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Abstract
Purpose  To analyze the efficacy of supervised exercise (SE) compared with control protocols on sleep parameters of women 
who survived breast cancer.
Methods  This systematic review with meta-analysis searched studies using the following electronic databases: PubMed, 
Scopus, Physiotherapy Evidence Database (PEDro), Cochrane Library, and EMBASE. The PEDro scale assessed the bias 
risk, and the study protocol was registered in the PROSPERO (no. CRD42023420894).
Results  Of 3,566 identified studies, 13 randomized clinical trials involving 847 women diagnosed with breast cancer were 
included. Interventions consisted of SE in an outpatient setting (62%) or combined protocols with supervised and home 
exercises. Most interventions (85%) used multicomponent protocols with aerobic and resistance exercises. Usual care and 
health education were the most reported controls. SE decreased the sleep disturbance score (− 31.61 [95% confidence inter-
val =  − 39.40 to − 23.83]) of the European Organisation for Research and Treatment of Cancer quality of life questionnaire 
and daytime dysfunction score (− 0.41 [95% confidence interval =  − 0.73 to − 0.09]) of the Pittsburgh Sleep Quality Index 
(PSQI). Also, SE presented a tendency to improve the self-reported sleep quality score of the PSQI (p = 0.06).
Conclusion  SE increased the subjective sleep quality and immobility time and decreased sleep disturbance and daytime 
dysfunction symptoms in women who survived breast cancer. Most SE protocols were multicomponent, with aerobic and 
resistance exercises ranging from moderate to high intensity.
Implications for cancer survivors.
Supervised exercise may improve sleep quality and reduce symptoms of sleep disorders, contributing to survival outcomes.

Keywords  Breast cancer · Sleep quality · Exercise · Physical training

Introduction

Breast cancer is the most incident neoplasm and the main 
cause of death in women in high- and low-income countries 
[1]. Despite advances in diagnosis and treatments to cure can-
cer, side effects of the disease and treatments are common, 

such as reduced muscle strength, physical fitness, and self-
esteem and increased pro-inflammatory cytokines, stress, 
anxiety, depressive symptoms, and sleep disorders [2, 3].

Sleep disorders affect over two-thirds of women who sur-
vived breast cancer [4, 5] and are associated with increased 
fatigue, reduced quality of life, cardiorespiratory performance, 
and functionality, and impaired memory, cognition, and motor 
skills [4, 6, 7]. Also, insomnia, hypersomnia, and circadian 
rhythm disorders are the most common sleep disorders in this 
population, assessed using sleep quality scales and quantita-
tive measures, such as actigraphy [4, 5].

Exercise is an essential therapeutic intervention for 
patients after a cancer diagnosis, reducing cancer recur-
rence and breast cancer-related mortality and improving 
biological function and quality of life [8]. Also, stud-
ies showed beneficial effects of different exercises (e.g., 
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aerobic, resistance, or combined) on sleep quality, improv-
ing the sleep–wake cycle and nocturnal sleep quality in 
women with breast cancer [9–11].

Previous systematic reviews assessed isolate and mind–body 
exercises (e.g., yoga, Tai Chi, and Qigong) and reported posi-
tive effects on women who survived breast cancer [12, 13]. 
However, they included different protocols of exercises, physi-
cal activities, and mind–body exercises, hindering to isolate 
and estimate the effects of each exercise and presence of super-
vision. A study suggested that supervised exercise (SE) had 
higher treatment adherence than unsupervised exercise, increas-
ing continuity in exercise and quality of life and reducing side 
effects of breast cancer treatment [14].

Considering the exercise as a physical therapy intervention 
for cancer survivors and SE impact on treatment protocols, 
this study aimed to analyze the efficacy of SE compared with 
other interventions in sleep parameters of women who sur-
vived breast cancer. The research question was: “what is the 
efficacy of exercise compared with other interventions in sleep 
outcomes of women who survived breast cancer?”.

Methods

This systematic review followed the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) 
guideline [15] and Cochrane Handbook for Systematic 
Reviews of Interventions [16]. The protocol was registered 
in the PROSPERO platform (National Institute for Health 
Research, UK, no. CRD42023420894).

Eligibility criteria

The inclusion criteria were randomized clinical trials (pub-
lished as full articles) investigating the effects of SE (isolated 
or multicomponent exercises, such as aerobic, resistance, or 
both) compared with unsupervised exercise protocols or other 
interventions on sleep parameters of women who survived 
non-metastatic breast cancer (at any stage of clinical follow-
up). Exclusion criteria were studies assessing interventions 
with mind–body exercises or without results related to sleep 
parameters (i.e., sleep quality and circadian rhythm). Lan-
guage and publication date were not restrictions.

Search strategy and study selection

The search was conducted on March 2, 2023, using the Pub-
Med, Scopus, Physiotherapy Evidence Database (PEDro), 
Cochrane Library, and EMBASE databases. Each database 
had a specific search strategy (Appendix A), and the follow-
ing descriptors were combined using the Boolean operators 
(AND/OR): breast cancer, sleep, exercise, physical activ-
ity, physical therapy modalities, aerobic exercise, breathing 

exercises, and muscle training. Reference lists of included 
studies were also analyzed to include eligible articles.

Data screening and extraction

References were exported and analyzed using the Rayyan 
software (QCRI, Qatar) [17]. After excluding duplicates, two 
independent researchers (M.P.M.F.B. and N.T.J) screened the 
studies based on title and abstract. Studies meeting the inclusion 
criteria were selected for full-text reading, and those reporting 
the effect of exercise on sleep of women who survived breast 
cancer were included in the qualitative synthesis.

Data were extracted using an electronic spreadsheet with 
the following information: author, country and publication 
year, sample size, age, inclusion and exclusion criteria, inter-
vention protocols, outcomes, and main results.

Study quality

Two researchers (M.P.M.F.B. and N.T.J) assessed the meth-
odological quality of the studies using the PEDro scale, con-
sisting of 11 criteria for clinical studies in physical therapy 
[18]. The score ranges from 0 to 10 points, and values ≥ 6 
indicate adequate quality [19].

Outcomes

The primary outcome was sleep quality, which was assessed 
using validated questionnaires. Secondary outcomes were 
sleep parameters and circadian rhythm, assessed using 
validated questionnaires, patient-reported measurements 
(PROMIS), or actigraphy.

Meta‑analysis

Meta-analysis was performed using the RevMan software ver-
sion 5.3 (Cochrane Collaboration, London, UK). Odds ratio 
and 95% confidence interval (95% CI) were calculated for 
dichotomous outcomes, and mean difference and 95% CI for 
continuous outcomes. A fixed or random effects model was 
calculated based on the heterogeneity in each analysis, and 
statistical significance was set at p < 0.05. Data reported as 
median and interquartile range in the studies were converted 
to mean and standard deviation [20].

Results

Study selection and data extraction

We identified 3566 studies in the electronic databases. 
After removing duplicates, they were screened by title 
and abstracts, and 42 were fully read and assessed for 
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eligibility. Thus, 13 studies met the inclusion criteria and 
were included in this study (Fig. 1).

Studies characteristics

Tables 1 and 2 show the main characteristics of included 
studies. Studies were published between 2012 and 2023. 
Five studies were conducted in the USA [21–25], two in 
Iran [26, 27], two in Brazil [28, 29], and one in Turkey [30], 
Italy [31], South Korea [32], and North Korea [33].

A total of 847 women were included. The studies exhibited 
diverse sample sizes, ranging from 20 to 222 participants. 
On average, the total sample size was approximately 68 

participants per study, with intervention and control groups 
each averaging around 34 participants. Generally, the stud-
ies enrolled women diagnosed with breast cancer without 
metastasis (Stage I to III) at least 6 months prior to the study 
initiation. Inclusion criteria also encompassed post-treatment 
or surgery periods, completion of treatments within speci-
fied time frames (ranging from three to 18 months), intervals 
without exercise practice, and language proficiency (English-
speaking participants). Participants’ ages ranged from 30 to 
70 years, with a median age of 54.4 years.

Interventions were predominantly SE in an outpatient set-
ting (62%) or combined protocols of supervised and home 
exercises (38%). Of 13 studies, 85% used multicomponent 

Fig. 1   Flowchart of studies 
selection
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protocols with aerobic and resistance exercises [21–25, 27, 
29, 30, 33], whereas 15% used isolated aerobic exercises 
[26, 31]. Control interventions were mainly usual care and 
health education.

Nine studies used the Pittsburgh Sleep Quality Index 
(PSQI) to measure sleep-related outcomes. Other studies 
used self-reported sleep duration [23], sleep disturbance 
domain of the European Organization for Research and 
Treatment of Cancer Quality of Life Questionnaire Core 30 
(EORTC QLQ-C30) [29, 30], or actigraphy to assess the 
sleep efficiency and latency [22–25, 31].

Exercise intervention

Protocols with combined exercises ranged from 8 to 12 
weeks; one study of Paulo et al. extended to 36 weeks [29]. 
Exercise sessions were conducted between two and three 
times per week, lasting from 40 to 60 min.

A study applied aerobic exercises using a treadmill and 
stationary bicycle (50 min, three times per week) with resist-
ance exercises for legs and hips using elastic bands and a 
ball (40 min, twice a week) [30]. Other two studies applied 
aerobic (i.e., light walks) and resistance exercises for 40 min 
each, three times per week [27, 29]. In these studies, one 
used barbells (for upper limbs) and exercise machines (for 
lower limbs) [27], while the other used seated cable row, 
bench press, bridge, plank, and leg extension, curl, and press 
exercises [29].

Barbosa et al. [28] divided the intervention into two 
groups, with a 75-min session twice a week. In one group, 
they applied Pilates exercises, with 10 min of warm-up, 60 
min of basic exercises (i.e., breath with powerhouse activa-
tion, flexion and extension of shoulders, postural education, 
sitting, stretching, and training of proprioception), and 5 
min of global stretching [28]. The circuit group performed 
a 15-min warm-up, 50-min training with six circuit stations 
(i.e., aerobic exercise, elbow flexion, shoulder, triceps, and 
two exercises for lower limbs), and 10-min global stretch-
ing [28].

Jang et al. and Kim et al. used the Better Life After 
Cancer: Energy, Strength, and Support (BLESS) pro-
gram, which combines aerobic and resistance exercises 
with moderate to high intensity for 12 weeks [32, 33]. It 
was divided into 6 weeks of SE to improve balance using 
movements that reduce stress and injuries in women with 
breast cancer and 6 weeks of home-based exercises [32, 
33].

Rogers et al. (2013) gradually increased the exercise 
level for each woman, with two sessions per week of 75 
min each on non-consecutive days [22]. Sessions included 
eight different exercises with 20 repetitions each for the 
major muscle groups, and SE transitioned to home-based 
exercises with personal heart rate (HR) monitors to Ta
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maintain the intensity [22]. Also, two studies combined 
aerobic and resistance exercises for 12 weeks, with mod-
erate-intensity treadmill walking and elastic bands (eight 
exercises targeting the major muscle groups). Aerobic 
protocol including gradually advanced from 9 to 40 min 
each session, four times per week, while resistance train-
ing occurred twice weekly during the same sessions of 
aerobic walking [23, 24]. Rogers et al. (2023) had a mul-
ticomponent intervention for 12 weeks, initially with three 
SE sessions per week, which transitioned to home-based 
exercises in the seventh week [25]. Only Dieli-Conwright 
et al. followed the American College of Sports Medicine 
(ACSM) guideline, consisting of two to three times per 
week of resistance exercise and 150 min of moderate aero-
bic exercise (e.g., walking and swimming) or more vigor-
ous for less than 75 min [21].

Most studies controlled the intensity of aerobic exercises 
using the Borg scale for perceived exertion and maximum 
HR, being mostly moderate to high intensity (40% to 85% 
maximum HR). Kim et al. [32] applied low-, moderate-, 
and high-intensity exercises with gradual increases [32]. The 
resistance exercise was graduated using the one-repetition 
maximum (1RM), such as Monazzami et al. [27], which 
used 50% to 70% 1RM.

Regarding studies using exclusively aerobic exercises, 
Roveda et al. included two sessions per week of brisk walk-
ing for one hour, followed by 10 min of static stretching 
[31]. Ghavami et al. applied a 10-min light aerobic exercise 
(warm-up), followed by 30 min of aerobic exercise with 70 
to 85% maximum HR, ending with a 10-min cool-down 
[26].

Risk of bias

The risk of bias in the studies was assessed using the PEDro 
scale (Appendix B), and the mean score was 5.7 ± 1.6 
points. Seven studies (54%) scored ≥ 6 points, indicating 
an adequate quality. However, most studies (92%) did not 
meet the criteria of blinding patients and therapists. Studies 
by Aydin et al. [30], Jang et al. [33], Monazzami et al. [27], 
and Roveda et al. [31] demonstrated relatively lower PEDro 
scores, ranging from 3 to 4, indicating a higher risk of bias. 
These studies exhibited weaknesses in key domains such 
as concealed allocation, blinding of patients, therapists, 
and evaluators, as well as the adequacy of follow-up and 
intention-to-treat analysis. Conversely, studies by Rogers 
et al. [25], Rogers et al. [24], and Rogers et al. [23] stood 
out with higher PEDro scores of 8, 7, and 8, respectively, 
suggesting a lower risk of bias. These studies demonstrated 
robust methodological quality, with strengths in areas such 
as adequate follow-up and intention-to-treat analysis, con-
tributing to increased confidence in their findings. Other 
studies by Barbosa et al. [28], Dieli-Conwright et al. [21], Ta
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and Ghavami et al. [26] received PEDro scores of 7 or 6, 
indicating a moderate risk of bias, their primary vulner-
abilities were related to blinding of patients, therapists, and 
evaluators.

The publication bias was assessed through the funnel 
plot (Appendix C). Heterogeneity among the studies and the 
limited number of studies included in the meta-analysis for 
certain outcomes may have contributed to the asymmetric 
pattern observed in the plotted graphs.

Summary of results

The subgroup analysis based on the exercise type was not 
assessed due to discrepancies in outcomes measurement. In 
addition, meta-analysis was not feasible for some outcomes 
due to the limited number of studies. Most studies reported 
that exercise professionals performed SE; however, few did 
not specify who provided supervision.

Dieli-Conwright et al. [21] demonstrated that exercise 
reduced 54% (95% CI = 0.29 to 0.72) of the chance of 
women being classified as poor sleep (PSQI > 5). Although 
Rogers et al. [24] did not show data from both groups, 
they reported a 30% reduction in women with poor sleep 
in the multicomponent training group. Also, the exercise 
protocol decreased the self-reported sleep disturbance by 
5.30 points (95% CI = -9.97 to -0.63) on a scale of 0 to 
100 [24].

Only Roveda et  al. [31] assessed circadian rhythm 
parameters; however, they did not observe effects in 
the mean estimated statistic over rhythm (mesor) (6.10 
[95% CI =  − 22.09 to 34.29]), acrophase (highest phase) 
(0.53 [95% CI =  − 2.59 to 3.65]), and amplitude (differ-
ence between maximum value and mesor) (− 1.70 [95% 
CI =  − 19.31 to 15.91]). Regarding actigraphy parameters, 
the immobility time significantly increased in the SE group 
(3.40 [95% CI = 0.39 to 6.41]), but sleep time (p = 0.36), 
real waking time (p = 0.23), mean activity score (p = 0.13), 
sleep movement, and fragmentation index showed no dif-
ferences [31].

The outcomes assessed by at least two studies were 
included in meta-analyses (Fig. 2). Exercise decreased the 
sleep disturbance score (− 31.61 points [95% CI =  − 39.40 
to − 23.83]) of the EORTC QLQ-C30 and the daytime dys-
function score (− 0.41 points [95% CI =  − 0.73 to − 0.09]) of 
the PSQI. Also, a tendency to improve the subjective sleep 
quality was observed in the PSQI (p = 0.06).

Discussion

This study assessed the efficacy of SE compared with 
unsupervised protocols or control groups in sleep param-
eters of women who survived breast cancer. SE was related 
to a reduced rate of women with poor sleep and scores of 
sleep disturbance and daytime dysfunction and increased 
subjective sleep quality and immobility time.

SE provided benefits for women with breast cancer 
since it allowed individualized attention by a healthcare 
professional and promoted better adherence, outcomes, 
and quality of life when combined with motivational tools 
than unsupervised exercises [34]. Also, SE is important for 
overcoming physical barriers and insecurities about exer-
cising during breast cancer treatment and allows a flexible 
and diverse exercise program with increased and sustained 
engagement [35]. Specialized professional guidance for 
patients with cancer is essential to ensure a program that 
considers specific needs and medical history, preventing 
negative impacts on health and quality of life [35]. In addi-
tion, SE sessions allowed a high dose of exercise through-
out the training program since supervision ensured the 
correct execution of prescribed exercises [36].

Most health professionals applying the SE included in 
this study were specialized in physical education or exer-
cises. The ACSM advocates that all healthcare profession-
als should stimulate exercise practice. Each professional 
category could contribute within their specialties and seek 
multidisciplinary collaboration to support and encourage 
patients with cancer to be physically active [37]. Also, 
physicians involved in breast cancer treatment reported 
the need for health professionals to support patients during 
and after treatment. Moreover, the shortage of special-
ized professionals compared with the number of patients 
highlights the importance of multidisciplinary teamwork 
to minimize side effects of breast cancer treatment [37].

Patients with cancer often choose exercises based on psy-
chological and physical considerations. A survey collected 
preferences of these patients, revealing the inclination for 
light exercises, such as walking outdoors and in groups [38]. 
Although these exercises minimize side effects of treatment 
and improve physical functions, guidelines for patients with 
cancer recommend moderate-intensity exercises, highlight-
ing the importance of a gradual increase of intensity to 
reduce side effects and improve physical fitness [38].

The ACSM guideline designed for patients with can-
cer recommends aerobic exercises with moderate to high 
intensity (e.g., swimming, walking, dancing, cycling, and 
treadmill) for three or more days per week, with 30-min 
sessions [39]. For resistance exercises, it recommends 
home-based activities involving strength, elastic bands, 
dumbbells, or exercises using body weight, especially 

Fig. 2   Sleep outcomes in exercise and control groups. PSQI: Pitts-
burgh Sleep Quality Index; EORTC QLQ-C30: European Organiza-
tion for Research and Treatment of Cancer Quality of Life Question-
naire Core 30

◂
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for lower and upper limbs and lumbar and trunk muscle 
groups [39]. Also, the frequency should be two or three 
days per week with two to four sets of 10 to 15 (light 
weights) or 8 to 12 repetitions (moderate or high weights), 
resting one day between sessions [39]. Thus, the studies 
included in this review followed these recommendations.

Combined resistance and aerobic exercises may provide 
physical, psychological, and social benefits for women 
who survived breast cancer [29]. Thus, regular exercise is 
a non-pharmacological treatment for poor sleep quality of 
these women [40]. Also, poor sleep may be associated with 
increased cardiovascular and metabolic risks, highlighting 
the importance of physical and psychological well-being to 
prevent depression [41].

The findings of this study corroborated evidence support-
ing exercise as an intervention to improve quality of life 
and perceptions of physical function and reduce anxiety and 
depressive symptoms, sleep disorders, and fatigue [39, 42]. 
Also, exercise does not offer risks for exacerbating upper 
limb lymphedema and is considered safe during and after 
cancer treatment, reducing side effects [39, 42].

The study had some limitations, such as the variability of 
outcome measures for sleep, limiting the number of meta-anal-
yses and preventing comparison by types of exercises. Also, 
the methodological quality of some studies was compromised 
due to the high risk of bias, which may affect the reliability of 
reported effect sizes. Furthermore, the inclusion of patients 
across diverse phases of oncological treatment precluded the 
execution of subgroup analyses, thereby limiting the estima-
tion of the influence of each treatment on observed effects. 
Lastly, clinical trials did not provide information on the effects 
of exercise on vasomotor symptoms associated with disrupted 
sleep. Future studies should investigate this aspect to enhance 
the comprehensiveness of the existing literature.

This study highlighted the need for multidisciplinary 
teamwork to provide exercise practice and reduce negative 
effects of cancer treatment on sleep of women with breast 
cancer. It also provided updated information for healthcare 
professionals regarding SE benefits on sleep outcomes and 
may support and guide physical therapists by presenting evi-
dence to improve the sleep of these women.

Conclusion

SE protocols for women who survived breast cancer 
increased sleep quality and immobility time and reduced 
sleep disturbance and daytime dysfunction symptoms. Most 
protocols were multicomponent (i.e., aerobic and resistance 
exercises) with moderate to high intensity. However, the 
high heterogeneity of some outcomes and the risk of bias 
may influence the magnitude of the effect.
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