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Summary: Exercise has promising effects on sleep disturbances and quality of life among 

cancer patients. Aerobic exercise (AE) and mind-body exercises (MBE) have different 

mechanisms for improving sleep, but whether they are effective remains unclear. This 

systematic review and meta-analysis is the first to examine the effectiveness of AE and MBE 

on sleep outcomes, specifically among cancer patients with sleep disturbances. A systematic 

search of several databases, from inception to January 2018, was conducted. The pooled 

effect sizes suggested that both AE (SMD=0.33, 95% CI: 0.11, 0.54) and MBE (SMD=0.18, 

95% CI: 0.06, 0.30), improved sleep outcomes in cancer patients with poor sleep quality post-

intervention. The effects remained significant after 3-6 months for AE, but not MBE. Due to 

the heterogeneity in AE, future studies should establish the optimal AE prescription. For 

MBE, future research should study essential components that make the intervention effect 

sustainable. 

Keywords: aerobic exercises, mind-body exercises, poor sleep, cancer patients 

Glossary of terms: N/A 

Abbreviations: AE, aerobic exercises; GSDS, General Sleep Disturbance Scale; MBE, mind-

body exercises; PRISMA, preferred reporting items for systematic reviews and meta-

analyses; PSQI, Pittsburgh Sleep Quality Index; RCT, randomized controlled trials; SMD, 

standardized mean difference. 
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Introduction 

Rationale 

Cancer patients often experience symptoms that may persist for years; sleep disturbance is 

common. The prevalence of sleep disturbance in cancer ranges from 23-87% [1-3], of which 

up to 67% is clinical insomnia [4, 5]. Sleep disturbance occurs throughout the course of the 

disease [1, 6], increasing gradually from the treatment [7] to the post-treatment phase [8]. It 

reduces quality of life [4]. Cancer patients with sleep disturbance struggle to cope with stress 

and the activities of daily living [9], and they report more pain, less energy, and more 

emotional problems [10]. Poor sleep can cause severe fatigue among cancer patients [11], and 

it affects the course of the disease and survival [12]. It is, however, frequently unrecognized 

or poorly managed in clinical practice, and it receives very little attention [8]. 

Sleep disturbance in the general population is treated with medication [1]; however, in cancer 

patients, side-effects can significantly worsen cancer-related fatigue [12]. Because sleep 

disturbance is chronic, long-term, and safe non-pharmacological treatments are warranted. 

Aerobic exercise (AE) may abate the physiological and psychological effects of cancer and 

its treatment. Among cancer patients, exercise can improve physical, functional, and social 

well-being, reduce symptom distress, and increase quality of life [13, 14]. Several reviews 

show inconsistent effects of exercise on sleep: while some see benefits in exercise [15, 16], 

others do not [17, 18]. Traditional theories of sleep function propose that exercise can 

promote sleep effectively via thermoregulation, body restoration, and energy conservation 

hypotheses [19]. The regulation of proinflammatory cytokines [20] and plasma 

concentrations of the mediators of sleep [21] may also modulate improvements in sleep 

quality after exercise. 
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Mind-body exercises (MBE), which involve a sequence of movements and postures with 

musculoskeletal stretching and relaxation, breath control, and mental focus, have gradually 

gained global popularity. Some reviewers have investigated the effects of MBE, such as 

yoga, qigong, and tai chi, among cancer patients, and concluded that they could improve 

quality of life, mood, stress level, immune function, and social functioning [22, 23]. 

Specifically, several meta-analyses have found positive effects of mind-body interventions, 

including MBE [16, 24] for sleep disturbance in cancer. However, one meta-analysis 

indicated a small and nonsignificant effect of yoga on sleep disturbances [23]. Some suggest 

that through the mindful practice of low-to-moderate intensity exercises, MBE strengthen 

one’s mental awareness and elicit relaxation for better sleep [25, 26]. 

While both AE and MBE involve low physical risks [27] and low implementation costs [28], 

and both may relieve sleep disturbance in cancer patients, their effects have not been 

examined in cancer patients with sleep disturbances. Existing meta-analyses evaluating 

exercise’s effects on sleep disturbances may be limited by floor effect, i.e., not using poor 

sleep as the entry criterion [13-18, 22-24]. Additionally, some meta-analyses included studies 

that were not randomized controlled trials (RCTs) [15-18, 29, 30]. These limitations greatly 

reduce the generalizability of the findings in clinical practice. To the best of our knowledge, 

this is the first comprehensive review and meta-analysis of the effectiveness of AE and MBE 

on sleep quality, based on RCTs in cancer patients with poor sleep. This review may inform 

clinical practice guidelines on implementing exercise regimes among cancer patients. 

Objective 

This review should provide healthcare professionals with evidence-based guidance on 

exercise prescriptions for managing sleep disturbance in cancer patients. The objectives were 

(1) to appraise the evidence on the effects of AE and MBE on sleep in cancer patients with 
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disturbed sleep systematically; and (2) to conduct a meta-analysis of RCTs to determine the 

effectiveness of AE and MBE interventions on sleep in cancer patients with disturbed sleep. 

Methods 

Search strategy 

The systematic review followed the guidance in the preferred reporting items for systematic 

reviews and meta-analyses (PRISMA) statement [31]. A comprehensive search of the 

literature was conducted in Medline, EMBASE, The Cochrane Central Register of Controlled 

Trials (CENTRAL), PsycINFO, CINAHL, SportDiscus, and Web of Science. The databases 

were searched from the earliest date available through January 2018, using the search terms 

cancer, exercise, mind-body, and randomized controlled trial. For an example search strategy 

for Medline, see Table S1. We also hand-searched the reference lists of relevant studies to 

identify potential articles. The PRISMA flow chart is in Figure S1. 

Eligibility criteria 

To be eligible, the studies had to be RCTs, published as full papers in English. The inclusion 

criteria were studies involving adult patients (18 years and above), with any type of cancer 

diagnosis, and at any stage of the cancer care trajectory (before, during, or after treatment). 

Numerous forms of exercise interventions were eligible, and they were categorized as AE or 

MBE. AE studies targeted improvement in cardiovascular fitness, such as walking and 

treadmill, while MBE studies focused on the incorporation of mind and body, such as yoga, 

tai chi, and qigong. There were no restrictions on the frequency, intensity, or duration of the 

intervention, the setting, the presence or absence of supervision, and the follow-up time. 

Control groups could either be active (i.e., receiving another treatment related to health 

education or light exercise) or inactive (i.e., waitlist, no treatment, usual care). The studies 
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needed to present at least one sleep measure, yet studies that used only some items from a 

questionnaire were excluded as nonstandard. Finally, only studies with a sample mean of 

sleep disturbance meeting meaningful cut-offs were included. 

Meaningful cut-off scores for sleep disturbance 

There are several measurement tools for sleep disturbance, both subjective and objective. The 

included studies used the Pittsburgh Sleep Quality Index (PSQI) and the General Sleep 

Disturbance Scale (GSDS) for subjective measures. PSQI is a 24-item scale that measures 

sleep disturbances during the past month along seven dimensions: subjective sleep quality, 

sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleep 

medication, and daytime dysfunction. Adding the scores on these seven dimensions yields a 

global score. To be a poor sleeper, an individual’s mean score must exceed the cut-off score 

of five [32]. GSDS is a 21-item scale that rates the frequency of sleep problems over the 

previous week [33]. Scores higher than the total cut-off score of 43 or a mean score of 3 

distinguish poor sleepers [34, 35]. 

Objective measurements, like actigraphy, were commonly used for measuring sleep quality, 

by estimating sleep latency, wake after sleep onset, sleep efficiency, and total sleep time. 

Actigraphy monitoring period should be at least 3 days. Sleep disturbance was defined as one 

or more sleep-onset latency of more than 30 minutes, more than two waking episodes per 

night, a total sleep time of 6.5 hours or less, or sleep efficiency of 85% or less [36]. 

Only studies whose mean scores at baseline met these cut-offs in any one of the sleep 

parameters were included. 

Study selection 

The titles and abstracts of all articles were screened and counter-checked independently, by 

six reviewers in pairs of two (N.T., D.S.T.C., W.D., K.Y.H., J.L., and R.S.). A list of 
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potentially relevant articles was generated, and the full-text articles were examined for 

eligibility against the selection criteria by four reviewers independently, in pairs of two (N.T., 

D.S.T.C, W.D., and K.Y.H.). The pairs discussed all inconsistencies and disagreements along 

the screening process. 

Data extraction and quality assessment 

Data extraction for all relevant studies was performed independently by three reviewers 

(N.T., D.S.T.C., and W.D.). All information regarding study characteristics (author, year, 

study design, year of publication), participant characteristics, intervention details (type, 

intensity, frequency, and intervention and control size), sleep quality measure used, and 

baseline and follow-up data, were recorded using a predesigned data-extraction form. When 

insufficient data or unclear presentations were found in the articles, the corresponding authors 

were contacted for clarification and data requests. Risks of bias were assessed using 

Cochrane’s collaboration’s risk of bias tool [37], using the domains of random sequence 

generation, allocation concealment, blinding of participants and personnel, blinding of 

outcome assessment, incomplete outcome data, and selective outcome reporting. All data 

were verified and checked, discrepancies were discussed, and agreements on values were 

reached. 

Data synthesis and statistical analyses 

Our primary measure of the effect of interventions was the standardized mean difference 

(SMD) in change from baseline with 95% confidence intervals (CI) between intervention and 

control groups to assess differences in sleep quality. In studies with multiple measurements of 

sleep quality, we prioritized subjective measures of sleep quality; in studies that did not use 

subjective measures, we used sleep efficiency measured by actigraphy to measure sleep 

quality, since sleep efficiency is the most commonly used actigraphic parameter as the 
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primary outcome measure in sleep disturbance research [38]. SMD and 95% CI were 

calculated for each study using the mean change difference from baseline to the last reported 

follow-up. For studies that did not report mean change and standard deviation (SD) of 

change, SMD was calculated from baseline and follow-up values of mean and SD, whereas 

the SD of difference was imputed based on a correlation coefficient (r) calculated from the 

studies, which presented means and SDs for change, baseline, and follow-up measurements 

(e.g., r=0.58 from Mustian et al., 2013 [39] for MB studies and r=0.52 from Rogers et al., 

2017 [40] for AE studies). These methods of calculation were in line with the Cochrane 

handbook for imputing data for SMD in systematic reviews (Chapters 7.7.3.3 and 16.1.3.2) 

[37]. For PSQI, a positive difference indicated more inferior sleep quality. Therefore, the 

SMD for PSQI was inverted so that all effect sizes showed positive differences in 

intervention against control, indicating better sleep quality. 

Four random-effects meta-analyses were used to compare the pooled effectiveness of (1) AE 

interventions against controls and (2) MBE interventions against controls at two timepoints: 

post-intervention and 3-6 months follow-up. For interventions that had more than one data 

collection point at 3-6 months follow-up, data at the earliest time point was included in the 

analysis because the latter follow-up point(s) had more drop-outs. Heterogeneity was 

investigated in each analysis using I2 values. Pooled effect sizes are reported by SMD and 

95% CI. Meta-regressions were performed for sensitivity analysis to evaluate heterogeneity 

further in terms of the study characteristics. We performed individual regression models for 

total intervention time, the number of follow-up weeks, study sample size (n<20 in all arms 

vs. larger sample sizes), risk of selection bias (low risk vs. high or unclear risk), and 

adherence (high vs. low, as indicated in the next section). We performed sensitivity analysis 

using a leave-one-out analysis to test whether individual studies influenced the results 

disproportionately. We used a trim-and-fill approach and funnel plots to investigate possible 
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publication bias. We reported estimated pooled SMD from the trim-and-fill analysis. The 

trim-and-fill analysis adjusted the estimated pooled SMD based on the funnel plot as a 

measurable impact on possible publication bias (asymmetry of the funnel plot). All analyses 

of pooled effectiveness were conducted in STATA version 14.1. 

Feasibility and safety assessment 

Feasibility was determined by adherence, dropout rates, and occurrence of adverse events in 

participants. The adherence rate was generated by dividing the number of intervention 

sessions attended by the total number of sessions (including supervised and home-based, if 

applicable). Adherence reporting varied across studies. In this paper, high adherence was an 

average of 75% sessions attended, or >75% attended at least 80% of the classes or >60% 

attended all classes. The dropout rate was the number of dropped out patients at the last 

follow-up time point divided by the total number of patients in that arm. 

Results 

Study selection 

The search generated 54,218 citations, of which 11,947 were potentially relevant. Of these, 

11,904 were excluded, leaving 43 eligible RCTs for full-text review. Thirty-two were 

included in the qualitative analysis, whereas 27 were included in the meta-analysis, with 

reasons stated in Figure S1. 

Characteristics of the studies 

Table S2 summarizes the characteristics of the 32 RCTs. The sample sizes ranged from 16 to 

410, and the analysis included data on 3,232 participants, of whom 1,714 randomly received 

AE or MBE. Participants in the intervention groups received either AE or MBE, while those 

in the control groups were either active (e.g., sham qigong, light exercise group, health 
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education) or inactive (i.e., waitlist, or usual care). In total, there were 18 (56%) AE studies 

[40, 42-58] and 14 (44%) MBE studies [39, 41, 59-70]. Four (13%) trials [44, 60, 62, 64] 

used three-arm RCTs that included two groups receiving different interventions alongside a 

control group, or they involved two control groups (active and inactive). Eight trials (25%) 

had sleep as the primary outcome of the study. Twenty-two trials (69%) used only subjective 

sleep measures, three (9%) used an objective sleep measure, and seven (22%) used a 

combination. PSQI was the most common subjective sleep measure (n=27; 93%), whereas 

two studies used GSDS. Actigraphy was the only objective sleep measure. Regarding follow-

up time, fifteen out of the 27 studies included in the meta-analysis did not have a 3-6 month 

post-intervention time frame (11 AE interventions, 4 MB interventions). The remaining 

twelve studies had follow-up at 3-6 months post-intervention in addition to the post-

intervention time point (4 AE interventions, 8 MB interventions).  

Participant characteristics 

Table S2 also provides information about the participants. The mean ages of the participants 

ranged from 45-68, with an average SD ranging from 1.32 to 14.6. Nineteen (59%) trials 

involved solely female cancer patients, and one involved only male cancer patients. Nineteen 

(59%) studies involved breast cancer patients. Early-stage cancer patients (0-III) were most 

commonly included in the studies, although not every study reported the cancer stage. 

Twelve (38%) involved cancer patients who had completed treatment and 10 recruited 

patients scheduled for treatment. 

At baseline, all participants had sleep disturbance mean scores greater than the cut-off (Table 

S3). In PSQI studies, the baseline scores ranged from 6.2-13.42, and 5.22-13.17 in the 

intervention and control groups, respectively. For the GSDS studies, one yielded a total score 

of 70.5 [41] and the other a mean score of 3.45 [42]. For studies using actigraphy only, the 
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range of sleep efficiency was 79.7-84.4% and 80.4-85.2% in intervention and control groups, 

respectively [44, 55]. 

Aerobic exercise interventions 

Table S4 summarizes the AE interventions (n=18). There were variations in the types and 

duration of AE interventions. Half the studies only used AE; the other half combined AE with 

resistance exercise, behavioral support sessions, or individualized diet advice. Walking was 

the most typical form of AE (n=15; 83%), while other studies used a cycle ergometer or a 

treadmill (n=3). The duration of the interventions varied from 4-24 weeks, but most 

prescribed 12 weeks; the frequency ranged from one to five times per week. Ghavami et al. 

[46] encouraged patients to attend five 50-minute supervised exercise sessions each week for 

24 weeks, plus weekly individualized diet counseling that aimed at steady weight loss. Nine 

trials (28%) involved home-based exercise, while five (16%) were supervised, followed by 

home-based. All supervised sessions used a group format. In the five home-based exercise 

trials [42, 45, 53, 54, 57], researchers conducted weekly phone calls to monitor adherence 

and to discuss exercise prescription. 

Exercise intensity varied from low to high. Most studies (n=17; 53%) adopted moderate 

intensity exercise. Seven trials used percentage of heart rate reserve or target heart rate 

ranging from 40%-85% depending on the level of intensity [36, 43, 45, 46, 54, 55, 58]. Three 

trials employed Borg’s rating of perceived exertion [42, 51, 52], while another used 

metabolic equivalent of task (h/week) [47]. 

Mind-body exercise interventions 

Table S4 summarizes the MBE interventions (n=14). Among the 14 trials, nine (64%) used 

yoga, one (7%) used yoga breathing practice only, three (21%) used qigong and tai chi, and 

one used dance movement therapy. 
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McQuade et al. [60] employed the classical eight-form Yang-style tai chi; Larkey et al. [59] 

employed tai chi easy, together with qigong exercises; and Chen et al. [65] used a modified 

version of medical qigong developed by Guo Lin (Gou Lin New Qigong). Ho et al. [68] used 

dance movement therapy, which was a movement-based psychosocial intervention 

incorporating therapeutic components of dance and group psychotherapy. The duration of the 

MBE varied from 3-12 weeks, and the time per week ranged from 75-200 minutes (with one 

trial not reporting the length of the class). Class frequency varied from once a month to five 

times a week. Chaoul et al. [64] had patients participating in four sessions of yoga during 

their 12-week chemotherapy, followed by three booster sessions over the subsequent six 

months, while Larkey et al. [59] arranged classes twice a week for the first two weeks, 

followed by once a week for the remaining ten weeks. All remaining studies had regular 

classes throughout the intervention. 

Only one study reported a low-intensity exercise [67]. However, none measured exercise 

intensity. Most trials (n=9; 64%) had group classes, three had either one-to-one or group 

classes, and the rest had one-to-one classes. Nine trials (64%) encouraged self-practice at 

home in addition to supervised classes. 

Feasibility and safety assessment 

All but ten trials reported adherence information, with 16 (50%) reporting high adherence 

rates, including trials with long interventions. The dropout rates ranged from 0-61.5%, and 

the trial with the highest dropout rate had the longest follow-up period after the intervention. 

The dropout rates in the control groups ranged from 0% (attention control) to 50.9% (health 

education control). Common reasons for dropout were deterioration in physical condition and 

reduced or no interest in the assigned groups. Fourteen studies did not report the presence or 

absence of any adverse events during the intervention period. Ten studies reported no adverse 
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events or adverse events unrelated to exercise, while one yoga study [67] reported minor 

adverse events in seven participants, six of whom recovered without treatment, and one 

recovered with the use of analgesic drugs. 

 

Description of the study results 

Summary of outcomes 

Aerobic exercise intervention 

The PSQI and GSDS scores in the intervention groups improved in all studies except Wenzel 

et al. [57] and Rogers 2009 et al. [50]. Sleep efficiency improved in Roveda et al. [44], but it 

decreased in Coleman et al. 2012 [55], which only used an objective measure. In studies with 

multiple measures, Rogers et al. 2015 [58] and Rogers et al. 2017 [40] found both subjective 

and objective improvements in the intervention groups. Nevertheless, Chen et al. [45] and 

Rogers et al. 2013 [56] found improvements in PSQI, but no improvements or poorer results 

in sleep efficiency. 

Mind-body exercise intervention 

PSQI scores improved in the intervention groups in all studies. Studies with multiple sleep 

measures had consistent results. In Mustian et al. [39] and Chaoul et al. [64], both PSQI 

scores and sleep efficiency, as measured by actigraphy, improved. 

Meta-analysis of RCTs 

Risk of bias 

A summary of risk of bias is in Table S5. Most studies had a low risk for the domains of 

random sequence generation, selective outcome reporting, and incomplete outcome data. 
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Almost half of the studies did not have sufficient information to determine the risk of bias for 

allocation concealment. Participants were only blinded in one study, which used sham qigong 

in the control condition [59]. Six trials had the outcome assessor and the statistician blinded. 

Effects on sleep 

Aerobic exercise interventions 

Fifteen studies were included for comparison of AE interventions and controls (intervention 

participants, n=774; control participants, n=669). A total of 16 comparisons were made at the 

post-intervention timepoint, because one study had two exercise intervention arms (high 

intensity and low-to-moderate intensity) against control [43]. AE interventions at post-

intervention yielded an overall significant result in improving sleep (SMD=0.33, 95% CI: 

0.11, 0.54), but heterogeneity was large (I2=70.0%, p<0.01) (Figure 1). The meta-regression 

displayed no effects of heterogeneity in total intervention time, follow-up weeks, publication 

year, baseline sleep quality, sample size, intervention adherence, or high risk of selection 

bias. At 3-6 months follow-up, AE interventions showed a significant benefit for sleep 

quality compared to control (SMD=0.37, 95% CI: 0.18, 0.55) among four studies, 

heterogeneity between studies was not present at six months follow-up (I2=0%, p=0.636) 

(Figure 2). 

Ghavami et al. [46] had a disproportionate impact on the results at 3-6 months follow-up in 

the leave-one-out sensitivity analysis for the AE studies. Thus, it was excluded from the 

pooled analysis in the 6-month analysis.  

Mind-body exercise interventions 

Twelve studies were included in the analysis (intervention participants, n=768; control 

participants, n=681). Overall, the pooled effect of MBE post-intervention favored 

intervention (SMD=0.18; 95% CI: 0.06, 0.30), with very low heterogeneity between studies 
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(I2=0.0%, p=0.953) (Figure 3). At 3-6 months follow-up, analysis of eight studies showed 

that there was no difference between MBE interventions and controls (SMD=0.02, 95% CI: -

0.14, 0.18), and again no heterogeneity was observed (I2=0%, p=0.522) (Figure 4). The 

leave-one-out sensitivity analysis did not identify any MBE studies with a disproportionate 

impact on the results. 

In the sensitivity analyses for publication bias for studies on AE and MBE interventions, the 

funnel plots had slight asymmetry, suggesting some publication bias (Figure S2 and S3). The 

trim-and-fill approach did not trim or fill any studies for both AE and MBE interventions; 

thus, the results of the trim-and-fill approach meta-analysis remained unchanged. 

Discussion 

Summary of evidence 

We have summarized the available empirical evidence on the effects of AE and MBE on 

sleep outcomes in patients with cancer of any type, of any stage, who were at any point in the 

treatment trajectory, and who experienced sleep disturbance. Our meta-analysis included 27 

studies with a total of 2,892 participants, of which 15 and 12 trials used AE and MBE, 

respectively. The pooled effect sizes suggested that both AE and MBE interventions 

significantly improved sleep in cancer patients with sleep disturbance. The significant effect 

remained after 3-6 months for AE, while MBE did not show a significant effect after 3-6 

months. To our knowledge, this is the first meta-analysis to analyze the effect of exercise on 

sleep among cancer patients by adopting stringent inclusion criteria and only including 

studies with participants falling below meaningful cut-offs for various sleep parameters. 

We found that AE interventions improved sleep among cancer patients experiencing sleep 

disturbance. The benefits were still evident at 3-6 months post-intervention. Nevertheless, 
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heterogeneity was high in the analysis for the post-intervention time point, and meta-

regression failed to identify factors leading to the high heterogeneity. Of note, half the 

reviewed AE interventions were combined with other components, such as resistance 

exercise, behavioral support sessions, or individualized diet advice; and they are delivered in 

mixed modes, such as supervised solely, home-based solely, or supervised followed by 

home-based. It is not possible to provide any definitive recommendation about the optimal 

exercise prescription from this review. Future studies are warranted to identify the optimal 

aerobic exercise modalities on improving sleep outcomes. 

MBE interventions had significant effects on sleep outcomes post-intervention; however, the 

effects diminished 3-6 months after the intervention. Among the five studies with no positive 

findings at 3-6 months post-intervention, four demonstrated significant intervention benefits 

post-treatment [60, 62-64]. These four studies included patients undergoing or scheduled for 

cancer treatment (i.e., radiotherapy or chemotherapy), with treatment-related high levels of 

fatigue, more physical symptoms, and poor activity tolerance [71]. After the study, patients 

may not maintain self-practice due to the treatment burden, leading to the disappearance of 

intervention effects at follow-up. Thus, a conventional supervised approach is preferred for 

future studies targeting patients receiving cancer treatment to deliver MBE interventions. 

Meanwhile, future research should adopt rigorous designs to identify the essential 

components of MBE to make the intervention effect sustainable. 

Finally, most studies adopted only self-reported, subjective measures for assessing sleep 

disturbance, while a few complemented their findings using actigraphy as an objective 

measure. Although sleep disturbance is a subjective phenomenon [72], increasing attention 

has gone to objective measures of sleep and circadian rhythms. Further interventional 

research, including both subjective and objective outcome measures, is warranted. In 
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addition, immune markers should be included in future research to examine the possible 

underlying mechanisms of exercise interventions on sleep. 

Clinical Implications 

There were no evident detrimental effects on sleep or serious adverse events due to 

intervention for either AE or MBE. Both AE and MBE improved sleep post-intervention 

among cancer patients with poor sleep. The effects of MBE interventions targeting patients 

receiving cancer treatment were not sustained after the study. Thus, a conventional 

supervised approach is recommended for delivering MBE interventions among cancer 

patients undergoing treatment. Due to the high heterogeneity in the reviewed AE studies, 

knowledge of which exercise prescription has optimal effects would improve clinical 

decision-making and enhance the practical applicability of the findings. 

Strengths and limitations 

This study is the first to review the literature on exercise interventions to improve sleep in 

cancer patients by focusing on poor sleepers systematically. Since a substantial proportion of 

RCTs did not exclusively screen for patients with sleep problems by screening methods, we 

used an open approach to include all relevant studies during the initial search. Then we 

selected studies with participants falling below clinically meaningful cut-offs of sleep 

parameters. This comprehensive approach allowed us to identify studies with an important 

proportion of poor sleepers at baseline. However, caution is necessary in that some 

participants in the included studies may not have shown sleep problems, even though the 

sample mean baseline sleep scores met the cut-offs. In addition, despite the strenuous effort 

to perform a comprehensive literature search, it is possible that relevant studies were missed. 

Another limitation is the high heterogeneity in the AE interventions, which could not be 

explained by the meta-regressions. Besides, the measurement time frame of actigraphy is 
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inconsistent, ranging from 3 days to 7 days. Finally, over half of the studies included only 

breast cancer patients, and only full studies published in English were included, which limit 

the generalizability of the findings. 

Conclusions 

Both AE and MBE are beneficial and safe to improve sleep among cancer patients with sleep 

disturbances. The significant effect remained at 3-6 months post-intervention for AE, but not 

for MBE. Future studies could explore the optimal AE approach for improving sleep 

outcomes. For MBE, future research should identify essential components to make the 

intervention effect sustainable. 

Practice Points 

1. Both aerobic and mind-body exercises had a positive impact on improving sleep 

outcomes in cancer patients with poor sleep. 

2. The benefits of aerobic exercises for sleep outcomes are sustained 3-6 months after the 

intervention. 

3. As aerobic and mind-body exercises appear to cause no detrimental effects, both appear 

safe for cancer patients at any stage and treatment phase. 

4. A regular supervised approach is recommended for delivering mind-body exercises 

interventions among patients undergoing treatment. 
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Research Agenda 

1. Both subjective and objective outcome measures should be employed to measure 

sleep. 

2. Future studies should explore and standardize the optimal aerobic exercises 

prescription. 

3. Rigorous RCTs should be adopted to identify the essential components of mind-body 

exercises to sustain the improvement in sleep outcomes after completion of the study. 
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