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Effect of Exercise on Sleep in the Middle-aged and Older adult:
A Systematic Review and Meta- Analysis of Randomized Controlled Trials

Hong-Bum Eun PhD, Seung-Soo Baek PhD
Exercise Rehabilitation Research Institute, Sangmyung University, Seoul, Korea

PURPOSE: This study evaluated the influence of exercise on improving sleep quality in middle-aged and older patients with sleep dis-
orders using subjective (PSQI and ISI) and physiological indicators (ActiGraph). The relationships between various moderators by
which exercise affects sleep-disorder improvement were investigated.

METHODS: From the study’s inception to December 31, 2021, the PubMed, ScienceDirect, MEDLINE, and Google Scholar databases
were searched for relevant studies. A meta-analysis was conducted with Comprehensive Meta-Analysis 2.0, using the random-effects
model.

RESULTS: The meta-analysis of 21 studies showed that exercise improves sleep quality (ES=-0.42, p=.00), insomnia severity (ES=
-0.54, p=.00), and sleep efficiency (ES=0.37, p=.00). A walking-based exercise was effective in improving sleep quality (ES=-0.38,
p=.00), insomnia severity (ES=-0.55, p=.03), and sleep efficiency (ES=-0.39, p=.00) in middle-aged and older patients with sleep
disorders. A mind-body exercise was effective in improving sleep quality (ES=-0.52, p=.00). Regardless of exercise frequency, 90-120
min of exercise per week was important, and moderate-intensity exercise of more than 30 min/day improved sleep in middle-aged and
older adults.

CONCLUSIONS: Exercise is an effective intervention for improving sleep quality in middle-aged and older adults with sleep disorders.
The walking-based and mind-body exercises were effective, and differences according to the exercise intervention components were
observed. Customized exercise interventions are possible depending on individuals’ physical strength and can be safe and economical.
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Table 1. PICOS criteria
PICOS

Inclusion criteria

Population  Middle or older adult (above 40 yr old)

Intervention All type of exercise or physical activity (AE, RE, ME, NE)
Comparison No exercise or physical activity

Outcome  Assessed by at least one of following: PSQ|, ISI, Actigraph (SE)
Setting Randomized Controlled Trials (RCTs)

AE, aerobic exercise; RE, resistance exercise; ME, mixed exercise (more than
one type of exercise combined); NE, non-traditional exercise; PSQI, Pitts-
burgh Sleep Quality Index; ISI, Insomnia Severity Index; SE, Sleep Efficiency.
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Fig. 2. Funnel plot for identifying publication bias.

Table 2. The overall effect size of exercise on sleep improvement (random-effect model)

Study size -95%(Cl +95%Cl
Measurement Type (O " ES Standard Error (Lower limit) Wiers T Q-value I-squared
Self-reported 17 (PSQI) -0416 0.051 -0.515 -0.317 29.440 45652
3(ISl) -0.536 0.145 -0.820 -0.252 0.006 0.000
Physiological 11 (SE) 0.366 0.093 0.185 0.548 32,523 69.253

PSQI, Pittsburgh Sleep Quality Index; ISI, Insomnia Severity Index; SE, Sleep Efficiency; Cl, confidence interval; ES, effect size.

24 | Hong-Bum Eun,etal. - Exercise and Sleep Quality in Middle-aged or Older Adults

https://www.ksep-es.org



https://doi.org/10.15857/ksep.2023.32.1.21

EXERC SCI
[Statistics for each group] [Hedges's g and 95% CI]
[Study] [Hedges's g] [SE] [Variance] [Lower] [Upper] [Z-Value] [P-Value]
[Pittsburgh Sleep Quality Index, PSQI)
Karim 2016 0763 0231 0053 218 0311 330 000 =
Chen 2010 0,304 0182 0033 0751 0037 2163 00M {H
Chen 2012 D603 0208 0044 1103 0262 3308 000 e
Chen 2015 0178 0130 0017 0432 0078 1375 0160 O
Irwin 2008 DB 0164 0038 0984 0223 3110 0002
King 2008 0.305 0167 0028 0832 0022 1825 0068
Albar 2013 0463 0140 0020 0737 0188 3303 000
Irwiin 2017 D517 0158 0024 0823 0210 3305 000 {F
Li 2004[1] 0434 01M 00T 0881 DITE 3302 0000
Ui 2004[2] 0458 0139 0019 0730 0186 3303 0001
Muraveskl 2015{1] 0207 0113 0013 058 0075 2620 0009
Muraweski 201521 023 0112 0013 0451 001 2060 0030
Feid 2010 D406 0308 0085 1081 QUG A5 0118 -
Baron 2013 4217 0388 0152 2040 D514 3278 000 - 1—
Harn 2016 0477 008 0005 032 D04F 25T 0010 u
Hozsuind 2001 0583 0209 0044 1103 0282 3309 0001 -%
Mguven 2012 0498 0151 0023 O7H 0208 334 0001
D418 0051 0003 0515 0317 -B20 0000 +
4.0 -2.0 [0.0] 2.0 a.0
[Improvemant] [Decline]
[Statistics for each group] [Hedges's g and 95% CI]
[study] [Hedges's g]  [5€] [Variance] [Lower] [Upper] [Z-Value] [P-Value]
[Insemnia Severity Index, 151]
Yeung 2018 0533 0242 0058 1008 0059 2203 0028
Afonse 2012 A 524 0262 0068 1037 0000 1997 0046
Hartarcu 2005 0550 0250 0062 1039 0061 2205 0.027
0538 D145 0021 0820 0252 3701 0000 *»
40 20 [0.0] 2.0 4.0
[Improvement] [Decline]
[Statistics for each group] [Hedges's g and 95% C1]
[Study) [Hedges's g]  [SE] [Variance] [Lower] [Uppar] [Z-Value] [P-Value]
[$leep Efficiency, SE]
Yeung 2018 0134 0226 0051 0310 0517 0502 0554
Tanx 2016 0744 D225 0050 0303 1184 3310 0001 4+
Bucharan 2017 0.305 0140 0020 00M 0579 2181 0029
Buchanan 2017 0299 0137 0019 0030 0568 2180 0029
i 2004(1] 0.388 0130 00T 0133 0843 2979 0003
i 2004[2] 0.409 0137 0019 0140 0679 2960 0003
Passars 2010(1] 0.5 0294 O0BT 0014 1168 2008 005
Passars 2010{2] 0.5 0294 0087 0014 1168 2008 045
Passars 2010{3] 050 0294 00T 0014 1168 2008 0045
Baron 2013 0620 D308 0095 0016 1224 2013 0044
Hori 2016 0,055 0068 0005 D189 0079 080T 0419
0.366 0093 0006 0185 0548 3851 000D L
4.0 2.0 [0.0] 20 40
[Decline] [Improvement]

Fig. 3. Forest plot for the effect of exercise or physical activity in sleep disorder patients.
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Table 4. Group differences in type of exercise intervention and exercise type (meta-ANOVA)

Measurement Items Estimate SE -95%Cl +95%Cl z-value p-value
Exercise PSQI Aerobic -0.375 0.078 -0.528 -0.221 -4.789 .000*
Type Resistance -0.178 0.162 -0.496 0.140 -1.097 272
Mixed -0.264 0.106 -0.471 -0.057 -2.500 012*
Non-trad -0.517 0.068 -0.651 -0.383 -7.561 .000*
ISI Aerobic -0.550 0.250 -1.039 -0.061 -2.205 027*
Non-trad -0.529 0.178 -0.877 -0.180 -2973 .003*
Sleep Efficiency Aerobic 0.389 0.123 0.148 0.630 3.161 .002*
Resistance 0.591 0.390 -0.173 1.355 1516 130
Non-trad 0.291 0.175 -0.053 0.634 1.658 097

PSQJ, Pittsburgh Sleep Quality Index; IS, Insomnia Severity Index; Cl, confidence interval; SE, standard error; Non-trad: Non-traditional exercise.
*
p<.05.

Table 5. Group differences in type of exercise intervention and exercise intensity (meta-ANOVA)

Measurement ltems Estimate SE -95%Cl +95%Cl z-value p-value
Exercise PsQl Low -0.442 0.121 -0.680 -0.204 -3.643 .000*
Intensity Moderate -0.454 0.066 -0.582 -0.325 -6.912 .000*
Moderate -0.264 0.130 -0518 -0.009 -2.031 .042*
-to-Vigorous
ISI Low -0.524 0.471 -1.446 0.399 -1.112 .266
Low -0.533 0.460 -1435 0.368 -1.159 246
ftoModerate ;555 0464 1459 0359 -1.186 236
Moderate
Sleep Efficiency  Low 0.357 0.212 -0.057 0.772 1.689 091
Low 0.134 0.349 -0.549 0.817 0.384 701
-to-Moderate
Moderate 0.388 0.126 0.142 0.635 3.085 .002*
Vigorous 0.591 0.396 -0.186 1.368 1.491 136
Cl, confidence interval; SE, standard error.
*p<.05.
2) 2ELT0| WE F-FAQ| 8 JhM Fat o] 9)9ick o) Ho] AL 77)0] 7|74, 6,8, 12, 16, 24, 4855
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Table 6. Group differences in type of exercise intervention and exercise duration (meta-ANOVA)

Measurement Items Estimate SE -95%Cl +95%Cl z-value p-value
Exercise Psal 4 -0.177 0.089 -0.352 -0.002 -1.986 .047*
Duration 6 -0.498 0.161 -0.814 -0.183 -3.092 .002*
(week) 8 -0.763 0238 1229 -0.298 3214 001*
12 -0.470 0.074 -0.614 -0.326 -6.390 .000*
16 -0.681 0.156 -0.987 -0.379 -4.360 .000*
24 -0.324 0.065 -0.453 -0.196 -4.962 .000*
48 -0.305 0.176 -0.651 0.041 -1.728 .084
ISI 8 -0.533 0.460 -1.435 0.368 -1.159 246
16 -0.524 0471 -1.446 0.399 -1.112 266
24 -0.550 0464 -1.459 0.359 -1.186 236
Sleep Efficiency 4 -0.055 0.068 -0.189 0.079 -0.807 419
8 0.134 0.226 -0.310 0.577 0.592 554
12 0.302 0.098 0.110 0494 3.084 .002*
16 0.620 0.308 0.016 1.224 2013 .044*
24 0479 0.078 0.327 0.631 6.183 .000*

Cl, confidence interval; SE, standard error.
*p<.05.

Table 7. Group differences in type of exercise intervention and exercise frequency (meta-ANOVA)

Measurement Items Estimate SE -95%Cl +95%Cl z-value p-value
Exercise PsQl 1 -0.517 0.228 -0.963 -0.070 -2.268 023*
Frequency 2 -0.480 0.156 -0.785 -0.175 -3.080 .002%
(day/week) 3 -0461 -0.075 -0.609 -0.313 -6.106 .000%
4 -0.486 0.350 -1.173 0.201 -1.387 165
5 -0.305 0.235 -0.766 0.156 -1.296 195
7 -0.264 0.142 -0.541 0.014 -1.862 063
ISI 2 -0.529 0.178 -0.877 -0.180 -2.973 .003*
5 -0.550 0.250 -1.039 -0.061 -2.205 027*
Sleep Efficiency 1 0.302 0.204 -0.097 0.701 1483 138
2 0.134 0.339 -0.531 0.798 0.395 693
3 0377 0.124 0.135 0.620 3.049 .002*
5 0.744 0.338 0.081 1.406 2.200 .028*

Cl, confidence interval; SE, standard error.
*p<.05.

Table 8. Group differences in type of exercise intervention and exercise time (meta-ANOVA)

Measurement Items Estimate SE -95%Cl +95%Cl z-value p-value
Exercise Time PsQl 25 -0.693 0.269 -1.220 -0.165 -2.572 010*
(min/session) 30 -0.508 0.128 -0.758 -0.258 -3.986 .000*
40 -0.375 0.149 -0.667 -0.083 -2.521 .012*
60 -0.379 0.082 -0.540 -0.218 -4.623 .000*
70 -0.394 0.249 -0.881 0.094 -1.583 113
120 -0.517 0.231 -0.968 -0.065 -2.241 025%
ISI 30 -0.550 0.250 -1.039 -0.061 -2.205 027*
60 -0.529 0.178 -0.877 -0.180 -2.973 .003*
Sleep Efficiency 30 0.181 0.146 -0.105 0.466 1.239 215
50 0.591 0.240 0.121 1.061 2464 .014*
60 0.387 0.106 0.180 0.594 3.661 .000*
90 0.305 0.219 -0.124 0.734 1.393 164

Cl, confidence interval; SE, standard error.
*p<.05.
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