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Abstract

Physical activity (PA) interventions have shown to be effective for improving
health-related quality of life (HRQoL) in clinical populations, including people
living with cancer. This chapter summarizes the current PA guidelines and the
current evidence about exercise interventions aimed to improve HRQoL in people
with breast cancer (BC). In people with BC undergoing systemic treatments and in
BC survivors, exercise interventions including aerobic exercise, high-intensity
interval training, resistance training, and aerobic exercise combined with resistance
training improve HRQoL. Compelling evidence supports the need for undertaking
PA as a health-related behavior and implementing exercise interventions in this
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population, particularly aerobic and resistance training. Mind-body practices and
aquatic exercise might also improve HRQoL, although with smaller effects. Com-
bining exercise with dietary interventions has also shown to have beneficial effects
on all HRQoL domains in BC survivors. However, the benefits of PA on HRQoL in
BC survivors are not maintained over time if PA is discontinued, which suggests
that PA should become a daily habit in this population.
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Abbreviations

BC Breast cancer
CI Confidence interval
d Cohen’s d

EORTC QLQ-BR23  European Organization for Research and Treatment of
Cancer Breast Cancer-specific Quality of Life
Questionnaire

EORTC QLQ-C30 European Organization for Research and Treatment of
Cancer Quality of Life Questionnaire Core 30

EQ-5D EuroQoL-5d questionnaire

FACT-B Functional Assessment of Cancer Therapy—Breast
questionnaire

FACT-G Functional Assessment of Cancer Therapy—General
questionnaire

HIT High-intensity interval training

HRQoL Health-related quality of life

P p-value

PA Physical activity

QoL Quality of life

SF-12 12-Item Short Form Health Survey

SF-36 36-Item Short Form Health Survey

VOsmax Maximum oxygen consumption

Introduction

Breast cancer (BC) is one of the most challenging and incident diseases worldwide,
particularly in women. In 2020, 2,261,419 people were diagnosed with BC (Global
Cancer Observatory 2020a), and it is expected that 2,700,000 new patients will be
diagnosed in 2030 (Global Cancer Observatory 2020b), which will join those
individuals already dealing with BC and treatments. Breast cancer is defined as an
out-of-control growth of cells in the breast (one or both breasts). Categorizing breast
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tumors, the European Society for Medical Oncology (2018) proposes the classifica-
tion presented in Fig. 1, based on the hormone receptor status and HER2 gene
expression. These different BC types require different therapeutical approaches
depending on the tumor’s characteristics and the disease stage (American Cancer
Society 2021). The most common treatment types are presented in Fig. 2 (American
Cancer Society 2021).

During and after the abovementioned treatments, people experience a series of
side effects that affect their physical and psychological health and have a great
impact on daily life (European Society for Medical Oncology 2018; American
Cancer Society 2021). The most common side effects during and after BC treatments
are the loss of muscle mass and muscular strength, decrease in cardiorespiratory
fitness, shoulder-arm disabilities, presence of lymphedema, fatigue, cardiotoxicity,
increase in depressive symptoms, and reduction in health-related quality of life

Tumor types

HER2
Luminal B Luminal B Luminal B
HER2 + um! umt umt overexpressing
HERZ2 - Luminal A Luminal B Luminal B Triple negative

Fig. 1 Breast cancer tumor types. Breast cancer tumor types according to the de European Society
for Medical Oncology. ER estrogen receptor, PR progesterone receptor, HER2 human epidermal
growth factor receptor 2

( —

Fig. 2 Breast cancer treatment types. Types of treatment for breast cancer according to the American
Cancer Society. BC breast cancer, HER2 human epidermal growth factor receptor 2, BRCA breast
cancer gene mutations, PD-/ programmed cell death protein 1



4 A. Esteban-Simén and A. Soriano-Maldonado

(HRQoL) (European Society for Medical Oncology 2018; American Cancer Society
2021). Focusing on the impact of BC and treatments, several factors are associated
with the decrease of HRQoL. Some of these factors are pain and fatigue (Cardoso
et al. 2023), perceived physical condition (Fresno-Alba et al. 2023), peripheral
neuropathy symptoms (Veiga-Seijo et al. 2023), anxiety (Cardoso et al. 2023),
self-esteem (Fresno-Alba et al. 2023), and the fear of disease progression (Cardoso
et al. 2023), among others.

The World Health Organization defines quality of life as an individual’s percep-
tion of their position in life in the context of the culture and value systems in which
they live and in relation to their goals, expectations, standards, and concerns (World
Health Organization). The health-related dimension of quality of life is a multi-
domain concept that represents the patient’s overall perception of the impact of an
illness and its treatment (U.S. Department of Health and Human Services FDA
Center for Drug Evaluation and Research et al. 2006) and is of utmost importance in
daily life as it has a great impact on physical and mental status (Teoli and Bhardwaj
2023). For these reasons, preserving and improving HRQoL in clinical populations
is of major clinical and public health relevance.

To assess the extent to which HRQoL is affected by BC and the associated
treatments, clinicians and researchers use specialized, validated, and specific, self-
reported questionnaires such as the European Organization for Research and Treat-
ment of Cancer Quality of Life Questionnaire Core 30 (EORTC QLQ-C30)
(Aaronson et al. 1993), the breast cancer-specific EORTC QLQ-BR23 (Sprangers
et al. 1996), the Functional Assessment of Cancer Therapy-General (FACT-G)
questionnaire (Cella et al. 1993), and the Functional Assessment of Cancer
Therapy-Breast (FACT-B) questionnaire (Brady et al. 1997). Also, some generic
questionnaires are used to assess HRQoL in people with BC, such as the EuroQoL-
5D (EQ-5D) questionnaire (EuroQoL Group 1990), the 36-Item Short Form Health
Survey (SF-36) (Ware and Sherbourne 1992), and the /2-Item Short Form Health
Survey (SF-12) (Ware et al. 1996). All these scales include different HRQoL
domains that assess global, physical, mental, and symptom-related QoL (Fig. 3).

Physical activity (PA), defined as any bodily movement produced by skeletal
muscles that requires energy expenditure, including during leisure time, for transport
to get to and from places, or as part of a person’s work (World Health Organization
2022), is one of the most recommended nonpharmacological strategies for managing
different noncommunicable diseases. Some of the benefits of PA are the improvement
and maintenance of physical fitness (including muscular strength, cardiorespiratory
fitness, or flexibility) and physical function (World Health Organization 2020). Addi-
tionally, PA has shown to prevent, contribute to the management, and improve survival
rates in several conditions such as stroke, heart disease, diabetes, hypertension, and
different types of cancer (World Health Organization 2020). Physical activity also
contributes to maintaining a healthy body weight and improving mental health,
physical well-being, and HRQoL (World Health Organization 2020).

Exercise—a subcategory of PA involving planned, structured, repetitive, and
purposive PA with the aim of improving or maintaining one or more components
of physical fitness (Caspersen et al. 1985)—is widely implemented to achieve the
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Fig. 3 Health-related quality
of life questionnaires. Most
used questionnaires to assess
health-related quality of life in
people living with breast
cancer. QoL quality of life,
EORTC QLQ-C30 European
Organization for Research and
Treatment of Cancer Quality
of Life Questionnaire Core
30, EORTC QLQ-BR23
European Organization for
Research and Treatment of
Cancer Breast Cancer-specific
Quality of Life Questionnaire,
FACT-G Functional
Assessment of Cancer
Therapy—General
questionnaire, FACT-B
Functional Assessment of
Cancer Therapy—Breast
questionnaire, EQ-5D
EuroQoL-5d questionnaire,
SF-36 36-Item Short Form
Health Survey, SF-12 12-Item
Short Form Health Survey

QoL questionnaires
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recommendations for people living with BC and BC survivors that are regularly
revised and updated. These recommendations include aspects such as intensity,
frequency, duration, progression, or type of activity, as well as specific consider-
ations for different side effects. In general, recommendations indicate the need for
consulting healthcare providers before initiating an exercise program; the impor-
tance of personalizing PA depending on health status, treatment, and individual
characteristics; and the importance of exercising gradually. Concerning PA, these
recommendations suggest that people with BC should, at least, achieve the current
physical activity recommendations for health (i.e., 150 minutes per week of aerobic
exercise and twice per week of resistance training) and, ideally, 2—3 days per week
for 20-40 min of moderate-intensity aerobic exercise and 2-3 days per week of
two-set (8—12 repetitions) moderate to vigorous resistance training (Campbell et al.
2019). Specific recommendations for each side effect are presented in the article by
Campbell et al. (2019). In particular, recommendations for improving HRQoL
include, on the one hand, 2-3 days per week of supervised aerobic exercise
(30 min at 60-80% of maximum heart rate, RPE 11-13) and, on the other hand,
2-3 days per week of resistance training (2-3 sets, 8—15 repetitions, at 60—75% of
1 repetition maximum, RPE 13-15) or a combination of both forms of PA for a
higher effectivity (Campbell et al. 2019).

Following these guidelines, several exercise interventions have been conducted to
preserve or improve HRQoL in people with BC. Reviewing some general studies,
Joaquim et al. (2022) concluded that HRQoL was significantly improved following
PA interventions, independently of type and frequency, although medium and longer
exercise sessions enhanced the HRQoL of people living with BC, observing higher
improvements in those patients engaged in longer-time sessions. Additionally, these
authors observed that supervised interventions had more beneficial effects on
HRQoL than those unsupervised and that interventions involving more than one
exercise type also reported higher improvements. Nevertheless, they also concluded
that the improvements did not persist longer than 3 months after the interventions.

Attending to the different dimensions of HRQoL, the meta-analyses by Aune
et al. (2022) and Chen et al. (2023a, b) reported that PA interventions resulted in
higher global QoL, general health perception scores, physical functioning, daily life
function, emotional functioning, social function, and mental health scores, although
no difference was observed on cognitive function score. Remarkably, Bo et al.
(2023) pointed out that evidence regarding the effects of self-managed PA interven-
tions on HRQoL is controversial and highlighted the need for further research.
Interestingly, several studies assessed the effectiveness of different PA protocols
on HRQoL during systemic treatment, revealing significant improvements for dif-
ferent exercise types (Brownson-Smith et al. 2023).

An in-depth description of different PA (mainly exercise) interventions and their
effects on HRQoL in people with BC will now be presented. This review provides an
overview of the current evidence on the effectiveness and safety of exercise inter-
ventions in this population.
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Aerobic Exercise

One of the most common approaches in PA interventions is aerobic exercise, defined
as the repetitive and structured physical activity that requires the body’s metabolic
system to use oxygen to produce energy (Abrams et al. 2013). Some of the benefits
of aerobic exercise are lower risk of all-cause mortality, cardiovascular disease,
hypertension, type 2 diabetes, different types of cancer, dementia, falls, weight
gain, and depression, as well as improved physical function, sleep quality, or
HRQoL, among others (U.S. Department of Health and Human Services 2018).

The systematic review by Ficarra et al. (2022) assessed the impact of aerobic
exercise and resistance training interventions in BC survivors. As reported by the
authors, results showed a 6.8% improvement in HRQoL for those studies
implementing aerobic exercise; nevertheless, the authors reported that resistance
training interventions showed a higher increase (10.5%). In this line, aimed to
improve and maintain HRQoL in BC survivors, Bucciarelli et al. (2023) compared
the effects of a 12-week aerobic exercise intervention—consisting of walking or
Nordic Walking—with a resistance training intervention. The authors observed
improvements in physical function (+5 points on average), pain (+22 points on
average), and health perception (+12 points on average) domains of HRQoL only for
those participants in the aerobic exercise group, while participants in the resistance
training group achieved improvements in social function (+12 points on average)
and mental health (+10 points on average) scales, thus concluding that both aerobic
and resistance exercise-induced improvements in HRQoL but showing different
response. Nevertheless, the improvements were not maintained during the follow-
up. Home-based aerobic exercise interventions have also shown to be effective for
BC survivors and are widely implemented. For instance, the home-based aerobic
intervention by Farajivafa et al. (2023), consisting of walking, balance exercises, and
stretches, reported improvements in global QoL (+25 points) and social functioning
(+16.7 points) in the intervention groups. However, further research is needed to
determine the most effective dose and strategies of home-based aerobic exercise to
achieve the highest benefits in terms of HRQoL.

Focusing on people with BC undergoing active treatment, the systematic review
by Ficarra et al. (2022) assessed the effects of aerobic exercise interventions on
HRQoL and suggested an average 4% improvement in HRQoL compared to an
average 2.8% decrease in control groups, although it is remarkable that the authors
observed a 12.1% increase for those patients involved in studies implementing
resistance training. Additionally, Sturgeon et al. (2022) conducted a study aimed
to assess the feasibility of a home-based aerobic exercise intervention—using DVD
format and an informational binder—in people living with BC receiving neo-
adjuvant chemotherapy. The authors concluded that even a 65-minute per week
intervention was effective for maintaining pain, physical function, and emotional
role scores of HRQoL in this population. Furthermore, Zhu et al. (2023) developed
an App aimed to guide patients with BC’s home-based aerobic exercise and reported
that HRQoL remained stable for all the dimensions of the F4 CT-B questionnaire with
a beneficial but not significant trend (p > 0.05).
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Regarding people living with metastatic BC, an aerobic exercise intervention based
on the achievement of the daily steps recommendation has shown to be feasible and
effective in maintaining HRQoL (—16%, p = 0.07) and improving other relevant
outcomes such as physical fitness (+7%, p < 0.001), muscular strength (+22%,
p < 0.001), and body composition parameters (BMI, —2.5%, p = 0.03; hip circum-
ference, —4%, p < 0.001) that might influence HRQoL (Delrieu et al. 2020). Further
research involving patients with advanced BC is needed to determine the optimal
dosage of aerobic exercise to achieve improvements in HRQoL.

The specific details on the studies implementing aerobic exercise interventions in
people with BC during and after treatments are presented in Table 1.

High-Intensity Interval Training

Within aerobic exercise, different configurations are proposed. High-intensity inter-
val training (HIIT) consists of repeated bouts of high-intensity effort followed by
varied recovery times (American College of Sports Medicine 2014). Improved body
composition, VO2max., metabolic markers, endothelial function and overall myo-
cardial function, and reduced blood pressure, risk of cardiovascular events, or risk of
all-cause mortality are some of the benefits of HIIT (Shiraev and Barclay 2012). For
these reasons, HIIT is widely used in daily practice and research studies.

A recent systematic review with meta-analysis by Chen et al. (2023b) concluded
that HIIT was superior to usual care in improving emotional well-being and fatigue
(Chen et al. 2023b) in BC survivors. However, the authors report that the heteroge-
neous use of assessment tools across studies prevented quantitative synthesis. In this
line, Isanejad et al. (2023) compared HIIT to moderate-intensity continuous training
and a control group and concluded that participants in the HIIT group achieved
higher improvements (as measured by partial eta squared —nzp—, considering small
—1%p = 0.01-, medium —n?, = 0.06-, and large —n’, = 0.14- effect) in social well-
being (effect size: 0.189, p = 0.026), emotional well-being (effect size: 0.268, p =
0.017), functional well-being (effect size: 0.209, p = 0.015), and fotal (effect size:
0.429, p = 0.001) scores of the FACT-G. What is more, Schmitt et al. (2016)
evaluated whether a short multimodal intervention of 3-week including HIIT may
induce further improvements than low-to-moderate intensity training (LMIT) in
HRQoL of BC survivors, and contrary to previous researchers, the authors observed
that both methods improved HRQoL although LMIT reported higher benefits
(as measured by Cohen’s d, considering small —0.2-, medium —0.5-, and large
—0.8- effect) in HRQoL (HIIT: d = 0.79, p < 0.00; LMIT: d = 1.14, p < 0.00),
physical functioning (HIIT: d = 0.35, p = 0.04; LMIT: d = 0.89, p < 0.00), social
functioning (HIIT: d = —0.08, p = 0.33; LMIT: d = 0.64, p = 0.01), emotional
Sfunctioning (HIIT: d = 0.46, p = 0.03; LMIT: d = 1.25, p < 0.00), cognitive
functioning (HIIT: d = 0.31, p = 0.07; LMIT: d = 0.48, p = 0.04), and role
functioning (HIIT: d = 1.04, p = 0.01; LMIT: d = 1.23, p = 0.04) scales. Results
are heterogeneous depending on the HIIT dose, which might suggest that further
research is needed to elucidate the optimal dose to improve HRQoL in BC survivors.
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On the other hand, focusing on people living with BC receiving chemotherapy,
Lee et al. (2021) conducted an 8-week HIIT intervention consisting of seven bouts of
1-min high-intensity exercise (90% peak power output) followed by 2-min active
recovery (10% peak power output) in a stationary bike. The authors assessed the
effects of the intervention on patient-reported outcomes in women with BC receiving
anthracycline-based chemotherapy and concluded that HIIT might be an effective
approach to maintain all HRQoL domains of the FACT-B questionnaire compared to
those participants in the control group, who reported a decreased physical (—8.7
points on average, p = 0.04), functional (—8.7 points on average, p = 0.05), and
total (—25.4 points on average, p = 0.01) scores of the FACT-B. Aimed at finding the
most effective HIIT strategy, Mijwel et al. (2018, 2019) compared the effects of
adding HIIT protocols to resistance training and aerobic exercise with usual care in
patients receiving chemotherapy after the 16-week intervention and at 12-month
follow-up. The authors observed that adding HIIT to traditional training methods
was effective in improving or maintaining most scales of the EORTC QLQ-C30
compared to usual care in patients undergoing chemotherapy. On the one hand,
resistance training + HIIT protocol was superior to aerobic exercise + HIIT com-
pared to usual care after the 16-week intervention (considering small (0.2-0.5),
medium (0.6-0.8), and large (>0.8) effect) in physical functioning (effect size =
0.49, p < 0.01), role functioning (effect size = 0.81, p < 0.01), cognitive functioning
(effect size = 0.35, p = 0.02), and fatigue (effect size = —0.61, p = 0.01) scores. On
the other hand, at the same time point (16 weeks), aerobic exercise + HIIT was
superior to resistance training + HIIT compared to usual care in emotional function-
ing (effect size = 0.40, p = 0.01), pain (effect size = —0.036, p = 0.025), and
insomnia (effect size = —0.37, p = 0.04) scores. The authors also assessed the
effects of the intervention at a 12-month follow-up, concluding that only the aerobic
exercise + HIIT group experienced improvements in emotional functioning (effect
size = 0.40, p = 0.029), role functioning (effect size = 0.33, p = 0.036), fatigue
(effect size = —0.40, p = 0.041), appetite loss (effect size = —0.66, p = 0.024), and
constipation (effect size = —0.37, p = 0.019) scores. In line with previous research,
different HIIT configurations report distinct benefits in terms of HRQoL. Neverthe-
less, the authors reported that these improvements were not maintained in a two-year
follow-up (Bolam et al. 2019). Furthermore, Schulz et al. (2018) also explored the
effects of adding a HIIT protocol to resistance training compared to a control group
who did not exercise. Consistent with previous studies, the authors reported a
significant decrease in the anxiety (mean change = —32.9, p = 0.018) and depres-
sion (—26.9, p = 0.031) domains of HRQoL.

Unfortunately, to the best of our knowledge, studies assessing the effects of HIIT
interventions on HRQoL in people living with metastatic BC are currently lacking.
Considering the potential benefits of HIIT in people with BC during and after active
treatment, the absence of studies involving such population highlights the need for
conducting this type of intervention or, at least, its feasibility considering this
vulnerable population.

The specific details of the studies implementing HIIT interventions in people with
BC during and after treatments are presented in Table 1.
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Resistance Training

Resistance training is defined as the training aimed to increase power and strength
using static, dynamic actions, or both, including all forms of training that involve
working against loads greater than usually experienced (Kent 2006). Some of the
benefits of resistance training are the enhancement of muscular strength, endurance,
and power; the improvement of bone, muscle, and connective tissue growth and
durability; the blood glucose regulation; the improvement in aerobic fitness; the
management of several health conditions such as diabetes, hypertension, obesity,
low back pain, cancer, and cardiovascular diseases; and the amelioration of mental
health and HRQoL (Fiataraone Singh et al. 2019).

The impact of resistance training in BC survivors has been described in several
studies. The systematic review by Ficarra et al. (2022) reported a mean improvement
of 10.5% on HRQoL in BC survivors after resistance training interventions, sur-
passing the improvements reported after aerobic exercise interventions. In this line,
many randomized controlled trials have been conducted to assess the effect of
resistance training in different domains of HRQoL. Moraes et al. (2021)
implemented an 8-week resistance training program that included exercises for
large muscular groups. After the intervention, the authors observed improvements
in physical functioning (27%, p = 0.027), role functioning (54%, p = 0.008),
emotional role functioning (42%, p = 0.027), and mental health (16%, p = 0.032)
subscales of the SF-36 questionnaire, as well as in anxiety state (—19%, p = 0.012)
and anxiety trait (—23%, p = 0.001) compared to participants in the control group.
Additionally, the study by Hagstrom et al. (2016), who implemented a 16-week
supervised resistance training intervention, showed that the resistance training group
improved HRQoL by 6.9 points compared to 1.6 points for the control group. Also,
Calonego et al. (2023) concluded that HRQoL was significantly improved after a
resistance training intervention independently of the set configuration: simple-set
group participants reported a 4.3% improvement, and multiple-set group participants
reported a 7.9% improvement with no differences between groups. The study by
Garcia-Soidan et al. (2020) compared the effect of three different types of PA
interventions on HRQoL in BC survivors and observed that participants in the
resistance training group showed improvements in all the items of the SF-12
questionnaire, while the other intervention types reported improvements only in
various domains, thus concluding that people with BC should include predominantly
strength exercises in their PA routine. In this line, the trial by Lin et al. (2023)
compared the effects of three different PA interventions on HRQoL, pain, and
lymphedema in BC survivors. The results suggest that the group performing pro-
gressive resistance training + joint mobility exercises obtained the highest improve-
ments in HRQoL (change in HRQoL = 13.032, p = 0.008) compared to groups who
performed joint mobility alone or joint mobility + aerobic exercise. However, some
studies as the randomized trial by Soriano-Maldonado et al. (2023) observed no
improvements but maintenance of HRQoL (Cohen’s d = 0.30, p = 0.245) after a
resistance training intervention, underlining the relevance of determining the ade-
quate resistance training dosage for improving HRQoL in BC survivors.
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Regarding people living with BC receiving adjuvant therapy, the review by
Gerland et al. (2021) summarized the results of eight randomized controlled trials
assessing the effects of different configurations of resistance training interventions.
The authors concluded that resistance training induced beneficial effects on HRQoL,
showing improvements or maintenance of HRQoL. Both low- and high-intensity
resistance training showed beneficial effects on HRQoL (Gerland et al. 2021).
Additionally, the systematic review by Ficarra et al. (2022) concluded that resistance
training induced a 12.1% improvement in HRQoL after the interventions compared
to a —2.4% decrease in control groups.

Considering patients with metastatic BC, literature is scarce. Nevertheless, some
randomized trials have been conducted. For instance, Yee et al. (2019) conducted an
8-week pilot study to assess the effects of a resistance training program consisting of
seven exercises for large muscle groups. The authors reported benefits in favor of the
intervention group in all subscales of the EORTC QLQ-C30 (effect size calculated
using Glass’s delta, considering small (<0.2), medium (0.5), and large (>0.8) effect
(effect sizes = 0.04—1.71, all p < 0.05).

The specific details of the studies implementing resistance training interventions
in people with BC during and after treatments are presented in Table 2.

Aerobic Exercise Combined with Resistance Training

Several studies have also combined both aerobic exercise programs with resistance
training to enhance HRQoL, which receives the denomination of concurrent train-
ing. A summary of the results of our review on this topic is presented below.

A recent network meta-analysis by Wang et al. (2023) compared the effectiveness
of different exercise-based interventions that included aerobic exercise, resistance
training, concurrent training, and yoga and concluded that concurrent training was
the most effective (presenting effect sizes as point estimates) type of intervention in
improving HRQoL in BC survivors (effect size = 1.31; 95% confidence interval (CI):
0.49, 2.12) compared to aerobic (effect size = 0.83; 95% CI: 0.03, 1.63), yoga (effect
size = 0.63; 95% CI: —0.67, 1.92), and strength (effect size = 0.19; 95% CI: —1.08,
1.46) when compared to the control group (usual care). Furthermore, the meta-analysis
by Aune et al. (2022) conducted subgroup analyses depending on the PA intervention
type and reported that strong effects on HRQoL were observed for combined aerobic
and resistance training, whereas intermediate effects were observed for resistance
training and aerobic exercise separately. Attending to depression and anxiety, the
systematic review of reviews by Lake et al. (2022) presented the meta-analysis by
Singh et al. (2018), who observed significant reductions only for those participants in
the concurrent training groups (depression: standardized mean difference = 0.62; 95%
CI: 0.18, 1.06; anxiety: standardized mean difference: 1.36; 95% CI: 1.10, 1.62). In
line with these authors, Kendall et al. (2023) conducted a pilot study implementing a
concurrent training intervention, reporting medium and small improvements in depres-
sion (Cohen’s d = —0.43), physical well-being (Cohen’s d = 0.30), and overall QoL
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(Cohen’s d = 0.12) (all p < 0.05), pointing out positive trends in social, emotional, and
functional well-being after the intervention.

On the other hand, studies including people with BC receiving systemic treatment
have also been conducted. The meta-analysis by Andersen et al. (2022) compared
the effectiveness of different types, extensiveness, and delivery modes of PA inter-
ventions and concluded that all the intervention types showed improvements in
HRQoL and physical function. However, the authors highlighted that the physical
activity type had little influence on the effects of the intervention, although concur-
rent training reported higher improvements (as measured by standardized mean
differences, considering small (0.2), medium (0.5), and large (0.8) effects) in
HRQoL (effect size = 0.57; 95% CI: 0.36, 0.78) and physical function (effect size =
0.82; 95% CI: 0.58, 1.06). In patients undergoing radiotherapy, Mavropalias et al.
(2023) observed improvements in HRQoL and fatigue, although the authors did not
report the effect sizes or mean changes. Nevertheless, the authors challenge the
dosage of current recommendations, suggesting that people living with BC might
achieve similar improvements in HRQoL with smaller dosages of PA.

Regarding patients with metastatic BC, existing evidence is not extensive,
although several trials have been conducted. In this line, Sheean et al. (2021)
conducted a 12-week pilot study combining aerobic exercise and resistance training,
observing differences in favor of the intervention group in general QoL (6.2 vs. 1.8,
p = 0.003), physical well-being (2.7 vs. 0.7, p = 0.009), emotional well-being (2.1
vs. 0.9, p = 0.020), breast cancer (13.2 vs. 2.1, p = 0.001), and endocrine symptoms
(17.7 vs. 2.1, p = 0.007) subscales of the FACT-B questionnaire compared to the
control group, therefore suggesting that aerobic exercise combined with resistance
training is also beneficial for that people with stage IV BC.

The specific details of the studies implementing aerobic exercise combined with
resistance training interventions in people with BC during and after treatments are
presented in Table 2.

Mind-Body Interventions

Besides the abovementioned PA perspectives, many interventions are composed of
other typology of activities. Mind-body interventions need for special consideration.
This approach focuses on the communication between mind and body and the
powerful ways in which emotional, mental, social, and spiritual factors can directly
affect health (Rice 2001). Tai Chi Chuan, Baduanjin, and yoga are three of the most
commonly practiced forms of mind-body interventions, and some of their benefits
are the amelioration of low-back or osteoarthritis-related pain, balance, stability,
anxiety, depression, or HRQoL (National Center for Complementary and Integrative
Health 2021). Particularly in people living with BC and BC survivors, mind-body
interventions have shown numerous beneficial effects, also in HRQoL.

The systematic review with meta-analysis by Li et al. (2023) assessed the effects
of Tai Chi Chuan training in people living with BC and BC survivors (not including
people living with stage IV BC). The authors reported beneficial effects on HRQoL
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(standardized mean difference = 0.35; 95% CI: 0.15, 0.55), showing no moderating
effect by duration and frequency. In this regard, the systematic review with meta-
analysis by Gong et al. (2022) aimed to determine the effects of Baduanjin exercise
in patients with BC (not including patients with metastatic BC) and showed
improvements in emotional well-being (standardized mean difference = 0.67; 95%
CI, 0.26-1.07; p = 0.001), functional well-being (standardized mean difference =
0.55; 95% CI, 0.30-0.79; p < 0.00001), breast cancer subscale (standardized mean
difference = 0.39; 95% CI, 0.02-0.77; p = 0.04), anxiety (standardized mean
difference = —0.60; 95% CI, —1.15 to —0.05; p = 0.03), depression (standardized
mean difference = —0.70 95% CI, —0.97 to —0.42; p < 0.00001), as well as in total
QoL (standardized mean difference = 0.83; 95% CI, 0.58-1.08; p < 0.00001)
scores. Similarly, yoga-based interventions have reported beneficial effects on
HRQoL in people with BC. The systematic review with meta-analysis by Hsueh
et al. (2021) assessed the effects of yoga-based interventions in people living with
BC (including all cancer stages and treatment status) and revealed significant
improvements in social well-being (weighted mean difference = 1.36; 95% CI,
0.12-2.61; p = 0.03), emotional well-being (weighted mean difference = 1.46;
95% CI, 0.26-2.66; p = 0.02), and functional well-being (weighted mean differ-
ence = 2.04; 95% CI, 0.21-3.87, p = 0.03) domains of HRQoL.

Overall, mind-body interventions are considered a safe approach to effectively
improve HRQoL in people with BC, although other PA configurations might report
greater improvements (Wang et al. 2023). The specific details of the studies
implementing mind-body interventions in people with BC during and after treat-
ments are presented in Table 3.

Aquatic Exercise

Exercise intervention designs are varied and include many different types of activ-
ities following diverse strategies. Aquatic exercises are commonly considered for
clinical populations due to their benefits on strength, cardiorespiratory fitness,
balance, flexibility, pain, anthropometry, and HRQoL (Fail et al. 2022). For these
reasons, Aquatic exercise interventions are used with people living with BC.

In this line, the meta-analysis by Wang et al. (2022) aimed to explore whether
aquatic exercise affected the rehabilitation process of BC survivors and showed
significant improvements in HRQoL (mean difference = 2.85; 95% CI, 0.62, 5.09,
p = 0.01) after water-based exercise interventions. As well, the review by
Mur-Gimeno et al. (2022) reported beneficial effects of aquatic exercise interven-
tions; however, the improvements were not maintained in the 6-month follow-up.
What is more, Maccarone et al. (2023) conducted a scoping review to assess the
effect of water-based interventions in patients with lymphedema and observed
improvements in HRQoL among other benefits such as satisfaction and adherence
to treatment compared with conventional approaches. Nevertheless, when compar-
ing the effects of a 2-year intervention consisting of aquatic exercise, aerobic
exercise, resistance training, or a control group, Garcia-Soidan et al. (2020) observed
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that resistance training was superior to other groups in almost all the studied vari-
ables, including several domains of HRQoL such as emotional limitations(—14.6
points, p < 0.0001), social functioning (32.6 points, p < 0.0001), mental health (9.5
points, p < 0.0001), and the mental components (5.6 points, p < 0.0001) of the
SF-12. On the other hand, the aquatic exercise group was superior in physical
functioning (3.2 points, p < 0.01), physical limitations (—4.7 points, p < 0.0001),
vitality (3.3 points, p < 0.01), pain (—2.3 points, p < 0.01), and the physical
component (2.7 points, p < 0.01) of the SF-12. In this study, the authors concluded
that BC survivors should mainly implement resistance training to improve HRQoL,
although aquatic exercise might be a beneficial strategy to increase weekly PA.

Many interventions have been developed for BC survivors. However, informa-
tion about aquatic exercise interventions including people with BC undergoing
active treatment is scarce and unclear. The specific details of the studies
implementing aquatic exercise interventions in people with BC during and after
treatments are presented in Table 3.

Exercise and Dietary Interventions

Current evidence support the high beneficial effect of exercise interventions alone on
HRQoL in people with BC during and after the treatments. However, multimodal
interventions including exercise and diet are also widely implemented and have been
proved to be effective for improving patient-related outcomes, including HRQoL.
The systematic review by Pérez-Bilbao et al. (2023) assessed the effects of exercise
plus diet and PA plus supplementation on HRQoL in people with BC during and
after treatments (remarkably, only one study included people living with metastatic
BC). The authors observed improvements in global QoL and physical, role, emo-
tional, cognitive, and social function domains of the EORTC QLE-C30 question-
naire (+42.7% on average). In those studies using the FACT-B questionnaire, the
authors found benefits in the emotional well-being, the breast cancer subscales, and
the FACT-B total score (+15.1% on average). However, the authors highlight that
significant decreases in sexual function and sexual enjoyment subscales were found.
Pérez-Bilbao et al. (2023) suggest that a combined approach of aerobic exercise and
resistance training combined with a nutritional intervention might be the most
effective for improving HRQoL in people with BC during and after treatments.
The specific details of the studies implementing exercise plus diet interventions in
people with BC during and after treatments are presented in Table 3.

Conclusion

Physical activity is highly beneficial in people with BC during and after the treat-
ments. This chapter summarizes the current PA guidelines for individuals with BC
and presents an overview of different types of PA (mostly exercise) interventions that
have shown to be effective in maintaining and improving HRQoL in people with BC
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during and after the treatments. The current body of evidence indicates that aerobic
exercise, resistance training, high-intensity interval training, the combination of
aerobic and resistance training, mind-body interventions, and exercise combined
with diet improve HRQoL in people with BC. However, the benefits of exercise on
HRQoL are not maintained when exercise is discontinued, suggesting that
PA/exercise should become a daily routine for people with BC and BC survivors
to produce sustained improvements in HRQoL.

Depending on the aim of the intervention, different exercise configurations might
be considered. Remarkably, the disease stage and treatment status should be con-
sidered to precisely prescribe exercise. The current evidence suggests that concurrent
training (i.e., aerobic exercise plus resistance training) induces the highest benefits
on HRQoL in people living with BC during and after the treatments. Nevertheless,
including mind-body (ideally) or aquatic exercise should be considered to enhance
those improvements. Notably, multicomponent (including nutritional) interventions
should also be considered, when possible, to optimize the results.

On the basis of the current evidence and the characteristics of the exercise
interventions conducted to date (see Tables 1, 2, and 3), a number of general
suggestions can be proposed to enhance HRQoL in people with BC during the
treatments and in BC survivors. These suggestions can be considered by exercise
professionals or other healthcare providers to undertake exercise interventions in this
population. Attending to aerobic exercise, the interventions conducted to date
included the weekly frequency ranging from 1 to 7 days per week, a volume ranging
from 15 to >75 min, and an intensity ranging from 50% to >80% VOjyax OF
10—15 units in the rating of perceived exertion scale (RPE) (Borg 1998). Regarding
HIIT, the interventions conducted to date included a weekly frequency ranging from
2 to 3 days per week, a volume ranging from 20 to 39 min, and an intensity ranging
from 50% to 100% VOypeak, 70—>95% of the maximum heart rate, 10-90% of the
peak power output, or 16—18 RPE. Regarding resistance training, the interventions
conducted to date included a weekly frequency ranging from 1 to 7 days per week, a
volume ranging from 2 to 3 sets of 8—20 repetitions, a duration of 40 to 60 minutes,
and an intensity ranging from 40-90% of the one repetition maximum or 6—15 RPE.
The mind-body interventions included a weekly frequency ranging from 1 to 7 days
per week and a volume ranging from 15 to 120 min. Finally, the aquatic exercise
interventions undertook a weekly frequency ranging from 1 to 3 days per week, a
volume ranging from 30 to 60 min, and an intensity ranging from low to vigorous
without further specifications.

It must also be considered that the evidence assessing the effects of exercise
interventions on HRQoL in people with stage IV BC is insufficient and the quality of
the studies is scarce. The scientific community might consider that people with
metastatic BC—whose HRQoL decreases as the disease progresses—should also
be able to participate in accurate and evidence-based PA programs to improve or at
least maintain their HRQoL. Consequently, although growing evidence supports the
benefits of exercise on HRQoL, further research is imperative to extend the evidence
on the benefits of PA to all individuals with BC.
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Applications to Other Diseases

Leading institutions are highly recommending PA for clinical populations (Erickson
et al. 2019; Kraus et al. 2019; Pescatello et al. 2019; Kanaley et al. 2022). Numerous
interventions have been conducted in patients with cardiovascular, metabolic, respi-
ratory, rheumatic, cognitive, or mental diseases or disorders—among others—
resulting in high benefits in terms of cardiorespiratory fitness, body composition,
muscular strength, physical function, bone health, hormonal balance, pain manage-
ment, self-esteem, depression, or anxiety (Anderson et al. 2016; Kraus et al. 2019;
Yang et al. 2022; Blaess et al. 2023; Méndez-Aguado et al. 2023), thus leading to
reduced morbidity and mortality risks and increased HRQoL (Kraus et al. 2019).

Focusing on people with or at risk of cardiovascular and metabolic diseases,
PA—and especially HIIT—interventions have reported improvements in different
domains of HRQoL although the maintenance at follow-up remains unclear (Ander-
son et al. 2016). What is more, the meta-analysis by Su et al. (2020) assessed the
effects of eHealth cardiac rehabilitation interventions and observed improvements in
HRQoL. Even educational interventions including exercise advice show benefits in
HRQoL for cardiac patients (Feng et al. 2021).

Regarding people suffering from rheumatic diseases, the systematic umbrella
review by Kraus et al. (2019) observed increases on HRQoL in people living with
hip and knee osteoarthritis after PA interventions independently of the exercise mode
(resistance training, aerobic exercise, Tai Chi, etc.). In this line, patients with lupus
also benefit from PA interventions (including aerobic exercise and/or resistance
training), reporting significant improvements in HRQoL (Blaess et al. 2023; Da
Hora et al. 2019).

Considering people with cognitive disorders, the meta-analysis by Hong et al.
(2024) showed large effects on HRQoL after multitask interventions including
aerobic exercise, resistance training, mobility games, or balance exercises. Depres-
sion and anxiety also reported improvements after different PA interventions,
according to the network meta-analysis by Yang et al. (2022). Interestingly,
exergaming interventions reported promising effects on HRQoL in people with
cognitive disorders (Swinnen et al. (2020).

People living with mental disorders have also benefited from PA interventions.
Current evidence suggests that diverse PA interventions implementing aerobic
exercise, resistance training, cooperative games, exergaming, or football, among
others, induce improvements on HRQoL in people with severe mental disorder
(Méndez-Aguado et al. 2023) and people with posttraumatic stress disorder
(Bjorkman and Ekblom 2022). In particular, web-based interventions including
several PA types (resistance training, aerobic exercise, concurrent training, or
yoga) showed improvements on HRQoL in patients with depressive and anxiety
disorders, according to Carneiro et al. (2022).

All these studies support the growing evidence examining the influence of PA
interventions in different domains of HRQoL in clinical populations and confirm the
need for implementing PA recommendations in clinical practice (Jones et al. 2021).
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Key Facts of Breast Cancer

* Globally, incidence of breast cancer has increased more than 20% since 2008.

* In 2020, about 7.8 million women had been diagnosed with breast cancer within
the previous 5 years worldwide.

» A total of 685,000 people was dead in 2020 because of breast cancer.

* In high-income countries, breast cancer five-year survival rate exceed 90%,
whereas it is remarkably lower in India (60%) or in South Africa (40%).

» Approximately, 99-99.5% of breast cancer cases occur in women.

Mini-dictionary of Terms

* Physical activity. Any bodily movement produced by skeletal muscles that
requires energy expenditure. Physical activity refers to all movement including
during leisure time, for transport to get to and from places, or as part of a person’s
work.

* Quality of life. Concept which aims to capture the well-being, regarding both
positive and negative elements at a specific point in time. Common facets of
quality of life include personal health, relationships, education status, work
environment, social status, wealth, a sense of security and safety, freedom,
autonomy in decision-making, social-belonging, and their physical surroundings.

* Breast cancer. An out-of-control growth of cells in the breast (one or both
breasts).

» Aerobic exercise. The type of repetitive, structured physical activity that requires
the body’s metabolic system to use oxygen to produce energy.

» HIIT. High-intensity interval training consists of repeated bouts of high-intensity
effort followed by varied recovery times.

* Resistance exercise. The training aimed to increase power and strength using
static, dynamic actions or both, including all forms of training that involves
working against loads that greater than normally experienced.

* Concurrent training. The combination of resistance and endurance training in a
periodized program.

Summary Points

» Physical activity has shown to induce significant benefits on health-related quality
of life in clinical populations.

* In people with cancer, physical activity is feasible and safe and improves all
domains of health-related quality of life.

» The international physical activity guidelines indicate that people with breast
cancer should, ideally, undergo 2—3 days per week for 20-40 min of moderate-
intensity aerobic exercise and 2—-3 days per week of two sets (8—12 repetitions) of
moderate to vigorous resistance training.
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* In people living with breast cancer, aerobic exercise, high-intensity interval
training, resistance training, and aerobic exercise combined with resistance train-
ing (i.e., concurrent training) interventions can significantly enhance health-
related quality of life.

» Concurrent training (including both aerobic and resistance training) induces the
highest benefits on HRQoL in breast cancer survivors, and including mind-body
(ideally) or aquatic exercises should be considered.

* Mind-body interventions and aquatic exercise also improve HRQoL, but other
types of exercise interventions might have further benefits.

* Any type of exercise intervention combined with a dietary intervention have also
shown to have a beneficial effect on all HRQoL domains in breast cancer
survivors.

* Benefits of exercise interventions on HRQoL in breast cancer survivors are not
sustained once exercise is discontinued, which indicates that exercise should
become a habit in people with breast cancer.

» There is little evidence on the effects of exercise interventions in individuals with
metastatic breast cancer, and further research is needed.
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