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setting after completing primary treatments. Effective and efficient modes of PA
intervention delivery could improve health-related outcomes and address specific
barriers for CRC survivors.
Asacommonly diagnosed cancer in both men and women,
colorectal cancer (CRC) represents a global concern1; it is
the third leading cause of death worldwide and one of the

3 most prevalent cancers in Korea.2,3 Owing to advancements in
treatments and early detection from routine screening, the survival
rate of CRC has increased in recent years such that the 5-year rel-
ative survival rate is 89.9% to 71.3% in localized and regional
stages, respectively,4 suggesting that the individuals live longer
with cancer as those with other chronic diseases.

A cancer survivor is any individual with cancer from the time
of initial diagnosis to the end of life,5 encompassing those who
have been newly diagnosed, have completed their primary treat-
ment, and have no evidence of active disease.6 When considering
the phenomena of late- and long-term effects of the primary
treatment of cancer on the health and well-being of survivors,7,8

the posttreatment stage of survivorship may be a critical period to
practice self-care for the management of the disease. In particular,
CRC survivors need to maintain a healthy lifestyle during the
posttreatment period as physical activity (PA) reduces the risk
of cancer recurrence and mortality after postoperative adjuvant
treatment for CRC survivors.9

Physical activity is critical for cancer survivors.10 The 2018
PA guidelines for cancer survivors recommend that survivors
should avoid inactivity by engaging in PA for at least 150 to
300 minutes per week of moderate aerobic activity, or 75 to
150 minutes per week of vigorous activity (or an equivalent com-
bination of moderate- and vigorous-intensity aerobic activity)
and at least 2 days per week of strength activity to gain substantial
health benefits.11–14 However, adherence to PA guidelines has
been shown to be lacking among cancer survivors, with approx-
imately 44% of long-term cancer survivors not meeting the
guidelines.15 In particular, CRC survivors have been found to
have the lowest rates of PA when compared with survivors of
other types of cancer16 although PA after diagnosis has been
associated with lowering the overall risk of mortality, as well as
CRC-specific mortality.17

A variety of interventions including the utilization of telephone-
based multimodal health behaviors,18 a wearable device,19 and a
mobile healthcare application20 have been found to improve PA
for CRC survivors. Systematic reviews and meta-analyses have
revealed that interventions may improve patient outcomes, in-
cluding their quality of life, physical functioning, and level of
anxiety.21–23 However, limited evidence regarding the effects of
PA on the health outcomes of CRC survivors has been reported,
as most studies have included samples of patients with different
cancer diagnoses.24,25 Thus, the unique effect of PA on CRC pa-
tients remains unclear.

In recent years, Cramer and colleagues26 examined the effec-
tiveness of exercise for CRCpatients, whereas Brandenbarg et al27

studied the effect of PA on fatigue. However, these studies in-
cluded CRC patients who were receiving primary and adjuvant
Physical Activity Interventions for CRC Survivors
treatments. Because the aims and the content differ between
the interventions for CRC patients actively receiving treatment
and those who have completed treatment, aggregating these dif-
ferent populations in a single study may obfuscate the efficacy of
the intervention. Furthermore, Eyl and colleagues28 investigated
the association between PA and quality of life in CRC survivors
who were 5 or more years postdiagnosis; however, the authors
included both observational and cross-sectional studies in the
7 selected studies, which limited the conclusions regarding the
effects of PA. There is evidence of PA’s benefits for survivors of
breast cancer and prostate cancer; however, research among other
cancer survivor groups has been relatively understudied.29 There-
fore, this study aimed to examine the effect of PA interventions
for CRC survivors.
n Methods

Design
We conducted a systematic review and meta-analysis to examine
the effect of randomized controlled trials that aimed to increase
PA among CRC survivors. We followed the Cochrane Handbook
for Systematic Review of Interventions,30 as well as PRISMA (Pre-
ferred Reporting Items for Systematic Reviews andMeta-analyses)
guidelines.31

Key Questions

The key questions for our systematic review were developed using
PICO-SD guidelines (ie, patient, intervention, comparison, out-
come, study design). For inclusion in this review, the sample of pa-
tients was required to be CRC survivors. We did not limit the
cancer stage and treatment methods for patients; however, we in-
cluded only studies of CRC survivors who had completed the pri-
mary treatment (ie, chemotherapy or radiation) prior to their
recruitment. The studies included interventions that encompassed
a variety of programs that used solely PA interventions, as well as
those interventions that includedmixed or comprehensive programs
to promote lifestyle changes. Studies were eligible for inclusion if the
comparison group was composed of CRC survivors receiving usual
care and no intervention. The outcome variables of interest were the
patients’ quality of life, level of PA, fatigue, VO2max (ie, the maxi-
mum amount of oxygen a person can utilize during PA),32 and
their body mass index (BMI). Finally, we included only studies
that were randomized controlled trials.

Search Strategy
A search strategy was developed using an iterative process based
on the recommendations of the Cochrane Collaboration.30 We
searched for studies that compared a PA intervention with usual
Cancer NursingW, Vol. 44, No. 6, 2021▪E415



care in samples of CRC survivor patients using Ovid-MEDLINE,
Ovid-EMBASE, Cochrane Central Register of Controlled Trials,
and Cumulative Index to Nursing and Allied Health Literature
until February 4, 2019. Five Korean databases (KoreaMed,
KMbase, KISS, RISS, and NDSL) were also used without re-
strictions in publication year or language. Finally, we conducted
manual searches through the reference lists of identified articles
to locate additional potential studies.

The selected search terms included keywords as well as using
Medical Subject Heading (MeSH) terms that specified participants
and intervention. Search terms for patients were “exp Colorectal
Neoplasms/,” “((colorectal$ or colon$ or rect$) adj2 (cancer$ or
neoplasm$ or tumor$ or tumor$ or malignan$ or carcinoma$ or
adenocarcinom$)).tw.”. Search terms for intervention were “phys-
ical activit$.tw.,” “exercis$.tw.,” “(life style or life style).tw.,” “exp
Sports/,” “walking/,” “running/,” “jogging,” and other related terms.
Details of the search strategy are provided in the Appendix 1.

Study Selection
INCLUSION AND EXCLUSION CRITERIA

Studies were eligible for inclusion in the review andmeta-analysis
if they (a) evaluated an intervention designed to increase PA, in-
cluding trials focusing on multiple behaviors; (b) included adult
CRC patients who had completed treatment; (c) reported at least
one of the outcomes of interest; and (d) were randomized con-
trolled trials. Studies were excluded if they (a) did not include an
appropriate comparison group, such as a comparison of high-dose
intervention with low-dose intervention; (b) were only available as
an abstract; (c) were written as a review, editorial, or commentaries,
rather than a randomized controlled trial; and (d) were published in
a language other than Korean or English.

IDENTIFICATION AND SELECTION OF STUDIES

After all of the potentially relevant studies were identified from each
database, duplicate articles were removed. Studies were selected for
inclusion in the review using a multistep screening strategy. First,
studies that were identified through the search that was found to have
an irrelevant title that did not include research questions relevant to
the review were excluded. Next, we assessed the abstract and ex-
cluded those that did not fit with the research question. If the abstract
indicated that the study collected data from a randomized controlled
trial on a PA intervention for CRC survivors, the full text of the ar-
ticle was reviewed to determine the eligibility. To evaluate the suit-
ability of the remaining studies, unrelated or nonapplicable studies
were excluded by following inclusion and exclusion criteria. Two au-
thors (Y.J. andH.S.) independently reviewed the identified articles to
determine if they met all the inclusion criteria. Disagreements be-
tween the authors were resolved through discussion or consultation
with a third author (J.C.) when it was necessary.

Risk of Bias
Quality assessment was conducted using the Cochrane’s risk-of-bias
tool that covers 6 domains of bias, including selection, performance,
detection, attrition, reporting, and other bias.23 For the assessment
E416▪Cancer NursingW, Vol. 44, No. 6, 2021
of performance bias, it is generally difficult to blind participants in
interventions targeting behavioral change because self-reported
questionnaires are typically used to measure behavioral outcomes.
Therefore, we did not assess the blinding of participants in our re-
view. Two authors (Y.J. and H.S.) independently evaluated the
risk of bias in each domain by classifying the risk as being low, high,
or unclear. Disagreements between the authors were resolved
through discussion until consensus was achieved or through con-
sultation with another author (J.C.).

Statistical Analysis

Meta-analysis was conducted using the Review Manager version
5.3 software.30 The weighted mean differences (MDs) or stan-
dardized mean differences (SMD) with 95% confidence intervals
(CIs) were calculated for continuous outcomes. The statistical
heterogeneity was quantified using the I2 statistic, which ranges
from 0% to 100% and represents the proportion of interstudy var-
iability thatmay contribute to the heterogeneity of the results rather
than them being by chance. When I2 >50%, heterogeneity was de-
termined to exist among the studies, and the random-effects model
(DerSimonian-Laird method) was conducted for meta-analysis.30

We were unable to perform a subgroup analysis or sensitivity anal-
ysis because of an insufficient number of selected studies.
n Results

Search Results
The electronic search yielded 13 233 potential studies, with one
study being identified through a manual search. After duplicating
records were removed, 10 456 articles remained. Further evalua-
tion of titles and abstracts indicated that 10 406 did not meet the
inclusion criteria. Of these, 50 full-text articles were obtained for
detailed eligibility assessment. Forty-two articles that did not
meet the eligibility criteria were excluded. Finally, 8 articles, in-
cluding 7 trials, were selected for the systematic review. Of these,
2 articles33,34 were from the same trial. Consequently, 7 articles,
including 6 trials, were used for the quantitative synthesis of
meta-analysis. Figure 1 illustrates the article selection process.

Risk of Bias in Included Studies
A summary of the overall risk of bias is presented in Figure 2.
Three studies had a low risk of bias in selection (ie, random se-
quence generation and allocation concealment) and detection
bias (ie, blinding of outcome assessment), whereas the other 4
studies had an unclear risk of bias. Three studies3–35 were evalu-
ated as having a high risk of attrition bias as the dropout rates for
these studies were greater than 20%. We also assessed the risk of
reporting bias and other bias (baseline imbalance) and found that
all studies were evaluated as low risk.

Study Characteristics
The characteristics of the 7 selected articles are shown in Table 1.
Three studies were conducted in the United States,33,34,37,39
Jung et al



Figure 1▪Flow diagram of the study selection process.
whereas 2 studies were performed in South Korea.35,36 The re-
maining studies were carried out in the United Kingdom40 and in
Canada and Australia.38 All of the studies were published after
2011. A total of 803 CRC survivors were included in the 7 stud-
ies, with the sample size of each ranging from 18 to 284 partici-
pants. Age and the proportion of women ranged from 56.2 to
69.0 years and 33.3% to 61.5%, respectively. In most studies,
the description of the intervention delivered to the control group
was not fully explained and was identified as being only “usual
care.”Usual care could have included providing educational mate-
rials that addressed topics related to PA, symptom monitoring, or
brief advice regarding the maintenance of usual behavior patterns.

Four studies included patients with colon cancer,33,34,37,38,40

whereas 3 studies involved patients with CRC.35,36,39 The cancer
stage of the participants was from I to III in all studies. The elapsed
time since their completion of primary treatment varied between
the patients. The studies included patients who had completed
cancer treatment within 5 years,39 since cancer treatment comple-
tion within 3 years,33,34 or within 2 years.35,36,40 Additionally, in 2
studies, patients were included within 2 to 6 months of receiving
adjuvant chemotherapy38 or at least 6 weeks after surgery.37

The interventions for PA were also diverse. Six studies33–39

included a program targeting only PA, whereas 1 study40 provided
an intervention targeting both PA and nutrition. All of the studies
Physical Activity Interventions for CRC Survivors
used home-based PA interventions, although 2 studies38,40 added
supervised exercise sessions to the home-based PA program. A sin-
gle study used an eHealth intervention with a smartphone.37

For the intervention periods, 3 studies conducted 12-week
interventions,35,39,40 2 lasted 6 months,33,34,37 and 1 study had
a 6-week intervention.36 Finally, 1 study38 involved an interven-
tion with a total duration of 3 years, but only reported the results
from the first year of the intervention.

All studies employed a combination of methods of behav-
ioral change. The most commonly used techniques were the
self-monitoring of behavior, goal setting for the desired behavior,
feedback, behavioral information, and social support (see Table 2
for details). Finally, the types of PA that were primarily used in-
cluded aerobic exercise, such as brisk walking and biking, and a
combination of resistance exercises.35,36,40
Effects of Interventions
DISEASE-SPECIFIC QUALITY OF LIFE

Disease-specific quality of life was reported in 5 studies,34,35,37,39,40

and 3 of these studies were available for quantitative synthesis.
In the meta-analysis, PA intervention significantly improved
the disease-specific quality of life as compared with usual care
Cancer NursingW, Vol. 44, No. 6, 2021▪E417



Figure 2▪Assessment of the risk of bias in the final selection of included studies. A, Graph of the risk of bias. B, Risk-of-bias
summary.
(MD, 3.74; 95% CI, 0.22-7.25). Overall, the heterogeneity of
study results was high (I2 = 71%). In 2 studies, quantitative syn-
thesis was not possible37,40; however, disease-specific quality of
life was not significantly different between the 2 groups.

LEVEL OF PA

The level of PA was reported in 6 studies,35–40 and 3 of these
studies were available for quantitative synthesis. The pooled data
showed a significant rise in the level of PA for those receiving the
intervention (SMD, 0.80; 95% CI, 0.28-1.32). Overall, hetero-
geneity of study results was high (I2 = 79%). One of the 3 studies
for which quantitative synthesis was not possible reported a
significant difference in the level of PA,39 whereas 2 studies37,40

reported no significant differences between the intervention and
control groups.
E418▪Cancer NursingW, Vol. 44, No. 6, 2021
FATIGUE

Fatigue was reported in 4 studies,33,35,39,40 and 3 of these studies
were available for quantitative synthesis. In the meta-analysis, PA
intervention did not show a significant effect for reducing partic-
ipants’ fatigue (SMD, 0.17; 95% CI, −0.37 to 0.72; I2 = 45%).
On the other hand, there was no significant effect on fatigue for
the 1 study for which quantitative synthesis was not possible.39
THE MAXIMUM AMOUNT OF OXYGEN

The maximum amount of oxygen a person can utilize during
PA32 was assessed using VO2max in 2 studies.38,39 The pooled
effects showed a significant improvement in the intervention
group as compared with usual care (MD, 3.19; 95% CI, 1.24-
5.13; I2 = 0%).
Jung et al
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BODY MASS INDEX

Body mass index was reported in 3 studies.34,36,40 Physical activity
intervention was not found to significantly decrease BMI compared
with usual care (MD, −0.21; 95%CI, −0.48 to 0.06; I2 = 0%) (See
Figure 3 for all outcomes).

n Discussion

As the survival rate of CRC has improved, the survivors of CRC
need to increase their PA when they return to their homes and
community after completing primary treatment. More than
three-fourths of all cancer survivors have reported supportive care
needs, and their highest perceived needs have included healthy
lifestyle programs,41 suggesting the need for increased attention
Figure 3▪Forest plot of meta-analysis on effects of physical activ
physical activity. C, Fatigue. D, VO2max. E, Body mass index.

Physical Activity Interventions for CRC Survivors
on survivors during the posttreatment period. Previous studies,
including systematic reviews and meta-analyses, have examined
the effect of PA on the various types of cancer, but the unique ef-
fect of PA on CRC patients is still unclear. To the best of our
knowledge, this study is the first to examine the effect of PA in-
terventions on CRC survivors.

We found that PA interventions significantly improved
disease-specific quality of life compared with those patients in
the control group. The positive association between PA and qual-
ity of life for CRC survivors has previously been confirmed for
various types of cancer survivors.18,19,28 For CRC survivors, par-
ticularly, prospective studies have suggested a relationship between
PA and quality of life during the 2 years following the cancer diag-
nosis, with these associations being found both between and within
participants.42 Furthermore, a dose-response relationship between
ity intervention. A, Disease-specific quality of life. B, Level of
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PA and quality of life for CRC survivors has been found, which
indicates that the more intense PA, the better quality of life.43

Although strong evidence supports the benefits of PA for CRC
survivors’ quality of life, the mechanisms that explain why PA
increases the quality of life have not been fully explained. A
plausible explanation could be made for the context as consid-
ering the relationship between PA and quality of life. Lynch
and colleagues44 described the association between sedentary
behavior and quality of life, stating that sedentary behaviors,
such as television viewing, may reduce social interaction and
quality of life. During the PA intervention, the additional forms
of social interaction (ie, face-to-face or remote coaching) could
also contribute to the survivors’ increased quality of life, particu-
larly the social and emotional aspects. Future investigations are
needed to clarify the etiologic nature of the relationship between
PA and quality of life among CRC survivors.

In our meta-analysis, we found that PA interventions did not
significantly improve fatigue for CRC survivors. Previous reviews
are consistent with this finding, indicating that PA interventions
have not identified significant group differences in patients’
fatigue.26,27 Fatigue in cancer patients has been acknowledged
as a multifactorial construct that encompasses both physical symp-
toms (ie, tiredness) and psychological disturbance, and research
has suggested the presence of a complex interaction between vari-
ous etiologic mechanisms.45 Therefore, PA interventions that fo-
cus on the physical aspect of a patient’s health and well-being
may not contribute to improving fatigue, suggesting that mul-
timodal interventions that combine PA with psychosocial ap-
proaches could be more appropriate to ameliorate fatigue in
CRC survivors.

In the current study, BMI was shown to decrease in both the
intervention and control groups with no significant differences
for changes in BMI between the groups, which is consistent with
a recent randomized controlled trial promoting PA in CRC and
endometrial cancer survivors.19 In a 2-year longitudinal study,42

additionally, a change in BMI between 6 and 12 months follow-
ing diagnosis was observed, but no significant interactions were
found between PA, BMI, and quality of life. Lynch and col-
leagues42 discussed these results in the context of the timing of
diagnosis and cancer treatment, indicating that most participants
have typically returned to their previous BMI within 1 year after
diagnosis. Because the participants in our study completed the
primary treatment, the absence of significant findings may reflect
this explanation. Furthermore, this pattern of findings may be ex-
plained by the discrete characteristics of the definition of PA as
compared with exercise. The terms PA and exercise are used inter-
changeably; however, they are conceptually different. As a subset
of PA, exercise is defined as a planned, structured, and repetitive
form of PA, whereas the broader construct of PA is characterized
as being any bodily movement made by skeletal muscles.46

As a complex behavior, PA encompasses light-, moderate-, or
heavy-intensity physical activities.46 Thus, targeting the broader
construct of PA in an intervention might be sufficient to change
BMI onlywhen the intervention has a longer duration (eg, >12weeks),
different modes, volumes, or intensities of PA.

Regarding the place and delivery method of the interventions,
most of the included studies used home-based exercise, although 2
E424▪Cancer NursingW, Vol. 44, No. 6, 2021
studies38,40 included supervised exercise sessions. A home-based
study using current wearable technology, such as activity trackers,
was adopted in many research settings to help cancer survivors
self-assess their progress at home.47 Smartphone and web-based
interventions have also been popularly used as an effective modal-
ity to improve PA48,49; a high need for eHealth for the supportive
care of cancer survivors is needed.41 One study by Mayer and col-
leagues37 utilized a smartphone application and reported the lack
of significant differences in the level of PA between intervention
and control groups, although PA increased in both groups. The
absence of significant differences might be related to the fact that
the individuals in the control group also received a type of inter-
vention, which led to the increased PA. They were provided with
an educational booklet, audio program, and a pedometer, whereas
the smartphone application was added only for those in the inter-
vention group. Although previous research has reported the sub-
stantial impact of eHealth, further research is required to identify
the effective method of delivering PA intervention for CRC survi-
vors (ie, home-based, supervised, or internet-based).

In practice, a tailored PA intervention needs to be developed
to improve disease-specific quality of life, the level of PA, and the
maximum amount of oxygen. Based on our findings, specific
considerations are necessary when developing a PA intervention
for CRC survivors. We showed that the interventions signifi-
cantly improved the level of PA and fatigue in 2 studies38,40 that
included supervised exercise sessions. Another study also demon-
strated that supervised training is more effective for PA than is
unsupervised training.50 Because most interventions for survivors
are conducted in the community, independently initiating PA af-
ter they are discharged from the hospital may be challenging.
Therefore, the supervised sessions in the PA program are needed.

In addition, the intervention durations of the selected studies
varied from 6 weeks to 3 years. Except for 1 study,38 most inter-
ventions had a relatively short duration lasting less than 6months.
The selected studies showed that the increased PA was not main-
tained over time when the intervention was complete.37,39 Evi-
dence from the previous study supports that interventions with
booster sessions improved long-term rehabilitation outcomes
for cardiac and orthopedic patients.51 To make PA intervention
more effective during a short period, therefore, a booster session
could be used as a supplementary method after the intervention
is provided.

As PA barriers differ by the types of cancer,52 CRC survivors
more frequently encounter a number of disease-specific and
treatment-related difficulties such as bowel dysfunction that con-
tribute to physical inactivity.53,54 For CRC survivors, a simple
recommendation may be insufficient to practice PA after they
are discharged. Therefore, healthcare providers must develop a
more personalized PA plan with the CRC survivors before they
complete the primary treatment such as paying close attention
to the potential barriers or perceived difficulties for PA that the
survivors may confront.

Study Limitations
There are several limitations to this meta-analysis. First, the num-
ber of studies included in the current study is relatively small. As
Jung et al



the total sample size was also small, conducting subgroup analy-
ses was not possible. Thus, we could not conclusively determine
which types of PA interventions were effective for CRC survi-
vors. Additional randomized controlled trial studies are required
in the future. Second, the characteristics of CRC survivors were
not comparable in each of the selected studies. The frequency, in-
tensity, type, and duration of PA could be essential components
when developing an effective intervention.55 Owing to the hetero-
geneity of the studies and the relatively small sample size included
in the current meta-analysis, it was not possible to conduct a sub-
group analysis to determine which characteristics are the most ef-
fective modality for a PA intervention. Finally, the duration of
the interventions was relatively short. Because engaging in PA
across their life span is essential for CRC survivors, additional
randomized controlled trials with longitudinal designs are needed
to establish the long-term effects of PA to understand the benefits
of daily and self-directed PA.
n Conclusions

This systematic review and meta-analysis provided evidence that
PA interventions were effective on disease-specific quality of life,
the level of PA, and the maximum amount of oxygen, while the
interventions did not improve fatigue and BMI. Additional ran-
domized controlled trials are required to determine the specific
optimal mode of delivering PA intervention for CRC survivors,
as the effective and efficient mode of PA intervention delivery
may improve health-related outcomes and specific barriers or dif-
ficulties in CRC survivors.
References

1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global
cancer statistics 2018: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer J Clin. 2018;68(6):
394–424.

2. WorldHealthOrganization. Cancer fact sheets. UpdatedMay 12, 2020. https://
www.who.int/news-room/fact-sheets/detail/cancer. Accessed May 14, 2020.

3. Jung KW,Won YJ, Kong HJ, Lee ES. Cancer statistics in Korea: incidence,
mortality, survival, and prevalence in 2016. Cancer Res Treat. 2019;51(2):
417–430.

4. National Cancer Institute, National Institutes of Health. Cancer stat facts.
Colorectal Cancer. 2016. https://seer.cancer.gov/statfacts/html/colorect.
html. Accessed January 2020.

5. National Cancer Institute, NCI Dictionary of Cancer Terms. 2020. https://
www.cancer.gov/publications/dictionaries/cancer-terms/search?contains=
false&q=survivor. Accessed June 2, 2020.

6. Moser EC, Meunier F. Cancer survivorship: a positive side-effect of more
successful cancer treatment. EJC Suppl. 2014;12(1):1–4.

7. Aziz NM. Cancer survivorship research: challenge and opportunity. J Nutr.
2002;132(11):3494S–3503S.

8. Aziz NM, Rowland JH. Trends and advances in cancer survivorship research:
challenge and opportunity. Sem Radiat Oncol. 2003;13(3):248–266.

9. Meyerhardt JA, Giovannucci EL, Holmes MD, et al. Physical activity
and survival after colorectal cancer diagnosis. J Clin Oncol. 2006;24(22):
3527–3534.

10. Patel R, Peterson R. Cardiomyopathy presenting prenatally with functional
tricuspid and pulmonary atresia. Echocardiography. 2019;36(9):1779–1782.
Physical Activity Interventions for CRC Survivors
11. Campbell KL, Winters-Stone KM, Wiskemann J, et al. Exercise guidelines
for cancer survivors: consensus statement from international multidisciplinary
roundtable.Med Sci Sports Exerc. 2019;51(11):2375–2390.

12. 2018 Physical Activity Guidelines Advisory Committee. Physical Activity
Guidelines Advisory Committee Scientific Report. Washington, DC: US
Department of Health and Human Services; 2018. https://health.gov/
sites/default/files/2019-09/PAG_Advisory_Committee_Report.pdf. Accessed
May 18, 2020.

13. Piercy KL, Troiano RP, Ballard RM, et al. The physical activity guidelines
for Americans. JAMA. 2018;320(19):2020–2028.

14. Piercy KL, Troiano RP. Physical activity guidelines for Americans from
the US Department of Health and Human Services. Circ Cardiovasc Qual
Outcomes. 2018;11(11):e005263.

15. Bøhn SH, Lie HC, Reinertsen KV, et al. Lifestyle among long-term
survivors of cancers in young adulthood. Support Care Cancer. 2020;3:5.

16. Courneya KS, Katzmarzyk PT, Bacon E. Physical activity and obesity in
Canadian cancer survivors: population-based estimates from the 2005
Canadian community health survey. Cancer. 2008;112(11):2475–2482.

17. Schmid D, Leitzmann MF. Association between physical activity and
mortality among breast cancer and colorectal cancer survivors: a systematic
review and meta-analysis. Ann Oncol. 2014;25(7):1293–1311.

18. Grimmett C, Simon A, Lawson V, Wardle J. Diet and physical activity
intervention in colorectal cancer survivors: a feasibility study. Eur J Oncol
Nurs. 2015;19(1):1–6.

19. Maxwell-Smith C, Hince D, Cohen PA, et al. A randomized controlled trial
of WATAAP to promote physical activity in colorectal and endometrial
cancer survivors. Psychooncology. 2019;28(7):1420–1429.

20. Cheong IY, An SY, ChaWC, et al. Efficacy of mobile health care application
and wearable device in improvement of physical performance in colorectal
cancer patients undergoing chemotherapy. Clin Colorectal Cancer. 2018;17(2):
e353–e362.

21. Cramp F, Byron-Daniel J. Exercise for the management of cancer-related
fatigue in adults. Cochrane Database Syst Rev. 2012;11:CD006145.

22. Fong DY, Ho JW, Hui BP, et al. Physical activity for cancer survivors:
meta-analysis of randomised controlled trials. BMJ. 2012;344:e70.

23. Speck RM, Courneya KS, Mâsse LC, Duval S, Schmitz KH. An update of
controlled physical activity trials in cancer survivors: a systematic review and
meta-analysis. J Cancer Surviv. 2010;4(2):87–100.

24. GroenWG, vanHartenWH, Vallance JK. Systematic review andmeta-analysis
of distance-based physical activity interventions for cancer survivors
(2013-2018): we still haven’t found what we’re looking for. Cancer Treat
Rev. 2018;69:188–203.

25. Tollosa DN, Tavener M, Hure A, James EL. Adherence to multiple health
behaviours in cancer survivors: a systematic review and meta-analysis.
J Cancer Surviv. 2019;13(3):327–343.

26. Cramer H, Lauche R, Klose P, Dobos G, Langhorst J. A systematic review
and meta-analysis of exercise interventions for colorectal cancer patients.
Eur J Cancer Care. 2014;23(1):3–14.

27. Brandenbarg D, Korsten JHWM, Berger MY, Berendsen AJ. The effect of
physical activity on fatigue among survivors of colorectal cancer: a systematic
review and meta-analysis. Support Care Cancer. 2018;26(2):393–403.

28. Eyl RE, Xie K, Koch-Gallenkamp L, Brenner H, Arndt V. Quality of life
and physical activity in long-term (≥5 years post-diagnosis) colorectal
cancer survivors—systematic review. Health Qual Life Outcomes. 2018;
16(1):112.

29. Demark-Wahnefried W, Rogers LQ, Alfano CM, et al. Practical clinical
interventions for diet, physical activity, and weight control in cancer
survivors. CA Cancer J Clin. 2015;65(3):167–189.

30. Higgins JP, Thomas J, Chandler J, et al. Cochrane handbook for systematic
reviews of interventions: John Wiley & Sons; 2019.

31. Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Preferred
Reporting Items for Systematic Reviews and Meta-analyses: the PRISMA
statement. J Clin Epidemiol. 2009;62(10):1006–1012.
Cancer NursingW, Vol. 44, No. 6, 2021▪E425

https://www.who.int/news-room/fact-sheets/detail/cancer
https://www.who.int/news-room/fact-sheets/detail/cancer
https://seer.cancer.gov/statfacts/html/colorect.html
https://seer.cancer.gov/statfacts/html/colorect.html
https://www.cancer.gov/publications/dictionaries/cancer-terms/search?contains=false&q=survivor
https://www.cancer.gov/publications/dictionaries/cancer-terms/search?contains=false&q=survivor
https://www.cancer.gov/publications/dictionaries/cancer-terms/search?contains=false&q=survivor
https://health.gov/sites/default/files/2019-09/PAG_Advisory_Committee_Report.pdf
https://health.gov/sites/default/files/2019-09/PAG_Advisory_Committee_Report.pdf


32. Skorski S, Hammes D, Schwindling S, et al. Effects of training-induced
fatigue on pacing patterns in 40-km cycling time trials. Med Sci Sports
Exerc. 2015;47(3):593–600.

33. Brown JC, Damjanov N, Courneya KS, et al. A randomized dose-response
trial of aerobic exercise and health-related quality of life in colon cancer
survivors. Psychooncology. 2018;27(4):1221–1228.

34. Brown JC, Zemel BS, Troxel AB, et al. Dose-response effects of aerobic
exercise on body composition among colon cancer survivors: a randomised
controlled trial. Br J Cancer. 2017;117(11):1614–1620.

35. Kim JY, Lee MK, Lee DH, et al. Effects of a 12-week home-based exercise
program on quality of life, psychological health, and the level of physical
activity in colorectal cancer survivors: a randomized controlled trial. Support
Care Cancer. 2019;27(8):2933–2940.

36. Lee MK, Kim NK, Jeon JY. Effect of the 6-week home-based exercise
program on physical activity level and physical fitness in colorectal
cancer survivors: a randomized controlled pilot study. PLoS One. 2018;
13(4):e0196220.

37. Mayer DK, Landucci G, Awoyinka L, et al. SurvivorCHESS to increase
physical activity in colon cancer survivors: can we get them moving?
J Cancer Surviv. 2018;12(1):82–94.

38. Courneya KS, Vardy JL, O’Callaghan CJ, et al. Effects of a structured
exercise program on physical activity and fitness in colon cancer survivors:
one year feasibility results from the CHALLENGE trial. Cancer Epidemiol
Biomarkers Prev. 2016;25(6):969–977.

39. Pinto BM, Papandonatos GD, Goldstein MG, Marcus BH, Farrell N.
Home-based physical activity intervention for colorectal cancer survivors.
Psychooncology. 2013;22(1):54–64.

40. Bourke L, Thompson G, Gibson DJ, et al. Pragmatic lifestyle intervention
in patients recovering from colon cancer: a randomized controlled pilot
study. Arch Phys Med Rehabil. 2011;92(5):749–755.

41. Jansen F, van Uden-Kraan CF, van Zwieten V, Witte BI, Verdonck-de
Leeuw IM. Cancer survivors’ perceived need for supportive care and
their attitude towards self-management and eHealth. Support Care Cancer.
2015;23(6):1679–1688.

42. Lynch BM,Cerin E,OwenN,Hawkes AL, Aitken JF. Prospective relationships
of physical activity with quality of life among colorectal cancer survivors. J Clin
Oncol. 2008;26(27):4480–4487.

43. Thraen-Borowski KM, Trentham-Dietz A, Edwards DF, Koltyn KF,
Colbert LH. Dose-response relationships between physical activity, social
E426▪Cancer NursingW, Vol. 44, No. 6, 2021
participation, and health-related quality of life in colorectal cancer survivors.
J Cancer Surviv. 2013;7(3):369–378.

44. Lynch BM, van Roekel EH, Vallance JK. Physical activity and quality of life
after colorectal cancer: overview of evidence and future directions. Expert
Rev Qual Life Cancer Care. 2016;1(1):9–23.

45. Dimeo FC. Effects of exercise on cancer-related fatigue. Cancer. 2001;
92(S6):1689–1693.

46. Caspersen CJ, Powell KE, Christenson GM. Physical activity, exercise, and
physical fitness: definitions and distinctions for health-related research.
Public Health Rep. 1985;100(2):126–131.

47. Gresham G, Schrack J, Gresham LM, et al. Wearable activity monitors in
oncology trials: current use of an emerging technology. Contemp Clin Trials.
2018;64:13–21.

48. Goode AD, Lawler SP, Brakenridge CL, Reeves MM, Eakin EG. Telephone,
print, and web-based interventions for physical activity, diet, and weight
control among cancer survivors: a systematic review. J Cancer Surviv. 2015;
9(4):660–682.

49. Kuijpers W, Groen WG, Aaronson NK, van Harten WH. A systematic
review of web-based interventions for patient empowerment and physical
activity in chronic diseases: relevance for cancer survivors. J Med Internet
Res. 2013;15(2):e37.

50. Fennell C, Peroutky K, Glickman E. Effects of supervised training compared
to unsupervised training on physical activity, muscular endurance, and
cardiovascular parameters. MOJ Orthop Rheumatol. 2016;5(4):00184.

51. Fleig L, Pomp S, Schwarzer R, Lippke S. Promoting exercise maintenance:
how interventions with booster sessions improve long-term rehabilitation
outcomes. Rehabil Psychol. 2013;58(4):323–333.

52. Maxwell-Smith C, Zeps N, Hagger MS, Platell C, Hardcastle SJ. Barriers to
physical activity participation in colorectal cancer survivors at high risk of
cardiovascular disease. Psychooncology. 2017;26(6):808–814.

53. Fisher A, Wardle J, Beeken RJ, Croker H, Williams K, Grimmett C.
Perceived barriers and benefits to physical activity in colorectal cancer
patients. Support Care Cancer. 2016;24(2):903–910.

54. Sun V, Grant M, Wendel CS, et al. Dietary and behavioral adjustments to
manage bowel dysfunction after surgery in long-term colorectal cancer
survivors. Ann Surg Oncol. 2015;22(13):4317–4324.

55. Courneya KS, Rogers LQ, Campbell KL, Vallance JK, Friedenreich CM.
Top 10 research questions related to physical activity and cancer survivorship.
Res Q Exerc Sport. 2015;86(2):107–116.
Jung et al



Appendix 1. Search Terms

Ovid MEDLINE
1. exp Colectal Neoplasms/
2. ((colorectal$ or colon$ or rect$) adj2 (cancer$ or neoplasm$ or tumor$ or tumor$ or malignan$ or carcinoma$ or adenocarcinom$)).tw.
3. 1 or 2
4. exp Exercise/
5. exp Exercise Therapy/
6. exercis$.tw.
7. physical activit$.tw.
8. exp Life Style/
9. (lifestyle or life style).tw.

10. exp Sports/
11. walking/
12. running/
13. jogging/
14. bicycling/
15. swimming/
16. 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15
17. 3 and 16
18. animal/
19. human/
20. 18 not 19
21. 17 not 20

EMBASE
1. ‘large intestine tumor’/exp
2. (colorectal* OR colon* OR rect*) NEAR/2 (cancer* OR neoplasm*OR tumor* OR tumor* ORmalignan* OR carcinoma*OR adenocarcinom*)
3. #1 or $2
4. ‘exercise’/exp
5. ‘kinesiotherapy’/exp
6. exercis*
7. ‘physical activity’/exp OR ‘physical activit*’
8. ‘lifestyle modification’/exp
9. (lifestyle OR ‘life style’) NEAR/2 (modification* OR intervention* OR change*)

10. sport/exp
11. walking/exp
12. running/exp
13. jogging/exp
14. cycling/exp
15. swimming/exp
16. #4 or #5 or #6 or #7 or #8 or #9 or #10 or #11 or #12 or #13 or #14 or #15
17. #3 and #16
18. animal/exp
19. human/exp
20. #18 not #19
21. #17 not #20

CENTRAL (Cochrane Central Register of Controlled Trials)
1. MeSH descriptor: [Colorectal Neoplasms] explode all treescirrhosis
2. ((colorectal* or colon* or rect*) NEAR/2 (cancer* or neoplasm* or tumor* or tumor* or malignan* or carcinoma* or adenocarcinom*)):ti,ab
3. #1 or #2
4. MeSH descriptor: [Exercise] explode all trees
5. MeSH descriptor: [Exercise Therapy] explode all trees
6. exercis*:ti,ab
7. physical activit*:ti,ab
8. MeSH descriptor: [Life Style] explode all trees
9. (lifestyle or life style):ti,ab

10. MeSH descriptor: [Sports] explode all trees
11. (walk* or run* or jog* or bicycl* or cycl* or swim*):ti,ab
12. #4 or #5 or #6 or #7 or #8 or #9 or #10 or #11
13. #3 and #12
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CINAHL (Cumulative Index to Nursing and Allied Health Literature)
1. MH “Colorectal Neoplasms+”
2. TX ((colorectal* OR colon*OR rect*) N2 (cancer* OR neoplasm*OR tumor* OR tumor* ORmalignan* OR carcinoma*OR adenocarcinom*))
3. S1 OR S2
4. MH “Exercise+”
5. MH “Therapeutic Exercise+”
6. TX exercis*
7. TX “physical activit*”
8. MH “Life Style+”
9. MH “Life Style+”

10. MH “Sports+”
11. TX (walk* or run* or jog* or bicycl* or cycl* or swim*)
12. S4 OR S5 OR S6 OR S7 OR S8 OR S9 OR S10 OR S11
13. MH “experimental studies+”
14. TI (randomized or randomized or placebo or randomly or trial or “quasi-experiment*” or pre test or pretest or posttest or “post test” or “time series”

or “controlled stud*” or “before and after” or “controlled before”)
15. AB (randomized or randomized or placebo or randomly or trial or “quasi-experiment*” or pre test or pretest or posttest or “post test” or “time

series” or “controlled stud*” or “before and after” or “controlled before”)
16. S13 OR S14 OR S15
17. S3 AND S12 AND S16
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