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Effects of Exercise on Improving Sleep Quality 
Among Elderly Patients: A Systematic Review and 
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Abstract 

Introduction  Several studies on the effectiveness of exercise in improving sleep quality in the elderly 
have been done but have conflicting results. This meta-analysis aimed to determine the effect of low- to 
moderate-intensity aerobic exercise in improving sleep quality among the elderly.
Methods   EBSCO, ClinicalKey, PubMed, Wiley Online Library, and Cochrane Library were searched for 
articles using the terms “exercise AND sleep quality AND elderly”. The risk of bias assessment was done 
using the Cochrane Collaboration tool and encoded using RevMan 5.4. Data on outcome measures were 
subjected to meta-analysis using inverse variance methods.
Results   Seven articles with a total of 225 participants were included. There was a statistically significant 
improvement in sleep quality with low to moderate intensity aerobic exercise (MD = -3.87 points; 95% 
CI -5.56, -2.19 points; p < 0.001). There was a statistically significant decrease in total sleep time after 
intervention (MD = -8.86; 95% CI -16.31, -1.41 points; p = 0.02). There was no improvement in sleep 
efficiency.
Conclusion   Low and moderate intensity exercise improves sleep quality in the elderly and may be used 
as a non-pharmacologic intervention to enhance sleep quality.
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S
leep is necessary for proper cognitive function, 
memory processing, sensorimotor integration, 

and concentration. It also plays a critical role in 

the physiological functions of  the body and the 
psychological well-being of  an individual. Normal 
healthy sleep is characterized based on the sleep 
duration, quality, timing and regularity, and absence 
of  sleep disturbances and/or disorders.1 In adults, 
particularly the elderly aged 65 years and above, an 
uninterrupted 7 to 8 hours of  sleep is sufficient.2 

Prolonged sleep duration is associated with negative 
effects on health and may be an indication of  poor 
sleep efficiency.2 There have been several studies 
establishing the inverse relationship between age and 
sleep quality and duration.1,3 As an individual ages, 
sleep becomes more fragmented with a reduction 
in slow wave sleep and rapid eye movement (REM) 
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sleep. One useful side-effect-free method to improve 
sleep quality and increase sleep quantity is physical 
activity or exercise.4 Numerous studies have proven 
the beneficial effects of  exercises such as tai chi, 
qigong, and yoga in improving sleep quality among 
elderly patients with specific sleep complaints. There 
have also been several studies combining the effects 
of  different types of  exercises such as aerobic and 
resistance training on elderly patients. However, most 
of  these studies have conflicting results and focus on 
patients with comorbidities such as cardiovascular 
disease, cancer, and neurodegenerative diseases.
 The research question used for the study was, 
“Does low to moderate intensity physical exercise 
affect the sleep quality outcomes of  the elderly?” This 
meta-analysis aimed to determine the effect of  low to 
moderate intensity aerobic exercise in improving the 
sleep quality among elderly individuals.

Methods

Eligibility Criteria 

 The following inclusion criteria were used to 
select the studies: original, clinical (randomized and 
non-randomized clinical trials, prospective studies, 
retrospective studies), published in English with no 
limits on date of  publication and setting of  the study, 
involving patients aged 60 years and older, low to 
moderate intensity physical exercise, and studies 
reporting pre- and post-intervention changes on 
sleep-related quality based on polysomnography and 
Pittsburgh Sleep Quality Index (PSQI).

Search Strategy 

 A literature search on MEDLINE and Academic 
Search was conducted using the EBSCO search 
engine, ClinicalKey, PubMed, Wiley Online Library 
and the Cochrane Library. The search strategy for 
each of  these databases was developed using Medical 
Subject Headings (MeSH). To identify additional 
reports of  relevant studies, reference lists of  selected 
studies identified through the search were scanned and 
reviewed. The terms used for the search were “exercise 
AND sleep quality AND elderly”. The search was 
limited to academic journals only; ‘title field’ and 
‘full text’ were used as filters. Articles included in the 

search were from 2000 to 2020 with the last date of  
search set on August 15, 2020. 

Study Selection 

 Four review authors screened the title and abstract 
of  each article obtained from the search engine using 
the selection criteria. Full versions of  the titles and 
abstracts which satisfied the selection criteria were 
downloaded and reviewed by the authors in pairs. If  
the information presented in the eligible studies were 
unclear, discussions were done among all of  the review 
authors. In cases of  disagreements among the review 
authors, the decision of  the majority was followed. 
Review authors were not blinded to the journal titles 
or to the study authors or institutions. 

Data Collection 

 The data extracted from each included article 
were trial design, number of  participants in the 
treatment and control arms, and attrition rate; age 
range; frequency, duration, intensity, and type of  the 
exercise; and total sleep time and sleep efficiency 
measured through polysomnography and the PSQI, 
including the statistical analysis and effect size. Total 
sleep time and sleep efficiency data were extracted 
from studies using polysomnography while global 
sleep quality data were extracted from studies using 
PSQI. Data extraction was done independently using 
standardized data collection forms and by following 
a REVMAN manual. Two study authors inputted the 
data of  the results of  the polysomnography and PSQI. 
For polysomnography, data regarding the baseline 
and posttreatment results of  total sleep time and sleep 
efficiency were gathered while in PSQI, baseline and 
posttreatment results of  global sleep quality index 
were entered in REVMAN. 

Risk of  Bias Assessment 

 The assessment of  the risk of  bias for each study 
was done using the CEBM Critical Appraisal Tool. 
This covered random sequence generation, allocation 
concealment, incomplete outcome data (e.g., dropouts 
and withdrawals) and selective outcome reporting. A 
judgment of  “high risk” or “low risk” was made for 
the possible risk of  bias in each of  the six domains 
from the information extracted. A judgement of  
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“unclear” was made for studies with insufficient detail 
reported. The study investigators were contacted 
for more information. Disagreements were resolved 
by discussion. The information generated from the 
assessment was encoded in REVMAN 5.4, and a graph 
for the risk of  bias of  all studies and their summary 
was generated.

Data Analysis 

 Continuous and generic inverse variance outcomes 
were analyzed using weighted mean difference with 
95% confidence interval. The data set was encoded in 
REVMAN 5.4 for analysis. The confidence interval 
of  95% was used for studies with and without 
control. The study authors used a p-value of  < 0.05 
as an indication of  statistically significant summary 
effect. Statistical heterogeneity was evaluated using 
chi-square and I2 test. An I2 value of  0 < 40% was 
considered as no significant heterogeneity; 30-60%, 
as moderate heterogeneity; 50-90%, as substantial 
heterogeneity; and 75-100%, significant heterogeneity. 
The study authors used an I2 result of  > 75% and 
an x2 result of  < 0.01 as an indication of  statistical 
heterogeneity. A random effects model was used for 
studies which showed statistical heterogeneity while 
a fixed effects model was used for studies with no 
significant heterogeneity. 

Results

Study Selection 

 A total of  879 titles were identified, of  which 
722 titles remained after duplicates were removed. 
Of  these, 641 were excluded due to irrelevance. The 
full text of  the remaining 81 articles were retrieved 
and assessed for relevance; 74 titles were excluded 
for reasons stated in Figure 1. Seven full text articles 
were included for systematic review and all of  them 
were included in the meta-analysis. 

Study Characteristics 

 Table 1 shows the characteristics of  the seven 
included studies which outlined the number of  
participants; age range and inclusion criteria; exercise 
type, frequency, duration; and outcomes measured. 

There were one randomized controlled trial (Taheri, 
2018) and six quasi-experimental studies (Eshaghi, 
Kamrani, Seol, Lira, Benlouci, Santos) with pre- and 
post-test comparisons, involving 225 participants.4,9-12 
The main inclusion criterion was elderly aged 60 
years old and above. The exercise type ranged from 
low to moderate intensity exercises. One study had a 
duration of  two weeks, and another had nine weeks, 
both of  which were daily. The duration of  exercise 
in another was two months done three times a week. 
The duration was eight weeks in two studies, with one 
study having a frequency of  three times a week and the 
other, twice a week. Two studies had a duration of  24 
weeks with both having a frequency of  three times a 
week. Four studies used PSQI and three studies used 
polysomnography to measure outcomes. 

Figure 1.  Flow Ddagram: Effects of exercise on sleep quality in 
the elderly.
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Table 1. Characteristics of included studies.

Author, year and 
country

Taheri 20189 (Iran)

Eshaghi  201910 (Iran)

Kamrani, 20144 (Iran)

Seol, 202011 (Japan)

Lira, 201112 (Brazil)

Benlouci, 200413 (USA)

Santos, 201214 (Brazil)

Total participants
T/C

34 17/17

36 27/9

45 30/15

60 60/0

14 14/0

14 14/0

22 22/0

Population

≥ 60 y/o
Not Mentioned

60-70 y/o
PSQI > 11, no sleep apnea, 
not smoking, not taking 
hypnotic drugs

60-70 y/o
no sleep apnea, not 
smoking, no moderate 
and vigorous physical 
activity, not taking hypnotic 
drugs, no musculoskeletal 
problems

65-79 y/o
not taking sleeping pills, 
no insomnia diagnosis, no 
physician restrictions on 
exercise, no involvement in 
any experimental research 
during the past year

Mean age 70.3 yr
Not mentioned

67-86 y/o
Not mentioned

Mean age 71.3 yr
Not mentioned

Exercise

Moderate intensity aerobics
3x/week
2 months

Low & moderate intensity 
exercise
3x/week
8 weeks

Low & moderate intensity 
aerobic exercise
2x/week
8 weeks

Low intensity exercise
Daily
9 weeks

Moderate intensity exercise
3x/week
24 weeks

Low & moderate intensity 
exercise
Daily
2 weeks

Moderate intensity exercise
3x/week
24 weeks

Outcome measured

PSQI: sleep quality, sleep 
duration, sleep efficiency, 
sleep disturbance, sleep
medications, global score

PSQI: information 
processing, selective 
attention, reaction time, 
quality of  sleep

PSQI: perceived sleep 
quality, sleep latency, sleep 
duration, sleep efficacy, 
sleep disturbance, use of  
sleep medication, daytime 
dysfunction, total sleep 
quality

PSQI: sleep onset latency, 
sleep efficiency, total sleep 
time, wake after sleep onset, 
sleep satisfaction, fatigue, 
global score

Polysomnography: total 
sleep time, sleep efficiency, 
awake time, Sleep Stage 1, 
Sleep Stage 2, Sleep Stage 
3 and 4, REM, REM sleep 
latency

Polysomnography: 
sleep-onset latency, sleep 
efficiency, wake after sleep 
onset.

Polysomnography: total 
sleep time, sleep efficiency, 
sleep latency, REM sleep 
latency, time awake, Stage 
1, Stage 2, Stage 3, Stage 4, 
% REM
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Risk of  Bias 

 As seen in Figures 2 and 3, randomization 
was done in only one study. Three studies had 
allocation concealment; four studies had no allocation 
concealment because there were no control groups. 
Three studies reported participants who did not finish 
the treatment or dropped out before the start; however, 
their attrition rates were within the acceptable range 
of  < 20%. Thus, all studies are considered low risk for 
outcome bias. All studies were also considered low 
risk for reporting bias.

Results of Individual Studies and Synthesis of 

Results

Total Sleep Time 

 Four studies had total sleep time determined 
through polysomnography of  which two showed 
an increase in total sleep time ranging from 14.88 
to 24.91 minutes after low to moderate intensity 
exercise. Overall, there was a statistically significant 
(p = 0.02) decrease (8.86 minutes) in total sleep time 
posttreatment as shown in Figure 4. 

Sleep Efficiency 

 Two of  the four studies showed an increase in 
sleep efficiency with a mean increase range of  4.63% 
to 4.74% however, both studies did not reach statistical 
significance. Overall, there was no significant 
improvement in sleep quality (MD = -0.29; p = 0.77) 
as seen in Figure 5.

Sleep Quality 

 Four studies with a control group utilized the 
PSQI to measure sleep quality. There was a significant 
improvement in sleep quality in the group with low to 
moderate exercise as intervention. (MD = -3.87 points; 
95% CI -5.56, -2.19; p < 0.001) as seen in Figure 6. 
The Forest plot showed significant heterogeneity  
(I2 = 91%, x2 < 0.001). An adhoc subgroup analysis for 
sex difference was performed to assess if  sex affected 
heterogeneity. There were significant improvements in 
sleep quality in both sexes (MD = -2.39 points; 95% 
CI -3.26, -1.52; p < 0.001 in males, as seen in Figure 7 
and MD = -5.51 points; 95% CI -7.50, -3.5; p < 0.001 
in females, as seen in Figure 8) after low to moderate 
exercise however the improvement was greater among 
females (MD -5.51 vs -2.39). Two studies showed 
an improvement in sleep quality but did not attain 
statistical significance (MD = -0.83 points; 95% CI 
-1.88 to 0.22; p = 0.12) as seen in Figure 9.

Discussion

Summary of  Evidence 

 Four studies with a total of  112 participants 
showed a statistically significant improvement in sleep 

Figure 2. Risk of bias graph for all studies.

Figure 3. Risk of bias summary.
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Figure 4. Forest plot of total sleep time using polysomnography.

Figure 5. Forest plot of sleep efficiency using polysomnography

Figure 6. Forest plot of sleep quality using PSQI (studies with control)

Figure 7. Forest plot of sleep quality of males using PSQI 

Effects of Exercise on Improving Sleep Quality Among Elderly Patients



150    

Figure 8. Forest plot of sleep quality of females using PSQI 

Figure 9. Forest plot of sleep quality using PSQI (studies without control)

quality among those who engaged in low to moderate 
intensity aerobic exercise (MD = -3.87 points; 95% CI 
-5.56, -2.19; p < 0.001), with a 3.24-point decrease. 
The mean difference falls within the established 
minimal clinically important difference (MCID) of  
1.54 to 3-point decrease in PSQI scores to indicate 
that the improvement in sleep quality is clinically 
significant.
 A subgroup analysis was done on the studies which 
used PSQI due to substantial heterogeneity. Two 
groups, comprised of  30 elderly males, showed a mean 
difference of  -2.39 (95% CI -3.26, -1.52; p < 0.001), 
while the other two groups, comprised of  26 elderly 
females, showed a mean difference of  -5.51 (95% CI 
-7.50, -3.51; p < 0.001). Despite both groups showing 
statistically and clinically significant mean differences, 
the analysis showed a larger decrease in PSQI global 
scores in the female subgroup compared to the male 
subgroup. Available literature regarding sex-based 
differences in sleep quality among the elderly show 
that females tend to have poorer sleep quality and 
have a greater tendency to develop insomnia and 
other sleep disorders.15,16 Possible reasons for this 
include hormonal and behavioral differences between 
women and men such as the loss of  estrogen during 
menopause and prevalence of  anxiety and worry in 
elderly women. Thus, the greater prevalence of  poor 

sleep quality in elderly women accounts for the greater 
effect of  the intervention in their sleep quality. 
 For the total sleep time, an overall statistically 
significant decrease of  8.86 minutes (95% CI -16.31, 
-1.41; p = 0.02) occurred after low to moderate 
intensity aerobic exercise. However, this decrease 
in total sleep time was not clinically significant 
as literature indicates that a clinically significant 
threshold for total sleep time change should be at least 
20 minutes.7 Sleep efficiency was not significantly 
increased among those who engaged in low to 
moderate intensity exercise. However, two studies 
with 36 participants showed an increase in sleep 
efficiency with a mean increase range of  4.63% 
to 4.74%. The overall effect of  exercise on sleep 
efficiency showed a 0.29% (95% CI, -2.22 to 1.64;  
p = 0.77) decrease which was not clinically significant 
as literature indicates that a change of  at least 5% in 
sleep efficiency is required.7

 Aerobic exercise is said to increase the duration of  
slow wave Sleep Stages 3 and 4 or deep sleep. Chronic 
exercise has been shown to enhance parasympathetic 
control by its effects on heart rate. It enhances vagal 
modulation resulting in improvement of  sleep and 
mood. Blood temperature before sleep brought about 
by exercise can promote slow wave sleep. In addition 
to physical changes, exercise can also improve 
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mood state, which is also a factor in improving sleep 
quality.17 Exercise is an activity recommended for a 
holistic improvement of  health and well-being for 
both healthy and unhealthy individuals. It has been 
part of  many lifestyle modification regimens as it 
contributes to patient recovery and an improved 
state of  health. Since exercise is one of  the most 
common recommendations for patients, including 
the older population, a meta-analysis specific on the 
contribution to the improvement of  sleep quality of  
elderly patients is a valid evidence-based guide for 
physicians. Disease indications of  exercise include, 
but are not limited to, heart disease, diabetes, asthma, 
back pain, arthritis, and dementia.

Comparison with Prior Studies 

 A meta-analysis in 2015 on the effects of  physical 
activity on sleep included 66 studies categorized into 
41 acute exercise studies and 25 regular exercise 
studies. Acute exercises were those with a duration 
of  less than a week while regular exercises were those 
done for a week or more. Among these, only four in 
the acute exercise studies were used in the correlation 
of  the low intensity exercises to sleep. In the 2015 
study, low intensity exercises resulted in no significant 
difference in total sleep time, sleep efficiency and 
sleep quality.18 In the present meta-analysis of  seven 
studies, the duration of  low or moderate exercise was 
more than one week. The result was decreased total 
sleep time, an improvement in sleep quality, and no 
significant effect on sleep efficiency, similar to the 
findings of  the 2015 study. There were no common 
studies in the two meta-analyses. 
 The latest meta-analysis on sleep quality and 
exercise was in 2018 and included nine studies with 
a total of  557 participants aged 18 to 60 years and 
older.19 The present meta-analysis covered only studies 
with participants 60 years and older. There were no 
common studies used in this meta-analysis and 2018 
study. The findings on sleep quality and sleep efficiency 
were similar to those of  the 2018 meta-analysis. 
The present meta-analysis resulted in a statistically 
significant decrease in sleep time which was not 
clinically significant, while the previous study showed 
no significant improvement. The 2018 meta-analysis 
reflects the general sleep quality of  the whole adult 
group. The present meta-analysis yielded more specific 
information on sleep quality among the elderly. 

Conclusions
The findings suggest that low to moderate intensity 
exercise improves sleep quality in persons aged 60 
years and above. Low and moderate intensity exercise 
may be used as a non-pharmacologic intervention 
to enhance sleep quality of  elderly, however, each 
patient’s condition should be assessed for other 
factors that may affect sleep such as living conditions, 
comorbidities, chronic illnesses, disability, and risk 
of  injury. 

References
  1. Medic G, Wille M, Hemels MEH. Short- and long-term 

health consequences of  sleep disruption. Nature Sci Sleep 
[Internet] 2017 May 19 [cited 2020 Oct 3]; 9: [about 10 
p.]. Available from: https://www.ncbi.nlm.nih.gov/pmc/
articles/PMC5449130/pdf/nss-9-151.pdf

  2. Chaput JP, Dutil C, Sampasa-Kanyinga H. Sleeping hours: 
what is the ideal number and how does age impact this? 
Nature Sci Sleep [Internet]. 2018 Nov 27 [cited 2020 Oct 
3]; 10: [about 9 p.]. Available from: https://www.ncbi.nlm.
nih.gov/pmc/articles/PMC6267703/pdf/nss-10-421.pdf

  3. Cooke JR, Ancoli-Israel S. Normal and abnormal sleep 
in the elderly. Handb Clin Neurol [Internet] 2011 [cited 
2020 Oct 3]; 98: [about 12 p.]. Available from: https://
www.ncbi.nlm.nih.gov/pmc/articles/PMC3142094/pdf/
nihms309450.pdf

  4. Kamrani AAA, Shams A, Dehkordi PS, Mohajeri R. The 
effect of  low and moderate intensity aerobic exercises on 
sleep quality in elderly adult males. Pakistan J Med Sci 
[Internet] 2014 Mar [cited 2020 Oct 5]; 30(2): 417–21. 
Available from: http://search.ebscohost.com/login.aspx
?direct=true&db=a9h&AN=108758744&site=ehost-live

  5. Smyth CA. CEArticlePrint [Internet]. NursingCenter. 
Wolters Kluwer; 2008 [cited 2020 Oct17]. Available 
f r o m :  h t t p s : / / w w w. n u r s i n g c e n t e r. c o m / c e _
articleprint?an=00000446-200805000-00028

  6. Kim SH, Jeong JH, Lim JH, Kim BK. Acupuncture 
using pattern-identification for the treatment of  insomnia 
disorder: A systematic review and meta-analysis of  
randomized controlled trials. Integ Med Res [Internet]. 
2019 Sep 1 [cited 2020 Oct 20]; 8(3): 216-26. Available from: 
https://www.google.com/url?q=https://europepmc.org/
backend/ptpmcrender.

  7. fcgi?accid%3DPMC6718809%26blobtype%3
  Dpdf&sa=D&ust=1603242119145000&usg=
 AOvVaw2A1vOB7l0j75sM1TZ74bNE
  8. Sateia MJ, Buysse DJ, Krystal AD, Neubauer DN, Heald 

JL. Clinical Practice Guideline or the Pharmacologic 
Treatment of  Chronic Insomnia in Adults: An American 
Academy of  Sleep Medicine Clinical Practice Guideline. J 
Clin Sleep Med [Internet] 2017 [cited 2020 Oct 22]; 13(2): 
307-49. Available from: https://aasm.org/resources/pdf/
pharmacologictreatmentofinsomnia.pdf

Effects of Exercise on Improving Sleep Quality Among Elderly Patients



152    

  9. Taheri M, Irandoust K. The exercise-induced weight loss 
improves self-reported quality of  sleep in obese elderly 
women with sleep disorders. Sleep Hypn [Internet] 2018 
Mar [cited 2020 Oct 3]; 20(1): 54–9. Available from: 
http://dx.doi.org/10.5350/Sleep.Hypn.2017.19.0134 

10. Eshaghi S, Morteza T, Khadijeh I, Knechtle B, Nikolaidis 
PT, Chtourou H. The effect of  aerobic training and vitamin 
D supplements on the neurocognitive functions of  elderly 
women with sleep disorders. Biol Rhythm Res [Internet] 
2020 Jul 3 [cited 2020 Oct 3]; 51(5): 727-34. Available 
from:  http://search.ebscohost.com/login.aspx?direct=t
rue&db=a9h&AN=128669470&site=ehost-live

11. Seol J, Fujii Y, Inoue T, Kitano N, Tsunoda K, Okura T. 
Effects of  morning versus evening home-based exercise on 
subjective and objective sleep parameters in older adults: 
A randomized controlled trial. J Geriatr Psychiatr Neurol 
[Internet] 2020 May 20 [cited 2020 Oct 3] 34(3): 232-42. 
doi: 10.1177/0891988720924709

12. Lira FS, Pimentel GD, Santos RV, Oyama LM, Damaso 
AR, Oller do Nascimento CM, et al. Exercise training 
improves sleep pattern and metabolic profile in elderly 
people in a time-dependent manner. Lipids in health and 
disease [Internet] 2011 Jul 6 [cited 2020 Oct 3]; 10: 1–6. 
Available from: http://search.ebscohost.com/login.aspx
?direct=true&db=mdc&AN=21733182&site=ehost-live

13. Benloucif  S, Orbeta L, Ortiz R, Janssen I, Finkel SI, 
Bleiberg J, Zee PC. Morning or evening activity improves 
neuropsychological performance and subjective sleep 
quality in older adults. Sleep [Internet] 2004 Dec 1 [cited 
2020 Oct 3]; 27(8): 1542-51. Available from:     http://
search.ebscohost.com/login.aspx?direct=true&db=mdc&
AN=21733182&site=ehost-live

14. Santos RD, Viana VA, Boscolo RA, Marques VG, Santana 
MG, Lira FS, Tufik S, De Mello MT. Moderate exercise 
training modulates cytokine profile and sleep in elderly 
people. Cytokine [Internet] 2012 Dec 1 [cited 2020 Oct 
3]; 60(3): 731-5. Available from: http://search.ebscohost.
com/login.aspx?direct=true&db=mdc&AN=15683146&
site=ehost-live

15. Guidozzi F. Gender differences in sleep in older 
men and women. Climacteric [Internet] 2015 Sep 
15 [cited 2020 Nov 8];  18(5):  715-21. Available 
f r o m :  h t t p s : / / w w w. t a n d f o n l i n e . c o m / d o i /
full/10.3109/13697137.2015.1042451?src=recsys&

16. Madrid-Valero JJ, Martinez-Selva JM, do Couto 
BR, Sanchez-Romera JF, Ordonana JR. Age and 
gender effects on the prevalence of  poor sleep quality 
in the adult population. Gac Sanit [Internet]. 2017 
[cited 2020 Nov 8]; 31(1): 18-22. Available from: 
https://www.sciencedirect.com/science/article/pii/
S0213911116301182#:~:text=Women%20are%20
significantly%20more%20likely,1.06

17. Uchida S, Shioda K, Morita Y, Kubota C, Ganeko M, 
Takeda N. Exercise effects on sleep physiology. Front 
Neurol [Internet] 2012 Apr 2 [cited 2020 Oct 11]; 3: 48. 
Available from: https://www.ncbi.nlm.nih.gov/pmc/
articles/PMC3317043/

18. Kredlow MA, Capozzoli MC, Hearon BA, Calkins AW, 
Otto MW. The effects of  physical activity on sleep: a 
meta-analytic review. J Behav Med [Internet]. 2015 
Jun;38(3):427-49. doi: 10.1007/s10865-015-9617-6

19. Banno M, Harada Y, Taniguchi M, Tobita R, Tsujimoto H, 
Tsujimoto Y, Kataoka Y, Noda A. Exercise can improve 
sleep quality: A systematic review and meta-analysis. 
PeerJ [Internet].  2018 Jul 11 [cited 2020 Oct 11]; 6: e5172. 
Available from:  https://doi.org/10.7717/peerj.5172

Effects of Exercise on Improving Sleep Quality Among Elderly Patients


