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Abstract

Objective—Conduct a systematic review of previous meta-analyses on exercise and sleep
outcomes in adults and a meta-analysis of studies nested within these meta-analyses.

Methods—Meta-analyses of randomized controlled exercise interventions were included by
searching nine electronic databases and cross-referencing. Dual-selection and data abstraction
were conducted. Methodological quality of meta-analyses was assessed using AMSTAR and
quality of evidence using GRADE. Random-effects models were used to pool results from the
individual studies included in each meta-analysis.

Results—Three meta-analyses representing 950 adults were included. Methodological quality
ranged from 36% to 64% while quality of evidence was very low to low. Statistically significant
improvements (P < 0.05) were observed for the apnea-hypopnea index (AHI), overall sleep
quality, global score, subjective sleep, and sleep latency. The number-needed-to-treat (NNT) and
percentile improvements ranged from 4 to 7 and from 18.1 to 26.5, respectively. When overall
sleep quality results from individual studies nested within different meta-analyses were pooled,
statistically significant standardized mean difference (SMD) improvements were observed (—0.50,
95% CI1 —0.72 to —0.28). The NNT and percentile improvement were 7 and 19, respectively.

Conclusions—Exercise improves selected sleep outcomes in adults. To increase public health

reach, a large, well-designed, and more inclusive meta-analysis is needed.

Keywords
apnea; exercise; meta-analysis; sleep; systematic review

1 INTRODUCTION

Sleep disorders are considered to be a major public health epidemic in the United States,
affecting an estimated 50 to 70 million US adults.? These disorders have been associated
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with motor vehicle crashes and industrial disasters as well as medical and other occupational
errors.! In addition, sleep disorders in adults have been associated with an increased risk for
chronic diseases that include hypertension, type 2 diabetes, depression, obesity and cancer.’
Furthermore, adults with sleep disorders report a lower quality of life and are less productive
than those without a sleep disorder.! Most notably, sleep disordered adults are at an
increased risk for all-cause mortality. In terms of economics, the total costs associated with
sleep disorders have been estimated to be as high as $166 billion per year in the United
States.?

While pharmacologic interventions are a common treatment for sleep disorders,34
statistically significant adverse events have been reported, including an increased risk for
falls and cognitive impairment among older adults.3 In addition, the magnitude of benefit
has not been firmly established.34 Exercise, a low-cost, nonpharmacologic intervention that
is readily available to the vast majority of adults, offers a potential complementary or
alternative approach for improving sleep and is particularly appealing in a public health
setting.®

Currently, systematic reviews with meta-analysis are considered by many to be the gold
standard for determining the effects of an intervention on an outcome.5:” However, given
that multiple systematic reviews with meta-analysis now exist on the same topic,8 it becomes
difficult to make evidence-based decisions regarding the intervention effects on the outcome
of interest in the population of interest. Therefore, it is now necessary to systematically
study previous systematic reviews of meta-analyses in order to provide healthcare personnel
and policy-makers with the information they need to make better decisions regarding the
effectiveness of an intervention on the outcome of interest, provide researchers with
information to inform future original studies, and provide meta-analysts with information to
inform future meta-analyses, including whether an updated meta-analysis should be
conducted on the topic of interest.

Previous meta-analyses have reached conflicting conclusions regarding the effects of
exercise on sleep.%-17 In addition, to the best of the authors’ knowledge, no previous
systematic review of systematic reviews with meta-analysis examining the effects of exercise
on sleep in adults has been performed. Therefore, given multiple systematic reviews with
meta-analysis on exercise and sleep as well as the conflicting findings of such,®17 the need
to systematically review multiple meta-analyses for both applied and research purposes,8and
the absence of any previous systematic review of systematic reviews with meta-analysis of
randomized controlled trials on this topic, the objectives of this study were to conduct a
systematic review of previous meta-analyses on exercise and sleep outcomes in adult
humans, and conduct a meta-analysis on exercise and sleep outcomes based on the
individual studies nested within these meta-analyses.

2 METHODS
2.1 Study eligibility

This systematic review of previous systematic reviews with meta-analysis is registered in the
International Prospective Register of Systematic Reviews (PROSPERO) trial registry
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(CRD42015023449). In addition and where applicable, the general guidelines of the
Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) Statement
were followed.18

The inclusion criteria for this study, established a priori, were as follows: (1) previous
systematic reviews with meta-analysis of randomized controlled trials or data reported
separately for randomized controlled trials if the meta-analysis included other study designs,
(2) adult humans =18 years of age, (3) exercise (aerobic, strength or both) as the
intervention, (4) published and unpublished (dissertations and master’s theses) studies in any
language up through June of 2015, and (5) exercise minus control group differences in sleep
as an outcome in the original meta-analysis and reported as the standardized mean difference
(SMD) effect size or calculable using the SMD if at least two studies were pooled. The focus
on limiting meta-analyses to randomized controlled trials is based on previous research
suggesting that they are the only way to control for unknown confounders and that
nonrandomized controlled trials tend to overestimate the effects of treatment(s) in healthcare
interventions.19:20 The SMD was selected as the metric of choice given the different
instruments used to assess selected sleep outcomes as well as the desire to compare results
using the same metric. Broadly, studies were excluded based on at least one of the following:
(a) inappropriate population (e.g., children and/or adolescents), (b) inappropriate
intervention (e.g., pharmacological trial), (c) inappropriate comparison (e.g., aerobic
exercise versus drug, analyzing the difference in the exercise group while not accounting for
the control group, etc.), (d) inappropriate outcome (e.g., anxiety), and (e) inappropriate study
type (e.g., systematic review with no meta-analysis included, meta-analysis that did not
report data separately for randomized controlled trials only, etc.).

2.2 Data sources

Potentially eligible studies were derived by electronic database searches, cross-referencing
from retrieved articles and inspection of the first author’s files. For electronic searching, nine
databases were searched from their inception up to June 14, 2015 using the graphical user
interface for each database. Databases searched included PubMed, Sport Discus, Web of
Science, Scopus, PsychlInfo, Cochrane Database of Systematic Reviews, Physiotherapy
Evidence Database (PEDro), Database of Abstract of Reviews of Effects (DARE), and
Proquest. Scopus was included because it has been reported to provide coverage of
EMBASE, a database that was not accessible to the investigators.2: Keywords or forms of
keywords used in the database searches included exercise, physical fitness, randomized,
systematic review, meta-analysis, sleep, apnea, and insomnia. A copy of the search strategies
used for each database is shown in Supplementary File 1. Following duplicate removal both
electronically and manually, the overall precision of the searches was calculated by dividing
the number of studies that met the eligibility criteria by the total number of studies screened
after removing duplicates.?2 The number needed to read (NNR) was then calculated as the
reciprocal of the precision.22 All studies were stored in Reference Manager, version 12.0.23

2.3 Study selection

Both authors selected all studies independent of each other. They then convened and
reviewed their selections for concurrence. Any incongruities were resolved by consensus.
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2.4 Data abstraction

Prior to coding studies, coding sheets were developed using Microsoft Excel (2010).24 The
coding sheets could hold up to 284 items from each included meta-analysis. The major
categories of variables coded included (a) study characteristics (source, year, impact factor
of journal, etc.), (b) participant characteristics (age, gender, condition(s), etc.), (c)
intervention characteristics (length, frequency, intensity, duration, type of exercise,
compliance, etc.), and (d) data for sleep outcomes (sample sizes, means, variances, etc.) at
both the pooled meta-analytic level as well as for each study included in each meta-analysis.
All data were coded by both authors, independent of each other. After coding was
completed, all items were reviewed by both authors for correctness. Any inconsistencies
were resolved by consensus. Using Cohen’s kappa statistic,2° the overall agreement rate
prior to correcting any differences was kappa = 0.96, considered to be “excellent”.28

2.5 Methodological quality

Methodological quality of each meta-analysis was assessed using The Assessment of
Multiple Systematic Reviews (AMSTAR) Instrument.2”-30 This instrument was chosen
because of (a) its construct validity (intra-class correlation coefficient = 0.84), (b) inter-rater
reliability (kappa = 0.70), and (c) feasibility (average of 15 minutes per study to
complete).29 Responses of “Yes,” “No,” “Can’t Answer,” or “Not Applicable” are possible
for this 11-item questionnaire. The “Can’t Answer” response is chosen when an item is not
described but relevant while the “Not Applicable” response is chosen when an item is not
relevant (e.g., assessment of publication bias not possible because of a lack of studies).27-30
For consistency with the other questions, the question “Was the status of publication (i.e.,
grey literature) used as an inclusion criterion?” was changed to “Was the status of
publication (i.e., grey literature) as an inclusion criterion avoided?” Both authors evaluated
the methodological quality of each study independent of each other. They then met and
reviewed every rating for agreement. Disagreements were resolved by consensus. The
overall agreement rate prior to correcting discrepancies was kappa = 0.58, considered to be
“good”.26

In addition to AMSTAR, the overall quality of the evidence was assessed using the Grades
of Recommendations Assessment, Development and Evaluation (GRADE) instrument.31
Overall quality was classified as either very low, low, moderate, or high.3! To assess impact,
the total number of times that each included meta-analysis was cited as well as the average
number of citations per year was calculated. This was accomplished using version 4.17 of
Publish or Perish (Google Scholar Citation mechanism)32 on August 5, 2015.

2.6 Data synthesis

2.6.1 Summary findings for sleep outcomes from each meta-analysis—The
summary findings from each meta-analysis were extracted with a focus on random versus
fixed-effect models because the former incorporates between-study heterogeneity into the
analysis when pooling results.33:34 The SMD was the primary metric of interest along with
its 95% confidence intervals (Cl), z statistic and alpha value. If sufficient data were available
or it was feasible, these data were calculated if not reported in the original study. The
magnitude of effect for each SMD from each meta-analysis was categorized as either trivial
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(<0.20), small (0.20 to 0.49), medium (0.50 to 0.79) or large (=0.80).3% Two-tailed alpha
levels <0.05 for zwere considered statistically significant. In addition, Q, a measure of
heterogeneity, was also extracted or calculated for each outcome if data were available to do
50.36 An alpha value <0.10 was considered to represent statistically significant
heterogeneity.3” The / statistic, a gauge of inconsistency, was also extracted or calculated if
appropriate data were provided.3 Values of /2 were categorized as either low (0% to <25%),
moderate (25% to <50%), large (50% to <75%) or very large (275%).37

It was assumed, a priori, that none of the included meta-analyses would include prediction
intervals (P1).38-40 Consequently, 95% PI were computed if the findings were statistically
significant and the requisite data from each study included in each meta-analysis were
provided.38-40 Prediction intervals are used to approximate the treatment effect in a new
study38-40 and may be more applicable for decision analysis.4!

To enhance practical application, the number-needed-to-treat (NNT) was estimated for any
summary findings that were reported as statistically significant. This was accomplished
using a control group risk of 30%.8 Additionally, Cohen’s U3 index was calculated to
estimate the percentile gain in the intervention group.42 Results for small-study effects
(publication bias, etc.) were also abstracted or calculated using the regression-intercept
approach of Egger et al.,*3 assuming that adequate information were available and the
number of SMDs was =10.44 One-tailed alpha values <0.05 for the intercept were
considered to represent statistically significant small-study effects.

2.6.2 Meta-analysis based on studies nested within included meta-analyses—
To increase generalizability, the investigators also conducted their own meta-analysis based
on available sleep outcome results from the individual studies nested within each included
meta-analysis and while avoiding duplication, that is, results of the same study reported in
two or more different meta-analyses. Data synthesis included the abstraction and pooling of
results (sample sizes, SMD, variance statistics, etc.) from each study included in each meta-
analysis into one overall finding for similar outcomes (e.g., overall sleep quality). All
analyses were limited to data reported in the retrieved meta-analyses because the focus of
the current investigation was on each meta-analysis and not the original studies. Pooling of
studies was accomplished using a random-effects, method-of-moments model.4>
Heterogeneity was assessed using the Q statistic3® and inconsistency using 2.37 A two-
tailed, z-based alpha value <0.05 for the SMD was considered statistically significant. In
addition, 95% CI were calculated. Based on recent recommendations, small-study effects
were examined using funnel plots and Egger’s regression intercept test.** A one-tailed alpha
value < 0.05 for the intercept was considered to represent statistically significant small-study
effects. Outliers were considered to be those in which the alpha values for the standardized
residuals were <0.05. In addition, influence analysis was conducted with each study deleted
from the model once as well as cumulative meta-analysis, ranked by year. Furthermore, 95%
Pl, NNT based on a control group risk of 30% and percentile improvement using Cohen’s
Us index were calculated. Finally, simple random-effects meta-regression (method-of-
moments approach) was used to examine the association between changes in sleep and the
meta-analysis from which the results were derived.*> A two-tailed, ~based alpha value
<0.05 for the slope (1) was considered statistically significant. Negative SMD’s were
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considered to represent improvements in sleep. All analyses were carried out using
Comprehensive Meta-Analysis (version 3.3)*¢ and Microsoft Excel 2010.24

3 RESULTS

3.1 Characteristics of included meta-analyses

A total of 392 references were initially identified. After removing duplicates both
electronically and manually, 283 (72.2%) remained. Of the 283 independent citations
screened, three aggregate data meta-analyses met all eligibility criteria.914.15 Search
precision after removing duplicates was 0.01, while the NNR was 94. A flow diagram that
describes the search process is shown in Figure 1 while a list of excluded studies, including
the reasons for exclusion, can be found in Supplementary File 2. Studies were excluded
based on an inappropriate study design (41.4%) as well as an inappropriate intervention
(36.8%), outcome (17.9%), population (3.6%), and comparison (0.4%). Table 1 describes
the general characteristics of each meta-analysis. As can be seen, the three included studies
were published between 2013 and 2015, included 2 to 9 studies and between 63 and 599
men and women (total N = 950).9:14.15 One study reported receiving government funding for
their work.2 All three meta-analyses included different types of populations®14.15 in adults
up to 72 years of age.®14.15 One meta-analysis was limited to participants with obstructive
sleep apnea.15 Length of training for the studies included in each meta-analysis ranged from
5 to 52 weeks, frequency from 3 to 10 times per week, and duration from 20 to 90 minutes
per session.?14.15 The one meta-analysis that provided information on adverse events
reported that six studies did not provide any information while one study reported that
adverse events were minimal.® Both supervised and unsupervised exercise were performed
and included both aerobic and/or strength training.%14.15 For the two meta-analyses that
reported data,%14 intensity of training was classified as moderate to vigorous. For the one
meta-analysis that reported information, compliance, defined as the percentage of exercise
sessions attended, ranged from 32.4% to 93.3% for the studies included in their review.? One
meta-analysis only included studies in which walking was part of the exercise intervention.®
Sleep outcomes were assessed using the apnea-hypopnea index (AHI)!® and Pittsburgh
Sleep Quality Index (PSQI).14 Another meta-analysis reported the assessment of overall
sleep quality but specific measures for the assessment of such from each of the included
studies were not provided.®

3.2 Methodological quality and impact

The results for each meta-analysis using the AMSTAR instrument are shown in
Supplementary File 3. As can be seen, the overall quality of the meta-analyses using the
AMSTAR instrument ranged from 36% to 64%.9-14.15 All of the studies were considered to
have provided adequate information regarding (a) an a priori design, (b) description of study
characteristics, (c) assessment of study quality, and (d) appropriate methods for combining
studies.914.15 |n contrast, none of the studies provided a reference list of excluded studies,
including the reasons for exclusion, as well as appropriate information regarding conflicts of
interest, especially with respect to conflicts of interest from each of the studies included in
the meta-analyses.%14.15 The results for the other five criteria were mixed.%:14.15
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In relation to impact, the total number of times that each meta-analysis was cited were 0,
24,15 and 56.14 When adjusted for the number of years that each meta-analysis was
available, citation rates were 0,% 12,15 and 18.7.14

3.3 Data synthesis

3.3.1 Results from each meta-analysis—Overall results for the three included meta-
analyses are shown in Table 2.914.15 As can be seen, the number of ES’s in each meta-
analysis were small, ranging from 2 to 9, while the number of participants ranged from 63 to
599.914.15 gtatistically significant improvements were observed for all three meta-
analyses.?14:15 These included the AHI,15 overall sleep quality,®14 subjective sleepl* and
sleep latency.14 No statistically significant differences were observed for sleep duration,
efficiency, disturbance, or daytime functioning.14

For those results that were statistically significant, no statistically significant heterogeneity
or inconsistencies were observed for the AHI.1®> However, statistically significant
heterogeneity and a large amount of inconsistency were observed for overall sleep quality in
both meta-analyses that assessed such®14 as well as subjective sleep, sleep latency, sleep
duration, sleep efficiency and sleep disturbance in the one study that reported this
information.14 Nonoverlapping prediction intervals were observed for overall sleep quality
in the study by Chiu et al.9 but not Yang et al.14 Overlapping prediction intervals were also
observed for subjective sleep as well as sleep latency.1* None of the studies reported results
for potential small-study effects (publication bias, etc.).9:14.15

The NNT and percentile improvement estimates for statistically significant findings are
shown in Table 3. Assuming a control group risk of 30%, the NNT for sleep outcomes
ranged from a low of 4 for sleep latency to a high of 7 for overall sleep quality.14 Overall
percentile improvements were similar, ranging from 18.1 to 26.5. Corresponding 95% Cl
were best for sleep quality in the study by Chiu et al.,9 and worst for sleep latency in the
study by Yang et al.14 Using the GRADE instrument, the overall quality of evidence ranged
from very low to low (Supplementary File 4).

3.3.2 Results of pooling different studies from different meta-analyses for the
same outcomes—Based on the availability of evidence, the pooling of studies from each
meta-analysis was limited to overall sleep quality from two of the included meta-
analyses.%14 This included 14 different studies representing 887 participants.%14 As shown
in Figure 2, a moderate and statistically significant SMD improvement in overall sleep
quality was observed (z= 4.6, P < 0.001) along with statistically significant heterogeneity
(Q=30.7, P = 0.004) and a large amount of inconsistency (/2 = 57.7%, 95% CI 23.4% to
76.6%).

No statistically significant outliers were observed (P for all standardized residuals > 0.05).
Visual inspection of the funnel plot (Fig. 3) as well as Egger’s regression intercept test
suggests that statistically significant small-study effects were present (Bg = —3.24, P = 0.04).
As can be seen in Figure 4, influence analysis revealed that SMD results were statistically
significant with each study deleted from the model once, with overall changes differing by
0.11 (20.8%). Cumulative meta-analysis demonstrated that improvements in sleep quality
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have remained statistically significant since the first study was published in 1997 (Fig. 5).
No association was observed for changes in overall sleep quality and the meta-analysis from
which results were derived (1 = 0.05, 95% CI —0.41 to 0.52, P = 0.82). Overlapping
prediction intervals were observed(95%PI, —1.19 to 0.20).The NNT was 7(95% CI 5 to 10),
while the percentile improvement was 19 (95% CI 11.2 to 26.1).

4 DISCUSSION
4.1 Findings

In the ideal scenario supporting the effects of any intervention on an outcome, results will be
(a) statistically significant with nonoverlapping and narrow ClI, (b) homogeneous with no
inconsistency, (c) have narrow and nonoverlapping PI, (d) be free of all bias, including
small-study effects, and (e) be stable with a magnitude of change that is practically
important. However, satisfying all these criteria is probably highly unlikely.

Rather, one must draw inferences based on imperfect findings. Such is the case with the
current investigation. From the investigative team’s perspective, the overall findings of the
current study suggest that exercise improves selected sleep outcomes in the sample of adults
included. This interpretation is reinforced by (a) statistically significant improvements in the
AHI, overall sleep quality, subjective sleep, and sleep latency, (b) low NNT (4 to 7) for
statistically significant outcomes, (c) percentile improvements (18.1 to 26.5) for statistically
significant outcomes, and (d) nonoverlapping Pl for overall sleep quality in the meta-
analysis by Chiu et al.9 In contrast, the potential benefits of exercise on sleep in adults may
be questioned given (a) statistically significant heterogeneity for three of the five statistically
significant outcomes, (b) a large amount of inconsistency for four of the five outcomes in
which statistically significant improvements were observed, (c) overlapping PI for global
sleep score, subjective sleep and sleep latency, (d) lack of statistically significant
improvements for sleep duration, sleep efficiency, sleep disturbance and daytime
functioning, (e) based on AMSTAR assessment, a quality rating of less than 50% for two of
the three meta-analyses conducted,®14 and (f) based on GRADE assessment, low- to very
low-quality levels of evidence for all outcomes.

The potential benefits of exercise on overall sleep quality may be especially promising given
that the investigative team, based on the results reported in the original meta-analyses, were
able to successfully combine the results for overall sleep quality from two of the included
meta-analyses.®14 These findings included (a) statistically significant improvements in
overall sleep quality, (b) a low NNT,” (c) a large percentile improvement,1® (d) stability of
findings when each study was deleted from the model once, (e) statistical significance of
findings since the conduct of the first study in 1997, and (f) no statistically significant
association between the meta-analysis from which the results were derived. However, these
findings may have been weakened by (a) statistically significant heterogeneity, (b) a large
amount of inconsistency, (c) overlapping PI, (d) potential small-study effects, and (e) based
on GRADE, the very low to low quality of evidence.

The statistically significant findings observed in this study for selected outcomes are
somewhat less than the use of pharmacological interventions to improve sleep. For example,
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the approximate 19.7% improvement in AHI in the meta-analysis by Araghi et al.,1®
compares to improvements ranging from 25% to 45% with the use of various pharmacologic
agents in participants with obstructive sleep apnea.*’ However, the authors of this prior
study concluded that there was insufficient evidence to recommend drug therapy in the
treatment of obstructive sleep apnea.#’ In contrast, the current findings for overall sleep
quality compare favorably to a recent meta-analysis of mind-body interventions in cancer
patients in which statistically significant SMD improvements of —0.43 (95% CI -0.24 to
-0.62) as well as long-term improvements up to three months (SMD, —-0.29 95% CI -0.52 to
-0.06) were reported.*8 The present findings also compare favorably to a recent meta-
analysis on meditative movement therapies in adults >60 years of age and in which SMD
improvements of —0.70 (95%CI —0.96 to —0.43) were reported.4® Thus, it appears that
exercise may serve as a complementary or alternative approach for improving sleep in
adults.

4.2 Implications for research

There are at least six recommendations for future research using the meta-analytic approach
to examine the effects of exercise on sleep outcomes in adults. First, the methodological
quality of the meta-analyses themselves could be improved. This includes (a) the inclusion
of studies regardless of publication status or providing a strong rationale for not doing so, (b)
providing a bibliography of all excluded studies, including the reasons for exclusion, and (c)
providing a description of potential conflicts of interest, including potential sources of
support, for each of the studies included in each meta-analysis.

Second, based on citation rates, the impact of the included metaanalyses appears to be small.
One possible explanation may be that this work is published in journals that do not have a
large readership, thereby compromising the reach of this potentially beneficial non-
pharmacological intervention. A second possible reason may be the fact that guidelines for
the treatment of sleep problems such as insomnia are heavily focused on pharmacological
versus non-pharmacological therapies.>? Another reason may be that the number of
researchers and practitioners interested in sleep problems may be less than those interested
in other conditions such as cancer and cardiovascular disease.

Third, future meta-analyses should provide practical information so that practitioners and
policy-makers can make better evidence-based decisions with respect to the effects of
exercise on sleep in adults. These include, but are not necessarily limited to, statistics such
as relative changes, NNT and/or percentile improvements.

Fourth, future meta-analyses should include Pls as well as Cls. The use of Pls can help to
establish expected outcome effects in a new study and may also be more valid for decision-
making.4? However, it’s important to understand that Pls are based on random mean effects
while confidence intervals are not.40

Fifth, the three meta-analyses included in the current study were limited to less than 10
effect sizes for each outcome as well as participants with certain characteristics: obstructive
sleep apnea,!® cancer,® and older adults with sleep problems.1# Given the former, it would
appear plausible to suggest that a larger more inclusive meta-analysis would be a more
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powerful research design and have greater applicability across a wider range of participants,
one of the very reasons for conducting a meta-analysis. This approach may be particularly
important if viewed from the perspective of increasing public health reach. In addition, a
larger and more inclusive meta-analysis would provide one with a greater opportunity to
examine for potential predictors with respect to changes in selected sleep outcomes.

Sixth, future meta-analyses should report information on adverse events for all included
studies, including whether the original studies provided such information. This is important
for balancing the benefits and harms of any intervention, including exercise.

Based on the current findings, three recommendations for future randomized controlled trials
appear to be warranted. First, a need exists for the inclusion of data on the cost-effectiveness
of exercise interventions on sleep outcomes in adults given that none of the meta-analyses
reported such data.®1415 This is of course assuming that the original studies included in
each of the metaanalyses did not provide this information. Second, a need exists for multi-
arm randomized controlled trials that directly compare the dose-response effects of exercise
on selected sleep outcomes in adults, including what type of exercise, aerobic, strength
training, or both, may be best for improving selected sleep outcomes. More accurate data on
this topic should lead to better treatment in the population of interest. Third, future
randomized controlled trials need to report complete information on any adverse events
experienced by the participants during the intervention.

4.3 Implications for practice

The findings of the current review provide important information for practice. First, despite
the low quality of evidence as well as lack of statistically significant results for several sleep
outcomes, exercise appears to improve selective sleep outcomes, including more global
measures of sleep. While no specific recommendations directed solely at sleep outcomes can
be made and further research is needed, it would appear pragmatic to suggest that adherence
to current and broad guidelines for exercise be recommended. These include at least 150
minutes per week of moderate-intensity activity such as brisk walking or 75 minutes or more
each week of vigorous-intensity activity such as jogging.>! Some combination of the two is
also acceptable.>! Additionally, at least two days per week of muscle strengthening activities
that exercise the major muscle groups of the body (legs, hips, back, abdomen, chest,
shoulders, and arms) should be performed.51 However, it is important to note that these are
general recommendations.!

4.4 Strengths and potential limitations of this study

There are at least three strengths of the current study. First, to the best of the authors’
knowledge, this is the first systematic review of previous systematic reviews with meta-
analysis directed at determining the effects of exercise on selected sleep outcomes in adults.
This is important for (a) determining the effects of exercise on sleep outcomes, (b) providing
recommendations on the reporting and conduct of future research, and (c) providing
evidence regarding the prioritization of exercise over alternative treatments such as
pharmacologic interventions.8 As a result, a summary of previous meta-analyses addressing
the effects of exercise on sleep outcomes is now available, thereby contributing important
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evidence for advancing future research, practice and policy-making. Second, the additional
analyses that were conducted but not available in the original meta-analyses (NNT,
percentile improvement, Pls)?:14.15 aided in strengthening the evidence from which
conclusions could be drawn from the included studies. Importantly, the calculation of Pls
provides future researchers with valuable information in the planning and conduct of
randomized controlled studies aimed at determining the effects of exercise on sleep in
adults. Third, to the best of the investigative team’s knowledge, this is the first systematic
review of previous systematic reviews with meta-analysis in which a meta-analysis was
conducted based on a similar outcome from different studies included in different meta-
analyses.%14 Such an approach is a cost and time efficient way to increase statistical power
for primary endpoints and enhance generalizability.

The current study may be subject to at least three possible limitations. First, the number of
studies and subsequent effect sizes included in each meta-analysis was small and limited to
very narrowly defined populations. As a result, the findings may not be generalizable to
other populations. Despite this, it’s important to realize that two is the minimum number of
studies necessary for conducting a meta-analysis.® Second, the results of the included meta-
analyses may have suffered from small-study effects (publication bias, etc.). However, the
assessment of such in the original meta-analyses was not justifiable since all three meta-
analyses included less than 10 effect sizes and a minimum of 10 effect sizes is recommended
before any such analyses is performed.#4 Third, the current study inherited the potential
biases included in not only the original studies but also the meta-analyses themselves.914.15
This includes, but is not necessarily limited to, ecological fallacy, specifically Simpson’s
paradox. Finally, while the inclusion of the study by Araghi et al.15> may be questioned given
that it was conducted in sleep apnea participants using the more objective AHI, the
significance of the change compared to the other included studies that used more general and
subjective sleep quality measures in participants that did not appear to have sleep apnea
appeared to be similar.

5 CONCLUSIONS

The results of the current study suggest that exercise is associated with improvements in
selected sleep outcomes in the sample of adults included in the meta-analyses. To increase
public health reach, a need exists for a large, well-executed and more inclusive systematic
review with meta-analysis on this topic.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1.
Flow diagram for selection of articles

Records excluded (n=78), with
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- Inappropriate intervention (n=10)
- Inappropriate comparison (n=1)
- Inappropriate outcome (n=12)
- Inappropriate study design (n=55)
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FIGURE 2.
Forest plot for changes in overall sleep quality. The black horizontal lines represent the 95%

confidence intervals while the squares represent the point estimate. The first two black
diamonds represent the overall point estimate and 95% confidence intervals from each meta-
analysis, while the third black diamond represents the overall pooled point estimate and 95%
confidence intervals from all individual studies included in each meta-analysis. All analyses
are based on the random-effects model
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FIGURE 3.
Funnel plot for overall changes in sleep quality
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squares represent the point estimate. The black diamond represents the overall point estimate

and 95% confidence intervals

J Evid Based Med. Author manuscript; available in PMC 2018 February 01.

1.00

Favors Control



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Kelley and Kelley

Original Study

Mock et al., 1997

King etal., 1997

Singh etal., 1997
Elavsky & Mcauley, 2007
Irwin et al., 2008

King et al., 2008

Sprod et al., 2010
Tang etal., 2010
Donnellyetal., 2011
Wang et al., 2011
Wiskemann etal., 2011
Cheuville etal., 2013
Wenzel et al., 2013
Rogers etal., 2014

FIGURE 5.

Cumulative statistics

Point

-0.67
-0.93
-0.89
-0.67
-0.59
-049
-0.44
-0.57
-0.56
-0.59
-0.53
-0.56
-0.52
-0.50
-0.50

Lower Upper

limit limit

-1.26  -0.09
-147  -0.39
-1.27  -0.51
116 -0.17
-097 -0.20
-083 -0.16
-0.74 -0.15
-090 -0.23
-086 -0.26
-0.86 -0.31
-0.79 -0.28
-0.80 -0.32
-0.75 -0.30
-0.71  -0.28
-0.71  -0.28

Page 19

Cumulative point
estimate (95%Cl)

S —

.

I

-2.00 -1.00 0.00 1.00 2.00

Favors Exercise Favors Control

Cumulative meta-analysis, ranked by year, for point estimate changes in overall sleep
quality. The black diamond represents the overall point estimate and 95% confidence
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TABLE 3

NNT and percentile improvement for statistically significant sleep outcomes

Study NNT (95% CI) U, index (95% CI)2
Araghi et al. (2013)1° 5(4,13) 26.5 (8.5, 39)
AHI
Chiu et al. (2015)°
Overall sleep quality 6 (5, 12) 19.8 (9.9, 28.5)
Yang et al. (2012)14
Global score (PSQI) 7(5, 34) 18.1 (3.2, 30.5)
Subjective sleep (PSQI) 5 (7, 14) 18.1 (7.9, 26.7)
Sleep latency (PSQI) 4 (6, 34) 21.9(2.8,36.0)

Note: NNT, number needed to-treat, calculated from SMD and 95% confidence intervals and assuming a control group risk of 30%; 95% CI, 95%

confidence intervals.

aCohen’s U3 index for percentile improvement; AHI, apnea-hypopnea index; PSQI, Pittsburgh Sleep Quality Index.
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