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Abstract

Purpose A systematic review and a meta-analysis were per-
formed to assess the associations between change over time in
physical activity and weight and quality of life and mortality
in colorectal cancer patients.

Methods The PubMed, Embase, and Cochrane Central Reg-
ister of Controlled Trials databases were searched for English
language articles published between January 1, 1990 and
October 7, 2013. These articles reported results for changes
in physical activity and body weight, assessed at pre- to post-
diagnosis or at post-diagnosis only. A random effects model
was used to analyze pooled quality of life and mortality
estimates.

Results Seven eligible studies were identified and analyzed.
Increased physical activity was associated with higher overall
quality of life scores (N=3 studies; standardized mean differ-
ence (SMD)=0.74, 95 % confidence interval (C1)=0.66—
0.82), reduced disease-specific mortality risk (hazard ratio
(HRpoo1ea)=0.70, 95 % CI1=0.55-0.85), and reduced overall
mortality (HRpo014=0.75, C1=0.62-0.87) (N=2 studies).
Weight gain was not associated with disease-specific
(HRppo1ea=1.02, C1=0.84-1.20) or overall (HRpoo1ea=1.03,
CI=0.86-1.19) mortality (N=3 studies).

Conclusions Increased physical activity was associated with
improved quality of life, a reduced risk of colorectal cancer,
and overall mortality rate. Given the paucity of the literature
published on this topic, this finding should be interpreted with
caution.
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Introduction

Worldwide, colorectal cancer is ranked among the leading
types of cancer that affect both women and men. In 2012,
approximately 1.4 million new cases, or 10 % of all cancer
sites, were of colorectal origin [1]. Advances in early detec-
tion, and in surgical and medical treatment, have led to im-
proved survival of patients. In the USA, the relative 5-year
survival rate is 65 % for all stages combined and is as high as
90 % for localized tumors [2]. In the USA, 1.1 million people
were previously estimated to be living with a previous diag-
nosis of colorectal cancer [2]. In the UK, colorectal cancer
survivors accounted for 26 % of all cancer survivors in 2008
[3]. The number of survivors is expected to increase further as
a consequence of the implementation of screening programs.

Cancer survivors are usually encouraged to engage in
healthier lifestyles that have positive effects on prognosis
and survival [4-6]. A growing body of supporting evidence
describes the beneficial effects of physical activity on health
outcomes among cancer survivors [7—11]. For colorectal can-
cer survivors, suggestive evidence for the association between
higher physical activity and lower mortality rates has emerged
from studies that evaluated pre-diagnosis or post-diagnosis
health behaviors of survivors [12, 13]. A higher amount of
recreational physical activity before and after diagnosis is
associated with lower mortality [14], and longer leisure time
spent sitting is associated with a higher risk of death [15].
Some studies suggest an association between body weight of
colorectal cancer survivors and survival probability [7]. Pre-
diagnosis obesity is associated with poor overall and
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colorectal cancer-specific survival [16, 17]. A body mass
index >35 kg m ™ at diagnosis is associated with an increased
risk of recurrence of colorectal cancer and death [18].

Improvements in quality of life in colorectal cancer survi-
vors are also positively associated with physical activity
[19-22]. Healthy lifestyle, particularly physical activity, is
also increasingly promoted to cancer survivors in an attempt
to manage the psychosocial and physical consequences of the
cancer and its treatment, which can negatively affect quality of
life [8, 23-25]

There is growing evidence showing that physical inactivity
and high body weight are associated with higher mortality and
lower quality of life among colorectal cancer survivors. Yet,
most studies have focused on assessing the amount or catego-
ries of physical activity and weight at one point of time with
cancer outcome rather than the impact of actual changes of
physical activity or body weight over time. While it is recom-
mended that cancer survivors increase physical activity or
made healthy changes in their body weight, we actually do
not know if these changes will necessarily improve cancer-
related survival and quality of life. The evidence regarding a
possible association of actual change over time in these be-
haviors with mortality and quality of life has not been sum-
marized. Blanchard et al. [26] attempted to quantify the
change in the amount of physical activity associated with
quality of life, but this study included survivors of different
cancer types, predominantly breast cancer survivors.

The purpose of this study was to systematically review the
literature reporting on longitudinal changes in physical activ-
ity and weight on quality of life and mortality in colorectal
cancer Survivors.

Methods
Search strategy and study selection

We performed a literature search to identify empirical studies
on the association of changes in physical activity and weight,
overweight, and/or obesity with quality of life (i.e., physical,
social, emotional, and functional well-being of the survivors)
and mortality (i.e., disease-specific and overall mortality)
among survivors. Searches of eligible English language arti-
cles were performed using the Medline (PubMed), Embase,
and Cochrane Central Register of Controlled Trials databases.
The search included all peer-reviewed articles that were pub-
lished by October 7, 2013. Electronic search strategies were
developed using the terms “(colorectal neoplasms AND sur-
vivors) OR colorectal cancer surviv* OR colorectal tumor
surviv¥ OR colorectal tumour surviv¥ OR colorectal neo-
plasm surviv* OR colonic cancer surviv* OR colonic tumor
surviv¥ OR colonic tumour surviv¥ OR colonic neoplasm
surviv¥ and one of the following terms: lifestyle, change*
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OR modif*, life change events OR life change event*, exerci*
OR physical activity OR motor activity, body weight OR body
weight* OR body mass*, or quetelet OR body mass index OR
body mass index.”

Survivors were defined as individuals diagnosed with can-
cer from the time of initial diagnosis and followed through
their lifetime, using the definition of the National Coalition of
Cancer Survivorship adopted by the Office of Cancer Survi-
vorship Research of the National Cancer Institute [27].

We considered retrospective and prospective cohort stud-
ies, case control studies, and randomized controlled trials
(RCTs) in which ancillary data were reported as observational
studies. Physical activity and body weight were required to be
assessed at least twice, before and after diagnosis, or during
two follow-up periods after diagnosis. We included studies in
which quality of life, measured by standardized instruments,
and overall mortality, disease-specific mortality, disease-free
or recurrence-free survival were the outcome measures. Stud-
ies retained eligibility if they also reported on adult men and
women, aged >18 years, and diagnosed with a primary colo-
rectal cancer (malignant neoplasm of the colon, rectum, or
both). We excluded studies that included patients with familial
adenomatous polyposis, hereditary non-polyposis colorectal
cancer, or cancers that were not of colorectal cell origin (e.g.,
melanoma, Hodgkin’s disease).

All authors participated in screening of the retrieved titles
and review of the article abstracts. Disagreements were
discussed by the group and resolved by consensus. SJO and
IS selected the full papers for inclusion in the review. Any
final discrepancies were resolved by consensus between these
two coauthors or after consultation with the entire group of
coauthors.

Data extraction

Study characteristics included in the analysis were extracted
independently by SJO and IS. The extracted data included the
title, the first author’s name, publication year, type of design,
study population origin, period of diagnosis, sample size,
response rate, and age at diagnosis. Data on definitions and
measures of changes in physical activity and body weight,
comparison groups, quality of life scales, and unit outcomes
(quality of life scores, mean differences, or mortality hazard
ratios (HRs), 95 % confidence intervals (CI), and standard
deviation or standard error of the mean values) were also
extracted.

Quality assessment

The methodological quality of each selected study was
assessed using a 10-item checklist adapted from Mols et al.
[28] (Table 1). Zero points were assigned to an item if it did
not meet a criterion or was not sufficiently described. If the
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Table 1 Criteria list for assessing the methodological quality of the
selected studies on the effect of lifestyle on outcome among colorectal
cancer survivors

Items Scoring and definition

3 Randomized trial

2 Cohort study

1 Case—control study
0 Other

2 Population-based
1 Hospital-based,
0 Other/not mentioned

1. Study design

2. Origin of study population

3. Available information for 1 Yes
non-responders 0 Not mentioned
4. Response rate 1 Reported
0 Not reported
5. Available information on data 1 Reported

collection with formulation for
inclusion and exclusion criteria
6. Time between colorectal cancer
diagnosis and measurement(s)
was defined
7. Standardized and valid estimation
or questionnaire(s) for assessment
of lifestyle
. Standardized and valid estimation
or questionnaires for assessment
of quality of life/mortality
9. Variation in point estimates was
reported (confidence interval, etc.)

0 Not reported

1 Yes
0 Not mentioned

1 Yes
0 Not mentioned

o0

1 Yes
0 Not mentioned

1 Yes
0 Not mentioned/no

10. Correction of outcome measures
for confounding

2 Fully corrected

1 Not corrected, but separately
presented by confounding
categories

0 No correction/not reported

Maximum score® 14

*High quality, score >11; adequate quality, score 7-10; low quality <6

criteria were all met, the study was assigned the maximum
value of 14 points. Studies that scored >75 % of the maximum
score (=11 points) were considered to be of “high quality.”
Studies that scored 50-75 % of the maximum score (7—10
points) were rated as “adequate quality.” Studies that scored
<50 % (<6 points) were considered to be of “low quality.”

Statistical analysis

If >2 studies were available, the quality of life scores or
adjusted HRs with the corresponding standard deviation or
CI values that were measured after the changes in physical
activity or body weight were pooled. Change was defined as
the difference in the individual’s physical activity level or
weight between the baseline and the last reported measure-
ment for the time period used in the study (i.e., pre-diagnosis
to post-diagnosis or only post-diagnosis). Changes in physical
activity level were conceptualized as an increase, decrease, or
no change in the amount of physical activity between the two

time points (Table 2), or an increase from a low to a higher
category of physical activity level, a decrease from a high to a
lower category or no change in category between the two time
points (Table 2). In the meta-analysis, we compared increased
with decreased (or unchanged) physical activity level
(reference) and weight gain with stable weight (reference).
For the meta-analysis, we considered only weight gain over
time, as weight loss in cancer survivors can be unintentional
and unrelated to changes in lifestyle, e.g., due to taste alter-
ations [29], anorexia, and wasting syndrome [30].

For studies that reported quality of life data, we calculated
the standardized mean difference (SMD) and compared pa-
tients that increased physical activity level (or maintained at
active level) with patients that decreased physical activity
level during follow-up or were unchanged (this was for one
study in the group of inactive/insufficiently active at baseline,
[31]) (Table 2).

For the studies that reported mortality data, the reported
adjusted HRs with corresponding Cls were pooled, and phys-
ical activity or weight gain were compared with the reference
group (no change or decrease).

Pooled effect estimates were calculated using a random
effects model that accounted for within-study and between-
study variation [32]. Heterogeneity of effects across studies
was tested using the F statistic, which represented the percent
of total variation across studies that was attributable to hetero-
geneity rather than to chance. The Chi-square statistic was
also used to test heterogeneity. An I statistic index >50 % and
a Chi-square p value <0.10 indicated the presence of substan-
tial heterogeneity in the data.

Small study effects (e.g., publication bias) were assessed
using the Egger’s regression asymmetry test [33] and funnel
plot analysis. These effects were assumed to be present for
p values <0.10. When they were present, the HR values were
naturally logarithm-transformed, and standard errors calculat-
ed using the Greenland formula [34].

All statistical analyses were performed using STATA 12.0
software (StataCorp, College Station, TX, USA).

Results
Selection of studies

The search of the three databases yielded 2,053 article titles
(excluding 1,406 duplicates) (Fig. 1). A total of 1,891 articles
were excluded after screening the titles, and 110 were exclud-
ed after abstract reviews. Forty-five of the remaining 52
articles were excluded after reading the full text publications.
Seven articles were included in the current review. Three
(43 %) were ranked as high quality [31, 35, 36], and four
(57 %) were ranked as adequate quality [37—40].
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Fig. 1 Flow chart, selection of
articles

Titles retrieved from searching databases: n=3459

Titles after removal of duplicates: n=2053

Did not meet eligibility criteria: n=1891

Abstracts screened: n=162

Did not meet eligibility criteria: n=110

Full articles screened for eligibility: n=52

Did not meet eligibility criteria: n=45

Papers in review: n=7

Quality of life: n=3

Survival: n=4

Characteristics of the studies

Descriptions of the characteristics of the studies described in
the included articles are presented in Table 2. Except for one
article [37], all were published after 2003. One article included
results of an ancillary analysis of an RCT using data combined
from two study arms [38]. Two articles reported studies of the
same research group, using data from the same study cohort,
but each examined a different endpoint (quality of life [31],
mortality [35]). Quality of life was the endpoint in three
reported studies [31, 37, 38], using the Functional Assessment
of Cancer Therapy-Colorectal (FACT-C), which measures
colorectal cancer-specific quality of life. Mortality was the
endpoint in four reported studies [35, 36, 39, 40].

In five articles, the association of changes over time in
physical activity level with quality of life or mortality was
reported. Three articles focused on changes in weight and
mortality over time. No articles examined associations be-
tween weight change and quality of life.

Both weight and physical activity were self-reported. In
one study, physical activity was measured retrospectively
[37]. The instruments for the assessment of physical activity
varied among the studies. The Leisure Score Index (LSI) of
Godin Leisure-Time Exercise Questionnaire was used in the
studies reported by Courneya et al. [37, 38], while the Active
Australia Survey was used in the study of Lynch et al. [31].

Meyerhardt et al. [39] used the self-reported data on time
spent for walking and vigorous activities of the Nurses’
Health Study. Physical activity measures were quantified
as the number of metabolic equivalents (MET) per week,
the number of minutes of physical activity per week, and
meeting or not meeting a guideline for moderate to
strenuous intensity exercise per week. A substantial pro-
portion of survivors had a decline in physical activity
during treatment and merely returned to pretreatment
levels in the long term. Courneya et al. [37] found that
there was a decrease in the proportion of physically
active (>16 MET week ') survivors. At pre-diagnosis,
61.5 % were physically active. This proportion declined
to 36.9 % during treatment and to 53.1 % post-treatment.
A decrease in the proportion of survivors that were
sufficiently active (>150 min week ') was observed in
the Lynch et al. [31] cohort study. This proportion de-
clined from 53 % at pre-diagnosis to 32 % at 6-month
post-diagnosis, then increased to 37 % at 12 months and
39 % at 24-month post-diagnosis. Pooled HR estimates
were not calculated for the association between de-
creased physical activity and mortality because these data
were published in only one article [39]. A considerable
proportion of survivors (64 % in the Meyerhardt et al.
[40] and 27.8 % in the Baade et al. [35] studies) gained
>5 kg after completion of treatment.
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Studies Change in physical activity
Quality of Life

Courneya 1997 Maintainers vs. Permanent relapsers
Courneya 2003

Increased vs. Decreased fithess

Subtotal (I-squared =43.1%, p = 0.185)

Quality of Life (intraindividual effect)
Lynch 2008 Increased one category vs. Unchanged

Subtotal (I-squared =.%, p =)

Heterogeneity between groups: p = 0.425

Overall (I-squared = 16.5%, p = 0.302)

SMD (95% Cl)

0.87 (0.37, 1.37)
0.43 (0.00, 0.85)

0.61(0.29, 0.93)

0.75 (0.67, 0.83)

-
<> 0.75 (0.67, 0.83)
I

0.74 (0.66, 0.82)

favors decrease in QoL

Fig. 2 Forest plot of the association between change in physical activity
and quality of life among colorectal cancer survivors. The squares indi-
cate the study-specific point estimates. The width of the horizontal lines
indicates the 95 % confidence intervals (Cls). The diamonds represent the
pooled estimates. Maintainers indicate those active throughout study

Change in physical activity and quality of life

Patients that increased their physical activity level or remained
active throughout the diagnosis and treatment phases had
significantly higher quality of life scores than patients with
reduced physical activity levels after treatment. In the individ-
ual studies, there was a clear association between change in
physical activity level and quality of life when patients who
increased, decreased, or did not change their activity levels
were compared (Table 2). In their 1997 study, Courneya et al.
[37] found that patients who maintained their pre-diagnosis
activity levels had higher FACT-C scores compared with
patients who decreased their activity levels. In the ancillary
study performed within the RCT, Courneya et al. [38] found
that FACT-C scores were lower in individuals that were less fit
at the end of follow-up. FACT-C scores increased 4.3 points in
individuals that increased their cardiovascular fitness, while a
decrease of 2.2 points was observed in those who remained
unchanged or showed a decrease in cardiovascular fitness.
Fitness was assessed by the treadmill test. Lynch et al. [31]
measured the intra-individual change in physical activity and
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-5 0 25 5 .75 1 125 1.55
favors increase in QoL

period and permanent relapsers those active pre-diagnosis, but inactive
both during treatment and post-treatment (Courneya, 1997); unchanged
physical activity indicates those inactive/insufficiently active at baseline
(Lynch 2008)

found an increase of approximately 8 FACT-C points, from
109.9 (standard deviations (SD)=10.5) to 117.9 (SD=10.9)
points in individuals who were inactive or insufficiently active
at baseline but became more active during follow-up.

Figure 2 presents the results for the forest plot for the
association between changes in physical activity level and
quality of life. The meta-analysis revealed that compared with
decreased physical activity post-diagnosis and/or post-treat-
ment, increased physical activity was associated with signifi-
cantly higher quality of life scores (SMD=0.74 (CI=0.66—
0.82) with no heterogeneity between the studies (*=16.5 %, p
value=0.302)). The analysis of publication bias indicated that
no bias was present (Egger’s test; p value=0.701).

Fig.3 Forest plot of the association between increase in physical activity P>
and disease-specific and overall mortality among colorectal cancer
survivors. The squares indicate the study-specific point estimates. The
width of the horizontal lines indicates the 95 % confidence intervals (CIs).
The diamonds represent the pooled estimates. Reference group in
Meyerhardt et al. (2006): unchanged activity category (MET h/week);
reference group in Baade et al. (2011): unchanged or decreased in
physical activity level
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Colorectal cancer specific mortality

Physical

Studies activity HR (95% ClI)
i

Pre to postdiagnosis \

Meyerhardt 2006 Increase physical activity —OE— 0.48 (0.24, 0.97)
1

Baade 2011 Increased physical activity, <=2 h/wk E T 1.32 (0.89, 1.98)

Baade 2011 Increased physical activity, >2 h/wk — 1.03 (0.59, 1.80)

Subtotal (I-squared = 71.4%, p = 0.030) b 0.80 (0.53, 1.07)

Postdiagnosis
Baade 2011 Increased physical activity, <=2 h/wk 0.68 (0.48, 0.97)

Baade 2011 Increased physical activity, >2 h/wk 0.64 (0.44, 0.93)

Subtotal (I-squared = 0.0%, p = 0.821) 0.66 (0.49, 0.83)

Heterogeneity between groups: p = 0.399

Overall (I-squared = 48.5%, p =0.101) 0.70 (0.55, 0.85)

B Sl I 0%

0O 5 1 15 3 4.5
favours decreased mortality favours increased mortality
Overall mortality
Physical

Studies activity HR (95% CI)
1

Pre to postdiagnosis 1
|

Meyerhardt (2006) Increase physical activity s 0.51 (0.30, 0.85)
|

Baade (2011) Increased physical activity, <=2 h/wk | — 1.27 (0.88, 1.83)
|

Baade (2011) Increased physical activity, >2 h/wk —— 1.06 (0.65, 1.71)
'

Subtotal (l-squared =77.4%, p =0.012) @ 0.76 (0.54, 0.98)
1
i
|

Postdiagnosis H
|

Baade (2011) Increased physical activity, <=2 h/wk ina 0.79 (0.59, 1.04)
i

Baade (2011) Increased physical activity, >2 h/wk -~ 0.69 (0.50, 0.94)
|

Subtotal (l-squared = 0.0%, p = 0.533) Q 0.74 (0.58, 0.90)
|
‘
|

Heterogeneity between groups: p = 0.871 '
|

Overall (l-squared = 56.7%, p = 0.055) 0 0.75 (0.62, 0.87)
'
1
‘

T T T T
0O 5 1 15 8 4.5
favours decreased mortality favours increased mortality
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Colorectal cancer specific mortality

Weight
Studies gain
Pre to postdiagnosis
Baade (2011) >=5 kg gain
Campbell (2012) >4.5 gain
Baade (2011) 2-4.9 kg gain

Subtotal (I-squared = 0.0%, p = 0.656)

Postdiagnosis
Baade (2011) >=5 kg gain
Baade (2011) 2-4.9 kg gain

Subtotal (l-squared = 0.0%, p = 0.848)

Heterogeneity between groups: p = 0.049

Overall (lI-squared = 15.6%, p = 0.315)

Hazard

Ratio (95% Cl)

1.63 (1.02, 2.61)
1.34 (0.92, 1.94)
1.12 (0.60, 2.09)

1.35 (0.98, 1.72)

0.91 (0.69, 1.20)
0.95 (0.68, 1.32)

0.93 (0.73, 1.12)

1.02 (0.84, 1.20)

favours decreased mortality

Overall mortality

Weight
Studies gain
Pre to postdiagnosis
Baade (2011) >=5 kg gain
Campbell (2012) >4.5 gain
Baade (2011) 2-4.9 kg gain

Subtotal (I-squared = 0.0%, p = 0.619)

Postdiagnosis

Meyerhardt (2008) >=5 kg gain
Baade (2011) >=5 kg gain
Meyerhardt (2008) 2-4.9 kg gain
Baade (2011) 2-4.9 kg gain

Subtotal (I-squared = 0.0%, p = 0.875)

Heterogeneity between groups: p = 0.408

Overall (lI-squared = 0.0%, p = 0.886)

T
0

5 1 15

T T
3 4.5

favours increased mortality

f

[

~—<>—<>~f—‘~f

Hazard

Ratio (95% Cl)

1.46 (0.84, 2.53)
1.09 (0.85, 1.40)
0.90 (0.41, 1.96)
1.10 (0.85, 1.35)

1.23 (0.65, 2.31)
0.89 (0.64, 1.25)
0.97 (0.43, 2.18)
1.02 (0.69, 1.50)
0.96 (0.74, 1.19)

1.03 (0.86, 1.19)

T
0

favours decreased mortality
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<« Fig. 4 Forest plot of the association between weight gain and disease-
specific and overall mortality among colorectal cancer survivors. The
squares indicate the study-specific point estimates, and the width of the
horizontal lines indicates the 95 % confidence intervals (Cls). The
diamonds represent the pooled estimates. Reference group in
Meyerhardt et al. (2008) and Baade et al. (2011): +2 kg; reference
group in Campbell (2012): weight stable

Change in physical activity and survival

There was a significant association between increases in phys-
ical activity in the post-diagnosis period and reduced colorec-
tal cancer death, but increases from pre-diagnosis to 5-month
post-diagnosis were not significant (Table 2, Fig. 3). However,
the overall pooled HR estimate of 0.70 (CI=0.55-0.85) indi-
cated that the change was significant. The tests for heteroge-
neity among the studies for the effect of increased physical
activity on disease-specific mortality were not significant (/=
48.5 %, p value=0.101). A similar pattern was observed for
overall mortality (pooled HR=0.75, CI=0.62-0.87; I*=
56.7 %, p value=0.055; Fig. 3).

The results of the Egger’s test indicated that no publication
bias (p value=0.885) was present in the studies that examined
the effect of physical activity on disease-specific mortality.

Weight gain and survival

The Meyerhardt et al. [40] study was the only study that
assessed the impact of change in body weight on disease-
free and recurrence-free survival (Table 2). Recurrence was
defined as tumor recurrence, occurrence of a new primary
colon tumor, or death from any cause. These survival end-
points were not included in the comparisons of the three
studies that reported data on weight and mortality changes.
In the studies included, there was a tendency for a U-shape for
the association between change in weight and either disease-
specific or overall mortality (Table 2). As aforementioned, we
considered only weight gain over time for the meta-analysis,
as weight loss in cancer survivors can be unintentional and
unrelated to health behaviors. Despite a tendency toward an
association between weight gain from pre- to post-diagnosis
and mortality, weight gain did not significantly affect disease-
specific mortality (pooled HR=1.02, CI=0.84-1.20; =
15.6 %, p value=0.315) or overall mortality (pooled HR=
1.03, CI=0.86-1.19; =0.0 %, p value=0.886) (Fig. 4).

The results for the Egger’s test indicated that no publication
bias was present (p values=0.249).

Discussion

We systematically reviewed the literature for studies examin-
ing the association between longitudinal change in physical

activity level and weight and quality of life and mortality
among colorectal cancer patients. Despite the general focus
on adoption of healthier lifestyles and its effect on quality of
life for cancer survivors, we retrieved only seven studies that
examined this issue. Increase in physical activity level was
associated with an improved quality of life and improved
prognosis. There was no association between weight gain
and mortality among survivors.

Two recent systematic reviews and meta-analyses of RCTs
also concluded that physical activity interventions during
active treatment and post-treatment may improve quality of
life of cancer survivors [10, 11], but this finding was mostly
based on RCTs conducted among breast cancer survivors.
Two recently published RCTs evaluating an intervention
aimed at increasing physical activity in colorectal cancer
survivors failed to find an intervention effect on quality of life
despite significant improvements in physical activity level in
the intervention group compared with the control group [41,
42]. Hawkes et al. [42] found that participation in the
CanChange intervention program (Cancer Council Queens-
land, Brisbane, Australia) yielded significant between-group
difference in physical activity at 12-month post-diagnosis,
which did not translate into differences in quality of life
characteristics between the intervention and control groups.
Similarly, Pinto et al. [41] found no significant between-group
differences in quality of life characteristics despite increases in
physical activity and fitness in the intervention group, which
also received telephone counseling to support physical activ-
ity. Assessment of individual change would probably have
been more likely to capture the effects of change in physical
activity level on quality of life in these RCTs. Based on the
results of three observational studies, in this current meta-
analysis, we did find a positive association between an in-
crease in physical activity level and quality of life. These
contrasting findings from the observational studies might have
been a consequence of selection bias as the RCTs probably
included colorectal cancer survivors who experienced fewer
disease-related symptoms or physical side effects of treatment
or survivors who were more able and willing to engage into
physical activity post-treatment. Pre-diagnosis exercise and
exercise intention were found to be significant determinants
of post-treatment physical activity, which was predominantly
mediated by the individual’s attitude [43]. However, as recent-
ly stated by Inoue-Choi et al. [44], it is also possible that
individuals with higher quality of life post-treatment were
more capable of physical activity.

A limited number of studies evaluated change in physical
activity over time and prognosis [35, 39].The results of our
current meta-analysis suggested that an increase in physical
activity, particularly during the post-diagnosis period, is asso-
ciated with a decrease in colorectal cancer-specific and overall
mortality. The observed findings for change in physical activ-
ity measured from pre- to post-diagnosis were seemingly
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dependent on the length of the interval. Meyerhardt et al. [39]
found that at approximately 22-month post-diagnosis, there
was a significant decrease in disease-specific mortality among
women who had increased their pre-diagnosis physical activ-
ity category compared with women who remained in the same
category or shifted to a lower category. However, in a popu-
lation with a comparable age and stage distribution, Baade
et al. [35] found that at 5-month post-diagnosis, there was no
association between an increase in physical activity level and
disease-specific mortality.

There are also few studies of weight change over time and
potential effects on quality of life and survival in colorectal
cancer patients. Only three studies have addressed the associ-
ation between weight change and colorectal cancer-specific
and overall mortality. The results of this current meta-analysis
suggested that there were no beneficial or detrimental effects
of weight gain on mortality. In studies with breast cancer
survivors, women who gain weight after diagnosis were sig-
nificantly more likely to experience cancer recurrence and
mortality [45], which has been attributed to a simultaneous
increase in fat mass and a decrease in lean body mass [46]. A
possible explanation for this contradictory observation in co-
lorectal cancer survivors might be, as suggested by Lynch
et al. [31], that their weight gain is not related to health
behavior, but instead is a reflection of the recovery of experi-
enced weight loss related to the cancer, treatment, or both,
which could have led to changes in body composition.

Our review has several limitations resulting from the avail-
ability and the methodology of the published data, and these
limitations should be considered when interpreting our results.
First, the number of studies on the effects of change over time
in physical activity and body weight on quality of life and
mortality was very limited. Except for one study in which
physical activity was based on changes in physical fitness as
measured in treadmill test over the course of the study [38],
data on both body weight and physical activity in most studies
were self-reported instead of objective assessments. Having
been diagnosed with colorectal cancer, and probably subse-
quently having acquired the knowledge on physical inactivity
and weight being risk factors for colorectal cancer, might have
influence on their reporting. Asking participants to recall their
pre-diagnosis physical activity levels and weight is also sub-
jected to bias. Second, there were large variations in the
lengths of the interval used for measuring change over time
in physical activity and weight as well as variations in baseline
time points of measurements, either pre-diagnosis, post-diag-
nosis, or post-treatment (surgery or adjuvant therapy). These
variations make recommendations for a specific timing to
engage into healthy behaviors (soon after diagnosis or short
after treatment) and specific duration for colorectal cancer
survivors difficult. Third, the follow-up periods after diagno-
sis and subsequent timing of endpoint variations in physical
activity categories differed between studies. The length of
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follow-up after diagnosis for quality of life measurement
was often limited to 2 years (median of 7 to 24 months), while
the greatest impact on quality of life among colorectal cancer
survivors seems to occur in the first 2-3 years after diagnosis
and stabilizes beyond 3-year post-diagnosis [47]. Hence, both
physical activity and quality of life could have been affected
by clinical, medical, and psychological factors experienced by
survivors [20, 48, 49].However, despite these short follow-up
periods after diagnosis, the three studies included in current
meta-analysis indicated a beneficial effect of physical activity
on quality of life. The median length of follow-up for the
endpoint mortality varied between 5 and 10 years. Although
the study design were prospective observational and adjust-
ments were made in the analyses, it is possible that changes in
health behaviors other than physical activity or weight have
influenced the observed association. Outcome from recent
studies suggest that the effect of combination of healthy
behaviors rather than the effect of a single healthy behavior
should be examined [50]. Effect of combination of healthy
behaviors, including maintaining normal body weight, staying
physically active, and eating healthy diet, is associated with
low risk of mortality [51] and high quality of life [21, 23, 44,
50].However, results from prospective studies should provide
evidence on whether change over time into healthier behavior
combination among cancer survivors is also associated with
positive effects on survival and quality of life.

In conclusion, based on an analysis of seven studies, we
found that an increase in physical activity levels was associ-
ated with improved quality of life and reduced risk of disease-
specific mortality in colorectal cancer survivors. Our study
showed neither positive nor negative effects of weight gain on
mortality. Given the paucity of the literature published on this
topic, our findings should be interpreted with caution. More
prospective studies with large sample sizes are needed, which
apply objective assessments to quantify the change in physical
activity level and weight post-diagnosis, and which account
for the individual’s initial activity and weight status from the
moment of cancer diagnosis, to understand what level of
physical activity provides prognostic effects. Such studies
may support the development of appropriate health education
and (personalized) intervention strategies to improve the
health and quality of life for colorectal cancer survivors.
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