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Abstract

Background: Lifestyle recommendations for cancer survivors are warranted to improve survival. In this study, we
aimed to examine the association of total physical activity, different types of physical activity, hours of sleeping at
day and night, and hours spent watching television (TV) with all-cause mortality in long-term colorectal cancer
(CRQ) survivors.

Methods: We assessed physical activity in 1376 CRC survivors (44% women; median age, 69 years) at median
6 years after CRC diagnosis using a validated questionnaire. Multivariable-adjusted Cox regression models were
used to estimate hazard ratios (HRs) for all-cause mortality according to categories of physical activities, sleep
duration, and TV watching.

Results: During a median follow-up time of 7 years, 200 participants had died. Higher total physical activity was
significantly associated with lower all-cause mortality (HR: 0.53; 95% Cl: 0.36-0.80, 4th vs. 1st quartile). Specifically,
sports, walking, and gardening showed a significant inverse association with all-cause mortality (HR: 0.34; 95% Cl: 0.
20-0.59, HR: 0.65; 95% Cl: 0.43-1.00, and HR: 0.62; 95% Cl: 042-0.91, respectively for highest versus lowest category).
Individuals with 22 h of sleep during the day had a significantly increased risk of all-cause mortality compared to
individuals with no sleep at day (HR: 2.22; 95% Cl: 1.43-3.44). TV viewing of 24 h per day displayed a significant 45%
(95% Cl: 1.02-2.06) higher risk of dying compared to <2 h per day of watching TV.

Conclusions: Physical activity was inversely related to all-cause mortality; specific activity types might be primarily
responsible for this association. More hours of sleep during the day and a higher amount of TV viewing were each
associated with higher all-cause mortality. Based on available evidence, it is reasonable to recommend CRC
survivors to engage in regular physical activity.
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Background

In 2012, there were nearly 1.4 million people diagnosed
with colorectal cancer (CRC) and it is predicted that by
2035 the number of cases will increase to 1.36 million
for men and 1.08 million for women worldwide [1]. On
a parallel note, death rates of CRC have fallen by on
average 2.5% each year from 2005 to 2014 in the US and
the 5-year relative survival is about 64.9% in the US and
about 63% in Germany [2, 3]. Rising survival rates and
increasing numbers of newly diagnosed cases lead to
a growing group of CRC survivors [4]. Therefore, as
outlined by the World Cancer Research Fund [5],
there is rising interest in to what extent behavioral
factors affect the course of the disease and survival of
patients with CRC [6].

Regular physical activity has a broad range of beneficial
health effects, e.g., on obesity and other cardiovascular risk
factors [7] and is associated with better overall survival in
the general population and in many patient groups [8, 9].
Additionally, physically active people have a lower risk of
developing different forms of cancer [10], including colon
cancer [11]. A meta-analysis of 52 studies reported a
risk reduction of colon cancer incidence of about 24%
in physically active men and of about 21% in active
women compared to inactive people [11]. Besides, evi-
dence is growing that physical activity is also safe and
well-tolerated by cancer patients during and after
treatment [12, 13]. Furthermore, exercise has been
shown to increase quality of life and to improve phys-
ical functioning among cancer survivors [14, 15].

Prior studies have investigated the association between
physical activity and mortality in CRC patients and
reported 25-63% lower disease-specific and all-cause
mortality for more active as compared to less active
patients after CRC diagnosis [16—23]. However, previous
studies focused on physical activity that was assessed
relatively shortly after diagnosis (range: 5 months to
4.2 years median) [16-23] and less is known about
the impact of different types of physical activity on
mortality of CRC survivors. Two studies examined
the relation of postdiagnostic television (TV) viewing
with all-cause mortality in CRC survivors and found a
25-45% increase in mortality for the highest category
of TV watching, but statistical significance was not
reached [16, 24].

Cancer survivors, especially CRC survivors, are mostly
elderly. Colon and rectum cancer are most frequently
diagnosed among persons aged 65-74 years [3]. In this
predominant age group, physical activity can imply a lot
of advantages in health, quality of life, and social life but
might also represent a practical challenge for some
people due to age-related comorbidities [25]. Therefore,
resulting health benefits of physical activity should be
investigated thoroughly.
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In this study, we assessed the association of postdiag-
nostic total physical activity, different types of physical
activity (‘sports, ‘cycling, ‘walking; ‘gardening, ‘housework,
home repair, and stair climbing’), hours of sleeping at
night and day, and time spent watching TV with all-

cause mortality among CRC long-term survivors.

Methods

Study sample

Between 2004 and 2007, a total of 2733 patients with
histologically confirmed CRC (diagnosed between 1993
and 2005) were recruited by the biobank PopGen after
identification through medical records from surgical
departments in 23 hospitals in Northern Germany and
through the regional cancer registry. Detailed information
on this sample has been reported previously [14, 26, 27].
Patients filled in a questionnaire about clinical charac-
teristics and socio-demographic and selected lifestyle
factors. The study protocol was approved by the insti-
tutional ethics committee of the Medical Faculty of
Kiel University and written informed consent was
obtained from all study participants.

Between 2009 and 2011, 2263 patients who initially
agreed to be re-contacted were asked to complete another
questionnaire about clinical and socio-demographic
factors, a food frequency questionnaire (FFQ) [28] with
additional questions about physical activity [29], and a
questionnaire on health-related quality of life (HrQol)
[30]. Of the 2263 participants contacted, 1452 (64%)
responded to the FFQ and to the questions on physical
activity. Compared to non-responders (n = 694, 25.4%)
and deceased (n = 354, 13.0%) individuals of the initial
study sample of 2733 individuals, the participants who
completed the physical activity questionnaire were younger
at baseline and at CRC diagnosis, reported more often a
family history of CRC, and had less often metastases or
other types of cancer [14]. We excluded individuals with
missing information on year of diagnosis (# = 21) and vital
status (n = 21), those with implausible length of follow-up
(n = 3), and participants with a diagnosis of small intestine
cancer instead of CRC (#n = 3). Finally, to eliminate
outliers (extreme values) of physical activity, we
excluded individuals above the 98th percentile of total
physical activity (n = 28), leaving an analytical sample
of 1376 participants (61% of the initial study sample
contacted for follow-up).

Physical activity assessment

A validated questionnaire was applied to assess physical
activity during the past 12 months [29]. From these
questions, average hours per week spent with different
activities, including walking, cycling, sports (physical
exercise except for cycling), and gardening, each separately
for summer and winter, as well as housework (e.g. cooking,
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washing, cleaning), and home repair (do-it-yourself) were
enquired. Additionally, stair climbing defined as floors per
day, hours of sleeping at night and day, respectively and
hours per day spent watching TV were quantified.
Metabolic equivalent of task (MET) values, according to
the 2000 Compendium of Physical Activity [31], were
assigned to each corresponding activity [32]. One MET is
defined as the energy expenditure for sitting quietly and
MET-values are the ratio of the metabolic rate for a specific
activity divided by the resting metabolic rate [31]. Thus, the
number of hours per week spent with each activity (where
applicable, the mean number of hours was calculated from
summer and winter activities) were multiplied by the
respective MET-values (walking: 3.0, cycling: 6.0, sports:
6.0, gardening: 4.0, housework: 3.0, home repair: 4.5, stair
climbing: 8.0) [31, 32]. To derive MET-hours per week of
total physical activity, the MET-hours of walking, cycling,
sports, gardening, housework, home repair, and stair
climbing were summed up.

Clinical and socio-demographic characteristics

The self-administered questionnaires about clinical
characteristics included questions related to tumor loca-
tion (colon, rectum, both lesions), occurrence of metas-
tases or other types of cancer (both reported at baseline
and physical activity assessment), and neoadjuvant and
adjuvant cancer therapies. We validated these self-
reported clinical data (tumor location, type of therapy,
metastases) against medical records in a subset of 181
participants and observed overall good agreement (87%
concordance). Among socio-demographic factors, sex,
age at diagnosis, age at physical activity assessment,
smoking status (never, former, current) at physical activity
assessment, and postdiagnostic body weight and height at
baseline and physical activity assessment were self-
reported. Body Mass Index (BMI; kg/m?®) was defined as
weight divided by the square of height in meters. Total
energy intake has been calculated from FFQ data [28] and
global health-related quality of life (gHrQol; score ranging
from 0 to 100) was assessed by the EORTC-QLQ C30
(version 3.0) [30].

Vital status ascertainment

Vital status ascertainment has been described in detail
elsewhere [27]. In 2016, vital status of all participants
was updated via population registries and date of death
was recorded if participants were deceased (date of
death could be verified for all cases). The date of
physical activity assessment was used as starting
point for follow-up of this study and follow-up ended
with date of death or last vital status assessment
whichever came first.
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Statistical analyses

Participant characteristics were compared across quar-
tiles of total physical activity. Differences in categorical
variables were tested using a chi-squared test and differ-
ences in distributions of continuous variables were
tested with the Wilcoxon ranksum test.

The Kaplan-Meier curves and log-rank test were used
to investigate (unadjusted) differences in the survival
time distribution of CRC survivors according to quartiles
of total physical activity.

HRs and 95% ClIs for the association of total physical
activity, different types of physical activity, hours of
sleeping at night or day, and hours per day of watching
TV with all-cause mortality were estimated using Cox
proportional hazards regression models with age as the
underlying time variable. Total physical activity was
modeled in quartiles and individual activities, sleep
duration, and TV watching were modeled in appropriate
categories of MET-hours/week or hours/day. For sports,
cycling, and gardening, categories of 0, >0-10, >10-20,
and >20 MET-hours/week were chosen similar to a
recent analysis in a German study that used the same
physical activity questionnaire [33]. For walking and
activities from housework, home repair, and stair climbing,
categories of 0-10, >10-20, >20-30, and >30 MET-hours/
week were used because these activities were reported with
an overall higher amount of MET-hours/week and a low
prevalence of 0 MET-hours/week. The categories for hours
of sleeping at night (<6, 7-8, and =9 h/day) were chosen
based on sleep time duration recommendations of the
National Sleep Foundation [34]. Categories for hours of
sleeping at day (0, >0- < 1, 1- < 2, and 22 h/day) and hours
of watching TV (<2, >2- < 4, and 24 h/day) were chosen
based on the distribution of reported values. HRs were
calculated for each quartile/category using the first quar-
tile/lowest category as the referent, except for sleeping at
night where the recommended optimal level of 7-8 h/day
was used as the referent. To control for confounding, all
models were adjusted for sex and age at physical activity
assessment. A second model was additionally adjusted for
BMI at physical activity assessment (continuous in kg/m?),
survival time from CRC diagnosis until physical activity
assessment (continuous in years), smoking status (never,
former, current, unknown), alcohol intake (continuous in
g/day), tumor location (colon, rectum, both, unknown),
occurrence of metastases (yes, no, unknown), occurrence
of other cancers (yes, no, unknown), and chemotherapy
(ves, no, unknown). We also considered the presence of a
stoma and family history of CRC as potential confounders
but decided not to include those in the final model because
the results did not change substantially (<10%). In addition,
the individual activities ‘cycling; ‘sports; ‘walking, ‘gardening,
and ‘housework, home repair, and stair climbing’ were
mutually adjusted for. Furthermore, hours of sleeping at
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night and hours of sleeping at day were mutually adjusted
for. Time spent watching TV was additionally adjusted for
total physical activity. We tested the proportional hazards
assumption by the Schoenfeld residuals method and by
including time-dependent variables in the models. Because
age, BMI, and metastases did not meet the proportional
hazards assumption, respective time-dependent multiplica-
tive interaction terms (time x age, time x BMI, time x
metastases) were included in the models. Tests for linear
trend across quartiles or categories were performed by
modeling the median value for each quartile/category as a
continuous variable and by including this variable in the
respective Cox regression model.

The degree of nonlinearity in the association of total
physical activity with all-cause mortality was evaluated
with restricted cubic spline regression, fitted with four
knots (5th, 35th, 65th, and 95th percentile [35]) and a
reference point located at the median (44 MET-hours/
week) of the reference group (Quartile 1) of the main
analysis. This model was adjusted for the same covari-
ates as the main model (described above).

In subgroup analyses, HRs and 95% Cls of all-cause
mortality for the fourth versus the first quartile of total
physical activity were calculated stratified by sex (men
vs. women), median age at physical activity assessment
(<69 vs. 269 years), BMI (<25 vs. 25 - <30 vs. 230 kg/
m?), tumor location (colon vs. rectum), occurrence of
metastases (yes vs. no), and smoking status (never vs.
ever). We additionally stratified by the median of
gHrQol (<75 vs. 275) to assess potential differences
in the association of physical activity with all-cause
mortality between individuals with a higher and a
lower gHrQol. Respective multiplicative interaction
terms were tested in the multivariable-adjusted models by
including the cross product of total physical activity and
the potential effect modifier.

To investigate the robustness of our findings, sensitivity
analyses were performed. To account for reverse causality,
we examined the association of postdiagnostic total
physical activity with all-cause mortality after excluding
CRC survivors who died within 12 months after physical
activity assessment. In a second sensitivity analysis, we
excluded participants who reported a diagnosis of metas-
tases either at baseline or first follow-up because the
occurrence of metastases could influence the ability of
being physically active and the survival rate. In another
sensitivity analysis we additionally added gHrQol (modeled
on a continuous scale) to the multivariable-adjusted model
in order to assess the effect of quality of life on the associ-
ation between physical activity and survival and to further
account for potential reverse causality. In addition, it might
be possible that complete inactivity could be an indicator
for disease status, reflecting individuals with very poor
health status. Thus, in a sensitivity analysis, individuals
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with 0 MET-hours of total physical activity were excluded.
In a fifth sensitivity analysis, we additionally adjusted the
association of TV watching with all-cause mortality for
total energy intake to assess the potential role of high
intake of energy-dense foods associated with sedentary
time for survival [36].

All statistical analyses were conducted using SAS version
9.4 software (SAS Institute, Inc., NC, USA). Two-sided p
values of <0.05 were considered statistically significant.

Results

Participant characteristics

Characteristics of the overall study population and strati-
fied by quartiles of postdiagnostic total physical activity
are provided in Table 1. Of the 1376 individuals, 44%
were women, the median age at diagnosis was 62 years,
and the median time between CRC diagnosis and phys-
ical activity assessment was 6 years. Nearly half of the
participants had a tumor located in the colon (48%),
42% had a rectum carcinoma, 17% of the participants re-
ported a diagnosis of metastases, and 21% a diagnosis of
other cancers either at baseline or first follow-up. More
than half of the study population had only surgery and
no other CRC therapy was carried out (Table 1). The
study participants reported a median of 100 MET-hours/
week (interquartile range: 65-145) of total physical
activity. Compared with participants in the first quartile
of postdiagnostic total physical activity, participants with
a higher amount of total physical activity were more
likely to be women, were younger at the time of diagno-
sis and at physical activity assessment, and had a higher
consumption of alcohol (Table 1).

Postdiagnostic physical activity, sleep duration, and TV
watching and all-cause mortality

After the assessment of physical activity, individuals
were followed for a median time period of 7 vyears.
During this period, 200 (14.5%) of the 1376 study
participants had died.

Figure 1 displays significant differences in the survival
time between quartiles of total physical activity (log-rank
p value <0.0001), in the sense that higher quartiles of
activity showed better survival as compared to lower
quartiles. However, the difference in survival time
between quartiles decreased with increasing quartile
displaying less distinct differences between quartiles 3 and
4 with respect to cumulative survival. In a multivariable-
adjusted Cox regression model, individuals in quartiles 2
to 4 of total physical activity all displayed statistically
significantly longer survival as compared to individ-
uals in the first quartile, with a 47% reduction of all-
cause mortality in the fourth quartile (HR: 0.53; 95%
CI: 0.36-0.80; pirena = 0.0006; Table 2). Using cubic spline
regression, we observed evidence for a statistically
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Table 1 Characteristics of the overall sample of CRC survivors (n = 1376) and according to quartiles of total physical activity

(in MET-hours/week)

Quartiles of total physical activity

Participant characteristics Overall sample Q1 (0-64.5) Q2 (>645-99.7) Q3 (>99.7-144.9) Q4 (>1449) p°
Total no. of individuals, n 1376 344 344 344 344

No. of deaths, n (%) 200 (15) 85 (25) 47 (14) 33 (10) 35 (10) <0.0001
Sex, n (%)

Men 770 (56) 224 (65) 200 (58) 176 (51) 170 (49)

Women 606 (44) 120 (35) 144 (42) 168 (49) 174 (51) <0.0001
Age at diagnosis, y 62 (57-66) 63 (57-70) 62 (56-66) 62 (57-66) 61 (56-65) 0.0002
Age at physical activity assessment, y 69 (64-73) 70 (65-77) 69 (64-74) 69 (65-73) 68 (63-72) 0.0006
Time between CRC diagnosis and physical activity assessment,y 6 (5-8) 6 (5-8) 7 (5-8) 7 (5-8) 6 (5-8) 037
BMI, kg/m? 26.2 266 26.0 26.1 26.0 063

(23.8-29.3) (24.0-294) (23.7-293) (23.8-29.1) (23.7-29.2)
Smoking status, n (%)

Never 556 (40) 123 (36) 140 (41) 143 (42) 150 (44)

Former 678 (49) 177 (51) 171 (50) 170 (49) 160 (47)

Current 121 9) 37.(11) 30 (9) 26 (8) 28 (8)

Unknown 21 (2 7(2) 3(1) 50 6 (2) 0.57
Alcohol intake, g/day 7 (2-20) 5(1-20) 8 (2-23) 7 (3-18) 7 (2-18) 0.01
Tumor location, n (%)

Colon 657 (48) 166 (48) 168 (49) 170 (49) 148 (43)

Rectum 576 (42) 147 (43) 144 (42) 137 (40) 153 (44)

Both 62 (5) 13 (4) 13 (4) 21 (6) 15 (4)

Unknown 81 (6) 18 (5) 19 (5) 16 (5) 28 (8) 048
Metastases, n (%)

Yes 234 (17) 70 (20) 48 (14) 54 (16) 56 (16)

No 908 (66) 207 (60) 248 (72) 227 (66) 226 (66)

Unknown 234 (17) 67 (19) 48 (14) 63 (18) 62 (18) 0.06
Other Cancer, n (%)

Yes 292 (21) 73 (21) 79 (23) 68 (20) 72 (21)

No 1054 (77) 261 (76) 260 (76) 268 (78) 265 (77)

Unknown 30 (2) 10 (3) 5(1) 8(2) 7(2) 0.84
Therapy, n (%)

None 721 (52) 182 (53) 191 (56) 168 (49) 180 (52)

Chemotherapy 305 (22) 85 (25) 68 (20) 80 (23) 72 (21)

Radiation 45 (3) 6 (2) 18 (5) ANE) 10 (3)

Chemotherapy and radiation 282 (20) 65 (19) 59 (17) 80 (23) 78 (23)

Unknown 23 (2) 6 (2) 8(2) 5(1) 4 (1) 0.18

Values are n (%) or median (interquartile range)

Abbreviations: BMI body mass index, CRC colorectal cancer, MET metabolic equivalent of task
#Based on chi-squared test for categorical variables and Wilcoxon’s rank-sum test for continuous variables

significant nonlinear association between total physical
activity and all-cause mortality (Phonlinear = 0.01, Wald chi-
square test). With increasing physical activity the survival
benefit is growing until a plateau is reached around the
third quartile (about 130 MET-hours/week; Fig. 2).
Considering individual types of physical activity, sports
showed the strongest inverse association with all-cause

mortality (HR: 0.34; 95% CI: 0.20—0.59, comparing >20
with 0 MET-hours/week, pygenda < 0.0001), independent
of other types of physical activity. Similarly, also MET-
hours of walking (HR: 0.65; 95% CI: 0.43—1.00 for >30 vs.
0-10 MET-hours/week, pyena = 0.03) and of gardening
activities (HR: 0.62; 95% CI: 0.42—0.91 for >20 vs. 0 MET-
hours/week, pieng = 0.01) were associated with survival in
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Fig. 1 Kaplan-Meier-Curves of overall survival of 1376 CRC survivors according to quartiles of total physical activity. The log-rank p value is <0.0001.
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multivariable-adjusted models (Table 2). No statistically
significant association with all-cause mortality after
multivariable adjustment could be observed for
cycling (pgena =0.52) and for the combination of
activities from housework, home repair, and stair
climbing (prena = 0.99; Table 2).

Notable differences with respect to their association
with all-cause mortality were observed between hours of
sleeping at night and hours of sleeping at day (Table 2).
Whereas the sleep duration at night displayed no statis-
tically significant association with survival time, individ-
uals who slept >2 h during the day had more than twice
the risk of dying (HR: 2.22; 95% CI: 1.43-3.44, Pyend =
0.0004) compared to individuals who did not sleep at
day. Furthermore, >4 h/day spent watching TV displayed
a significant 45% higher all-cause mortality compared
with <2 h/day of TV viewing (HR: 1.45; 95% CI: 1.02—
2.06, Pirend = 0.04; Table 2).

Stratified analyses by potential effect modifiers

The stratification by potential effect modifiers revealed
significant quantitative interactions by sex, BMI, and
tumor location (Fig. 3). The inverse association between
total physical activity and all-cause mortality was
stronger in women than in men (Pigteraction = 0-003),
stronger in individuals with a lower BMI (e.g.
<25 kg/m® or 25 - < 30 kg/m?) than in individuals
with a higher BMI (e.g. 230 kg/m?) (Pinteraction = 0.02), and
stronger in individuals with a colon carcinoma than in indi-
viduals with a rectum carcinoma (pPipteraction = 0.002). There
was no evidence for a statistically significant interaction by
age, occurrence of metastases, smoking status, and gHrQol,
although the association was slightly stronger in older than

in younger individuals and in individuals with metastases
than in those without metastases (Fig. 3).

Sensitivity analyses

After excluding participants who died within 12 months
of physical activity assessment (n = 19), the results
remained essentially unchanged (Additional file 1: Table
S1). After exclusion of individuals who reported a diag-
nosis of metastases (1 = 234), the association of physical
activity with survival was a little weaker and slightly
failed to reach statistical significance (probably because
of the smaller sample size), but the inverse pattern of
association was comparable to the overall sample
(Additional file 1: Table S2). In another sensitivity
analysis, we additionally adjusted the multivariable-
adjusted Cox regression models and the restricted
cubic spline regression for gHrQol. However, results
did not change substantially. We observed that all
associations were slightly attenuated and that the
relation of walking with survival was rendered statisti-
cally nonsignificant (HR: 0.73; 95% CI: 0.47-1.14),
upon adjustment for gHrQol. The restricted cubic spline
regression still revealed a nonlinear trend (pyontinear = 0.05)
(data not shown). Excluding participants who reported 0
MET-hours/week of total physical activity (n = 8) did not
change the results appreciably (data not shown). Addition-
ally adjusting the association of TV viewing with all-cause
mortality for total energy intake did not cause any change
in the results (data not shown).

Discussion

Principal observations

In this cohort of 1376 long-term CRC survivors, higher
postdiagnostic total physical activity was associated with
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Table 2 HRs® and 95% Cls of all-cause mortality according to quartiles of total physical activity and according to categories of

individual activities, sleep duration, and TV watching in CRC survivors (n = 1376)

Total no. of individuals

No. of deaths

Age- & sex-adjusted HR (95% Cl)

I\/IuItivariable—adjustedb HR (95% Cl)

MET-hours/week of total physical activity
Quartile 1 (0-64.5) 344
Quartile 2 (>64.5-99.7) 344
Quartile 3 (>99.7-144.9) 344
Quartile 4 (>144.9) 344

C
Prrend

MET-hours/week of sports activities”

0 708
> 0-10 146
> 10-20 261
> 20 261
Prrend

MET-hours/week of cycling activities®

0 503
> 0-10 236
> 10-20 241
> 20 396
Priend

MET-hours/week of walking activities®

0-10 409
> 10-20 386
> 20-30 297
> 30 284
Priend

MET-hours/week of gardening activities

0 297
> 0-10 358
> 10-20 264
> 20 457
Prrend

MET-hours/week of housework, home repair, and stair climbing activities®

0-10 177
> 10-20 221
> 20-30 194
> 30 784
Priend

Hours of sleeping at night®

<6 294
7-8 933

29 149
Priend

Hours of sleeping at day”
0 607

85
47
33
35

150
10
25
15

102
31
27
40

75
56
37
32

69
48
23
60

45
29
29
97

42
132
26

57

1.00 (Ref)
1(042-0.87)
045 (0.30-0.68)
1(0.34-0.77)
0.0004

1.00 (Ref)
042 (0.22-0.81)

0.56 (0.37-0.86)
033 (0.19-0.56)

<0.0001

1.00 (Ref)

0.75 (0.50-1.14)
1(045-1.10)
1 (0.42-0.90)
002

1.00 (Ref)

0.82 (0.58-1.16)
0.65 (0.44-0.96)
0.62 (041-0.94)
0.01

1.00 (Ref)
0.72 (0.49-1.06)
0.38 (0.23-0.61)
0.55 (0.38-0.79)

0.003

1.00 (Ref)

0.60 (0.37-0.95)
0.69 (043-1.10)
0.70 (048-1.01)
035

1.03 (0.72-1.45)
1.00 (Ref.)

1.08 (0.71-1.65)
0.95

1.00 (Ref)

1.00 (Ref)

0.65 (0.45-0.94)
0.52 (0.34-0.79)
0.53 (0.36-0.80)
0.0006

1.00 (Ref)
1(0.22-0.80)
0.58 (0.37-0.89)
0.34 (0.20-0.59)
<0.0001

1.00 (Ref)

0.80 (0.52-1.22)
0.90 (0.57-1.41)
0.85 (0.57-1.27)
052

1.00 (Ref)

0.83 (0.58-1.19)
0.67 (0.45-1.00)
0.65 (0.43-1.00)
003

1.00 (Ref)
0.55-1.20)
0.25-0.68)
0.62 (042-091)
0.01

(
1
1(
(

1.00 (Ref)

0.65 (0.40-1.05)
0.72 (045-1.17)
0.83 (0.55-1.23)
0.99

0.97 (0.68-1.38)
1.00 (Ref.)

0.99 (0.65-1.53)
0.87

1.00 (Ref)
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Table 2 HRs® and 95% Cls of all-cause mortality according to quartiles of total physical activity and according to categories of
individual activities, sleep duration, and TV watching in CRC survivors (n = 1376) (Continued)

Total no. of individuals No. of deaths

Age- & sex-adjusted HR (95% Cl) I\/IuItivariable—adjustedb HR (95% Cl)

>0-<1 98 7
1-<2 558 94
22 113 42
Prrend

Hours/day of watching TV

<2 480 55

>2-<4 414 59

24 482 86
Ptiend

0.58 (0.26-1.27)
1.19 (0.85-1.68)
263 (1.72-4.02)
<0.0001

1.00 (Ref.)

1.16 (0.80-1.68)
1.28 (0.91-1.80)
0.16

0.53 (0.24-1.17)
1.17 (0.82-1.65)
222 (143-344)
0.0004

1.00 (Ref.)

1.23 (0.85-1.79)
1.45 (1.02-2.06)
0.04

Abbreviations: BMI body mass index, CRC colorectal cancer, MET metabolic equivalent of task; TV television

Estimated with Cox proportional hazards regression models

PAdjusted for sex, age at physical activity assessment, BMI, survival time from CRC diagnosis until physical activity assessment, tumor location, occurrence of
metastases, occurrence of other cancer, chemotherapy, smoking status, alcohol intake, (time x age), (time x BMI), and (time x metastases)

“Calculated by modeling the median value of physical activities, sleeping time, or TV watching categories as a continuous variable

Ymultivariable-adjusted models mutually adjusted for ‘cycling; ‘sports, ‘walking;, ‘gardening; and ‘housework, home repair, and stair climbing’
*multivariable-adjusted models mutually adjusted for hours of sleeping at night and hours of sleeping at day

fmultivariable-adjusted models additionally adjusted for total physical activity

lower all-cause mortality. The observed association
emerged as nonlinear with an approximately similar
reduction of all-cause mortality for individuals with
moderate and for individuals with high physical activity
as compared to individuals with lower levels of activity.
We identified significant effect modification by sex,
BMI, and tumor location in the sense that the observed
association between total physical activity and all-cause
mortality was stronger in women, in individuals with a
lower BMI, and in individuals with a colon carcinoma.
Regarding individual types of physical activity, sports,
walking, and gardening were particularly strongly
inversely related to all-cause mortality. A greater amount
of sleeping during the day was associated with shorter
survival, whereas the amount of sleep at night was not
associated with survival. More hours per day spent
watching TV were associated with a higher all-cause
mortality in our CRC survivor cohort.

In the context of the current literature

Our observation of a significant inverse association of
postdiagnostic physical activity with all-cause mortality
is consistent with a recent meta-analysis of 7 prospective
cohort studies of patients with CRC, reporting a
summary RR of 0.71 (95% CI: 0.63-0.81) for total
mortality, associated with high levels versus low levels of
physical activity [37]. With respect to the results
obtained in individual cohorts, a 42% (95% CI: 0.47-0.71)
reduction in the relative risk for all-cause mortality associ-
ated with 8.75 or more MET-hours/week (compared to
less than 3.5 MET-hours/week) of recreational physical
activity was reported in 2293 CRC survivors [17]. Of note,
the time intervals between CRC diagnosis and physical

activity assessment were much shorter in most prior
studies (range: 5 months to 4.2 years median) [16-23] as
compared to our study (6 years median). Thus, we expand
the existing evidence by showing that the relation between
higher physical activity and better overall survival is also
present in long-term survivors of CRC.

Furthermore, to our knowledge, our study is the first
one to investigate the association of different types of
postdiagnostic physical activity (e.g. walking, cycling,
sports, gardening, and housework) with mortality of
CRC survivors. However, a randomized controlled trial
investigated different intensities of physical activity
with cardiorespiratory fitness and body composition
in CRC survivors and observed a significantly
enhanced cardiorespiratory fitness, increased lean
mass, and decreased fat mass in individuals with
high- vs. moderate-intensity exercise [38].

With respect to the association of watching TV with
all-cause mortality, a prior study (n = 1759 participants)
reported likewise an increased risk for all-cause
mortality in individuals with >4 h per day of TV viewing
compared to individuals with 0-2 h of TV watching per
day (HR: 1.25; 95% CI: 0.93-1.67) [16]. Similarly, an HR
of 1.45 (95% CI: 0.73-2.87) for >21 h/week of watching
TV compared to 0-6 h of TV viewing was reported
in a sample including 714 male CRC survivors [24].
However, in these two studies, statistical significance
could not be reached.

In our analyses, the effect of total physical activity on
all-cause mortality differed by sex, BMI, and tumor
location. Specifically, the association was stronger in
women, which is in line with observations in a study of 879
CRC survivors in Western Australia [20]. Furthermore,



Ratjen et al. BMC Cancer (2017) 17:701

Page 9 of 13
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Hazard Ratios
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Total physical activity, MET-hours/week
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Fig. 2 Multivariable-adjusted hazard ratios of all-cause mortality according to total postdiagnostic physical activity in CRC survivors (n = 1376),
calculated with restricted cubic spline regression. The solid line depicts hazard ratios and the dashed lines are the 95% Cls. The points indicate
the knots on 5th, 35th, 65th, and 95th percentiles. The reference value is the median (44 MET-hours/week) of the first quartile of total physical
activity. The model was adjusted for sex, age at physical activity assessment, BMI, survival time from CRC diagnosis until physical activity assessment,
tumor location, occurrence of metastases, occurrence of other cancer, chemotherapy, smoking status, and alcohol intake. The p value for nonlinearity
is 0.01 (Wald chi-square test). Abbreviations: BMI, body mass index; CRC, colorectal cancer; MET, metabolic equivalent of task

individuals with a lower BMI displayed a stronger associ-
ation of physical activity with overall survival as compared
to individuals with a higher BMI. Concerning this inter-
action, other studies revealed heterogeneous results [18—20].
In our cohort, individuals with a colon tumor had a stronger
association of physical activity with overall survival than
individuals with a rectum tumor. A similar but nonsignifi-
cant tendency was reported in an Australian study [19].
Additionally, in the European Prospective Investigation into
Cancer and Nutrition, physical activity was associated with a
reduction of colon cancer incidence, but not of rectum
cancer incidence [32].

The average level of physical activity, measured in
MET-hours per week, in our sample was higher than in
most of the other studies of CRC survivors [17, 21, 23].
It has to be kept in mind, though, that in our cohort
nearly all activities (leisure time activities (sports,
cycling, walking), gardening, and housework activities
(housework, home repair, stair climbing)) were enquired

and included in the analyses, whereas most prior studies
relied only on leisure time activities. Additionally,
regarding the median age of 69 years, it can be assumed
that the vast majority of our participants were no longer
engaged in occupational activities when physical activity
was assessed, so that almost every kind of usual activity
should be recorded when leisure time physical activity
and housework/gardening activities are gathered.

Potential explanations for the observed associations

Several beneficial health effects of physical activity have
been reported, including improvements in metabolism,
inflammatory processes, and vascular and cardiac func-
tion. Specifically, greater insulin sensitivity and lower
levels of insulin [39] were related to increased physical
activity. In prospective studies, higher circulating insulin
and C-peptide levels have been associated with CRC risk
[40], angiogenesis, tumor growth, and anti-apoptosis
[41]. Another potential mechanism is that physical
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HR 95% CI Pinteraction
Sex
Men (1=770/145) —_— 070  0.45-1.09
Women (n=606/55) < <+ 0.20 0.07-0.54 .003
Age at physical activity assessment, years
<69 (1=653/52) . 067  030-149
>69 (n=723/148) —_— e 0.41 025066 .83
BMI, kg/m?
<25 (1=528/86) + 0.43 023-0.81
25 - <30 (n=595/83) - 0.43 0.22-0.85
>30 (n=253/31) N 096  037-249 .02
Tumor location
Colon (n=657/83) < 4 0.24 0.09-0.63
Rectum (n=576/92) R 1.00 0.59-1.72 002
Metastases
Yes (n=234/55) + 031 0.13-0.73
No (n=908/109) —_— 0.87 0.51-149 30
Smoking status
Never (n=556/62) * 053 0.25-1.12
Ever (n=799/135) —_—— 0.54 0.33-0.88 .95
gHrQol
<75 (1=667/140) —_————— 060  035-1.02
>75 (n=709/60) . 052 026-101 .33
0,1 1 10
Fig. 3 HRs and 95% Cls for all-cause mortality in 1376 CRC survivors comparing the fourth to the first quartile of total physical activity, stratified
by potential effect modifiers; for each stratum the total number of individuals/number of deaths is shown; HRs and 95% Cls were estimated with
Cox proportional hazards models, adjusted for sex, age at physical activity assessment, BMI, survival time from CRC diagnosis until physical activity
assessment, tumor location, occurrence of metastases, occurrence of other cancer, chemotherapy, smoking status, alcohol intake, (time x age),
(time x BMI) and (time x metastases), except the stratifying variable; piperaction Was calculated by entering into the model an interaction term of
total physical activity as a continuous variable and the stratifying covariate; cutpoint for age at physical activity assessment and gHrQol was the
respective median value. Abbreviations: BMI, body mass index; CRC, colorectal cancer; gHrQol, global health-related quality of life

activity decreases inflammatory adipocytokines and
increases circulating concentrations of anti-inflammatory
cytokines, which could affect cancer incidence and mor-
tality [42]. Physical activity also improves structure and
function of the cardiovascular system, e.g., by lowering
blood pressure [7] and by positively affecting vascular
remodeling [43]. In this context, a small intervention
study in 47 CRC survivors revealed that a 4-week exercise
program of high intensity as compared to moderate inten-
sity led to a significant improvement in cardiorespiratory
fitness and body composition [38]. The differences in the
association between the different types of physical activity
with all-cause mortality cannot be fully explained with our
dataset because we do not know the exact type and inten-
sity of activity within a given activity group (e.g. in sports,
gardening, housework). As outlined in the methods
section, we obtained the duration of each activity and then
multiplied it with a recommended averaged MET-value
[31, 32]. One potential explanation for the observed differ-
ences between the different types of activity could be that
sports activities conducted by the participants included
more high-intensity exercise as compared to cycling activ-
ities and that gardening activities may include more high-
intensity exercise as compared to household activities. But
these premises require further investigations with more
detailed information on intensity level and type of activity.
Another beneficial effect of gardening (as compared to
household activities) could also be the outdoor exercise in

fresh air with more sunlight exposure leading to an
increased vitamin D synthesis. Previous studies reported
an association between higher plasma vitamin D levels and
lower all-cause mortality in CRC survivors [44, 45]. A
high level of walking activities might reflect an
active lifestyle in general which may have led to the
reduction in all-cause mortality with more MET-
hours/week of walking in our cohort.

With respect to the observed association between TV
viewing and all-cause mortality, higher amounts of time
spent watching TV have been associated with higher
levels of cardiometabolic biomarkers and increased risk
of cardiovascular disease and obesity [46], diabetes [47],
and all-cause mortality [48]. One of the potential mecha-
nisms for the observed association includes greater
amounts of sedentary time in individuals watching more
TV and a higher consumption of energy-dense food
[36]. However, in a sensitivity analysis, we additionally
adjusted the association of TV viewing with all-cause
mortality for total energy intake and observed no differ-
ences in HRs and 95% ClIs.

The observed association between more hours of
sleeping at day and higher all-cause mortality could be
explained by reduced physical activity and higher seden-
tary time leading to adverse biological consequences as
mentioned above. However, it is also plausible that
reverse causality may have influenced this association. It
cannot be ruled out, that individuals with a worse health
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status spend more time sleeping at day due to uncom-
fortable feeling and lack of energy.

Reverse causality might also play a role for the associ-
ation between physical activity and mortality in general
(e.g. less physical activity due to indisposition). Although
we performed several sensitivity analyses to address this
point (additional adjustment for gHrQol; exclusion of
participants who died within 12 months after physical
activity assessment; exclusion of individuals with 0
MET-hours/week of total physical activity), and the
results remained largely unchanged in these analyses,
reverse causality cannot entirely be ruled out.

The nonlinearity of the association between total
physical activity and all-cause mortality reveals that
compared to nearly no activity, a moderate level is asso-
ciated with a lower risk of all-cause mortality whereas
the differences in mortality risk between high activity
and moderate activity were not so prominent. Thus,
physical activity at all compared to nearly none might be
beneficial for CRC survivors with moderate and high
levels of physical activity conferring approximately
similar benefits with respect to survival.

The difference in the association of physical activity
with all-cause mortality between men and women and
between individuals with a lower BMI and those with a
higher BMI might be due to a generally healthier lifestyle
in women than in men [49] and in individuals with a
lower BMI, e.g., in the normal range or in the over-
weight category, as compared to individuals with a BMI
in the obese category [50]. Additionally, obese individ-
uals might be more prone to misreport physical activity
which may have led to the lack of association in the
obese participant group [51]. Regarding the difference
between colon and rectum carcinoma, a hypothesized
mechanism is that physical activity might accelerate
bowel motility more intensely in the colon than in the
rectum which can affect the gastrointestinal transit time
and the time in which potential carcinogens have
contact with the mucosa [52].

Strengths and limitations

Strengths of our study include the prospective design
with a long follow-up period, a relatively large sample,
and a comprehensive ascertainment of physical activity,
its subtypes, and vital status.

However, some limitations need to be considered. We
only had information available on all-cause mortality,
but not on disease-specific mortality. Therefore, future
studies on the association of physical activity, especially of
different types of activities, with CRC-specific mortality are
warranted. The CRC diagnosis of our study participants
occurred at a median of 6 years prior to physical activity
assessment, which is why we characterize them as long-
term cancer survivors. Thus, the generalizability of our
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observations to all CRC patients is unknown. Additionally,
information on tumor stage and comorbidities were not
available in our cohort. We only had information on
metastases and other cancers. Though, a recent study that
investigated the association between prediagnostic physical
activity and survival did not find any differences in the
results after adjusting for comorbidities in a sensitivity
analysis [33]. We also were not able to adjust the associ-
ation between sleep during daytime and survival for medi-
cation use, even though some medication could influence
fatigue and sleeping time as well as mortality. Furthermore,
we had no information on prediagnostic physical activity.
However, a previous study reported a significant associ-
ation of postdiagnostic physical activity with mortality
independent of prediagnostic activities [16]. Moreover,
reported activities, especially in the category of sports, are
likely to vary between participants in type or intensity,
which has not been assessed specifically. The data on
clinical and lifestyle factors were self-reported which may
have led to some information or recall bias. Nevertheless, a
validation of self-reported clinical data against medical
records in a subset of 181 patients revealed a concordance
of about 87%.

Conclusions
Our results strengthen the evidence on the association
of higher postdiagnostic physical activity with reduced
mortality risk in CRC survivors. Certain activity types
might be primarily responsible for this association. The
association of lifestyle factors (such as physical activity
and sedentary behavior) after CRC diagnosis with survival
is particularly interesting, because CRC survivors might
be able to alter their behavior and actively improve their
health outcome, a premise that could be addressed in
further (interventional) studies. The fact that reverse
causality is a common problem in observational studies
underscores the need for randomized controlled trials of
physical activity interventions in CRC survivors.
Furthermore, physical activity could be an attractive
strategy to prevent cancer recurrence and to prolong life
in cancer survivors because it potentially also prevents
many other diseases which accumulatively appear in
the elderly [53]. Based on the available evidence, it is
reasonable to recommend CRC survivors to engage in
regular physical activity.
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