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Introduction
Sleep Disturbances is a Very Common 
Problem for Cancer patients

• Most cancer patients complain about 
sleep disturbances during anti-cancer 
therapy. It has multiple causes, and 
nearly 30% to  50% of cancer patients 
experience it.  

(Duffy et al.,2009; Innominato et al., 2015; 
Savard, Villa, Ivers, Simard, & Morin, 2009)

• Sleep disturbances may affect the 
quality of life, may cause physical and 
mental distress, and consequently may 
influence the survival rate of cancer 
patients.  

(Innominato et al., 2015)



Introduction
Exercise Has Benefits for Patients 
with Cancer 

• Regular exercise for 150 minutes per 
week, including moderate exercise, may 
enable cancer patients to experience 
better physical and psychological well-
being. 

(American College Of Sports Medicine [ACSM], 2014; Courneya et al., 2014; Kampshoff et 
al., 2015; Kim, Kang, Smith, & Landers, 2006; Lötzke et al., 2016; Matthews et al., 2007; 

Rogers et al., 2009; Schmidt et al., 2015; World Health Organization [WHO], 2004)

• It also may improve sleep quality, 
decrease sleepiness during the day, and 
may reduce sleep disturbances.
(Chen, Tsai, Wu, Lin, & Lin, 2016; Cheville et al., 2013; Courneya et al., 2014; 

Jensen et al., 2014; Mock et al., 1997; Payne, Held, Thorpe, & Shaw, 2008; Tang 
et al., 2010; Wang, Boehmke, Wu, Dickerson, & Fisher, 2011). 



Introduction
Past Studies….

• Different cancer types, treatment status, 
aerobic and strength exercises could 
influence cancer patients' sleep.

(Chiu et al., 2015; Hilfiker et al., 2018; Kovacevic, Mavros, Heisz, & Fiatarone 
Singh, 2018; Mercier et al., 2017)

• Exercise intervention with supervised 
exercise or home-based exercise, 
different exercise durations, have been 
reported positive effect on quality of life. 

(Hageman, Fokkenrood, Gommans, van den Houten, & Teijink, 2018; (Sweegers 
et al., 2018)

• In addition, a previous study also suggest 
that the total volume of weekly exercise 
might influence sleep. 

(Mercier et al., 2017) 



Introduction
Some Characteristics Might Benefit 
the Cancer Patients’ Sleep

• Therefore, the hypothesis of this study 
is that cancer type, treatment status, 
exercise programs (intervention design, 
exercise types, and intervention 
duration and weekly volume) can have 
a beneficial effect on sleep for cancer 
patients.

• This review aims to synthesize the 
results of exercise intervention studies 
on sleep for cancer patients. 



Methods
• The literature review process was 

designed to select the experimental 
study articles that matched the 
hypotheses and aims of the meta-
analysis. 

• We applied the Preferred Reporting 
Items for Systematic Reviews and Meta-
Analyses (PRISMA) protocol to ensure 
the rigor of this review.

(Liberati et al., 2009) 



1. Eligibility Criteria

• Randomized controlled trials (RCTs) 
published in English or Chinese in peer-
reviewed journals.

• Participants were adult men and women 
20 or more years of age, with any type 
of cancer diagnosis at any stage.



1. Eligibility Criteria

• All RCTs must have been designed with 
appropriate control groups and pretest-
posttest assessments (post-intervention 
assessment).

• The control group was limited to patients 
undergoing usual care (routine care) to 
confirm the comparisons of the same 
benchmarks.



2. Information Sources

• We searched four electronic databases 
from 1980 until August 8, 2018, 
including 
– Embase
– PubMed
– PsycINFO
– Airti Library (Chinese database)

• Hand search.



3. Search
• We searched using the terms “cancer,” 

“sleep, sleep disturbance or insomnia,” 
and” intervention or program.”



4. Study Selection

• Studies had to have 
1) examined sleep as the outcome and post 

intervention measurement of the effect of 
the exercise program

2) exercise as the only intervention without 
combining it with other non-exercise 
treatment

3) aerobic exercise or strength training as the 
intervention

4) comparison to a control group of patients 
undergoing usual care (routine care).



5. Data Collection Process

• Jadad Quality Scale (Jadad et al., 1996) as the 
critical appraisal tool to assess the 
quality and the risk of bias in each 
randomized controlled trial report.

• Two reviewers monitored the Jadad
criteria to examine the methodological 
validity of randomization, blinding, 
withdrawal, and dropout.



Study

1a 1b 2a 2b 3

Jadad
score

Was the study 
described as 
randomized?

Was method of 
generating 

randomization 
sequence 

appropriate?

Was the study 
described as 

double-blind?

Was the method 
of double blinding 

appropriate?

Was there a 
description of 
dropouts and 
withdrawals?

Adams et al. (2018) YES YES NO NO YES 3
Brown et al. (2018) YES YES NO NO NO 2
Chen et al. (2016) YES YES NO NO YES 3
Cheville et al. (2013) YES YES NO NO YES 3
Coleman et al. (2012) YES YES NO NO NO 2
Courneya et al. (2012) YES YES NO NO NO 2
Donnelly et al. (2011) YES YES NO NO YES 3
Hacker et al. (2011) YES NO NO NO YES 2
Kampshoff et al. (2015) YES YES NO NO YES 3
Ligibel et al. (2016) YES YES NO NO YES 3
Mock et al. (1997) YES NO NO NO YES 2
Payne et al. (2008) YES NO NO NO YES 2
Rogers et al. (2017) YES YES NO NO YES 3
Rogers et al. (2015) YES YES NO NO YES 3
Rogers et al. (2013) YES YES NO NO YES 3
Rogers et al. (2009) YES YES NO NO YES 3
Schmidt et al. (2015) YES YES NO NO YES 3
Shobeiri et al. (2010) YES YES NO NO YES 3
Sprod et al. (2010) YES YES NO NO YES 3
Tang et al. (2010) YES YES NO NO YES 3
Wang et al. (2011) YES NO NO NO YES 2
Wenzel et al. (2013) YES NO NO NO YES 2

Jadad Quality Scale Was Used to Evaluate the 
Methodological Quality



Hand search
(n=3)

PubMed, Embase, 
PsycInfo, Airiti

Library (Chinese)
(n=2,223)

Records after duplicates removed
(n=1,167)

Records screened
(n=75)

Full-text articles 
assessed for eligibility

(n=23)

Studies included in 
qualitative synthesis

(n=22)

Studies included in 
quantitative synthesis 

(meta-analysis)
(n=22)

• Remove duplicates (n=1,059)

Records excluded (n=1,092)
• Not adult or cancer patients (n=133)
• Not original article (n=52)
• Not intervention (n=286)
• Drug therapy or treatment comparison (n=372)
• Psychological related interventions (n=132)
• Other not related interventions (n=116)
• Not RCT (n=1)

Full-text articles excluded (n=52)
• Qigong / Yoga  (n=34)
• Multiple intervention (n=8)
• Without usual care group (n=4)
• Without assessment after intervention (n=1)
• Does not examine sleep-related outcomes (n=2)
• Missing sleep-related information (n=3)

Study excluded (n=1)
• Jaded score <2 had high risk of bias
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The Literature Screening Process



6. Data items

• Subjective Sleep Quality 
– Pittsburgh Sleep Quality Index (PSQI)
– A single sleep-related symptom item

• Objective Sleep Quality 
– Actigraphy Brands (sleep efficiency 

and sleep onset latency) 



Statistical Analysis
• To calculate the effect size, we used the 

computer program Comprehensive Meta-
Analysis, version 3.3070 (CMA). We used 
Hedges’ g and 95% confidence intervals 
(95%Cis) to report our results. (Borenstein, 2009)

• We used the chi-squared test 
(Cochran’s Q test) and I2 to assess 
heterogeneity. The higher the value of 
I2 reflect the more heterogeneity.

• We performed subgroup analyses to 
determine the variance of the 
intervention effect on different patient 
characteristics.              (Borenstein & Higgins, 2013)



Statistical Analysis
• To detect suitability of inclusion and 

adjustment in effect size with time, we 
used sensitivity analysis and cumulative 
meta-analysis to investigate the impact 
of each study and time effect on the 
pooled result.

(Phan,Tian, Cao, Black, & Yan, 2015)

• We conducted funnel plot analyses and 
linear regression analyses to detect 
publication bias.



Results
• 22 RCTs involving 1,324 women and 509 men 

(total participants = 1,833) were included in 
this meta-analysis.

• Exercise intervention had small positive 
effects on enhancing total subjective sleep 
quality (TSSQ) (g = .38, 95% CI= .21 to .54) 
and objective sleep onset latency (g = .21, 
95% CI= .01 to .41). 



small positive effects on enhancing total 
subjective sleep quality (TSSQ)

Small Positive Effects on enhancing TSSQ



Small Positive Effects on enhancing 
Objective Sleep Quality 



Results
• The characteristics in subgroups in 

regarding the small to large effects of an 
exercise program on sleep were identified. 

1) patients with breast cancer and hematologic 
malignancies contributed a small effect in 
this meta-analysis

2) the groups of a home-based exercise and a 
supervised exercise combined with a home 
based exercise had a medium effect on 
TSSQ than the usual group. 



Effect size, Hedges’ g（95%CI） Heterogeneity

k Fixed Effects Random Effects Q 
value I2 P

Cancer type a

Multiple type of cancer 
patients 7 0.17* （0.02 to 0.32） 0.32   （-0.02 to 0.66） 26.60 77.45 < .001

Breast 11 0.40**（0.25 to 0.55） 0.42** （ 0.18 to 0.65） 20.70 51.68 .023
Hematological 
malignancies 2 0.37* （0.04 to 0.71） 0.37*  （ 0.04 to 0.71） 0.67 0.00 .412

Current treatment status b

Ongoing treatment 11 0.33**（0.17 to 0.50） 0.42** （0.12 to 0.72） 30.33 67.03 .001

Completed treatment 9 0.27**（0.14 to 0.41） 0.33** （0.09 to 0.57） 20.72 61.39 .008

Intervention design

Supervised & home-based 5 0.47**（0.26 to 0.68） 0.48** （0.15 to 0.81） 7.07 43.41 .132

Home-based 10 0.46**（0.29 to 0.62） 0.55** （0.22 to 0.88） 32.96 72.70 < .001

Supervised 8 0.14  （0.00 to 0.29） 0.14   （0.00 to 0.29） 6.84 0.00 .446

Weighted Average Effect Size of Exercise Modulating 
TSSQ in Different Subgroups



Results

3) Interventions with aerobic exercise, 
especially the 4 to 8-week programs and 
those with weekly volume of 80 to 149 
minutes per week for cancer patients with 
ongoing or completed treatment also had a 
medium to large positive effect on TSSQ.



Effect size, Hedges’ g（95%CI） Heterogeneity

k Fixed Effects Random Effects Q 
value I2 P

Exercise type
Aerobic and strength 
exercise 6 0.34**（ 0.10 to 0.59） 0.37   （-0.01 to 0.75） 11.35 55.94 .045

Aerobic exercise 12 0.42**（ 0.30 to 0.55）0.48** （ 0.24 to 0.72） 34.74 68.34 < .001

Strength exercise 5 0.10  （-0.08 to 0.28） 0.10   （-0.08 to 0.28） 2.83 0.00 .586

Intervention duration
4 to 8 weeks 6 0.75**（ 0.51 to 0.99）0.71** （ 0.38 to 1.04） 9.20 45.63 .101

10 to 12 weeks 15 0.24**（ 0.13 to 0.35）0.28** （ 0.10 to 0.46） 32.53 56.96 .003

≧ 16  weeks 2 0.20  （-0.18 to 0.59） 0.20   （-0.18 to 0.59） 0.46 0.00 .500

Aerobic exercise duration c

4 to 8 weeks 5 0.81**（ 0.56 to 1.05） 0.79** （ 0.47 to 1.11） 6.52 38.66 .163

10 to 12 weeks 11 0.31**（ 0.18 to 0.45）0.33** （ 0.10 to 0.57） 26.50 62.26 .003

≧ 16  weeks 2 0.20  （-0.18 to 0.59） 0.20   （-0.18 to 0.59） 0.46 0.00 .500

Weighted Average Effect Size of Exercise Modulating 
TSSQ in Different Subgroups



Effect size, Hedges’ g（95%CI） Heterogeneity

k Fixed Effects Random Effects Q 
value I2 P

Aerobic exercise accumulated weekly 
volume c

Aerobic exercise with 80-149 
minꞏwk−1 7 0.65**（0.46 to 0.85） 0.72** （0.40 to 1.04） 14.68 59.13 .023

Aerobic exercise with ≧150 minꞏwk−1 1
1 0.28**（0.14 to 0.42） 0.28*  （0.05 to 0.50） 22.07 54.69 .015

Current treatment status: ongoing 
treatment with aerobic exercise d

Aerobic exercise with 80-149 
minꞏwk−1 2 0.98**（0.50 to 1.45） 0.98**（ 0.50 to 1.45） 0.64 0.00 .424

Aerobic exercise with ≧150 minꞏwk−1 5 0.23* （0.02 to 0.44） 0.32  （-0.12 to 0.76） 16.81 76.21 .002

Current treatment status: after treatment 
with aerobic exercise e

Aerobic exercise with 80-149
minꞏwk−1 2 1.12**（0.67 to 1.57） 1.12**（ 0.67 to 1.57） 0.18 0.00 .674

Aerobic exercise with ≧150 minꞏwk−1 6 0.31**（0.12 to 0.50） 0.31**（ 0.12 to 0.50） 4.78 58.19 .091

Aerobic exercise with ≧150 minꞏwk−1 1
1 0.28**（0.14 to 0.42） 0.28*  （0.05 to 0.50） 22.07 54.69 .015

Note: Total subjective sleep quality (TSSQ) is the higher, the score, the worse the sleep quality; Weighted mean effect size by Hodges’s g; k is a number 
of exercise programs, and 21 articles provided 23 total effect size estimates. a Three article is exclude because is done in colon, lung, and testicular cancer 
patients; b Only 18 articles could separate current treatment status to completed or ongoing treatment; c Only18 articles were combined with aerobic 
exercise; d 7 articles were combined with aerobic exercise during cancer treatment; e 8 articles were combined with aerobic exercise after cancer treatment; 
*P < .05;**P < .01.

Weighted Average Effect Size of Exercise Modulating 
TSSQ in Different Subgroups



Discussion
• A new finding in this meat-analysis with 

detail subgroup analyses suggested that 
home-based and supervised combined with 
home-based exercise showing significant 
improvement in sleep.

• Most exercise types in our meta-analysis 
were aerobic exercise interventions (54.5%),
reflecting previous studies (Chiu et al., 2015; Mercier et al., 

2017).



Discussion
[Aerobic exercise, 4 to 8-week programs, 
weekly volume of 80 to 149 minutes per 
week]

• Considering cancer patients’ treatment status, 
previous studies have shown that cancer 
patients after therapy are more willing to do 
exercise (Tsay, Ko, & Lin, 2017) and also have better 
adherence to the program (Chen et al., 2016; Courneya et al., 
2012; Donnelly et al., 2011; Hacker et al., 2011; Rogers et al., 2009; Tang et al., 2010).



Discussion
[Resistance exercise combined with 
aerobic exercise]

• A previous meta-analysis documented 
that strength exercise has a positive 
effects on physical (e.g., muscle strength) 
and neuropsychological outcomes (e.g., 
anxiety or depression), but this benefit 
was decreased for resistance exercise 
combined with aerobic exercise (Kovacevic et al., 
2018). 



Conclusion
• Our study support that exercise intervention, 

especially aerobic exercise, has a positive 
effect on TSSQ and objective sleep onset 
latency in cancer patients. 

• The main suggestions are that aerobic 
exercise programs of four to eight weeks and 
weekly volume between 80 and 149 minutes 
per week can contribute a medium to large 
positive effect on sleep in patients during or 
after the anticancer treatment period.



Thank You


