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ARTICLE INFO ABSTRACT

Keywords: People living with mental illness often experience poor sleep quality compared to the general population. Poor
Mental illness sleep quality exacerbates symptoms of mental illness and contributes to increased physical comorbidities.
Depression Exercise has been shown to be an effective non-pharmacological treatment for managing poor sleep in the
Sleeg . general population. Little is known regarding the efficacy of targeted exercise interventions for improving sleep
Physical activity . T . . . . .
Exerci quality amongst individuals with a mental illness. We conducted a systematic review and meta-analysis of
Xercise

randomised controlled trials (RCTs) examining the impact of exercise on sleep quality in people with mental
illness. Major electronic databases were searched from inception until June 2018 for exercise-based RCTs that
included either subjective and/or objective measures of sleep quality in people with severe mental illness (SMI).
Eight RCT's were included in the meta-analysis, involving use of a range of exercise modalities in people with
SMI diagnoses. Overall, exercise had a large statistically significant effect on sleep quality (hedges g = 0.73, 95%
CI; (0.18, 1.28), p-value = 0.01; N = 8, n = 1,329, I2 = 91.15%). The beneficial effect of exercise on sleep
quality outlined in this study highlights the important role exercise has in improving health outcomes for people
living with mental illness. Further research is required to determine the efficacy of exercise on sleep in people
experiencing a psychiatric illness and to explore the effects of exercise intervention elements such as modality,
frequency, intensity and delivery settings.

Systematic review

1. Introduction

Sleep is fundamental to human health (Chen et al., 2006) and serves
a range of essential functions throughout the lifecycle including brain
development, cognitive processing and performance including memory
retention, modulation of immune function and metabolism (Zielinski
et al.,, 2016). Sleep difficulties (defined as difficulties initiating and
maintaining sleep), inadequate sleep, daytime fatigue, sleepiness and/
or irritability, and diagnosed sleep disorders (e.g., insomnia) are

endemic in contemporary society (Hillman and Lack, 2013). A recent
survey reported the prevalence of sleep difficulties to be 20-35%, in the
general population with 5-7% being diagnosed with a sleep disorder
(Hillman and Lack, 2013). When sleep is impaired a cascade of acute
and chronic mental and physical health conditions may develop, for
example, changes in mood and impaired glucose metabolism, both of
which are precursors to the development of depression (Riemann and
Voderholzer, 2003) and metabolic syndrome (Spiegel et al., 2005) re-
spectively.
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The presence of sleep difficulties is a key risk factor for the devel-
opment and exacerbation of psychiatric symptomatology and the re-
lationship is bidirectional (Abad and Guilleminault, 2005). Sleep diffi-
culties and co-morbid sleep disorders like insomnia are common in
individuals with severe mental illness (SMI) (e.g. schizophrenia, schi-
zoaffective disorder, bipolar disorder and major depressive disorder
(MDD)) (Buysse et al., 2008; Sivertsen et al., 2009). Up to 90% of pa-
tients with any diagnosed mental disorder report abnormal sleep be-
haviour, including increased sleep onset latency, insomnia or hy-
persomnia (Breslau et al., 1996; Pigeon et al., 2008). Sleep disorders
were incorporated into the Diagnostic Statistical Manual of Mental
Disorders in 1987, reflecting their high prevalence and inter-relation-
ship with mental health disorders. Co-morbid sleep disorders are also
highly predictive of subsequent development of psychotic illness in
individuals who experience at-risk mental states (ARMS) (Poe et al.,
2017).

Insomnia is one of the most commonly reported sleep disorders and
is characterised by difficulties with initiating sleep, staying asleep and/
or experiencing short sleep durations, resulting in poor sleep quality
and quantity (Saddichha, 2010). Insomnia has been described as an
independent risk factor for developing mental disorders including de-
pression with an odds ratio of 2.10 (CI: 1.86-2.38) (Baglioni et al.,
2011; Riemann and Voderholzer, 2003). Sleep can be disrupted for
many reasons in people with active mental disorders such as psychosis,
depression and anxiety. Symptoms such as paranoia, agitation and ru-
minations increase arousal, impairing sleep quality (Afonso et al.,
2011). Psychotropic medications may impact sleep duration and sleep
architecture, decreasing sleep quality (Correll et al., 2011). Ad-
ditionally, the cognitive decline and neurobiological changes that fre-
quently occur with the development of mental illness can lead to sig-
nificant disruptions to sleep architecture, sleep quality and circadian
rhythmicity (Keshavan et al., 2011; Zanini et al., 2013).

Cardiovascular disease (CVD), metabolic syndrome (MetS) and type
2 diabetes (T2D) are highly prevalent amongst individuals experiencing
poor sleep and insomnia (Fatima and Mamun, 2016; Spiegel et al.,
2005). In fact, the presence of sleep difficulties appears to be an in-
dependent risk factor for the development of metabolic syndrome, ir-
respective of other lifestyle factors (Chaput, 2011; Troxel et al., 2010).
Various mechanisms have been suggested linking poor sleep quality and
quantity with an increased risk of cardio-metabolic dysfunction. This
includes; the dysregulation of appetite stimulating hormone (ghrelin)
and appetite suppressing hormone (leptin) (Taheri et al., 2004); de-
creased glucose tolerance and insulin sensitivity in response to re-
strictive sleep (Spiegel et al., 2005) and poor sleep leading to day-time
tiredness which results in high levels of sedentary behaviour and re-
duced physical activity (Klingenberg et al., 2012). Dysregulation of the
hypothalamic-pituitary axis, increased sympathetic nervous system
activity, and increased inflammation have also been noted as possible
mechanisms linking poor sleep and cardiovascular disease (Javaheri
and Redline, 2017).

The cardio-metabolic consequences of poor sleep behaviour are of
particular concern in populations already at high risk of CVD and MetS,
such as people with SMI. People living with SMI have a reduced life-
expectancy compared to the general population, primarily as a result of
physical health comorbidities, specifically CVD and T2D (Hjorthgj
et al., 2017; Tanskanen et al., 2018; Vancampfort et al., 2015). Ad-
dressing sleep abnormalities could play major role in the prevention
and treatment of cardio-metabolic disease in this high risk population.

Treatment of sleep disorders occurs concurrently with treatment of
common psychiatric conditions. For example, current evidence-based
treatment for managing the most severe sleep disorders (e.g. insomnia)
include psychological and behavioural interventions (e.g. cognitive
behavioural therapy and sleep hygiene education) and pharma-
cotherapy (benzodiazepine and antidepressant medication), the latter
typically considered second-line treatment. Both treatment approaches
compliment the treatment of mental health symptoms and have
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substantial effects on improving sleep quality amongst patients with
diagnosed sleep disorders (Smith et al., 2002).

Physical activity and the structured, goal-directed subset exercise
are effective complementary, non-pharmacological treatments for pre-
venting and managing poor sleep behaviour (Youngstedt, 2005,
Youngstedt and Kline, 2006). Exercise interventions, especially those of
a longer duration (=150 min/week) and at volumes of moderate-in-
tensities (consistent with current public health guidelines) (Nelson
et al., 2007), result in improved self-reported sleep quality, increased
sleep duration, increased slow wave sleep and reduced rapid eye-
movement sleep (i.e. sleep is longer and deeper and therefore more
restful and health-promoting) (King et al., 2008; Driver and Taylor,
2000). A 2015 meta-analysis of studies in the general population found
that regular exercise had significant effects on all sleep subscales in-
cluding; total sleep time, sleep efficiency, sleep onset latency and sleep
quality when compared to control groups (Kredlow et al., 2015). This
review included a wide range of exercise modalities and intensities
ranging from mind/body exercise (e.g. yoga) to more aerobic and re-
sistance-based exercises, all of which were equally beneficial (Kredlow
et al., 2015). A recent review specifically evaluated the benefits of re-
sistance exercise (strength training) programs across all aspects of sleep
in the general population (Kovacevic et al., 2017) and found that the
beneficial effects of exercise on sleep were most evident for sleep
quality, with minimal effects on sleep quantity. Such benefits have been
found in clinical samples of patients with insomnia (Banno et al., 2018),
yet whether targeted exercise interventions can improve sleep quality
amongst individuals experiencing SMI has not been previously ex-
amined in a systematic review. The aims of the current systematic re-
view were to (a) summarize all available literature regarding the effi-
cacy of exercise interventions in improving sleep quality in individuals
with SMI, (b) examine potential moderators including mental health
diagnosis, volume and intensity of such interventions, and (c) examine
whether improvements in sleep quality are associated with improve-
ments in mental health outcomes.

The current review focuses on the measure of ‘sleep quality’ as a
more comprehensive measure of sleep difficulties, rather than the
specific sub-categories of sleep behaviour. It is noted that the reporting
of sleep outcomes across various clinical trials is variable, hence for the
purposes of our review ‘sleep quality’ will be the term used to describe
the changes in total sleep, being subjective and/or objective.

2. Method

Prior to conducting this systematic review and meta-analysis, the
aims and methods were registered with the PROSPERO database
(CRD42017077582). Reporting has been conducted as per the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
statement (Moher et al., 2009) (see Fig. 1).

2.1. Search strategy

An electronic database search was conducted from inception to July
2018 using MEDLINE, EMBASE, PsycINFO, Cochrane Central Register
of Controlled Trials (CENTRAL), Cumulative Index to Nursing and
Allied Health Literature (CINAHL), the Physiotherapy Evidence
Database (PEDro), Psychbite, SPORTDiscus, PsychARTICLES and
Google Scholar. The search strategy is detailed in Supplementary Table
A. The included studies’ reference lists were hand-searched for addi-
tional papers which may not have appeared in the electronic search.
Titles and/or abstracts of studies retrieved using the search strategy and
those from additional sources were screened independently by three
authors (OL, RC & CM) to identify studies that potentially met inclusion
criteria. The full text of these potentially-eligible studies was retrieved
and independently assessed for eligibility by review authors. Reference
lists of eligible papers and review articles were manually searched for
additional citations. Data were extracted by the primary author (OL),
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Fig. 1. PRISMA 2009 flow diagram.

and independently reviewed by another author (SR). Additional sear-
ches via google scholar and scanning reference lists of relevant sys-
tematic reviews were also undertaken to identify grey literature.

2.2. Inclusion criteria

2.2.1. Participants

Studies involving individuals with a DSM or ICD diagnoses
(American Psychiatric Association, 2013; Hergueta et al., 1998) of a
SMI assessed by diagnostic criteria or defined using a clinically-vali-
dated instrument were included. Primarily sub-threshold symptoma-
tology including dysthymia, primary diagnosis of a sleep-disorder (i.e.
parasomnia and dyssomnia) and eating disorders were excluded. No
restrictions were placed on age, demographics, medication use or
physical health co-morbidities.

2.2.2. Interventions
Any pre-specified ‘exercise’ intervention was deemed eligible for
inclusion. Exercise refers to a structured, formal and premeditated form
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of physical activity aimed at improving or maintaining physical fitness
(Thompson et al., 2003). Examples include aerobic exercise e.g. run-
ning, walking, swimming or resistance training. Yoga and tai chi pro-
grams were included if the intervention was movement-based. Non-
exercise physical activity interventions were excluded; for example,
exercise counselling, or lifestyle modification interventions without an
active exercise component. Lifestyle interventions that included ex-
ercise were included if exercise made up at least 50% of the interven-
tion. Non-movement-based activities e.g. chanting yoga, breathing ex-
ercises and mindfulness were excluded. Interventions lasting less than
one week were classified as ‘acute exercise’ and therefore excluded.

2.2.3. Comparison conditions

Control groups included treatment as usual, sleep intervention only
or no-intervention controls. Control groups that included a physical
activity component e.g. stretching, game-based activities were not in-
cluded.
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Design

Participants

disorders).

Interventions
e Structured exercise program

e Tai Chi, physical yoga

Outcome measures

e Polysomography scores
e Actigraphy scores

Comparisons
e Exercise program versus usual care
e Exercise program versus wait-list

¢ Randomized controlled trials and quasi-experimental studies
¢ No restrictions on age, gender, socio-economic status or geographic location

e Primary diagnosis of DSM, ICD or other diagnosis of a mental illness (including substance use

e Lifestyle interventions in which physical exercise was at least 50% of total intervention

e Total subjective sleep score defined as ‘sleep quality’

e Sleep quality sub-score — only used in absence of a ‘total subjective sleep score’

e Sleep duration sub-score - only used in absence of a ‘total subjective sleep score’

* Sleep efficiency — sub-score - only used in absence of a ‘total subjective sleep score’

e Exercise program versus health education (including talking therapy, games etc.)

Fig. 2. Inclusion criteria.

2.2.4. Outcome measures

The primary outcome was change in sleep quality from baseline to
post-exercise intervention. Studies were included if they reported va-
lidated subjective and/or objective measures of sleep. Subjective and
objective data were independently pooled for analysis. Details of in-
clusion criteria are provided in Fig. 2. If multiple follow-up data points
were provided, the scores obtained as close to the completion of the
most intensive phase of the intervention were utilised. Studies with
multiple exercise interventions groups (e.g. aerobic training group vs
resistance training group vs control), the exercise or ‘active’ interven-
tion groups (Herring et al., 2015; Strid et al., 2016) were pooled for
analysis as per Cochrane Handbook (table 7.7a) recommendations
(Higgins and Green, 2005). For studies reporting separate sleep data for
weekends/weekdays, weekday data were analysed.

Reporting on adverse events as a result of the exercise intervention
and cost effectiveness data were also assessed.

If required, the corresponding authors of included trials were con-
tacted to provide additional data for inclusion in the meta-analysis. A
follow-up and final email was sent 3 weeks later if corresponding au-
thors did not initially reply. Studies were excluded if authors did not
provide the requested data.

Only randomised controlled trials were included in meta-analysis.
Quasi-experimental studies were included for purposes of the literature
review but were excluded from the analysis. No restriction was placed
on the setting or context of the included studies.

2.3. Study quality

Included studies were assessed for quality using the Physiotherapy
Evidence Database Scale (1-10) (PEDro)(Maher et al., 2003), which
assesses the internal validity of randomised controlled trials (RCT). The
PEDro scale considers key features of RCT's, to provide an overall
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‘PEDro score’ with a PEDro score =6 indicating high methodological
quality and a PEDro score < 6 meaning low methodological quality.
PEDro scores for each study included in this review are detailed in
Table 2.

2.4. Statistical analysis

Comprehensive Meta-Analysis 3.0 was used to perform all analyses.
Hedges g scores were calculated using the pre- and post means, stan-
dard deviations (SDs) and sample sizes for exercise and control condi-
tions to determine the pooled effect size of primary outcomes. Where
raw means were not reported, F-statistics or Cohens d values were used
to compute effect size. Effect size direction was coded as positive if the
exercise group showed greater improvements in sleep when compared
to the control group.

The DerSimonian and Laird random effects model was applied to
account for the anticipated heterogeneity between studies.
Heterogeneity was assessed with the Cochran Q and I? statistic with an
12 > 75% indicating high heterogeneity, I> between 50% and 75% in-
dicating moderate heterogeneity and an I? < 25% indicating low het-
erogeneity (Higgins et al., 2003). Begg and Mazumdar Kendall's Tau
(Begg and Mazumdar, 1994), Eggers bias test (Egger et al., 1997) and
funnel plots were used to assess publication bias. Additionally, we
conducted a trim and fill adjusted analysis (Duval and Tweedie, 2000)
to recalculate effect size after accounting for the impact of potential
publication bias. The classic fail-safe number of observed studies and
number of missing studies that would bring p-value to > alpha was
also calculated.

Subgroup analyses was performed for the primary outcome of sleep
quality to determine if specific moderators impacted the potential ef-
ficacy of the intervention. Subgroup analyses on: study quality (PEDro
score), mental health diagnosis, setting (inpatient or community),
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Table 3

Main analysis of exercise effect on sleep quality outcomes.

Statistics for each study

RCT model

Population Outcome

Exercise type

Study name

p-Value

Upper limit Z-Value

Lower limit

Standard error Variance

Hedges's g

0.50

—-0.67
3.63

0.51
1.34
0.92
0.28
1.02
1.33
5.26
0.50
1.28

-1.05
0.40

0.16
0.06
0.23
0.04
0.06
0.07
0.24
0.01
0.08

0.40

-0.27
0.87

Ex vs TAU
Ex vs TAU
Ex vs TAU
Ex vs TAU

SUD ISI

Mixed

Colledge et al., 2017
Field et al., 2013

0.00
0.

0.24
0.

SSQ

ISI

Depression
SUD

Yoga/Tai Chi

Aerobic
Mixed

97

—0.04
—0.56

2.21
2.98
8.68
3.95
2.59

-0.95
—0.51
0.06
0.28
3.32
0.17
0.18

48
20

—0.02
-0.11

0.

Flemmen et al., 2014
Herring et al., 2015
Lavretsky (2011)

0.57

0.

Combined

GAD

0.03
0.00
0.00
0.00
0.01

0.24
0.27
0.49
0.08
0.28

54

Ex vs TAU (plus health education)

Ex vs TAU

PSQI (total)
PSQI (total)
Combined

KSQ

Depression
PTSD

Tai Chi
Mixed

0.80
4.29
0.33
0.73

Rosenbaum et al., 2015

Singh et al., 1997

Ex vs TAU (plus health education)

Ex vs TAU

Depression

Resistance
Mixed

Mixed Dx

Strid et al., 2016

Total

Meta-analysis of exercise effects on sleep quality in comparison to control conditions.

Ex = Exercise.

Treatment As Usual.

TAU =

Pittsburgh Sleep Quality Index.

Insomnia Severity Index.
KSQ = Karolinska Sleep Questionnaire.

PSQI =
Dx = diagnosis.

ISI

SUD = Substance Use Disorder.
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Hedges's g and 95% CI

-2.00 -1.00 0.00 1.00 2.00

Favours Control Favours Exercise

Fig. 3. Forest plot of main analysis.
Box size represents study weighting. Diamond represents overall effect size and
95% ClIs.

Index (PSQI) (N = 4) and Insomnia Severity Index (ISI) (N = 2) were
the two most frequently used tools with the Karolinska Sleep
Questionnaire (KSQ) and Snyder-Halpern R, Verran subjective sleep
questionnaire (SSQ) each used in a single study. Sleep was assessed as a
primary outcome in three of the eight included studies (Herring et al.,
2015; Singh et al., 1997; Strid et al., 2016).

Pooled random effects calculations found large beneficial effects on
overall sleep quality in those participants assigned to exercise when
compared with control [hedges g = 0.73, 95% CI (0.18, 1.28),
p =0.01; N=8, n=1329, I? = 91.15%]. Data from eight included
studies is summarised in Table 3 & Fig. 3.

Both the Begg-Mazumdar Kendall's Tau (0.25, p-value = 0.19) and
the Eggers regression tests (bias intercept = 2.16, p-value = 0.17) in-
dicated non-significant publication bias. The trim and fill analysis also
found no change to the overall effect size after correcting for potential
of publication bias. Fail safe calculations for number of missing studies
that would nullify the significance of the main findings was 105.

3.6. Subgroup analysis

Subgroup analysis of exercise effects on sleep quality in main ana-
lysis are summarised in supplementary table B.

Subgroup analysis of mental health diagnosis found significant im-
provement in sleep quality in studies of individuals with depression
(N = 3, hedges g = 1.83, standard error = 0.85, 95% CI; 0.17-3.49, p-
value = 0.03, 12 = 95.83%). Sub-group analysis for other diagnosis
(mixed diagnosis, PTSD, GAD & SUD) were not conducted due to the
small number of studies.

Greater improvements were seen in community settings (N = 6,
hedges g = 0.833, standard error = 0.349, 95% CI; 0.15-1.52, p-
value = 0.02, I? = 93.43%) than in inpatient settings (N = 2, hedges
g = 0.49, standard error = 0.40, 95% CI; —0.2.98-1.27, p-
value = 0.22, I* = 55.66%).

As all exercise interventions were performed in supervised settings,
we performed a subgroup analysis to determine whether the qualifi-
cation/level of training of the supervisor impacted on sleep outcomes.
Studies supervised by a qualified exercise professional (such as exercise
physiologists), instructor or exercise trainer demonstrated significant
improvements in sleep (N =6, hedges g=1.003, standard
error = 0.440, 95% CI; 0.14-1.87, p-value = 0.02, 12 = 93.05%)
whereas studies conducted by less qualified supervisors (such as re-
search assistants) did not (N = 2, hedges g = 0.16, SE = 0.27, 95%
CI = - 0.37-0.69, p-value = 0.56, I* = 53.78%).
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Exercise intensity was not used to perform sub-group analysis as the
exercise intensity was not sufficiently described in study protocols.
Rather, whether the interventions were tailored/individualised or not
was assessed. Studies that were not individualised displayed greater
improvements in sleep (N = 6, hedges g = 0.88, standard error = 0.35,
95% CI; 0.19-1.57, p-value = 0.012) than those studies who allowed
individualisation (N = 2, hedges g = 0.31, standard error = 0.53, 95%
CI; —0.74-1.35, p-value = 0.56). There was a trend for studies of high
methodological quality (PEDro score =6) to demonstrate greater im-
provements in sleep (N = 4, hedges g = 1.30, standard error = 0.72,
95% CI; —0.12-2.72, p-value = 0.07, I? = 95%) than those of low
methodological quality (N =4, hedges g=0.30, standard
error = 0.19, 95% CI; —0.08-0.68, p-value = 0.12, I? = 71%). Finally,
sub-group analysis of control conditions found significant differences
between exercise vs ‘health education’ (N = 2, hedges g = 1.28, stan-
dard error = 0.22, 95% CI; 0.85-1.71, p-value < 0.00, I> = 98%) and
‘treatment as usual’ (N = 4, hedges g = 0.34, standard error = 0.08,
95% CI; 0.19-0.49, p-value < 0.00, I2 = 48%) and a trend for exercise
vs ‘waitlist control’ (N = 2, hedges g = 0.29, standard error = 0.15,
95% CI; —0.01-0.59, p-value = 0.06, 12 = 90%).

4. Discussion

To our knowledge, this is the first study to systematically review the
literature examining the efficacy of exercise to improve sleep quality in
individuals with mental illness. We found a large sleep-improving effect
for exercise in people living with a mental illness. Compared with
current evidence-based treatment for managing sleep disorders like
insomnia the efficacy of exercise for improved sleep quality found in
this study supports the role of exercise in complementing current
treatment practices to further improve the management of poor sleep
amongst individuals with mental illness. Compared to current evidence-
based treatments, exercise demonstrated comparable efficacy to pro-
moting improvements in sleep amongst people experiencing mental
illness. Within the general population, Kredlow et al. (2015) (Kredlow
et al., 2015) also found a large beneficial effect on overall sleep quality
(Cohen's d = 0.74), suggesting an equally important role for exercise
for improving sleep in non-clinical populations and populations with
mental illness.

Results of our subgroup analyses indicate that individualised ex-
ercise interventions had less of an effect that ‘non-individualised’ in-
terventions, contradictory to best practise guidelines (Stanton et al.,
2015). A possible explanation for this is that only two studies were
included in ‘individualised exercise’ subgroup analysis, Colledge et al.
(2017) of patients with SUD and Rosenbaum et al. (2014) of patients
with PTSD. Despite Rosenbaum et al. (2014) finding a significant and
large effect size (hedges g = 0.80, p < 0.00), it is possible that popu-
lation-specific factors in the Colledge et al. (2017) SUD sample e.g. side
effects of withdrawal, may have contributed to the lack of improve-
ments in the ‘individualised exercise’ sample. Further, subgroup ana-
lyses also revealed the sleep-improving benefits of exercise were higher
amongst community-based patients compared to inpatients in acute
settings. These results suggest patients in the acute phase of a mental
illness did not experience as great a benefit as community-based (and
hence, presumably, less unwell) patients. Given the limited number of
studies included in these subgroup analyses, results should be viewed
with caution and as preliminary subgroup analysis. Due to the high
degree of heterogeneity between mental health outcome measures and
limited number of studies, we were unable to perform a statistical
analysis on changes in mental health outcomes and its association with
changes in sleep quality. Rather, a detailed review of changes in sleep
quality and mental health outcomes in response to the exercise inter-
ventions are discussed.

Of the included studies, patients with depression diagnoses de-
monstrated significant improvements in subjective sleep quality and
mood when compared to non-active control groups (independently of
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modality or intensity of the exercise interventions). For example; in the
Field et al. (2013) trial (Field et al., 2013) depressed women in the
prenatal period were randomised to 12 weeks of tai chi/yoga inter-
vention or a waitlist control. Marked improvements in subjective
symptoms of depression, anxiety and sleep disturbance were observed
in the active intervention group when compared to the control group.
The Singh et al. (1997) (Singh et al., 1997) study of older adults with
depression adopted a supervised resistance training protocol to de-
termine the effects of exercise on subjective sleep and depressive
symptoms (both subjective and clinician assessed). Significant im-
provements were noted in both sleep quality and depressive symptoms
amongst the exercise group when compared to the control group. In-
terestingly, a strong positive correlation was observed for improved
sleep quality and improvements in depressive symptoms. This is con-
sistent with previous studies that have found a strong association be-
tween prior insomnia and onset of depression (Johnson et al., 2006).
The Lavretsky et al. (2011)(Lavretsky et al., 2011) RCT, also of elderly
with depression, compared a 10 week adjunctive tai chi exercise pro-
gram verse adjective health education classes. Participants randomised
to the tai chi group also experienced significantly greater improvements
in subjective depression scores and sleep quality compared to the non-
active health education group. Results of these studies suggests for
patients with depression, simply increasing physical activity levels re-
gardless of the intensity or modality may have equally positive effects
on sleep quality and depressive symptoms.

Strid et al. (2016) was the largest study included in this review and
the only one to include patients with a primary diagnosis of depression
and a range of co-morbid DSM-IV mental illnesses (i.e. Depression,
GAD, PTSD, agoraphobia and panic syndrome). Participant diagnosis
was predominantly depression (79% in exercise group, 73% in control).
For the exercise intervention, participants were randomised to one of
three exercise arms (light, moderate or high intensity), the sessions
were semi-structured and varied greatly in exercise intensity and
modality. Combined, the exercise groups experienced significantly
larger positive effects on sleep quality and psychological functioning in
comparison to treatment as usual. Results from the Rosenbaum et al.
(2015)(Rosenbaum et al., 2015) RCT of patients with post-traumatic
stress disorder (PTSD) provides the first evidence that this population
may also benefit from the sleep-improving effects of exercise (compared
to usual care) in addition to improvements in psychiatric symptoma-
tology. In this 12-week intervention, the exercise group were su-
pervised by an exercise physiologist, the program was structured, in-
dividualised and varied in intensity and modality. Finally, the Herring
et al. (2015) (Herring et al., 2015) study was the only study in this
review specifically observing patients with generalised anxiety disorder
(GAD). The protocol consisted of two exercise groups; progressive re-
sistance training (RET) and progressive aerobic training (AET) which
were pooled for analysis in the present study. Progressive exercise
training improved self-reported sleep outcomes among GAD patients.
Significant improvements in sleep were seen in both exercise groups
(greater in the RET group) and were associated with reduced symptom
severity among GAD patients.

The two studies of patients with a SUD included in this analysis
aimed to determine the feasibility and effect of exercise intervention
amongst patients. The (Colledge et al., 2017) 12 week RCT utilised
twice weekly, mixed intensity physical activity sessions for heroin-as-
sisted outpatients with a SUD. Despite being highly feasible (i.e. good
adherence), results of the intervention found non-significant improve-
ments in subjective sleep quality, stress levels, depression and substance
use variables. Likewise, the Flemmen et al. (2014) (Flemmen et al.,
2014) trial, which utilised a high intensity interval training protocol, 3
times per week amongst patients with SUD found no significant be-
tween-group differences in subjective sleep quality, anxiety or depres-
sion. Possible explanations for the lack of efficacy from these exercise
interventions include; small sample sizes and the patient-selected ex-
ercise modality and intensity. It must also be considered that for
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substance use disorders, insomnia presents as an inherent side-effect of
withdrawal (Hsu et al., 2012), which may limit the potential sleep-
promoting benefits of exercise. Notably, these trails did find significant
improvements in physical activity participation and cardiorespiratory
fitness, both of which independent risk factors for the development of
cardiovascular disease (Vancampfort et al., 2015).

A limitation of the current study is the large heterogeneity between
studies including; varying exercise modalities and intensities of ex-
ercise, intervention mode of delivery e.g. supervised/unsupervised,
duration of intervention, use of multiple subjective sleep assessments,
and different clinical samples. Additionally, the small number of studies
representing each clinical group must be considered and conclusions
regarding the efficacy of exercise interventions for specific diagnoses
require further quality RCTs. Furthermore, the effects of exercise on
sleep may be moderated by participant-specific factors including age,
comorbidities, time since diagnosis and medication use. Investigation of
these factors was not pursued given the small number of studies and
limited detail provided within studies.

Of those studies included in this analysis, the exercise protocols in
terms of adherence rates, intensity and volume of exercise were poorly
described, limiting our investigation of the relative effects of different
physical activity interventions. As described in Rosenbaum et al. (2014)
(Rosenbaum et al., 2014) a defined exercise intensity would allow for a
clearer understanding of the “dose” of exercise required to elicit a
therapeutic effect on sleep. However, in light of recent systematic re-
views and meta-analysis of exercise interventions in the general popu-
lation (Kovacevic et al., 2017; Kredlow et al., 2015), it is reasonable to
assume that exercise which is supervised, structured and aims to pro-
gress in intensity would have greater effects on sleep quality than in-
terventions that are unsupervised and unstructured.

Studies included in this review were limited by the lack of objective
measures of sleep quality e.g. accelerometers or polysomnography. Of
the subjective sleep tools used, most studies omitted reporting of sleep
subscales i.e. sleep quality, sleep efficiency, sleep latency, need for
medication, day time dysfunction, amongst others. Further research
exploring the effects of exercise on sleep should look at the inclusion of
gold-standard objective measures of sleep or at minimum, report in-
dividuals' sleep subscales to a) ensure consistency with the broader
sleep-research field and b) assist in determining the mechanisms of
action of exercise effects so interventions can be better targeted.
Practical considerations including the length of the intervention, time
of day of exercise prescription and whether exercise programs are tai-
lored to individual fitness level, physical activity history and goals
should also be considered in future research. Despite multiple rando-
mised controlled trials of exercise interventions in mental illness, there
remains a scarcity of studies, which use validated measures of sleep as a
primary or secondary outcome. Given the direct impact of sleep on both
physical and mental wellbeing, there is a great need to measure the
efficacy of interventions on improving sleep quality. With the in-
creasing focus on lifestyle interventions in mental health care i.e. as
seen in the recent Royal Australian and New Zealand College of
Psychiatrists (RANZCP) practice guidelines (Galletly et al., 2016), sleep
should be considered an important outcome measure for lifestyle in-
terventions. Mental healthcare practitioners must consider the im-
portant role exercise plays on improving sleep quality and improving
patient's physical and mental wellbeing.
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