considerations

Epidemiological observational studies on diet and disease are subject to several
potential errors, such as reverse causation, confounding, and selection error. As
randomisation to different exposures seldom is performed, it is difficult to
investigate if the association reflects a causal association. One has to consider
whether the association is a causal association or made by chance, error or
confounding. It is therefore important to review all these options in explaining the
association. Causality in epidemiological studies is hard to determine and is a
question of judgement based on consistency of results from several
epidemiological studies, the strength of association (151), and whether the results
from studies on mechanistic levels are consistent with results in epidemiological
studies. Choosing the right method of assessing diet is important, as it is key to
minimize measurement error. Even though the diet assessment method in the
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MDC shows high relative validity and reproducibility, no assessment method is
without fault. As there is no golden standard in dietary assessment, the assessment
method chosen may have the same errors as the reference method (152, 153). In
dietary assessment, the same foods can contribute with different substances that
may have positive as well as negative health effects, making it even more difficult
to find the causal effect. Health effects can also differ in different populations
depending on sex, age and nutritional status. As the exposure in observational
studies often is measured only once, the assessment of the exposure is limited.

The MDC study was initiated to evaluate intakes of different foods and their effect
on diseases such as cancer. The dietary data is of high relative validity (119, 124),
and since it is a large population-based prospective study, we should have been
able to minimize selection error and reverse causation. We also had extensive
information on potential confounding factors and were able to exclude individuals
who reported dietary changes in the past.

Misclassification and measurement error

Misclassification of outcome could occur since CRC takes a long time to develop.
In the TNM-classification, misclassification also might occur due to patient’s
delay, since the time for the diagnosis can affect the outcome of the classification,
without knowing about the length of tumour growth. However, we are not aware
of any previous study taking TNM-classification into consideration when
examining associations between fibre intake and CRC, as we have done in Paper
1.

A selection of population towards a more health conscious population in the MDC
than in the source population might have occurred since cancer incidence was
higher before baseline examinations in participants in MDC compared with non-
participants (154). This might imply that the results cannot be generalised to the
source population. As seasonal variation in food intake occur, season is important
to take into account when assessing dietary intake (155), to minimise the risk of
measurement error.

As the MDC only measured the dietary intake once, one might speculate that the
dietary habits might change over time. But as the average age at inclusion of the
participants in MDC was 57 years, one might also speculate that the dietary habits
were well established. It has been shown that repeated dietary measurements only
have a minor influence on observed associations (156). In the MDC, it was
possible to single out those who have previously been changing their dietary habits
and it was more common to answer yes on the question “Have you substantially
changed your food habits in the past due to illness or other reason?” if you were
obese (157). In MDC, the individuals with dietary change in the past had most
often changed their food habits because of the metabolic syndrome. In addition,
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they had higher intakes of several foods considered healthy, than the ones who did
not report a dietary change in the past (158). As we performed sensitivity analysis
where we excluded individuals with dietary changes in the past, this could
decrease error.

Obesity has been found to be associated with under-reporting of energy intake in
previous research (159). In MDC, it was more common to be an under-reporter of
energy intake if you were obese, than non-obese (157). Under-reporting of energy
was defined as having a ratio of energy intake to basal metabolic rate below the
95% confidence interval limits of the calculated physical activity level (160).
Misreporting of dietary intake may be affected by what is socially acceptable and
can differ depending on sex, education level and awareness of health promotion
messages (161). Almost 18% of the women and 12% of the men were classified as
under-reporters of energy intake, whereas 2.8% of the women and 3.5% of the
men were classified as over-reporters of their energy intake (160).

The Swedish cancer registry is considered to be a reliable registry when it comes
to completeness and correctness (162, 163), and the risk of misclassification can
therefore be considered as rather low.

We were able to include more cancer cases in Paper 4 compared with, Paper 1
and 3, and this confirmed the results of previous analyses of fibre intake and
intake of processed red meat regarding CRC. The results indicated an even clearer
association. In addition, no differences were seen with sex when analysing
processed meat in Paper 4.

Energy adjustment

As measurement errors are common in dietary assessment, energy adjustment is
important to minimise the effect of measurement errors associated with reported
dietary intake (164, 165), as total energy intake is positively associated with most
nutrients, and as errors tend to be correlated. In addition, absolute intakes are often
determined by body size and physical activity. Body size and physical activity
may therefore influence the association between food intake and disease, and
energy intake may confound an association between food and disease (122). In
Paper 1 and 4, we addressed this by dividing the food variables with non-
alcoholic energy intake and by adding total energy intake to the multivariable
statistical model. In Paper 3, we addressed this by the residual method (122). The
fact that misreporting of energy was found in approximately 20% of the women
and 15% of the men in the MDC cohort (160), highlights the importance of
energy-adjustment, thus minimizing measurement errors by examining relative
intakes.

48



Confounding and correlated intakes

Confounding occurs when other factors, than the examined exposure contribute to
the outcome. Confounding therefore creates an uncertainty about whether it was
the exposure or the confounder which caused the outcome (166). A confounder is
associated with both the disease and the exposure, and it is not an effect of the
exposure. To handle confounding, one can either use: 1) randomisation, which is a
very costly method to use in large epidemiological studies examining dietary
exposures; 2) restriction, where you exclude individuals with the confounding
factor; 3) matching; or 4) inclusion of the confounder in the statistical model.

It is of importance to adjust for confounding factors in order to avoid error. It has
been proposed that there should be at least ten cases per variable adjusted within
the model (167, 168), or the model will be influenced largely by random error.
Food intake correlates with energy intake, body composition and physical activity.
Intake of different foods may also correlate with each other, and may in analysis
create multicollinearity (169). The correlation between the food variables included
in the multivariable analysis was examined in this thesis, and correlations between
food intakes were found. In Paper 1 and 3, we addressed this problem by
adjusting for intakes that were highly correlated with each other. In Paper 2, we
adjusted for blood glucose levels and plasma insulin levels in their respective
analysis, as glucose and insulin levels also correlate to each other.

In Paper 4, we examined the combined intake of three food components that have
shown to be associated with CRC. This was partly because it can be difficult to see
the significance of a single food or nutrient intake on disease development, as food
intakes may be correlated and different foods or nutrients may interact.

Residual confounding

Residual confounding is an expression for all the confounding caused by
unmeasured confounders, or confounders used in the model but measured
inaccurately (166). As information was missing on some known risk factors for
CRC in our studies, which could affect both intake and risk of CRC, as for
example IBD and family history of CRC (40), we cannot exclude that residual
confounding has occurred, even if adjustments for possible confounders and
known available risk factors were made. It is also important that the confounding
variable is not affected by measurement errors, which are common in all type of
self-reported data. In MDC, the variable physical activity, which is self-reported,
might for example harbour measurement errors and affect observed estimates.
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Generalisability

Generalisability may be a problem, as only 41% of the eligible population
participated (170). However, the participation rate of the MDC is similar or higher
compared with other large-scale population-based studies (171), and regarding the
generalisability of our results, the sociodemographic structure, weight distribution,
and smoking habits were similar among participants in the MDSC and participants
in a health survey in Malmd with a higher participation rate (75%) (171).
Moreover, although the cancer incidence was somewhat higher among the non-
participants, 2.6% of the participants in the MDC developed CRC during the first
15 years of follow-up (154), which is comparable with previously published data
from other cohorts (172). Selection error might have occurred. However, internal
and relative comparisons give a lesser risk for selection errors, but internal
comparison decrease the chance for generalisability.

We cannot rule out detection errors in the study. Individuals with co-morbidity,
such as diabetes or high blood pressure, and who eat a certain diet may be more
prone to seek care. Their tumour may in that way be discovered sooner, giving the
individual ostensibly higher risk. That may also cause some of the differences
between men and women, when it comes to seeking health care and giving them a
later or earlier diagnosis. Women seem to be more inclined to participate in studies
and to contact the health care earlier in the disease process (173).

Power

In the research program of MDC, power calculations have concluded that
sufficient power (80% and o = 0.05) was reached after inclusion of 283 cases of
cancer, provided a validation coefficient of 0.6 and a “true” risk gradient from 1-3
over quintiles of nutrients. Power may be a problem in some of the stratified
analyses, and it cannot be excluded that the analyses of for example some of the
stages in the TNM-classification were underpowered due to fewer cases. New
studies in larger populations are needed. It would for example be interesting to
replicate the borderline association between fibre intake and risk of T-stage 3 and
4. Information on distal and proximal CRC was available in Paper 4, but only
until 31 December 2008, and was therefore deemed to contribute too few cases for
enough power, as we in Paper 4 had access to cases until 31th December 2014. It
would have been valuable to have information about distal and proximal CRC for
all cancer cases, since the colon’s physiology changes from distal to proximal
colon.
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Conclusions

In this population of inhabitants in Malmd, we found different preconditions for
associations between food intake and CRC, dependent on sex, meat subtype, fibre
source, and the location of the tumour, but not for presence of overweight and
diabetes.

We also found that high fibre intake was associated with lower risk for CRC,
especially with lower risk for colon cancer in women, and that high intake of fruits
and berries was associated with lower risk of CRC in women. Regarding meat
intake, we found that high intakes of pork, as well as processed meat, were
associated with increased risk of CRC. We also found that high intake of dairy
products was inversely associated with CRC. In addition, we found that high
fasting blood glucose was associated with higher risk of CRC, especially with
colon cancer in men.

Finally, we found that high adherence to a predefined CRC-specific diet quality
index, based on WCREF’s conclusions regarding diet, was inversely associated with
risk of CRC, and gave a stronger association with CRC, than when analysing the
components of the CDQI individually.
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Clinical and future perspectives

The interest in foods’ ability to cure or to prevent a disease has exploded the last
decade among the public, as well as the will to choose foods based on beliefs and
not science. The need to clarify the association between food and disease is
therefore growing. As not all people react equally on all food intakes, it is
important to find the persons most in need of change, and create the possibility to
tailor their advice on how to increase their chances of a healthier lifestyle. As the
public’s knowledge mostly comes from non-scientific sources, and the knowledge
of basic nutrition often is low, it is important to consider how you convey the
result from your research. It is also important not to base your knowledge on a
single study, but letting it guide you to the next one.

A change of dietary habits is not always possible, and a national screening for
CRC in Sweden is getting closer. Even though this would probably decrease the
incidence of CRC, it is still important to prevent CRC from ever arising. As the
incidence of CRC is slowly increasing, together with other lifestyle-related
diseases, the importance of a change in dietary habits is more crucial than ever
before.

CRC is a disease that develops under a long period of time, and the prospective
cohort study contributes with a large amount of knowledge, but there are many
challenges in conducting well-designed prospective cohort studies. As diet is a
highly complex exposure, which often is self-reported, there will always be
difficulties to determine the effect on disease. Hopefully in the future, a more
precise method to measure diet will be possible, together with reliable biomarkers
for dietary intake. It would be interesting to repeat the analysis with total possible
follow-up time, and to repeat the analysis taking into account the effect of survival
bias.

This thesis has contributed with knowledge indicating that associations between
foods and CRC are not straightforward. Further research in the field is needed to
find the subgroups most in need of change in dietary habits and to continue study
the links between diet and cancer. Further research connecting diet to type of
cancer pathway, facilitating the choices in dietary advice, would take the primary
care of CRC a step further. Clinical research on lifestyle changes in targeted
groups, in combination with the knowledge of the epigenetic changes that occur
within the cancer, might be the future.
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Populdrvetenskaplig sammanfattning

(Summary in Swedish)

Kolorektalcancer kallas pa svenska dven tjock- och dndtarmscancer. Det &dr en av
vara vanligaste former av cancer, och utvecklas under flera ar. Var livsstil
paverkar risken for att utveckla kolorektalcancer, ddr maten &r en viktig del, men
dven tillstdnd som diabetes och fetma.

I den hir avhandlingen undersdktes samband mellan matintag, blodsocker, insulin
och insulinets effektivitet i kroppen, s.k. insulinresistens, och kolorektalcancer. Vi
undersokte dven vad som kunde paverka sambanden, som t.ex. kdn, var i tarmen
cancern uppstar, och om 6vervikt spelar roll.

For att utfora studierna har vi anvint oss av data fran en stor befolkningsstudie
som utfordes pa 1990-talet, Malmo Kost Cancer (MKC). I MKC samlades data in
om deltagarnas matintag, deras fysiska aktivitet och socioekonomiska status.
Utover det mattes dven vikt och langd. Totalt fullféljde 28 098 individer alla
undersokningarna. En mindre del av undersokningsgruppen, ca 6 000 individer,
fick genomga ytterligare undersdkningar. Bland annat togs blodprov for att méta
blodsocker och plasmainsulin.

Efter att deltagarna medverkat i de inledande undersokningarna, foljdes de under
flera ar via det svenska cancerregistret for att se om de utvecklat kolorektalcancer.
Efter knappt 20 &r hade 923 av deltagarna i studien utvecklat kolorektalcancer.
Nér vi jamforde matvanorna hos de som utvecklat kolorektalcancer, med
matvanorna hos de som inte utvecklat kolorektalcancer, fann vi att fiber var
kopplat till minskad risk for att utveckla kolorektalcancer, framfor allt vad géller
kvinnor och risken att utveckla tjocktarmscancer. Hogt intag av flaskkott var
kopplat till 6kad risk for kolorektalcancer och dessutom verkade mén som at
mycket charkuterier ha en 6kad risk. Vi fann dven en koppling mellan hogt intag
av mjolkprodukter och minskad risk for kolorektalcancer.

Slutligen fann vi att de som &dter mycket fiber och mjolkprodukter, samtidigt som
de éter lite charkuterier har en minskad risk att utveckla kolorektalcancer. Vi sag
att sambandet var starkare ndr alla tre kostfaktorerna slogs ihop, dn sambandet
mellan de enskilda ingdende kostfaktorerna och kolorektalcancer. Vi sdg dven ett
fortsatt samband mellan fiberintag och minskad risk for kolorektalcancer och att
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sambandet mellan intag av charkuterier och &6kad risk for kolorektalcancer
forstérktes, ndr vi hade en langre uppfoljningstid och fler cancerfall.

Nér vi jdmforde blodsockervirdena hos de som utvecklat kolorektalcancer, med
blodsockerviardena hos de som inte utvecklat kolorektalcancer, fann vi att hoga
blodsockerviarden hos mén &ar kopplat till en hogre risk att utveckla
kolorektalcancer.

Slutsats

I denna befolkningsgrupp fann vi olika fOrutsittningar for samband mellan
matintag och kolorektalcancer, som var beroende pa kon, hur intagsmonstret for
livsmedel och ndringsdmnen sag ut och var i tarmen cancern uppstod. Vi sag dven
att hoga intag av fiber och mjolkprodukter verkade skydda mot kolorektalcancer,
och att hoga intag av charkuterier, hoga intag av flaskkott och hoga
blodsockervirden kunde kopplas till 6kad risk for kolorektalcancer.
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Abstract

Studies on fibre intake and incident colorectal cancer (CRC) indicate inverse associations. Differences by tumour stage have not been
examined. We examined associations between fibre intake and its sources, and incidental CRC. Separate analyses were carried out on the
basis of sex, tumour location and the Tumour, Node, Metastasis (TNM) classification. The Malmé Diet and Cancer Study is a population-based
cohort study, including individuals aged 45-74 years. Dietary data were collected through a modified diet history method. The TNM
classification was obtained from pathology/clinical records and re-evaluated. Among 27 931 individuals (60 % women), we found 728 incident
CRC cases during 428 924 person-years of follow-up. Fibre intake was inversely associated with CRC risk (Pyena=0-026). Concerning colon
cancer, we observed borderline interaction between fibre intake and sex (P=0-052) and significant protective association restricted to women
(Pyena=0-013). Intake of fruits and berries was inversely associated with colon cancer in women (Pyenq = 0-022). We also observed significant
interactions between intakes of fibre (P=0-048) and vegetables (P=0-039) and sex on rectal cancer, but no significant associations were seen
between intake of fibre, or its sources, in either of the sexes. Except for inverse associations between intake of fibre-rich cereal products and
NO- and MO-tumours, we did not observe significant associations with different TNM stages. Our findings suggest different associations
between fibre intake and CRC depending on sex, tumour site and fibre source. High fibre intake, especially from fruits and berries, may, above
all, prevent tumour development in the colon in women. No clear differences by TNM classification were detected.

Key words: Colorectal cancer: Fibre: Sex: Tumour, Node, Metastasis classification: Malmé Diet and Cancer Study

Colorectal cancer (CRC) is estimated to be one of the most
common forms of cancer in the western world?. In Sweden, it
is the fourth most common form of cancer and constitutes >7 %
of the cancer cases®. The results from epidemiological studies
are not wholly consistent, but most epidemiological studies
indicate inverse association between fibre intake and incidental
CRC™. For example, The European Prospective Investigation
into Cancer and Nutrition (EPIC) found the risk of getting CRC
to be 17% lower at a high fibre intake>. The World Cancer
Research Fund (WCRF) has, together with the American Insti-
tute for Cancer Research, concluded that there is convincing
evidence that high intake of fibre, and its sources, is associated
with a lower risk for CRC®.

There may be several potential mechanisms behind these

observations'”. The protective effect of fibre on CRC

development has been considered to be the fibre’s effect on
modulation of colonic transit time, alteration of bile acid
metabolism or increase in the production of SCFA”, It is under
debate whether it is mainly total fibre intake that may be of
benefit, or subtypes of fibre in specific fibre-rich food sources
such as vegetables, fruits, berries or fibre-rich cereal products.
Besides fibre, other bioactive components present in fibre-rich
foods may have contributed to previously observed associa-
tions between fibre intake and CRC. In a large meta-analysis,
where higher fibre intake was associated with reduced risk for
CRC, the strongest association was seen with whole grain
intake, but no evidence of associations of fruit and vegetable
fibre was seen®. Similar findings regarding whole grain were
reported by the WCRF, but they also stated that findings
regarding fruit and vegetable fibre were in the same direction,

Abbreviations: CRC, colorectal cancer; HR, hazard ratio; MDCS, Malmé Diet and Cancer Study; TNM, Tumour, Node, Metastasis classification.
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although they did not reach statistical significance. In line
with this, high intake of fruit and vegetables has been asso-
ciated with decreased risk of CRC®.

Previous observations have indicated that associations with
fibre from fruits and vegetables may differ depending on
tumour site™. In addition, and similar to observations regarding
anthropometric risk factors for CRC, the importance of fibre
intake may also vary by different clinical tumour stages'”. The
association between dietary intake and different stages of CRC
has, to our knowledge, not previously been examined.

The objective of the present study was to examine the
association between fibre intake and its sources, and incidental
CRC, and whether the association differs depending on sex,
tumour location and the Tumour, Node, Metastasis (TNM)
classification.

Methods

The study was approved by the ethical committee at Lund
University (50.91, 2013/803).

Participants

The Malmo Diet and Cancer Study (MDCS) is a population-
based prospective cohort study in Malmo, Sweden. All men and
women living in Malmé between 1991 and 1996, born between
1923 and 1950, were invited to participate. Altogether, 28 098
participants (40 %) completed all of the baseline examinations
after having given their written, informed consent. Of them, 167
had CRC before or at baseline examination, and were therefore
excluded from the study.

Data collection

At baseline, the participants were asked to fill out ques-
tionnaires on socioeconomic, lifestyle and dietary factors. They
also registered their cooked meals and underwent a diet history
interview. Weight was measured using a balance-beam scale,
with subjects wearing only light clothes and no shoes. Height
was measured using a fixed stadiometer, calibrated in centi-
metres. Waist circumference was measured midway between
the iliac crest and the lowest rib margin. Body composition was
estimated with a single-frequency bio-impedance methodology
(BIA 103; RJL Systems). Body fat percentage was calculated
using an algorithm provided by the manufacturer.

Dietary data

Dietary data were gathered through a modified diet history
method with a 7-d menu book for registration of meals that
varied from day to day, most likely lunch and dinner, cold
beverages and nutrient supplements. In addition, the partici-
pants were given a 168-item questionnaire for assessment of
consumption frequencies and portion sizes of foods that were
not covered in the menu book. Finally, a 45-min interview
completed the dietary assessment.

The diet analyses were adjusted for the variables called
‘method version’ and ‘season’. Method version was used
because of altered coding routines of dietary data introduced in
September 1994 in order to shorten the interview time (from 1 h
to 45min). This resulted in two slightly different method ver-
sions, before and after September 1994, but did not have any
major influence on the ranking of individuals'”. The variable
season was divided into spring, summer, autumn and winter
depending on when in the year the baseline examination was
executed. Dietary change in the past (yes, no) was based on the
question ‘Have you substantially changed your eating habits
because of illness or some other reasons?” The relative validity
of the MDCS method was evaluated in the Malmé Food study
1984-1985"*"'3 The Pearson correlation coefficients, adjusted
for total energy, between the reference method and the MDCS
method were 0-53/0-54 (proteins), 0-69/0-64 (fats), 0-70/0-74
(carbohydrates), 0-69/0-74 (fibres), 0-58/0-50 (breads), 0-73/
0-74 (cereals), 0-24/0-35 (rice and pastas), 0-77/0-60 (fruits) and
0-53/0-65 (vegetables) in women and men, respectively.

We used the following variables for daily nutrient intake in
this study: total energy (M]), non-alcoholic energy (M]), car-
bohydrates (percentage of energy (En%)), fat (En%), protein
(En%), fibre (g/M)), fibre (g), vitamin D (ug), Ca (mg) and folate
(mg). The following daily intakes of foods were examined:
vegetables (g/M)), fruits and berries (g/M]), fibre-rich cereal
products (portions of fibre-rich bread and breakfast cereals/MJ)
and red meat (g).

Portions, instead of grams, were used to analyse the sum of
fibre-rich cereal products because of different water content
and because they usually are consumed in different weights.
Standard portion sizes from the National Food Agency in
Sweden were used: fibre-rich soft bread (50 g/portion), fibre-
rich crisp bread (30 g/portion) and fibre-rich breakfast cereals
(25 g/portion). Energy-adjusted variables were calculated by
dividing dietary intakes by non-alcohol energy intake. Quintiles
of the dietary variables were used as exposure categories.

Cancer cases

We identified 728 cases of CRC from the Swedish Cancer Registry,
of which 463 were colon cancer and 265 were rectal cancer,
during 428924 person-years of follow-up. Follow-up time was
defined as the time from date of enrolment until the date of CRC
diagnosis, death, migration or end of follow-up (December 2010),
whichever came first. The mean duration of follow-up was
15-4 years.

Tumour characteristics

Classification of the CRC cases was done by examining clinical
and/or pathology records. In addition, the histopathological
examination was re-evaluated by a senior pathologist. Colorectal
tumours were classified according to the TNM system. The
method used to identify the tumour characteristics of CRC has
been described elsewhere and the clinicopathological character-
istics did not differ between CRC tumours in the MDCS and those
in the EPIC cohort™®. The cases identified, until the end of 2008,
were examined and gave a total of 635 cases of CRC. Of them,
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363 were colonic cancers and 272 were rectal cancers. Of the
cancer cases where cancer staging was possible, 113 were tumour
(T)-stage 1 and 2, 405 were T-stage 3 and 4, 292 were node-
negative (NO) disease, 193 were lymph node positive (N1 and N2)
disease, 451 were non-metastatic (M0) disease and 116 were
metastatic (M1) disease. Mean follow-up was 13-7 years for the
classified cancer cases.

Other variables

Age was obtained from personal identification numbers. Smokers
were divided into three categories: current smokers, ex-smokers
and non-smokers. Irregular smoking was defined as current
smoking. Physical activity was estimated by asking the subjects to
estimate how many minutes per week they spent on seventeen
different activities. The duration was multiplied with an activity-
specific intensity coefficient, and an overall leisure-time physical
activity score was created. The individuals were then divided into
quintiles. The level of education was divided into four different
categories: <8 years, 9-10 years or 11-13 years of education, and
university degree. Alcohol intake was divided into four cate-
gories: zero, <15 g/d for women and <20 g/d for men, 15-30 g/d
for women and 20-40 g/d for men, and >30 g/d for women and
>40 g/d for men. The BMI was calculated from measured weight
and length. Current use of menopausal hormonal replacement
therapy (MHT) was divided into non-users and users. Regular
use of non-steroid anti-inflammatory drugs (NSAID) was divided
into users and non-users.

Statistical analyses

The SPSS statistics (version 22; IBM Corporation) was used for all
statistical analyses. Food variables — that is, vegetables, fruits and
berries, and fibre-rich cereal products — were log-transformed
(e-log) to normalise the distribution before analysis. A very small
amount (0-0001) was added before transformation, to handle
zero intakes. The general linear model was used when examin-
ing baseline continuous characteristics in the different fibre
quintiles, and adjustments were made for age, method version
and season. The y* test was used for categorical variables.
When examining baseline characteristics in cases and non-
cases, a general linear model was used for the continuous
variables and adjustments were made for age and sex when
applicable. Additional adjustments for method version and
season were made when dietary variables were examined. The
7 test was used for categorical variables. The Cox proportional
hazard regression model was used when estimating hazard
ratios (HR) of incident CRC, colon and rectal cancer, and TNM
stages, depending on energy-adjusted quintiles of fibre, vege-
tables, fruit and berries and fibre-rich cereal products. The basic
model was adjusted for age, sex (when applicable), season,
method version and total energy intake. The full model was
additionally adjusted for level of education, smoking, alcohol
intake, physical activity, BMI and current use of MHT, when
appropriate. These covariates were identified from the literature
and indicated potential confounding due to their association
with CRC. We also performed the multivariate model excluding
BMI, as it might be an intermediate between dietary habits

and disease. Finally, we made additional adjustments for regular
use of NSAID, and for intakes of folate, red meat, vitamin D or
Ca. Years of follow-up were used as the underlying time vari-
able. A test for interaction between sex and fibre or food
component with regard to CRC incidence was performed by
adding a multiplicative variable (sex X diet quintile (treated as
continuous variables)) to the full model. In sensitivity analyses,
individuals with a reported dietary change in the past or
prevalent cancer (except cervix cancer in siti) were excluded.
All tests were two-sided, and statistical significance was
assumed at P<0-05.

Results
Baseline characteristics

Altogether, 16 944 women (60-7 %) and 10 987 men completed
the baseline examinations. Age and reported intake of protein,
carbohydrates and folate increased with higher energy-adjusted
fibre intake, whereas intakes of fat, vitamin D and alcohol
decreased. The men had a higher BMI than the women, but the
mean BMI indicated overweight for both sexes. The men also
had a higher fibre intake, but when energy-adjusted the women
had a higher intake. There were fewer smokers, and more
individuals with higher levels of education and physical activity
in the highest fibre quintile compared with the lowest (online
Supplementary Table S1).

The cases were, compared with non-cases, older and had a
higher BMI and a wider waist. Fewer cases had high education,
but a higher percentage of cases had a high physical activity
level, compared with non-cases. Current use of MHT was less
common among cases than among non-cases (Table 1).

Dietary intake and colorectal cancer

The different statistical models resulted in very similar findings,
and therefore only the full multivariate model was chosen when
presenting data. High fibre intake was associated with a lower
incidence of CRC (HR: 0-72 for highest compared with lowest
quintile; 95 % CI 0-55, 0-94; P for trend = 0-026) (Table 2). Of the
foods high in fibre, vegetable intake was associated with a
lower incidence of CRC (HR: 0-83 for highest compared with
lowest quintile; 95 % CI 0-64, 1-07; P for trend = 0-048). Intakes
of fruits and berries or fibre-rich cereal products were not
significantly associated with a lower incidence of CRC.
Additional adjustments for current use of NSAID and for intakes
of folate, red meat, vitamin D or Ca did not change the outcome
(data not shown).

In separate analyses depending on tumour location,
fibre intake was inversely associated with incidence of colon
cancer in women (HR: 0-51 for highest compared with lowest
quintile; 95 % CI 0-31, 0-75; P for trend =0-013), but not in men
(P for trend =0-69), and we observed a borderline interaction
between sex and fibre intake (P=0-052) (Table 3). In addition,
women with high intake of fruits and berries had a significantly
decreased risk for colon cancer (HR: 0-62 for highest compared
with lowest quintile; 95% CI 0-37, 0-98; P for trend =0-022).
No tendency of protective association was seen in men
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(P for trend =0-72), but the interaction between intake of fruits
and berries and sex did not reach significance (P=0-16).

When analysing intakes of fibre and fibre-rich foods and
rectal cancer, no significant associations were seen in either of
the sexes. However, the risk of developing rectal cancer tended
to increase with higher vegetable intake in women (HR: 2-22 for
highest compared with lowest quintile; 95 % CI 1-07, 4-61; P for
trend =0-00) (Table 4). In contrast, a tendency of protective
association between high vegetable intake and rectal cancer
was seen in men (P for trend =0-14), and we detected a sig-
nificant interaction between vegetable intake and sex on rectal
cancer (P=0-039). We also observed a significant interaction
between fibre intake and sex on rectal cancer (P=0-048), but
although the associations in men and women seemed to reflect
those for vegetable intake the tendencies for fibre intake were
less clear (P values for trend >0-26).

Fibre intake and relative risk for colorectal cancer of
different Tumour, Node, Metastasis stages

High fibre intake had a tendency towards association with
lower risk for T-stage 3 or 4, together with N-stage 0, especially
in women (data not shown), but no significant association was
seen in the final model regarding high fibre intake and asso-
ciation with risk for CRC (Table 5). Intake of fibre-rich cereal
products was significantly associated with lower risk for N-stage
0 (P for trend =0-015) and for MO (P for trend = 0-046), but we
did not observe any tendencies of associations with N-stage 1
and 2 or M-stage 1. When analysing women and men sepa-
rately, the tendencies of different associations with intake of
fibre-rich cereal products depending on N- and M-stage were
mainly seen in men, and the association between fibre-rich
cereal products and stage NO was significant for men (HR: 0-64
for highest quintile compared with lowest; 95 % CI 0-37; P for
trend =0-024). No other significant associations with tumours
classified according to the TNM system were found.

Sensitivity analysis

When excluding individuals reporting dietary change in
the past, the association between fibre intake and risk for
CRC was no longer significant, but the risk estimate did not
change (HR: 0-72 for highest quintile compared with lowest;
95 % CI 0-52, 1-00, P for trend 0-21). However, the previously
inverse association between vegetable intake and risk for CRC
disappeared (HR: 1-05 for highest quintile compared with
lowest; 95 % CI 0-77, 1-42; P for trend =0-51). For colon cancer,
the inverse associations with intakes of fibre (P for trend=
0-027) and fruits and berries (P for trend=0-013) remained
significant in women. The association between intake of
fibre-rich cereals and NO-stage was no longer significant (HR:
0-62 for highest quintile compared with lowest; 95% CI 0-32,
1-23; P for trend =0-42).

When excluding individuals with a prevalent cancer, the
association between fibre intake and risk for CRC remained
significant (P for trend=0-042), but the association between
vegetables and risk for CRC disappeared (P for trend =0-58).

Discussion

The results from this large prospective cohort study indicate that
a high fibre intake is associated with a lower risk for CRC, or
more specifically with a lower risk for colon cancer, in women.
When intakes of different fibre-rich foods were analysed, high
fruit and berry intake was associated with a lower risk for colon
cancer in women. No significant associations were found
between fibre intake and its sources, and different clinical
stages, except for high intake of fibre-rich cereal products and
lower risk for N-stage 0 and M-stage 0.

The present study confirms the results from other studies that
show an association between high fibre intake and lower
risk for CRC®®, but in contrast this study did not show a sig-
nificant overall association with high intake of fibre-rich cereal
products. The last may be because of somewhat higher intake
levels of whole grain in Sweden™ than, for example, in the
USA“®, resulting in that most MDCS participants may reach a
potential threshold level for protective effects on CRC.

The present study showed a borderline interaction between
fibre intake and sex regarding risk for colon cancer, indicating that
an inverse association is restricted to women. Other studies have
not detected interactions between sex and total fibre intake™”.
However, the results from the present study are in analogy with
a meta-analysis by Riboli and Norat, which only indicated an
association between fruit intake and risk for colon cancer in
women""®. The observed association between high intake of fruits
and berries and lower risk for colon cancer in women in the
present study may be a reflection of the relatively low intake of fruit
and berries in Sweden; as seen in the EPIC study other populations
have a higher estimated intake’” and may have intakes well
above a potentially protective level. It cannot be ruled out that the
differing observations in men and women could be explained by
variation in intake levels and accuracy of dietary reporting®**.
A Swedish national dietary survey showed that women had a
higher estimated fibre intake (25g/10MJ per d) than did men
(23g/10MJ per *?. The potentially protective role of dietary
fibre may also vary depending on exposure to other lifestyle factors
of importance in CRC development. In the MDCS cohort, women
and men may, for example, have been exposed to different
amounts and types of carcinogens, because Malmé is historically a
city with a high proportion of workers, and with a high proportion
of women being housewives. Another explanation for sex differ-
ences may be that the oestrogen levels are lowered in women after
menopause, whereas men have another endocrine equilibrium.
The intestinal epithelium is an important barrier for luminal factors,
and oestrogen has been shown to be important to strengthen the
tight junctions in the intercellular spaces™. Lower oestrogen levels
after menopause might increase permeability in the colon, and thus
implicate increased risk for penetration of luminal irritants inducing
chronic mucosal inflammation, and in the long-term maybe even
cancer®”.  Anti-carcinogenic compounds, potentially including
dietary fibre, may therefore be of greater importance to women.

The mechanisms behind the inverse association between
fibre intake and CRC are much thought to be local mechanisms
in the colon — for example — reduction of colonic transit time,
increase in stool output and frequency, increase in water
content of the stool, dilution of colonic content, reduction of
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toxins and bile acids, increase in colonic fermentation and an
increase in colonic SCFA‘®#®. This may explain why our finding
in general indicates intakes of fibre, and its food sources, to be
inversely associated with tumours of the colon, but not of the
rectum. However, we cannot exclude that it is a power issue,
and we actually observed a tendency of inverse associations
between high vegetable intake and risk for rectal cancer in men.

At a more cellular level in CRC development, cytoprotectants
in fruits and berry, including vitamins, minerals, polyphenol
flavonoids and anthocyanins, have been shown to have antic-
ancer activity in colon cancer cell lines in vitro®®. The anti-
proliferative effect of CRC cells by different berry juices was not
correlated to the antioxidant level, but induced cell-cycle arrest
in the G, phase”. The phenolic compounds vary with species,
but there is strong evidence that these compounds modulate
numerous cellular processes by up- or down-regulation of key
proteins involved in cell signalling pathways that control gene
expression, cell proliferation, cell differentiation, DNA damage
repair, apoptosis, malignant transformation and inhibition of
cell invasiveness and metastasis®. Our finding of a reduced
risk for colon cancer in women with high intake of fruits and
berries, in contrast to fibres from other sources, may be
explained by the effect of phenolic compounds.

Participants who reported dietary change may have unstable
food habits. Their reported dietary habits may reflect a short
period of their lives, and may therefore have less influence on
the development of future morbidity. However, as our low-risk
estimates for CRC at higher intakes of fibre remained virtually
unchanged after excluding those with dietary change, the loss
of significance could probably be explained by a lower number
of individuals (75-6 %) in the sensitivity analysis.

The strengths of this study are that the MDCS is a large study,
with long follow-up. As it is a population-based prospective
study, we should have been able to minimise selection bias and
reverse causation. One of the main objectives of the MDCS was
to examine fibre intake and estimated intakes of fibre, and its
food sources have shown a high relative validity**'?. Tt was
also possible to identify and exclude individuals with unstable
food habits. In addition, we are not aware of any previous study
taking TNM classification into consideration when examining
associations between fibre intake and CRC. The participation
rate of the MDCS is similar or higher compared with other large-
scale population-based studies®”, and regarding the gen-
eralisability of our results it is important to point out that the
socio-demographic structure, weight distribution and smoking
habits were similar among participants in the MDSC and parti-
cipants in a health survey in Malmo6 with a higher participation
rate (75%)*”. Moreover, although the cancer incidence was
somewhat higher among non-participants, 2-6 % of the partici-
pants in the MDCS developed CRC during 15-year follow-up®®,
which is comparable to previously published data on other
cohorts®V.

In analyses of different TNM stages, we observed significant
associations only between high intake of fibre-rich cereals and
lower risk for N-stage 0 and M-stage 0. A possible interpretation
is that potential effects of fibre on tumour initiation may differ
from effects on tumour invasiveness and metastasis, and phe-
nolic compounds referred to above may influence several steps

in carcinogenesis®. However, a limitation of the study is the
small number of cases in some of the stratified analyses and it
cannot be excluded that the analyses of the other stages were
underpowered because of fewer cases, and new studies in large
populations are needed. It would, for example, be interesting to
replicate the borderline association between fibre intake and
risk for T-stage 3 and 4. Patient delay may also be a source of
error in the TNM classification of the cases, as the time for the
diagnosis can affect the outcome of the classification, without
knowledge about the length of the tumour growth. There may
also be a different pattern in when men and women visit
healthcare services, thus giving them an earlier or later diag-
nosis. Women seem to have a tendency to be more inclined to
participate in studies and to contact the healthcare service
earlier in the disease process®?. Another weakness of the study
is that the collection of intake data was measured only once. As
the results from a Swedish national survey on dietary intake has
shown an increase in intakes of vegetables, fruit and berries™® |
repeated measurements would have been valuable. Because of
different structuring after data gathering, it was not possible in
the present study to estimate intakes of fibre from different fibre
sources. Moreover, taking family history of CRC into account in
our analyses would have been valuable, as it is a contributing
factor in the development of CRC®?
risk factor was missing. We have chosen not to adjust for
multiple testing, as dietary intakes are highly correlated and the
analyses could not be treated as independent. However, it
should be noted that some of our subgroup associations could
have occurred because of chance, as a consequence of multiple
tests. Finally, despite adjustments for possible confounders and
known risk factors, occurrence of some residual confounding
cannot be excluded.

, but information on the

Conclusion

In conclusion, our findings indicate that a high fibre intake is
associated with a lower risk for CRC, especially with a lower risk
for colon cancer, in women. Regarding intakes of different
fibre-rich foods, our results indicate that only high intakes of
fruits and berries are associated with lower risk for colon cancer
in women. Our findings suggesting that high intakes of fibre-
rich cereal products may lower the risk of developing NO- and
MO-stage need to be replicated in future studies.
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with higher risk of colon cancer in men: a

cohort study
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Abstract

Background: High levels of blood glucose are thought to be associated with colorectal cancer (CRC) and
hyperinsulinemia, an interstage in the development of CRC. The purpose of this study was to examine associations
between incident CRC and blood glucose; plasma insulin; and the homeostasis model assessment for insulin resistance
(HOMA2-IR), respectively, and to determine whether these associations were dependent on sex and cancer site.

Methods: The Malmé Diet and Cancer cardiovascular cohort comprises 6103 individuals. During 81,781 person-years of
follow-up, 145 cases of CRC were identified. The hazard ratio of measured blood glucose and plasma insulin and
calculated HOMA2-IR were estimated with Cox proportional hazard regression.

Results: An association was found between high levels of blood glucose and risk of CRC (HR: 1.72 for the highest
compared with the lowest quartile; 95% CI: 1.05, 2.84; pyend = 0.044), and colon cancer (HR: 1.70 for the highest
compared with the lowest quartile; 95% Cl: 0.87, 3.33; Prreng = 0.032). In men, an association was found between blood
glucose and CRC (HR: 2.80 for the highest compared with the lowest quartile; 95% Cl: 1.37, 5.70; pyeng = 0.001), and
colon cancer (HR: 448 for the highest compared with the lowest quartile; 95% Cl: 127, 15.84; Pyend = 0.007), but this
was not found in women. No associations between plasma insulin, or HOMA2-IR, and CRC, were found.

Conclusion: High levels of blood glucose in men are associated with risk of colon cancer. The findings contribute to
facilitating to identify those most in need of prevention and screening.

Keywords: Blood glucose, Colorectal cancer (CRC), Homeostasis model assessment of insulin resistance (HOMA2-IR),

Malmé diet and cancer study, Plasma insulin, Sex

Background
Colorectal cancer (CRC) is one of the most common
cancer forms in the Western world [1]. The increased
incidence of CRC is associated with the increased
incidence of lifestyle-related diseases, e.g., metabolic syn-
drome, overweight, obesity, and type 2 diabetes [2—4].
The latter diseases are characterized by hyperglycaemia,
hyperinsulinemia, and insulin resistance [5]. The interaction
between these diseases and CRC is being discussed, and
molecular and etiological mechanisms are being sought.
Hyperglycaemia might be associated with CRC [6], and the
association may differ depending on different cancer sites
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and sex [4, 7]. Involvement of reactive oxygen species
(ROS) and the accumulation of advanced glycation end
products (AGE) are hypothesized to stimulate carcinogenic
pathways [8-10]. Other proposals are that hyperinsuline-
mia drives the carcinogenic process through influence on
the growth of cancer cells, stimulation of proliferation, de-
crease of apoptosis, and promotion of intestinal carcinogen-
esis [11]. Another hypothesis is that insulin resistance is
responsible for the increased cancer risk. Although several
studies have been conducted in the field, most of them have
been case-control studies, and there has been discussion of
whether further cohort studies are warranted [7].

Method
The primary aim of this study was to examine the asso-
ciations between incident CRC and blood glucose levels;

The Author(s). 2017 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.
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plasma insulin levels; and homeostasis model assessment
for insulin resistance (HOMA2-IR), respectively, and
incident CRC. The secondary aim was to study whether
the associations were dependent on sex and cancer site.

The study was approved by the Regional Ethical
Review Board in Lund (50-91, 2013/804).

Study population

The Malmé Diet and Cancer study (MDCS) is a large
population-based study, conducted in the period 1991-
1996 in Malmo, where all men and women, born between
1923 and 1950, were invited to participate. Altogether,
28,098 participants completed the baseline examinations
after having given their written informed consent. The
method of MDCS has previously been described by Man-
jer et al. [12]. The Malmé Diet and Cancer cardiovascular
cohort (MDC-CC) comprises 6103 individuals randomly
selected from MDCS. Out of the 6103 participants in
MDC-CC, 5540 individuals accepted and were re-
scheduled for blood sampling. 396 individuals did not
leave a blood glucose and plasma insulin sample and were
therefore excluded from the present study, leaving 5144
individuals (2117 men). From the remaining individuals,
prevalent diabetes was found in 219 individuals (123
men), and prevalent CRC in 14 individuals (2 men), at
baseline, all of whom were also excluded from the study,
leaving 4910 individuals (1992 men).

Cases of CRC

In the study, 145 cases of CRC (71 men) were identified
from the Swedish Cancer Registry, of which 81 cases
were colon cancer (37 men) and 64 were rectal cancer
(34 men), during 81,781 person-years of follow-up.
Follow-up time was defined as the time from the date of
enrolment until the date of CRC diagnosis, death, migra-
tion or end of follow-up (31 December 2010), whichever
came first. The mean follow-up was 16.7 + 3.7 years.

Plasma insulin, blood glucose and insulin resistance

In the MDC-CC all the blood and plasma samples were
collected at the MDC-CC baseline by a trained nurse in the
morning after 12 h of fasting, and plasma was separated
and immediately frozen at —20 °C until analysed. Analyses
were performed according to the clinical routines of the
Department of Clinical Chemistry. Blood glucose was ana-
lysed using a routine hexokinase method. Insulin levels
were measured in mIU/ml by a radioimmunoassay. The
lowest limit for detection was 3 mlU/ml.

HOMAZ2-IR was calculated with the use of a HOMA2-IR
calculator [13]. In the analysis of HOMA2-IR, extreme
values of blood glucose (< 3.5 or >25 mmol/l) were excluded,
as were extreme values of plasma insulin (< 3 or >57.5 mIU/
ml), thus leaving 4451 individuals for analysis of HOMA2-
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IR. From the remaining individuals 135 cases of CRC, 76
cases colon cancer, and 59 cases of rectal cancer were found.

Other variables

At MDCS baseline, age was obtained from personal
identification numbers. Body Mass Index (BMI) was cal-
culated from measured weight and length.

A self-administered structured questionnaire was used for
the assessment of level of education, physical activity, alcohol
consumption and smoking. The level of education was di-
vided into four different categories: < 8 years; 9-10 years;
11-13 years of education; and university degree. The sub-
jects were asked to estimate their physical activity in terms
of how many minutes per week they spent on 17 different
activities. The duration was multiplied with an activity-
specific intensity coefficient and an overall leisure-time phys-
ical activity score was created [14]. Alcohol intake was di-
vided into four categories: zero; < 15 g/d for women and
<20 g/d for men; 15-30 g/d for women and 20-40 g/d for
men; and >30 g/d for women and >40 g/d for men. Smokers
were divided into three categories: current smokers; ex-
smokers; and non-smokers. Irregular smoking was counted
as current smoking. The result was divided into quartiles.

Prevalent diabetes was determined by self-reported ill-
ness based on physician’s diagnosis or treatment with
anti-diabetes medicine, or information from medical
data registries indicating a date of diagnosis before inclu-
sion in the MDC-CC. Incident diabetes diagnosis was
obtained either from the Regional Diabetes 2000 register
of Scania, the Malmé HbA1C register or the Swedish
National Diabetes Register until 31st of December 2010.
In the MDC-CC, 716 incident cases of diabetes (350
men) were found. In those with incident diabetes, 31
cases of incident CRC (22 men) were found.

Statistics
The SPSS statistics (version 23; IBM Corporation,
Armonk, NY, USA) was used for all statistical analyses.

Chi-square test was used when examining baseline cat-
egorical characteristics, and T-test when examining
baseline continuous characteristics, in the cases and the
non-cases.

The Cox proportional hazard regression model was
used when estimating hazard ratios (HR) of incident CRC,
colon cancer, and rectal cancer, depending on quartiles of
blood glucose, plasma insulin and HOMA2-IR. The pro-
portionality assumption was tested for all the adjustment
factors with a Kaplan-Maier curve before analysis. Two
models are presented: an unadjusted model, and a full
model. The full model was adjusted for the background
variables indicating a difference between the cases and the
non-cases (p <0.2), i.e. age, sex (when appropriate), BMI,
and smoking status.
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A test for interaction between sex and blood glucose;
plasma insulin levels; and HOMAZ2-IR, respectively, with
regard to CRC incidence was performed by adding a
multiplicative variable (i.e. sex x blood glucose-/insu-
lin-/HOMAZ2-IR quartiles (treated as continuous vari-
ables)) to the full model. If a significant interaction was
found, subgroup analysis based on sex was performed.

In the sensitivity analysis, we excluded individuals with
incident diabetes, and apart from that we made one add-
itional model, full model glucose/insulin. The full model
insulin was only used when estimating HR for quartiles
of glucose and was adjusted for age, sex, BMI, smoking
status, and insulin. The full model glucose was only used
when estimating HR for quartiles of insulin and adjusted
for age, sex, BMI, smoking status, and glucose. In
addition, we excluded individuals with CRC diagnosis
within two years of inclusion.

All tests were two-sided and statistical significance was
assumed at p < 0.05.

Results

Compared with the non-cases, the cases were older
(Table 1), had larger waist circumference (86.9 + 13.5 cm
and 83.2+12.6 c¢m, respectively, p =0.019), and higher
plasma insulin levels (9.6+18.9 mIU/ml and 7.7 +7.1
mlU/ml, respectively, p =0.012) at inclusion. More of
the cases than non-cases developed diabetes during the
follow-up (21.4% and 14.6%, respectively).

Blood glucose levels and colorectal, colon, or rectal cancer
An association between high levels of blood glucose and
risk of CRC and colon cancer was found (HR: 1.72 for the
highest compared with the lowest quartile; 95% CI: 1.05,
2.84, p for trend =0.044) and (HR: 1.70 for the highest
compared with the lowest quartile; 95% CI: 0.87, 3.33, p for
trend = 0.032) (Table 2), respectively. With regard to blood
glucose levels, an interaction between sex was found in
CRC (p=0.013) and in colon cancer (p =0.032), but not in
rectal cancer (p =0.130). A significant association between
high levels of blood glucose and CRC was found in men
(HR: 2.80 for the highest compared with the lowest quartile;
95% CI: 1.37, 5.70; p for trend = 0.001), but not in women
(HR: 1.02 for the highest compared with the lowest quartile;
95% CI: 0.53, 1.95; p for trend = 0.739) (Table 3). Also, a sig-
nificant association was found between high levels of blood
glucose and colon cancer in men (HR: 4.23 for the highest
compared with the lowest quartile; 95% CI: 1.46, 13.44; p
for trend = 0.002), but not in women (HR: 1.01 for the high-
est compared with the lowest quartile; 95% CI: 0.44, 2.34; p
for trend = 0.878) (Table 4).

Plasma insulin levels and colorectal, colon, or rectal cancer
No significant associations were found between plasma
insulin levels and CRC, colon, or rectal cancer (Table 2).
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Table 1 Baseline characteristics of cases and non-cases in the
Malmo Diet and Cancer Study cardiovascular cohort

Cases Non-cases p-value®
n=145 (%) n=4765 (%)
Sex 0.037
- Men 71 (49.0) 1921 (40.1)
- Women 74 (51.0) 2844 (59.9)
Age (years) 613+70 574+59 <0.001
Age quartiles <0.001
45.8-524 years 22 (152) 1205 (25.3)
524-57.8 years 26 (17.9) 1202 (25.2)
57.8-62.7 years 34 (234) 1194 (25.1)
62.7-68.1 years 63 (43.5) 1164 (24.4)
Body Mass Index (kg/ m?) 262+39 256+39 0.032
Body Mass Index <25 kg/m? > 0.155
- <25 kg/m?* 63 (434) 2356 (494)
- > 25 kg/m? 82 (56.6) 2409 (50.6)
Education 0732
-> 10 years 42 (29.0) 1335 (28.0)
- <10 years 103 (71.0) 3425 (71.9)
- Missing 0(0) 5(0.1)
Physical activity 0439
- High® 38 (27.3) 1182 (24.5)
- Lower® 105 (71.3) 3555 (74,9)
- Missing 2014 28 (06)
Alcohol intake 0.832
- Zero 26 (17.9) 742 (15.6)
- < 15 g/d for women and 91 (62.8) 3088 (64.8)
<20 g/d for men
- 15-30 g/d for women and 21 (14.5) 757 (15.9)
20-40 g/d for men
- > 30 g/d for women and 7 (4.8) 173 (3.6)
>40 g/d for men
- Missing 0(0) 5(0.1)
Smoking 0023
- Current 31 (214) 1307 (274)
- Ex 65 (44.8) 1556 (32.7)
- Never 49 (33.8) 1900 (39.9)
- Missing 0(0) 2(0.04)

“Calculated with Chi-square test for categorical variables and with T-test for
the continuous variables

Physical activity was defined as high when in the highest quartile of the whole
group, and lower when in the three lower quartiles [14]

Values are number of individuals and percentage or mean and standard
deviation. p < 0.05 was considered statistically significant

No interaction between sex and plasma insulin levels
was found in CRC (p =0.142), colon cancer (p =0.358),
or in rectal cancer (p = 0.280).



Page 4 of 8

Vulcan et al. BMC Cancer (2017) 17:842

(ID) S|BAIIUI DIUSPIUOD %56 PUE ‘(YH) Sonel piezey ‘sabues
pow uolssaibal piezey [euontodoid X0 aYi Yum pajejndjed :Ppow |ng

3iuenb ae sanjeA “(49A3U Jo X3 UBLND) Bunjows pue ‘(w/Bx Sz < ‘,w/By ST S) IWG ‘(9Be Jo sajiuenb) abe ‘(uewom ‘uew) xas 1oy paisnipy

68£0 LLco 6600 YI-ZYIWOH Pue Xas Usamiaq uondesaiul 1oy d

9LLo 0r00 €€L0 £250 6Cr'0 9900 puan oy d
Wy '€60 €0T LSY'60L  €TT €556l/6C €€L VY0 ¥80 90T 90 €Ll ¥/S61/7C 10T'SL0  €CL LET'960  LSL 9LL61/SY €L-CL ¥
S6T'090 €€ Y0E Y90  OFl 8870C/SL 0/1°'050 760 9611650 801 /8€07/TC TL1'S90 90l 6LV 6LL £250¢/L€ '1-80 €
787850 /Tl T6T'090 €€ 99661/7L 8E'L'LEQD  TLO €SL°THFO 080 96661/91 05’1 'SS0 160 91650 860 L110¢/0€ 80-50 4
00'L 00t vISEL/L 00t 00'L €T9EL/91 00'L 00'L coLeL/ec S0-€0 L

LGP = U YI-CYWOH

91£0 0560 wlo ujnsul ewise|d pue xas UaMIaq uondeIRul 1oy d

800 00 5690 790 L1¥0 7900 puan Joj d
€SV 660 LT 8L¥ 9Ll SET 67L12/SC 051 'T¥0 080 681'850 SO'L ¥S122/2C 96'L'SL0 LTl TET'S60 8L CLET/ LY 6 4
S€'690  SSL 90€ 'TL0 9L 0l£91/€L €0T'650 60l 62T '890 STL 00891/0C ¥0T'9L0 STL TTT'¥80 LEL 9Ce9l/ce 8-/ €
SPE'C/0 85l SSE'SL0 €91 PSL6L/SL 091 'S¥0 S80 SLL'6F0 €60 06l6l/41 841490 601 681°C/0 9L Q0g6L/CE 9-S 4
00'L 00t e/l 00t 00'L L[Y0T/TT 00'L 00'L LLLET/EE > L

0L6F = U (I/NIw) ulnsul ewseld

0EL0 €00 €100 WmOuE@ PO0|g pue X=s Usemlaq uondelsiul 1o} d

0€50 5910 €00 S000 700 €000 puan ioj d
SYE'SL0 7oL 8LlY 00l SOT 09€61/F/C €€€°/80 0LL 90%'SL'L /LT OLV6L/CE ¥8T'SOL Tl LEELEL LT £8961/95 891-¢€'S ¥
181 ¥€0 80 €0T'6E0 680 €917e/Tl 1TT'9S0 LIl TST'990 6L £0T72/TC 891650 660 /(81,90 Tl'L 88ECL/VE 561 €
09C'950 1Tl €8T 790 €€l L6L1T/LL LSL'EE0  1L0 0L1°860 080 €6L17/€L 09'1'SS0  ¥60 9L1°190 +O'L ScelLe/oe 8Y—9% 4
00'L 00'L SLesl/LL 00l 00'L ove8L/yL 00'L 00'L 18€81/5C SY-¢¢€ L

0L6Y = U (|/|oww) 350oN|6 poojg

D%S6  YH D %S6  YH sieakuosiad/sesed D %S6  YH D %S6  HH Siesk-uosiad/sased D o%s6  WH D %56 HH siea-uosiad/sased Xew-Ulj sa|uen

|opou ||n4 [9pow apniD |apow |In4 [opow apniD [pow |4 |opow apniD
190U [e103Y 13UBD U0j0D) J190UeD [12210[0D)

1040D JBJNISEAOIPIRD APNIS JodURD pue 13Id QIR 33 Ul (Y-2VINOH) ddUelsisay
NSU| 10§ JUBWISSISSY [9PO SISISOaWIOH pue uljnsul ewse|d ‘9s0on|6 poojq Yim pa1enosse J9oued (21931 pue ‘Uojod ~[e39310[0D JUSPIdUL JO (YH) Oliel piezeH g ajqeL




Vulcan et al. BMC Cancer (2017) 17:842 Page 5 of 8

Table 3 Hazard ratio (HR) of incident colorectal- and colon cancer associated with blood glucose for men and women in the
Malmo Diet and Cancer Study cardiovascular cohort

Colorectal cancer Colon cancer
Nrmen = 1992 Nyomen = 2981 Nimen = 1958 Nyomen = 2888

Crude model Full model Crude model Full model
Quartiles of glucose Min-max (mIU/l) Cases/person-years HR 95% Cl HR  95% Cl  Cases/person-years HR ~ 95% Cl  HR  95% Cl
Men

1 33-45 5/4400 1.00 1.00 2/4358 1.00 1.00
2 46-4.8 10/7276 1.28 057, 125 055, 4/7216 205 050, 195 057,
290 285 7.01 6.70
3 49-52 16/9835 2.10 0.99, 203 095, 9/9767 228 067, 2-08 060,
445 432 7.79 77
4 53-16.8 40/10853 3.08 1.54, 280 137, 22/19679 540 184, 423 146,
6.15 5.70 1587 1344
p for trend <0.001 0.001 0.001 0.002
Women
1 34-45 20/13981 1.00 1.00 12/13888 1.00 1.00
2 46-4.8 20/14048 124 0.64, 121 062, 9/13977 0.77 029, 073 027,
238 234 205 1.96
3 49-52 18/12553 0.89 047, 082 044, 13/12510 1.08 050, 096 045,
1.66 1.55 234 209
4 53-122 16/8834 116 0.62, 102 053, 10/8797 122 054, 101 044,
217 1.95 2.71 234
0.908 0.739 0.562 0878

Full model: Calculated with the Cox proportional hazard regression model. Adjusted for age (quartiles of age), BMI (< 25 kg/m?, > 25 kg/m?), and smoking (current, ex or never)
Values are quartile ranges, hazard ratios (HR), and 95% confidence intervals (Cl)

HOMAZ2-IR and colorectal, colon, or rectal cancer in colon cancer (p =0.211), or rectal cancer (p =0.789).
No significant associations between HOMAZ2-IR and  The associations between HOMAZ2-IR and CRC did not
CRC, colon, or rectal cancer were found in the full reach statistical significance in men (HR: 1.62 for the
model (Table 2). There was a borderline interaction be-  highest compared with the lowest quartile; 95% CI: 0.81,
tween sex and HOMA2-IR in CRC (p =0.099), but not  3.25; p for trend = 0.132), or in women (HR: 0.77 for the

Table 4 Hazard ratio (HR) of incident colorectal cancer associated with Homeostasis Model Assessment for Insulin Resistance
(HOMAZ2-IR) for men and women in the Malmé Diet and Cancer Study cardiovascular cohort

Unadjusted model Full model
Quartiles of HOMA2-IR Min-max (mlU/I) Cases/person-years HR 95% Cl HR 95% Cl
Men (n=1824)
1 0.35-0.63 6/3938 1.00 1.00
2 0.64-0.90 9/7615 0.66 0.30, 147 0.64 0.29, 144
3 091-1.28 19/8618 135 0.69, 263 129 0.65, 2.56
4 1.29-6.85 30/9434 1.80 095, 341 1.62 081,325
p for trend 0.042 0132
Women (n=2627)
1 0.34-0.51 17/9764 1.00 1.00
2 0.52-0.77 21/12496 126 067, 237 1.1 059, 2.09
3 0.78-1.06 18/11908 115 0.60, 2.18 097 0.50, 1.89
4 1.07-7.30 15/10309 097 049, 1.89 0.77 037,159
p for trend 0.760 0779

HR was calculated with the Cox proportional hazard regression model

Unadjusted model: No adjustments made

Full model: Adjusted for age (quartiles of age), BMI (< 25 kg/mz, >25 kg/mz), and smoking (current, ex or never)
Values are quartile ranges, hazard ratios (HR), and 95% confidence intervals (Cl)
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highest compared with the lowest quartile; 95% CI: 0.37,
1.59; p for trend = 0.779) (Table 4).

Sensitivity analysis

After excluding those with incident diabetes, the associ-
ation between blood glucose and CRC was no longer
significant (HR: 1.74 for the highest compared with the
lowest quartile; 95% CI: 1.00, 3.07, p for trend = 0.134).
The same was true for the association between blood
glucose and colon cancer (HR: 1.71 for the highest com-
pared with the lowest quartile; 95% CI: 0.80, 3.68, p for
trend = 0.128). In men, the association between blood
glucose and colon cancer had borderline significance
(HR: 3.47 for the highest compared with the lowest
quartile; 95% CI: 0.88, 13.74, p for trend = 0.099).

In excluding those with diagnosis of CRC within two
years from inclusion in the study (13 individuals, where of
eight were men), the association between blood glucose
and CRC had borderline significance (HR: 1.71 for the
highest compared with the lowest quartile; 95% CI: 1.01,
2.89, p for trend = 0.090), and the risk estimate for the as-
sociation between blood glucose and rectal cancer in men
increased (HR: 5.20 for the highest compared with the
lowest quartile; 95% CI: 1.47, 18.43, p for trend = 0.006).

In additionally adjusting for insulin in the full model
for glucose, neither the risk estimate, nor the signifi-
cance substantially changed. Nor did they substantially
change when additionally adjusting for glucose in the
full model for insulin (data not shown).

Discussion

The results from the present study indicate that high
levels of blood glucose are associated with risk of CRC,
more specifically in men. No associations were found for
insulin or HOMAZ2-IR and risk of CRC.

Our results are in agreement with other studies, which
also found an association between high glucose levels
and CRC, with significant associations in men, but not
in women, and in colon cancer, but not in rectal cancer
[7]. Glucose induces expressions of Amphiregulin,
through transcriptional regulation of the MAX-like pro-
tein X [15], suggesting that one part of the tumorigen-
esis in CRC might be glycolysis [16]. Furthermore,
hyperglycaemia gives energy to malignant cells for their
proliferation [16], and thus favours cancer growth and
neoangiogenesis. Since there can be an insulin-
independent glucose uptake in cancer cells, this may
have an impact on the association between glucose, in-
sulin and risk of CRC.

In hyperglycaemia, the cells’ production of reactive
oxygen intermediates increases, and is therefore specu-
lated to be a part of the induction of apoptosis in endo-
thelial cells [17]. Chronic inflammation, present for
example during hyperglycaemia, leads to imbalance
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between production and restoration of ROS, leading to
oxidative stress within the target tissue, which may dam-
age DNA and reduce DNA repair [18].

Glucose and insulin levels are closely linked, which makes
it difficult to separate the association, although they influence
the cancer development through different pathways. Insulin
stimulates the proliferation of cells partly through binding in-
sulin to insulin- or insulin-like growth factor 1 (IGF-1) re-
ceptors, and partly through inhibition of IGF-binding
proteins, thus increasing the availability for IGF-1 to bind to
IGF-1 receptors [19]. Circulating IGF-1 is thought to in-
crease the risk of CRC [20]. In a meta-analysis by Xu et al.
[7], an association between plasma insulin levels and risk of
CRC was found in case-cohort studies, but not in cohort
studies, in line with the present cohort study.

Insulin resistance, hyperinsulinemia, and hypergly-
caemia are important factors in metabolic syndrome.
When insulin resistance develops in type 2 diabetes, the
pancreatic insulin secretion is increased in compensation
[21]. It is speculated that excess of insulin might
enhance colonic epithelial activity and induce the forma-
tion of aberrant cryptic foci [22]. Insulin resistance af-
fects the metabolic pathways, over-stimulates the
mitogenic pathways and stimulates cell proliferation
[23]. However, in the present study no association was
found between HOMA2-IR and CRC, but this might be
due to the small number of cases in the analysis.

In the present study, more of the cases than the non-
cases developed diabetes. They also had a larger waist
circumference. Some research has suggested that the as-
sociation between diabetes and CRC may not be causal;
rather the two diseases just share the same precondi-
tions, such as obesity [24]. This might be a reason why
only high glucose levels, and not insulin and insulin re-
sistance, show risk association. Metformin reduces insu-
lin resistance and improves glycaemic control [25]. High
intake of metformin seems to be protective against CRC
[26]. The hypothesis is that metformin slows the pro-
gression and growth of the tumour [27]. In the present
study, it was not possible to determine whether metfor-
min was used between inclusion and the end of study,
and this might have affected the results. However, in ex-
cluding incident diabetes in the sensitivity analysis, the
effect on cancer development might have been avoided,
but also excluding those with higher blood glucose, and
decreasing the possible number of cases in the analysis.

As seen in our previous and present study on the
MDCS, associations with CRC might not be straightfor-
ward, but may be dependent on sex and cancer site [28].
CRC may differ in nature depending on whether it is a
distal or proximal CRC, with more micro instability in
the distal CRC and more chromosomal instability in the
proximal cancer [29]. Whether this difference can ex-
plain the variations in associations between rectal and
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colon cancer remains to be determined. There is a differ-
ence in the DNA methylation based on sex. An associ-
ation between altered expressions and insulin secretion
in the human pancreatic islet has been found, where
women have a higher glucose-induced insulin secretion
[30]. Oestrogen also plays an important role in the glu-
cose metabolism in the body. Oestrogen facilitates the
transport of glucose to the brain and promotes neural
aerobic glycolysis [31]. In men, 5-DHEA, an adrenal
steroid hormone which modulates glucose uptake, is
more elevated than in women [32]. As there are differ-
ences in the glucose metabolism for men and women,
high glucose levels may affect the risk differently, as seen
in the present study.

The strength of the present research is that it is a co-
hort study with a long follow-up. A limitation of the
study is the small number of cases, and it cannot be ex-
cluded that some of the stratified analyses may be
underpowered. Taking family history of CRC or inflam-
matory bowel disease into account in our analyses would
have been valuable, since they are contributing factors in
the development of CRC [33], but information on these
risk factors was missing, as was information on family
history of diabetes and blood lipid profile. Even if adjust-
ments for possible confounders and known risk factors
were made, the occurrence of some residual confound-
ing cannot be excluded.

Conclusion

High levels of blood glucose are associated with risk of
CRC, mainly with colon cancer in men. The findings
contribute to facilitating to identify those most in need
of prevention and screening.
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ABSTRACT

Background: Colorectal cancer (CRC) is considered one of the most common forms of cancer in
the Western world. High intake of red and processed meat is considered to increase CRC
development.

Objective: This study examined associations between intake of red meats, poultry, and fish and
incident CRC, and if weight status modifies the associations.

Design: In the Malmo Diet and Cancer Study, dietary data was collected through a modified diet
history method. Via the Swedish Cancer Registry, 728 cases of CRC were identified during 428 924
person-years of follow-up of 16 944 women and 10 987 men.

Results: Beef intake was inversely associated with colon cancer. However, in men high intake of
beef was associated with increased risk of rectal cancer. High intake of pork was associated with
increased incidence of CRC, and colon cancer. Processed meat was associated with increased risk
of CRC in men. Fish intake was inversely associated with risk of rectal cancer. No significant
interactions were found between different types of meat and weight status.

Conclusions: Findings suggest that associations between meat intake and CRC differ depending
on meat type, sex, and tumor location in the bowel. Weight status did not modify observed
associations.
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Introduction daily intake of processed red meat [6]. According to the
guidelines from the National Food Agency in Sweden,
the intake of red meat should not exceed 500 g per
week [7].

The risk associations may differ between gender and
tumor location in the bowel [8]. In a meta-analysis by
Alexander et al. [9], the association between high
intake of processed meat and CRC was mainly seen
in men. Although rather few studies have examined
specific types of red meat in relation to colorectal
cancer, a recent meta-analysis (2015) indicate that the
associations differ depending on meat subtypes and
sub-sites of CRC. High intakes of beef associated with
risk of colon cancer, but not with rectal cancer. Lamb
intake was suggested to associate with increased risk of
CRC. Intake of poultry was not associated with CRC,
but the authors concluded that more studies on pork
intake are warranted [10]. Findings regarding high fish
intake indicate an inverse association with risk of
CRC [11].

Colorectal cancer (CRC) is estimated to be one of the
most common forms of cancer in the Western world
[1,2]. In Sweden, it is the fourth most common form of
cancer and around 6500 persons per year develop the
disease [3].

Several lifestyle factors are considered to be asso-
ciated with the development of CRC. Higher body
mass index (BMI) and waist circumference are posi-
tively associated with risk of CRC, independent of
location, sex. or geographic area, as seen in a meta-
analysis by Ma et al. [4]. Other lifestyle factors, such as
diet, are also considered to be associated with risk of
CRC. The World Cancer Research Fund and the
American Institute for Cancer Research (WCREF/
AICR) have concluded that there is convincing evi-
dence that high intakes of red and processed meat are
associated with increased risk of CRC [5]. A meta-
analysis indicated that the risk increases by 17% per
100 g daily intake of red meat and by 18% per 50 g
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The primary objective of the present study was to
examine if intake of red meat, considering different
subgroups, such as beef and pork, unprocessed and
processed red meat, fish, and poultry, is associated
with incident CRC, colon cancer, and rectal cancer in
women and men from the Malmé Diet and Cancer
Study (MDCS). Since obesity may promote develop-
ment of CRC, our second objective was to investigate
whether weight status may modify the association
between meat intakes and CRC.

Subjects and methods

The study was approved by the Regional Ethical
Review Board in Lund (50-81, 2013/804).

Subjects

MDCS is a population-based prospective cohort study in
Malmo, Sweden. All men and women living in Malmo
between 1991 and 1996, born between 1923 and 1950,
were invited to participate. Altogether, 28 098 partici-
pants completed all of the baseline examinations after
having given their written informed consent. Of those
having completed the baseline examination, 167 had been
diagnosed with CRC before or at baseline examination,
and were therefore excluded from the present study.

Data collection

At baseline, the participants were asked to fill out
questionnaires on socioeconomic, lifestyle, and dietary
factors. They also recorded their cooked meals and
underwent a diet history interview. Weight, height,
and waist circumference were measured by trained
nurses. Body composition was estimated with a sin-
gle-frequency bio-impedance methodology (BIA 103,
RJL systems, Detroit, USA). Body fat percentage was
calculated using an algorithm provided by the
manufacturer.

Dietary data

Dietary data was gathered through a modified diet
history method with a seven-day menu book for regis-
tration of meals that varied from day to day, most
likely lunch and dinner, cold beverages, and nutrient
supplements. In addition, the participants were given a
168-item questionnaire for assessment of consumption
frequencies and portion sizes of foods that were not
covered in the menu book. Finally, a 45-minute inter-
view completed the dietary assessment. The merged
data from the above mentioned methods was then

coded using the Swedish Food Data Base [12]. The
MDC diet assessment method has been described in
detail elsewhere [13,14].

The diet analyses were adjusted for the variables called
‘method version’ and ‘season’. Method version was used
because altered coding routines of dietary data were intro-
duced in September 1994 in order to shorten the interview
time (from one hour to 45 minutes). This resulted in two
slightly different method versions, before and after
September 1994, but did not have any major influence
on ranking of individuals [13]. The variable season was
divided into spring, summer, autumn, and winter depend-
ing on when in the year the baseline examination was
executed. Dietary change in the past (yes, no) was based
on the question ‘Have you substantially changed your
eating habits because of illness or some other reasons?’
The relative validity of the MDCS method was evaluated
in the Malmé Food study 1984-1985 in a sample of
Malmo residents, 105 women and 101 men, 50-69 years
old. An 18-day weighted food record was used as the
reference method, three days every second month during
a year [15,16]. The Pearson correlation coefficients,
adjusted for total energy, between the reference method
and the MDCS method were 0.70/0.74 (carbohydrates),
0.69/0.64 (fats), 0.53/0.54 (proteins), 0.69/0.74 (fibers),
0.70/0.35 (fish), 0.51/0.43 (low fat meat) and 0.80/0.40
(high fat meat), in women and men, respectively.

The following variables for nutrient intake were
used in this study: total energy (M]), non-alcoholic
energy (M]J), carbohydrates (percentage of energy (E
%)), fat (E%), protein (E%), saturated fat (g), fiber (g),
calcium (mg), folate (mg), iron (mg), and zinc (mg).
The following daily intakes of foods were used in this
study: red meat (g), unprocessed red meat (g) pro-
cessed red meat (sausages and cured meat) (g), beef
(g), pork (g), poultry (g), fish (g), dairy products (por-
tions of milk, yogurt sour milk, and cheese), fruit and
berries (g), and sugar-sweetened beverages (g). Red
meat was defined as pork, beef and game. Total red
meat included both processed and unprocessed red
meat. Intakes of pork and beef were mainly based on
non-processed meat, as distinction between pork and
beef was not possible for all processed meats based on
items included in the food questionnaire. The fish
variable consisted of both processed and unprocessed
fish. Portions, instead of grams, were used in order to
analyse the sum of dairy products, because of different
water content and because they usually are consumed
in different weights. Standard portion sizes from the
national Food Agency in Sweden were used to define
portions for dairy products [17].

Energy-adjusted variables were obtained by regres-
sing the food intakes on non-alcohol energy intake



[18]. Quintiles of the food residuals were used as expo-
sure categories.

Cancer cases

In the study, 728 cases of CRC were identified from the
Swedish Cancer Registry, of which 463 were colon cancer
and 265 rectal cancers, during 428 924 person-years of
follow-up. Follow-up time was defined as the time from
date of enrolment until date of CRC-diagnosis, death,
migration, or end of follow-up (31 December 2010),
whichever came first. Information on date of death was
collected from The Swedish Cause-of-death registry.
Mean follow-up was 15.4 years.

Other variables

Prevalent diabetes diagnosis was determined from self-
reported diagnosis, self-reported medication for diabetes,
or information from medical data registries indicating a
date of diagnosis before inclusion in the MDCS. Incident
diabetes diagnosis was obtained either from the Regional
Diabetes 2000 register of Scania, the Malmé HbA1C
register or the Swedish National Diabetes Register. In
the MDCS, 3245 incident cases of diabetes and 1183
prevalent cases of diabetes were found. In all those with
diabetes, 185 cases of incident CRC were found.

Age was obtained from personal identification numbers.
Smokers were divided into three categories: current smo-
kers; ex-smokers; and non-smokers. Irregular smoking was
counted as current smoking. The subjects estimated their
physical activity in minutes and the results were divided
into quintiles. The level of education was divided into four
different categories: < 8 years; 9-10 years; 11-13 years of
education; and university degree. Alcohol intake was
divided into four categories: zero; < 15 g/d for women
and < 20 g/d for men; 15-30 g/d for women and 20-40 g/
d for men; and > 30 g/d for women and > 40 g/d for men.
Current use of menopausal hormonal replacement therapy
(HRT) and regular use of non-steroid anti-inflammatory
drugs (NSAID) were divided into non-users and users.
BMI was calculated from measured weight and length.
BMI was divided into high (> 25 kg/m?) and normal and
low (< 25 kg/m?), after the World Health Organization’s
classification of overweight [19].

Statistical methods

The SPSS statistics package (version 22; IBM
Corporation, Armonk, USA) was used for all statistical
analyses. The food variables were log-transformed (e-log)
to normalize the distribution before analysis. A very small
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amount (0.0001) was added before transformation, to
handle zero intakes [20].

The general linear model was used when examining
baseline continuous characteristics in the cases and non-
cases, and also adjusting for age and sex, when appropri-
ate, and season and method version for the food variables.

The Cox proportional hazard regression model was
used when estimating hazard ratios (HR) of incident
CRC, colon cancer, and rectal cancer, depending on
quintiles of energy-adjusted food intakes (red meat,
beef, pork, unprocessed red meat, processed red meat,
poultry, and fish). The basic model included adjust-
ments for age, sex (when appropriate), season, and
total energy intake. In addition, the full model was
also adjusted for level of education, smoking status,
alcohol intake, physical activity, BMI, NSAID use,
and when appropriate, for current use of HRT. We
also performed the multivariate model excluding
BMI, since it might be an intermediate between diet
and CRC. Additional models were constructed with
further adjustments for diabetes (prevalent and inci-
dent) or potential dietary confounders found in pre-
vious studies (intake of: fiber; protein; saturated fat;
calcium; folate; iron; zinc; fruits and vegetables; milk
products; and sugar-sweetened beverages) [5].

Spearman’s correlation matrix was used to examine
the correlation between energy-adjusted food intakes
(total red meat, beef, pork, unprocessed red meat,
processed red meat, poultry, and fish). For intakes
where a correlation over 0.40 was found
(Supplementary Table 1), additional models were con-
structed with mutual adjustment in the full models.

A test for interaction between sex or BMI status
(< 25 and > 25) and dietary intakes with regard to
CRC incidence was performed by adding a multi-
plicative variable (e.g. sex x diet quintile (treated as
continuous variables)) to the full model.

In sensitivity analysis, we excluded individuals with
a reported dietary change in the past, all forms of
prevalent cancer except cervix cancer in situ or inci-
dent and prevalent diabetes. All tests were two-sided
and statistical significance was assumed at p < 0.05.

Results
Baseline characteristics

Altogether, 16 944 (60.7%) women and 10 987 men
completed the baseline examinations, after exclusion of
individuals with prevalent CRC. The cases of CRC
were, compared with non-cases, older, had a larger
waist circumference, and a higher BMI (Table 1).
They also had a lower intake of calcium, zinc, beef,
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and dairy products and a higher intake of pork. Fewer
cases had a high level of education, but more of them
were highly physically active. Diabetes was more com-
mon among the cases, especially in men. In women, the
use of HRT was higher among the non-cases.

Dietary intake and colorectal cancer

In the full multivariate model, beef intake was inver-
sely associated with risk for CRC in women (HR:
0.65 for highest compared with lowest quintile; 95%
CI: 0.45, 0.95; p for trend = 0.046), but not in men,
and a borderline interaction between sex and beef
intake was seen (p = 0.068) (Table 2). High pork
intake was associated with increased incidence for
CRC (HR: 1.39 for highest compared with lowest
quintile; 95% CI: 1.09, 1.78; p for trend = 0.023).
The association was only significant in women (HR:
1.54 for highest compared with lowest quintile; 95%
CI: 1.12, 2.15; p for trend = 0.003), but no significant
interaction with sex was seen (p = 0.157). The trend
for intake of processed red meat was significantly
associated with increased risk for CRC in men (HR:
1.23 for highest compared with lowest quintile; 95%
CL: 0.87, 1.73; p for trend = 0.023), but not in
women, and a borderline interaction was seen
(p = 0.062).

Dietary intake and colon cancer

High intake of beef was inversely associated with risk
of colon cancer (HR: 0.60 for highest compared with
lowest quintile; 95% CI: 0.44, 0.82; p for trend = 0.009)
(Table 3). The inverse association was also significant
in women (HR: 0.60 for highest compared with lowest
quintile; 95% CI: 0.37, 0.96; p for trend = 0.049) and
similar tendencies were seen in men (p for
trend = 0.069). High intake of pork was associated
with increased risk of colon cancer (HR: 1.41 for high-
est compared with lowest quintile; 95% CI: 1.04, 1.90; p
for trend = 0.021). The association was only significant
in women (HR: 1.56 for highest compared with lowest
quintile; 95% CI: 1.12, 2.15; p for trend = 0.003), but no
significant interaction with sex was seen (p = 0.146).
We observed a borderline significant association
between high intake of processed meat and increased
risk of colon cancer in men (HR: 1.23 for highest
compared with lowest quintile; 95% CI: 0.80, 1.90; p
for trend = 0.053), but no significant interaction with
sex was seen (p = 0.127).

Dietary intake and rectal cancer

High intake of beef was associated with increased risk
of rectal cancer in men (HR: 1.82 for highest compared
with lowest quintile; 95% CI: 1.02, 3.25, p for
trend = 0.028), but not in women (Table 4), and a
significant interaction was seen between beef intake
and sex (p = 0.025). High intake of fish was inversely
associated with risk of rectal cancer in all (HR: 0.59 for
highest compared with lowest quintile; 95% CI: 0.38,
0.92, p for trend = 0.025), and the association did not
differ depending on sex (p for interaction = 0.597).

Complementary models

In the analysis of CRC, colon and rectal cancer, additional
adjustments for potential dietary confounders (intake of:
fiber; protein; saturated fat; calcium; folate; iron; zing;
fruits and vegetables; milk products; and sugar-sweetened
beverages) did not affect the results and were therefore
excluded from further analysis (data not shown).

In the analysis of CRC, colon, and rectal cancer,
additional mutual adjustments for the correlated food
intakes (total red meat - beef; total red meat - pork;
total red meat — unprocessed red meat; total red meat —
processed red meat; unprocessed red meat - beef;
unprocessed red meat - pork), did not affect the results
to any major extent (data not shown).

Dietary intake, colorectal, colon, and rectal cancer,
and body mass index

Excluding BMI from the multivariate model gave vir-
tually similar results (data not shown). Moreover, no
significant interactions were found between the differ-
ent types of meat intakes and BMI status (< 25 or > 25)
on CRC (Supplementary Table 2).

Sensitivity analyses

Exclusion of subjects with dietary change

When excluding individuals reporting dietary change
in the past, the association between intake of pork and
CRC was only borderline significant (HR: 1.15 for
highest compared with lowest quintile; 95% CI: 0.86,
1.52; p for trend = 0.074). Apart from that, we did not
observe any major changes in any of the results.

Exclusion of subjects with prevalent cancer

When excluding individuals with any type of prevalent
cancer at baseline, except for cervix cancer in situ, the
inverse association between intake of beef and colon
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meta-analysis of four prospective studies indicated,
similar to our results, an increased risk of CRC at
high intakes of pork [10].

The diverse findings depending on type of meat, gen-
der, and tumor site may reflect the complexity of color-
ectal cancer. Proximal colon and distal colon (including
rectum) arise from different embryonic tissues. They also
serve different functions, and the mucosal properties and
microenvironment differ between segments [25]. As the
fecal content is degraded by the microbiota and water and
minerals are reabsorbed during the colonic passage, the
production of short-chain fatty acids and metabolites
varies, and fecal content changes its properties, in distal
direction. Traditionally, we consider colon cancers as one
disease. This may be misleading, since proximal colon
cancer more often have microsatellite instability, CpG
island methylator phenotype, and KRAS mutations,
whereas rectal and distal colon cancers more often have
chromosomal instability and TP53 and APC mutations
[26]. So far, the incidence of distal cancer has been higher
than the incidence of proximal cancer [27]. In future
studies, subgroup analysis of proximal or distal CRC
ought to be done in addition to analysis of colon and
rectal cancer, which is more common in epidemiological
studies and therefore more comparable.

Associations between meat intake and CRC may
differ depending on the type of meat most frequently
consumed in a different population, as well as on
intake levels. In the southernmost district in Sweden,
where participants of the MDCS cohort were
enrolled, pork intake is by tradition high. Although
the intake data on meat could be considered to be
satisfactory, it is worth noting, that the main part of
the meat intake was recorded in the MDCS seven-
day menu book, and that fewer days are needed to
capture intakes of food consumed more frequently,
compared to those consumed more seldom, indicat-
ing that intake data on pork may be more valid,
compared to that on beef. This may partly explain
why beef was not found to associate with higher risk
of colon cancer in this study, while such association
has been observed in other populations [9,10]. On
the other hand, difference in meat production, with
fewer antibiotics and growth factors used in Sweden,
compared with for example USA, may affect the
association between beef intake and risk of CRC
differently. It is stated that increased risk for CRC
starts at an intake of 500 g/week for red meat and for
processed meat only by eating it [5]. In the present
study, the estimated median intake in the lowest
(44 g/day), and the highest (146 g/day) quintile of
red meat, was well below, and respectively above, the
stated threshold level.

FOOD & NUTRITION RESEARCH 1

The gender difference in observed associations may
have several explanations. The prolonged gastrointest-
inal transit time in women compared with men may
lead to a prolonged exposure of the mucosa to carcino-
gens [28]. On the other hand, this may be counteracted
by higher meat intake in men compared with that in
women in the MDCS. If meat has carcinogen-inducing
properties in the bowel, a difference in transit time may
decrease the difference in risk between genders caused
by difference in meat intake.

Several mechanisms may lie behind observed asso-
ciations between red meats and CRC. One difference
between beef and pork is the amount and composition
of fat [29]. The generally higher fat concentration in
pork may enhance the excretion of bile acids, which
may promote tumorigenesis [30,31]. During the pas-
sage down the colon, the bile acids are modified and
dehydroxylated [25], leading to different properties
along the colon mucosa. Thus, the malignancy risk
may vary between different colon segments. The
heme iron in red meat is another plausible explanation
for the association between red meats and CRC [29], as
heme iron damages the colon’s lining [32]. However,
the inverse association between beef intake and risk of
colon cancer in the present study, and the association
between high pork intake and increased risk of CRC,
do not support this explanation.

Consumption of red meat may result in exposure to
carcinogens through cooking methods, such as cooking
meat at a high temperature by barbequing or smoking,
or through preservation with nitrite. Heterocyclic
amines (HCAs), polycyclic aromatic hydrocarbons
(PAHs), and N-nitroso compounds (NOCs) are
thought to be factors in development of CRC [33,34].
In addition, processed meat often contains a high
amount of salt [35] and it has been discussed if salt
may be a risk factor for CRC [36].

Previous indications of protective associations with
high fish intake have, consistent with our findings,
above all been seen for rectal cancer [11]. Intake of
marine omega-3 is thought to be inversely associated
with CRC [37]. Mechanisms are thought to be the
reducing effect omega-3 has on the omega-6 polyunsa-
turated fatty acid production of eicosanoids, and inhi-
bition of cyclo-oxygenase-2 [38], but when analyzing
associations between omega-3 intake and risk of CRC,
no clear association was seen [5]. The high content of
vitamin D and selenium has also been suggested as
potential mechanisms [39]. This may explain the
inverse association between fish and rectal cancer
seen in the present study.

Obesity is considered to be an established risk factor
for CRC [4]. Low grade inflammation and changes in
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microbiota are associated with obesity and have been
discussed as possible causes [4], along with insulin-like
growth factor-1 and leptin [40]. The observed associa-
tions in this study did not clearly differ between indi-
viduals with BMI above or below 25, and exclusion of
BMI in the multivariate model did not substantially
change our finding, suggesting that weight status does
not have any modifying or mediating effects on the
associations between meat intakes and CRC. Yet, we
cannot exclude modification if further discriminating
between overweight and obese in more well-powered
studies.

Diabetes may promote development of CRC, and
red and processed meats have in studies shown to be
associated with increased risk of diabetes [41,42].
Exclusion of patients with diabetes did not significantly
affect the association between intake of pork or beef
and risk of CRC, but the association between intake of
processed red meat and CRC did not remain signifi-
cant in men and the risk estimate in the highest quin-
tile changed from 1.23 to 1.05. Loss of power may lie
behind this observation; especially since diabetes is
more common among men (26% were excluded).
Future well-powered studies may reveal if the presence
of diabetes has any modifying effect.

The strength of the present study is dietary data of high
relative validity [13,15]. As it is a large population-based
prospective study with long follow-up, selection bias and
reverse causation were minimized. We had also extensive
information on potential confounding factors and were
able to exclude individuals who reported dietary changes
in the past. There are several limitations of this study.
Power may be a problem in some of the gender specific
analyses. Family history of CRC and inflammatory bowel
disease, seen as strong risk factors in development of CRC
[22], were not included in the study as information on
these risk factors were missing. Furthermore, neither
information on the source of some of the processed
meat, which may have influenced the findings regarding
intakes of beef and pork and their association with risk of
CRC, nor information about intake of heme iron was
available.

Despite adjustments for possible confounders and
known risk factors, occurrence of residual confounding
cannot be completely excluded and we have not adjusted
for multiple testing, since dietary intakes are highly corre-
lated and the analyses could not be treated as independent.

Conclusion

In conclusion, our findings suggest that type of meat as
well as sex and tumor location in the bowel influence
associations between meat intake and risk of CRC. The

findings support previous studies indicating that high
intake of processed meat above all is associated with
increased risk of CRC in men and that high intake of
pork may be associated with an increased risk of CRC.
Beef intake was in contrast to previous observations
inversely associated with colon cancer, but in men
associated with increased risk of rectal cancer. Fish
intake was inversely associated with rectal cancer.
Presence of overweight did not seem to have any
major impact on the findings.
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