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Abstract
The World Cancer Research Fund and American Institute for Cancer Research (WCRF/AICR) advise cancer survivors to follow their lifestyle
recommendations for cancer prevention. Adhering to these recommendations may have beneficial effects on patient-reported outcomes after
a cancer diagnosis, but evidence is scarce. We aimed to assess associations of the individual dietary WCRF/AICR recommendations regarding
fruit and vegetables, fibre, fast foods, red and processed meat, sugar-sweetened drinks and alcohol consumption with patient-reported out-
comes in colorectal cancer (CRC) survivors. Cross-sectional data of 150 stage I–III CRC survivors, 2–10 years post-diagnosis, were used.
Dietary intake was measured by 7-d dietary records. Validated questionnaires were used to measure health-related quality of life (HRQoL),
fatigue and neuropathy. Confounder-adjusted linear regression models were used to analyse associations of each WCRF/AICR dietary recom-
mendation with patient-reported outcomes. Higher vegetable intake (per 50 g) was associated with better global QoL (β 2·6; 95 % CI 0·6, 4·7),
better physical functioning (3·3; 1·2, 5·5) and lower levels of fatigue (−4·5; −7·6, −1·4). Higher fruit and vegetables intake (per 100 g) was asso-
ciated with better physical functioning (3·2; 0·8, 5·5) and higher intake of energy-dense food (per 100 kJ/100 g) with worse physical functioning
(−4·2; −7·1, −1·2). No associations of dietary recommendations with neuropathy were found. These findings suggest that adhering to specific
dietary WCRF/AICR recommendations is associated with better HRQoL and less fatigue in CRC survivors. Although the recommendations
regarding healthy dietary habits may be beneficial for the well-being of CRC survivors, longitudinal research is warranted to gain insight into
the direction of associations.

Key words: Colorectal cancer survivorship: Lifestyle recommendations: Diet: Health-related quality of life: Fatigue: Neuropathy

Globally, the number of colorectal cancer (CRC) survivors con-
tinues to rise, mainly due to population ageing, screening and
improved treatments(1–3). CRC survivors frequently report
decreased health-related quality of life (HRQoL) due to persist-
ing problems related to the cancer and/or its treatment and the
presence of co-morbidities(4–6). Two commonly experienced

problems are cancer-related fatigue and chemotherapy-induced
peripheral neuropathy (CIPN). Cancer-related fatigue has esti-
mated prevalence rates of 41 and 35 % among short-term
(<5 years post-diagnosis) and long-term (>5 years post-diagnosis)
CRC survivors, respectively(7). Approximately two-thirds of patients
after chemotherapy cessation experience CIPN symptoms like

Abbreviations: CIPN, chemotherapy-induced peripheral neuropathy; CRC, colorectal cancer; HRQoL, health-related quality of life; MVPA, moderate-to-vigorous
physical activity; UPF, ultra-processed foods; WCRF/AICR, World Cancer Research Fund/American Institute for Cancer Research.
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tingling hands and feet, with falling rates to approximately one-
third of patients at 6 months(8). Both fatigue and CIPN can nega-
tively affect physical functioning and daily living up to 10 years
post-treatment(9–11). It is therefore of interest to identify modifiable
factors, such as lifestyle factors, related to long-term HRQoL out-
comes, fatigue and CIPN that provide input for recommendations
or interventions aimed at improving the health and well-being of
CRC survivors.

In 2018, the World Cancer Research Fund and the American
Institute for Cancer Research (WCRF/AICR) updated their life-
style recommendations based on extensive systematic reviews
of evidence on diet, nutrition, physical activity, body weight
and risk of cancer(12). As the evidence to formulate-specific
recommendations for cancer survivors is insufficient to date,
WCRF/AICR advises cancer survivors to follow the lifestyle recom-
mendations for cancer prevention. Lifestyle behaviours such as
higher levels of physical activity, a healthy body weight and con-
sumption of diets low in red meat, high in vegetables and high in
fibre are associated with less recurrence and increased survival
in cancer survivors, including CRC survivors(13–16), but are also
likely to be relevant for increasing HRQoL(17–20) and decreasing
fatigue and neuropathy(21). Most evidence on patient-reported
outcomes has been derived from studies on physical activity
and body weight. Studies have shown that lower levels of physi-
cal activity as well as not meeting physical activity guidelines
were significantly associatedwith lowerHRQoL in CRC survivors
up to 10 years post-diagnosis(22–24), whereas higher levels of
moderate-to-vigorous physical activity (MVPA) were found to
be associated with lower levels of fatigue and neuropathy(9,25,26).
Studies in CRC survivors have found that having a higher BMI
was associated with lower HRQoL outcomes(19,27–34).

Nutrition has a large contribution in the lifestyle recommen-
dations, as five out of seven recommendations are focused on
nutrition. The dietary recommendations comprise consuming
a sufficient amount of fruit and vegetables and fibre, whilst limit-
ing consumption of red and processed meat, fast foods, sugar-
sweetened drinks and alcohol. However, only few studies have
evaluated the potential role of dietary intake on HRQoL, fatigue
and neuropathy in the specific population of CRC survivors, and
results have been inconsistent. Two cross-sectional studies that
used a single- or a two-item question to assess fruit and vegeta-
bles intake pointed towards a beneficial association of meeting
the recommendation of five servings per d of fruit and vegetables
with higher HRQoL(20,35). Additionally, moderate alcohol drink-
ers (weekly alcoholic drinks 1–14 for women and 1–21 for men)
reported higher physical, role and social functioning and lower
fatigue compared with non-drinkers(20,36), while no significant
association was found between HRQoL and heavy drinking
(weekly alcoholic drinks >14 for women and >21 for
men)(20). One cross-sectional study in survivors of different can-
cers, including 113 CRC survivors, determined diet quality from
24-h recalls and found that higher diet quality (Healthy Eating
Index scores above 80) was positively associated with better
physical HRQoL outcomes(31). A longitudinal study showed that
CRC patients following a ‘Western’ diet characterised by high
consumption of potatoes, red and processed meat, poultry
and cakes had lower chances to improve in physical functioning
1 year post-treatment compared with patients following a diet

rich in fruit and vegetables(37). To our knowledge no studies have
assessed an association between fruit and vegetables and CIPN
in CRC survivors; one study in breast cancer patients receiving
taxane treatment, however, found no association(21).
Nevertheless, several small intervention studies in diabetic
neuropathy showed that a low-fat, plant-based diet was associ-
ated with decreased pain of diabetic neuropathy in patients
experiencing diabetic neuropathy complaints, increasing the
plausibility that dietary factors may also be associated with
CIPN complaints after CRC(38,39).

Recently, we reported that higher adherence to the 2007
WCRF/AICR lifestyle recommendations (combined into an
overall adherence score) was related with better physical func-
tioning and with less fatigue in CRC survivors 2–10 years post-
diagnosis(17). As the majority of recommendations is focused
on nutrition, but there is scarce evidence on how the individual
dietary recommendations are related to HRQoL after CRC, we
aimed to further analyse the role of the updated individual
dietary recommendations from the 2018 WCRF/AICR guidelines
in this paper. Making use of the food group classification system
proposed in the 2018 WCRF/AICR Score(40), we aimed to assess
associations of the individual dietary recommendations regard-
ing intake of fruit and vegetables, dietary fibre, fast foods, red
and processed meat, sugar-sweetened drinks and alcohol con-
sumption in relation to HRQoL, fatigue and CIPN in CRC survi-
vors 2–10 years post-diagnosis.

Methods

Study design and population

Data from the cross-sectional part of the Energy for Life after
ColoRectal cancer (EnCoRe) study were used. This part of the
EnCoRe study was set up to evaluate the influence of lifestyle
factors on HRQoL outcomes in long-term (2–10 years post-
treatment) stage I–III CRC survivors(41). Study measurements
were conducted between May 2012 and December 2013.
Patients diagnosed with and treated for stage I–III CRC at the
Maastricht University Medical Centerþ in the Netherlands
between 2002 and 2010 were identified via the Netherlands
Cancer Registry and invited to participate by mail. Reasons for
exclusion are shown in Fig. 1. The study was approved by the
Medical Ethics Committee of the University Hospital
Maastricht and Maastricht University (Netherlands Trial
Register no. NL6904) and patients provided written informed
consent before participation.

Data collection

Data were collected by means of trained dietitians, who visited
all patients at their homes to perform study measurements and
leave behind questionnaires and a dietary record according to
predefined standard operating procedures.

Dietary intake. Participants were asked to fill out a structured
dietary record to obtain quantitative data on food and beverage
consumption on seven consecutive days. In the dietary record,
participants reported consumedmeals, food and beverages with
details on brand names, portion sizes and preparation.

2 M. F. Kenkhuis et al.
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Participants received oral and written instructions on how to fill
out the dietary record. Additionally, all completed dietary
records were checked by the dietitians. When necessary, incom-
plete and/or inconsistent entries of the dietary record were clari-
fied with the help of the participant.

Daily dietary intake was calculated utilising food calculation
software (Compl-eat, Wageningen University) and based on the
Dutch Food Composition database (NEVO-2011), using existing

or specifically created dietary food groups in the software based
on the 2018 WCRF/AICR dietary sub-recommendations (i.e.
groups for fruit, vegetables, alcohol, fast foods, red meat, proc-
essed meat and sugar-sweetened drinks). Fruit and vegetable
consumption (g/d) was calculated from the reported use of all
fresh, frozen, dried and canned vegetables and fruit without
added sugar. Calculation of total dietary fibre intake (g/d) and
alcohol intake (i.e. ethanol in g/d) was based on the nutrient

Men and women (≥18 years), with a history of stages I, II or 
III colorectal cancer, including recurrent colorectal cancer 
treated at Maastricht University Medical Center+ between 

2002 and 2010 (n 772)

Non-eligibility (n 399)*: 
Records of subsequent tumours of individuals 
with multiple tumours in 2002–2010 (n 27)
Not alive (n 244)
Home address outside of the Netherlands (n 3) 
Stage IV cancer (n 3)
In situ tumour/no carcinoma (n 64)
Excluded histological subtypes: 
carcinoid/neuroendocrine tumour (n 12) 
Presence of co-morbidities that may obstruct 
successful participation, such as Alzheimer’s
disease or severe hearing disorders (n 27)
Not asked due to ethical reasons, e.g. because 
of terminal illness (n 13)
Inability to understand the Dutch language in 
speech and writing (n 5)
Treatment received at other hospital (n 2)
Unwillingness to participate in research in 
general (n 1)

Eligible individuals invited to participate (n 373)

Non-participation (n 218, 58 %)†: 
Personal circumstances (n 101)
Emotionally too burdensome (n 29)
Takes too much time (n 15)
No reason given (n 39)
Other (n 15)
No response, could not be contacted (n 25)

Individuals recruited into study (n 155, 42 %)

Not included in current analyses (n 5, 3 %):
No complete dietary data (n 5) 

Data available for current data analyses (n 150, 97 %)

Fig. 1. Flow diagramof inclusion of colorectal cancer survivors. * Reasons for non-eligibility are given in order of exclusion. Totals do not add up because some exclusion
criteria applied concurrently. † Totals do not add up because some individuals reported multiple reasons for non-participation.
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value from the food calculation table for the reported overall
dietary intake.

The created food group for fast foods deserves particular
attention. In agreement with the National Cancer Institute(40),
the fast food group was operationalised based on the group
of ultra-processed foods (UPF) according to the NOVA classifi-
cation system(42). The NOVA classification system classifies food
groups based on the extent of processing, and the UPF group
contains food such as sweet or savoury packaged snacks and
pre-prepared dishes. The UPF list from the NOVA classification
was adapted by the National Cancer Institute to be in line with
theWCRF/AICR report (i.e. food products made fromwhite flour
(e.g. white bread, rice and pasta))(12), national guidelines and to
ensure that the adapted UPF group did not include food already
accounted for in other dietary recommendations (i.e. sugar-
sweetened drinks and red and processed meats). In the present
study, the availability of extensive 7-d dietary records allowed us
to make additional precise distinctions between products, com-
paredwithmost previous studies based on FFQ. This led to addi-
tional food in our adapted UPF compared with the adapted UPF
from National Cancer Institute (e.g. fruit yogurts). Our adapted
UPF list is included in the online Supplementarymaterial to show
the foodwe included. For the fast food recommendation, we cal-
culated the energy percentage of all food included in the UPF
group based on participants’ self-reported intake.

Red meat consumption (g/d) was based on the intake of any
kind of fresh raw red meat (including beef, pork, lamb and goat)
that still needed to be prepared before consumption. Intake of
processed meat (g/d) included intake of any meat that had been
preserved by smoking, curing, salting or addition of chemical
preservatives and was ready for consumption without prepara-
tion. This also included all processed meat in mixed food con-
taining processed meats, such as soups or sausage rolls.

Sugar-sweetened drinks (g/d) included drinks with natural
sugar, like fruit juices, as well as soft drinks. Drinks to which
sugar was added by participants (e.g. coffee) were not included
in the sugar-sweetened drink category.

Methods and procedures applied for the assessment and cod-
ing of dietary records are extensively explained in detail in
Breedveld et al.(17). Based on a random sample of dietary records
(n 16, i.e. 10 % of all dietary records), agreement in coding
between two dietitians of the EnCoRe study was evaluated
and found to be high (ICC> 0·87).

Patient-reported outcomes. Patient-reported outcomes were
measured comprehensively through several generic and
cancer-specific validated questionnaires. Cancer-specific
HRQoL was measured by the European Organization for the
Research and Treatment of Cancer Quality of Life
Questionnaire-Core 30 (EORTC QLQ-C30)(43). The EORTC
QLQ-C30 is a thirty-item cancer-specific questionnaire com-
posed of five functioning scales (physical, role, cognitive, emo-
tional and social functioning), three symptom scales (fatigue,
pain, and nausea and vomiting), a global health/QoL scale
and a number of items for specific cancer-/treatment-related
symptoms. The scales have a 100-point score range, with higher
scores on the global QoL and functioning scales reflecting better
HRQoL or functioning, whereas higher symptom scale scores

indicate more symptoms (i.e. worse fatigue). In addition, the
recently established summary score (SumSc) developed by the
EORTC Quality of Life Group was used. The SumSc was calcu-
lated from the mean of 13 of the 15 QLQ-C30 scores (excluding
the financial difficulties and global QoL questions)(44).

In addition to the fatigue symptom scale from the EORTCQLQ-
C30, fatiguewas assessed inmore detail by the Checklist Individual
Strength (CIS)(45). This questionnaire consists of twenty itemswith a
seven-point Likert scale, a total scorewasderivedby the summation
of the items, ranging from 20 to 140 points with higher scores indi-
cating worse fatigue. The CIS was originally developed and vali-
dated in patients with chronic fatigue syndrome(46) but has also
been applied in cancer survivors(47).

To measure symptoms and complaints related to CIPN, the
EORTC QLQ CIPN20 was used, consisting of sensory (nine items),
motor (seven items) and autonomic subscales (two items) and a
summary score (eighteen items) (excluding two conditional
items)(48). All scale scores were linearly converted to a 0–100
scale(49). Higher scores on the CIPN20 scales indicate higher levels
of neuropathy or more neuropathy-related complaints.

Lifestyle, clinical and sociodemographic factors. The Short
QUestionnaire to ASsess Health-enhancing physical activity
(SQUASH) was used to determine habitual activity level(50),
assessing time spent on commuting, household, work and lei-
sure time activities in the past week. Time spent on MVPA
was calculated(51), and this was used to assess whether partici-
pants adhered to the physical activity recommendation of at least
150 min of MVPA per week. For objective measurement of sed-
entary time, the validated tri-axial MOX activity metre was used
(Maastricht Instruments B.V.), as described previously by van
Roekel et al.(52). Briefly, the accelerometer was worn on the
upper thigh for seven consecutive days (24 h/d) to assess aver-
age time spent per d in sedentary behaviour (i.e. sitting/lying
with a low level of energy expenditure, during waking hours).
Body composition measurements were performed by trained
dietitians in a standardised way during home visits. Subjects’
weight was measured in light clothing without shoes on an elec-
tronic scale (Seco Ltd, type 861) and rounded to the nearest tenth
of a kg. Height wasmeasured in duplicate with the subject stand-
ing barefoot with heels together, arms at the side and head in the
Frankfort horizontal plane with a portable stadiometer at the first
home visit and measured to the nearest tenth of a cm. Measured
weight and mean height were used to determine BMI in kg/m2.
BMI was categorised according to the WHO guidelines as
underweight (BMI< 18·5 kg/m2), normal weight (18·5≤BMI
< 25 kg/m2), overweight (25≤BMI< 30 kg/m2) or obesity
(BMI≥ 30 kg/m2)(53). Waist circumference was measured midway
between the lower rib margin and the iliac crest with a circumeter
(type 05335, Premed) in cm; duplicate measurements were per-
formed and the mean value was used. Clinical information (i.e.
cancer stage, chemotherapy/radiotherapy treatment and tumour
site) was collected through the Netherlands Cancer Registry. Self-
reported datawere collected on other factors, such as age, sex, edu-
cation level, current smoking status and presence of co-morbidities.
Co-morbidities were assessed using the Self-Administered
Comorbidity Questionnaire(54).

4 M. F. Kenkhuis et al.
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Statistical analyses

Descriptive statistics (means and standard deviations or frequen-
cies and percentages) were calculated to describe main sample
characteristics, including intake of fruit and vegetables, dietary
fibre, energy-dense food, fast foods, red and processed meat,
sugar-sweetened drinks and alcoholic drinks.

Confounder-adjusted linear regression models were used to
assess associations of each of the individual dietary recommen-
dations in relation to the separate patient-reported outcomes. Six
dietitians reached consensus on the relevant differences for each
dietary recommendation, based on the recommended portion
per d and on relevant differences in portion sizes (e.g. 100 g
of fruit and vegetables is one portion and 10 g of ethanol is
one alcoholic consumption). The individual dietary recommen-
dations were modelled continuously per relevant difference for
each recommendation, as defined a priori. Additionally, alco-
holic consumption was also modelled as a categorical variable:
no alcohol consumption; moderate alcohol consumption: 1–14
glasses per week (reference category) and heavy alcohol con-
sumption: >14 glasses per week for both men and women.
HRQoL outcomes included global QoL, physical functioning,
role functioning, social functioning and summary score
(EORTC QLQ-C30); fatigue (EORTC and CIS) and neuropathy
scales (CIPN20). CIPN outcomes were only analysed for the sub-
group of patients who received chemotherapy. A priori-defined
confounders included in analyses were age (years), sex, BMI
(kg/m2), MVPA (h/week), sedentary behaviour (h/d), number
of co-morbidities (0, 1,≥2), smoking (current, non-current), edu-
cation level (low, medium and high), tumour stages (I, II and III),
chemotherapy (yes, no), time since diagnosis (years) and total
energy intake (kJ/week).

Two sensitivity analyses were performed. The first was a
logistic regression analysis with dichotomised patient-reported
outcomes using sex-specific median values as cut-off because
some of the outcomes were not normally distributed(19,52).
Another sensitivity analysis was a linear regression analysis
excluding participants with outliers in dietary data. Outliers were
identified by two methods. First, outliers in dietary data were
based on the top and bottom 0·5 % of the distribution of the ratio
of energy intake to the BMR, where BMR was estimated from
body weight by using Schofield’s age- and sex-specific equa-
tions(55). Second, outliers were based on nutrient values exceed-
ing three times the interquartile range from the upper quartile
within the fifth quintile of the nutrient distribution(56).

Statistical analyses were performed using IBM SPSS Statistics
(version 23, IBM Corporation) with statistical significance set at
P< 0·05 (two-tailed).

Results

Descriptives

In total, 373 eligible CRC survivors were invited to participate, of
whom 155 (41·6 %) were included in the cross-sectional part of
the EnCoRe study (Fig. 1). Five survivors did not provide dietary
data andwere therefore excluded from the current analyses. The
remaining 150 CRC survivors recruited in the current analyses

consisted of ninety-three males (62 %) and fifty-seven females
(38 %) and were on average 69·7 (SD 8·7) years of age and diag-
nosed with CRC 5·7 (SD 1·8) years before study participation
(Table 1). Based on BMI, 26·2 % of participants were under-
weight or normal weight (one participant was underweight),
45·6 % were overweight and 28·2 % were obese. A total of 136
(90·7 %) survivors adhered to the physical activity recommenda-
tion (≥150min/week of MVPA) and 11 % were current smokers.
Approximately half of the participants had colon cancer (53·3 %)
and the other half had rectum cancer (46·7 %). Regarding self-
reported co-morbidities, 24·8 % of the participants reported no
co-morbidity, whereas half of the participants (50·3 %) reported
two or more co-morbid conditions.

In Tables 2 and 3, an overview is given of the individual
dietary recommendations and the adherence of included CRC
survivors based on reported intake. Cut-off values are based
on the National Cancer Institute operationalisation of the
WCRF/AICR lifestyle recommendations(40). Mean total energy
intake was 9126 (SD 1753) kJ/d in men and 6697 (SD 1380) in
women. Mean total intake of fruit and vegetables per d was
273 (SD 131) g, which was composed of 131 (SD 94) g of fruit
and 142 (SD 70) g of vegetables. A total of 18·0 % of participants
met the recommendation of eating 400 g/d of fruit and vegeta-
bles. Mean dietary fibre intake was 21·1 (SD 6·9) g/d, with
9·3 %meeting the recommendation of 30 g/d. Mean energy den-
sity of foodwas 701 (SD 112) kJ/100 g per d, and themean energy
percentage of daily fast food intake was 31·4 (SD 11·1) %. Mean
intake of sugar-sweetened drinks was 97 (SD 150) g/d. For red
meat, the mean intake was 592 (SD 295) g/week and for proc-
essed meat 45 (SD 32) g/d. Only two persons (1·3 %) met the rec-
ommendation of limiting processed meat (<3 g/d) and not
exceeding 500 g of red meat per week. Total alcohol intake
per d was 19·4 (SD 16·3) g/d in men and 7·1 (SD 8·3) g/d in
women; 8·6 % of men and 17·5 % of women did not drink
alcohol.

Multi-variable analyses

Tables4 and5present the results of theunadjustedandconfounder-
adjusted linear regression analyses of dietary intake variables with
HRQoLsubscales, fatigueandCIPN.Ahigher intakeof fruit andveg-
etables was associatedwith significantly better physical functioning
(β/100 g3·2;95%CI0·8,5·5).This associationappeared tobemostly
driven by vegetable intake, as higher vegetable intake was signifi-
cantly associated with better physical functioning (β/50 g 3·3; 95%
CI 1·2, 5·5), whereas non-significant results were obtained for fruit
intake (β/50 g 1·2; 95% CI −0·5, 2·8). In addition, higher vegetable
intake was associated with better global QoL (2·6; 95% CI 0·6, 4·7)
and lower levels of fatigue as measured by the CIS (−4·5; 95% CI
−7·6,−1·4).Higher intakeofenergy-dense foodwasassociatedwith
worse physical functioning (β/100 kJ per 100 g −4·2; 95% CI −7·1,
−1·2). When alcohol was analysed as a categorical variable, partic-
ipantswhodidnotdrinkalcoholhadsignificantly lower levelson the
physical functioning scale (β−10·2; 95% CI−19·7,−0·8), role func-
tioning scale (−13·1; 95% CI −25·6, −0·6), social functioning scale
(−12·6; 95% CI −21·9, −3·3), summary score (−6·4; 95% CI −12·3,
−0·4) and higher levels of fatigue (10·8; 95%CI 0·1, 21·5) compared
with participants reporting moderate alcohol consumption. No
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statisticallysignificantassociationswere foundforheavyv.moderate
drinkers and for alcohol analysed as a continuous variable.

Sensitivity analyses

When excluding participants with outliers for ratio of energy
intake to BMR (n 1) and values exceeding three times the inter-
quartile range from the upper quartile of the fifth nutrient quintile
(n 5), we found mostly similar associations except for the associ-
ation between sugar-sweetened drinks and HRQoL. After exclud-
ing outliers (n 6), higher intake of sugar-sweetened drinks was
associated with lower HRQoL according to the EORTC summary
score (β/250 g increase −4·6; 95% CI −8·7, −0·5) and higher
fatigue on both the EORTC fatigue subscale and fatiguemeasured
by theCIS (9·1; 95%CI 1·6, 16·6 and12·6; 95 %CI 3·3, 22·0, respec-
tively). Results from additional sensitivity analyses by logistic
regression models with dichotomised patient-reported outcomes

were comparable to the results of the linear regression analyses,
which therefore appeared to be robust for non-normality of
patient-reported outcomes (results not shown).

Discussion

In this cross-sectional study of 150 stage I–III CRC survivors on
average 5·7 years post-diagnosis, we analysed how the individ-
ual dietary recommendations of the WCRF/AICR for cancer pre-
vention were related to several patient-reported outcomes using
quantitative data from 7-d dietary records. While there is consen-
sus amongst researchers that dietary patterns, rather than indi-
vidual components (specific nutrients or food) are closely
associated with health, the potential role of food groups cannot
be ignored. After adjusting for clinical, demographic and other
lifestyle factors, we found increased fruit and vegetable con-
sumption combined to be associated with better physical

Table 1. Demographic, lifestyle and clinical characteristics of colorectal cancer survivors
(Mean values and standard deviations; numbers and percentages)

Total (n 150) Male (n 93) Female (n 57)

n %* n %* n %*

Age (years)
Mean 69·7 69·8 69·6
SD 8·7 8·0 9·8

Time since diagnosis (years)
Mean 5·7 5·7 5·6
SD 1·8 1·8 1·8

BMI† (kg/m2)
Mean 27·7 27·4 28·1
SD 4·3 3·4 5·6
Underweight and healthy weight ≤ 24·9 38 26·2 21 22·6 18 32·1
Overweight 25·0–29·9 68 45·6 53 57·0 15 26·8
Obese ≥ 30·0 42 28·2 19 20·4 23 41·1

Number of co-morbidities†
0 37 24·8 25 26·9 12 21·4
1 37 24·8 24 25·8 13 23·2
≥2 75 50·3 44 47·3 31 55·4

Smoking
Current 16 10·7 12 12·9 4 7·0
Non-current 134 89·3 81 87·1 53 93·0

Moderate-to-vigorous physical activity (min/week)
<150 14 9·3 3 3·3 11 18·3
≥150 136 90·7 90 96·8 46 80·7

Education
Low 37 24·7 19 20·4 18 31·6
Medium 51 34·0 30 32·3 21 36·8
High 62 41·3 44 47·3 18 31·6

Cancer type
Colon 80 53·3 40 43·0 40 70·2
Rectosigmoid and rectum 70 46·7 53 57·0 17 29·8

Tumour stage‡
Stage I 41 28·9 24 28·2 17 29·8
Stage II 52 36·6 31 36·5 21 36·8
Stage III 49 34·5 30 35·3 19 33·3

Cancer treatment
Radiotherapy (yes) 58 38·7 43 46·2 15 26·3
Chemotherapy (yes) 79 52·7 50 53·8 29 50·9

Stoma
No 125 83·3 77 82·8 48 84·2
Yes 25 16·7 16 17·2 9 15·8

* Percentages may not add to 100 due to rounding.
† Data missing for one participant (female).
‡ Data missing for eight participants (male).
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functioning and increased vegetable consumption alone to be
associated with better physical functioning and global QoL and
with less fatigue. By contrast, a higher intake of energy-dense food
was found to be associated with worse physical functioning and
more fatigue. Non-alcoholic drinkers had significantly lower levels
of physical, role and social functioning, a lower EORTC summary
score and higher levels of fatigue in comparison with participants
who were moderate alcohol drinkers.

To the best of our knowledge, this is the first study to have
assessed the relationship between all individual dietary recom-
mendations and patient-reported outcomes in CRC survivors by
quantitative data from 7-d dietary records. Two cross-sectional
studies have previously examined how fruit and vegetable

consumption are associated with HRQoL after CRC. Blanchard
et al. found that participants meeting the recommendation of
at least five servings of fruit and vegetables a day reported higher
general HRQoL(35). Similarly, Grimmett et al. found that meeting
this recommendationwas associatedwith higher global QoL and
physical, role and cognitive functioning(20). However, both
cross-sectional studies assessed fruit and vegetable intake only
by a single- or two-item question. The associations between fruit
and vegetable intake and HRQoL found in our study appeared
mostly driven by vegetable and not fruit intake. Previous studies
have not investigated these separately, and our results need fur-
ther replication. With regard to CIPN, no studies have been per-
formed in CRC survivors, although a longitudinal study in breast

Table 2. Dietary World Cancer Research Fund and American Institute for Cancer Research (WCRF/AICR) recommendations and adherence in a colorectal
cancer survivor population (n 150)*

Score Adherence (n) %

1. Eat a diet rich in wholegrains, vegetables, fruit and beans Fruit and vegetables (g/d)
≥400 0·5 27 18·0
200 to <400 0·25 82 54·7
<200 0 41 27·3

Total dietary fibre (g/d)
≥30 0·5 14 9·3
15 to <30 0·25 107 71·3
<15 0 29 19·3

2. Limit consumption of ‘fast foods’ and other processed
food high in fat, starches or sugars

Percentage of total energy from adapted ultra-processed foods
Tertile 1 1 50 33·3
Tertile 2 0·5 50 33·3
Tertile 3 0 50 33·3

3. Limit consumption of red and processed meat Total red meat (g/week) and processed meat (g/week)
Red meat <500 and processed meat <21 1 2 1·3
Red meat <500 and processed

meat 21 to <100
0·5 17 11·3

Red meat >500 or processed meat ≥100 0 131 87·3
4. Limit consumption of sugar-sweetened drinks Total sugar-sweetened drinks (g/d)

0 1 48 32·0
>0 to ≤250 0·5 89 59·3
>250 0 13 8·7

5. Limit alcohol consumption Total ethanol (g/d)
0 1 18 12·0
>0 to ≤10 0·5 51 34·0
>10 0 81 54·0

* Scoring system is based on the National Cancer Institute operationalisation of the 2018 WCRF/AICR recommendations.

Table 3. Mean dietary intake in colorectal cancer survivors (n 150)
(Mean values and standard deviations)

Total (n 150) Male (n 93) Female (n 57)

Mean SD Mean SD Mean SD

Total energy intake (kJ/d) 8203·4 2003·1 9126·4 1753·1 6697·4 1379·7
Fruit and vegetables (g/d) 272·8 131·3 274·5 129·7 270·0 135·0
Fruit (g/d) 131·0 94·2 131·4 96·9 130·3 90·5
Vegetables (g/d) 141·6 70·0 143·1 68·3 139·5 73·4
Dietary fibre (g/d) 21·1 6·9 23·1 7·2 17·8 5·0
Energy density (kJ/100 g per d) 701·0 111·8 714·2 103·9 679·6 121·4
Fast foods (EN %) 31·4 11·1 29·0 9·2 35·2 12·9
Sugar-sweetened drinks (g/d) 97·1 150·1 111·9 175·6 72·8 91·1
Red meat (g/week) 592·2 294·9 671·0 304·2 463·7 228·6
Processed meat (g/week) 315·3 223·9 382·7 238·4 205·2 141·8
Alcohol (g/d) 14·7 15·0 19·4 16·3 7·1 8·3

EN %, energy percentage.

Diet and quality of life in cancer survivors 7

D
ow

nloaded from
 https://w

w
w

.cam
bridge.org/core . U

niversiteit van Tilburg / Tilburg U
niversity , on 16 N

ov 2020 at 11:04:18 , subject to the Cam
bridge Core term

s of use, available at https://w
w

w
.cam

bridge.org/core/term
s . https://doi.org/10.1017/S0007114520003487

https://www.cambridge.org/core
https://www.cambridge.org/core/terms
https://doi.org/10.1017/S0007114520003487


Table 4. Associations between dietary recommendations and health-related quality of life outcomes†
(β-Coefficients and 95% confidence intervals)

EORTC QLQ-C30 CIS

Global QoL
(n 140)

Physical
functioning
(n 140)

Role functioning
(n 140)

Social
functioning
(n 140)

Summary score
(n 138) Fatigue (n 140) Fatigue (n 138)

β 95% CI β 95% CI β 95% CI β 95% CI β 95% CI β 95% CI β 95% CI

Fruit and vegetables (100 g/d) Unadj. 2·5* 0·2, 4·8 5·1* 2·6, 7·5 2·5 −0·7, 5·6 0·3 −2·1, 2·6 1·3 −0·3, 2·8 −2·9* −5·6, −0·2 −5·1* −8·5, −1·7
Adj.‡ 1·2 −1·0, 3·5 3·2* 0·8, 5·5 1·1 −2·0, 4·3 −1·3 −3·7, 1·1 0·2 −1·2, 1·7 −1·6 −4·3, 1·1 −3·3 −6·7, 0·1

Fruit (50 g/d) Unadj. 0·9 −0·7, 2·5 2·5* 0·7, 4·3 0·9 −1·3, 3·2 −0·1 −1·7, 1·6 0·6 −0·4, 1·7 −1·5 −3·4, 0·3 −2·2 −4·6, 0·2
Adj.‡ −0·2 −1·8, 1·3 1·2 −0·5, 2·8 −0·4 −2·5, 1·8 −1·2 −2·8, 0·4 −0·2 −1·2, 0·8 −0·3 −2·1, 1·6 −0·6 −2·9, 1·7

Vegetables (50 g/d) Unadj. 2·7* 0·6, 4·8 4·4* 2·0, 6·7 2·7 −0·3, 5·7 0·5 −1·7, 2·7 1·1 −0·4, 2·5 −2·3 −4·8, 0·2 −4·9* −8·1, −1·7
Adj.‡ 2·6* 0·6, 4·7 3·3* 1·2, 5·5 2·7 −0·3, 5·6 −0·1 −2·3, 2·2 0·9 −0·5, 2·3 −2·3 −4·8, 0·3 −4·5* −7·6, −1·4

Dietary fibre (10 g/d) Unadj. 5·1* 0·9,9·5 7·0* 2·2, 11·8 5·9 −0·1, 12·0 1·0 −3·5, 5·4 4·4 1·7, 7·2 −8·0* −13·0, −3·0 −7·0* −13·6, −0·5
Adj.‡ 1·4 −4·3, 7·1 1·7 −4·3, 7·7 −0·6 −8·6, 7·3 −2·5 −8·4, 3·5 1·5 −2·1, 5·1 −4·7 −11·4, 2·0 −3·9 −12·3, 4·5

Fast foods (5 EN %) Unadj. −1·3 −2·6, 0·1 −1·3 −2·8, 0·3 −1·1 −3·0, 0·8 −0·0 −1·4, 1·4 −1·0* −1·9, −0·0 0·6 −1·1, 2·2 0·8 −1·3, 2·9
Adj.‡ −0·6 −2·0, 0·7 −0·5 −1·9, 1·0 −0·2 −2·1, 1·7 0·4 −1·1, 1·8 −0·4 −1·3, 0·5 −0·0 −1·7, 1·6 0·1 −1·9, 2·1

Energy density (100 kJ/100 g per d) Unadj. −2·1 −4·8, 0·6 −4·8* −7·8, −1·8 −1·3 −5·1, 2·6 −1·5 −4·3, 1·3 −0·6 −2·6, 1·3 3·2 −0·0, 6·4 4·8* 0·6, 8·9
Adj.‡ −1·0 −3·9, 1·9 −4·2* −7·1, −1·2 −0·8 −4·8, 3·2 0·3 −2·7, 3·3 −0·4 −2·4, 1·6 2·6 −0·8, 6·0 3·7 −0·6, 8·0

Sugar-sweetened drinks (250 g/d) Unadj. 3·4 −1·7, 8·5 1·7 −4·1, 7·4 1·7 −5·5, 8·8 −1·2 −6·4, 3·9 0·2 −3·1, 3·5 −0·2 −6·2, 5·9 1·2 −6·5, 8·9
Adj.‡ 1·1 −4·3, 6·5 −3·6 −9·2, 2·1 −3·4 −10·9, 4·0 −3·4 −9·1, 2·2 −2·6 −6·0, 0·8 5·6 −0·7, 11·9 6·3 −1·6, 14·2
Unadj. 1·0 −0·1, 2·1 1·2 −0·1, 2·4 1·4 −0·1, 3·0 0·4 −0·7, 1·5 0·6 −0·2, 1·3 −1·1 −2·4, 0·2 −0·5 −2·2, 1·1

Red meat (100 g/d) Adj.‡ 0·2 −1·0, 1·4 0·5 −0·7, 1·8 0·6 −1·1, 2·3 0·2 −1·1, 1·5 −0·0 −0·8, 0·7 −0·0 −1·4, 1·4 0·1 −1·6, 1·9
Processed meat (50 g/d) Unadj. 0·4 −0·4, 1·1 0·2 −0·7, 1·0 0·5 −0·6, 1·5 −0·0 −0·8, 0·7 0·4 −0·1, 0·9 −0·6 −1·4, 0·3 −0·2 −1·3, 0·9

Adj.‡ −0·2 −1·0, 0·7 −0·3 −1·2, 0·6 −0·1 −1·3, 1·0 0·0 −0·9, 0·9 0·1 −0·5, 0·6 0·2 −0·8, 1·2 0·1 −1·2, 1·3
Alcohol (10 g/d) Unadj. 1·7 −0·4, 3·7 1·9 −0·4, 4·3 3·2* 0·3, 6·0 1·2 −0·9, 3·3 1·0 −0·4, 2·3 −1·0 −3·4, 1·5 −0·9 −4·0, 2·3

Adj.‡ 1·0 −1·2, 3·2 0·1 −2·2, 2·4 1·4 −1·7, 4·4 1·8 −0·5, 4·1 0·5 −1·0, 1·9 0·3 −3·0, 3·6 0·3 −3·0, 3·6

EORTCQLQ-C30, EuropeanOrganization for the Research and Treatment of Cancer Quality of Life Questionnaire-core 30; CIS, Checklist Individual Strength; QoL, quality of life; Unadj., unadjusted; Adj., adjusted; EN%, energy percentage.
* Statistically significant (P< 0·05).
† Six dietitians reached consensus on the relevant differences for the dietary recommendations, based on the recommended portion per d and on relevant portion sizes.
‡ Adjusted for total energy intake (kJ/week), age (years), sex, BMI (kg/m2), moderate-to-vigorous physical activity (MVPA) (h/d), sedentary time (h/d), number of co-morbidities (0, 1 and≥2), smoking (current, non-current), education level (low,
medium and high), tumour stages (I, II and III), chemotherapy (yes, no) and time since diagnosis (years).
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cancer patients found no association between fruit and vegeta-
ble intake and CIPN(21). These findings are in line with those pre-
sented here. The study of Grimmett et al. also considered alcohol
intake. They found that moderate drinkers reported higher
physical, role and social functioning and lower fatigue compared
with non-drinkers and no significant association between heavy
drinking (more than twenty-one and fourteen drinks per week in
men and women, respectively) with HRQoL(20). We also found
that moderate drinkers had higher levels of physical functioning,
role functioning, social functioning and an overall HRQoL score
and lower levels of fatigue. However, we did not find a signifi-
cant association between alcohol intake as a continuous variable
and HRQoL. This is in line with research that shows that the rela-
tionship between alcohol consumption and health outcome is
not a linear but may follow a ‘J’-shaped relationship. Non-drink-
ers and heavy drinkers were shown to have poorer health out-
comes compared with moderate drinkers(57).

The 2018 WCRF/AICR lifestyle guidelines include a specific
dietary recommendation focused on limiting ‘fast foods’,
whereas the corresponding recommendation from the 2007
guidelines was focused on limiting energy-dense food. Based
on the significantly changed description and content of this
dietary recommendation, the operationalisation of this recom-
mendation also needed to be adapted to a novel dietary assess-
ment method for measuring fast foods via UPF consumption. It
should be noted, though, that defining and operationalising the
fast food group was of great difficulty(40) and we therefore
decided to also assess energy density of food as used in previous

operationalisations. In our analyses, we observed no association
between UPF intake and patient-reported outcomes. A higher
percentage of UPF intake has been associated with overweight
and obesity, a higher risk of developing hypertension, CVD and
cancer (overall) and a higher likelihood of having asthma(58,59).
We could not identify any other studies on UPF and patient-
reported outcomes with which to compare our results.
However, we did observe an association between higher energy
density and lower physical functioning. A possible explanation
could be that by using UPF intake; we are trying to simplify a
complex system. There aremany different types of food process-
ing and also the list of UPF varies a lot in terms of energy density
and nutrient density (e.g. from white bread to pizza). Further
research into optimising the operationalisation of the ‘fast foods’
recommendation of the WCRF/AICR guidelines is highly
warranted.

The individual dietary WCRF/AICR recommendations form a
package that, taken together, direct people towards healthy pat-
terns of diet. The Mediterranean diet is a diet that encompasses
many of the individual dietary WCRF/AICR recommendations. It
is mainly a plant-based diet characterised by the consumption of
large amounts of fruits, vegetables, legumes, nuts and seeds
and whole grains. Intake of milk and dairy products, poultry
and eggs is low to moderate, whereas red and processed
meats, sweets and refined grains are consumed in low quan-
tities. Finally, the Mediterranean diet is characterised by amod-
erate alcohol consumption, and in general, foods consumed in
the Mediterranean region are minimally processed. The

Table 5. Associations between dietary recommendations and neuropathy in chemotherapy patients†
(β-Coefficients and 95 % confidence intervals)

EORTC QLQ-CIPN20

Sum score (n 122) Sensory scale (n 122) Motor scale (n 122) Autonomic scale (n 124)

β 95% CI β 95% CI β 95% CI β 95% CI

Fruit and vegetables (100 g/d) Unadj. 1·0 −2·8, 4·9 1·5 −2·5, 5·6 0·3 −3·9, 4·5 1·5 −2·6, 5·7
Adj.‡ 1·1 −3·5, 5·6 1·4 −3·5, 6·2 0·7 −4·1, 5·6 0·6 −4·1, 5·3
Unadj. 0·1 −2·7, 3·0 0·5 −2·6, 3·6 −0·3 −3·5, 2·8 0·6 −2·5, 3·7

Fruit (50 g/d) Adj.‡ 0·6 −2·7, 3·9 0·7 −2·9, 4·3 0·5 −3·0, 4·1 0·8 −2·6, 4·3
Vegetables (50 g/d) Unadj. 1·4 −2·0, 4·7 1·7 −1·8, 5·2 0·9 −2·7, 4·5 1·5 −2·1, 5·1

Adj.‡ 0·7 −3·2, 4·5 1·0 −3·1, 5·2 0·4 −3·8, 4·5 −0·3 −4·3, 3·7
Dietary fibre (10 g/d) Unadj. −2·4 −9·7, 4·9 1·2 −6·6, 8·9 −6·2 −14·0, 1·7 −4·4 −12·2, 3·4

Adj.‡ 1·9 −8·7, 12·5 6·3 −5·0, 17·6 −2·1 −13·5, 9·3 −3·5 −14·4, 7·5
Fast foods (5 EN %) Unadj. 1·0 −1·3, 3·2 0·3 −2·1, 2·7 1·8 −0·6, 4·3 0·6 −1·8, 3·1

Adj.‡ 1·0 −1·6, 3·6 0·4 −2·4, 3·2 1·8 −0·9, 4·6 0·3 −2·5, 3·0
Energy density

(100 kJ/100 g per d)
Unadj. −0·1 −4·8, 4·5 −0·8 −5·7, 4·1 0·2 −4·9, 5·3 1·9 −3·1, 6·9
Adj.‡ 2·4 −4·0, 8·8 2·0 −4·9, 9·0 2·5 −4·5, 9·4 4·5 −1·9, 10·8

Sugar-sweetened drinks
(250 g/d)

Unadj. 3·3 −6·4, 12·9 4·6 −5·6, 14·8 1·4 −9·1, 12·0 6·6 −2·8, 16·0
Adj.‡ 11·1 −1·9, 24·1 12·5 −1·5, 26·6 8·7 −5·5, 22·9 15·7 3·9, 27·6*

Red meat (100 g/d) Unadj. 0·2 −1·9, 2·4 1·0 −1·3, 3·3 −0·5 −2·8, 1·8 −0·3 −2·6, 2·0
Adj.‡ 1·6 −1·2, 4·4 2·2 −0·9, 5·2 1·1 −2·0, 4·2 1·4 −1·6, 4·3

Processed meat (50 g/d) Unadj. −0·2 −1·5, 1·2 0·0 −1·4, 1·5 −0·3 −1·7, 1·2 −0·7 −2·1, 0·8
Adj.‡ 0·4 −1·7, 2·5 0·3 −1·9, 2·6 0·6 −1·7, 2·9 0·3 −1·9, 2·5

Alcohol (10 g/d) Unadj. −2·5 −6·0, 1·1 −2·3 −6·0, 1·5 −2·8 −6·6, 1·1 −2·0 −5·8, 1·8
Adj.‡ −2·2 −6·5, 2·1 −2·7 −7·4, 1·9 −1·5 −6·2, 3·2 −2·2 −6·7, 2·3

EORTC QLQ, European Organization for the Research and Treatment of Cancer Quality of Life Questionnaire; CIPN, chemotherapy-induced peripheral neuropathy; Unadj., unad-
justed; Adj., adjusted; EN %, energy percentage.
* Statistically significant (P< 0·05).
† Six dietitians reached consensus on the relevant differences for the dietary recommendations, based on the recommended portion per d and on relevant portion sizes.
‡ Adjusted for total energy intake (kJ/week), age (years), BMI (kg/m2), moderate-to-vigorous physical activity (MVPA) (h/d), sedentary time (h/d), number of co-morbidities (0, 1, ≥2),
smoking (current, non-current), education level (low, medium and high), tumour stages (I, II and III), chemotherapy (yes, no) and time since diagnosis (years).
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Mediterranean diet as a whole has been known for its protec-
tive role towards CRC incidence and other cancers(60–62).
However, evidence for the relationship of this type of diet with
patient-reported outcomes in CRC survivors is currently still lack-
ing. In this sample of CRC survivors, the prevalence of over-
weight was high, the intake of fruit and vegetables was low
and meat consumption was high when compared with the
cut-off values mentioned in the 2018 WCRF/AICR recommenda-
tions. Most CRC survivors did not adhere to the recommenda-
tions. Men and women are advised to eat 400 g of fruit and
vegetables per d. On average our participants did not meet this
recommendation by far, with a mean intake of 141 g of vegeta-
bles and 131 g/d of fruit instead. The advice for dietary fibre
intake changed to 30 g/d in the 2018 recommendations com-
pared with 25 g/d in the 2007 recommendation. Intakes in our
study population were mostly lower than recommended, and
because of the changed advice regarding fibre intake, adherence
to this recommendation decreased from 29·7 % adherence to
the 2007 recommendation, to 9·3 % adherence to the 2018
recommendation(17). UPF intake as a percentage of total
daily energy consumed ranged in our participants from 4·4 to
63·4 % with a mean consumption of 31·4 % and energy density
ranged from 443 to 1192 kJ/100 g with a mean consumption of
701 kJ/100 g. No comparison could bemade between adherence
to the energy density recommendation (4·1 %) and the new fast
food recommendation (33·3 %). In addition, the WCRF/AICR
advises limiting the intake of red meat to 350–500 g/week and
to not consume processed meat at all. Red meat and processed
meat intakes in our population were higher than recommended;
only two participants met the combination of this recommenda-
tion. Finally, the WCRF/AICR recommends not consuming any
sugar-sweetened or alcoholic drinks. In our study, 32·0 % of par-
ticipants reported to not drink any sugar-sweetened drinks. As
with dietary fibre, also a lower percentage of adherence for alco-
hol was seen between the 2018 recommendation comparedwith
the 2007 recommendation. The recommendation for alcohol
consumption changed from not drinking more than one glass
of alcohol for women and two glasses of alcohol for men per
d to not drinking alcohol at all. Consequently, adherence
changed considerably from 64·1 % adherence to the 2007 recom-
mendation to 12·0 % adherence to the 2018 recommendation
regarding alcohol consumption. The intakes reported in our
CRC survivor sample were comparable to the Dutch population
aged 51–79 years in the Dutch National Food Consumption
Survey, albeit the WCRF/AICR dietary recommendations differed
slightly in definition from how the Dutch National Food
Consumption Survey classifies dietary groups(63). This means that
both for the CRC survivor population and for theDutch population
aged 51–79 years, there is still a lot to gain in order to meet adher-
ence to the WCRF/AICR recommendations that is accompanied
with risk reduction for cancer incidence(12), but also linked tomany
other health benefits such as increased survival and less recurrence
in cancer survivors(13–16). Besides HRQoL benefits in the CRC sur-
vivors, adhering to the individual WCRF/AICR dietary recommen-
dations could also have favourable effects on the well-being of the
general population, as suggested by research on the
Mediterranean diet in comparison with non-Mediterranean diet

and increased fruit and vegetable consumption that was associ-
ated with better HRQoL(64–67).

A major strength of this study was the use of 7-d dietary
records, which enabled quantitative assessment of food and bev-
erage consumption and absolute intake of individual food and
nutrients, which is more accurate than commonly used FFQ
data(68). The information on individual food products enables
making food groups with great precision. Portion sizes were
measured, details on food preparation were reported, instruc-
tions on how to fill out the records were provided by dietitians,
and, when needed, additional information from participants was
requested, which improved the validity of reported food and
drink consumption(69,70). Additionally, assessment on multiple
days makes the information gathered more reliable(68). Also,
memory limitations are not expected to be a source of error,
since intakes are asked to be recorded at the time of intake(68).
Still, subjects may delay recording their intakes, alter their intake
of food or not record their true intake due to social desirability or
the relatively high burden of keeping a dietary record(68,70).
Because of social desirability, self-reported intake of for example
fruit and vegetables may thus have been overestimated, while
intake of energy-density and alcohol may have been underesti-
mated. Adherence to the recommendations therefore also might
have been slightly overestimated.

The main limitation of this study is the cross-sectional design.
Consequently, we cannot draw any firm conclusions regarding
the direction of the observed associations. Diet may have
affected patient-reported outcomes, or patient-reported out-
comes may have altered diet. The relationship between diet
and HRQoL is likely complex and bidirectional(71). In addition,
our results might suffer from limited statistical power, especially
for the CIPN outcomes. CIPN outcomes were only relevant for
the subgroup of patients who received chemotherapy (n 65),
and analyses were thus only performed within this group. As
a result, findings for CIPN can be considered to be exploratory.
Finally, we cannot rule out that some of our results may be false
positives because of the potential for multiple testing and that
residual confounding could be present even though we cor-
rected for many relevant confounders. Another limitation of
our study is that survival bias might have occurred since partic-
ipants included in our study were generally younger and per-
haps differed in other (non-measured) characteristics from
non-participants. People that passed away before they could
participate or who had a worse health and prognosis were not
part of our study population, which may have affected the gen-
eralisability of our results to only the healthier subpopulation of
long-term CRC survivors.

In summary, our results suggest that already partly adhering
to theWCRF/AICR guidelines for a healthy diet may have favour-
able effects on the HRQoL and complaints of fatigue in the years
after the end of CRC treatment. Future studies are needed to fur-
ther investigate the relationship between diet and health out-
comes in CRC survivors. In particular, there is a need for
prospective research with longitudinal analyses to gain insight
into the direction of associations between the dietary recommen-
dations and HRQoL and for studies with larger sample sizes to
investigate the role of diet in CIPN among chemotherapy-treated
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CRC survivors. Ideally, intervention studies should be performed
to investigate whether adhering to these individual dietary rec-
ommendations result in better quality of life and decreased
fatigue and CIPN. More evidence on the relation between dietary
recommendations and patient-reported outcomes could eventu-
ally lead to the improvement and fine tuning of evidence-based
lifestyle recommendations for CRC survivors.
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