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Abstract

Introduction: Early diagnostic and treatment advances have resulted in prolonged cancer survivorship. Therefore,
exercise intervention in survivorship management is essential for enhancing cancer survivors’ health-related quality of
life (HRQoL). Objective: The systematic review and meta-analysis in this study aimed to explore the effect of exercise
intervention on health-related quality of life of colorectal cancer survivors. Methods: The current study followed
guidelines outlined in the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 2020 (PRISMA
2020) to identify relevant literature. Comprehensive searches were conducted using EBSCOhost, Web of Science
(WOS), Scopus, Science Direct, and PubMed. The inclusion criteria included are randomised control trials studies
written in English, with no restrictions for the time of publication that reported the effects of exercise intervention on
health-related quality of live among colorectal cancer survivors. Meta-analysis was conducted by pooling the mean and
standard deviation of post-intervention scores across randomised control trial studies using a random effects model.
Result: A total of 467 articles were identified but only seven articles were randomised control trials (RCT) (n = 7)
with PEDro scores ranging from 6 to 9 showing good internal validity were included in the review. The results of the
meta-analysis of pooled data from six RCTs studies on HRQoL showed no significant effect of exercise intervention
on HRQoL in the intervention group compared to control group [SMD = 0.25; 95% CI; -0.0, 0.51; Z = 1.88; p = 0.06;
I> = 30.8%]. Conclusion: This meta-analysis provides key insights into the effect of exercise on the health-related
quality of life (HRQoL) of colorectal cancer (CRC) survivors. Therefore, more experimental studies should be carried
out with rigorous methodology to evaluate the effectiveness of exercise interventions before it is recommended as a
routine activity in post-treatment management for CRC survivors.

Keywords: health-related quality of life (HRQoL)- colorectal cancer survivors- exercise

Asian Pac J Cancer Prev, 25 (2), 379-391

Introduction

Globally, the incidence and mortality rate for colorectal
cancer (CRC) continues to rise. According to the World
Health Organisation (WHO), colorectal cancer (CRC)
is the third and second most prevalent form of cancer
diagnosed in men and women, respectively, with more
than 1.8 million new cases and 880,792 deaths [1].

Fast escalations in CRC incidence and mortality rates
have been reported in Eastern Europe, Asia, and South
America. In contrast, this rate is declining in developed

countries, such as the United States of America, Australia,
New Zealand, and several Western European countries,
due to early detection [2]. It is postulated that CRC
affliction will increase by 60% to more than 2.2 million
new cases and 1.1 million deaths by 2030 [3].

Early diagnostic and treatment advances, combined
with the aging and rising global population, have resulted
in steep rises in cancer survivorship. Therefore, the post-
treatment period is crucial, owing to the significant mental
and physical health implications of diagnosis and therapy
[4]. Furthermore, good post-treatment management
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is necessary for enhancing the survivors’ health and
quality of life. Although there are numerous examples
of survivorship programs, there are still no universal
guidelines concerning their implementation [5].

Current research suggests that certain key factors such
as physical exercise must be included in survivorship
programs, substantially improving the health-related
quality of life among CRC survivors [6]. This exercise may
significantly reduce the short- and long-term consequences
of cancer therapies, such as fatigue, psychological issues,
and loss of physical fitness, which subsequently improve
the health-related quality of life among CRC survivors [7].

Colorectal cancer survivors’ health-related quality of
life (HRQoL) improves to a comparable level or better
than the general population after treatment. However,
persistent physical and psychological complaints related
to cancer and its treatment, such as decline in physical
fitness [8], fatigue [9], and depression [10] can have a
negative impact on CRC survivors’ HRQoL for up to ten
(10) years after diagnosis [11]; therefore, more attention
must be given to the HRQoL of this population [12].

Notably, CRC survivors with identical illness and
treatment features might have diverse HRQoL, suggesting
that other factors such as modifiable lifestyle factors (e.g.,
diet and physical activity) may potentially impact their
HRQoL directly or indirectly [5]. Previously, less was
known about the role of physical activity intervention after
cancer treatments among CRC survivors. Nevertheless,
increase in exercise is recommended for these survivors to
improve their fitness and patient-reported outcomes [13].

A longitudinal population-based study concluded a
positive association in moderate-to-rigorous physical
exercise of at least 150 min per week increased level of
HRQoL among CRC survivors. This finding has been
further corroborated in other observational studies [14-
20], where a significant improvement of HRQoL scores
has been reported among CRC survivors that engage in
physical activity.

In a systematic review, Eyl et al. [21] supported
the findings that HRQoL is associated with physical
activity among long-term CRC survivors. However, this
evidence is limited, as it only involved cross-sectional and
observational studies. In addition, there are systematic
reviews and meta-analysis of randomised controlled trials
(RCT) that showed significant improvement in physical
fitness, function, quality of life, reduced fatigue, and
depression in patients with cancer survivors after exercise
intervention [5, 14, 22]. These reviews of randomised
control trials involved samples with various cancer type
diagnoses, thus resulting in limited evidence regarding the
effects of exercise intervention, specifically on HRQoL of
CRC survivors survivors.

Furthermore, a meta-analysis of exercise interventions
for colorectal cancer patients reported that there was
strong evidence for the effects of short-term exercise on
the physical fitness, but no evidence found on the quality
of life of colorectal colorectal cancer patients [6].

Meanwhile, Kraemer and colleagues in their systematic
review and meta-analysis of randomised control
trials studied the effect of home-based and supervised
intervention on functional capacity and quality of life of
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colorectal colorectal cancer patients concluded that the
exercise intervention can modify the quality of life if the
adherence rate is above 80% [23]. A meta-analysis carried
out on the RCT studies involved exercise intervention
for post-treatment CRC survivors concluded physical
exercise improves aerobic power, metabolism, and tumour
biomarkers but no effect on the quality of life [24].
Thus, the systematic reviews and meta-analysis of
RCT on the effects of exercise intervention on the quality
of life, particularly on CRC survivors, remain unclear.
Therefore, this review aims to review systematically and
analyse available RCT studies to ascertain the effects of
exercise intervention towards the quality of life of CRC
survivors after treatment. Another goal of the research is to
establish the effects of exercise and QoL, which may lead
to the discoveries of insights on the outcomes on HRQoL
of CRC survivors through reviewing individualised
physical activity intervention in this systematic review.

Materials and Methods

Study Design

This meta-analysis was conducted following the
Preferred Reporting Items for Systematic Review and
Meta-Analyses guidelines [25].

Search Strategy

This systematic review utilised five electronic
databases, namely, EBSCOhost, Web of Science (WOS),
Scopus, Science Direct, and PubMed. These databases
identified the relevant sources for analysis in the review.
The following databases were searched systematically,
with no restrictions with respect to time, restricted to
only journal articles published in English. The leading
search terms included were “colorectal cancer survivor,”
“colorectal carcinoma survivor,” “colon cancer survivor,”
“rectal cancer survivor,” “colorectal neoplasm survivor,”
“colon neoplasm survivor,” “rectal neoplasm survivor,”
“physical activity,” “exercise,” “quality of life,” “health-
related quality of life,” and “well-being.” These keywords
were taken from previous studies [5, 6], which had been
verified by experts involved in this study: public health
specialist (ZI) and colorectal surgeon (ZA). All search
terms were truncated and adapted for each database where
necessary.

Inclusion-Exclusion Criteria
Initially, the PICOS criteria [26] (Table 1) were selected
as the eligibility criteria. Additionally, specific inclusion

Table 1. Eligibility Criteria for Inclusion of Studies in
Systematic Review According to the PICOS (Population,
Intervention, Comparator, Outcomes And Study Design)
Criteria.

Components Feature

Population Colorectal cancer survivors
Intervention Exercise

Comparator ~ CRC survivors not enrolled in exercise intervention
Outcomes Health-related quality of life

Study design Randomized controlled trials
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criteria included: 1) studies were RCT, preliminary or
feasibility RCTs involving exercise intervention in CRC
survivors published in the English language; 2) adults
(>18 years old) with the diagnosis of colorectal cancer
(all types of colorectal cancers); 3) examining the exercise
of CRC survivors as the independent variable regardless
of: 1) duration (short-term or long term); ii) all types of
exercise performed; iii) reported as an estimate of total
energy expenditure (e.g., calories per kilogram per week
(cal/kg/wk) or minutes per week (min/wk) or METs
per week (METs/wk) or moderate to vigorous physical
activity (MVPA); and iv) results are related to the QoL
(e.g., global scores from validated QoL questionnaires,
or scores from various questionnaires focused on the
variables such as fatigue, depression, anxiety, and
sleep that have a direct impact on the HRQoL of CRC
survivors). Meanwhile, the specific exclusion criteria
consisted of: 1) studies including other types of cancer;
and 2) studies that lack specific information regarding the
intervention’s duration, intensity, and duration of exercise.

Data Extraction

After searching the previously specified databases,
an assessment was carried out to search for any duplicate
documents. The titles and abstracts of the carefully
chosen articles were screened independently based on
the PICOS and specific inclusion/exclusion criteria by
three researchers (NJ, NH, and ZIA). If any of the above
exclusion criteria were discovered during this screening
step, the record will be excluded; otherwise, it will be
included while awaiting analysis after the full reading of
the included records.

Next, the full texts of the identified articles were
retrieved and reviewed (using a structured form to abstract
information about the articles (author’s names, year of
publications and study design), characteristics of the study
population [e.g., type of colorectal cancer (rectal or colon),
sample size, stage of cancer, age, time since diagnosis],
characteristics of the intervention and control (e.g.,
type, program length, frequency and duration), outcome
measures and results were extracted independently
by three reviewers (NJ, NH and ZIA); disagreements
were discussed until consensus is achieved or a third
independent reviewer is requested for their opinion (SA
and ZI). The final step involved utilising the PEDro scale
to assess the methodological quality; those who received
a score of four or higher were chosen. Meta-analysis was
carried out by Meta-analysis was carried out by (IHB).

Study Quality Assessments

Three reviewers (NJ, NH, and ZIA) independently
assessed the included studies’ quality using the
Physiotherapy Evidence Database (PEDro) scale [23].
The PEDro scale consists of eleven items, which range
from 1 to 10 (except for the first item). In addition, the
final score ranged from fair to good and fair to substantial,
respectively. A higher score indicated that the study had
greater validity [27].

Outcomes
In this review, the primary outcome is health-related

quality of life (HRQoL), i.e., global quality of life (QoL),
including three elements of HRQoL (physical, mental, and
social status) [28], which were assessed using validated
HRQoL questionnaires. Meanwhile, secondary outcomes
consisted of variables that directly affect the HRQoL of
CRC survivors, such as fatigue, depression, and anxiety
obtained from other validated questionnaires.

Statistical Analysis

The post-intervention mean standard deviations (SDs)
were used for comparisons. The analysis was carried out
using the standardised mean difference (SMD) as the
outcome measure. This meta-analysis study employed
a random effects model that combines sampling error
within study variances. The Q test and I statistics was
carried out to assess the variation across studies are due to
heterogeneity rather than chance [29, 30]. The degree of
heterogeneity was evaluated using the following values: I?
= 0% to 29% indicates no heterogeneity; I> =30% to 49%
indicates moderate heterogeneity; and I* = 50% to 74%
indicates strong heterogeneity [30]. Publication bias was
conducted if the number of studies exceeds 10 in which
the analysis is done using funnel plot and Egger test. The
meta-analysis was performed using R version 4.2.1 [31]
and the metafor package version 4.2.0 [32].

Results

Literature search and quality assessment

The initial literature search identified 467 studies, as
presented in the PRISMA flow (Figure 1). A total of 452
records were screened after 15 duplicate studies were
eliminated. After the screening of topics and abstracts,
only one hundred and two (n=102) records were retained
for eligibility evaluation. The articles excluded were
mainly attributable to their different subject areas, for
instance, cancers unrelated to colorectal cancer and that
comprising systematic literature review articles. Finally,
only seven (7) full-text articles [33-39] were included
in this review, while the others were excluded because
the variables studied were inappropriate for assessment
in terms of exercise or quality of life variables or that
involving non-randomised control trial studies. The
included studies were published between the years 2003
and 2020.

The internal validity of the chosen articles is tabulated
in Table 2. All studies were randomised control trials
(RCT) (n="7) with PEDro scores ranging from 6 to 9. The
mean and standard deviation of the PEDro score among
the studies was 7.29 (1.28). Three studies scored 6, two
studies with a score of 9, one study scored 7 and 8 each.
Five studies were classified as good category (6 to 8),
followed by two studies classified as excellent category
(9 to 10).

General characteristics of studies

The selected general characteristics of the studies
are reported, as shown in Table 3. The studies involved
were published between the years 2003 and 2020, where
they were mostly conducted in Western countries, such
as Canada [36], United Kingdom [33], United States of
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Table 2. PEDro Score

Author (Year) Item2 Item3 Item4 Item5 Item6 Item7 Item8 Item9 Item 10 Item 11 Total
Courneya (2003) [36] 1 1 1 1 1 0 0 1 1 1 8
Bourke (2011) [33] 1 1 1 1 1 1 1 0 1 1 9
Pinto (2013) [39] 1 1 1 1 0 1 1 1 1 1 9
Brown (2018) [34] 1 1 1 0 0 0 1 1 1 1 7
Kim (2019) [38] 1 1 1 0 0 0 0 1 1 1 6
Christensen (2019) [35] 1 1 1 0 0 0 0 1 1 1 6
Ho (2020) [37] 1 1 1 0 0 1 0 0 1 1 6

America [34, 39], and Denmark [35]; as well as Asian
countries, such as Hong Kong [37] and Korea [38]. The
sample size of the included studies ranged from 18 [33]
to 223 [37]. The mean age of participants ranged from 55
years (Pinto et al., 2013) to 70.3 years [33]. In total, 529
patients with CRC were enrolled in the RCTs involving
exercise intervention and physical activity combined
with dietary intervention. Among these, controls made
up of 189 CRC survivors and another 340 were given
exercise intervention only [33-36, 38, 39] or combined
intervention of physical activity and dietary [37]. Most
of the studies (71%) reported specific stages of cancer
involved in control and intervention groups [34-38], while
two studies only mentioned Dukes stages A to C [33] and
Stage I to Il only [39]. Two studies [33, 34] only recruited
all colon cancer survivors whereas other studies involved
both colon and rectal cancers [35-39].

Instruments for health-related quality of life assessment

The health-related quality of life was measured using
the Functional Assessment of Cancer Therapy-Colorectal
questionnaire (FACT-C) in all studies retained [33-39].
Meanwhile, other questionnaires such as the Functional
Assessment of Cancer Therapy-Fatigue questionnaire
(FACT-F) were adopted in four studies [33, 36, 38, 39]
and one study used the Fatigue Symptom Inventory [34].
In addition, Pittsburgh Sleep Quality Index (PSQI) was
applied to examine sleep quality in one study [34]. The
depression score in the studies was measured using the
Centre for Epidemiological Studies Depression scale [36],
Patient Health Questionnaire [38] and Hospital Anxiety
and Depression scale [37]. Only two studies measured
anxiety scores using State-Trait Anxiety Inventory [36]
and Hospital Anxiety and Depression Scale (HADS) [37],
respectively.

Figure 1. PRISMA Diagram of the Study

Records excluded (n=350)
due to;

Systematic review  n=14
Trrelevant topic n=201
Others cancer n=135
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Study Sample size and age (mean Duration of diagnosis Stage of cancer Tumor location
+ SD) (mean + SD)
Courneya (2003) Control Control Control Control
n=31(M=20,F=11), 71.65 (18.08) days I-II(n=4) Colon (74.2%)
Age =061+ 13 years Intervention I (n=27) Rectum (25.8%)
Intervention 74.65 (34.02) days Intervention Intervention
n=62(M=234,F=28), I-1I(n=14) Colon (77%)
Age =59 + 10 years III (n=44) Rectum (23%)
IV(n=4)

Bourke (2011)

Pinto (2013)

Brown (2018)

Kim (2019)

Christensen
(2019)

Ho (2020)

Control
n=9M=7,F=2),
Age=70.3 + 8.7 years
Intervention
n=9M=35F=4),
Age =679+ 5.7 years

Control
n=26 M=12,F=14),
Age = 55.6 + 8.24 years
Intervention
n=20M=8,F=12),
Age=159.5+11.2 years

Control
n=13(M=4,F=9),
Age =< 60 years (69%), > 60
years (31%)
Intervention
Low dose
n=14M=7,F=7),
Age =< 60 years (57%), > 60
years (43%)

High dose
n=12(M=4,F=238),
Age =< 60 years (67%), > 60
years (33%)

Control
n=34M=17,F=17),
Age =56+ 10 years
Intervention
n=37M=18,F=19),
Age =55+ 8 years

Control
n=20M=11,F=9),
Age =60 + 8§ years
Intervention
n=19M=7,F=12),
Age =57+ 10 years

Control
n=56 (M= 30, F =20),
Age =64.9 + 9.4 years
Intervention
Dietary+Physical activity
n=55M=37,F=18),
Age=63.2+ 11.4 years
Dietary only
n=56 (M=34,F=22),
Age =65.9 + 9.8 years
Physical activity only
n=56 (M=40,F =16),
Age =66.6 + 9.5 years

Control
16.7 months
Intervention
16.4 months

Control
2.88 (1.67) years
Intervention
3.14 (1.62) years

Control
< 12 months (62%), >
12 months (38%)
Intervention
Low dose
<12 months (71%), >
12 months (29%)
High dose
< 12 months (58%), >
12 months (42%)

Control
10.6 (8.4) months
Intervention
10.8 (5.8) months

Control
37 (256) days
Intervention
40 (380) days

Not stated

Dukes stages A to C

Completed treatment for stage
I to IIT

Control
I(n=1),11(n=5)
U (n="7)
Intervention

Low dose
I(n=2),1(n=3),1I1(n=7)

High dose
I(n=2),1(n=4),1l1(n=6)

Control
I(n=12)
I (n=22)
Intervention
I (n=21)
I (n=16)

Control
I(n =4),II(n=7)
I (n=9)
Intervention
I(n=6),1(n=4),1l1(n=9)

Control
I(n =21),11(n=43)
III or IV (n=36)
Intervention
Dietary+Physical activity
I(n =14), 11 (n=24)
II or IV (n=16)
Dietary only
I(n =9),0(n=20)
I or IV (n=27)
Physical activity only
I(n =8),I1(n=27)
III or IV (n=20)

All colon cancers

Control
Colon (58 %)
Rectum (42 %)
Intervention
Colon (55 %)
Rectum (45 %)

All colon cancers

Control
Colon (73%)
Rectum (27%)
Intervention
Colon (55.9%)
Rectum (44.1%)

Control
Colon (85%)
Rectum (15%)
Intervention
Colon (74%)
Rectum (26%)

Colon (60%)
Rectum (40%)

*SD, standard deviation; M, male; F, female; n, sample size

Intervention characteristics

Randomised control trials studies that conducted
exercise intervention for CRC survivors were reviewed,
as shown in Table 4. The duration for the intervention

ranged from 6 to 48 weeks, exclusive of the duration of
follow-ups. Four studies [33, 36, 37, 39] reported the
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frequency of prescribed exercise intervention in days per
week. Meanwhile, other studies applied the metabolic
equivalent task (MET) per hour [38], the number of
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Table 4. Intervention Characteristics and Outcomes Results

Study Length of intervention

(L) (weeks)
Frequency (F)
Exercise adherence
(A) (%)

Exercise session
duration (D)
Intensity (I)

Type of exercises

Instrument for variables
measurement (parameter)
Quality of life (QoL)
Fatigue (F)
Depression (D)
Anxiety (A)

Sleep quality (SQ)

QoL results
Significance

L=16
F=3 -5 times/week
A=1758

Courneya
(2003]

L=12
F = 2 times/week
A=90

Bourke
(2011)

Pinto L=12
(2013) F =2 -5 times/week
A=76

D =20 - 30 mins
[=65t075% HR

Home-based
and personalised
exercise programme;
swimming, cycling or
walking

D =30 mis
[=55t085% HR

Supervised and
. home-based aerobic
exercise (threadmills,
rowing and cycling
ergometers) and
dietary advice

Home-based
exercise;brisk
walking, biking or
use of home exercise
equipment

D =20-30 mins
[=64-76% HR_

X

QoL = FACT-C (score)
F = FACT-F (score)
D = CESD (score)
A = STAI (score)

QoL = FACT-C (score)
F = FACT-F (score)

QoL = FACT-C (score)
F = FACT-F (score)

Control
Pre =107.0 (16.0)
Pos=109.8 (18.8)
Intervention
Pre =106.0 (14.0)
Pos=107.4 (16.5)
NS=Sb
Control
Pre =11.9 (10.8)
Pos =12.1 (10.8)
Intervention
Pre =13.1(10.1)
Pos =12.7 (10.9)
Nsab
Control
Pre =10.1 (12.0)
Pos =9.6 (10.9)
Intervention
Pre =9.6 (8.1)
Pos =8.6 (8.7)
Nsab
Control
Pre =39.2 (14.5)
Pos =35.5 (12.6)
Intervention
Pre =37.7 (11.3)
Pos =33.5 (12.6)
Nsab

Control
Pre =102 (15.0)
Pos =106 (13.0)
Intervention
Pre =120 (10.0)
Pos =120 (11.0)
Ns:
Control
Pre =42 (9)
Pos =43 (6)
Intervention
Pre =43 (7)
Pos =48 (4)
Sa
Control
Pre =105.3
Pos=110.8
Intervention
Pre =105.3
Pos=111.3
NS#St
Control
Pre =39.1
Pos=41.9
Intervention
Pre =39.1
Pos =422
NS#St
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Table 4. Continued

Study Length of Exercise session Type of exercises Instrument for variables QoL results
intervention (L) duration (D) measurement (parameter) Significance
(weeks) Intensity (I) Quality of life (QoL)
Frequency (F) Fatigue (F)
Exercise adherence Depression (D)
(A) (%) Anxiety (A)
Sleep quality (SQ)
Brown L=24 D =30- 60 mins Home-based aerobic QoL = FACT-C (score) Control
(2018) F =150 min-wk-1 1=50-70% exercise with F =FSI (score) Pre=115.2 (18.9)
(Low dose group) , HR threadmills SQ =PSQI (score) A-7.4(4.6)
300 min-wk-1 (High Intervention
dose group) Low dose
A =93 (low dose Pre =113.1 (13.7)
group) and 89 (high A 2.8 (2.6)
dose group) High dose
109.6 (14.0)
A2.0(2.8)
Sa
Control
Pre=6.9 (11.9)
A0.1(2.5)
Intervention
Low dose
Pre =3.8 (7.2)
A0.9(2.4)
High dose
12.7 (17.2)
A-5.9 (2.6)
Sa
Control
Pre =6.75 (4.4)
A0.4(0.7)
Intervention
Low dose
Pre =4.46 (3.0)
A0.1(0.7)
High dose
4.91(2.9)
A-0.7 (0.8)
Sa
Kim (2019) L=12 D => 10, 000 Home-based QoL = FACT-C (score) Control
Pre =97.5(19.9)

exercises; brisk
walking, hiking,

steps + 30 mins of
resistance exercises

F = First 6 weeks; 18
MET-hours, after 6

weeks;27 MET-hours using the body stationary bike and
A =81.1 (retention weight resistance exercises
rate) 1=165% of the with own body
HR weight
Christensen L=12 D = not specified Walking
(2019) F = Prescribed 1= 150 min/wk

interval walking for
150 min/week
A = mean total
adherence 90.5

F = FACT-F (score)
D = PHQ (score) Pos =99.1 (19.1)
Intervention
Pre =100.5 (18.1)
Pos =104.3 (17.5)
NS*SP
Control
Pre=41.0 (8.1)
Pos =423 (7.5)
Intervention
Pre =39.7 (9.6)
Pos =42.6 (8.5)
NS*SP
Control
Pre=4.2(4.3)
Pos=3.2(4.8)
Intervention
Pre =4.0 (4.5)
Pos=3.0 (4.5)
NS

Control
Pre =108 (19)
Pos =110 (18)

Intervention
Pre =112 (17)
Pos =121 (11)

NSeSP

QoL = FACT-C (score)
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Table 4. Continued

Study Length of intervention Exercise session Type of Instrument for variables QoL results
(L) (weeks) duration (D) exercises ~ measurement (parameter) Significance
Frequency (F) Intensity (I) Quality of life (QoL)
Exercise adherence Fatigue (F)
(A) (%) Depression (D)
Anxiety (A)
Sleep quality (SQ)
Ho (2020) L=48 D = 30 min for the Home- QoL = FACT-C (score) Control
F =5 days/week first 6 months; 60 based D = HADS-D (score) Pre =106.9 (16.6)
A=62% (30 min of  mins after 6 months  exercise; A= HADS-A (score) Pos-6 mths = 120.6 (16.8)
MVPA 5 days); 55% 1=30 min of MVPA  walking Pos-12 months = 120.3 (15.5)

(60 min of MVPA 5
days)

5 days; 60 min of
MVPA 5 days

Intervention
Dietary + Physical activity
Pre=110.4 (18.2)
Pos-6 mths = 122.7 (14.2)
Pos-12 months = 126.6 (9.6)
Physical activity
Pre=110.8 (16.1)
Pos-6 mths = 122.9 (15.7)
Pos-12 months = 122.8 (14.8)
Dietary
Pre=110.8 (16.1)
Pos-6 mths = 122.7 (15.5)
Pos-12 months = 124.3 (12.6)
NSq
Control
Pre=11.8 (3.4)
Pos-6 mths = 11.3 (3.2)
Pos-12 months = 10.7 (2.8)
Intervention
Dietary + Physical activity
Pre=11.9 (3.7)
Pos-6 mths = 10.8 (3.4)
Pos-12 months = 9.3 (2.2)
Physical activity
Pre =12.0 (3.2)
Pos-6 mths = 10.7 (3.1)
Pos-12 months = 10.9 (2.7)
Dietary
Pre=11.4(34)
Pos-6 mths = 11.0 (3.1)
Pos-12 months = 9.6 (2.8)
NSq
Control
Pre=10.7 (3.8)
Pos-6 mths =9.0 (3.2)
Pos-12 months = 9.1 (3.1)
Intervention
Dietary + Physical activity
Pre=10.6 (4.0)
Pos-6 mths = 8.9 (2.4)
Pos-12 months = 8.4 (1.6)
Physical activity
Pre=10.1 (3.5)
Pos-6 mths = 8.6 (3.0)
Pos-12 months = 8.5 (2.4)
Dietary
Pre=11.1(3.9)
Pos-6 mths = 8.7 (2.4)
Pos-12 months = 8.3 (2.0)
NSq

FACT-C, Functional Assessment of Cancer Therapy-Colorectal questionnaire (FACT-C); FACT-F, Functional Assessment of Cancer Therapy
Scale—Fatigue; CESD, Centre for Epidemiological Studies Depression scale; STAI, State-Trait Anxiety Inventory; FSI, Fatigue Scale Inventory;
PSQI, Pittsburgh Sleep Quality Index; HADS, Hospital Anxiety and Depression Scale; NS, not significant; S, significant; a, time*group effect

interaction; b, time effect

minutes per week [34, 35] to categorise the frequency of
the intervention. The adherence rate obtained from the
intervention studies ranged from 55% to 93%. All physical
exercises performed by the CRC survivors in these studies
were home-based exercise with prescribed intensity based

386  4sian Pacific Journal of Cancer Prevention, Vol 25

on a percentage of a maximum heart rate (HRmax) ranging
from 50% to 85% (HRmax).

Christensen et al. [35] placed their participants to
perform exercises based on their preferences for 150 min/
week. Similarly, Kim et al. [38] requested CRC survivors
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Control Intervention Std. Mean Difference
Author(s) and Year Mean sSD Total Mean SD Total Weight % 1V, Random, 95% CI
Courneya et al. (2003) 109.8 188 31 1074 165 62 21.74 —— -0.14 [-0.57, 0.29]
Bourke et al. (2011) 106.0 13.0 9 120.0 1.0 9 6.03 —_— 111 ]0.11,2.10]
Pinto et al. (2003) 110.8 1.6 26 111.3 11.5 20 14.48 —— 0.04 [-0.54, 0.63]
Kim et al, (2018) 99,1 19.1 34 1043 175 37 19.64 o 0.28 [-0.19, 0.75]
Christensen et al. (2019) 1100 18.0 20 12,0 110 19 12.34 - 0.72 [ 0.07, 1.37]
Ho et al. (2020) 106.9 16.6 56 110.8 16.1 56 25.79 il 0.24 [-0.13, 0.61]
RE Model for All Studies (Q = 8.408, df = 5, p = 0.135; I* = 30.8%, 12 = 0.031) . 0.25 [-0.01, 0.51]
Test for Overall Effect: Z = 1.88 (p = 0,060)

| PR I R |
20 L1 23

Favours Control Favours Intervention

Figure 2(a). Meta-Analysis for the Effect Estimate of Exercise Intervention on the Health-Related Quality of Life

Colorectal Cancer Survivors.

Control Intervention Std. Mean Difference
Author(s) and Year Mean SD Total Mean SD Total Weight % 1V, Random, 95% CI
Coumeya et al. (2003) 121 108 3l 127 109 6 38.45 - 0.05 [-0.38, 0.49]
Bourke et al. (2011) 43.0 6.0 9 480 4.0 9 7.55 N 0.93 [-0.04, 1.91]
Pinto et al. (2013) 41.9 590 26 422 6.0 20 21.03 —— 0.05 [-0.53, 0.63]
Kim et al. (2018) 423 75 34 426 8.5 37 32,97 .- 0.04 [-0.43, 0.50]
RE Model for All Studies (Q = 2.951, df = 3, p=0.399; ]2=U.U%,r2=0‘000} - 0.11 [-0.15, 0.3¥]
Test for Overall Effect: Z = 0.84 (p=0.403)
rrrror1i
-0 1 2

Favours Control Favours intervention

Figure 2(b). Meta-Analysis for the Effect Estimate of Exercise Intervention on the Fatigue Symptom Colorectal

Cancer Survivors.

in their study to do home-based exercises of more than 18
METs hours per week for the first 6 weeks later increasing
to 27 MET-hours for the remaining 6 weeks consisting of
more than 10,000 steps with 30 min of resistance exercise
using the body weight. Brown et al. [34] had two groups

of intervention frequency namely the low dose group with
150 min-wk-1 and the high dose group with 300 min-wk-1.

Bourke et al. [33] initiated the participants in his
study to exercise in supervised groups twice a week and
home-based exercise once a week for the first six weeks.

Control Intervention Std. Mean Difference
Author(s) and Year Mean SD Total Mean SD Total Weight % IV, Random, 95% CI
Courneya et al. (2003) 9.6 10.9 31 8.6 8.7 62 31.17 -—d—- -0.10 [-0.54, 0.33]
Kim et al. (2018) 32 4.8 34 3.0 4.5 37 26.75 r——t -0.04 [-0.51, 0.42]
Ho et al. (2020) 11.3 32 56 10.7 31 56 42.09 - -0.19 [-0.56, 0.18]
RE Model for All Studies (Q = 0.244, df = 2, p = 0.885; I = 0.0%, > = 0.000) - -0.12 [-0.36, 0.12]
Test for Overall Effect: Z=-1.01 (p=10.314)

| s e |

0.7 07 -
Favours control Favours intervention

Figure 2(c). Meta-Analysis for the Effect Estimate of Exercise Intervention on the Depression Symptom Colorectal

Cancer Survivors.

Control Intervention Std. Mean Difference
Author(s) and Year Mean SD Total Mean SD Total Weight %o IV, Random, 95% CI
Courneya et al. (2003) 355 12.6 31 335 1.5 62 42.44 — -0.17 [-0.60, 0.26]
Ho et al. (2020) 9.0 3.2 56 8.6 3.0 56 57.56 E -0.13 [-0.50, 0.24]
RE Model for All Studies (Q = 0.018, df = 1, p=0.893; I* = 0.0%, t° = 0.000) - -0.14 [-0.43, 0.14]
Test for Overall Effect: Z = -1.01 (p=10.314) :
1

06 06 i
Favours control Favours intervention

Figure 2(d). Meta-Analysis for the Effect Estimate of Exercise Intervention on the Anxiety Symptom Colorectal

Cancer Survivors.
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Later, during the remaining six weeks, it changed into
twice a week of home-based exercise and supervised
exercise once a week. Other studies prescribed the
duration of exercise ranged from 20-30 and 60 minutes
daily consisting of home-based aerobic exercises with
treadmills [34] or walking, cycling, and swimming [35-
39]. In addition to physical exercise, two studies [34, 37]
included dietary advice in their intervention. Ho et al. [37]
grouped the intervention group combined with dietary and
physical activity intervention group, physical activity only
and dietary intervention only.

Meta-analysis of HRQoL and other outcomes

One study was excluded from meta-analysis because
it did not present mean and standard deviation at post-
intervention study [34]. Meanwhile, for study by Ho et al.
[37], the mean and standard deviation of HRQoL, fatigue,
depression, and anxiety scores were taken from the control
group and physical activity intervention group only. The
assessment of publication bias was unreliable because
insufficient studies were included in the meta-analysis.

Effects of exercise intervention on health-related quality
of life

Seven studies included in this review evaluated
the quality of life after exercise intervention [33-39].
However, one study was excluded in meta-analysis
because absence of mean and standard deviation reported
after the intervention [34].

The results of the meta-analysis of pooled data on
HRQoL from six studies [33, 35-39] involving 379
participants (exercise intervention group, n = 203;
control group, n = 176) showed no significant effect
of exercise intervention on HRQoL in the intervention
group compared to control group [SMD = 0.25; 95% CI;
—-0.0,0.51; Z=1.88; p=0.06; I> = 30.8%] (Figure 2(a)).
Albeit the p-value was slightly above the conventional
significance threshold of 0.05, the results hint at a
borderline level of significance for the overall effect
size across the studies and shows the effect favours the
intervention group. In addition, according to a study by
Brown et al., 300 minutes a week of aerobic exercise was
associated with a higher quality of life compared to 150
minutes a week of aerobic exercise and control group
without exercise.

Furthermore, two studies [35, 38] demonstrated an
increase of HRQoL scores significantly in the intervention
group at post-baseline assessment compared to no
changes in the control group after home-based exercise.
Nevertheless, the intention-to-treat analysis carried out
by Courneya et al. [36] found no significant difference
in HRQoL score between the groups. Later, exploratory
ancillary analysis performed on the increased and
decreased cardiovascular fitness revealed significant
differences in the increased group for change in the
HRQoL score.

Effects of exercise intervention on fatigue, anxiety, and
depression

Four studies reported the effects of exercise on fatigue
[33, 36, 39, 38] involving 228 participants (exercise
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intervention group, n = 128; control group, n = 100).
A meta-analysis of pooled fatigue scores after exercise
intervention compared to control group showed no
significant difference [SMD =0.11; 95% CI; -0.15, 0.38;
7 =0.84; p=0.403; I> = 0.0%] (Figure 2(b)).

In contrast, the remaining study showed that fatigue
score was improved in a dose-response fashion whereby
high dose group 300 min-wk-1 contribute to the largest
improvements followed by low dose group 150 min-wk-1
compared to the control group after 6 months of home-
based aerobic exercise intervention [34]. This result
correlates with the study by Bourke et al. [33] revealed
there was a significant difference in improvement in the
fatigue score of the intervention group compared with
the control group.

Three studies reported the effects of exercise on
depression [36, 38, 37] involving 276 participants
(exercise intervention group, n = 155; control group, n =
121). A meta-analysis of pooled depression scores after
exercise intervention compared to control group showed
no significant difference [SMD = —-0.12; 95% CI; —0.36,
0.12; Z = -1.01; p = 0.314; I> = 0.0%] (Figure 2(c)).
However, exploratory ancillary analysis performed in a
study [36] reported a borderline significant decreased of
depression scores in the increased fitness level group from
baseline to post-intervention.

Two studies reported the effects of exercise on
anxiety [36, 37] involving 205 participants (exercise
intervention group, n = 118; control group, n = 87).
Further meta-analysis of pooled anxiety scores after
exercise intervention compared to control group showed
no significant difference [SMD = —0.14; 95% CI; —-0.43,
0.14; Z = -1.01; p = 0.314; 1> = 0.0%] (Figure 2(d)).
Nevertheless, the ancillary analysis done by Courneya et
al. [36] revealed a significant decrease in anxiety score
between increased and decreased fitness after home-based
exercise intervention.

Discussion

Several cancer survivors endure the side effects of
the illness and therapy after being diagnosed and treated.
Exercise intensities vary depending on the kind of cancer,
and it is an essential component of non-pharmaceutical
therapy. Therefore, the effect of exercise on HRQoL in
colorectal cancer survivors following treatment has been
the focus of inconclusive research. Thus, the purpose of
this meta-analysis was to assess the effect of exercise on
HRQoL in CRC survivors after treatment.

The findings in this meta-analysis demonstrated that
there was a borderline significant improvement of HRQoL
level after exercise intervention compared to usual care
group among CRC survivors. Meanwhile, other outcomes
for fatigue, depression, and anxiety scores showed no
significant effects observed after exercise intervention.
These findings are consistent with the results of previous
meta-analysis reported that no association was observed
between HRQoL and exercise intervention in their RCTs’
meta-analysis [24, 40].

Despite the borderline significant evidence of exercise
improve HRQoL, an improvement of roughly one-half of
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a standard deviation (d = 0.5) is considered a minimally
clinically important difference for patient-reported
HRQoL measures when compared to the control group
[41]. Hence, the level of HRQoL improvement in these
studies [33, 35, 38] is, therefore, compatible, with a
clinically significant benefit.

However, this meta-analysis findings was contradicted
with a meta-analysis study done on RCTs by Kraemer
e.t al. [23], which reported an adherence rate of more
than 80% of home-based physical exercise programs
were significant to improve the HRQoL but not fatigue,
depression, and anxiety among CRC patients undergoing
treatment. There is also evidence from other meta-analysis
study on RCTs is effective in improving QoL, fatigue
and among CRC patients either preparing, undergoing,
or having completed treatment [42]. Meanwhile, other
meta-analysis on RCTS verified improvement of disease-
specific QoL among CRC survivors after physical
intervention. It reported more intense physical activity
gives better QoL [13].

The lack of significant results in the exercise
intervention impact on HRQoL CRC survivors compared
to usual care group may be partially explained by several
factors. Firstly, the contamination of the control group
may explain the non-modification of HRQoL scores in
the study by Courneya et al. [36] which is similar to Lin
et al. [43]. In both studies, the control groups were not
restricted from doing exercise during the intervention.
Secondly, the insignificant difference in HRQoL in the
studies by Pinto et al. [39] and Ho et al.[37] is most likely
the result of a potential ceiling effect on the quality of life
and exercise interventions. Therefore, CRC survivors with
lower baseline levels of exercise should be included in
future investigations.

Thirdly, the significant improvements in QoL between
groups in Brown et al. [34] showed that exercise had a
dose-response effect on HRQoL results. Previous studies
looked at exercise volumes ranging from 60 to 150
minutes per week, which may not have been enough to
encourage improvements in HRQoL.

Besides that, exercise type recommended also
influenced the effectiveness of exercise intervention
performed. It is because according to clinical guidelines
in oncology, exercise programs combining resistance and
aerobic training improve HRQoL more than those that
exclusively include aerobic or resistance training only.
Next, the majority of the individuals that were recruited
for this study were under 60 years old, which suggests
that this age group may be more vulnerable to HRQoL
deficits and frequently motivated to engage in beneficial
risk-reducing behaviours.

Implications for Further Research

Even though research findings provided a body of
solid evidence for being physically active for the quality
of life enhancement, many perspectives, barriers, and
preferences need to be acknowledged and addressed
to increase physical activity participation rates among
CRC survivors [44]. Thus, specific aspects such as the
best time to initiate the exercise and presence of medical
comorbidities may complicate the physical activity

engagement. Meanwhile, motivational readiness should
also be considered when attempting to increase physical
activity in CRC survivors [39].

A greater understanding of essential intervention-
related factors, such as the timing and mode of intervention
delivery, intervention length, and exercise characteristics
in terms of frequency, intensity, type, time (FITT factors)
are also required to maximise the effects of exercise [45].
Besides that, individuals with poor quality of life, fatigue,
and physical function improved significantly following the
exercise intervention, implying that the most significant
benefit of treatments may focus on those most in need [45,
39]. Therefore, healthcare providers are recommended
to encourage sedentary cancer survivors to engage in
physical activity, even at modest levels [46]. Besides
that, more experimental studies should be carried out with
rigorous methodology to evaluate the safety of exercise
interventions before it is recommended as a routine
activity in post-treatment management for CRC survivors.

Limitations

The limitation of this systematic review is that
variations of patient populations, outcome definitions,
type, and frequency of physical exercises are not the same
across studies. Few eligible studies in this review are home-
based exercise interventions; therefore, other structured
and supervised exercise programs are not available for
comparison. A future systematic review should include
other types of physical activity interventions utilised to
identify an effective physical activity intervention to help
CRC survivors maintain their health and quality of life
for long periods of time.

In conclusion, the result of the meta-analysis in this
work provides key insights into the effect of exercise on
HRQoL CRC survivors. This review provides additional
evidence to support implementing physical activity
as part of standard care regime to improve quality of
life. However, future studies should optimise exercise
participation and adherence and determine the type of
exercise, length of the program or exercise session, and
intensity of exercise required for CRC survivors to further
confirm the effects of exercise intervention on HRQoL
CRC survivors.
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