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The effects of physical activity
interventions on self-esteem
during and after cancer treatment:
a systematic review and meta-
analysis

Andrea Rodriguez-Solana?, Luis Gracia-Marco%%3", Cristina Cadenas-Sanchez*3,
Andrés Redondo-Tébar*, Andres Marmol-Perez*, Jose Juan Gil-Cosano™®,
Francisco J. Llorente-Cantarero®’:% & Esther Ubago-Guisado'+?

To investigate the effect of physical activity (PA) (both general and its type) on self-esteem during and
after cancer treatment. A systematic search was conducted across PubMed, Web of Science, Scopus,
SPORTDiscuss, and PsycINFO from their inception to February 2024. The systematic review included
32 studies, with 15 studies (13 RCT and 2 quasi-experimental) and 3604 participants (66.7% female)
included in the meta-analysis involving controlled trials using a control group and at least one PA
intervention group. The study was registered in PROSPERO (CRD42022309771). Risk of bias for RCTs
was assessed using the Cochrane Collaboration’s tool for assessing risk of bias (RoB2), and quasi-
experimental studies with the Joanna Briggs Institute critical appraisal tool. PA significantly improved
self-esteem during and after cancer treatment (pooled SMD = 0.32, p < 0.01). Specifically, aerobic

PA (pooled SMD =0.33, p=0.04) and mind-body exercise (pooled SMD =0.70, p=0.03) had positive
effects on self-esteem. Overall, PA interventions improved self-esteem during cancer treatment
(pooled SMD =0.50, p=0.01) and in PA interventions lasting more than 12 weeks (pooled SMD = 0.44,
p=0.02). In conclusion, PA (specifically, aerobic and mind-body exercises) may have a positive

effect on self-esteem during and after cancer treatment, with cancer status and the duration of the
intervention being key factors.
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Background
Cancer is slightly more common in men than women (40,9% vs. 39.1%) and remains one of the leading
global causes of mortality!. The five-year relative survival rate is approximately 68%' but surviving cancer and
undergoing cancer-related treatment increases the risk of side effects, such as impaired growth in paediatric
population, cardiovascular disease, and secondary malignancy?™.

Individuals during and after cancer treatment may experience psychological issues that contribute to
maladaptive lifestyle habits, such as sedentarism and alcoholism?, as well as impaired social functioning (e.g.,
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difficulties in school or employment), anxiety, depression, and fear of recurrence®®’. These psychological
sequels, affecting emotional well-being, can lead to changes in self-esteem levels®. A study of young adults after
cancer treatment® found that low self-esteem, defined as a score of <25 score on The Rosenberg Self-Esteem
scale, was present in 10% of the participants.

Self-esteem is one component of self-perception, alongside self-concept. While self-concept refers to how
we describe ourselves, self-esteem relates to how we assess that self-concept, either positively or negatively®1°.
High self-esteem is associated with better physical and psychological health, academic performance, and quality
of interpersonal relationships”!!. In contrast, low self-esteem is linked to dissatisfaction, self-loathing, self-
contempt, and self-rejection’. Factors that can influence self-esteem include negative body image and personal
experiences. Self-esteem develops gradually over time, shaped by social interactions and life experiences'?. Tt
tends to be high during childhood, declines until adolescence!>!*, rises from mid-adolescence to mid-adulthood,
peaks between the ages of 50 and 60, and eventually declines in older age'”.

The benefits of physical activity (PA) in healthy population are well established!®. After cancer treatment,
PA may not only improve fitness and quality of life but may also reduce depression, psychosocial distress, and
recurrence of cancer!’. Previous research has shown that physical exercise may be safe during and after cancer
treatments'®. However, a more recent study highlights that there is insufficient research on the potential harms
of PA to make fully evidence-based risk-benefit assessments for its prescription during cancer treatment!'>%.
Previous studies have shown that different types of PA can reduce depression, anxiety, and fatigue during and
after cancer treatment?-22, Additionally, while some research found associations between PA interventions and
improved self-esteem during and after cancer treatment?*-?>, this area has been less extensively explored. A
comprehensive compilation of available studies through a systematic review and meta-analysis is needed. Thus,
to the best of our knowledge, this is the first systematic review and meta-analysis aimed at examining the effects
of PA interventions (both general and by type) on self-esteem during and after cancer treatment.

Methods

Protocol and registration

This study was conducted following the Preferred Reporting Items for Systematic Reviews and Meta-Analysis
PRISMA guidelines and PRISMA-S%%?7 (Supplementary table S1 and Supplementary Table S2). The systematic
review and meta-analysis were registered in the International Prospective Register of Systematic Reviews in 2022,
with an update made in 2024 (registration number: CRD42022309771). The update was performed through
email alerts and by reapplying the search strategy over the past two years to identify any newly published articles.

Data sources

A systematic search was conducted using MEDLINE (via PubMed), Web of Science (Clarivate), Scopus
(Elsevier), SPORTDiscuss (EBSCOhost) and Psycinfo (Ovid) from database inception to February 2024. The
search strategy used for each database and the search terms used are available in Supplementary Material (Table
S$3) which was carried out in parallel with a previous study and was adapted to the subject matter of this study.

Eligibility criteria

Two reviewers (A.R-S and A.R-T) independently screened and identified studies that potentially met the
inclusion criteria. Any disagreements were resolved through consensus, or if necessary, with the involvement
of a third researcher (E.U-G). The inclusion criteria were defined as follows: (a) Population: individuals during
and after cancer treatment; (b) Age: all age groups; (c) Cancer types: all types of cancers; (d) Study design:
observational and experimental studies; (e) Outcome: self-esteem measured using any validated questionnaire;
(f) Intervention: any form of PA; (g) Control: groups without a PA intervention (including flexibility-focused
activities); (h) Language: studies written in English or Spanish. Exclusion criteria included non-eligible
publication types, such as conference proceedings, theses, editorials, letters to the editor, systematic reviews, and
meta-analyses.

Study selection

The study selection process was carried out in several steps. First, records were identified through database
searches and duplicates were removed using Endnote X7 0.1. Secondly, titles and abstracts were screened to
determine their potential eligibility. Articles that appeared eligible were then read in full to decide on their final
inclusion or exclusion in the systematic review and meta-analysis. All steps were completed and reviewed by two
investigators (A.R-S and A.R-T). Disagreements were resolved through discussion, adhering to the established
inclusion and exclusion criteria. When the inclusion status of a study was unclear, a third reviewer (E.U-G) was
involved to reach through discussion. Figure 1 presents the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) flow diagram of the study selection process. Finally, reference lists of the included
articles were examined for other relevant studies. Authors of articles with missing data were contacted, and 2
of the 7 studies that had not reported the required information responded and provided the necessary data.
Additionally, efforts were made to obtain the full text of certain articles by contacting the respective authors (27
in total); however, the majority (21 authors) did not respond to our requests. A citation index and email alerts
were established to track potential new studies published during the course of this study.

Classification as ‘during’ or ‘after’ cancer treatment

Studies involving patients receiving any form of cancer treatment, whether as initial cancer therapy or for
metastasis or cancer recurrence, were classified as ‘during’ treatment. Studies that included patients not currently
undergoing any cancer treatment or receiving androgen suppression therapy or hormone therapy without
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram of
study selection.

any other cancer treatment, were defined as ‘after’ treatment. Studies including both types of patients were
categorized as ‘both.

Risk-of bias assessment
The Cochrane Collaboration’s tool for assessing risk of bias (RoB2) was used for randomized controlled trials
(RCTs)?8. This tool evaluated five domains: randomization process, deviations from intended interventions,
missing outcome data, measurement of the outcome, and selection of the reported result. Overall, a study is
considered to have a “low risk of bias” if all domains are rated as “low risk”, “some concerns” if at least one
domain is rated as “some concern’, and “high risk of bias” if at least one domain is rated as “high risk’, or if
multiple domains are rated as “some concerns”.

The Joanna Briggs Institute critical appraisal tool was used to evaluated the quality of quasi-experimental
Studies?. This tool assesses nine domains: the cause and effect of variables, similar comparison groups and
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treatment/care, control group, multiple measurements of outcomes, follow-up, similar measurements of
outcomes in the different group, outcome measurements in a reliable way, and statistical analysis. Each domain
is rated with one of four responses: “yes” (criterion met), “no” (criterion not met), “unclear’, or “not applicable”
(N/A). A study was classified as “high quality” if it achieved a quality score of at least 0.75 (i.e., 75%), and as
“low quality” if the score was below 0.75. Additionally, a score for each criterion was calculated by dividing the
number of positive ratings by the total number of studies evaluated, providing an overview of how well the
current literature performs on each criterion. Two researchers (A.R-S and A.R-T) independently assessed the
risk of bias to determine the quality of the included studies, with any discrepancies resolved by a third reviewer
(E.U-G).

Data extraction

Articles retrieved from the databases were exported and managed using an EndNote library (Endnote version
X7.0.1). Data extracted from the original reports, based on the inclusion and exclusion criteria, included: (a) first
author and year of publication; (b) country of data collection; (c) study design; (d) sample characteristics; (e)
method used for measuring self-esteem at baseline and follow-up; (f) type of control group intervention; and (g)
type of PA intervention. Data extraction was independently verified by two researchers (A.R-S and A.R-T), and
any discrepancies were resolved through consensus with a third researcher (E.U-G).

Statistical considerations
The DerSimonian and Laird method was used to compute Standardized Mean Difference (SMD) and 95%
confidence intervals (95% Cls), as the summary measure. For data synthesis and meta-analysis, random-effects
models were employed. When studies provided mean self-esteem values at baseline and endpoint or reported
mean value changes, SMD was calculated. SMD of 0.2 to 0.5 were considered small, 0.5 to 0.8 were considered
medium, and values greater than 0.8 were considered large®®3!. The heterogeneity of results across studies was
assessed using the I? statistic*2. In addition, exploratory subgroup analyses were performed to examine how the
intervention affects self-esteem depending on the type of PA (aerobic PA, resistance training, combined PA,
and mind-body exercise), cancer status (during and after cancer treatments), and lasting of the intervention
(12 weeks or less and more than 12 weeks). Furthermore, exploratory subgroup analyses were conducted to
explore differences across groups of age (children and adolescents under 18 years of age and adults with 18
years of age or older), study design (randomized controlled trial and quasi-experimental study), and self-esteem
questionnaires (Rosenberg self-esteem scale and other than Rosenberg self-esteem scale questionnaires). Funnel
plots were examined to assess the risk of potential publication bias, with Egger’s regression asymmetry test used
to detect asymmetry. Further, the ‘trim and fill' procedure®* was also applied to identify and correct for funnel
plot asymmetry potentially due to publication bias. A leave-one-out cross-validation analysis was performed to
evaluate the impact of excluding individual studies on the combined pooled SMD by sequentially omitting one
study at a time. The summary measure used in this study was the SMD.

Statistical analyses were performed using Comprehensive Meta-Analysis software version 2.2 (Biostat Inc.,
Englewood, NJ, USA), with statistical significance set at p <0.05.

Classification of PA interventions

Due to the diversity of PA interventions, they were classified into four categories: aerobic PA, resistance training,
combined PA, and mind-body exercise. Aerobic PA interventions include belly dance, treadmill, elliptical, and
walking. Resistance training encompasses exercises like leg extensions, leg curls, leg presses, calf raises, chest
presses, seated rowing, triceps extensions, biceps curls, and modified curl-ups. Combined PA includes a variety
of sports and recreational activities, as well as programs combining aerobic and resistance training. Mind-body
exercise refers to practices such as yoga and Pilates.

Results
Study selection and adverse effects
A total of 7151 studies were identified from the literature search, of which 2399 were excluded before screening
due to duplication. After screening by title and abstract, 369 full-text articles were reviewed for eligibility. Finally,
32 studies were included in the systematic review, of which 13 RCT’s and 2 Quasi-Experimental Studies were
included in the meta-analysis (Fig. 1).

In this systematic review and meta-analysis, 13 studies reported “no significant adverse effects” while 20
studies did not provide information on whether any adverse effects were observed.

Risk-of bias assessment

The quality of the RCTs included in the meta-analysis (n=13, Table S4) showed that six studies (46.2%) had
a low risk of bias, while seven studies (53.8%) had some concerns. In terms of specific domains, all studies
were rated as low risk for the randomization process, missing outcome data, and measurement of the outcome
(100%). For deviations from intended interventions, eight studies (61.5%) were rated as low risk, and five studies
(38.5%) were rated as having some concerns. Regarding the selection of reported results, ten studies (76.9%)
were rated as low risk, and three studies (23.1%) had some concerns. Of these 13 articles, 62% were analyzed
using intention-to-treat principle, while 38% were analyzed using per-protocol principle.

The risk of bias in the quasi-experimental studies (n=2, Table S4) indicated that both studies had high-
quality scores. In terms of specific domains, 100% of the studies met the methodological quality criteria for the
cause and effect of variables, similar treatment/care groups, presence of a control group, multiple measurements
of outcomes, consistency of outcomes measurements across groups, reliability of outcome measurements, and
statistical analysis. For the domain of similar comparison groups, one study did not meet the methodological
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quality criterion (50%), while the other was rated as unclear (50%). In the follow-up domain, one study was rated
as unclear (50%), and the other met the methodological quality criterion (50%). Both of these articles (100%)
were analyzed using per-protocol principle.

Study characteristics

Table 1 present the characteristics of the studies included in the systematic review and meta-analysis. A total
of 3604 participants (66.7% female) during or after cancer treatment were involved in the select studies of this
systematic review. These studies were conducted in 12 different countries, with participants having the following
cancer types: Ewing sarcoma (n=1), Testicular cancer (n=1), Breast cancer (n=17), Rectal cancer (n=1), and
various malignancy disease types (n=13). The age of the participants ranges from 8 years and older, with the
sample sizes varying between 16 and 618 (median =107 participants). Regarding self-esteem measurements,
24 studies (72.7%) used the Rosenberg Self-Esteem Scale, three used the Physical Self-Inventory (PSI) (9.1%),
three (9.1%) the Physical self-perception Profile, two (6.1%) the KINDL questionnaire, and one (3%) the Self-
esteem questionnaire (SEQ-42). Despite the variety of questionnaires, all studies in this meta-analysis provided
self-esteem scores.

Table 2 shows the characteristics of the interventions from studies included in the meta-analysis. Control
groups received various interventions: usual care (73.3%)2%2%-34:36:37:39:42-45 three educational sessions (13.3%)>3,
recreational activity (6.7%) 23, dietary guidelines and information about healthy habits (6.7%)*!, and not have
a control group (6.7%)%. PA interventions were categorized as follows: combined (i.e., aerobic+ resistance
PA) (38%) 2336:40-4345" aerobic (33%)2>3435:37:39:4044 " mind-body (19%)>*2>3>38, and resistance (10%)74.
Most interventions involved supervised exercises (69%), with the remainder either unsupervised (25%) or a
combination of both (6%). The duration of the interventions ranged from 1 to 24 weeks (median = 13.4) with the
weekly exercise duration of the intervention ranging from 45 to 330 min. Characteristics of intervention studies
not included in the meta-analysis are detailed in Table S5.

Meta-analysis

A total of 15 studies examining the effect of PA intervention with a control group on self-esteem during (36.4%),
after (54.5%), and both during and after cancer treatment (9.1%) were included in this meta-analysis. The pooled
SMD of all PA interventions on self-esteem was 0.32 (95% CI: 0.10 to 0.55, p<0.01, I>*=76%) for changes in
self-esteem across all types of exercise (Fig. 2). There was no statistically significant publication bias according to
Egger’s test (P=0.097) or based on a visual inspection of the funnel plot for self-esteem outcome (Supplementary
figure S1). However, after incorporating imputed studies (N=3) using the “trim and fill” procedure, the SMD
estimate was 0.418 (95% CI: 0.186 to 0.650). Thus, correction for potential publication bias did not alter the
significance of the results.

Exploratory subgroup analyses were conducted to assess changes in self-esteem based on the type of PA
intervention (Fig. 3). For aerobic PA interventions, the SMD was 0.33 (95% CI: -0.02 to 0.65, p=0.04, ?=52%).
Mind-body exercise interventions showed a larger SMD of 0.70 (95% CI: 0.09 to 1.31, p=0.03, I>=69%). The
‘trim and fill' procedure for this analysis indicated no changes in estimates, and no correction for potential
publication bias was needed (data not shown). Similarly, the leave-one-out analysis did not alter the results
(data not shown). For combined PA interventions, the SMD was 0.20 (95% CI: -0.23 to 0.63, p=0.37, 2=85%).
Given the limited number of studies examining resistance training interventions on self-esteem (1 =2), the SMD
appeared to align with that of combined PA interventions (SMD =0.21, 95% CI: -0.07 to 0.49, p=0.14, 2=0%).
The leave-one-out analysis for these exploratory subgroup analyses did not alter the results (data not shown).

Regarding the effects of overall PA interventions on self-esteem considering cancer status (during vs. after
cancer treatment) and the length of the intervention (12 weeks or less vs. more than 12 weeks), for patients
during cancer treatment, the SMD was 0.50 (95% CI: 0.11 to 0.89, p=0.01, I?=87%), whereas for those after
cancer treatment, the SMD was 0.09 (95% CI: -0.10 to 0.29, p=0.35, I*=40%) (Supplementary figure S2).
Additionally, interventions lasting 12 weeks or less had an SMD of 0.21 (95% CI: -0.06 to 0.48, p=0.13, I’=64%),
while those lasting more than 12 weeks showed a higher SMD of 0.44 (95% CI: 0.06 to 0.82, p=0.02, I>=82%)
(Supplementary figure $3). The leave-one-out analysis for these exploratory analyses did not alter the results (data
not shown).

When examining the exploratory subgroup analyses across groups of age, study design, and self-esteem
questionnaire, the limited number of studies makes it difficult to draw any definitive conclusions. For children
and adolescents, the SMD was 1.15 (95% CI: -0.74 to 3.04, p=0.23, 12=96%), while for adults the SMD was 0.22
(95% CI: 0.04 to 0.40, p=0.02, 1> =56%) (Supplementary Figure S4). For quasi-experimental studies the SMD was
0.21 (95% CI: -0.44 to 0.86, p=0.53, 1>=83%) whereas for randomized controlled trial the SMD was 0.35 (95%
CL 0.11 to 0.59, p < 0.01, 1= 72%) (Supplementary Figure S5). For questionnaires other than the Rosenberg Self-
Esteem Scale, the SMD was 0.47 (95% CI: -0.40 to 1.34, p=0.29, 1> =94%) while for the Rosenberg self-esteem
scale the SMD was 0.28 (95% CI: 0.10 to 0.47, p <0.01, I?=48%) (Supplementary Figure S6).

Discussion

To our knowledge, this is the first systematic review and meta-analysis to focus on the effects of PA on self-
esteem during and after cancer treatment. Our findings suggest that PA interventions have a small but positive
effect on self-esteem in this population. Specifically, aerobic PA showed a small positive effect on self-esteem,
while mind-body exercise showed a medium positive effect. However, no significant effects were observed
for combined PA or resistance training on self-esteem. Regarding the interventions conducted during cancer
treatments, as well as those lasting more than 12 weeks, it had a positive effect on self-esteem, with medium and
small effect, respectively. No significant effects were found in additional analyses in group of age, study design
and self-esteem questionnaires.
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Our findings indicate that aerobic PA interventions improved self-esteem during cancer treatment, but not
after cancer treatment. The study by Carminatti et al.** notably contributed to these results, although some
studies showed trends towards significance 2>3*%. In the studies by Carminatti et al.*%, Boing et al.*>, and Leite
et al.?, belly dance interventions were used for women with breast cancer during and after cancer treatment.
However, only Carminatti et al. reported significant improvements in self-esteem. One possible explanation for
these differing results is that participants in the studies by Boing et al. and Leite et al. reported higher baseline
self-esteem scores compared than those in Carminatti et al., suggesting the latter group may had more room for
improvement. In addition, the use of a mirror during Carminatti et al., intervention may have played a role in
enhancing self-esteem, as the authors noted that mirrors may help participants refine technique and posture,
fostering greater confidence and self-esteem®. Other studies employed treadmill, elliptical, or moderate-
intensity walking interventions, such as Courneya et al.*” and Musanti et al.* after breast cancer treatment,
Gokal et al.® during breast cancer, and Adams et al.* after testicular cancer treatment. Of these, only Gokal
et al.’° and Adams et al.3* reported results tending towards significance. These findings may be influenced by
higher baseline self-esteem in the control group, except Gokal et al.*. Moreover, the authors suggest that the
intensity and duration of the interventions might have been insufficient to yield significant improvements.

For mind-body exercise interventions, our results suggest a positive effect on improving self-esteem during
and after cancer treatment. Supporting this, a study on university students found a positive relationship between
a Yoga Nidra intervention and self-esteem®. The authors of the study attribute this effect to the relaxation
mechanisms of the intervention, which may increase parasympathetic system activity, reducing psychological
stress and, in turn, enhancing self-esteem . Additionally, most of the articles in this meta-analysis (75%)
featured interventions lasting than 12 weeks, which may further explain the positive effect of mind-body exercise
on self-esteem in this population.

Finally, our analysis found no significant effect of combined PA and resistance training interventions on
self-esteem during and after cancer treatment. Several factors may explain these results. First, three of the
interventions were home-based, which limited social interaction. Second, only 28.6% of the interventions
lasted longer than 12 weeks, which may be insufficient time to see a significant effect. Third, many interventions
allocated more time to aerobic PA than resistance training, and most studies (75%) focused on individuals after
cancer treatment. Regarding resistance training, the limited number of studies and small sample sizes reduce
the statistical power, making it difficult to determine whether this type of intervention has a positive impact on
self-esteem.

Our exploratory subgroup analyses identified two key factors: cancer status (during cancer treatment) and
intervention duration (over 12 weeks), that contributed to the effects of PA on self-esteem. Firstly, a stress
response is common after a cancer diagnosis and usually decreases over time®*. However, prolonged stress
can lead to chronic issues that require professional intervention®%°. This suggests that individuals after cancer
treatment who are highly stressed and not fully recovered may need more than just PA to improve self-esteem;
psychological support may be necessary. Secondly, regular PA boosts the production and release of brain-
derived neurotrophic factor (BDNF)®, a vital protein for the central nervous system that supports synaptic
formation, maintenance, and neuroplasticity””. Increased BDNF levels are linked to enhanced cognitive
function and emotional well-being®®. A meta-analysis on exercise and depression found that the most significant
improvements occurred around the 16-week mark . Given the strong connection between depression and
self-esteem”’, this could explain why longer PA interventions have a more pronounced positive effect on self-
esteem. In relation to the additional exploratory subgroup analyses in group of age, study design, and self-esteem
questionnaire, along with the analysis of resistance training interventions, it is difficult to draw a conclusion due
to the limited number of studies in these conditions.

Strengths and limitations

This systematic review and meta-analysis provide a thorough qualitative and quantitative assessment of PA
interventions and their effects on self-esteem during and after cancer treatment. However, several limitations
should be noted. First, the limited number of studies focusing on the paediatric population prevents us from
drawing robust conclusions for this specific group. Second, the findings should be interpreted with caution due
to the overall limited number of studies on this topic and the lack of evidence regarding the safety of PA during
cancer treatments. Third, high levels of heterogeneity among studies necessitate careful interpretation of the
results. Fourth, some studies could not be included in the analysis due to inaccessible full-text articles and a lack
of response from authors when contacted.

Conclusion

Our systematic review and meta-analysis indicate that PA (primarily aerobic and mind-body exercise) may
enhance self-esteem during and after cancer treatment. Additionally, the cancer status and duration of the
intervention appear to significantly influence the impact of PA on self-esteem.

Critical view

Psychological factors, including altered levels of self-esteem, are among the most common causes of cancer and
its treatment. While previous systematic reviews and meta-analyses have shown that different types of PA reduce
depression, anxiety, and fatigue during and after cancer treatment, the impact of PA on self-esteem has been
less thoroughly investigated. This systematic review and meta-analysis may help existing research on this topic,
revealing that PA interventions, particularly aerobic and mind-body exercise, may enhance self-esteem both
during and after cancer treatment. Additionally, factors such as the cancer status (i.e., individuals during cancer
treatment) and the duration of the intervention (more than 12 weeks) significantly influence the effectiveness of
PA on self-esteem.
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Volume
Duration | (minutes
Reference Control group Intervention type Categorization (weeks) | per week) | Supervision
Randomized Controlled Trials [n=13]
Uphill treadmill walking or running, and to
Adams et al. 2018** | Received usual care maintain all other exercise they were performing | Aerobic physical activity 12 weeks | 180 min | Yes
at baseline
. R . IG 1: Mind-body exercise
. 35 Received an invitation to 1G 1: Pilates : . R .
Boing et al. 2023 three educational sessions 1G 2: Belly dance 1G '2..Aerob1c physical 16 weeks | 180 min | Yes
activity
Cadmus et al. . 1 . £ ional activiti . hysical activi .
200913 Received usual care Variety of sports/recreational activities Combined physical activity | 24 weeks | 150 min Yes
Zggg;?ﬁu setal. Received usual care Variety of sports/recreational activities Combined physical activity | 24 weeks | 150 min Yes
. . . . IG 1: Aerobic physical
Co‘iﬁneya etal. Received usual care 16 1: Aerpblc phylea! activity activity 17 weeks | > 135 min | Yes
2007 IG 2: Resistance training . .
IG 2: Resistance training
Fretta et al. 202138 Three educational sessions Pilates method intervention Mind-body exercise 16 weeks | 180 min | Yes
Gokal et al. 2016% Received usual care Moderate intensity walking Aerobic physical activity 12 weeks 11\5b00;1r:in No
Kovaci¢ et al. 2011 | Received usual care sslgzxﬁglgzia;air&ggs;;iﬁm according to the Mind-body exercise 3weeks |105min | No
. IG 1: Aerobic physical
Leite et al. 2021 Received usual care %g ;: E/F;}EYP?IZ 1::3:: activity 16 weeks | 180 min | Yes
’ IG 2: Mind-body exercise
No CG IG 1: Aerobic physical
(Participant divided in IG 1: Aerobic physical activity activity 45-90
Musanti 20124 Aerobicp Resistance. IG 2: Resistance training IG 2: Resistance training 12 weeks min No
Combir:ed and ﬂexi,bilit %) IG 3: Aerobic + Resistance training IG 3: Combined physical
Y activity
Received Dietary Guidelines,
standardized e-mails at 1704+ 131
Rastogi et al. 2020*! | 1,2, 4, and 8 weeks with Multi-component intervention Combined physical activity | 12 weeks o No
information on healthy eating min
and stress management
Received recreational Strength and muscle building, balance and
. 23 | activities the first 6 month proprioception training and 15 multi-activity . . L 120-330
Saultier et al. 2021 and later do the physical sessions (dance, basketball, badminton, yoga, Combined physical activity | 24 weeks min Yes
activity program of 6 month | skiing, swimming, paddling, etc.).
alV azr(l) lDéﬂJzk -Lokkart et Received usual care Cardiorespiratory and muscle strength training | Combined physical activity | 12 weeks | 90 min Yes
Wurz et al. 2019% Received usual care Aerobic and strength training sessions Combined physical activity | 12 weeks Ilr?i(:;lgo Mixed
Quasi-Experimental studies [n=2]
2§1a ;z}:lnattl etal. Received usual care Belly dance Aerobic physical activity 12 weeks | 120 min | Yes
Rosenberg et al. . IG 1: Outdoor adventure program 1 . . .
201445 Received usual care IG 2: Outdoor adventure program 2 Combined physical activity | 1 week - Yes

Table 2. Characteristic of studies” interventions included in the meta-analysis. Additional information of the
intervention studies not included in the meta-analysis can be found in the supplementary material Table S5. IG
Intervention group, CG Control group
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Figure 2. Forest plot of overall physical activity interventions on self-esteem during and after cancer
treatment. SMD: Standardized mean difference; CI: confidence intervals. Boing et al. 2023 (1): represents the
mind-body exercise; Boing et al. 2023 (2): aerobic physical activity; Cadmus et al. 2009 (1): combined physical
activity during cancer treatment; Cadmus et al. 2009 (2): combined physical activity after cancer treatment;
Courneya et al. 2007 (1): aerobic physical activity; Courneya et al. 2007 (2): resistance training; Leite et al.

2021 (1): aerobic physical activity; Leite et al. 2021 (2): mind-body exercise; Musanti 2012 (1): aerobic physical
activity; Musanti 2012 (2): resistance training; Musanti 2012 (3): combined physical activity; Rosenberg et al.
2014 (1): outdoor adventure 1 (people for whom it was their first outdoor adventure program); Rosenberg et al.
2014 (2): outdoor adventure 2: people for whom it was their second outdoor adventure program.
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«Figure 3. Forest plot of physical activity interventions divided by its type on self-esteem during and after
cancer treatment. SMD: Standardized mean difference; CI: confidence intervals. Boing et al. 2023 (1):
represents the mind-body exercise; Boing et al. 2023 (2): aerobic physical activity; Cadmus et al. 2009 (1):
combined physical activity during cancer treatment; Cadmus et al. 2009 (2): combined physical activity after
cancer treatment; Courneya et al. 2007 (1): aerobic physical activity; Courneya et al. 2007 (2): resistance
training; Leite et al. 2021 (1): aerobic physical activity; Leite et al. 2021 (2): mind-body exercise; Musanti 2012
(1): aerobic physical activity; Musanti 2012 (2): resistance training; Musanti 2012 (3): combined physical
activity; Rosenberg et al. 2014 (1): outdoor adventure 1 (people for whom it was their first outdoor adventure
program); Rosenberg et al. 2014 (2): outdoor adventure 2: people for whom it was their second outdoor
adventure program.

Data availability
The data that support the findings of this study are available from the corresponding author upon reasonable
request.

Received: 11 March 2024; Accepted: 30 September 2024
Published online: 06 November 2024

References

1. Siegel RL, Miller KD, Wagle NS, Jemal A. Cancer statistics, 2023. CA Cancer ] Clin. 2023 Jan 12;73(1):17-48.

2. Friederike Erdmann, et al. Childhood cancer: Survival, treatment modalities, late effects and improvements over time. Cancer
Epidemiol. 2021;71(Part B):101733.

3. Henderson TO, Nathan PC. Childhood cancer survivors: Considerations for surgeons in the transition from pediatric to adult
care. Semin Pediatr Surg. 2015;24(2):93-9.

4. Antwi GO, Jayawardene W, Lohrmann DK, Mueller EL. Physical activity and fitness among pediatric cancer survivors: a meta-
analysis of observational studies. Support Care Cancer. 2019 Sep 16;27(9):3183-94.

5. Wang YH, et al. Depression and anxiety in relation to cancer incidence and mortality: a systematic review and meta-analysis of
cohort studies. Mol Psychiatry. 2020;25(7):1487-99.

6. Tonsing KN, Ow R. Quality of Life, Self-Esteem, and Future Expectations of Adolescent and Young Adult Cancer Survivors. Health
Soc Work. 2018 Feb 1;43(1):15-21.

7. Ness KK, et al. Limitations on Physical Performance and Daily Activities among Long-Term Survivors of Childhood Cancer. Ann
Intern Med. 2005 Nov 1;143(9):639.

8. Wurz A, Brunet J. Describing and exploring self-esteem, physical self-perceptions, physical activity and self-efficacy in adolescent
and young adult cancer survivors. Eur ] Cancer Care (Engl). 2020 Jan 24;29(1):e13179.

9. Silvestri PR, Baglioni V, Cardona E, Cavanna AE. Self-concept and self-esteem in patients with chronictic disorders: A systematic
literature review. Eur ] Paediatr Neurol. 2018;22(5):749-56.

10. Levesque, Roger J. R. “Sadistic Personality Disorder” In Encyclopedia of Adolescence, 3229-30. Cham: Springer International
Publishing, 2018.

11. Baumeister RF, Campbell JD, Krueger JI, Vohs KD. Does High Self-Esteem Cause Better Performance, Interpersonal Success,
Happiness, or Healthier Lifestyles? Psychol Sci Public Interes. 2003 May 24;4(1):1-44.

12. Arsandaux J, Galéra C, Salamon R. The association of self-esteem and psychosocial outcomes in young adults: a 10-year prospective
study. Child Adolesc Ment Health. 2021 May 13;26(2):106-13.

13. TirleaL, et al. Measuring Self-Esteem Changes in Children and Adolescents Affected by Overweight or Obesity: A Scoping Review
of Instruments Currently Used in Multicomponent Weight-Management Interventions. Child Obes. 2019;15(8):485-501.

14. Evan EE, Kaufman M, Cook AB, Zeltzer LK. Sexual health and self-esteem in adolescents and young adults with cancer. Cancer.
2006;107:1672-9.

15. Orth U, Erol RY, Luciano EC. Development of self-esteem from age 4 to 94 Years: A meta-analysis of longitudinal studies. Psychol
Bull. 2018;144(10):1045-80.

16. Warburton DER, Bredin SSD. Health benefits of physical activity. Curr Opin Cardiol. 2017 Sep;32(5):541-56.

17. Choudhary A, Chou J, Heller G, Sklar C. Prevalence of vitamin D insufficiency in survivors of childhood cancer. Pediatr Blood
Cancer. 2013 Jul;60(7):1237-9.

18. Maddocks M. Physical activity and exercise training in cancer patients. Clin Nutr ESPEN. 2020 Dec;40:1-6.

19. Ligibel JA, et al,. Exercise, Diet, and Weight Management During Cancer Treatment: ASCO Guideline. J Clin Oncol. 2022 Aug
1;40(22):2491-2507.

20. Thomsen SN, et al. Harms of exercise training in patients with cancer undergoing systemic treatment: a systematic review and
meta-analysis of published and unpublished controlled trials. eClinicalMedicine. 2023;59:101937.

21. Fong DYT, et al. Physical activity for cancer survivors: meta-analysis of randomised controlled trials. BMJ. 2012 Jan 30;344(jan30
5):e70-€70.

22. LiJ, et al. Effectiveness of mindfulness-based interventions on anxiety, depression, and fatigue in people with lung cancer: A
systematic review and meta-analysis. Int ] Nurs Stud. 2023;140:104447.

23. Saultier P, et al. A Randomized Trial of Physical Activity in Children and Adolescents with Cancer. Cancers (Basel). 2021 Jan
2;13(1):121.

24. Kovaci¢ T, Kovaci¢ M. Impact of Relaxation Training According to Yoga in Daily Life * System on Self-Esteem After Breast Cancer
Surgery. J Altern Complement Med. 2011 Dec;17(12):1157-64.

25. Leite B, de Bem Fretta T, Boing L, Coutinho de Azevedo Guimarées A. Can belly dance and mat Pilates be effective for range of
motion, self-esteem, and depressive symptoms of breast cancer women? Complement Ther Clin Pract. 2021 Nov;45:101483.

26. Ardern CL, et al. Implementing the 27 PRISMA 2020 Statement items for systematic reviews in the sport and exercise medicine,
musculoskeletal rehabilitation and sports science fields: The PERSiST (implementing Prisma in Exercise, Rehabilitation, Sport
medicine and SporTs sc. Br ] Sports Med. 2023;175-95.

27. Rethlefsen ML, et al. PRISMA-S: an extension to the PRISMA Statement for Reporting Literature Searches in Systematic Reviews.
Syst Rev. 2021 Jan 26;10(1):39.

28. Higgins JP, Savovi¢ ], Page MJ, Sterne JAC. RoB 2 Guidance: Parallel Trial. Cochrane Collab. 2019;1-24. Avaliable from: https://me
thods.cochrane.org/bias/resources/rob-2-revised-cochrane-risk-bias-toolrandomized-trials

Scientific Reports |  (2024) 14:26849 | https://doi.org/10.1038/s41598-024-74888-2 nature portfolio


https://methods.cochrane.org/bias/resources/rob-2-revised-cochrane-risk-bias-toolrandomized-trials
https://methods.cochrane.org/bias/resources/rob-2-revised-cochrane-risk-bias-toolrandomized-trials
http://www.nature.com/scientificreports

www.nature.com/scientificreports/

29.

35.

36.

37.

38.

39.

40.
41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Tufanaru, C., Munn, Z., Aromataris, E., Campbell, J., and Hopp, L. (2017). “Chapter 3: Systematic reviews of effectiveness,” in
Joanna Briggs Institute reviewer’s manual. Editors E. Aromataris and Z. Munn (The Joanna Briggs Institute). Available at: https://
reviewersmanual.joannabriggs.org/.

. Cohen J. A power primer. Psychol Bull. 1992;112(1):155-9.

. Cohen J. Statistical Power Analysis for the Behavioral Sciences. (1988). Routledge.

. Higgins JPT, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat Med. 2002 Jun 15;21(11):1539-58.

. ShiL, Lin L. The trim-and-fill method for publication bias: practical guidelines and recommendations based on a large database of

meta-analyses. Medicine (Baltimore). 2019 Jun;98(23):e15987.

. Adams SC, Delorey DS, Davenport MH, Fairey AS, North S, Courneya KS. Effects of high-intensity interval training on fatigue and

quality of life in testicular cancer survivors. Br J Cancer. 2018;118(10):1313-21.

Boing L, et al,. Can mat Pilates and belly dance be effective in improving body image, self-esteem, and sexual function in patients
undergoing hormonal treatment for breast cancer? A randomized clinical trial. Arch Womens Ment Health. 2023 Apr;26(2):141-
151.

Cadmus LA, Salovey P, Yu H, Chung G, Kasl S, Irwin ML. Exercise and quality of life during and after treatment for breast cancer:
results of two randomized controlled trials. Psychooncology. 2009 Apr;18(4):343-52.

Courneya KS, et al. Effects of Aerobic and Resistance Exercise in Breast Cancer Patients Receiving Adjuvant Chemotherapy: A
Multicenter Randomized Controlled Trial. J Clin Oncol. 2007 Oct 1;25(28):4396-404.

Fretta T de B, Boing L, Stein E, Dos Santos L, Guimaraes AC de A. Improved self-esteem after mat Pilates method intervention
in breast cancer women undergoing hormone therapy: randomized clinical trial pilot study. Rev Bras Cineantropometria e
Desempenho Hum. 2021;23.

Gokal K, Wallis D, Ahmed S, Boiangiu I, Kancherla K, Munir E Effects of a self-managed home-based walking intervention on
psychosocial health outcomes for breast cancer patients receiving chemotherapy: a randomised controlled trial. Support Care
Cancer. 2016 Mar 15;24(3):1139-66.

MUSANTI R. A Study of Exercise Modality and Physical Self-esteem in Breast Cancer Survivors. 2011;(33):352-62.

Rastogi S, Tevaarwerk AJ, Sesto M, Van Remortel B, Date P, Gangnon R, et al. Effect of a technology-supported physical activity
intervention on health-related quality of life, sleep, and processes of behavior change in cancer survivors: A randomized controlled
trial. Psychooncology. 2020 Nov 4;29(11):1917-26.

van Dijk-Lokkart EM, Braam KI, van Dulmen-den Broeder E, Kaspers GJL, Takken T, Grootenhuis MA, et al. Effects of a combined
physical and psychosocial intervention program for childhood cancer patients on quality of life and psychosocial functioning:
results of the QLIM randomized clinical trial. Psychooncology. 2016;822(October 2015):815-22.

Wurz A, Brunet J. Exploring the feasibility and acceptability of a mixed-methods pilot randomized controlled trial testing a 12-
week physical activity intervention with adolescent and young adult cancer survivors. Pilot Feasibility Stud. 2019 Dec 20;5(1):154.
Carminatti M, et al. Effects of belly dancing on body image and self-esteem in women with breast cancer - pilot study. Rev Bras
Med do Esporte. 2019;25(6):464-8.

Rosenberg RS, Lange W, Zebrack B, Moulton S, Kosslyn SM. An outdoor adventure program for young adults with cancer: positive
effects on body image and psychosocial functioning. J Psychosoc Oncol. 2014;32(5):622-36.

Barrio SC, Molinuelo JS, De Durana ALD, Lépez FJC, Carballo ROB. Céncer de mama y ejercicio fisico: Estudio piloto. Rev
Andaluza Med del Deport. 2012;5(4):134-9.

Caru M, et al. Children’s physical activity behavior following a supervised physical activity program in pediatric oncology. ] Cancer
Res Clin Oncol. 2020;146(11):3037-48.

Caru M, et al. The impact of cancer on theory of planned behavior measures and physical activity levels during the first weeks
following cancer diagnosis in children. Support Care Cancer. 2021 Feb;29(2):823-31.

Courneya K8, et al. A multicenter randomized trial of the effects of exercise dose and type on psychosocial distress in breast cancer
patients undergoing chemotherapy. Cancer Epidemiol Biomarkers Prev. 2014;23(5):857-64.

Ho RTH. Effects of dance movement therapy on Chinese cancer patients: A pilot study in Hong Kong. Arts Psychother.
2005;32(5):337-45.

Morielli AR, et al. Exercise motivation in rectal cancer patients during and after neoadjuvant chemoradiotherapy. Support Care
Cancer. 2016;24(7):2919-26.

Miiller C, Krauth KA, Gerf3 ], Rosenbaum D. Physical activity and health-related quality of life in pediatric cancer patients
following a 4-week inpatient rehabilitation program. Support Care Cancer. 2016;24(9):3793-802.

Osypiuk K, et al. Qigong Mind-Body Exercise as a Biopsychosocial Therapy for Persistent Post- Surgical Pain in Breast Cancer: A
Pilot Study. Integr Cancer Ther. 2020;19.

Rey-Barth S, et al. A program centered on smart electrically assisted bicycle outings for rehabilitation after breast cancer: A pilot
study. Med Eng Phys. 2022;100(January):103758.

Speed-Andrews AE, Stevinson C, Belanger LJ, Mirus JJ, Courneya KS. Pilot evaluation of an Iyengar yoga program for breast
cancer survivors. Cancer Nurs. 2010;33(5):369-81.

Torok S, Kokonyei G, Karolyi L, Ittzés A, Tomcsanyi T. Outcome Effectiveness of Therapeutic Recreation Camping Program for
Adolescents Living with Cancer and Diabetes. ] Adolesc Heal. 2006;39(3):445-7.

Vallet C, et al. Pilot evaluation of physical and psychological effects of a physical trek programme including a dog sledding
expedition in children and teenagers with cancer. Ecancermedicalscience. 2015 Jul;9:558.

Awick EA, Phillips SM, Lloyd GR, McAuley E. Physical activity, self-efficacy and self-esteem in breast cancer survivors: a panel
model. Psychooncology. 2017;26(10):1625-31.

Belanger LJ, Plotnikoff RC, Clark AM, Courneya KS. Prevalence, correlates, and psychosocial outcomes of sport participation in
young adult cancer survivors. Psychol Sport Exerc. 2013;14(2):298-304.

Deisenroth A, et al. Muscle strength and quality of life in patients with childhood cancer at early phase of primary treatment.
Pediatr Hematol Oncol. 2016;33(6):393-407.

Patsou ED, Alexias GT, Anagnostopoulos FG, Karamouzis MV. Physical activity and sociodemographic variables related to global
health, quality of life, and psychological factors in breast cancer survivors. Psychol Res Behav Manag. 2018 Sep 6;11:371-381.
Ranft A, Seidel C, et al. Quality of survivorship in a rare disease: Clinicofunctional outcome and physical activity in an observational
cohort study of 618 long-term survivors of Ewing sarcoma. J Clin Oncol. 2017;35(15):1704-12.

Dol KS. Effects of a yoga nidra on the life stress and self-esteem in university students. Complement Ther Clin Pract.
2019;35(December 2018):232-6.

Salmon P, Clark L, McGrath E, Fisher P. Screening for psychological distress in cancer: renewing the research agenda.
Psychooncology. 2015 Mar;24(3):262-8.

Hill J, et al. Predictors of onset of depression and anxiety in the year after diagnosis of breast cancer. Psychol Med. 2011 Jul
14;41(7):1429-36.

Abd El-Kader SM, Al-Jiffri OH. Aerobic exercise improves quality of life, psychological well-being and systemic inflammation in
subjects with alzheimer’s disease. Afr Health Sci. 2016;16(4):1045-55.

Notaras M, van den Buuse M. Brain-Derived Neurotrophic Factor (BDNF): Novel Insights into Regulation and Genetic Variation.
Neuroscientist. 2019;25(5):434-54.

Murawska-Cialowicz E, et al. Bdnf impact on biological markers of depression—role of physical exercise and training. Int ] Environ
Res Public Health. 2021;18(14):1-21.

Scientific Reports |

(2024) 14:26849 | https://doi.org/10.1038/s41598-024-74888-2 nature portfolio


https://reviewersmanual.joannabriggs.org/
https://reviewersmanual.joannabriggs.org/
http://www.nature.com/scientificreports

www.nature.com/scientificreports/

69. Rethorst CD, Wipfli BM, Landers DM. The antidepressive effects of exercise: A meta-analysis of randomized trials. Sport Med.
2009;39(6):491-511.

70. Kandola A, Ashdown-Franks G, Hendrikse J, Sabiston CM, Stubbs B. Physical activity and depression: Towards understanding the
antidepressant mechanisms of physical activity. Neurosci Biobehav Rev. 2019;107(June):525-39.

Acknowledgements

We would like to thank the University of Granada for their support of this study through the Plan Propio de Inves-
tigacion 2023 “Proyectos de investigacion precompetitivos para jévenes doctores” (Reference: PPJIB2023.073),
Red EXERNET-RED DE EJERCICIO FISICO Y SALUD (RED2022-134800-T) Agencia Estatal de Investigacion
(Ministerio de Ciencias e Innovacién), and Red de Ejercicio Fisico y Salud EXERNET (EXP 99828), Redes de
Investigacion en Ciencias del Deporte, Consejo Superior de Deportes (Ministerio de Educacién, Formacién
Profesional y Deportes).

Author contributions

AR-S conceptualised and designed the study with the support of E.U-G, L.G-M and C.C-S. A.R-S drafted the
initial manuscript. A.R-S, E.U-G, A.R-T and C.C-S coordinated and supervised data collection. A.R-S, L.G-M,
C.C-S, AR-T, JG-C, A M-P, FJ,L-C and EU-G were involved in the analysis and interpretation of data, and re-
viewed and revised the manuscript, approving the final manuscript as submitted.

Fundin

Universit)gr of Granada through the Plan Propio de Investigacion 2023 “Proyectos de investigacion precompet-
itivos para jovenes doctores” (Reference: PPJIB2023.073). EUG is supported by RYC2022-038011-I funding
by MCIN/AEI/10.13039/501100011033 and ESF+. C.C.-S. is supported by a grant from the European Union’s
Horizon 2020 research and innovation programme under the Marie Sklodowska Curie grant agreement No
101028929.

Declarations

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.
org/10.1038/541598-024-74888-2.

Correspondence and requests for materials should be addressed to L.G.-M.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and
indicate if changes were made. The images or other third party material in this article are included in the article’s
Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy
of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024

Scientific Reports |

(2024) 14:26849 | https://doi.org/10.1038/s41598-024-74888-2 nature portfolio


https://doi.org/10.1038/s41598-024-74888-2
https://doi.org/10.1038/s41598-024-74888-2
http://creativecommons.org/licenses/by/4.0/
http://www.nature.com/scientificreports

	﻿The effects of physical activity interventions on self-esteem during and after cancer treatment: a systematic review and meta-analysis
	﻿Background
	﻿Methods
	﻿Protocol and registration
	﻿Data sources
	﻿Eligibility criteria
	﻿Study selection
	﻿ Classification as ‘during’ or ‘after’ cancer treatment
	﻿Risk-of bias assessment
	﻿Data extraction
	﻿Statistical considerations
	﻿Classification of PA interventions

	﻿Results
	﻿Study selection and adverse effects



