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Abstract

In the present study, we aimed to describe dietary changes made post-diagnosis and current dietary supplement use by survivors of color-
ectal cancer (CRC), and explore the underlying motives for these lifestyle habits. Cross-sectional analyses were performed for 1458 stage
I-IV CRC survivors of the Patient Reported Outcomes Following Initial Treatment and Long-Term Evaluation of Survivorship (PROFILES)
registry, diagnosed between 2000 and 2009. Lifestyle, sociodemographic and clinical information was collected. Prevalence of and motiv-
ations for dietary changes and supplement use were assessed. Associations between lifestyle, sociodemographic and clinical variables were
analysed by multivariable logistic regression. CRC survivors (57 % male) were on average 70 (sp 9) years of age and diagnosed 7 (sD 3) years
ago. Dietary changes post-diagnosis were reported by 36% of the survivors and current supplement use by 32 %. Motivations for dietary
changes were mostly cancer-related (44 % reported ‘prevention of cancer recurrence’ as the main reason), while motivations for supplement
use were less frequently related to the cancer experience (38% reported ‘to improve health and prevent disease in general’ as the main
reason). Dietary changes were significantly associated with dietary supplement use (OR 15, 95% CI 1-1, 2-1). Survivors who had received
dietary advice, were non-smokers, under 65 years of age, and had no stoma were more likely to have changed their diet. Survivors who were
female, had multiple co-morbidities, and no overweight or obesity were more likely to use supplements. In conclusion, many CRC
survivors alter their diet post-diagnosis and use dietary supplements, in part for different reasons. Insights into motivations behind these
lifestyle habits and characteristics of CRC survivors adopting these habits can improve the tailoring of lifestyle counselling strategies.
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Colorectal cancer (CRC) is a common cancer'”. It is the third most have also increased over the past decades™. The growing
commonly diagnosed cancer worldwide®. Besides population number of CRC survivors constitutes an important target
ageing, unhealthy dietary habits and other lifestyle-related risk population for health promotion efforts, since many CRC survi-
factors (e.g. obesity) are thought to contribute to the rising vors experience persisting physical and psychosocial problems
incidence of CRC®™®. Furthermore, due to screening practices after diagnosis and treatment, which negatively affect their
and improved curative treatment modalities, CRC survival rates health status and quality of life®=?. Additionally, compared

Abbreviations: CRC, colorectal cancer; ECR, Eindhoven Cancer Registry; PROFILES, Patient Reported Outcomes Following Initial Treatment and Long-Term
Evaluation of Survivorship; SES, socio-economic status.
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with individuals without a history of cancer, cancer survivors have
an increased risk for developing new primary tumours and
chronic diseases, which may partly be attributed to an unhealthy
lifestyle and body Composition“o’l Y Therefore, promoting the
adoption of a healthy lifestyle after a cancer diagnosis has the
potential to favourably influence prognosis, co-morbidity and
overall well-being®'? .

A cancer diagnosis has been referred to as a ‘teachable
moment’” for motivating individuals to make behavioural
changes for improving their health and well-being' . Research
has shown that CRC survivors express the need for and actively
seek advice and guidance on healthy lifestyle behaviours,
including dietary requirements, in the period shortly after
the end of initial treatment™®. Nutrition and physical activity
guidelines for cancer survivors are available"*~'®, which are
intended to help health professionals counsel survivors about
healthy lifestyle choices. Nevertheless, CRC survivors report
confusion regarding the content and relevance of received
advice about their personal lifestyle’®. Directions for future
research to improve existing guidelines have recently been
suggested to enable better individual tailoring of lifestyle
advice™”,

A necessary first step towards improved tailoring of lifestyle
advice for CRC survivors is characterisation of their dietary
habits and other important lifestyle behaviours. Moreover,
changes in lifestyle behaviours after diagnosis, motivations
behind these changes, and interrelationships between these
behaviours need to be characterised. The latter is of particular
interest since cancer survivors may be inclined to make a
healthful change in more than one behaviour to increase
their sense of control over their lives and reduce their
perceived physical and mental vulnerability*®!%.

The present population-based cross-sectional study aimed
to describe lifestyle behaviours of CRC survivors, specifically
focusing on dietary changes made post-diagnosis and current
dietary supplement use. Motives for adopting these habits
as well as associations of these habits with other lifestyle
behaviours and clinical and sociodemographic factors were
also explored.

Methods
Setting and participants

Data were collected within the Patient Reported Outcomes
Following Initial Treatment and Long-Term Evaluation of
Survivorship (PROFILES) registry for the physical and psycho-
social impact of cancer and its treatment®”. The PROFILES
registry facilitates collection of longitudinal data in population-
based cohorts of different types of cancer survivors, including
CRC (http://www.profilesregistry.nD). It is linked directly to
the Eindhoven Cancer Registry (ECR), which routinely collects
information from all newly diagnosed cancer patients in ten
hospitals in the southern part of The Netherlands. The ECR
is part of the nationwide Netherlands Cancer Registry.
In December 2010, a prospective study in a cohort of CRC
survivors was set up. All living stage I-IV CRC patients diag-
nosed in the ECR region between 2000 and 2009 were eligible

for participation. Patients with known cognitive impairment or
an unverifiable address were excluded. From 2010 onwards,
yearly surveys were performed by means of self-administered
questionnaires. The longitudinal study was conducted accord-
ing to the guidelines laid down in the Declaration of Helsinki,
and all procedures involving human subjects were approved
by a certified local medical ethics committee. Before partici-
pation, written informed consent was obtained from all subjects,
thereby agreeing to link their questionnaire data with clinical
data about their cancer and cancer treatment history in the ECR.

In the present study, we present data from the third survey
that was performed in December 2012 (Fig. 1). To this survey,
specific items were added regarding dietary changes, use of
dietary supplements, motives for dietary changes and sup-
plement use, and advice received about diet and supplement
use after CRC diagnosis. These items were not included in the
first two surveys of the longitudinal study.

Data collection

Information letters or emails were sent in December 2012 to
a total of 1774 CRC survivors to invite them to participate in
the third survey of the ongoing longitudinal study (Fig. D.
Non-respondents were sent a reminder within 2 months.
Respondents could choose between completing the survey
either online via a Web-based PROFILES platform, for which
they received a personal log-in code, or filling in a paper
questionnaire and returning it by mail.

Sociodemographic and clinical data

Sociodemographic data included sex and date of birth, and
information on current marital status, highest
educational level, current occupation, and socio-economic
status (SES). SES was categorised as low, medium or high
based on individual fiscal data from the year 2000 on the
economic value of the home and household income, aggregated
per postal code™®”. An additional SES category was added for
individuals who were institutionalised at the time of assessment.
Clinical data related to the patient’s history of CRC included
date of diagnosis, tumour site (colon or rectum), tumour stage
(I to IV) according to the
classification, and primary treatments received (surgery, che-
motherapy and/or radiotherapy). Additionally, co-morbidity at
the time of the survey was collected via the Self-Administered
Comorbidity Questionnaire'*®. Co-morbidity was classified
into 0, 1, or 2 or more co-morbid conditions. The presence of
a stoma at the time of the survey was assessed by an item from
the CRC-specific module of the European Organization for
Research and Treatment of Cancer Quality of Life Questionnaire
(EORTC QLQ-CR38)%%.

attained

tumour—node—metastasis

Dietary habits and other lifestyle behaviours

Participants were asked to report whether they had made
changes to their diet since their CRC diagnosis. If so, they
could indicate whether they had increased or decreased
intake of eleven food components (i.e. components such as
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In 2010, 6446 CRC survivors diagnosed
between January 2000 and June 2009, aged
<85 years, were selected from the ECR

3585 CRC survivors were eligible for
participation and invited to participate in

Exclusions:

- 2388 patients were excluded because of participation in
previous or ongoing CRC research

- 327 patients died before the start of the study

- Sixty-three patients were demented or terminally ill

- Eighty-three patients whose tumour was not staged

survey 1in December 2010

- 619 (17%) survivors did not respond
- 341 (10%) survivors had unverifiable address

2625 (73%) CRC survivors participated in

survey 1

Non-participation:

- 575 patients discontinued participation

- Seventy-five patients died before the start of the study
- Three patients were demented or too ill to participate

1981 CRC survivors (including nine non-
responders from survey 1) were invited to
participate in survey 2 in December 2011

- 333 (17%) survivors did not respond
- Five (<1%) survivors had unverifiable address

1643 (83%) CRC survivors

participated in survey 2

1774 CRC survivors were invited to
participate in survey 3 in December 2012

Non-participation:

- 141 patients discontinued participation

- Fifty-six patients died before the start of the study

- Nine patients were demented or too ill to participate

- One patient was excluded because of recurrent disease

- 308 (17%) survivors did not respond
- Eight (<1%) survivors had unverifiable address

1458 (82%) CRC survivors
participated in survey 3

Fig. 1. Flow diagram of the study participants in the longitudinal study among colorectal cancer (CRC) survivors. For the present study, cross-sectional data from

respondents to survey 3 are presented. ECR, Eindhoven Cancer Registry.

fat, fibres and wholegrains, and foods or food groups such as
meat, fish, vegetables and fruit) and other nutritional products
(i.e. milk and other dairy products, sugar, alcohol, water and
salt). According to current dietary recommendations for

(15,16 self-reported dietary changes were

cancer Survivors
classified as ‘healthy changes’ in case of less consumption of
meat, fat, sugar, alcohol and salt, and more consumption of
fruit, vegetables, fibres and wholegrain.

Additionally, participants were asked whether they used
dietary supplements at the time of the survey and, if so,
which supplement they were using (vitamin C, vitamin D,
Mg, fish oil, multivitamins/minerals, glucosamine and/or
other) and since when they had started using it (i.e. since
before or after their CRC diagnosis). Survivors who did not
use dietary supplements were asked whether they had never
done so, or whether they had used supplements in the past
but stopped since before or after their CRC diagnosis.

The survey also included items about motivations for diet-
ary changes and/or dietary supplement use. Survivors could
indicate separately for dietary changes and supplement use
one or more of the following motives: because of complaints
related to the cancer; to prevent the cancer from recurring; to
support therapy and recovery; or another reason (open-ended
item). Survivors were also asked whether dietary advice was
received after CRC diagnosis and whether a particular dietary
regimen was being followed at the time of the survey, such as
a vegetarian, vegan or organic diet, or a specific diet such as a
low-fat, salt-free diet.

In addition, data on smoking, alcohol use and physical
activity were collected. Current smoking and habitual alcohol
use in the past 12 months were assessed. Physical activity was
assessed using questions derived from the validated European
Prospective Investigation into Cancer Physical Activity
Questionnaire®”. Participants were asked to report how much
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time (h/week) in the past year they had spent on average on
walking, cycling, gardening, housekeeping and sports. To deter-
mine adherence to the Dutch Standard for Healthy Physical
Activity, i.e. at least 150 min of moderate-to-vigorous physical
activity per week, the duration of moderate-to-vigorous
physical activity in min/week was calculated according to
previously described methods®>. The Dutch Standard is compar-
able to current physical activity guidelines for cancer survivors
from the American College of Sports Medicine'*, the American
Cancer Society", and the World Cancer Research Fund/
American Institute for Cancer Research (WCRF/AICR)'®.

Furthermore, self-reported body height (cm) and weight (kg)
were used to determine BMI (kg/mz) as a measure of body
fatness. BMI was categorised as underweight (BMI < 185
kg/m?), normal weight (18-5 < BMI < 25kg/m?), overweight
(25 = BMI < 30 kg/m?) or obesity (BMI = 30 kg/m?).

Statistical analyses

Data on sociodemographic and clinical characteristics, dietary
habits, and other lifestyle-related variables are reported as
means and standard deviations, medians and interquartile
ranges, or absolute (72) and relative (%) frequencies, depending
on the measurement level. Descriptive statistics were calculated
for the total study population, as well as subpopulations
stratified according to dietary changes post-diagnosis and/or
current dietary supplement use. To examine which factors
were associated with dietary changes and supplement use, we
performed multivariable logistic regression analyses. First, a
binary logistic regression analysis was performed to assess
whether dietary changes (yes/no) were associated with current
dietary supplement use (yes/no), adjusted for other lifestyle
variables and clinical and sociodemographic characteristics.
Additionally, a multinomial logistic regression analysis was per-
formed to assess whether changes classified as healthy dietary
changes were associated with supplement use (dietary changes
were categorised as no changes, unhealthy or less than seven
healthy changes, and seven or more healthy changes).

Second, a multinomial logistic regression analysis was
performed to assess whether a single nominal dependent
variable with four mutually exclusive categories, based on
combinations of dietary changes (yes/no) and current
supplement use (yes/no), was associated with other lifestyle
variables and clinical and sociodemographic characteristics as
independent variables. In this analysis, subgroups of survivors
who reported (1) dietary changes only, (2) supplement use
only or (3) both dietary changes and supplement use were
compared with the reference group of survivors who reported
neither dietary changes nor dietary supplement use. Indepen-
dent variables for the logistic regression analyses were selected
based on previously reported data from a similar cohort of CRC
29 variables included in the regression models
were current dietary regimen (yes/no), dietary advice received
(yes/no), excess weight (yes/no, i.e. BMI = 25 or <25kg/m?),
adherence to the Dutch physical activity guideline (yes/no),
current smoking (yes/no), current alcohol use (yes/no), age
(<65 or =65 years), sex, SES (low/medium/high/institution-
alised), co-morbidities (0/1/=2), tumour stage (I to IV),

survivors

tumour site (colon/rectum), time since diagnosis (<5 or =5
years), chemotherapy (yes/no), and presence of a stoma
(yes/no). For sufficient power (>80%), the minimum number
of participants per independent variable in the logistic regression
models was at least ten. Adjusted OR with corresponding 95 % CI
are presented. Relevant assumptions for the logistic regression
analyses were tested; none was shown to be violated. Additional
multinomial regression analyses were performed stratified for
years since diagnosis (<5 years v. =5 years).

All analyses were performed with IBM SPSS Statistics 20 for
Windows. P values <0-05 were considered as statistically
significant.

Results

As shown in Fig. 1, of the total of 1774 eligible CRC survivors,
1458 participated in the survey (82 % response rate). Question-
naires were returned either online (72 551, 38%) or on paper
(n 907, 62%). Respondents were not meaningfully different
(<5%) from non-respondents with regard to age, sex, SES,
time since CRC diagnosis, tumour stage, tumour site, and
primary treatments received (data not shown).

Participant characteristics
Sociodemographic and clinical characteristics

Survivors were on average 70-2 (sD 9) years of age and 57%
was male (Table 1). The largest proportion of CRC survivors
was 05 years or older (72%) and had a medium to high SES
(19% low SES, 40% medium SES and 40% high SES). The
average time since CRC diagnosis was 6-9 (sp 3) years, and
60% of the respondents were at least 5 years from diagnosis.
More survivors had been diagnosed with a tumour in the
colon (59%) than in the rectum (41%). Most tumours were
localised or only locally spread without distant metastases
(31% stage 1, 36 % stage 11, 30 % stage III and 3% stage IV).
Practically all survivors had undergone surgery (99-6%), and
309% had also received chemotherapy and 33 % radiotherapy.
The presence of a stoma at the time of the survey was
reported by 24% of the survivors, and the presence of at
least one co-morbid condition was reported by 75 %.

Dietary habits and other lifestyle behaviours

In total, 36% of the CRC survivors reported having changed
their diet since diagnosis, and 32% reported to use dietary
supplements (Table 1). Of the survivors who did not use
dietary supplements, 97 % reported to have never used them
and only 3% indicated to have stopped using supplements
after their CRC diagnosis. More than half of the survivors
(53 %) reported only dietary changes (21 %), only supplement
use (17 %) or both (15%). Survivors who solely reported diet-
ary changes were more often male (61%) than female (39 %),
whereas survivors who reported both dietary changes and
supplement use were more often female (61%) than male
(39%). Adherence to a specific dietary regimen was reported
by 12% of the survivors; this mostly concerned some form
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Table 1. Characteristics of the total study population of colorectal cancer (CRC) survivors and stratified according to the combinations of self-reported

dietary changes since CRC diagnosis and current dietary supplement use
(Number of participants and percentages)

Dietary Dietary Dietary Dietary
changes: no; changes: yes; changes: no; changes: yes;
supplement supplement supplement supplement

Total group use: no use: no use: yes use: yes
n % n % n % n % n %

Total 1458 100 647 47 289 21 231 17 199 15
Sex

Male 834 57 434 67 176 61 108 47 78 39

Female 624 43 213 33 113 39 123 53 121 61
Age

<65 years 402 28 174 27 97 34 60 26 62 31

=65 years 1055 72 472 73 192 66 171 74 137 69
Socio-economic status

Low 263 19 114 18 55 19 38 17 32 17

Medium 569 40 262 42 118 41 85 39 72 37

High 561 40 239 38 110 38 95 43 86 44

Institutionalised 25 2 11 2 4 1 3 1 4 2
Years since CRC diagnosis

<5 years 576 40 272 42 110 38 85 37 72 36

=5 years 879 60 374 58 178 62 146 63 127 64
Tumour localisation

Colon 865 59 385 59 159 55 148 64 113 57

Rectum 593 41 262 41 130 45 83 36 86 43
Tumour stage

Stage | 445 31 198 32 97 35 77 34 48 25

Stage Il 509 36 220 35 98 35 80 36 76 39

Stage I 421 30 192 31 79 28 59 26 62 32

Stage IV 41 3 17 3 6 2 9 4 7 4
Treatment

Surgery 1452 100 643 99 289 100 231 100 199 100

Chemotherapy 434 30 201 31 80 28 66 29 61 31

Radiotherapy 476 33 208 32 107 37 67 29 68 34
Stoma

Yes 295 24 141 25 48 19 52 25 42 26

No 930 76 422 75 201 81 160 75 120 74
Co-morbidities

0 351 25 186 30 71 25 45 21 40 21

1 429 31 198 32 90 32 67 31 57 29

=2 601 44 243 39 120 43 103 48 98 50
Adherence to the Dutch physical activity norm

Yes 1222 91 558 92 242 90 200 92 173 92
Current smoking

Yes 154 11 84 13 20 7 20 9 15 8
Current alcohol use

Yes 1036 72 491 77 195 68 172 75 133 68
Excess weight

Yes 930 65 450 70 191 67 123 54 116 59
Current dietary regimen

Yes 162 12 25 4 58 21 21 9 50 27
Dietary advice received

Yes 233 17 64 10 73 26 29 13 63 33

of low-fat and/or low-salt diet rich in fruit, vegetables and
fibres. Only 17% of the survivors reported to have received
advice after their CRC diagnosis with regard to diet and dietary
supplement use. Nearly all of the CRC survivors who reported
having received dietary advice were satisfied with the advice
received (96%), and the majority of the survivors who did
not receive advice reported to have had no need for such
advice (84%). Current smoking was reported by 11% of the
survivors, habitual alcohol use in the past year by 72% of
the survivors, and the majority of the survivors (91 %) adhered
to the Dutch physical activity guideline according to self-
reported physical activity levels (Table 1).

Excess weight (BMI = 25 kg/m?) was present in 65 % of the
CRC survivors, being more prevalent in men (71%) than in
women (54 %). In total, 0-3 % of the survivors were underweight
(BMI < 185kg/m?), 35% had normal weight (18:5 = BMI
< 25kg/m?), 47% were overweight (25 =< BMI < 30 kg/m?)
and 17 % were obese (BMI = 30 kg/m?).

Self-reported dietary changes and dietary supplement use

Among the CRC survivors who changed their diet since
diagnosis, 53 % reported to have changed their intake (either
more or less) of all the eleven food components and other
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Table 2. Frequency and nature of self-reported dietary changes since colorectal cancer (CRC) diagnosis among the total number of CRC survivors

reporting dietary changes
(Number of participants and percentages)

Total number

Dietary changes since CRC diagnosis,

of survivors i.e. more or less intake

reporting a
Specific food dietary change More Less
components and other - Healthy changes
nutritional products n % n % of total n % of total % of total
Fat* 427 86 14 3 413 97 97
Meat* 401 81 23 6 376 94 94
Fish 388 78 342 88 45 12 n/a
Vegetablest 403 81 383 95 20 5 95
Fruitt 408 82 374 92 33 8 92
Milk and other dairy products 362 73 198 55 161 45 n/a
Fibres and wholegraint 415 84 379 91 36 9 91
Sugar* 379 77 16 4 362 96 96
Alcohol* 339 69 15 5 322 95 95
Water 386 78 343 89 42 11 n/a
Salt* 386 78 11 3 374 97 97

n/a, Not applicable.

* According to current healthy diet recommendations for cancer survivors('>'®) less consumption of fat, meat, sugar, alcohol and salt was regarded as healthy dietary changes

since diagnosis.

tAccording to current healthy diet recommendations for cancer survivors'®'® more consumption of fruit, vegetables, and fibres and wholegrain was regarded as healthy

dietary changes since diagnosis.

nutritional products mentioned. Most survivors reported to
have started using less fat, meat, sugar, alcohol, and salt
since their CRC diagnosis, while using more fish, vegetables,
fruit, fibres and wholegrain, and water (Table 2). The
median number of dietary changes classified as ‘healthy
changes’ was 7 (Table 2). Regarding dietary supplement use,
41% reported to have been using supplements since before
their CRC diagnosis and 59 % reported to have started using
supplements since after their diagnosis. The median number
of different types of supplements reported was 2 (interquartile
range 1-3). Among the current supplement users, 48%
reported to use one dietary supplement, 25% reported to
use two different types of supplements, 13% used three
different supplements, and 14% used four or more different
supplements. As shown in Table 3, use of multivitamins and
minerals was most frequently reported by the survivors
(50%), followed by vitamin C (37 %), vitamin D (34 %), Mg
(22%), fish oil (19%) and glucosamine (18%). Nearly

one-third of the survivors (32%) reported the use of other
dietary supplements, among which vitamin B supplements
were the most common. No large differences in specific
dietary changes or supplements used were observed between
men and women (data not shown).

The most frequent reason reported by CRC survivors for
having changed their diet after diagnosis (Fig. 2(a)) was to
prevent the cancer from recurring (44 %). Other motives for
dietary changes since CRC diagnosis were to support therapy
and recovery (20%), cancer-related complaints (19%), or
other reasons (17%), such as to promote bowel movement,
lose weight or improve general health. Motives reported for
using dietary supplements (Fig. 2(b)) rarely concerned
cancer-related complaints (4 %), but were more frequently to
prevent the cancer from recurring (25%), to support therapy
and recovery (33%), or other reasons (38%). The most
frequently mentioned other reasons for supplement use
were to improve general health and prevent disease.

Table 3. Frequency and nature of self-reported use of dietary supplements among the
total number of colorectal cancer (CRC) survivors reporting supplement use

(Number of participants and percentages)

Supplement use since before
or after CRC diagnosis

Total Before After

Specific supplements

used n % n % of total n % of total
Vitamin C 161 37 81 52 75 48
Vitamin D 148 34 51 34 94 65
Mg 97 22 31 33 64 67
Fish oil 83 19 37 45 46 55
Multivitamins/minerals 218 50 96 45 115 55
Glucosamine 77 18 36 51 35 49
Other* 140 32 48 35 90 65

*Vitamin B supplements were the most frequently reported type of other dietary supplements.
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(a)

(b)

Fig. 2. Pie charts of motives self-reported by colorectal cancer survivors for
having changed their diet post-diagnosis (a) or for currently using dietary
supplements (b). 00, To prevent cancer recurrence; B, complaints related to
cancer; m, to support therapy/recovery; m, other.

Compared with all current supplement users, reasons reported
for supplement use were similar in the subgroup of survivors
who indicated to have started using supplements since after
their diagnosis (data not shown).

Associations between dietary changes, supplement use
and other variables

Self-reported dietary changes since CRC diagnosis were
positively associated with current dietary supplement use
(adjusted OR 15, 95% CI 1-1, 2-1). Additionally, multinomial
logistic regression analyses showed that self-reported
supplement use was significantly more likely only among
survivors who had reported seven or more healthy dietary
changes since diagnosis (OR 18, 95% CI 1-2, 2-6), compared
with survivors who had reported no dietary changes
(see online Supplementary Table S1). Furthermore, survivors
who reported unhealthy or less than seven healthy dietary
changes were significantly less likely to adhere to the Dutch
physical activity norm (OR 0-4, 95% CI 0-2, 0-8) and to have
a stoma (OR 05, 95% CI 0-3, 0-8), and more likely to have
had rectal cancer (OR 1-8, 95% CI 1-1, 2-8).

As shown in Table 4, relative to the CRC survivors who
reported neither dietary changes nor supplement use,
survivors who only reported to have changed their diet
since diagnosis were more likely to follow a dietary regimen
(OR 71, 95% CI 39, 12:9) and to have received dietary
advice (OR 36, 95% CI 23, 5:6), and less likely to be current

smokers (OR 0-4, 95% CI 0-2, 0-8), to be 65 years or older (OR
0:7,95% CI 0-5, 1:0) and to have a stoma (OR 0-5, 95% CI 0-3,
0-8). When stratified for years since diagnosis, the significant
association of dietary changes with smoking was only
observed in survivors who were less than 5 years since
diagnosis, whereas the significant associations with age and
stoma were only observed in survivors who were 5 years or
more since diagnosis (see online Supplementary Tables S2
and S3). Additionally, only in survivors who were less than
5 years since diagnosis (see online Supplementary Table S2),
dietary changes were significantly less likely to be reported
by the survivors adhering to the Dutch physical activity
norm (OR 0:3, 95% CI 0-1, 0-8).

Survivors who only reported dietary supplement use were
more likely to follow a dietary regimen (OR 2-5, 95% CI 1-2,
5-0), to be female (OR 25, 95% CI 1-7, 3-6) and to have at
least two co-morbidities (OR 1:6, 95% CI 1-0, 2-6), and less
likely to have excess weight (OR 0-5, 95% CI 03, 0-7),
compared with survivors who did not use supplements and
had not changed their diet (Table 4). In the analyses stratified
for years since diagnosis, the association of supplement use
with female sex remained significant in all the strata; however,
the significant association with excess weight was only signifi-
cant in survivors who were less than 5 years since diagnosis
(see online Supplementary Tables S2 and S3). Additionally,
only in survivors who were less than 5 years since diagnosis
(see online Supplementary Table S2), current supplement
use was significantly less likely to be reported by survivors
who had a higher tumour stage at diagnosis (OR 0-4, 95%
CI 0-2, 0-9 for stage II and OR 0-4, 95% CI 0-1, 1-0 for stage
1D and a rectal tumour (OR 0-4, 95% CI 0-2, 0-9).

Finally, survivors who reported to have changed their diet
as well as to use dietary supplements were more likely to
follow a dietary regimen (OR 88, 95% CI 4-6, 16-8), to have
received advice about diet and dietary supplements (OR 44,
95% CI 2:7, 7-2), and to be female (OR 2:2, 95% CI 1-5, 3:4),
in comparison with survivors who reported neither dietary
changes nor supplement use (Table 4). Similar results were
found in the analyses stratified for years since diagnosis
(see online Supplementary Tables S2 and S3), except for the
finding that both self-reported dietary changes and sup-
plement use were less likely in survivors with excess weight
who were less than 5 years since diagnosis (OR 0-4, 95% CI
0-2, 0:8; see online Supplementary Table S2).

Survivors who reported to have received dietary advice
were significantly more likely to have made changes in their
diet since diagnosis, both unhealthy or less than seven healthy
changes (OR 39, 95% CI 25, 6-1) and seven or more healthy
changes (OR 3-1, 95% CI 2-1, 4-8), as well as to have had rectal
cancer and to have a stoma (OR 1:6, 95% CI 1-1, 2:3 and OR
19, 95% CI 1-3, 30, respectively; see online Supplementary
Table S4).

Discussion

In the present cross-sectional analysis, we observed that a
sizeable proportion (53%) of 1458 Dutch CRC survivors
reported to have made dietary changes post-diagnosis or to
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Table 4. Associations of self-reported dietary changes since colorectal cancer (CRC) diagnosis and/or current dietary supplement use with other

lifestyle-related, sociodemographic and clinical variables (n 999)t
(Odds ratios and 95 % confidence intervals)

Dietary changes: yes;
supplement use: no

Dietary changes: no;
supplement use: yes

Dietary changes: yes;
supplement use: yes

OR%t 95% CI OR%t 95% CI OR%t 95% CI
Lifestyle-related variables
Current dietary regimen (reference: no)
Yes 71* 3.9, 12.9 2.5* 1-2,5.0 8.8* 4.6, 16-8
Dietary advice received (reference: no)
Yes 3-6* 2.3,56 1.3 07,22 4.4* 27,72
Excess weight (reference: no)
Yes 0-8 05,12 0-5* 0-3, 07 07 04,11
Adherence to the physical activity norm (reference: no)
Yes 0-5 0-3, 10 09 0-5,1-8 0-8 04,17
Current smoking (reference: no)
Yes 0-4* 0-2,0-8 0-6 03,12 0.7 04,15
Current alcohol use (reference: no)
Yes 0-8 05,12 09 0-6, 1-5 1-1 07,18
Sociodemographic variables
Age (reference: <65 years)
= 65 years 0-7* 0-5,1-0 09 0-6, 1-4 0-8 0-5,1-3
Sex (reference: male)
Female 1.0 07,15 2.5* 1.7,3:6 2.2¢ 1.5, 34
Socio-economic status (reference: low)
Medium 09 06, 1-5 1.3 07,22 . 0-6, 2-1
High 09 06, 1-6 1.5 09, 2.6 1.7 0.9, 31
Institutionalised 07 02,27 1.0 0-2, 41 09 02,45
Clinical variables
Co-morbidities (reference: no co-morbidities)
1 co-morbidity 1.2 07,18 1.4 0-8,2:2 2 07,22
= 2 co-morbidities 1.2 08,19 1.6* 1.0,2:6 1.5 09, 2.6
Stage (reference: 1)
Stage Il 11 07,17 1.0 0-6, 1-5 1.4 08,24
Stage I 1-3 0-8,2:3 07 04,14 1.7 0-9, 3-3
Stage IV 11 04, 34 1.3 04,37 1.5 04,54
Localisation (reference: colon)
Rectum 1.4 1.0, 21 0-8 0-5,1-3 1.2 07,19
Years since diagnosis (reference: <5 years)
= 5 years 1.2 08,17 11 0-8,1-6 11 07,17
Chemotherapy (reference: no)
Yes 0-9 05, 1-4 1.0 0-6, 1-8 11 06, 1-9
Stoma (reference: no)
Yes 0-5* 0-3,0-8 1.0 0-6, 1-6 0-8 04,1-3
* P<0-05.

tModel y2(df) = 237-2 (60), P<0-001; R2 (Cox and Snell): 0-211, R? (Nagelkerke): 0-230.

1 Reference category is no self-reported dietary changes since CRC diagnosis plus no self-reported current dietary supplement use.

currently use dietary supplements. CRC survivors who had
changed their diet, especially those who mainly reported
healthy changes, were more likely to also use dietary
supplements. The majority of survivors reported changes in
multiple food components or other nutritional products.
Additionally, most survivors reported to use one or two diet-
ary supplements, which typically were (multi-)vitamins and
minerals. Interestingly, the reasons reported by survivors for
having changed their diet or using dietary supplements
appeared to be different. Dietary changes were most often
reported to be related to prevention of cancer recurrence,
whereas more general motivations, such as to improve
health and prevent disease in general, were reported the
most for dietary supplement use. Moreover, we observed
that characteristics of CRC survivors who reported dietary
changes and those who reported supplement use appeared

to be partly dissimilar, and possibly also related to time
since diagnosis. Self-reported dietary changes were signifi-
cantly more likely among survivors who had received dietary
advice, did not smoke, were younger than 65 years of age, and
had no stoma. In contrast, current supplement use was signifi-
cantly associated with being female, having no excess weight,
and having at least two co-morbid conditions.

We observed that self-reported dietary changes were for the
most part in line with current guidelines for healthy eating
habits (i.e. limit consumption of energy-dense and salty
foods, red and processed meat and alcohol, and eat more
fruits, vegetables and wholegrain products)>!®
our data, we could not distinguish between categories of
certain foods (e.g. red and processed meat). Nevertheless,
we believe that our findings can be interpreted as being in
line with the dietary guidelines, as reporting of, for instance,

. Based on
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less consumption of meat probably includes decreased con-
sumption of red and processed meat, thus corresponding to
the current guidelines. Studies on dietary habits in CRC survi-
vors are relatively scarce. Our findings in a Dutch population
of CRC survivors are largely comparable to the findings from
previous observational studies in smaller samples or specific
subgroups of CRC survivors performed in the USA, which
showed that between 31 and 52% of CRC survivors

reported to have changed their diet after diagnosis®”*® | and

between 28 and 49% reported to use supplements®’ >3
A noteworthy finding of the present study was that specific
motivations reported by CRC survivors for dietary changes
or for supplement use were found to differ. Our findings
suggest that the reasons for changing the diet may be more
cancer-related, while reasons for using supplements may be
more general and not specifically related to the cancer
experience. The psychological drivers that play a role in
decision-making processes with regard to particular health
behaviours is an understudied area of investigation in CRC
survivors. Previously, Mullens et al.*” showed that changing
diet and engaging in complementary therapies, which
included taking dietary supplements (typically vitamins),
were the two most important things that CRC survivors
thought they could do to prevent recurrence and improve
general health. This seems to agree with our findings, and
indicates that it would be very relevant for health pro-
fessionals to better understand the underlying reasons and
intentions for adopting certain dietary habits when counselling
CRC survivors about their diet and other lifestyle behaviours.
More research in this area should be highly prioritised '3

Another interesting finding of the present study was that the
CRC survivors who changed their diet appeared to differ in
part from those who used dietary supplements. Previous
studies on correlates of dietary habits among CRC survivors
have mainly been performed in the USA. In a longitudinal
study among 278 colon cancer survivors, it was found that
older and female survivors were more likely to use sup-
plements, and that increased fruit and vegetable intake was
more likely among survivors who were older, unemployed

and female®®3%

Additionally, a population-based cross-
sectional study in 529 CRC survivors showed that female and
better educated survivors treated with chemotherapy more
often used supplements®”.

sectional study in a population of mixed types of cancer

Furthermore, another cross-

survivors, including 116 CRC survivors, showed that dietary
supplement use was more likely among female, older, non-
smoking and better educated survivors with more advanced
disease receiving multiple cancer therapies(34’55>, and that diet-
ary changes were more likely among younger and female
survivors with a higher education®. The foregoing indicates
that findings from previous, smaller studies are not straightfor-
ward and only partly consistent with our findings. For
example, somewhat unexpectedly, we observed no significant
association between education level and dietary changes and/
or supplement use. It seems to be difficult to specifically
characterise CRC survivors who are receptive to adopt differ-
ent dietary habits, as this probably depends on personal
preferences, intentions, beliefs and cultural influences.

Moreover, we observed that a large proportion of CRC sur-
vivors (83 %) reported to have not received advice about diet
and/or dietary supplement use after diagnosis, and also to
have had no need for such advice. It is not unlikely that
part of these survivors may wrongly believe that their dietary
and other lifestyle habits are healthy. Therefore, an important
task in practice would be to identify and better inform these
individuals about a healthy diet and lifestyle and to motivate
them into changing their lifestyle behaviour. Providing indi-
vidual CRC survivors with appropriately tailored advice may
be an important stimulus for inducing such behavioural
changes, as we observed that dietary changes were more
likely among survivors who had received dietary advice. Intri-
guingly, we observed that survivors with a stoma were more
likely to report having received dietary advice, which might
seem contradictory with the observation that survivors with
a stoma were less likely to report dietary changes. However,
this is probably a reflection of current practice, in which
patients with a stoma receive the advice that changing their
diet because of a stoma is not necessary.

The present study has several strengths and also limitations.
The major strengths are its large sample size and the high
response rate, which was due to the fact that our analyses
were performed as part of an ongoing longitudinal study
that collects data through the well-established PROFILES
registry®”. As a result, the study findings are not likely to
be influenced by selection bias. This does not mean, however,
that the study population of the present study is representative
of the total population of CRC survivors. Indeed, the study
included only a small proportion of stage IV CRC survivors,
probably resulting from a survival effect, indicating that
caution is warranted when generalising the findings to this
particular subgroup of CRC survivors.

A limitation of the present study is that the data collection
was mostly based on self-report, except for the clinical data
that were collected through the ECR. This could have led to
socially desirable answers, resulting in misreporting of specific
health behaviours and related factors, which should be taken
into consideration when interpreting our findings. For
example, we observed that the dietary changes reported
were predominantly in line with general recommendations
for healthy eating, which might reflect an overestimation
due to a social desirability bias. Additionally, 91% of the
survivors adhered to the Dutch physical activity guideline
according to self-reported weekly levels of physical activity.
Although comparable findings were previously observed in
a similar cohort of Dutch CRC survivors®, physical activity
levels were probably over-reported in the present study
(according to the statistics of the National Public Health Com-
pass in The Netherlands in 2012, 69% of Dutch adults aged
over 65 years adhered to the physical activity guideline).

Another limitation concerns the cross-sectional nature of
our analyses. Even though part of the data was retrospective
in nature (e.g. the clinical data from the ECR and items
about changes since diagnosis) and our principal goal was
not to find causal relationships, the predominantly non-
longitudinal nature of our analyses should be considered
when interpreting the results, for instance with regard to
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self-reported dietary changes since diagnosis. Based on our
cross-sectional data, we cannot know when the dietary
changes occurred and if survivors attained to these changes.
Presumably, however, the reported changes most probably
(rather than transient) dietary
changes, perceived by the survivors as the most radical
changes in their dietary habits after diagnosis, which were
(still) being attained to at the time of the survey. Moreover,
other lifestyle behaviours and related factors (i.e. physical
activity, smoking, alcohol consumption and BMID did not
change from the first to the third survey of the ongoing longi-
tudinal study (data not shown). This would suggest that if the
survivors had changed their lifestyle, including dietary habits,
these changes might predominantly have been made in the
period early after diagnosis or treatment.

In conclusion, we have found that a substantial proportion
of CRC survivors appears to alter their diet after diagnosis and
use dietary supplements. These lifestyle habits appear to be
adopted in part for different reasons and by survivors with
partially distinct characteristics. Insights into the characteristics
and motivations of CRC survivors who are receptive to self-
protective behavioural changes in lifestyle habits can provide
leads for the design and tailoring of future interventions, and
guide counselling strategies for promoting a healthy lifestyle.
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