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ABSTRACT

SMIT K. C., J.W.G. DERKSEN, R. K. STELLATO, A.-S. VAN LANEN, E. WESSELINK, E. J. T. BELT,M. C.-V. BALEN, P. P. L. O.

COENE, J. W. T. DEKKER, J. W. DE GROOT, A. W. HARINGHUIZEN, H. K. VAN HALTEREN, T. T. VAN HEEK, H. H.

HELGASON,M. P. HENDRIKS, I. H. J. T. DEHINGH, R.HOEKSTRA,D. HOUTSMA, J. J. B. JANSSEN, N. KOK, J. L.M. KONSTEN,

M. LOS,M. R.MEIJERINK, L. J. M.MEKENKAMP,K. C.M. J. PEETERS,M. B. POLÉE, R. C. RIETBROEK, A. H.W. SCHIPHORST,

R. W. M. SCHRAUWEN, J. SCHREINEMAKERS, M. P. S. SIE, L. SIMKENS, E. J. A. SONNEVELD, F. TERHEGGEN, L. V.-V.

IERSEL,W. J. VLES, D. K.WASOWICZ-KEMPS, J. H. W. DEWILT, D. E. KOK, R. M.WINKELS, E. KAMPMAN, F. J. B. VAN

DUIJNHOVEN, M. KOOPMAN, and A.M. MAY . Determinants of Physical Activity among Patients with Colorectal Cancer: From Diag-

nosis to 5 Years after Diagnosis. Med. Sci. Sports Exerc., Vol. 56, No. 4, pp. 623-634, 2024. Introduction: Physical activity (PA) is asso-

ciated with higher quality of life and probably better prognosis among colorectal cancer (CRC) patients. This study focuses on determinants

of PA among CRC patients from diagnosis until 5 yr postdiagnosis.Methods: Sociodemographic and disease-related factors of participants of

two large CRC cohort studies were combined. Moderate-to-vigorous PA during sport and leisure time (MVPA-SL) was measured at diagnosis

(T0) and 6, 12, 24, and 60months (T6 to T60) postdiagnosis, using the SQUASH questionnaire.Mixed-effects models were performed to identify socio-

demographic and disease-related determinants of MVPA-SL, separately for stage I–III colon (CC), stage I–III rectal cancer (RC), and stage IV CRC (T0

andT6only).Associationswere defined as consistently present when significant at ≥4 timepoints for the stage I–III subsets.MVPA-SL levels were

compared with an age- and sex-matched sample of the general Dutch population. Results: In total, 2905 CC, 1459 RC and 436 stage IV CRC

patients were included. Patients with higher fatigue scores, and women compared with men had consistently lower MVPA-SL levels over time,

regardless of tumor type and stage. At T6, having a stoma was significantly associated with lowerMVPA-SL among stage I-III RC patients. Sys-

temic therapy and radiotherapy were not significantly associated with MVPA-SL changes at T6. Compared with the general population,

MVPA-SL levels of CRC patients were lower at all timepoints, most notably at T6.Conclusions: Female sex and higher fatigue scores were con-

sistent determinants of lowerMVPA-SL levels among all CRC patients, andMVPA-SL levels were lowest at 6months postdiagnosis. Our results

can inform the design of intervention studies aimed at improving PA, and guide healthcare professionals in optimizing individualized support.

Key Words: COLORECTAL NEOPLASMS, GUIDELINES, HEALTH BEHAVIOR, SURVIVORSHIP, SPORT PARTICIPATION
Thenumber of colorectal cancer (CRC) survivors experienc-
ing possible symptoms related to both the disease and its
treatment is increasing due to a high incidence of CRC, a

growing number of treatment options and gradual improvement
of patient outcomes including survival (1,2). Commonly reported
short-term symptoms include body image distress, bowel dysfunc-
tion, peripheral neuropathy, fatigue, psychological complaints, and
insomnia (3). Common long-term symptoms include peripheral
neuropathy, fatigue, and diarrhea (4).

Physical activity (PA) is known to have beneficial effects on
several symptoms amongCRCpatients both during and after treat-
ment. Beneficial effects include a reduction of fatigue and anxiety
and depression symptoms, and improvement of health-related
quality of life (HRQoL) (5,6). On the other hand, a CRC diagnosis
may negatively impact PA levels. Prior studies showed that CRC
patients may be less active after diagnosis compared with before
diagnosis (7). Moreover, around half of the general population
already fails to meet PA guidelines and this proportion is likely
even higher in patients diagnosed with CRC (8,9).

Several studies have investigated determinants related to ha-
bitual PA levels among CRC patients, and found associations
with both sociodemographic determinants, such as age and
disease-related determinants, including the presence of a stoma
(9–14). However, results varied between studies, possibly due
to variation in study design, type of PA questionnaires used,
PA outcome categorization, and range of determinants in-
ficial Journal of the American College of Sports Medicine
cluded. To date, most studies analyzed only one point in time and
did not assess determinants of PA over time. Moreover, many
studies only focused on long-term CRC survivors and PA levels
from diagnosis onwards were unknown. Therefore these studies
did not investigate determinants of PA during diagnosis and
treatment. In addition, most studies did not include, or had a lim-
ited sample of, patients with stage IV disease, and none exam-
ined associations for rectal cancer (RC) and colon cancer (CC)
patients separately. Such separate analyses based on CRC local-
ization and stage could be important, because occurrence and sever-
ity of some side effects and symptoms are related to localization,
stage and its resulting treatment, providing a possible explana-
tion for decreased PA capacity among specific CRC sub-
groups. Examples are oxaliplatin-induced peripheral neurop-
athy, increased bowel dysfunction after radiation, and in-
creased urogenital dysfunction among patients with a (prior)
stoma (15).

Improved insight in potential determinants of PA among CRC
patients during and after treatment is clinically relevant because it
supports health care providers in providing individually tailored
PA advice and guidance to improve long-term outcomes of
CRC patients. This study therefore aims to examine longitudinal
associations between sociodemographic and disease-related
factors and PA levels from diagnosis up to 5 yr after diagnosis
in different CRC subgroups based on tumor type and stage. In
addition, PA levels and characteristics of patients will be compared
http://www.acsm-msse.org
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with those of the general population to help identify patient-
specific sociodemographic determinants.

METHODS

Study Population

Data from patients who participated in two large cohort stud-
ies were combined: the Prospective Dutch Colorectal Cancer
(PLCRC) cohort (NCT02070146, ClinicalTrials.gov) and the
COlorectal cancer Longitudinal Observational study on Nutri-
tional and lifestyle factors that may influence colorectal tumor
recurrence, survival, and quality of life—COLON cohort
(NCT03191110, ClinicalTrials.gov).

PLCRC cohort. PLCRC is an ongoing prospective obser-
vational nationwide cohort in the Netherlands. All adult
(≥18 yr) patients with a CRC diagnosis are eligible to partici-
pate. Patients can be recruited at any point in time, but preferably
shortly after CRC diagnosis. As part of the informed consent pro-
cedure, patients are asked for consent to receiving repeated ques-
tionnaires at standardized intervals until 10 yr after first inclusion.
Data from patients enrolled between February 2013 and October
2021 was used. PLCRC was approved by the Medical Research
Ethics Committee of Utrecht, the Netherlands (METC 12-510).
All patients signed informed consent. A detailed description of the
cohort design can be found elsewhere (16).

COLON cohort. COLON is a prospective, observational
cohort, for which newly diagnosed CRC patients were recruited
in 11 hospitals in the Netherlands directly after diagnosis. CRC
patients were recruited between August 2010 and February
2020. As part of the informed consent procedure, patients were
asked for consent to receiving repeated questionnaires at stan-
dardized intervals until 5 yr after diagnosis. Non–Dutch-speaking
patients, patients with a history of CRC, (partial) bowel resection,
chronic inflammatory bowel disease, hereditary CRC syndromes
(e.g., Lynch syndrome, Familial Adenomatous Polyposis, Peutz-
Jegher), dementia or another mental condition obstructing partic-
ipation were excluded from the study. The COLON study was
approved by the Committee on Research involving Human Sub-
jects, region Arnhem-Nijmegen, the Netherlands (2009-349). All
patients signed informed consent. A detailed description of the
cohort design has been published previously (17).

In addition to the inclusion criteria from both cohort studies,
patients were included for this analysis when they had completed
a questionnaire within 60 d of primary CRC diagnosis. This
resulted in a final study population of 3001 (of 7307) PLCRC
and 1909 (of 2128) COLON patients.

General population. Data from a representative sample
of the Dutch population were obtained from health surveys of
2016 to 2019 conducted by Statistics Netherlands (CBS) (18–21).
This annual survey collects information on demographics and
health-related aspects in an annually renewed sample of >10,000
men and women of all ages. Physical activity was quantified using
the same questionnaire as used in the two patient cohorts and the
same syntax was used to calculate PA variables as for the patient
population (see details below). Participants were matched 1:1 with
the CRC cohorts on sex and a 10-yr age range, selecting partici-
DETERMINANTS OF PHYSICAL ACTIVITY
pants closest in age to the CRC group. This approach aimed to en-
hance the comparability between the general population and the
older, predominantly male CRC population.
Assessment of Determinants

Data from the Netherlands Cancer Registry (NCR) (PLCRC)
and from the Dutch ColoRectal Audit (DCRA) (COLON) were
used to collect information on age, sex, primary tumor location,
cancer stage, surgical resection, presence of stoma, systemic treat-
ment, and radiotherapy. Netherlands Cancer Registry data are re-
trieved from electronic health records by trained data managers.
For the DCRA, each participating hospital has one appointed sur-
geon who is responsible for registering the data, and the majority
of surgeons record the data themselves (22). Information on disease
status and treatment is available for the primaryCRCdiagnosis (i.e.,
first disease episode). Information on (treatment of) possible recur-
rence and/or progression of disease was not available for themajor-
ity of patients and therefore not used in current analyses.
Patient-reported data included baseline educational attainment (low,
i.e., elementary and lower vocational education finished, and
above), having a partner (yes/no), and repeated measures for body
mass index (BMI), smoking status (current, former, never), alcohol
use (heavy drinking, defined as >14 units per week for females and
>21 units per week for males, yes/no), stoma presence (current,
prior, none), and health-related quality of life (HRQoL).
Health-related quality of life was assessed using the validated
European Organization for the Research and Treatment of Can-
cer Quality of Life Questionnaire-Core 30 (EORTC QLQ-C30,
version 3.0) (23,24). This questionnaire consists of multiple
subscales and is used to evaluate patients’ global health, daily
functioning, and complaints of common symptoms. All questions
use a four-point ordinal scale ranging from “not at all” to “very
much.”Raw scores formulti-item scaleswere calculated by taking
the average of the contributing items. Linear transformation was
used to standardize the raw scores to scores ranging from zero to
a hundred, where a higher score represents a higher level of func-
tioning (“better”) or a higher level of symptoms (“worse”) (25).

Based on previous evidence demonstrating the effectiveness
of exercise programs in reducing fatigue, anxiety, and depression
symptoms, we hypothesized that these factorsmight also be asso-
ciated with lower levels of PA (5). Consequently, we chose to fo-
cus on the four-item emotional functioning and three-item fatigue
subscales in our analyses. Effect estimators of a 0.5 standard de-
viation (SD) increase will be presented (i.e., 12 for emotional
functioning and 15 for fatigue) (26).

Because patient and treatment characteristics vary across CRC
stages and types, three subsets were created to obtain more ho-
mogeneous study populations:

1. Stage I–III colon cancer (stage I–III CC)
2. Stage I–III rectal cancer (stage I–III RC)
3. Stage IV colorectal cancer (stage IV CRC)
Assessment of outcome. Physical activity levels in both

patient cohorts were measured with the SQUASH questionnaire,
which is a validated questionnaire to assess habitual PA (27).
Medicine & Science in Sports & Exercise® 625

http://ClinicalTrials.gov
http://ClinicalTrials.gov


C
LI
N
IC
A
L
SC

IE
N
C
ES

D
ow

nloaded from
 http://journals.lw

w
.com

/acsm
-m

sse by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

4/O
A

V
pD

D
a8K

2+
Y

a6H
515kE

=
 on 07/03/2024
Completed questionnaires were quantified by assigning a Meta-
bolic Equivalent of Task (MET) value to each activity, using
the Ainsworth compendium of physical activity (28). Physical
activity levels were assessed by quantifying total hours per week
spent on several activities. To enhance comparability with
existing literature, we established two PA outcome variables. In
the main analysis, we evaluated Sport and Leisure time Moderate
and Vigorous PA (MVPA-SL). In addition, we assessed adher-
ence to the American College of Sports Medicine (ACSM) PA
guidelines. This approach allows for a comprehensive examination
of PA levels and improves consistency with previous studies.
MVPA-SL comprises sport and leisure time activities of moderate
(MET ≥3) and vigorous (MET ≥6) intensity. In the SQUASH, the
following activities are assessed: leisure time bicycling, gardening,
odd jobs and a maximum of four different sports. The ACSM PA
guideline advises a minimum of 150 min·wk−1 moderate to vigor-
ous PA and muscle-strengthening activities of at least moder-
ate intensity at least twice a week, which is similar to the advice
to the general population (5). Compared with MVPA-SL, this
variable also includes heavy household activities, heavy occu-
pational work and commuting by bike and by foot in our anal-
yses. Because regular activities are also included and the total
amount of days on which respondents perform one or more
MVPA activities cannot be extracted from the SQUASH, ad-
herence is met in our analyses when respondents perform at
least 1 min of MVPA from seven different activities and/or mo-
ments during the week. This conservative approach is in accor-
dance with SQUASH analyses as performed by the Dutch Na-
tional Institute for Public health and the Environment (29).

In pooled analyses of cohort studies, both PA variables are
associated with prolonged survival in multiple cancers, includ-
ing colorectal cancer (30,31).

For the stage I-III disease analyses, all the common timepoints
of the two patient cohorts were used, including assessments at di-
agnosis (T0), and 6 months (T6), 12 months (T12), 24 months
(T24), and 60 months (T60) after diagnosis. In the COLON co-
hort, only patients receiving adjuvant chemotherapy were sent
questionnaires at T12. Due to limited sample sizes at follow-up,
only T0 and T6 were used to perform the stage IV analyses.

Missing Data

Missing covariate data were handled using multiple imputa-
tion by chained equations under the Missingness At Random
(MAR) assumption (32). The mice package (v 3.15) in R was
used (33). Imputed longitudinal outcome data were not used,
considering possible Missingness Not At Random (MNAR) rea-
sons for discontinuation of follow-up, and imputed tumor stage,
and location data were also not used to ensure correct patient sub-
populations. One hundred imputed data sets through 20 iterations
were created, which is by default more than the proposed mini-
mumof data sets (the percentage of incomplete cases) (34). Trace
plots were checked visually for convergence.

Data Analysis

Two separate analyseswere conducted for each of the three sub-
sets of CRC patients. In the main analysis, linear mixed models
626 Official Journal of the American College of Sports Medicine
were performed to assess the association of independent variables
on MVPA-SL at each timepoint. Within-subject dependency was
accounted for by assigning a random slope for time to each indi-
vidual participant. All variables were added to the model as main
effect and with a time interaction to estimate associations between
independent variables and PA levels for each time point. Tumor
stage was not included in the stage I–III disease subsets, to pre-
vent multicollinearity with treatment variables (systemic ther-
apy and radiotherapy). In this analysis, the “prior” category of
stoma at any time after diagnosis was recategorized to “no,”
because no patients had a prior stoma at diagnosis, resulting
in modeling errors. Continuous variables were mean-centered
for linear models to prevent fitting errors.

In the secondary analysis, determinants of PA guideline ad-
herence among CRC patients were assessed for each timepoint
separately by using binomial logistic regressionmodels; binomial
mixed models were not possible due to convergence errors. To
prevent multicollinearity, tumor stage was used as an independent
variable at T0, and replaced with treatment variables at follow-up
for both stage I–III subsets. Radiotherapy is not part of standard
care for stage I–III CC patients and was, therefore, not used as
an independent variable in this subset. The vast majority of stage
I–III CRC patients received a surgical resection of the primary
tumor, which was therefore not used as an independent vari-
able for either stage I–III subset.

Considering the multiple testing over time, sociodemographic
determinants of both analyses will be discussed in more detail if
they are consistently significantly associated with PA levels. We
defined consistency as a significant association at a minimum of
four out of five timepoints in the two stage I-III subsets. In ad-
dition, treatment-related variables (e.g., having a stoma) with a
significant association with PA levels at T6 will also be
discussed. This distinction was made under the hypothesis that
treatment-related variables are not expected to show a stable as-
sociation over time. Given the restricted timepoint selection (T0
and T6 only), all statistically significant associations with PA
levels will be discussed for the stage IV CRC patient subset.

Finally, MVPA-SL levels at diagnosis of all CRC patients
were compared with a sample of the general Dutch population.
Possible differences in relevant determinants of PA levels for
CRC patients at T0 and the general Dutch population were ex-
plored, by repeating regression models using the sociodemo-
graphic variables that were available in both study populations
(i.e. age, sex, BMI, educational attainment, smoking status, al-
cohol use). Determinants of MVPA-SL were assessed using
linear regression models and determinants of PA guideline ad-
herence using binomial logistic regression models.

A P value <0.050 was considered statistically significant.
SPSS version 26 and R version 4.2.1 were used.
RESULTS

Sociodemographic and treatment-related characteristics at
diagnosis (baseline) for the total study population and the three
patient subgroups, i.e., stage I–III CC, stage I–III RC, and
stage IV CRC, and demographics (where available) for the
http://www.acsm-msse.org
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sample of the general Dutch population are shown in Table 1.
The majority of patients were male (63%) and the median age
was 66 (IQR, 59–73).Missing data on covariables at diagnosis
ranged from 0% to 4.8% in the total study sample.

Within the subgroup of stage I-III CC (n=2905), 59%of patients
were male, with a median age of 67 (IQR, 61–73). Regarding
treatment, less than 1% did not undergo surgical resection, 5%
TABLE 1. Characteristics of colorectal cancer patients at diagnosis (stratified by stage and type of

Total St. I-III CC

(N = 4910) (n = 2905)

Sex
Male 3111 (63%) 1716 (59%)
Female 1799 (37%) 1189 (41%)

Age
Median (IQR) 66.0 (59.1, 73.0) 67.0 (61.0, 73.0)

MVPA-SL
Median (IQR) 5.0 (1.5, 10.5) 5.0 (1.5, 10.0)
Missing 220 (4.5%) 117 (4.0%)

ACSM PA guideline adherence
No 2866 (61%) 1724 (62%)
Yes 1824 (39%) 1064 (38%)
Missing 220 (4.5%) 117 (4.0%)

BMI
Median (IQR) 26.0 (23.8, 28.7) 26.2 (23.8, 29.0)
Missing 110 (2.2%) 58 (2.0%)

Educational attainmenta

Low 1676 (36%) 1040 (37%)
Intermediate 1372 (29%) 804 (29%)
High 1661 (35%) 953 (34%)
Missing 201 (4.1%) 108 (3.7%)

Heavy drinkerb

No 4261 (91%) 2522 (91%)
Yes 418 (9%) 252 (9%)
Missing 231 (4.7%) 131 (4.5%)

Smoking status
Current 387 (8%) 204 (7%)
Former 2772 (59%) 1658 (59%)
Never 1568 (33%) 946 (34%)
Missing 183 (3.7%) 97 (3.3%)

Marital status
Married/common law 3888 (82%) 2288 (81%)
Single (includes single with kids) 843 (18%) 522 (19%)
Missing 179 (3.6%) 95 (3.3%)

Surgical resection
No 253 (5%) 6 (<0.1%)
Yes 4562 (95%) 2899 (100%)
Missing 95 (1.9%) 0 (0%)

Stoma
No 3637 (76%) 2720 (95%)
Yes 1128 (24%) 157 (5%)
Missing 145 (3.0%) 28 (1.0%)

Systemic therapy (any)c

No 3062 (64%) 1921 (67%)
Yes 1737 (36%) 967 (33%)
Missing 111 (2.3%) 17 (0.6%)

Radiotherapy (any)
No 3787 (80%) 2833 (99%)
Yes 958 (20%) 16 (1%)
Missing 165 (3.4%) 56 (1.9%)

Fatigue scored

Median (IQR) 22 (0, 33) 22 (0, 33)
Missing 234 (4.8%) 132 (4.5%)

Emotional functioning scored

Median (IQR) 83 (667, 100) 83 (67, 100)
Missing 218 (4.4%) 117 (4.0%)

Missing percentages are presented as percentages from the total sample, but are not included in th
alow education: elementary and lower vocational education, intermediate: secondary education, hig
bHeavy drinking: more than 14 units per week for females and more than 21 units per week for ma
cIncludes any chemotherapy administered, i.e. (neo-)adjuvant, in the context of chemoradiotherapy
dSubscale of the EORTC core quality of life questionnaire (EORTC QLQ-C30.
Abbreviations:; St. I-III CC, stage I-III colon cancer; St. I-III RC, stage I-III rectal cancer; st. IV CRC, s
icine; PA, physical activity; MVPA-SL, sport and leisure time moderate and vigorous physical activi

DETERMINANTS OF PHYSICAL ACTIVITY
received a stoma, and 33% received systemic therapy during
their first disease episode.

Within the subgroup of stage I-III RC (n = 1459), 71% of pa-
tients were male, with a median age of 65 (58–72). Regarding
treatment, 7% did not undergo surgical resection, 58% of patients
received a stoma, 32% received systemic therapy, and 58% re-
ceived radiotherapy during their first disease episode. Within
cancer) and the general Dutch population, matched on sex and a 5-yr age range.

Patients General Population

St. I-III RC St. IV CRC Total

(n = 1459) (n = 436) (n = 4910)

1029 (71%) 288 (66%) 3111 (63%)
430 (29%) 148 (34%) 1799 (37%)

65.0 (58.0, 72.0) 64.5 (57.0, 71.0) 66.0 (59.0, 73.0)

5.0 (2.0, 11.0) 4.3 (1.0, 9.8) 6.0 (1.5, 12.5)
54 (3.7%) 25 (5.7%) 0 (0%)

819 (58%) 266 (65%) 2737 (56%)
586 (42%) 145 (35%) 2173 (44%)
54 (3.7%) 25 (5.7%) 0 (0%)

25.9 (24.0, 28.7) 25.3 (23.2, 28.1) 25.9 (23.7, 28.7)
25 (1.7%) 6 (1.4%) 0 (0%)

471 (33%) 132 (32%) 1811 (37%)
418 (30%) 123 (30%) 1810 (37%)
521 (37%) 159 (38%) 1289 (26%)
49 (3.4%) 22 (5.0%) 0 (0%)

1275 (91%) 390 (95%) 4449 (91%)
133 (9%) 21 (5%) 461 (9%)
51 (3.5%) 25 (5.7%) 0 (0%)

140 (10%) 38 (9%) 863 (18%)
825 (58%) 231 (56%) 2469 (50%)
454 (32%) 144 (35%) 1578 (32%)
40 (2.7%) 23 (5.3%) 0 (0%)

1181 (83%) 344 (83%) —

238 (17%) 71 (17%) —

40 (2.7%) 21 (4.8%) —

98 (7%) 148 (35%) —

1360 (93%) 274 (65%) —

1 (0.1%) 14 (3.2%) —

610 (42%) 284 (68%) —

835 (58%) 132 (32%) —

14 (1.0%) 20 (4.6%) —

987 (68%) 128 (30%) —

467 (32%) 301 (70%) —

5 (0.3%) 7 (1.6%) —

—

610 (42%) 317 (74%) —

831 (58%) 110 (26%) —

18 (1.2%) 9 (2.1%) —

—

11 (0, 33) 33 (11, 44) —

43 (2.9%) 25 (5.7%) —

—

83 (67, 92) 83.3 (67, 92) —

42 (2.9%) 25 (5.7%) —

e non-missing counts.
h: higher vocational and university education.
les.
and palliative chemotherapy.

tage IV colorectal cancer; IQR, interquartile range; ACSM, American College of Sports Med-
ty; U, unit; M; male, F, female; BMI, body mass index.
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the stage IV CRC subgroup (n = 436), 54% of patients were
male, with a median age of 65 (57–71). Regarding treatment,
65% did not receive a surgical resection of the primary tumor,
32% of patients received a stoma, 70% received systemic ther-
apy, 26% received radiotherapy during their first disease episode.

In comparison to the general Dutch population, CRC patients
had a similar median BMI and similar proportions of low edu-
cational attainment and heavy drinking at the time of diagnosis.
Fewer CRC patients were current smokers, but the proportion
of never smokers was similar to the general Dutch population.

PA information was available for 4604 (T0), 3895 (T6),
2336 (T12), 2678 (T24), and 798 (T60) CRC patients. Note that
numbers decrease over time partially because patients have not
yet reached the later time points (2% at T6, 4% at T12, 17% at
T24, and 58% at T60) or were deceased (1% at T6, 2% at T12,
4% at T24, and 6% at T60). Patients who filled inmore than one
questionnaire had higher MVPA-SL levels and a higher propor-
tion PA guideline adherence, regardless of tumor stage and type
(median hours per week MVPA-SL 5 vs 3 and adherence to PA
guidelines 40%vs 27% in the total study sample, data not shown).
FIGURE 1—Determinants of hours per week Sport and Leisure timeModerate
<0.05, **p = 0.001 to <0.01, and ***p < 0.001. T0, at diagnosis; T6, 6 months after
T60, 60 months after diagnosis. St. I-III CC, stage I-III colon cancer; St. I-III R

628 Official Journal of the American College of Sports Medicine
MVPA-SL. An overview of determinants of MVPA-SL
(hours per week) for the three patient subgroups over time is pre-
sented in Figure 1. Numerical estimates with 95% CIs can be
found in Supplemental Tables 1a –1c, Supplemental Digital Con-
tent, http://links.lww.com/MSS/C973, Determinants of hours per
week MVPA-SL among stage I-III colon cancer patients, stage
I-III rectal cancer patients, and stage IV colorectal cancer patients).

For both stage I–III CC and stage I-III RC patients, female sex
and higher fatigue scores were consistently significantly associ-
ated with lower levels of MVPA-SL. In addition, among stage
I-III RC patients, having a stoma at T6 was significantly associ-
ated with lower PA levels. Among stage IV CRC patients, a
higher fatigue score was significantly associated with lower levels
of MVPA-SL at both T0 and T6. Female sex was significantly as-
sociated with lower PA levels at T0, as was a higher age at T6.

ACSMPA guideline adherence.An overview of deter-
minants of ACSM PA guideline adherence for the three pa-
tient subgroups over time is presented in Figure 2. Numerical
ORs with 95% CIs can be found in Supplemental Tables 2a–2c
(Supplemental Digital Content, http://links.lww.com/MSS/C973
and Vigorous PA (MVPA-SL) for subgroups of CRC patients. *p = 0.01 to
diagnosis; T12, 12months after diagnosis; T24, 24months after diagnosis;
C, stage I-III rectal cancer; st. IV CRC, stage IV colorectal cancer.

http://www.acsm-msse.org

http://links.lww.com/MSS/C973
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FIGURE 2—Determinants of ACSMPAguideline adherence (yes) for subgroups ofCRC patients. *p = 0.01 to <0.05, **p = 0.001 to <0.01, and ***p < 0.001.
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Determinants of ACSM PA guideline adherence (yes) among
stage I-III colon cancer patients, stage I-III rectal cancer patients,
and stage IV colorectal cancer patients). For all CRC subgroups,
PA guideline adherence at baseline was consistently significantly
associated with a higher odds of PA guideline adherence at all
timepoints after diagnosis. In addition, among stage I-III CC pa-
tients, higher fatigue scores, higher age and low educational at-
tainment were consistently significantly associated with a lower
odds of PA guideline adherence. Among stage I-III RC patients,
low educational attainment was consistently associated with a
lower odds of PA guideline adherence, and both a current and
a prior stoma were significantly associated with a lower odds
of PA guideline adherence at T6. Among stage IV CRC pa-
tients, higher age, low educational attainment, current smoking,
higher emotional functioning and higher fatigue scores were
significantly associated with a lower odds of PA guideline ad-
herence at T0.

Comparison with the general population. An over-
view of hours per weekMVPA-SL and of the proportion of adher-
ence to ACSM PA guideline adherence for the general population
and for CRC patients from diagnosis to 60month post-diagnosis is
presented in Figure 3.On average, all CRCpatient subgroupswere
less active than the general population, although differences are
DETERMINANTS OF PHYSICAL ACTIVITY
small at timepoints T12 and further. The most notable difference
was seen at T6 for both PA variables (median hours per week
MVPA-SL 6 and 44% adherence to PA guidelines in the general
population vs 3–4.5 and 30–35% for CRC patient subgroups).

An overview of the available sociodemographic determinants
of MVPA-SL levels in both the sex- and age-matched general
population and for the three CRC subgroups at diagnosis is pre-
sented in Figure 4. Numerical estimates and ORs with 95% CIs
can be found in Supplemental Table 4 (Supplemental Digi-
tal Content http://links.lww.com/MSS/C973, Determinants of
ACSM PA guideline adherence (yes) for subgroups of CRC
patients at diagnosis, and for the general Dutch population,
matched on age and sex). Among the general population,
female sex, higher BMI, low educational attainment and cur-
rent smoking were significantly associated with lower levels
of MVPA-SL. Higher age was significantly associated with
higher levels ofMVPA-SL. Among all CRC subgroups, female
sex was significantly associated with lower levels of MVPASL.
In addition, higher BMI was significantly associated with lower
levels of MVPASL among stage I–III CC patients and higher
age was significantly associated with higher levels ofMVPASL
among stage I–III RC patients. The direction of association for
all nonsignificant determinants is consistent with that observed
Medicine & Science in Sports & Exercise® 629
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FIGURE 3—Physical activity levels of CRC patients and the general Dutch population, matched on age and sex.
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in the general population, except for a higher BMI in the stage
IV CRC subset.

An overview of the available sociodemographic determi-
nants of ACSM PA guideline adherence in both the sex- and
age-matched general population and for the three CRC sub-
groups at diagnosis is presented in Figure 5. Numerical esti-
mates and ORs with 95% CIs can be found in Supplemental
Table 3 (Supplemental Digital Content, http://links.lww.com/
MSS/C973). Among the general population, higher age, fe-
male sex, higher BMI, low educational attainment, and current
smoking were significantly associated with a lower odds of
PA guideline adherence. Among all CRC subgroups, higher
age and low educational attainment were significantly associ-
ated with lower odds of PA guideline adherence. In addition,
higher BMI was significantly associated with lower odds of
PA guideline adherence among stage I–III CC patients and
current smoking was significantly associated with lower odds
of PA guideline adherence among stage IV CRC patients. The
630 Official Journal of the American College of Sports Medicine
direction of association for all nonsignificant determinants is
consistent with that observed in the general population.

DISCUSSION
In this prospective observational cohort study, we found that

higher fatigue scores and female sex were consistently signifi-
cantly associated with lower MVPA-SL among all CRC patients
over time. Physical activity guideline adherence at diagnosis was
strongly and significantly associated with increased PA guideline
adherence at all postdiagnosis timepoints among all CRC pa-
tients. Other notable findings were that of the disease-related
determinants, only having a (prior) stoma was significantly as-
sociated with both lower levels of MVPA-SL and reduced PA
guideline adherence among stage I–III RC patients. Systemic
therapy and radiotherapy were not significantly associated with
both MVPA-SL and PA guideline adherence among any of the
CRC subgroups 6 months after diagnosis. Furthermore, we
found that on average, all CRC patient subgroups were less
http://www.acsm-msse.org
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FIGURE 4—Determinants of hours perweekMVPA-SL for subgroups ofCRCpatients at diagnosis, and for the generalDutchpopulation,matched onage and sex.
*p = 0.01 to <0.05, **p = 0.001 to <0.01, and ***p < 0.001.
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physically active than the sex- and age-matched general popula-
tion from diagnosis until 5 yr postdiagnosis, despite otherwise
comparable demographics. The largest difference for all CRC
subgroups was found at 6 months after diagnosis. Sociodemo-
graphic determinants of both MVPA-SL levels and PA guide-
line adherence were similar between CRC patients and the gen-
eral Dutch population.

Similarities and differenceswith other studies. Sev-
eral studies previously investigated determinants of PA levels
among CRC patients (9,13,14). Comparing determinants of
PA from different studies poses multiple challenges due to het-
erogeneity in both assessment and categorization of PA. Studies
used different PA questionnaires, resulting in varying ranges of
MET-hours, possibly resulting in decreased comparability
(27,35,36). The influence of PA categorization on results is illus-
trated by the different determinants we found for MVPA-SL and
PA guideline adherence. Female sex, for example, showed a con-
sistent associationwith lowerMVPA-SL, but no associationwith
PA guideline adherence, which also comprises moderate house-
hold and work activities, for all patient subgroups. This is in line
with sex-stratified PA descriptives in our cohort, where the me-
dian time spent on MVPA-SL is very different, with 6 h·wk−1
FIGURE 5—Determinants of ACSM PA guideline adherence (yes) for subgrou
matched on age and sex. *p = 0.01 to <0.05, **p = 0.001 to <0.01, and ***p < 0.0

DETERMINANTS OF PHYSICAL ACTIVITY
for males and 3.5 for females, but the proportion PA guideline
adherence is very similar (39% vs 38%). This implies that
women with CRC on average spent less total time on
MVPA-SL, but have sufficient PA levels in other domains
to have similar PA guideline adherence proportions compared
with men. This example emphasizes that associations differ
depending on the selected physical activity variables.

For the MVPA-SL estimates, our analyses can be compared
with Buffart et al. and van Putten et al. (9,13), who investigated
linear associations with MVPA levels using the validated Euro-
pean Prospective Investigation into Cancer (EPIC) Physical Ac-
tivity Questionnaire (35). The main difference with our study
was that both other studies focused on long-term CRC survivors,
where (first) questionnaires were sent out years after primary
diagnosis, whereas we included patients starting from diagno-
sis onwards. The first approach might be limited by survival
bias. In line with both studies, we also found that higher fa-
tigue scores and female sex were consistently associated with
lower MVPA-SL. Contrastingly, a higher BMI was not asso-
ciated with lower MVPA-SL levels in our studies, compared
with an observed significant association between a lower/healthy
BMI and higher MVPA levels in both other studies. Focusing
ps of CRC patients at diagnosis, and for the general Dutch population,
01.
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on disease-related determinants, we observed no association be-
tween tumor stage and PA levels which is similar to van Putten
et al., but in contrast with Buffart et al. In addition, Buffart et al. re-
ported that patients who were treated with chemotherapy had
higher levels of MVPA. We also found a few significant associa-
tions between systemic therapy and higher MVPA-SL levels
among stage I–III RC patients at later timepoints. This might
be explained by a selection of patients who are fit for systemic
therapy and have a good prognosis. Last, we observed a signifi-
cant association between having a stoma and reduced PA levels
among rectal cancer patients 6 months after diagnosis, but not
at later timepoints. The results at later timepoints are in line
with van Putten et al. who did not observe significant associ-
ations between having a stoma andMVPA years after diagno-
sis. A possible explanation of a temporary significant associ-
ation shortly after treatment could be explained by increased
coping over time with having a stoma (37,38).

For the PA guideline analyses, our results can be compared with
Eyl et al. (14),who also performed a categorical analysis, but instead
of PA guideline adherence used quartiles of MET-h/wk, with the
first quartile being defined as physically inactive. Physical activity
was quantified with the validated international physical activity
questionnaire (IPAQ) (36) andmeasured around and 5 yr after diag-
nosis. Similar to their results, we also found reduced PA guideline
adherence for higher age, and increased adherence when patients
adhered to PA guidelines at baseline. Contrary to their findings,
we found a clear association between low educational attainment
and reduced PAguideline adherence, whichwas also observed in
our analysis in the sample of the general Dutch population.

To our knowledge, no other study has yet compared PA levels of
CRC patients to levels of the general population. It is important to
acknowledge that the matching of the general population sample
with the CRC study population based on age and sex introduces de-
pendency in the data, which may lead to biased comparisons. Nev-
ertheless, given the characteristics of the CRC population, specifi-
cally its older age group and male predominance, we considered it
advantageous to conduct matching to ensure a fair comparison.
We found that associations of the sociodemographic determinants
age, sex, BMI, educational attainment, smoking status, and heavy
drinkingwith PA levels did not differ substantially between the gen-
eral population and CRC patients at diagnosis. Further, PA levels
were generally lower in the CRC population, especially 6months
after diagnosis. This suggests that disease-related factors, such as
treatment are responsible for this difference. Among these fac-
tors, fatigue emerged as the most important determinant in our
data, as most treatment variables did not exhibit significant asso-
ciations with PA levels in our analyses. This is an important
finding as it has been demonstrated that physical exercise inter-
ventions can reduce fatigue among cancer patients and, hence,
current international guidelines recommend exercise during
and after treatment (5). Providing CRC patients with exercise
guidance might help them break through this vicious cycle
and reduce their fatigue symptoms by exercising more. An al-
ternative explanation for the lower PA levels among CRC pa-
tients might be the association between low levels of physical
activity and the elevated risk of developing CRC (39).
632 Official Journal of the American College of Sports Medicine
Our findings suggest that several sociodemographic and
disease-related factors contribute to physical (in)activity. Increased
knowledge of such factors is important to optimize targeted guid-
ance of individual patients to help them increase their physical ac-
tivity levels and thereby improve their well-being and possibly
prognosis. Colorectal cancer patients will usually have consul-
tations with health care professionals after diagnosis, provid-
ing an opportunity to ask them about their PA behavior and re-
fer those in need to exercise specialists (40). The need for such
guidance is illustrated by the fact that most CRC patients only
marginally change their lifestyle after diagnosis (41). In addi-
tion, we observed a strong association between PA guideline
adherence at diagnosis and adherence at follow-up. Our results
comparing sociodemographic determinants of PA in both the gen-
eral population andCRCpatient seem to indicate that similar deter-
minants are associated with physical inactivity. Future research fo-
cusing on determinants of CRCpatients who changed their PA be-
havior from diagnosis onwards might help to further identify
specific subgroups needing guidance the most. Including behav-
ioral factors in such analyses likely provides further insight, since
prior studiesmentioned several behavioral factors such as intention
to be physically active and beliefs about (adequate) physical activ-
ity (12,38,42,43). The same likely applies for including more
(specific) psychological determinants. Chambers et al. studied
the relationship over time between psychological distress and
physical activity among CRC survivors. They reported associa-
tions between both somatization and anxiety with physical in-
activity, besides also reporting associations between fatigue
and physical inactivity (10). The absence of associations be-
tween PA levels and the EORTC QLQ-C30 emotional func-
tioning subscale in our analyses might be explained by the fact
that this subscale not purely focuses on anxiety, but instead
covers aspects of anxiety, depression, and general distress.

Strengths and Limitations. Our study has several
strengths and limitations worth mentioning. This study is the larg-
est to date using a nationwide combination of two CRC cohorts in
which determinants of PA levels were assessed prospectively and
longitudinally. Potential bias resulting from missing values was
minimized by performingmultiple imputation.Moreover,wewere
able to account for possible differences in disease-related character-
istics by performing separate analyses for stage I-III colon and rec-
tal cancer and for stage IV disease. Further, we repeated the anal-
yses for two commonly used PA variables, thereby improving
comparability with previous and future studies. In addition, we
compared PA levels and the association between different socio-
demographic factors and PA levels of CRC patients with the
general population and found that the same determinants apply
for both, which is important information for lifestyle programs
that target the general population, including CRC patients.

Some limitations should also be considered. First of all, due
to the observational design, causality could not be assessed.
Second, because PA was self-reported, response bias may have
occurred, so the absolute PA levels should be interpreted with
caution. The exclusion of non-Dutch speaking and illiterate pa-
tients might have resulted in decreased generalizability to those
subgroups. Physical activity guideline adherence is known to
http://www.acsm-msse.org
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be lower among non-Western migrants compared with the na-
tive Dutch population (39.1 vs 50.7% in 2019) (21). Seeing
how we compared our results mainly to two Dutch and one
German studies, generalizability of our results to CRC patients in
non-European countries is uncertain. The Dutch population is
known to have the highest level of PA in Europe, and Americans
are known to be much less physically active (44,45). However,
this does not necessarily lead to different determinants of PA.
For example, a prior study has shown that both PA levels and de-
terminants of PA were different between White Europeans and
south Asians recruited from primary care, but like us, they also
reported significantly lower levels of MVPA for females (46).

An inherent limitation of MVPA-SL analyses is the lack of
guidelines on a minimal clinically significant difference in
MVPA-SL, which is whywe focused on statistical significance.
Althoughwewere able to assess numerous determinants, not all
potential determinants of PA levels were available, such as the
beforementioned behavioral and social support factors, which
would have helped further identifying subgroups. Information
after initial cancer treatment was not available, meaning that
changes in therapy possibly influencing PA levels, e.g., due to
disease recurrence and/or progression, could not be accounted
for. This is especially important for the stage IVCRC subgroup,
which is a very heterogenous subgroup in both treatment and
prognosis, which is another reason why we decided to focus
on the first two timepoints in this subgroup. In addition, despite
our large sample size, the number of patients at some later
follow-up time points was still relatively small, especially in
the stage IV CRC subset, resulting in large confidence intervals
for our estimates. Response rates declined over time in our study
for multiple reasons andmay have introduced selection bias. Re-
spondents who completed multiple questionnaires were, on av-
erage, more active compared with respondents who completed
only one PA questionnaire, which could lead to an overestima-
tion of PA levels postdiagnosis and an emphasis on determinants
of PA among a relatively active CRC population.

CONCLUSIONS

Female sex and higher fatigue scores were consistent deter-
minants of lowerMVPA-SL levels among all CRC patients over
time, and PA levels were lowest at 6 months postdiagnosis.
Sociodemographic determinants of PA were comparable with
the general population. Our results can inform the design of in-
tervention studies aimed at improving PA, and guide health-
care professionals in optimizing individualized support.
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