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ARTICLE INFO ABSTRACT

Keywords: Background: Physical activity is associated with improved health-related quality of life (HRQoL)
Physical activity ) in breast cancer survivors (BCS); however, no studies have assessed optimal physical activity.
Breast cancer survivors Objective: We aimed to investigate the optimal types of physical activity for improving HRQoL in

Health-related quality of life

. patients with BCS during and after cancer treatment.
Network meta-analysis

Methods: A comprehensive search was conducted in Medline, Embase, Web of Science, and
Cochrane Library from inception to November 2023. We included randomized controlled trials
(RCTs) reporting the effects of different physical activities on HRQoL in BCS. Two independent
reviewers assessed the risk of bias using the Cochrane risk of bias tool for randomized trials
(version 2.0). A network meta-analysis approach based on a frequentist framework was used to
rank the effectiveness of different physical activities.

Results: A total of 66 RCTs with 6464 participants were included. For all BCS, aerobic combined
with resistance exercise (CE) (standardized mean difference [SMD] = 0.71; 95 % confidence
interval [CI]: 0.40 to 1.10; P-score = 0.75; Grade: moderate) was the most effective physical
activity to improve HRQoL. For participants in treatment, resistance exercise (RE) (SMD = 0.68;
95 % CI: 0.35 to 1.10; P-score = 0.84; Grade: moderate) was the most effective. However, after
treatment, CE (SMD = 0.77; 95 % CI: 0.28 to 1.26; P-score = 0.74; Grade: very low) remained the
most effective way to improve HRQoL in BCS. In addition, the regression analysis did not find any
sources of heterogeneity.

Conclusions: The findings of this study suggest that all physical activities improved HRQoL in BCS
compared to the control group. CE may have the best effect on all survivors and post-treatment
survivors, whereas RE has the best effect during treatment. In addition, the quality of the included
studies was low, and there was some risk of bias, which may affect the interpretation of the
findings.
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1. Introduction

Breast cancer (BC) is the leading cause of cancer-related deaths in women and the fifth leading cause of cancer deaths globally, with
a high degree of disease heterogeneity, metastasis, and treatment resistance [1,2]. Since the mid-2000s, the incidence of BC in women
has been slowly increasing at a rate of 0.5 % per year, and 31 % of newly diagnosed female cancer patients in 2023 were predicted to be
BC patients [3]. After peaking in 1989, the mortality rate of female BC declined by 43 %, and the number of breast cancer survivors
(BCS) is expected to increase further as a result of advances in medical technology and increased awareness of BC [4]. Maintaining
health-related quality of life (HRQoL) in BCS challenges medical and social services.

HRQoL is a term for the health aspect of quality of life, which reflects not only the impact of perceived health on an individual’s
ability to live a fulfilling life but also that of illness and treatment on disability and daily functioning, and can reflect a patient’s sense of
well-being [5]. BC treatment, especially chemotherapy, is often accompanied by various side effects, including cardiotoxicity, immune
system damage, peripheral neuropathy, and cognitive dysfunction. These direct physical injuries can lead to adverse effects, such as
severe depression, weight gain, difficulties with self-management, and secondary lymphedema [6-8]. In addition, patients experience
adverse physical and psychological effects long after the end of treatment, which in turn weaken their HRQoL [9]. Therefore, it is
particularly important to know how to improve the HRQoL of BC patient prognosis.

The World Health Organization considers all forms of physical activity (PA) to be beneficial to health. PA has gained widespread
attention as an essential and beneficial lifestyle [10]. During or after treatment for breast and other cancers, most PAs can have
beneficial effects on patients, such as reducing fatigue, decreasing secondary edema, improving physical functioning, regulating mood,
and improving psychological well-being, which in turn improves HRQoL [11-14]. However, PA is a term for exercise aggregation that
includes all activities in all forms, at any intensity, and for any length of time [15], and Previous studies have treated PA as a single
category of exercise, which fails to provide a complete understanding of the effects of interventions in BCS, as well as gives potentially
misleading results and exhibits a high degree of heterogeneity, significantly reducing the reliability of the studies [16]. Although
another study categorized PA, it was not exhaustive enough in its delineation of activity types, which may have affected patients’
judgment in choosing appropriate physical activities. In addition, this study did not specifically analyze BC patients but rather
considered all cancer patients as a whole. Therefore, these results do not provide accurate guidance for BC patients when choosing PA
[17].

To the best of our knowledge, there is no network meta-analysis (NMA) on the full significance of PA interventions for BCS;
therefore, this study quantified the results of randomized controlled trials (RCTs) of PA interventions on HRQoL in BCS and refined the
classification of forms of exercise, assessing which forms have the best effect on HRQoL in BCS, in order to cater to the selection of
different patients with the optimal PA type. In addition, we divided BC into inter- and post-treatment phases to explore whether there
were differences in the effectiveness of the types of PA interventions at different phases to provide evidence that can be used as a
reference for clinicians, patients, and caregivers.

2. Methods
2.1. Protocol registration

This NMA followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses extension statement for systematic
reviews incorporating NMAs for health care (PRISMA-NMA) [18] and the Cochrane Collaboration Handbook [19], and was registered
on PROSPERO (CRD 42023474159).

2.2. Search strategy

We searched the Medline, Embase, Cochrane Library, and Web of Science databases from inception to November 2023. The lan-
guage restriction was English, and no restrictions were placed on ethnicity or region of publication. In addition, we used the following
Medical Subject Headings (MeSH) and keywords containing Boolean operators: ‘breast cancer survivors,” ‘exercise,” ‘physical activity,’
‘yoga,” ‘tai chi,” ‘qigong,” ‘quality of life,” ‘health related quality of life,” ‘HRQoL,” ‘randomized controlled trials.” In addition, the
references of previously published reviews and meta-analyses were checked to avoid missing relevant studies. See Appendix page 1 for
the detailed search strategy.

2.3. Study selection

After excluding duplicate studies, two independent reviewers (Xg N and Tf Y) screened the titles and abstracts against the inclusion
and exclusion criteria. A full-text review was performed if the abstract met the inclusion criteria or was unclear. Disagreements were
resolved by a third, experienced reviewer (Jb Y). All citations were managed and analyzed using the EndNote X9 software (Thompson
ISI Research Soft, USA).

2.4. Inclusion and exclusion criteria

The inclusion criteria for this meta-analysis were as follows: (a) population: BCS, and "cancer survivors" is defined from the time of
diagnosis and lasting for the balance of life [20]; (b) intervention: any type of exercise intervention, with the exercises categorized into
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two levels: the first level (during and after treatment) included aerobic exercise (AE, exercise aimed at improving cardiovascular
health), resistance exercise (RE, exercises aimed at improving muscular strength and endurance), combined aerobic and resistance
exercise (CE), and mind-body exercise (MBE, exercises aimed at improving physical and mental coordination); in the second level (all
BCS), CE and RE remained unchanged, AE was categorized as walking, moderate-intensity continuous exercise (MICE), and aerobic
interval exercise (AIT), and MBE was categorized as tai chi (TC), yoga, and qi gong (QG); (c) comparison: non-exercise intervention
group, such as usual care, waiting list, and educational consult; (d) outcomes: in order to comprehensively assess the impact of the
intervention on the HRQoL in the participants in this study, we used [e.g., Functional Assessment of Cancer Therapy, European Or-
ganization for Research and Treatment of Cancer Core Quality of Life Questionnaire, and SF-36] as the primary measurement tool.
These tools are widely used to assess health status across multiple dimensions of physical, psychological, and social functioning. Each
tool was selected based on its validity and reliability in similar studies [21-23]; and (e) study: RCTs.

The exclusion criteria were as follows: (a) patients with diseases other (than BC); (b) intervention studies that combined exercise
with medication, diet, or psychotherapy; (c) unavailability of outcome data; and (d) experimental protocols.

2.5. Data extraction

Two independent reviewers collected the following data from studies that met the inclusion criteria: (a) author’s information; (b)
publication date; (c) sample size, age, and disease staging of BC; (d) intervention type, duration, and weekly frequency; and (e)
outcomes of interest.

2.6. Classification as “during” or “after” breast cancer treatment

First, we analyzed the effects of different exercise interventions on the HRQoL in all BCS. In addition, to explore the benefits of
exercise at different periods, we analyzed the effects of exercise on BCS during and after treatment. Patients receiving chemotherapy or
radiotherapy as initial treatment for cancer or in the presence of metastasis or recurrence of cancer were defined as “during.” Patients
not currently receiving chemotherapy or radiotherapy, or currently receiving endocrine therapy only, were defined as “after.”

2.7. Risk of bias and quality of evidence

Two independent reviewers (Xg N and Tf Y) assessed the risk of bias for inclusion in the RCTs using the revised Cochrane Risk of
Bias Tool for Randomized Trials (version 2.0) [24]. The tool contains five entries: randomization process, deviations from intended
interventions, missing outcome data, measurement of the outcome, and selection of reported results. Studies were categorized as
having a low risk of bias, some concerns, or a high risk of bias based on the evaluation results. We used the Recommended Assessment,
Development, and Evaluation Grading (GRADE) approach to assess the quality of evidence in the NMA [25].

2.8. Measures of treatment effect

The NMA uses the standardized mean difference (SMD) and standard deviation (SD) change from baseline to analyze the effect of
PA on HRQoL. If the study did not provide relevant data, standard errors, 95 % confidence intervals (CIs), or p-values were used to
calculate SDs [19]. According to the Cochrane Handbook recommendations, if a lower value represents a better study result, the result
is multiplied by —1 [19]. If the study is a multi-arm RCT, data will be extracted for all intervention and control groups (CGs). In
addition, 0.5 was used as the correlation coefficient to calculate the difference in SD before and after the intervention [26].

2.9. Data synthesis

2.9.1. Pairwise meta-analyses

First, a paired analysis was conducted using a random effects model. The I? statistic was used to test for heterogeneity in the studies,
and heterogeneity was considered high when 12 was >50 % [27]. Publication bias was detected using corrected funnel plots and
Egger’s test [28].

2.9.2. Network meta-analyses

We conducted an NMA of the random effects model in a frequentist framework. First, a network plot was created in which the dots
represent the sample size of each intervention, and the dot-to-dot connections represent the number of direct comparisons. Changes in
HRQoL were estimated as SMD and 95 % CIs. Forest plots and league tables were produced to represent the extent of the effect of the
exercise intervention on HRQoL. We created league tables to show the effect of all exercise interventions on HRQoL and ranked the
therapeutic effects of exercise using P-scores [29]. P-scores range from O to 1, with higher P-values indicating greater improvements in
HRQOoL [30]. We assessed network heterogeneity using the t2 and I? statistics. We used prediction intervals in all forest plots to better
analyze heterogeneity. Network inconsistency was assessed using the node-split method, and network consistency was assessed using a
"design-by-treatment" model [31,32].
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2.10. Additional analysis

To explore the sources of heterogeneity and validate the model’s stability, we conducted regression analyses with continuous
variables of interest, including intervention period, weekly intervention frequency, mean age, year of publication, and duration of a
single intervention. In addition, we assumed that the treatment effect was consistent across all interventions. Moreover, we conducted
sensitivity analyses that focused on the impact of highly biased studies on the intervention effects.

3. Results
3.1. Study selection and characteristics

A total of 6046 records were identified by searching the electronic databases and retrieving previous studies. After removing
duplicates and checking titles and abstracts, 96 full articles were assessed. Of these studies, one was a non-RCT, two had intervention
populations that did not meet the inclusion criteria, nine had intervention types that did not meet the inclusion criteria, and eighteen
had no available data. Finally, 66 studies were included in the NMA (Fig. 1).

Among the 66 included studies, there were 6464 participants. The participants were all female, and most had disease staging 0-3,
with a mean age of 52.38 years. Thirty-seven studies were defined as during treatment and 29 as after treatment. Most of the studies
were conducted in North America (25/66, 37.9 %), followed by Europe (21/66, 31.8 %). The maximum intervention duration was 52
weeks, the minimum was 3 weeks, and the frequency of weekly interventions ranged from one to six. Yoga appeared the most
frequently (K = 15), followed by MICE (K = 14), and QG the least (K = 4). The characteristics of the included studies are shown in
Appendix 2 (see Appendix 8 for the included literature).

[ Identification of studies via databases and registers ]
- Records identified from*: 5;22?.{87 r?moved before
S (n=6,046) ing:
= . Duplicate records removed
© PubMed:567 =2 735
£ Embase:745 > Rewords marked as Inelighi
5 Web of Science:2,381 b ezzto;at?onio;: (n(io% ©
§ Cochrane:2,169 R);cords removed for o_ther
Other resource: 184 ~
reasons (n=0)
A4
S
Records screened Records excluded**
—>
(n=3,311) (n=3,215)
\4
Reports sought for retrieval
o (n=%6) 9 — | Full text not available (n=0)
s
[
g
& \4
Reports assessed for eligibility
(n=96) )
Reports excluded: (n=30)
° Studies were not RCTs
(n=1)
®  The participants in studies
were non-BCS (n=2)
®  The interventions were not
v meet the inclusion criteria
(n=9)
®  Studies were not report
Studies included their available data (n=18)
(n=66)

Fig. 1. Literature review flowchart. BCS, breast cancer survivor. RCTs, randomized controlled trials.
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3.2. Risk of bias and quality of evidence

Of the 66 studies included, 9 were considered to have a high risk of bias, 45 were defined as having some concerns, and 12 had a low
risk of bias (Appendix 5). In the NMA, the certainty of evidence was categorized as moderate to very low, with the main reasons for
downgrading being risk of bias, imprecision, and inconsistency (Appendix 6).

3.3. Pairwise meta-analyses

In the pairwise analysis, compared to the CG, all exercise interventions except high-intensity interval training (HIIT), and TC
significantly affected HRQoL (Table 1). There was asymmetry in the funnel plot, and the Egger test result was also less than 0.05,
indicating publication bias in the study (Appendix 3).

3.4. Network meta-analyses

Fig. 2 shows the network analysis for all BCS. The overall heterogeneity/inconsistency was high (I> = 82.3 % [78.0 %; 85.9 %]; 1>
=0.2297). The global Q score for inconsistency was 345.55 (p < 0.0001), and significant hotspots of inconsistency were identified in 3
(8.33 %) of 36 intervention comparisons, including some disagreements between direct and indirect evidence (Appendix 4). Compared
to the CG, CE (SMD = 0.71; 95 % CI: 0.40 to 1.10; P-score = 0.75; Grade: moderate) interventions were likely to be most effective,
followed by RE (SMD = 0.68; 95 % CI: 0.38 to 0.98; P-score = 0.72; Grade: moderate), QG (SMD = 0.69; 95 % CI: 0.16 to 1.22; P-score
= 0.70; Grade: low), MICE (SMD = 0.61; 95 % CI: 0.32 to 0.90; P-score = 0.62; Grade: moderate), HIIT (SMD = 0.56; 95 % CI: 0.11 to
1.01; P-score = 0.55; Grade: very low), walking (SMD = 0.52; 95 % CI: 0.02 to 1.01; P-score = 0.51; Grade: low), TC (SMD = 0.41; 95 %
CI: 0.12 to 0.93; P-score = 0.39; Grade: low), and yoga (SMD = 0.30; 95 % CI: 0.02 to 0.57; P-score = 0.24; Grade: moderate) (Table 1)
(Appendix 6). In addition, the results of the sensitivity analysis were relatively stable (Appendix 7).

Fig. 3 shows the network analysis of BCS during treatment. The overall heterogeneity/inconsistency was also high (12 = 80.8 %
[74.3 %; 85.7 %]; 7% =0.1930). The global Q score for inconsistency was 187.92 (p < 0.0001), and no hotspots for inconsistency were
identified. Compared to the CG, RE (SMD = 0.68; 95 % CI: 0.35 to 1.10; P-score = 0.84; Grade: moderate) interventions were likely to
be most effective, followed by CE (SMD = 0.68; 95 % CI: 0.38 to 0.98; P-score = 0.72; Grade: moderate), AE (SMD = 0.47; 95 % CI: 0.20
to 0.73; P-score = 0.52; Grade: moderate), and MBE (SMD = 0.36; 95 % CI: 0.09 to 0.64; P-score = 0.38; Grade: moderate) (Table 2)
(Appendix 6). In addition, the sensitivity analysis results were relatively stable (Appendix 7).

Fig. 4 shows the network analysis of BCS after treatment. The overall heterogeneity/inconsistency was also high (I? = 84.3 % [78.1
%; 88.8 %]; 12 = 0.3247). The global Q score for inconsistency was 159.56 (p < 0.0001), and significant hotspots of inconsistency were
identified in 2 (20 %) of 10 intervention comparisons, including some disagreements between direct and indirect evidence (Appen-
dix 4). Compared to the CG, CE (SMD = 0.77; 95 % CI: 0.28 to 1.26; P-score = 0.74; Grade: very low) interventions were likely to be
most effective, followed by AE (SMD = 0.74; 95 % CI: 0.34 to 1.14; P-score = 0.72; Grade: moderate), RE (SMD = 0.70; 95 % CI: 0.01 to
1.40; P-score = 0.66; Grade: very low), and MBE (SMD = 0.41; 95 % CI: 0.03 to 0.80; P-score = 0.36; Grade: very low) (Table 3)

Table 1
Netleague table for all breast cancer survivors.
CE . . . —0.02 (-0.72, . . . 0.73 (0.42,
0.68) 1.05)

0.03 (—0.40, RE . 0.00 (-1.12, 0.15 (-0.84, 1.24 (0.15, . . 0.57 (0.25,
0.45) 1.12) 1.14) 2.33) 0.89)

0.02 (-0.59, —0.01 (-0.62, QG 0.27 (-0.79, . . . . 0.63 (0.02,
0.63) 0.60) 1.34) 1.23)

0.10 (-0.32, 0.07 (—0.34, 0.08 (—0.49, MICE . . . 0.62 (—0.43, 0.59 (0.28,
0.52) 0.48) 0.65) 1.67) 0.90)

0.15 (-0.33, 0.12 (—0.40, 0.13 (-0.57, 0.05 (—0.48, HIIT . . . 0.41 (—0.12,
0.63) 0.64) 0.83) 0.58) 0.95)

0.19 (-0.39, 0.16 (-0.39, 0.17 (-0.56, 0.09 (-0.48, 0.04 (-0.62, Walking . . 0.79 (0.24,
0.77) 0.71) 0.90) 0.67) 0.71) 1.35)

0.30 (—0.31, 0.27 (—0.34, 0.28 (—0.47, 0.20 (—0.40, 0.15 (—0.54, 0.11 (-0.62, TC . 0.41 (—0.12,
0.91) 0.88) 1.03) 0.80) 0.84) 0.83) 0.93)

0.41 (0.00, 0.38 (-0.02, 0.39 (-0.20, 0.31 (-0.07, 0.26 (—0.26, 0.22 (-0.35, 0.11 (-0.48, Yoga 0.32 (0.03,
0.82) 0.79) 0.99) 0.70) 0.79) 0.79) 0.71) 0.60)

0.71 (0.40, 0.68 (0.38, 0.69 (0.16, 0.61 (0.32, 0.56 (0.11, 0.52 (0.02, 0.41 (-0.12, 0.30 (0.02, CG
1.01) 0.98) 1.22) 0.90) 1.01) 1.01) 0.93) 0.57)

Note: The effects of different physical activity were assessed using a frequency ranking method, and the probability of ranking for each physical
activity was expressed as a P-score. Results of the network meta-analysis are presented in the left lower half and results from pairwise comparisons in
the upper right half, if available. Comparisons between interventions should be read from left to right and the estimate is in the cell in common
between the column-defining Intervention and the row-defining Intervention. In the left lower half, standard mean differences (SMDs) higher than
0 favor the column-defining Intervention, in the upper right half SMDs higher than 0 favor the row defining Intervention. Cells in bold print indicate
significant results “.” = not available. CE, aerobic combined with resistance exercise. RE, resistance exercise. QG, qi gong. MICE, moderate intensity
continuous exercise. HIIT, high intensity interval training. TC, tai chi. CG, control group.
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Total sample size
500

Contrast Direct EGvs.CG
1000 toCG Comparisons (Quality of life) SMD 95%-Cl P-score
1500
CE 12 B o 0.71 [0.40; 1.01] 0.75
2000 RE 11 o 068 [0.38,098] 072
QG 3 —— 0.69 [0.16;122]  0.70
2500 MICE 12 E 0.61 [0.32;0.90] 0.62
HIT 4 — 0.56 [0.11;1.01] 0.55
Walking 4 0.52 [0.02; 1.01] 0.51
Number of studies TC 5 0.41 [-0.12; 0.93] 0.39
Yoga 14 —u 0.30 [0.02;057] 0.4
-1 CG 0 0.00 0.01
|
W 2 -1 0 1 2

QG

Fig. 2. Network plot and forest plot of available comparisons between different exercise interventions on HRQoL in all breast cancer survivors. CE,
combined aerobic and resistance exercise. CG, control group. CI, confidence interval. EG, experimental group. HIIT, high intensity interval training.
MICE, moderate intensity continuous exercise. QG, qi gong. RE, resistance exercise. SMD standard mean difference. TC, tai chi.

RE cG Number of studies
—_—
- Contrast Direct EG vs. CG
- 7 to CG Comparisons (Quality of life, during) SMD 95%-Cl P-score
o o
[ B8 RE 9 - 0.68 [0.35; 1.00] 0.84
CE 5 — 0.62 [0.23; 1.01] 0.76
AE 12 L 0.47 [0.20; 0.73] 0.52
Total sample size MBE 12 = 0.36 [0.09; 0.64] 0.38
MBE AE 400 CG 0 0.00 0.00
80 2 -1 0 1 2
1200
1600
CE

Fig. 3. Network plot and forest plot of available comparisons between different exercise interventions on HRQoL in breast cancer survivors
(during). AE, aerobic exercise. CE, combined aerobic and resistance exercise. CG, control group. CI, confidence interval. EG, experimental group.
MBE, mind-body exercise. RE, resistance exercise. SMD standard mean difference.

Table 2
Netleague table for breast cancer survivors (during).

RE

0.09 (-0.61, 0.78)

0.68 (0.34, 1.01)

0.06 (—0.45, 0.56)
0.21 (-0.18, 0.61)
0.31 (-0.11, 0.74)
0.68 (0.35, 1.00)

CE

0.16 (-0.27, 0.58)
0.26 (—0.21, 0.73)
0.62 (0.23, 1.01)

—0.02 (-0.66, 0.63)
AE

0.10 (—0.26, 0.47)
0.47 (0.20, 0.73)

—-0.27 (-1.27,0.72)
MBE
0.36 (0.09, 0.64)

0.69 (0.25, 1.13)
0.44 (0.15, 0.73)
0.33 (0.05, 0.62)
CG

Note: The effects of different physical activity were assessed using a frequency ranking method, and the probability of ranking for each physical
activity was expressed as a P-score. Results of the network meta-analysis are presented in the left lower half and results from pairwise comparisons in
the upper right half, if available. Comparisons between interventions should be read from left to right and the estimate is in the cell in common
between the column-defining Intervention and the row-defining Intervention. In the left lower half, standard mean differences (SMDs) higher than
0 favor the column-defining Intervention, in the upper right half SMDs higher than 0 favor the row defining Intervention. Cells in bold print indicate
significant results “.” = not available. CE, aerobic combined with resistance exercise. RE, resistance exercise. AE, aerobic exercise. MBE, mind-body

exercise. CG, control group.
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RE ce Number of studies
—_
-
- Contrast Direct EGvs. CG
o to CG Comparisons (Quality of life, after) SMD 95%-Cl P-score
CE 7 —— 0.77 [0.28; 1.26] 0.74
Total sample size AE 8 — 0.74 [0.34; 1.14] 0.72
200 RE 2 —=— 0.70 [0.01;1.40]  0.66
MBE 10 = 0.41 [0.03; 0.80] 0.36
MBE AE 400 CcG 0 0.00 0.01
600
-2 - 0 1 2
800
&8 1000

Fig. 4. Network plot and forest plot of available comparisons between different exercise interventions on HRQoL in breast cancer survivors (after).
AE, aerobic exercise. CE, combined aerobic and resistance exercise. CG, control group. CI, confidence interval. EG, experimental group. MBE, mind-
body exercise. RE, resistance exercise. SMD standard mean difference.

Table 3

Netleague table for breast cancer survivors (after).
CE . . . 0.77 (0.28, 1.26)
0.03 (—0.60, 0.66) AE —1.24 (—2.48, 0.01) 0.62 (—0.60, 1.83) 0.86 (0.42, 1.30)
0.07 (—0.78, 0.92) 0.04 (—0.70, 0.78) RE . 0.15 (-0.67, 0.97)
0.36 (—0.26, 0.98) 0.33 (—0.20, 0.85) 0.29 (—0.50, 1.08) MBE 0.44 (0.04, 0.85)
0.77 (0.28, 1.26) 0.74 (0.34, 1.14) 0.70 (0.01, 1.40) 0.41 (0.03, 0.80) CG

Note: The effects of different physical activity were assessed using a frequency ranking method, and the probability of ranking for each physical
activity was expressed as a P-score. Results of the network meta-analysis are presented in the left lower half and results from pairwise comparisons in
the upper right half, if available. Comparisons between interventions should be read from left to right and the estimate is in the cell in common
between the column-defining Intervention and the row-defining Intervention. In the left lower half, standard mean differences (SMDs) higher than
0 favor the column-defining Intervention, in the upper right half SMDs higher than 0 favor the row defining Intervention. Cells in bold print indicate
significant results “.” = not available. CE, aerobic combined with resistance exercise. RE, resistance exercise. AE, aerobic exercise. MBE, mind-body
exercise. CG, control group.

(Appendix 6). Stability was similarly demonstrated in the sensitivity analyses that excluded studies with a high risk of bias
(Appendix 7).

3.5. Meta-regression

The regression analysis showed that the intervention period, frequency of intervention, duration of a single intervention session,
year of publication, and mean age of the participants were not sources of heterogeneity in this study (Appendix 7).

4. Discussion

To the best of our knowledge, this is the first NMA to investigate the effect of PA on the HRQoL in BCS. We pooled 66 RCTs involving
6464 BCS, including eight exercise types, and analyzed them according to the overall, on-treatment, and post-treatment periods. Our
study found that the effectiveness of different types of PA varied across different BC periods, with no type of PA exhibiting adverse
outcomes. CE showed the best results in the overall and post-treatment periods of BC, whereas RE was the most effective BC treatment.
In addition, QG, MICE, HIIT, walking, and yoga had significantly positive effects in the overall phase compared to the CG. RE, CE, AE,
and MBE had significant effects during and after treatment. However, it is interesting to note that most effect comparisons between the
PAs were similar. According to the GRADE assessment, the quality of evidence was very low (very low to moderate); therefore, the
results should be interpreted with caution. Furthermore, the results of the regression analysis suggested that the effects of the exercise
interventions in the current study may not have been influenced by the intervention period, frequency of intervention, duration of a
single intervention session, year of publication, or mean age of the participants.

HRQoL is a multidimensional concept that includes physical health and social and psychological functioning [33]. The primary
scales we extracted were the 36-item Functional Assessment of Cancer Therapy B form (FACT-B), the 36-item Short Form Health
Survey of Medical Outcomes (SF-36), and the European Organisation for Research and Treatment of Cancer Quality of Life
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Questionnaire (EORTC-QQL-C30). Of these, the FACT-B measures the physical, emotional, social, and functional health of BCS as well
as specific issues [34], and the SF-36 contains eight subscales on physical functioning, physical roles, physical pain, general health
perceptions, vitality, social functioning, emotional roles, and mental health [35]. The QQL-C30, on the other hand, contains nine
multi-item scales, five functional scales (physical, role, cognitive, emotional, and social), three symptom scales (fatigue, pain, nausea,
and vomiting), the Global Health and Quality of Life Scale, and several single-item symptom measures [22]. In the overall phase, the
effect of PA was significant and not negligible, a finding that is consistent with previous research on the effect of exercise on the quality
of life of all cancer patients [36]. The magnitude of the PA type for HRQoL efficacy in BCS was, in order, CE, RE, QG, MICE, HIIT,
Walking, TC, Yoga, and CG. However, a fascinating finding was that most PAs did not show significant comparability. However, all of
them were better than the CG, suggesting that exercise does not negatively impact HRQoL in BCS, a finding supported by previous
studies [37]. Other noteworthy findings were that the effect of CE was significantly better than that of yoga, the efficacy of RE exercise
was significantly better than that of walking, and the effect of yoga was the worst, except for the CG, which was also in line with our
prediction. The results of a previous study on the effects of yoga on anxiety and depressive symptoms suggested that yoga interventions
could significantly improve patients’ anxiety symptoms [38]. However, the reported quality of this study was considered very low, and
the effects of exercise on HRQoL and psychological well-being in older adults produced only minor to moderate improvements [39].
Although our study ranked PAs, this does not imply that only the highest-ranked type of PA is selected for intervention, and we still
recommend that patients choose according to their situation.

Since the PA secondary classification was insufficient for nuanced analysis after dividing the prognostic period of BC, we analyzed it
according to the PA primary classification during the treatment and post-treatment periods. We found that PA provided benefits to
HRQoL in BCS both during and after treatment, which is consistent with the results of several previous studies [40,41]. An exciting
finding when we ranked the results based on improvement in HRQoL was that MBE was the least efficacious among the four PAs
compared to the CG. In contrast, the effects of CE, AE, and RE on HRQoL improvement in BCS varied considerably across the different
periods of BCS prognosis. During the treatment period, the order of improvement was RE, CE, AE, MBE, and CG in descending order,
whereas after the treatment, the order was CE, AE, RE, MBE, and CG. This may be because many cancer cells are still reproducing
during the treatment period. Most cells rely on glycolysis to produce energy (the Wahlberg effect) [42,43], and the RE intervention at
this time would be more beneficial for inhibiting the activity of cancer cells. After cancer treatment, the number of cancer cells in the
body is significantly reduced to the point where there are no longer any cancer cells. Normal cells rely mainly on aerobic oxidation for
energy supply and on glycolysis to produce only 30 % of their energy [44]. CE and AE are more conducive to the recovery of body
functions. However, among previous studies on the effects of different PA types on HRQoL in all cancers, only some campaigns showed
significant efficacy, possibly because of cancer type specificity [17]. Thus, the vast majority of physical activities significantly
improved quality of life in BCS, which echoes previous findings on the potential protective effect of PA on BC risk in postmenopausal
women [45]. In particular, among postmenopausal women aged 65 years and older, PA showed some preventive effects against BC,
which may indirectly enhance the quality of life by improving patients’ general health. Although the role of PA in BC prevention was
not directly explored in this study, our findings support the direct benefit of exercise in enhancing survivors’ quality of life; for
example, PA may play a role in postmenopausal women through mechanisms such as modulation of hormone levels and reduction of
adipose tissue [46]. It is reasonable to hypothesize that these physiological changes may also positively impact BCS.

4.1. Strengths and limitations

Compared with previous studies, this study has several advantages. First, this study integrated previous studies that only assessed
the effect of a single exercise on HRQoL in BCS, compared the efficacy of different PA interventions using NMA, considered the results
of direct versus indirect comparisons, improved statistical efficiency, and provided a prioritized ranking of the effect of different PA
types on HRQoL in BCS. Second, we used a systematic and comprehensive search strategy to retrieve published studies from an
extensive database, with the search not limited by publication date and language, and included studies not restricted to specific types
of interventions or comparators. Finally, network meta-regression and sensitivity analyses were performed to fully investigate the
sources of heterogeneity in the studies and improve the credibility of the outcomes.

However, this study has several limitations. Although we divided BC into overall, between-treatment, and post-treatment periods,
there was still a high degree of heterogeneity in the results of the studies, which we attributed to the variability of the results, one of our
most significant limitations. Second, we only included the mean and standard deviation of each study rather than the raw data for each
patient, and more precise estimates could be made based on patient-specific data; however, this is beyond our capabilities. Third,
because exercise interventions for BCS are unlikely to be blinded, patients in the intervention group may be susceptible to the
Hawthorne effect [47] (e.g., patients performing exercise interventions may exhibit behaviors that they perceive as improved because
they know that their outcomes will be compared with those of control patients). However, not every exercise type produced the
Hawthorne effect in studies that used both types of exercise. Fourth, the current treatment status was not explicitly reported in many
studies, and patients varied; therefore, we cannot determine whether patients were homogeneous at the time of the initial intervention.
In contrast, the initial disease grade and treatment status may have influenced outcomes [48,49]. Finally, this study failed to generate
new hypotheses about the relationship between PA and quality of life, possibly because of limitations in the study design or data
processing methods. Future studies should employ more flexible analytical methods, such as machine learning or sophisticated sta-
tistical modeling, to reveal deeper patterns and relationships.
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5. Conclusions

In conclusion, our study suggests that all PA modalities, except TC, may significantly improve the HRQoL in patients with BCS. CE
showed the best efficacy in BCS, both overall and in the post-treatment phase, whereas RE was the best option in the mid-treatment

phase of BC treatment. However, owing to limited direct evidence, there is no significant difference in efficacy among the various PAs,
and individual patient preferences and variability in physical functioning should be fully considered when selecting PA interventions.
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