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Abstract

Aim: The aim of this study was to assess established risk factors for colorectal cancer
(CRC) separately for right colon, left colon and rectal cancer in men and women.
Method: This was a prospective cohort study comparing incidental CRC cases and the
general population participating in a longitudinal health study in Norway (the HUNT
study).

Results: Among 78580 participants (36825 men and 41754 women), 1827 incidental
CRCs were registered (931 men and 896 women). Among men, the risk of cancer at all
locations increased with age [HR 1.46 (1.40-1.51), HR 1.32 (1.27-1.36), HR 1.30 (1.25-
1.34) per 5years for right colon, left colon and rectal cancer, respectively] and the risk of
left colon cancer increased with higher body mass index [HR 1.28 (1.12-1.46) per 5 kg/
m?]. The risk of right colon cancer (RCC) increased with smoking [HR 1.07 (1.04-1.10)
per 5 pack years]. Among women, the risk of cancer at all locations increased with age
[HR 1.38 (1.34-1.43), HR 1.23 (1.19-1.27), HR 1.20 (1.16-1.24) per 5years] and smoking
[HR 1.07 (1.02-1.12), HR 1.07 (1.02-1.12), HR 1.10 (1.05-1.17) per 5 pack years] for right
colon, left colon and rectal cancer, respectively. The risk of RCC increased with night shift
work [HR 1.93 (1.22-3.05)].

Conclusion: The risk factors for developing CRC differ by anatomical location and sex.
The relationship between risk factors and CRC may be more nuanced than previously

known.
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INTRODUCTION

Colorectal cancer (CRC) has been considered as a single tumour entity. As
colon cancer (CC) and rectal cancer (RC) differ in many ways, that is, mac-
roscopically, histologically, molecularly, by survival, sensitivity to chemo-
therapy and effect of prophylactic measures, many now consider these as
separate entities [1, 2]. Furthermore, CC may be divided into left colon can-
cer (LCC) and right colon cancer (RCC) based on the differences not only in
anatomical location but also in the microbiome, clinical, chromosomal and
molecular characteristics [3-5]. Women seem more prone to develop RCC
and more aggressive forms of neoplasia, and they have higher mortality
and lower 5-year survival rates than men [4]. To date, most researchers
have not considered tumour localization or sex disparities in their study
design or interpretation [4]. Consequently, RCC, LCC and RC are well de-
scribed as different entities, but little is known about the underlying risk
factors separating the three, and how these differ in men and women.

The aetiology of CRC seems to be multifactorial. Established risk
factors for CRC are increased age, male sex, diabetes mellitus, smok-
ing, high alcohol consumption, obesity, high intake of red and pro-
cessed meat, inflammatory bowel disease and family history of CRC
or adenomatous polyps [6-10]. Physical activity, high intake of fish,
dairy products, fruit, vegetables and fibres, as well as intake of med-
ications such as hormone replacement therapy, acetylsalicylic acid,
statins, certain vitamins, calcium or magnesium supplements may
protect against the development of CRC [6, 10]. Night shift work,
sleep duration, former treatment for testicular or prostate cancer,
Helicobacter pylori infection and other infections are among the fac-
tors that have unclear effects on CRC risk [6, 11-13].

CRC is among the most preventable cancer types, as more than 50%
of cases are attributable to lifestyle factors [6]. In addition, CRC is well
suited for screening, as it reduces incidence and mortality as well as down-
stages the total tumour burden [14]. The prevalence of CRC in Norway
is one of the world's highest, and for unknown reasons the incidence is
ever-increasing among both men and women [15]. A national screening
programme has been decided upon but not implemented to date.

Screening guidelines in general do not apply sex-specific recommen-
dations, although it is well known that the various screening methods dif-
fer in their ability to detect RCC, LCC and RC among men and women [4].
Combining an efficient screening programme with sex-specific lifestyle
recommendations could reduce the CRC burden [14]. Hence, knowledge
of how cancer risk factors vary with tumour localization and sex might be
of importance to guide the health policy of CRC prevention. Therefore,
our aim was to study the risk factors associated with RCC, LCC and RC,

and whether these differ between men and women.

METHOD
Study design
This was a prospective cohort study based on the Trgndelag

Health Study (HUNT). HUNT collected data from four surveys
[HUNT1 (1984-6), HUNT2 (1995-7), HUNT3 (2006-8) and HUNT4
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What does this paper add to the literature?

In colorectal cancer, screening, treatment and prophylactic
protocols do not apply sex-specific recommendations. This
is the first large European study demonstrating that risk
factors for colorectal cancer differ by sex and tumour loca-
tion. Further knowledge could guide effective prevention

policies and possibly reduce disease burden.

(2018-19)]. The entire adult population aged >20years in Trendelag
County, Norway was invited to participate. The study included writ-
ten questionnaires, standardized clinical measurements performed
by trained personnel and blood samples, collected and stored
in the HUNT Biobank. Through linkage to the Cancer Registry of
Norway by the unique national personal identification number as-
signed to each Norwegian inhabitant, participants in HUNT2 and/or
HUNT3 with RCC, LCC or RC were identified. The Cancer Registry
of Norway has been responsible for the collection and organization
of data from all institutions diagnosing and treating cancer patients
in Norway since 1951. Reporting of these data is mandatory by law
for all health personnel. A flowchart of the selection of the cases and
controls is shown in Figure 1.

Definition of outcome

The outcome of this study was the first CRC diagnosis among par-
ticipants in HUNT2 and HUNT3 until 31 December 2017. CRC was
identified according to the International Classification of Diseases,
7th edition (codes 153.0-154.0) and 10th edition [codes C18-20 (ex-
cluding C18.1 Appendix)] and the morphological codes according to
the International Classification of Diseases for Oncology, 3rd edition
(ICD-0O-3) 8041, 8144, 8210-11, 8255-8263, 8480-8481, 8490,
8510, 8570-8574, 6900, 6999, 8000-8020 (excluding carcinoids
8240 and 8249, neuroendocrine carcinomas 8246 and gastrointesti-
nal stromal tumours 8936). RCC was defined as ICD-7 153.0-153.1,
LCC was defined as ICD-7 153.2-153.4 and RC was defined as ICD-7
154.0. If synchronous cancers were registered (n = 51), and not lo-
cated in the same anatomical subclassification (n = 7), the most dis-
tal cancer localization was used. The controls were defined as those
participating in HUNT2 and/or HUNT3 who were not diagnosed
with CRC in the Cancer Registry of Norway (1956 to 31 December
2017). For all participants, the cancer stage was scored based on
data from hospital journals according to the tumour, node, metasta-
sis (TNM) classification [16].

Definition of exposures

A summary of known risk factors and their association with CRC,
RCC, LCC and RC is presented in Table S1. Based on these studies,
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FIGURE 1 Flowchart of selection of
cases and controls

No CRC in CRN by 31.12.2017 | |HUNT participants registered with CRC
Controls (C18-C20) in CRN
| Excluding

 |CRC prior to HUNT2 N = 290
Cases not identified as RCC, LCC or RC N = 12

Did not participate in HUNT 2, diagnosed
‘ with cancer prior to HUNT3 N=35

| Appendix (ICD10 C18.1, ICD-7 153.6) N = 23
| Carcinoids (ICD-0-3 8240 and 8249) N = 10
NET (ICD-O-3 8246) N = 10

GIST (ICD-O-3 8936) N=2

\
v

Cases

N = 1828
Cases with HUNT2 closest Cases with HUNT3 closest
prior to cancer prior to cancer
N = 1086 N =742

the following variables were selected as exposures: age, sex, body
mass index (BMI), night shift work, diabetes mellitus, smoking, exer-
cise, educational level, and intake of fruit/berries, vegetables, milk,
bread and sausages/hamburgers. As there is a dose-response rela-
tionship between smoking and CRC risk, smoking was recorded as
pack years [8]. Further definitions of the exposures are presented
in Table 1.

Statistical analyses

The population characteristics are presented as frequencies,
percentages, means and standard deviations. Of the two sur-
veys, HUNT2 or HUNTS3, the closest prior to the cancer diagno-
sis was chosen as baseline. The observational time from HUNT2
or HUNTS3, respectively, was used as the time variable in survival
analyses. CRC risk was assessed using Cox regression analysis.
RCC, LCC and RC risk were assessed using competing risk analy-
sis, applying the Fine and Grey method [17]. These analyses were
carried out with one risk factor at a time, including the indicator

variable of the baseline (HUNT2/3), the risk factor, sex, the in-
teraction risk factor x sex, age, BMI and smoking. Available case
analysis was used; that is, in each analysis, all subjects with data
on the relevant variables were included. Hazard ratios (HRs) with
95% confidence intervals were reported separately for men and
women, in addition to the p-value for the interaction with sex. The
predefined two-sided significance level was set to 5%. However,
due to multiple hypotheses, p-values between 1% and 5% were
interpreted with caution. The statistical software SPSS 26.0 was
used for all statistical analyses (IBM Corp.). The Fine and Grey
competing risk regression analyses were carried out using the
SPSS extension command COMPRISK, which uses the R ‘cmprsk’
package [18].

Ethics

All participants provided written informed consent when partici-
pating in HUNT, including consent for to linkage to their medi-
cal records as well as other central health registries in Norway.
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TABLE 1 Definition of exposures

Risk factor M/Q Definition
BMI M Weight in kilograms divided by the squared height in metres [9]
Diabetes mellitus Q Answering ‘yes’ or ‘no’ to the question: ‘Do you or have you ever had diabetes?’
Smoking Q Pack years is packs of cigarettes [20] per day multiplied by the years smoked [8]
Fruit/berries, vegetables, Q Answering ‘0-3 times per month’, ‘1-3 times per week’, ‘4-6 times per week’, ‘once a day’, ‘two or
processed meat® and more times per day’ to the question: ‘How often do you normally eat this type of food?’
fish
Milk Q Answering ‘never’, ‘<1 glass/day’, ‘1-3 glasses/day’ or ‘>3 glasses/day’ to the question: ‘How often
do you drink milk?’
Bread Q Answering ‘white/white multigrain/semi wholegrain’ or ‘wholegrain/crispbread’ to the question:
‘What type of bread do you usually eat?’
Night shift work Q Answering ‘yes’ or ‘no’ to the question: ‘Do you work shifts, night work or on call?’
Exercise Q Answering ‘none’, ‘less than 1 hour/time per week’, ‘1-2 hours/time per week’ or ‘more than 3hours/
times per week’ to the question: ‘Over the last year, how often have you exercised light/hard?’
MET (metabolic equivalent) hours/week were calculated as in Rangul et al [18]
Education Q Answering ‘primary school 7-10years, continuation school, folk high school’, ‘high school,

intermediate school, vocational school, 1-2years high school’, ‘university qualifying examination,
junior college, A levels’, ‘university or other post-secondary education, less than 4years’ or
‘university/college, 4 years or more’ to the question: ‘What is your highest level of education?’

Abbreviations: BMI, body mass index; M, measurement; Q, questionnaire.
“Hot dogs/sausages/hamburgers.

Confidentiality was strictly maintained during data storage and
handling.

RESULTS
Study population

Among 78579 participants (36825 men and 41754 women) in
HUNT, 1828 (931 men and 897 women) were diagnosed with CRC.
The remaining 76751 participants were considered controls. The
characteristics of patients and controls are presented in Table 2. The
patients were generally older than the controls, and patients with
RCC were older than LCC and RC cases. Among men, 351 cases were
RCC, 317 LCC and 263 RC. Among women, 414 patients were RCC,
274 LCC and 209 RC. Most of the patients with RCC had Stage II-1V
disease (81%), whereas most of the patients with RC had Stage I-II
disease (52%).

The risk of CRC overall

Associations between risk factors and CRC, adjusted for age,
BMI and smoking, are presented separately for men and women
(Figures 2 and 3, Table S2). Older age was associated with an in-
creased risk of CRC in both men [HR 1.36 (1.33-1.40)] and women
[HR 1.28 (1.25-1.31)] per 5years. Higher BMI was significantly as-
sociated with an increased risk of CRC in men [HR 1.18(1.08-1.30)
per 5 kg/m?] but not in women (interaction with sex p = 0.02).

Smoking was associated with an increased risk of CRC in both men
[HR 1.04 (1.02-1.06)] and women [HR 1.08 (1.03-1.15)] per 5 pack
years. Diabetes, intake of fruit/berries, vegetables, milk, fish, bread,
processed meat and education were not associated with CRC. Night
shift work [HR 1.63 (1.25-2.14)] was associated with a higher risk
of CRC in women (interaction with sex p = 0.002), whereas exer-
cise seemed to be associated with a lower risk of CRC in men [HR
0.99 (0.98-0.99)] although interaction with sex was not significant
(p =0.465).

The risk of CRC by anatomical site

Associations between risk factors and RCC, LCC and RC, ad-
justed for age, BMI and smoking, are presented separately for
men and women (Figures 2 and 3, Table S3). Among men, older
age increased the risk of RCC [HR 1.46 (1.40-1.51)], LCC [HR 1.32
(1.27-1.36)] and RC [HR 1.30 (1.25-1.34)] per 5years, higher BMI
increased the risk of LCC [HR 1.28 (1.12-1.46)] per 5 kg/m? and
smoking increased the risk of RCC [HR 1.07 (1.04-1.10)] per 5 pack
years, whereas exercise reduced the risk of RCC [HR 0.98 (0.96-
0.99)] and RC [HR 0.97 (0.96-0.99)]. Among women, older age [HR
1.38 (1.34-1.43), HR 1.23 (1.19-1.27), HR 1.20 (1.16-1.24) per
5years] and smoking [HR 1.07 (1.02-1.12), HR 1.07 (1.02-1.12),
HR 1.10 (1.05-1.17) per 5 pack years] increased the risk for RCC,
LCC and RC, respectively. Night shift work [HR 1.93 (1.22-3.05)]
increased the risk of RCC. Analyses of interaction with sex showed
significant differences for age in LCC and RC, smoking in RC and
night shift work in RCC (p <0.01).
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- DISCUSSION
8
.%D In this population-based cohort study, candidate CRC risk factors
‘é differed by anatomical localization of the tumour and between men
and women. The relationship between risk factors and CRC may
< be more nuanced than previously known. If researchers account
" :‘j') E’\f, for tumour localization and sex in future studies, new insights into
o= S . . .
3‘_;, ® 0 pathogenesis, prevention, treatment and follow-up of CRC might be
S| Q gained.
$ —
£ X
ERN] R Age
3|~ o
o Al n
In agreement with previous studies, we found an increased risk of
5 X < CRC with older age [3, 4, 7]. Through the last four decades there
= | o X
S N uv-; has been ‘a shift to the right’, with increasing incidence of RCC
t -~ ~
3|s a compared with the incidence of LCC and RC [1]. This shift esca-
lates with increasing age and year of diagnosis, and is greater in
g é s 3 women than in men [4]. The studied population was not previ-
g :2 % c’: ously screened, hence the median age at colon cancer diagnosis in
E -r_:’—: Q § Norway (73 years for men and 75years for women) [15] is slightly
g older than in comparable countries with established screening
2 programmes, for example Finland (median age 71years for men,
g § & 73years for women) [19].
£ © @)
°C|l&8|le o
; O | © N
_ Sex
X <
.58
o= < The risk for developing CRC at a specific anatomical site differs for
-~ el n
é § § men and women. The risk of developing RC is higher in men, while
women more often develop RCC [1]. It has been stated that the lack
_ . of reports on sex-specific estimates of the risk of CRC precludes
Q X . .
g % ) meta-analyses and hence evidence for useable cancer prevention
=] ™~ he)
é E E guidelines [4]. Many studies including only traditional risk factors
such as age, BMI and smoking have demonstrated an increased risk
5 . of LCC and RC in men compared with women, and some state that
o X
S 8\‘2 2 one potential explanation may be unmeasured sex-specific lifestyle
"E < < S factors [7]. The present study demonstrates different risks for some
- N N o
% of these lifestyle factors, with a significant interaction for sex on
o
|1 &81_ T age, BMI, smoking and night shift work.
o b &) ) =
Sle|g § |ci
lE|S S |85
n| x| Q e S .
Q o = Body mass index
3 X o
o
[ T g 6 £
s 'l: < ® o g In the present study, a higher BMI increased the risk of LCC in men
I = = t ® . - . .
g B:) < § 9] %0 but not in women or other tumour localizations. In prior studies,
O | Ne) c L o
— g % £ higher BMI has been associated with an increased risk of cancer
o >
g = - 29 § throughout all anatomical subsites, but most of these studies have
= o 2 T O g
b= E 2 g »E 6 &9 not analysed the sexes separately [20, 21]. Metabolic syndrome has
S c LG
o Rz % % ol & § § been shown to increase the risk of CRC in both men and women and
—- = =
o~ £ § S g E § § go is also related to mortality [21]. Consistent with the present study, a
wl — [e]
a g Y g °l ® g g previous study has shown that a five-unit increase in BMI equates to
= F A 22 F an 18% increased risk of CRC [22].



BRENNE ET AL. & @@ = S o
iyl 9 s
%5 Escp (R3] %‘?J

Risk factors women

Age 5CRC - i |
Age 5RCC - i IOl
Age5LCC |- A
Age5RC |- D e
BMI5CRC HaH
BMI5RCC | —o—i
BMI5LCC - —e—
BMI5RC |~ ——
Diabetes CRC [ ———
Diabetes RCC |~ I O~ |
Diabetes LCC — i @ : {
Diabetes RC : o :
Pack 5 CRC [ HEH
Pack 5RCC - Ol
Pack5LCC s
Pack5RC |- | e
Fruit/berries CRC |- —a—
Fruit/berries RCC —O0—
Fruit/berries LCC — I—:.—|
Fruit/berries RC [~ —ro——1
Vegetables CRC ——
Vegetables RCC | —O0—
Vegetables LCC [~ —e———I
Vegetables RC - —_———
Milk CRC -
Milk RCC —O—
Milk LCC —e—-
Milk RC - —e——
FishCRC [ —a—
Fish RCC —O—
FishLCC [ ; °® |
Fish RC |~ b o i
Bread CRC |- H—= {
Bread RCC i O i
Bread LCC [ e |
Bread RC ; o {
Processed meat CRC — I—l-i—|
Processed meat RCC — k O |
Processed meat LCC  [— I < i
Processed meat RC |- [ — i

Night shift CRC |- i ; = i

Night shift RCC - | —O ;

Night shift LCC [~ I : @ {
Night shit RC = < i
Exercise CRC [~ ]

Exercise RCC - o
Exercise LCC [~ ]
Exercise RC |~ o

Education CRC I-I'-|

Education RCC |- I—O:—I

Education LCC |- —e—i
Education RC | I—O—i-l | | |

0.0 0.5 1.0 15 2.0 25

Hazard ratio

FIGURE 2 Riskfactors for CRC, RCC, LCC and RC for women
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Diabetes

Self-reported diabetes was not associated with CRC in this study.
Nonparticipation studies have shown an underestimation of the
prevalence of diabetes in HUNT, which could make estimates more
modest and associations harder to find [23]. Diabetes has been as-
sociated with an increased risk of CRC in many previous studies,
particularly with an increased risk of RCC [7, 24]. However, most of
these studies did not analyse the genders separately and did not in-
clude dietary risk factors or consider the severity of diabetes and its
regulation in their analyses.

Smoking

Smoking was associated with an increased risk of CRC in both men
and women, RCC in men and all locations in women (Figures 2 and 3).
In previous studies, the association with smoking was strongest for
RCC and RC [8]. There was a stronger association in men, but in RC

smoking elevates the risk similarly in both men and women [8, 25].

Diet

As in many previous studies, the present study did not demonstrate
any highly significant association with any of the studied dietary fac-
tors, either with risk of CRC as a whole or with anatomical subsite
of cancer [10]. In the present study, the frequency of intake of sau-
sages/hamburgers was used as a proxy for processed meat. Previous
Norwegian studies have found that the association between pro-
cessed meat and CRC is mainly driven by the intake of sausages
[26]. Self-reported dietary variables vary substantially in quality and
validity; hence, the importance of diet in this study may be under-
estimated [27].

Night shift work

Night shift work was associated with an increased risk of RCC in
women and a significant interaction with sex in our study. Night
shift work has previously been associated with a higher risk of CRC
[11, 12]. Although night shift work had a significant carcinogenic ef-
fect on CRC in America, no such effect was observed in Europe [11].
Some of these studies did not present sex-specific estimates [12].
Divergent results when examining the association between night
shift work and CRC could be because there is no agreement on the
definition of ‘night shift work’.

Exercise

Men who reported higher levels of exercise had a reduced risk of
RCC and RC. In several previous studies, physical activity has been

shown to reduce risk of CC, whereas associations between physical
activity and RC are much less consistent [28]. The frequency and
intensity of activity is difficult to quantify, and the amount needed
to reduce cancer risk is not known [29, 30]. A systematic review and
meta-analysis found that physical activity was associated with a re-
duced risk of both RCC and LCC, but RC was not included and no

differences were found between men and women [31].

Education

A substantial proportion of the socioeconomic disparity in risk of
CRC is considered attributable to diet and BMI, as measured by edu-
cational attainment [32]. This study supports this, as no significant

associations were found.

Factors not analysed

Alcohol consumption has a dose-response relationship with the risk
of CRC and drinkers get the disease at an earlier age [8]. In HUNT,
the level of self-reported alcohol consumption was much lower than
what was reported in other studies; hence, alcohol consumption
was omitted from the present study. Other studies have found that
the use of anti-inflammatory drugs, such as aspirin and nonsteroidal
anti-inflammatory drugs, is associated with a reduced risk of CRC [9].
In Norway, such medications in sufficient doses are prescribed by
doctors only to treat other severe diseases (i.e. rheumatic disease)
and were therefore not included in our analyses.

Some advocate that factors such as race, sex, age and marital
status should be controlled for in all disciplines of research [33].
However, marital status provided no further information in our
model and was considered a proxy for other lifestyle factors (data
not shown). Ethnicity was not reported in this study. The majority
of HUNT participants were Caucasians. Finally, sleep duration has
been considered a risk factor for CRC, but data on sleep duration
were not available in HUNT [13].

Strengths and limitations

The population-based design of the HUNT study, with a large sample
size and high participation rate, diminishes the risk of selection bias,
provides sufficient study power and reduces the risk of incidental
findings [34]. The prospective nature and use of standardized ques-
tionnaires limits the potential for recall bias [34]. The risk of differ-
ential misclassification of BMI was minimized by the objective and
uniform measurement of height and weight by qualified personnel
[35]. Another strength of this study is the nearly complete and ac-
curate assessment of the outcome through the high-quality Cancer
Registry of Norway. Furthermore, the use of population controls
without CRC diagnosis up to 22years after registration of the expo-
sure ensures a better separation between cases and controls than in
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previous studies, where controls are mainly self-reported healthy or
colonoscopy-negative people.

A limitation is that the questionnaires did not extensively mea-
sure the duration or dose of risk factors, hence limiting detailed
exploration of each risk factor. Due to limited statistical power, we
did not consider the joint effects of risk factors. As this is an ob-
servational study, residual confounding cannot be ruled out, and
causation cannot be claimed.

The prevalence of CRC in Norway is one of the world's highest
and is rising. The representation of different stages in our material
agrees with the distribution in Norway overall [15] and other com-
parable countries [7, 36]. A total of 65237 (69.5% of those invited)
people participated in HUNT2 and 50807 (54.1% of those invited)
participated in HUNT3 [34]. No differences were found between
participants and nonparticipants regarding cancer prevalence [23],
and only small differences were found in participation between
cancer patients and noncancer patients, hence influence in cross-
sectional studies could probably be neglected [37]. Participants in
HUNTS3 exercised more than nonparticipants [23]. Nonparticipants
more often had diabetes, which could lead to an underestimation
of the prevalence of diabetes in HUNT [23]. Nonparticipants were
found to have higher mortality and lower socio-economic-status,
which could possibly lead to selection bias [23]. If this is the case, the
risk estimates presented will be more modest than if these individu-
als were included. The nonparticipants were mainly young people in
their 20s and people over 80 [23].

CONCLUSION

In conclusion, our study represents the first large population-based
European cohort study demonstrating that the risk factors for CRC
differ by location and between men and women. Further knowledge
should be obtained to guide effective prevention policies and pos-
sibly reduce CRC disease burden.
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