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THESIS ABSTRACT

Background

Large proportions of the adult population report insufficient physical activity and poor
sleep health in the absence of a clinical sleep disorder. Both behaviours have a substantial
impact on overall health and well-being and are thought to share a bi-directional
relationship. This implies insufficient physical activity and poor sleep health should be
targeted in combination. Intervention strategies that are delivered using mobile health (m-
health) solutions show promising effects and improve the reach of behaviour change
interventions to improve public health. To date, there is no published evidence to show
that an m-health trial to improve physical activity and sleep health in combination would
be efficacious. Though key to the development of such a trial, no previous reviews have
compiled the evidence from sleep interventions with particular focus on adults who report
poor sleep health without a clinically-diagnosed sleep disorder. Moreover, there is limited
understanding of the psychosocial mechanisms in a behaviour change intervention
targeting multiple behaviours, and there are no instruments available to measure these

mechanisms in the context of sleep health.
Objectives

To address these gaps, the thesis had one primary aim and three related secondary aims.
The primary thesis aim was to test the efficacy of a theory-based m-health intervention
(The Synergy Study) to improve physical activity and sleep quality in adults. The three
secondary thesis aims were: (1) to review the evidence from studies that have examined
the effectiveness of cognitive and behavioural interventions to improve sleep health in
adults without sleep disorders; (2) to develop and test the psychometric qualities of an
instrument for the assessment of the psychosocial determinants of sleep hygiene practice;
and, (3) to examine potential mediators of changes in physical activity, sleep quality and

sleep hygiene in the Synergy Study.
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Methods and Results
Primary Aim (Chapter 6)

The Primary Aim was investigated in the Synergy Study, a two-arm randomised waitlist-
controlled trial including 160 Australian adults reporting insufficient physical activity and
poor sleep quality at screening. The intervention consisted of a mobile application
(referred to as ‘app’) that was built for participants to utilise educational resources, goal-
setting, self-monitoring and feedback strategies. In addition, participants received
personalised support including weekly progress reports, tool sheets and prompts for 12
weeks. The primary endpoint of the intervention occurred at three months and participants
completed follow-up assessments at six months. All assessments were conducted online
using self-report measures. Minutes of moderate-to-vigorous intensity physical activity
(MVPA) and sleep quality were co-primary outcomes and the study also assessed a range
of secondary outcomes (i.e., resistance training, sitting time, sleep hygiene, sleep timing
variability, insomnia severity, daytime sleepiness, quality of life, and depression, anxiety
and stress symptoms). Baseline-adjusted between-group differences using complete cases
were examined using generalised linear mixed models and logistic regression models.
sensitivity analyses were conducted following predicted mean matching and chained
equation modelling to impute missing data. The Synergy Study showed that compared to
the control group, participants who received the intervention reported significantly better
sleep quality at three months (p = 0.009), but not at six months. There was no evidence
of an intervention effect on MVPA (p = 0.139). At three months, significant between-
groups differences in favour of the intervention were observed for the following
secondary outcomes: resistance training (p = 0.004), subjective sleep quality (p = 0.017),
sleep onset latency (p = 0.013), waketime variability (p = 0.018), sleep hygiene (p =
0.027), insomnia severity (p = 0.002) and stress symptoms (p = 0.003). At six months,
the majority of these differences were maintained, and additional improvements were
found for bedtime variability (p = 0.023), sleepiness (p <0.001), daytime dysfunction (p
=0.039) and anxiety symptoms (p = 0.003).

Secondary Aim 1 (Chapter 3)

Four major electronic databases were searched using pre-defined search strings to locate

original research published as English language full-text. Two reviewers independently
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screened and selected eligible articles, extracted data and assessed study quality. The
synthesis provided a descriptive summary of study characteristics and quantitative results
based on meta-analyses using random-effects models. Combined estimates were
presented using Hedge’s g. Established methods were used to assess between-study
heterogeneity (Q-statistics, /-statistics), publication bias (Rosenthal’s classic failsafe N)
and the impact of unpublished data (Duval and Tweedie’s trim and fill method). This
study showed that cognitive and behavioural interventions improve sleep quality in adults

with poor sleep health who do not have a clinical sleep disorder (g =—0.54).
Secondary Aim 2 (Chapter 4)

Existing items to assess the psychosocial determinants (i.e.., self-efficacy, perceived
capability, environment, social support, intention and planning) of physical activity and
diet were adapted to focus on practices pertaining to sleep hygiene such as keeping regular
bed and wake times, reducing the impact of stimuli and exercising regularly. Baseline
data from the Synergy Study were analysed to examine scale unidimensionality by way
of Principal Component Analyses. Measures of the scales’ internal consistency were
reported as Cronbach’s alphas. A separate sample including 20 participants was recruited
to assess levels of test-retest reliability using intra-class correlation coefficients. The new
instrument consisted of seven scales and demonstrated acceptable psychometric qualities
with good to excellent internal consistency (a = 0.76—0.92) and good to excellent test-

retest reliability (ICC = 0.61-0.84).
Secondary Aim 3 (Chapter 7)

Using data from the Synergy Study, this aim was addressed in a mediation analysis. For
the purpose of this study, missing data were imputed using Expectation Maximisation. A
range of psychosocial factors were hypothesised to mediate changes in physical activity,
sleep quality and sleep hygiene as a result of the intervention. In addition, physical
activity was examined as a behavioural mediator of sleep quality and vice versa; and sleep
hygiene as a mediator of changes in sleep quality. Each of the hypothesised causal chains
was assessed in a single mediator model. Following Preacher and Hayes’ approach to
mediation analysis, bias-corrected bootstrapped confidence intervals, calculated using
PROCESS 2 for SPSS were used for the interpretation of results. The analyses

demonstrated that MVPA was mediated by a number of psychosocial factors (i.e., self-
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efficacy, perceived capability, environment, social support, intention and planning).
Neither of the two sleep outcomes (sleep quality and sleep hygiene) were mediated by
any of the hypothesised psychosocial mediators. There was no evidence for a bi-
directional relationship between physical activity and sleep quality. However, sleep

hygiene mediated sleep quality.
Conclusion

The thesis presents new findings on how to improve physical activity and sleep health in
combination using an m-health intervention that incorporated personalised support, with
particular focus on insufficient physical activity and poor sleep health in adults without
diagnosed sleep disorders. Furthermore, it provides a new method to assess the
psychosocial determinants of sleep hygiene practice, which is key to the promotion of
good sleep health; and offers novel insights into the role these psychosocial factors play
as mechanisms (mediators) of intervention efficacy in a multiple behaviour change
intervention. Supported by the findings arising from the thesis and in the context of
previous research, a number of gaps remain to be addressed in future studies. Additional
multiple health behaviour trials with potential for wide reach are needed to make health
behaviour strategies accessible to a large proportion of the general adult population.
These studies should aim to recruit samples that are representative of the general adult
population (i.e., increase proportion of male participants and those with low
socioeconomic status). More studies with specific focus on individuals with sub-clinical
sleep problems are needed to broaden the extent to which the evidence pinpoints effective
interventions in this population group. Lastly, the overall understanding of the
psychosocial mechanisms of behaviour change in multiple behaviour interventions, the
measurement of, as well as investigations into these mechanisms also require additional
attention. Taken together, this knowledge could have the potential to improve public

health.
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CHAPTER 1. INTRODUCTION

Chapter 1 provides the overall rationale for the studies presented in this thesis. It lists the
thesis aims developed to address this rationale and related gaps in the literature, followed

by an overview of the thesis structure.
1.1 Rationale

In healthy individuals, any given 24-hour cycle is characterised by sustained engagement
in, or intermittent shifting between, different movement behaviours. These movement
behaviours can be placed on a continuum ranging from sleep, to sedentary behaviour, to
light or low-intensity physical activity through to moderate-to-vigorous intensity physical

activity (see Figure 1.1) [1].

MODERATE AND
VIGOROUS
SEDENTARY PHYSICAL
BEHAVIOUR ACTIVITY

9 °

INACTIVE
5

SLEEP

INACTIVE : ACTIVE

LIGHT PHYSICAL
ACTIVITY

Figure 1.1. An illustration of the movement behaviour continuum

Each behaviour on this continuum contributes to total daily energy expenditure and
influences a person’s disposition to disease and premature death [2,3]. For optimal well-
being, adults are encouraged to obtain sufficient sleep (good quality sleep of adequate
duration), minimise prolonged periods of sedentary time and be physically active [4].
However, the majority of adults obtain insufficient sleep, engage in excessive and

prolonged sedentary time and/or are insufficiently physically active [5].



At 80% and 56%, respectively, insufficient (i.e., less than recommended) physical
activity and poor sleep health are highly prevalent [6,7]; hence, both risk behaviours can
be considered major public health concerns. Moreover, there is evidence that many adults
(52%) report both being insufficiently physically active and having poor sleep health
[8,9], which may put those individuals at even greater risk of chronic disease and
premature mortality [10]. Therefore, an intervention that aims to improve both physical
activity and sleep health, has the potential to yield greater health outcomes than an
intervention that targets a single behaviour [11]. In support of global promotions targeting
physical activity and sleep health, scalable multi-behaviour interventions are needed

[4,12].

Despite past and ongoing efforts to prompt changes in health behaviour by way of
scientific trials, educational campaigns and regional and local health schemes [13],
insufficient physical activity continues to be a public health concern [6]. Poor sleep
health, on the other hand, has been understudied in a public health context, with the
majority of research having focussed on clinical sleep disorders [14]. Systematic reviews
show that interventions to improve physical activity, across a variety of delivery modes,
settings and population groups, have small to moderate effects on physical activity (d =
0.20-0.30) and fail to demonstrate maintenance effects at long-term follow-up (>15
months) [15-17]. While there is robust evidence showing that clinical sleep treatments
such as Cognitive Behavioural Therapy for Insomnia (CBT-I) improve sleep quality (d =
0.40) [18,19], comparatively little is known about sleep interventions that specifically
target individuals not suffering from clinical sleep disorders. Non-clinical interventions
usually are conducted in highly homogenous population groups (e.g., college students)
and limited by their purely educational nature, and to date, have provided mixed evidence
[20,21]. Given that a high proportion of adults with poor sleep health do not have a
clinical sleep disorder, it is important to determine which interventions are efficacious in

this population group.

The purpose of this thesis is to improve the understanding of how physical activity and
sleep health can be improved concurrently in adults without a sleep disorder and to
examine the psychosocial mechanisms that influence behaviour change in this context.
The thesis is presented as a series of individual studies that are linked to this overarching

aim. The specific aims of the thesis are presented below.



1.2 Research aims of this thesis

Primary Aim: To test the efficacy of an intervention (the Synergy Study) to improve
adults’ physical activity and sleep quality in combination using a theory-based mobile

health approach.

Secondary Aim 1: To synthesise the evidence from sleep interventions in adults who
report poor sleep health but do not have a clinically diagnosed sleep disorder and to

describe the components and strategies used in these interventions.

Secondary Aim 2: To develop an instrument to assess the psychosocial determinants of

sleep hygiene practice and to test the instrument for its psychometric qualities.

Secondary Aim 3: To examine the psychosocial and behavioural mediators of
intervention efficacy in the Synergy Study and to determine whether these mediators differ
between physical activity and sleep quality and sleep hygiene.

1.3 Thesis structure

The thesis is organised into eight chapters. This introduction is followed by a literature
review and five chapters that address the thesis’ aims (Chapters 3—7). Chapters 3 to 7 are
presented in journal article format. The final chapter provides an integrated discussion

including a summary for each study and directions for future research.

At the time of submission of this thesis, three out of the five studies were published or
revised for publication and two studies were under review. Due to the studies in this thesis
having been published individually, there is some replication of information in these
chapters. Studies that were previously published using American English spelling and
punctuation (in line with journal requirements) have been converted to Australian English

spelling and punctuation to provide consistency throughout the thesis.
1.3.1 Chapter 1: Introduction

The opening chapter of this thesis has introduced the rationale for intervening in physical
activity and sleep in combination, based on their independent and joint influences on

health.



1.3.2 Chapter 2: Literature review

The second chapter provides a summary of the literature. It describes the amount of
physical activity and sleep recommended for adults and the health benefits associated
with sufficient physical activity and good sleep health. It also provides an overview of
the prevalence of insufficient physical activity and poor sleep health and the associated
economic burden. These sections are followed by a brief summary of factors associated
with physical activity and sleep and a summary of findings from interventions to improve
physical activity, and those targeting adults who report poor sleep health but who do not
have a clinical sleep disorder. The literature review then explores the co-occurrence of
physical activity and sleep and how the two behaviours affect each other. This is followed
by a brief summary of the evidence from previous intervention studies that have
attempted to combine physical activity and sleep, while the final section describes the

theoretical frameworks that have guided the work presented in this thesis.
1.3.3 Chapter 3: Systematic review and meta-analysis

A systematic review with meta-analysis was conducted to examine the efficacy of
cognitive and behavioural interventions to improve sleep health in adults without sleep
disorders (Secondary Aim 1). Chapter 3 presents the version of the study that was
published in Sleep Medicine Reviews (2017/2018 Impact Factor: 10.602) [22].

1.3.4 Chapter 4: Instrument development and psychometric evaluation

The fourth chapter presents the findings from a study that developed an instrument to
assess the psychosocial determinants of sleep hygiene and examined the psychometric
qualities of the scales (Secondary Aim 2). Revisions of the manuscript of this study are

currently under review [23].
1.3.5 Chapter 5: Study Protocol

A protocol that described the rationale and development of an intervention to improve
adult physical activity and sleep, the Synergy Study, was published in BMJ Open
(2017/2018 Impact Factor: 2.413) [24]. This paper is presented in Chapter 5.



1.3.6 Chapter 6: Empirical evaluation of intervention efficacy (Study outcomes)

The sixth chapter follows with the main findings from the Synergy Study including all
primary and secondary outcomes assessed at three and six months. The manuscript of this
study was published in the American Journal of Preventive Medicine (2017/2018 Impact
Factor: 4.127) [25].

1.3.7 Chapter 7: Explanatory evaluation of intervention efficacy (Mediation

analyses)

Chapter 7 presents findings from a study of potential mechanisms (mediators) of
intervention efficacy in the Synergy Study (Secondary Aim 3). The manuscript of this

study is currently under review [26].
1.3.8 Chapter 8: Discussion

The final chapter of this thesis summarises the findings from the studies outlined above
and appraises each study for its strengths and weaknesses. The chapter concludes with
recommendations for future research and comments on the overall significance of the

contributions that arose from this research.



References — Chapter 1

[1]

Grgic J, Dumuid D, Bengoechea EG, Shrestha N, Bauman A, Olds T, et al. Health
outcomes associated with reallocations of time between sleep, sedentary behaviour, and
physical activity: a systematic scoping review of isotemporal substitution studies. Int
J Behav Nutr Phys Act 15(1) (2018) 69.

Chastin SF, Palarea-Albaladejo J, Dontje ML, Skelton DA. Combined effects of time spent
in physical activity, sedentary behaviors and sleep on obesity and cardio-metabolic health
markers: a novel compositional data analysis approach. PLoS ONE 10(10) (2015)
e0139984.

Pedisic Z, Dumuid D, Olds T. Integrating sleep, sedentary behaviour, and physical activity
research in the emerging field of time-use epidemiology: Definitions, concepts, statistical
methods, theoretical framework, and future directions. Kinesiology 49 (2017) 252-6.
Haapasalo V, de Vries H, Vandelanotte C, Rosenkranz RR, Duncan MJ. Cross-sectional
associations between multiple lifestyle behaviours and excellent well-being in Australian
adults. Prev Med 116 (2018) 119-25.

Knaeps S, De Baere S, Bourgois J, Mertens E, Charlier R, Lefevre J. Substituting sedentary
time with light and moderate to vigorous physical activity is associated with better
cardiometabolic health. J Phys Act Health 15(3) (2018) 197-203.

World Health Organization. Global action plan on physical activity 2018-2030: More
active people for a healthier world. WHO: Geneva, 2018.

Leger D, Poursain B, Neubauer D, Uchiyama M. An international survey of sleeping
problems in the general population. Curr Med Res Opin 24(1) (2008) 307-17.

Rayward AT, Duncan MJ, Brown WJ, Plotnikoff RC, Burton NW. A cross-sectional cluster
analysis of the combined association of physical activity and sleep with sociodemographic
and health characteristics in mid-aged and older adults. Maturitas 102 (2017) 56-61.
Oftedal S, Kolt GS, Holliday EG, Stamatakis E, Vandelanotte C, Brown WJ et al.
Associations of health-behavior patterns, mental health and self-rated health. Prev Med 118
(2019) 295-303.

Ding D, Rogers K, van der Ploeg H, Stamatakis E, Bauman AE. Traditional and emerging
lifestyle risk behaviors and all-cause mortality in middle-aged and older adults: evidence
from a large population-based Australian cohort. PLoS Med 12(12) (2015) e1001917.
James E, Freund M, Booth A, Duncan MJ, Johnson N, Short CE, et al. Comparative
efficacy of simultaneous versus sequential multiple health behavior change interventions
among adults: a systematic review of randomised trials. Prev Med 89 (2016) 211-23.
Rayward AT, Burton NW, Brown WJ, Holliday EG, Plotnikoff RC, Duncan MJ.
Associations between changes in activity and sleep quality and duration over two years.
Med Sci Sports Exerc 50(12) (2018) 2425-32.

Reis RS, Salvo D, Ogilvie D, Lambert EV, Goenka S, Brownson RC et al., Scaling up
physical activity interventions worldwide: stepping up to larger and smarter approaches to
get people moving. The Lancet 388(10051) (2016) 1337-48.

Grandner MA, Pack Al Sleep disorders, public health, and public safety. JAMA 306(23)
(2011) 2616-17.



[25]

[26]

O’Brien N, McDonald S, Araujo-Soares V, Lara J, Errington L, Godfrey A, et al. The
features of interventions associated with long-term effectiveness of physical activity
interventions in adults aged 55-70 years: a systematic review and meta-analysis. Health
Psychol Rev 9(4) (2015) 417-33.

Davies CA, Spence JC, Vandelanotte C, Caperchione CM, Mummery WK. Meta-analysis
of internet-delivered interventions to increase physical activity levels. Int J Behav Nutr
Phys Act 9(1) (2012) 52.

Murray JM, Brennan SF, French DP, Patterson CC, Kee F, Hunter RF. Effectiveness of
physical activity interventions in achieving behaviour change maintenance in young and
middle aged adults: a systematic review and meta-analysis. Soc Sci Med 192 (2017) 125—
33.

Ho FY, Chung KF, Yeung WF, Ng TH, Kwan KS, Yung KP, et al. Self-help cognitive-
behavioral therapy for insomnia: a meta-analysis of randomized controlled trials, Sleep
Med Rev 19 (2015) 17-28.

Cheng SK, Dizon J. Computerised cognitive behavioural therapy for insomnia: a
systematic review and meta-analysis. Psychother Psychosom 81(4) (2012) 206—16.
Friedrich A, Schlarb AA. Let's talk about sleep: a systematic review of psychological
interventions to improve sleep in college students. J Sleep Res 27 (2018) 4-22.

Dietrich SK, Francis-Jimenez CM, Knibbs MD, Umali IL, Truglio-Londringan M.
Effectiveness of sleep education programs to improve sleep hygiene and/or sleep quality
in college students: a systematic review. JBI Database System Rev Implement Rep 14:(9)
(2016) 108-134.

Murawski B, Wade L, Plotnikoff RC, Lubans DR, Duncan MJ. A systematic review and
meta-analysis of cognitive and behavioral interventions to improve sleep health in adults
without sleep disorders. Sleep Med Rev 40 (2018) 160-9.

Murawski B, Plotnikoff RC, Duncan MJ. Development and psychometric testing of an
instrument to assess psychosocial determinants of sleep hygiene practice. Under review
(2019).

Murawski B, Plotnikoff RC, Rayward AT, Vandelanotte C, Brown WJ, Duncan MJ.
Randomised controlled trial using a theory-based m-health intervention to improve
physical activity and sleep health in adults: the Synergy Study protocol. BMJ Open 8(2)
(2018) e018997.

Murawski B, Plotnikoff RC, Rayward AT, Oldmeadow C, Vandelanotte C, Brown WJ, et
al. Efficacy of an m-health physical activity and sleep health intervention for adults: a
randomized waitlist-controlled trial. Am J Prev Med (2019).

Murawski B, Plotnikoff RC, Lubans DR, Rayward AT, Brown WJ, Vandelanotte C, et al.
Examining mediators of intervention efficacy in a randomized controlled m-health trial to
improve physical activity and sleep health in adults. Under review (2019).



CHAPTER 2. LITERATURE REVIEW

The objective of Chapter 2 is to give an overview of the literature related to the health
benefits of physical activity and sleep, and the correlates and determinants of these
behaviours. The chapter also provides a summary of the efficacy of interventions
targeting physical activity and sleep health — individually and in combination, the co-
occurrence and bi-directionality of physical activity and sleep health and concludes with

a summary of theoretical frameworks of health behaviour.
2.1 Physical activity

Physical activity is defined as any movement of the body caused by muscular activation
that causes changes in energy expenditure [1]. Physical activity occurs during, but is not
limited to exercise, organised or leisure-time sport, work-related tasks or household
chores [1], and is typically described by level of intensity. Moderate-intensity physical
activity typically causes an increase in heart and breathing rates, but still allows a person
to have a conversation, while vigorous-intensity physical activity causes a person’s heart
to beat rapidly and is accompanied by a shortness in breath that makes it too difficult to

have a conversation [2].

The World Health Organization (WHO) lists a number of reasons for physical inactivity
in otherwise healthy adults. These include lower levels of leisure-time and occupational
activity, the use of motor vehicles as a preferred mode of transport and changes in urban
design and density, which have unfavourable effects on physical activity due to increased
violence, traffic, pollution and the lack of space that promotes physical activity (e.g.,
parks, sidewalks) [3]. At an intrapersonal level, the most commonly reported barriers to
uptake and maintenance of regular physical activity are lack of time, limited accessibility,

costs, as well as attitudes, cognitions and behaviours that do not support physical activity

[4].
2.1.1 Physical activity recommendations for adults

Studies have shown that even small amounts of physical activity can have positive effects
on overall health and well-being [5]. However, for optimal health, the Australian
‘Physical Activity and Sedentary Behaviour Guidelines’ advise adults engage in physical

activity on most or all days of the week [6]. The recommended cumulative minimum per



week 1s 150 minutes of physical activity at moderate intensity or 75 minutes at vigorous
intensity — or any combination of the two — complemented by activities with particular

effect on muscle strength (e.g., resistance training) on at least two days per week [6].
2.1.2 Health benefits associated with sufficient physical activity

Population data from Australian adults suggest that substantial reductions (13-26%) in
disease burden, including heart disease, dementia, diabetes and some types of cancer, can
be achieved through regular physical activity [7]. A study including data from 130,000
participants in 17 different countries examined the benefits of physical activity and found
for those who engaged in sufficient physical activity (150—750 min/week), the risk of all-
cause mortality was 28% lower and the risk of cardiovascular disease (CVD) was 20%
lower, with additional risk reductions of 19% and 12%, respectively observed for those
who reported higher levels of physical activity (>750 min/week) [8]. In addition to
reduced risks of chronic disease and early mortality, the promotion of physical activity is
driven by the broad spectrum of benefits it confers, such as weight management,
maintenance of muscle tone and bone density, altered brain plasticity, improved sleep and
enhanced mental health (including mood, depression and anxiety) [9-12]. A systematic
review has shown consistent positive associations between physical activity and
perceived quality of life in various population groups (i.e., healthy adults, elderly and co-
morbid populations) [13]. This is consistent across all sub-domains that comprise quality

of life, including physical health, mental health and social and emotional well-being [14].

The magnitude of health benefits from physical activity can vary by volume, intensity
(i.e., light, moderate, vigorous) and type (e.g., cycling, tennis) of physical activity, but
there appears to be no lower threshold of activity at which health benefits accrue
[5,15,16]. Therefore, interventions should encourage any degree of increase in the amount
of physical activity individuals would typically engage in, whilst guiding study
participants to work towards meeting or exceeding physical activity guidelines to
maximise health benefits. With particular focus on the benefits of a given dose and
intensity of physical activity, a systematic review has shown that moderate-to-vigorous
intensity physical activity (MVPA) of 60—75 minutes per day can offset the risk of any
amount of daily sedentary behaviour on cardiovascular disease mortality [17]. In addition,
studies have shown that the health risks associated with prolonged sitting time can be

reduced by breaking up longer periods of sitting with short bouts of light-intensity



physical activity (e.g., 2-minute bouts of walking every 20 minutes) [18]. Although
considerable support for light-intensity, or incidental physical activity has emerged in the
literature [19,20], the evidence shows that MVPA still confers greater overall health
benefits than light-intensity physical activity, making it the target behaviour with best
return on investment [21]. It is important to note however, that the strength of association
between physical activity and specific health benefits/risks varies depending on which
method is used to measure these variables. For example, in comparison to self-report, the
negative associations between MVPA and multiple markers of overweight and obesity
(i.e., BMI, waist circumference, percent body fat) are more pronounced for objectively
measured physical activity [22]. This may indicate that many large cohort studies, which
solely rely on self-report data underestimate the risks associated with insufficient physical

activity.

Resistance training (also referred to as muscle strengthening exercise [6]) is another,
mostly anaerobic type of physical activity with promising effects on health that appear to
be pertinent in a wide range of population groups (e.g., those with co-morbidities and
individuals of various age groups) [23-25]. The evidence shows regular resistance
training reduces the risk of early death by 23% [26]. This risk is further reduced in those
who meet guidelines for both aerobic exercise and resistance training (29% risk reduction
relative to those not meeting guidelines) [26]. Nonetheless, resistance training is
infrequently targeted as part of intervention studies that aim to improve physical activity
[27]. Given the added health benefits, interventions targeting physical activity should
incorporate resistance training to better leverage its potential to enhance gains from

participation in aerobic exercise [28].
2.1.3 The prevalence of insufficient physical activity

Physical inactivity is one of four key factors contributing to the worldwide pandemic of
CVD [29]. According to the World Health Organization’s (WHO), approximately one
third of adults worldwide are not sufficiently active, with some population groups
reporting a prevalence of insufficient physical activity as high as 80% [12]. In Australia,
less than 50% of adults meet the recommended amount of moderate- and vigorous-
intensity physical activity (aerobic exercise), less than a quarter meet resistance training
guidelines and only 15% meet both, aerobic exercise and resistance training guidelines

[30,31]. Only a very small proportion (11%) of adults accumulate levels of physical
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activity (defined in this study as at least 8000 METs per week) that are thought to
eliminate chronic disease risks, with a larger proportion of male adults participating in

higher levels of physical activity compared to females [7].
2.1.4 The economic burden associated with insufficient physical activity

A reduction in the global prevalence of physical inactivity by 10% to 25% could help
prevent between 533,000 and 1.3 million deaths per year [32]. In 2013, the global
economic burden associated with insufficient physical activity totalled 67.5 million US
Dollars (US$) of direct and indirect costs and more than 13.4 million disability-adjusted
years of life (DALYs) [33]. In 2013, the estimated economic burden in Australia due to
physical inactivity equated to approximately 805 million Australian Dollars (AUS$), made
up of 640 million in direct costs (i.e., healthcare) and 165 million in indirect costs (e.g.,
productivity loss) [33]. These figures highlight the need for effective interventions with
wide reach [34].

2.1.5 Factors associated with physical activity

Like many other health behaviours (e.g., diet, sleep), regular participation in physical
activity is influenced by numerous factors, most of which interact in complex and
dynamic ways [35]. These factors can help identify target groups that are most in need
(e.g., subgroups of the population that are least likely to be physically active), but
interventions may also address specific factors to maximise behaviour change. Therefore,
the conceptualisation of effective physical activity interventions requires a good
understanding of these factors. An overview of correlates and determinants that are

known to influence physical activity is provided in Table 2.1.

Ecological models acknowledge that health behaviour and behaviour change depend on
a range of different factors that may act as correlates and/or as determinants of behaviour
[36]. The various levels on which these factors can be placed comprise the intrapersonal,
interpersonal, organisational, community and public policy levels [36]. It is noteworthy
that ecological models are not exclusive to a single theory but provide a framework that
accommodates a large variety of theoretical constructs [36]. The literature also suggests
interventions targeting multiple levels may be more effective than those with a focus on
factors at a single level [36]. However, this is not always feasible due to the constraints

of many clinical trials (i.e., time, funding). Although the following sections acknowledge
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the influence of factors within a person’s broader environment, those at the intrapersonal
level were of main interest in this thesis, since the Synergy Study (Chapter 5) was
conceptualised to target behaviour change at the individual level using an intervention

that is potentially scalable.
Factors at the individual level

The sociodemographic variables associated with physical activity are well established
[37]. Younger age and male gender are consistently correlated with higher physical
activity levels [38]. The same applies for individuals with higher education levels, lower
body weight, better health status and lower stress levels [38]. The Australian Health
Survey 2011-12 found that nationwide, higher levels of physical activity were associated
with a higher household income, better self-assessed health, and lower body mass index

(BMI) [39].

A large number of studies have been undertaken to also identify psychosocial and
behavioural correlates of physical activity [40]. These may include a person’s history of
physical activity (e.g., past exercise behaviour) [41], as well as cognitions and perceptions
related to physical activity (e.g., self-efficacy, intentions) [38], which are known to
bolster a person’s likelihood of being physically active [42]. Based on systematic reviews
of the evidence, further factors that are consistently positively associated with the
initiation and/or the maintenance of physical activity include, but are not limited to being
habitually physically active, intending to be physically active, having high levels of self-
efficacy and perceived behavioural control, outcome expectations and self-regulatory
skills (e.g., goal-setting, planning) [43,44]. At the behavioural level, the evidence shows
individuals who do not engage in other risk behaviours (e.g., smoking) are more likely to
be more physically active [44]. Moreover, multiple indicators of sleep health are also
associated with physical activity. As summarised in a review of the bi-directional
relationship between physical activity and sleep [45], poor quality sleep is predictive of
lower physical activity not only in the short term (i.e., the following day) [46] but also in
the longer term (up to two years later) [47]. Consistent with the focus of this thesis, a
more detailed summary describing the bi-directional associations between physical

activity and sleep is provided in Section 2.3.
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The use of technology is an additional factor with substantial impact on health behaviour
[48]. Studies have shown that adults who watch more TV and those who accumulate
additional screen-time from computer and Internet use are more likely to be physically
inactive than those who accumulate less screen-time (i.e., less TV exposure and less time
using computers or the Internet due to not having permanent access) [49,50]. Screen-time
is thought to cultivate engagement in prolonged periods of sedentary time, which tends

to be inversely associated with overall physical activity [51].

Factors at the social level

The level of support a person receives from friends, peers and family members can have
a strong influence on activity uptake and long-term participation [44]. Studies have shown
that social support, having friends who also exercise and exercising together with others
(i.e., in groups) were factors that consistently predict activity levels [38,41,52,53]. The
cultural norms and beliefs of the social environment a person identifies with also
influence health behaviour. For example, individuals from cultures or social groups that
favour physical activity have increased odds of meeting physical activity guidelines (OR
= 1.47) [54]. Thus, an understanding of these factors is important when developing

interventions for potentially diverse groups of participants [55].
Factors at the environmental level

Correlates of physical activity at the environmental level include the natural and built
environment (i.e., surroundings, facilities) [36]. A review of reviews showed consistent
associations for factors such as access to physical activity facilities, high residential
density, the availability of exercise equipment and a high level of perceived ‘walkability’
(defined as a set of environmental attributes associated with increased probability of
walking) [56]. Perceptions of neighbourhood safety are also known to be associated with
physical activity and tend to depend on the presence of structures such as sidewalks and
lighting, as well as low levels of crime in an area, all of which are associated with higher

levels of physical activity [57].
2.1.6 Interventions to improve physical activity in the adult population

Interventions to improve physical activity can be delivered using a variety of modes
including face-to-face contact and technology-based options (e.g., delivered through a

website or smartphone app. The evidence shows that traditional (i.e., face-to-face
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delivered) physical activity interventions are effective, but on average yield only
moderate effects (Cohen’s d = 0.30) [59,60]. Several factors, including personal contact,
are known to contribute to intervention effectiveness [61] but this limits the scalability of
an intervention [62]. Given the high prevalence of physical inactivity, interventions with
wide-reaching potential are needed, for which a technology-based approach is favourable

over one requiring face-to-face contact [63].

Technology-based intervention delivery has been described as a useful avenue for the
promotion of behaviour change [64,65], and typically includes components such as
websites, Email, and/or interactive phone technology (mobile apps) [66]. Technology-
based interventions commonly utilise digital media that are deemed to have an influential
presence in many people’s lives and the added advantage of being cost-effective and
accessible from varying locations [65,67]. A systematic review of technology-based (i.e.,
web-based) interventions to improve physical activity in adults concluded that
approximately 62% of interventions included in the synthesis achieved significant
changes in physical activity [68]; however, estimates were not pooled in this study to
obtain an overall effect size. Moreover, this review also showed technology-based
interventions were as effective as those involving face-to-face contact or non-digital
(print-based) components and efficacy did not differ between interventions targeting
multiple behaviours and those targeting physical activity as a single behaviour [68]. In
line with the scope of this thesis, the following section focuses on physical activity
interventions delivered primarily using mobile health (m-health) solutions, which

represent one of many technology-based delivery modes.

M-health is defined as “medical and public health practice supported by mobile devices,
such as mobile phones, patient monitoring devices, personal digital assistants, and other
wireless devices” [69]. Individual m-health interventions have shown promising
improvements in health behaviour (i.e., physical activity) [70,71]. Goal-setting and self-
monitoring are two commonly operationalised m-health features and both are associated
with greater intervention efficacy [72]. Though promising, the overall effects shown in
m-health trials are of small to moderate magnitude and some meta-analyses have shown
that the observed improvements in physical activity frequently lack statistical
significance [73,74]. Thus, as highlighted in reviews of the rapidly emerging evidence,
there is a need for additional studies and stronger research designs before clear

conclusions about the effectiveness of m-health interventions can be drawn [70,75].
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Table 2.1

Summary of correlates and determinants of adult physical activity

Trost [41] Bauman [38] Rhodes* [58]
Correlates Correlates Determinants Correlates
Individual Level Age — - ? ?

Gender (male) + + ? ?
Ethnicity (white) + + ? ?
Higher education NR + ? NR
Higher income + + ? ?
Risk behaviour (e.g., drug use) NR - ? +
Alcohol ? NR NR ?
Smoking — NR NR ?
Overweight/obesity - - ? NR
Health status NR + + +
Hypertension NR - ? NR
Depression NR - ? NR
Stress ? ? - NR
Attitudes ? NR NR ?
Barriers to exercise - - ? ?
Expectations (benefits/outcomes) + ? + ?
Intention to exercise + + + +
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Table 2.1

Summary of correlates and determinants of adult physical activity

Individual Level Trost [41] Bauman [38] Rhodes* [58]
Correlates Correlates Determinants Correlates

Self-efficacy + + + +
Stage of change (level of readiness) + + + NR
Previous physical activity + + + NR
Perceived effort - - ? NR
Action planning NR ? + NR

Social Level Marital status - ? ? ?
Occupation (blue collar) - - ? NR
Occupational status (employed) NR NR NR ?
Job strain NR - ? NR
Working hours NR - ? NR
Working overtime NR - ? NR
Social isolation - NR NR NR
Social support (general) NR + ? +
Social support (spouse/family) + + ? NR
Social/subjective norms NR X ? +
Observation of others exercising + NR NR NR
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Table 2.1

Summary of correlates and determinants of adult physical activity

Trost [41] Bauman [38] Rhodes* [58]
Correlates Correlates Determinants Correlates
Environmental Level Access to facilities + + ? NR
Proximity to facilities NR + ? NR
Footpaths/trails NR + NR NR
Walkability NR + ? NR
Perceived aesthetics NR + ? NR
Heavy traffic ? NR NR NR
Hilly terrain + NR NR NR
Neighbourhood safety + NR NR NR
Presence of sidewalks ? NR ? NR
Unattended dogs ? NR NR NR
Urban locations - + ? NR
Coastal residence NR NR NR NR
Connectivity (street grid) NR + ? NR
Urban locations - + ? NR

Note. + positively associated; — negatively/inversely associated; ? not associated or inconclusive; NR not reported/examined; associations may apply to different
subgroups (e.g., middle-aged adults) or specific types of physical activity (e.g., leisure-time physical activity); * this review focused specifically on factors influencing
resistance training; NB. This table is not intended to provide a full account of the evidence that is available, but rather a representation of the large variety of factors
across different levels. Therefore, only factors that were examined by at least two comprehensive reviews are listed.
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A review of app-based interventions including 21 studies to improve physical activity,
most of which showed promising effects, found that using a mixture of components for
the delivery of an intervention (e.g., app combined with text messages or other materials),
rather than relying on intervention delivery through an app alone showed greater effects
[75]. There is concern about commercially available apps failing to incorporate evidence-
based behaviour change techniques (BCTs), such as those frequently reported in research-
specific apps (e.g., feedback, self-monitoring, goal-setting), and placing major emphasis
on a high level of aesthetic appeal and functionality [76]. Thus, many intervention trials
use specifically developed apps to ensure the standardisation of contents, use of evidence-

based strategies and unrestricted monitoring of app usage [77].

Alongside the many advantages and novel opportunities for providers and participants
[78], digitalised solutions also introduce unique challenges such as homogenous study
samples (e.g., self-selection bias and overrepresentation of female participants), low
adherence and high attrition rates [68,71,79-81]. There is however, no clear evidence that

shows these limitations can be overcome by the introduction of a face-to-face component.

2.1.7 Factors influencing the efficacy of technology-based physical activity

interventions

A number of factors influence the magnitude of improvement in technology-based
physical activity interventions. For example, greater effects are observed for participants
who report lower baseline activity levels and therefore have more room for improvement
[67]. In the context of intervention delivery, studies with multiple exposure points (spread
over periods of two to 12 months), those with a longer overall intervention period, more
frequent contact, a dynamic user interface and some level of tailoring (e.g., personalised
feedback in relation to progress/goals) were found to be more effective, relative to studies
with fewer points of exposure, shorter duration, less frequent contact, a more static user
interface and little tailoring [67,68,82]. The evidence also shows the use of educational
materials enhances intervention effects, potentially by fostering uptake and adherence
[67]. Previous studies have also indicated that app usage is positively associated with
changes in health behaviour (i.e., physical activity) [75]. However, the optimal amount
of app usage needed to maximise intervention effects remains to be defined. Further, it is
possible that different patterns of usage (i.e., timing, frequency and intensity) are

insufficiently understood to optimise behaviour change. Importantly, app usage metrics
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represent only one of several measures that capture information about participants’
engagement in m-health interventions [83]. Participant engagement is directly linked to
intervention compliance and participant retention, both of which determine exposure and
thus, influence the effect of an intervention on hypothesised outcomes [83]. A summary
of methodologies measuring engagement in m-health interventions suggested that a
combination of multiple methods, including those that acknowledge the importance of
perceptions and other psychological factors (e.g., self-report measures such as usability
or aesthetics) is likely to provide rich insights into engagement [83]. These measures may
be used to better understand how participants engage with an intervention and how usage

and engagement are related to behaviour change.

It is typically assumed that theoretically informed interventions are more effective than
non-theory-based interventions [84,85]; however, a recent review suggested it is the
composition of evidence-based intervention content (i.e., BCTs), rather than the use of
theoretical frameworks that makes interventions effective [86]. This finding is consistent
with that of a systematic review of web-based physical activity interventions, which
reported that the proportion of interventions that yield significant improvements in
physical activity is the same for theoretical interventions as for non-theoretical
interventions [68]. Nonetheless, there are individual theoretical constructs, which appear
to play an important role in the context of behaviour change. For example, a review of 27
physical activity interventions showed that most interventions that effectively improved
self-efficacy were also effective in improving behaviour (i.e., physical activity) [87].
However, none of the studies included in this review were delivered using a mobile app.
Further, there are no reviews that have examined psychosocial mediators of physical
activity using m-health interventions in non-clinical population groups and it is unclear
if such effects can be established in an m-health intervention combining multiple
behaviours. It is possible that the lack of mediation analyses in this context is partially
attributable to the lack of comprehensive and validated instruments to assess psychosocial
factors as mediators of behaviour change. Although there is some evidence showing
specific BCTs (i.e., goal-setting, self-monitoring) increase the efficacy of m-health
interventions, it appears there are no studies that have examined if this occurs through
changes in self-efficacy or other psychosocial factors [72]. Moreover, when tested as a
mediator of intervention efficacy, the evidence becomes less conclusive, with only a fifth

of mediation analyses identifying self-efficacy as a significant effect mediator [88].
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Further psychosocial factors that were previously identified as mediators in physical
activity interventions include self-regulatory processes and cognitions such as action
planning and perceived behavioural control [88-90]. The evidence shows that an
improvement in these mediators is associated with improvements in physical activity [88-
90]. However, the overall evidence for the role of psychosocial constructs as mediators
of behaviour change remains mixed and therefore requires further investigation [88]. It is
plausible that some interventions do not succeed to change the exact same mechanism
that was hypothesised to change as a result of exposure to the intervention, or that there
are issues with the measurement of psychosocial mediating variables and how this aligns

with theory [68].

The factors mentioned above may lend guidance on how to best conceptualise behaviour
change interventions. A number of studies have examined the quantity of behaviour
change techniques (BCTs) used in relation to intervention efficacy and found
interventions that report using more BCTs are more effective than those reporting fewer
BCTs [91]. However, it is also important to consider #ow individual components are
implemented and presented to participants and which strategies are leveraged to stimulate
behaviour change. A number of frameworks and taxonomies have been developed to
facilitate the selection, implementation and description (i.e., reporting) of BCTs [92-95].
As seen in a review of 19 studies conducted in older adults, there are various BCTs with
moderating effects on the long-term effectiveness of physical activity interventions (d =
0.29) [96]. Studies, for example, that provided participants with feedback were more
effective at increasing physical activity (d = 0.40) than studies that did not use feedback
strategies (d = 0.19) [96]. This review also found that interventions were more effective
(d = 0.42), if they provided instructions on how to be physically active, relative to
interventions not providing instructions (d = 0.23) [96]. Studies that promote self-
monitoring of behaviour also show significantly greater effects than those without a self-
monitoring component [91,97]. Further, the evidence shows participants also gain
confidence in their ability to engage in a given behaviour through specific and meaningful
goal-setting, structured action planning and the positive reinforcement of efforts towards
the behaviour [87,98]. Enhanced levels of perceived capability in turn predict engagement
in physical activity [42,99]. Despite growing recognition for multi-behaviour
interventions [100,101], there is relatively little understanding of how BCTs operate

across two or more behaviours and further research is warranted to improve this.
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2.2 Sleep health

Carskadon and Dement define sleep as “[...] a recurring, reversible neuro-behavioral state
of relative perceptual disengagement from and unresponsiveness to the environment.”
[102]. Sleep health incorporates multiple indicators such as sleep quality, duration and
timing, as well as feelings of satisfaction with sleep and alertness during wake times
[103]. The concept of sleep health has emerged from a comparatively new field of
research that distinguishes itself from traditional clinical sleep medicine, in that it
maintains a strong focus on health promotion, rather than the treatment of sleep disorders
[103]. For ease of exposition, the thesis refers to sleep health as a whole, except where

specific knowledge on individual indicators of sleep health was available.

Causes of poor sleep health range from high levels of stress, to working nightshifts and
having poor overall health, to environmental factors such as noise and light [104-106].
However, problems with sleep health are also frequently attributable to inadequate sleep
hygiene, which involves practices such as the excessive consumption of caffeine and
alcohol, or exposure to light-emitting devices (e.g., smartphones, computers, TVs) at
bedtime [107,108]. Therefore, the promotion of sleep health commonly includes

evidence-based recommendations that aim to improve sleep hygiene [106].

Clinical diagnosis of a sleep disorder (i.e., insomnia) according to DSM-5 criteria is
based on a minimum duration of symptoms including distress or impairment in
functioning due to difficulties initiating or maintaining sleep or suffering from
nonrestorative sleep for at least one month [109]. Thus, any symptoms not meeting these

criteria in regard to severity or duration can be considered sub-clinical.
2.2.1 Sleep recommendations for adults

Public health recommendations primarily focus on the duration of sleep and advise a total
sleep time of seven to nine hours per night for adults (aged 18—64 years) to maintain
optimal health [110]. However, several studies have highlighted that, not only the
quantity of sleep but also the quality and timing of sleep, are important to maintain
optimal health [111-114]. This further highlights the importance of promoting sleep

health as a whole.

2.2.2 Health benefits associated with good sleep health
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Individuals who achieve and maintain good sleep health have a lower chronic disease risk
(e.g., heart disease, type-2 diabetes), tend to report greater emotional stability (e.g., mood)
and find it easier to maintain a healthy weight [115-118]. For instance, compared with
individuals who report optimal sleep duration (7-9 hours/night) and good sleep quality,
the risk of coronary heart disease is up to 79% higher in those with sub-optimal sleep
duration and poor sleep quality (see Figure 2.1) [119]. The evidence also shows consistent
associations between sleep duration and the risk of early mortality [120-123]. However,
for various health outcomes, the risks associated with sleep duration often follow a U-
shaped curve, where risks (i.e., for chronic disease or mortality) tend to be lowest near
the midpoint, typically approximating the seven-to-nine-hour window that is defined as
optimal sleep duration [119,124,125]. It is possible however, that there are unique
mechanisms causing an increase in chronic disease risk on either side of the window of
optimal sleep duration, which is why it is important to assess and report both short and

long sleep duration as separate outcomes [126].

Hazard ratios of CHD for poor sleep quality by sleep duration
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Figure 2.1. Coronary heart disease (CHD) risk by sleep duration for individuals reporting poor
sleep quality (reference group: good sleep quality). Graph reproduced based on data reported by
Hoevenaar-Blom et al. (2011).

A study that assessed various cardiometabolic outcomes in relation to sleep duration and
sleep insufficiency (perceived as sleep not having had a restorative effect; over the past
month) in a population sample including 31,000 participants, reported that short sleep
duration (<5h/night, relative to 7h/night) significantly predicted a greater BMI, higher

blood pressure, higher levels of cholesterol as well as higher odds for heart attack and
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stroke [127]. In this study, sleep insufficiency predicted a higher BMI, higher blood
pressure and higher cholesterol levels, whereas long sleep duration (>9h/night, relative to
7h/night) predicted higher odds for heart attack and stroke [127]. It is noteworthy the
literature (see Table 2.1) reports conflicting findings for a number of these relationships
(e.g., CHD, obesity) [119,122,123,127-129]. However, this could be due to differences

in how individual indicators of sleep health are measured and defined.

There is further evidence showing disrupted sleep and sub-optimal sleep duration are both
associated with reduced quality of life (QOL) [108,130]; and sub-optimal sleep duration
and poor sleep quality increase the risk of depression [131,132]. However, the
relationship between sleep and depression is bi-directional in nature [133]. Similarly,
some types of sleep disorders may develop as a result of poor health, which is the case
for obstructive sleep apnoea that is highly common in individuals who are either
overweight or obese (up to 94% in obese men) [134,135]. This may exacerbate symptoms
of poor sleep health that are already highly common in individuals with an unhealthy
BMI. A cross-sectional study in younger adults (n = 2,100 University students) showed
individuals with short sleep duration (<6h/night) are more likely to be overweight or
obese than those who report 7-9h of sleep/night (OR = 2.72), as are young adults with
long sleep duration (>10h/night; OR = 3.38) [136]. The likelihood of being overweight
or obese is also higher (OR = 1.45) for those reporting poor quality sleep (defined as a
PSQI score above 5), compared to individuals with good quality sleep (PSQI <5) [136].
According to a recent review however, the overall evidence for a U-shaped relationship
between sleep duration and obesity remains mixed, due to other studies showing no
associations [137]. In addition, the cross-sectional associations reported for sleep duration
and certain health outcomes (i.e., BMI, obesity) are not supported in longitudinal analyses
[138,139]. This suggests additional research be conducted to examine causality in this

relationship.

The benefits associated with optimal sleep health occur as a result of sufficient rest and
recovery and are partly due to optimal hormone balance, enhanced cell metabolism and
appropriate brain activation [140-143]. However, there is limited understanding of the
underlying mechanisms for many of the unique relationships between other indicators of
sleep health and health outcomes [123]. Much of the research examining the health effects

of poor sleep health has either focussed on clinical populations or may or may not
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statistically adjust for the presence of a clinical sleep disorder in analyses, and few studies
examine the role of poor sleep in those without a clinically diagnosed disorder. The
Australian Sleep Health Foundation has aimed to quantify this in a 2017 report, which
showed that 20.7% of the Australian population reported insufficient sleep that was not
due to a clinical disorder [144]. The overall health consequences of insufficient sleep in
this group were associated with 8,655 DALYs in 2016—17, or 3.7% of the total DALY's
associated with insufficient sleep [144]. This highlights the need for further research into
poor sleep health, specifically targeting those with sub-clinical symptoms who may have
no access to clinical treatment due to not meeting diagnostic criteria, yet still have an

increased risk of ill health.
2.2.3 The prevalence of poor sleep health

It is estimated that globally, a quarter of adults indicate not sleeping well and more than
10% of individuals report high levels of sleepiness due to insufficient sleep [145].
Inadequate sleep duration is very common with up to 27% of the population sleeping less
than seven and up to 41% sleeping more than nine hours per night [146,147]. National
survey data from the United States have shown almost half the adult population (45%)
reports having problems falling asleep at least once per week, while sleep quality ratings
in the fair or poor categories are also very common (35%) [108]. These estimates vary
considerably between countries, which is partly due to diverse population characteristics
such as ethnicity and cultural practices (e.g., taking siestas) [ 148]. Available data indicate
relative stability in sleep duration over time [147,149], and some countries even report a
slow, but noticeable increase in sleep duration [150]. At the same time, it appears there is
a rising demand for the treatment of sleep problems and an increase in the use of over-
the-counter sleep medications [151,152]. An explanation for the rising prevalence of poor
sleep health, despite seemingly consistent quantity of sleep (i.e., sleep duration), could be
that the quality of sleep has decreased [147,153]. That is, sleep may have become more
fragmented or disturbed due to cognitive restlessness, unsupportive daytime and bedtime
behaviours, including greater variation in bed and wake times, as well as exposure to
external stimuli (such as use of technology at bedtime). Global data however, are
generally focused on sleep duration, which has resulted in a lack of insights into other
parameters that comprise healthy sleep (e.g., sleep quality, sleep/wake timing, sleep

continuity).
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Table 2.2

Overview of sleep health indicators in relation to different health outcomes

Short sleep Short sleep Long sleep Poor sleep Difficulty falling Difficulty staying
(<Sh/night) (<6h/night) (>9h/night) quality asleep asleep
All-cause mortality [122,123] NR RR=1.10 RR=1.23 HR =1.78° HR =1.78° HR =1.28°
(age <45) (age <45) (age <45)
HR =1.70° HR =1.89° HR =1.31¢
(age >45) (age >45) (age >45)
Heart attack® [127] OR =2.52* OR=1.19* OR =1.86* NR NR NR
CVD4[119] NR HR =1.25% HR = 1.04* HR =1.22° NR NR
CHD?[119] NR HR =1.33* HR =0.85* HR =1.34° NR NR
Stroke® [127] OR =1.62* OR =1.08" OR =1.84* NR NR
Type-2 diabetes [128,129] NR OR = 1.43%f NR OR =2.12¢ HR = 1.24° HR = 1.62° (males);
(males); HR = 1.97¢ (females)
1.28¢ (females)
Obesity©[127,136] OR =1.36" OR =2.72¢ OR =0.98* OR = 1.45%¢ NR NR
Depression [131,132] NR OR =3.67° OR =2.22¢ OR =2.65¢ NR NR

Notes. * reference category: 7h/night; ® reference category: good sleep quality; © unadjusted results; ¢analyses adjusted for age and sex; © adjusted for multiple covariates;

freference category: 6-8h/night; CVD = cardiovascular disease; CHD = coronary heart disease; HR = hazard ratio; NR = not reported; RR = risk ratio; OR = odds

ratio.
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In Australia, approximately one third of adults report problems with one or several
indicators of sleep health, such as sleep duration, sleep continuity, as well as daytime
functioning and mood [154]. For some indicators (i.e., feelings of fatigue upon waking),
the prevalence can be as high as 45% [151]. It is important to note that indicators of poor
sleep health (i.e., sub-clinical sleep problems) are much more prevalent than clinical sleep
disorders such as chronic insomnia (13%—-33%), or sleep apnoea (up to 25%) [151]. An
overview of the prevalence of various sleep problems, including some of the most common

chronic sleep disorders as reported by Australian adults, is provided in Table 2.3.

The evidence shows that a large number of Australian adults report going to bed (>50%)
and waking (>30%) at different times from day to day [155]. In addition, more than 40%
use the Internet before bedtime, which also contributes to poor sleep health [107]. Such
practices often manifest themselves as waking up feeling unrefreshed (i.e., excessive
sleepiness), the severity of which tends to correspond with the overall health risk

associated with poor sleep health [117].

Table 2.3

The prevalence of poor sleep health in Australian adults

Indicator Prevalence (in %)
Inconsistent bedtimes [155] 53%

Night time awakenings [107] 47% in females

Feeling unrefreshed upon waking [151] 45%

Difficulty falling asleep [107] 40% in females; 26% in males
Sleepiness, fatigue, irritability [107] 39%

Inconsistent wake times [155] 34%

Perceived insufficient sleep [144] 33%

Long sleep duration (>8 hours/night) [111] 22%

Poor sleep quality [111] 20%

Short sleep duration (<7 hours/night) [114] 24%

Chronic insomnia [107] 23% in females; 17% in males
Very short sleep duration (<5.5 hours/night) [107] 12%

Breathing pauses (obstructive sleep apnoea) [107] 14% in males; 9% in females
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2.2.4 The economic burden associated with poor sleep health

Problems with sleep, including those below the clinical threshold for diagnosis result in
significant costs related to absenteeism from work, loss of productivity and increase the
risk of injury and accidents [156]. Approximately one third of adults admit to driving in
an unfit state (due to excessive sleepiness) or having made errors affecting their work
when feeling sleepy [151]. In Australia, during the 2016-2017 financial year, the costs
associated with productivity loss per person reporting problems with their sleep were
AUS 2,418 [144]. The total number of DALY lost due to inadequate sleep in the same
year exceeded 220,000, which converts to a value of AUS$ 40 billion in lost well-being,

and an additional AUS 26.2 billion of financial costs as a consequence of poor sleep health
[144].

2.2.5 Factors associated with sleep health

Similar to physical activity, sleep health is also influenced by a wide variety of factors
that occur at multiple levels and thus, can be described in the context of an ecological
model [48,157]. Consistent with the structure of Section 2.1.5 that presented factors
associated with physical activity, the following sections summarise factors at the

individual, the social and the environmental level. An overview is provided in Figure 2.2.

Individual Level Social Level

Environmental Level

- Gender
- Ethnicity - Income
- BMI - Diet

- Age - Houschold size - Neighbourhood

safety/security
- Cleanliness
- Light/Noise

- Marital status

- Emotional support

- Exercise - Smoking

- Job demands

- Employment
- Physical health
- Mental health
- Alcohol intake

Figure 2.2 Factors determining poor sleep health
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Factors at the individual level

Based on cohort data including more than 300,000 US adults, a range of individual level
predictors were identified as risk factors for insufficient sleep (i.e., “During the past 30
days, for about how many days have you felt you did not get enough rest or sleep?”)
[158]. In this study, age was the strongest sociodemographic predictor of insufficient
sleep, with higher levels of insufficient sleep reported in younger adults [158]. This
evidence is inconsistent with that of other indicators of sleep health such as total sleep
time, wake after sleep onset and sleep efficiency, all of which tend to get worse with age
[159]. It is possible that perceptions of daytime dysfunction and its impact differ for older
adults or depend on other factors specific to age such as emotional response to stress
[160,161]. Other sociodemographic predictors that showed a moderate influence on
insufficient sleep in this study were female gender, being of White ethnicity and from a
larger household [158]. A review of the factors that affect the various indicators of sleep
health also found that being a parent is a determinant of short sleep duration, frequent

insufficient sleep and high levels of daytime sleepiness [162].

The socioeconomic predictors identified in the cohort study cited above were higher
income, being a student and employed or unable to work, all of which had a moderate to
high level of influence on insufficient sleep [158]. In addition, increased insufficient sleep
was predicted by being a smoker (moderate to high influence) [158]. Findings based on
data from an Australian cohort also showed that adults who were smokers reported more
frequent insufficient sleep, as did those who frequently consumed fast food [163].
Interestingly, the same study found no clear associations for alcohol consumption and
exercise (assessed as predictors of insufficient sleep), whereas cross-sectional studies
assessing other indicators of sleep health have shown strong associations for both
behaviours. For example, a study using objectively measured physical activity data
reported that sufficiently physically active adults (i.e., meeting guidelines) were less
likely (RR = 0.65) to feel sleepy, compared to those who were insufficiently physically
active [164]. Section 2.3 of this chapter, which is dedicated to the bi-directional
relationship between physical activity and sleep, provides further detail in this regard.
Inconsistent findings for alcohol consumption in relation to sleep could be due to the
quick onset of sleep following excessive alcohol consumption, as frequently reported by

those who drink [165]. Although people who frequently drink alcohol tend to have
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positive perceptions of their sleep health based on being able to fall asleep quickly, studies
have demonstrated that interrupted sleep (wake after sleep onset due to dehydration or
withdrawal symptoms) is common in individuals who report high alcohol consumption

[165].

Poor overall health is another factor that strongly predicts frequent insufficient sleep and
the evidence shows these associations are consistent for both mental and physical health
[158]. Importantly, though mental health problems can develop as a consequence of poor
sleep health, they can also act as antecedents of it [ 166], with many individuals who report
mental health problems such as depression, loneliness or chronic stress also reporting
sleep problems [167-169]. Higher stress levels can influence sleep and there are multiple
factors that increase perceived levels of stress, including high demands and conflicts at
the workplace. In a sample of Swedish adults, higher demands at work predicted sleep
disturbances [170] and a review of the evidence reported similar associations for poor
sleep quality and short sleep duration [162]. This underpins the need to consider stress
management strategies (e.g., relaxation training) when designing interventions to
improve sleep health, as seen for commonly administered non-pharmacological

interventions for chronic insomnia [171].

A study that examined factors affecting sleep duration found that individuals with long
work hours (=8 hours/day) tended to have shorter total sleep time (TST) due to waking
up earlier (by 40-91 minutes), compared with those who had shorter work hours (<8
hours) [172]. Similar findings were reported in another study, which also identified that
those who worked multiple jobs had the highest odds (OR = 1.61) for reporting
insufficient sleep duration on workdays (6 hours or less/night) [173]. This study also
found that people with less education, who were unemployed, had a lower income and
who did not have a partner tended to trade sleep duration for TV watching, which is likely
to postpone sleep [173]. The general use of screen media (including TVs, laptops,
smartphones, tablets and other light-emitting devices) was found to be associated with
shorter sleep duration, less consistent sleep timing and poorer sleep quality [162].
Therefore, recommendations that address sleep hygiene practices should include clear

messages about the avoidance of screen use at bedtime.
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Factors at the social level

In the context of sleep, social support tends to be limited to bedpartners, close family
members or housemates, who may either encourage good sleep practices or interfere with
them. Lack of emotional support, as well as psychological conflict with a co-habiting
partner are all associated with poorer sleep health (including sleep duration, quality and
insufficiency), whereas being married is associated with more optimal sleep duration,

better sleep continuity and less frequent insufficient sleep [158,162].

Social jetlag refers to the misalignment between the body’s natural clock (circadian
rhythm), which dictates when a person feels the need to sleep, and the scheduling of social
activities (including work), with detrimental effects on sleep health [174,175]. This
misalignment often causes sleep deficiencies (i.e., insufficient sleep duration), as
individuals spend time engaging in social activities, which limits sleep opportunities and
reduces sleep duration [176]. In a sample of 837 Australian adults, this has been
associated with going to sleep later than intended on work days (OR = 1.9), longer total
sleep time on free days (OR = 2.8), as well as using computers (OR = 1.7), phones (OR
= 1.6) and the internet (OR = 1.7) at bedtime [175].

Individual habits (i.e., napping) and the underlying perceptions of how much sleep is
needed are thought to be largely influenced by cultural norms and ethnicity [48,177]. The
evidence shows that short sleep duration is more common in racial or ethnic minority
groups (e.g., African-American) [178,179]. Interestingly, sleep disturbance (defined as
difficulty falling asleep, staying asleep, or sleeping too much) was shown to be more
common in non-Hispanic White women than in Black/African-American,
Hispanic/Latino, and Asian minorities, whereas no differences in sleep disturbances were
found for males [180]. Assessing a broader range of sleep health indicators, another study
found a higher likelihood (OR = 1.59) for longer sleep onset latency in black/African-
Americans (relative to non-Hispanic White Americans) [181]. Regrettably, most studies
that have used population data to examine patterns and trends of sleep health in Australian
adults do not report results stratified by ethnicity inclusive of Aboriginal or Torres Strait
Islander minorities [151,182,183]; hence, there is very little insight into the sleep health

of these population groups.
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Factors at the environmental level

Few studies have sought to examine environmental determinants of sleep health.
However, there is some evidence for the negative impacts of a disadvantaged
neighbourhood (i.e., security, lighting, cleanliness) on multiple indicators of sleep health,
including sleep duration, sleep quality and sleep onset latency [162]. A study using data
from six different countries examined associations between neighbourhood safety and
various parameters of sleep and found that a more positive perception of the
neighbourhood environment was strongly associated with lower odds for having poor
sleep quality, but inconsistently associated with sleep duration [184]. Poorer
neighbourhood safety (e.g., high rates of crime and violence) was associated with a lower
likelihood of long sleep duration in some countries (OR = 0.61 for South Africa) and an
increased likelihood for poor sleep quality in other countries (OR = 1.47 for Ghana) [184].
A more recent study examining the associations between neighbourhood disadvantage
(i.e., safety, disorder, crime) and various objectively measured indicators of sleep health
also found significant associations for several sleep health indicators and reported better
sleep efficiency, shorter times for wake-after-sleep-onset (WASQO) and lower likelihood
of short sleep duration in relation to a less disadvantaged neighbourhood environment

[185].

In the context of sleep health, the term environment is often used to describe a person’s
bedroom arrangements (e.g., calming atmosphere, adequate temperature, fresh air and
minimal disturbance from sources of light or noise) [186-188], which are known to
promote good sleep [106,158]. However, as a component of sleep hygiene, the bedroom
environment is better positioned at the individual level, as most of its aspects are
relatively easy to modify by the individual. The evidence shows that individuals who
modify their bedroom environment accordingly (e.g., reduced noise, adequate
temperature) also report better sleep quality than those who do not observe these
recommendations [186]. Nonetheless, some individual practices of sleep hygiene also
have a social component (i.e., drinking alcohol at late-night social gatherings), thus sleep
hygiene as a whole can be described as set of strategies that determines sleep health at

multiple levels.

Last, the variation in light exposure due to geographical location and seasonal fluctuation

dictates how much or how little stimulation an individual is exposed to through natural
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daylight, which affects parameters of sleep health via the regulation of melatonin [177].
Therefore, early morning exposure to bright daylight is recommended to support the
maintenance of a healthy sleep-wake cycle [ 189]. Since the occurrence of daylight cannot
be modified, its impact on sleep health can be controlled by the individual by way of
adequate self-regulation (e.g., use of an eye mask, installation of curtains/blinds). As seen
for the majority of these factors, each individual indicator of sleep health is influenced by
different factors and this may indicate that a wide spectrum of mechanisms drives the
overall impact of sleep on health and well-being. Moreover, it is possible that there is
overlap between the different levels, at which aspects of a given factor are more or less

dominant than others.
2.2.6 Interventions to improve sleep health in the adult population

Chapter 3 presents the findings from a systematic review and meta-analysis of sleep
interventions in adults without clinical sleep disorders, which is the population group of
interest in this thesis. Although this review reported promising effects of cognitive and
behavioural interventions on sleep quality (g =—0.54), its conclusions were limited by the
small number of studies that were identified (n = 11) and little diversity among study
samples. Moreover, only a small proportion of included studies (n = 2) were delivered
remotely, and none of the studies used a smartphone app. Therefore, the findings from
this systematic review were not used as the sole source of evidence that informed the
development of the Synergy Study (Chapter 5). Due to the very limited amount of
evidence in sub-clinical population groups, the following subsection of Chapter 2
includes a brief outline of interventions that are commonly delivered in clinical
populations, with particular emphasis on non-pharmacological treatment and delivery

modes that do not require face-to-face contact.

Although pharmacological approaches are known to be effective for the short-term
treatment of insomnia [190], the use of sleep medication is often not advised, because of
its side effects and high risk for dependency [191]. Non-pharmacological solutions for
the treatment of chronic insomnia were shown to be equally effective [192]. They
typically include cognitive therapy, stimulus control, relaxation training, sleep hygiene
practice and regular exercise [193,194]. Cognitive behavioural therapy for insomnia
(CBT-]) 1s considered the gold standard treatment for insomnia [171,195]. Traditional

CBT-I has three objectives and each objective consists of specific strategies serving the
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purpose of eliminating factors that cause insomnia: (1) stimulus control and sleep
restriction to address poor regulation of sleep drive, (2) cognitive therapy to counteract
sleep-related anxiety (e.g., worry and rumination) and (3) sleep hygiene education to
manage sleep-interfering behaviours [196]. Reviews have shown that CBT-I produces
moderate to large improvements in insomnia (d = 0.30-0.80) [191,197-199], with effects
maintained at the long-term follow-up (up to 18 months) [198,200]. Non-practitioner
delivered CBT-I that commonly utilises computer- or web-based modes of delivery is
increasingly used [195,201] and has shown equivalent effectiveness (pooled between-
group effect g = 0.05) relative to practitioner-delivered (face-to-face) CBT-1 [201,202].
However, it is unclear what implications the lack of face-to-face support has on the
individual components of traditional CBT-I [201]. For example, the restoration of a
healthy sleep drive through sleep restriction initially involves a substantial reduction of
total sleep time and may at first cause adverse effects (e.g., excessive fatigue) [196]; it
thus requires professional guidance and strict adherence to a treatment time frame.
Therefore, sleep restriction might not be a suitable intervention component for
interventions targeting non-clinical sleep problems by means of an m-health approach,
where ongoing monitoring and support by a professional cannot be provided and
symptoms are insufficiently severe for participants to even be sensitive to this type of
treatment. This was shown in a study, where sleep restriction did not prove to be effective
for participants whose insomnia symptoms were less severe at baseline [203]. Moreover,
because CBT-I treatment as a whole usually requires a patient referral based on clinical
diagnosis, it cannot be considered an accessible treatment option for those who do not

meet diagnostic criteria [195,204].

A systematic review including 16 sleep interventions (e.g., CBT-I, sleep education,
bibliotherapy) summarised the evidence from studies that specifically used an m-health
mode of delivery [205]. The review found such interventions are effective and the use of
mobile apps in addition to interventions involving face-to-face contact showed equal or
superior efficacy at improving sleep quality and insomnia severity, relative to traditional
interventions alone [205]. An additional conclusion of this study was that mobile apps
are a treatment avenue that has clear advantages over traditional intervention delivery
(e.g., portability), but also implied that higher attrition rates (up to 72%) may be
introduced by using a remote delivery mode [205]. Nevertheless, the studies included in

this review either comprised samples of clinically ill participants (e.g., OSA patients, war
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veterans), or population groups in which natural sleep was unlikely to occur (e.g., first-
time mothers, menopausal women, airline pilots), which reduces the generalisability of

these findings for the sub-clinical population group.

A key feature of sleep is the lack of consciousness needed to take control over it [206].
In other words, sheer intention and volition are not enough for a person to achieve better
sleep and to secure sufficient rest and recovery. Sleep hygiene is a set of modifiable
behavioural strategies that are known to promote good sleep and consist of practices a
person can consciously engage in prior to sleeping or upon waking [106]. Irish and
colleagues provided a comprehensive summary of recommendations that consist of (1)
caffeine avoidance, (2) nicotine avoidance, (3) alcohol avoidance, (4) regular exercise,
(5) stress management, (6) bedroom noise reduction, (7) regular sleep timing, and (8)
daytime nap avoidance [106]. The level of evidence on the efficacy per component or
domain of sleep hygiene varies, however as a whole, sleep hygiene was deemed essential

for the improvement of sleep health [45,207].

The use of light emitting devices (e.g. smartphones, laptops, etc.) is an additional and
newly emerging factor to negatively affect sleep onset as well as next-morning alertness
[208]. With the large number of adults (44%) who state using the Internet at bedtime
every night, this behaviour requires to be actively targeted as part of interventions that
implement sleep hygiene [151]. Studies using sleep hygiene as a standalone component
have been shown to improve sleep quality [209]. Though in clinical population groups,
interventions that employ sleep hygiene only were shown to be inferior (i.e., little to no
effect) in comparison to multi-component treatments such as CBT-1 [207]. However, the
comparative effectiveness of sleep hygiene relative to other interventions has been
established for clinical population groups only. Moreover, there is insufficient evidence
to draw any conclusions regarding the effectiveness of individual intervention

components for sub-clinical population groups.

Sleep hygiene recommendations often vary with regard to the total number of
recommendations and level of information they incorporate [207]. Moreover, it often
seems unclear whether participants are merely provided with a list of recommended
practices, which assume that knowledge and information are sufficient to drive the
adoption of new practices, or if interventions deliver specific strategies that are key to

behaviour change and facilitate the daily implementation of recommended practices
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[210,211]. This is particularly problematic for practices such as obtaining regular
exercise. Although commonly promoted as part of good sleep hygiene [106], and
therefore promoted in many interventions that implement sleep hygiene, there is little
information on the behavioural strategies used to promote regular exercise. Although it
1s uncertain if participants receive instructions that are more detailed than what is reported
in the published literature, the potential of interventions promoting regular exercise may
not be utilised to its full extent, unless specific strategies are provided [106]. That is,
participants may not succeed at increasing their physical activity levels and therefore lose

out on the additional benefits this could have on sleep health and overall health.
2.2.7 Factors influencing the efficacy of sleep interventions

Factors which have been shown to increase intervention efficacy in clinical populations
might be useful to inform interventions in non-clinical populations, given the lack of
evidence from non-clinical trials. In the context of CBT-I intervention efficacy, these
factors include a longer study duration and higher level of participant support [201]. A
systematic review of digital (i.e., technology-based) CBT-I identified a number of
additional effect moderators, showing reduced intervention efficacy in the presence of
psychiatric co-morbidities, older age, as well as low willpower, which in turn affects
intervention adherence [212]. This review also reported evidence for a mediation effect
through sleep-related thoughts and beliefs (e.g., attitudes) [212]. A sleep hygiene
awareness study in shift workers demonstrated that self-efficacy acted as a moderator of
intervention efficacy, whereby lower levels of self-efficacy interfered with participant
adherence (i.e., practice of sleep hygiene) [213]. In a sample of chronic insomniacs,
baseline dispositions of sleep-related cognitions and beliefs were shown to predict sleep
improvements in a CBT-I intervention, with a greater treatment response shown in those
who had more maladaptive sleep-related thoughts and beliefs at baseline [214]. However,
this appears to be one of the only studies that examined the effects of psychosocial factors
on changes in sleep in an intervention. There are few experimental studies that have tested
the utility of social cognitive theories, or aimed to explain behaviour change (i.e.,
intervention efficacy) through pre-specified mediators in a non-clinical sample beyond
those detailed above. Moreover, in the context of sleep interventions, psychosocial factors
to date have been examined as moderator or mediator variables mostly with regards to

intervention adherence (e.g., completing a sleep diary) [215].

35



2.3 The relationship between physical activity and sleep

A wide spectrum of proposed mechanisms has been identified that explain the
relationship between physical activity and sleep [216]. Physical activity is thought to
cause changes in cognitive and emotional arousal, central nervous system activation
[217,218], as well as changes in hormone secretion, heart rate and heart rate variability
[219,220], which in turn affects sleep. Daytime sleepiness and high levels of fatigue are
thought to contribute to physical inactivity in individuals with poor sleep health [221]. A
prospective study found that emotional regulation is a key mechanism driving this

relationship — in both directions [222].

There is growing evidence from cross-sectional and longitudinal studies confirming a bi-
directional relationship between physical activity and sleep health [45,223-225]. Cross-
sectional studies generally show positive associations between physical activity and sleep
quality [225,226]. Research into the temporal associations between physical activity and
sleep health shows mixed findings, depending on the level of intensity of physical
activity, the sleep outcome in question and the method of assessment used (i.e., self-report
versus objective measures) [216,227]. Moreover, the majority of studies have assessed
this relationship in the context of chronic insomnia [228,229]. There is evidence
indicating that individuals without chronic sleep problems (i.e., insomnia) tend to be more
physically active, compared to those with chronic sleep problems [230]. Data from a
small, non-clinical sample have shown lower levels of next-day physical activity
following a night of short sleep (<6h/night) [231]. As seen in other studies, next-day
physical activity is also predicted by variations in subjective sleep quality, sleep onset
latency [46,229] and objectively measured sleep efficiency, [232] with higher activity
levels observed in those who report better sleep health (i.e., better quality sleep, shorter
sleep onset latency and greater sleep efficiency). Longitudinal studies report similar
associations. For example, a study that examined the two-year relationship between
physical activity and sleep detected bi-directionality between physical activity and sleep

quality, but not between physical activity and sleep duration [233].

In an experimental context, moderate- and high-intensity exercise were shown to have
significant positive effects of moderate size on sleep quality (Standardised Mean
Difference, SMD = 0.47) and sleep onset latency (SMD = 0.58), but no significant effects

on other sleep health indicators (i.e., sleep duration, sleep efficiency, sleep disturbance,
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daytime dysfunction) [234]. Effects however, may differ between acute and regular
exercise. A meta-analysis of studies in individuals with normal sleep has shown moderate
positive effects for acute exercise on sleep duration (g = 0.42), but no significant effect
on sleep onset latency or wake after sleep onset [235]. This study reported a linear median
increase in sleep duration by 10 minutes due to exercise, which was consistent with a
previous meta-analysis [236]. These meta-analyses further tested a range of moderators
with a potential effect on the relationship between exercise and sleep health and found
significant effects for gender, age, participant fitness and exercise duration [235,236].
Regular exercise has been shown to produce moderate to large (d = 0.74) improvements
in sleep quality [216]. However, it is unclear if improvements in sleep vary by the type
of activity performed. Reviews to date have reported that low-impact physical activity
(e.g., yoga, walking), aerobic based exercises and resistance training are all associated
with improvements in sleep [216,237]. In the context of mortality risk, a review of
resistance training indicated that aerobic exercise in combination with resistance training
produces greater effects than either component alone [26], though there appear to be no
reviews that have addressed the comparative effectiveness of different types of physical
activity on sleep health. A more recent meta-analysis synthesised the effect of acute and
that of regular exercise on different indicators of sleep [216]. This study reported small
positive effects for acute exercise on sleep duration (d = 0.22), sleep onset latency (d =
0.17) and sleep efficiency (d = 0.25); small positive effects for regular exercise on sleep
duration (d = 0.25), and sleep efficiency (d = 0.30); small-to-medium positive effects on
sleep onset latency (d = 0.35); and large positive effects on sleep quality (d = 0.74) [216].
For some indicators (i.e., sleep onset latency), effect sizes for acute exercise were more
pronounced in males, but this was not observed for regular exercise. Age had a
moderating effect for regular exercise on sleep onset latency, with reduced benefits seen
in older adults, which was not the case for acute exercise [216]. As seen in the above
summarised literature, there is growing evidence from both, observational and
experimental studies. What these studies have in common is they show the relationship
between physical activity and sleep varies based on the different parameters that

characterise each behaviour and the method of assessment.

As a consequence of the bi-directional relationship portrayed above, insufficient physical
activity and poor sleep health also frequently co-occur in the adult population [114]. From

a public health perspective, this may raise concerns, but also represents a unique
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opportunity for intervention. That is, intervention studies may be able to achieve greater
improvements in overall health and well-being when targeting physical activity and sleep
in combination, rather than on their own using separate interventions [233,238-241]. This
notion is supported by a study that showed an increased CVD-related mortality risk (RR
= 1.27) for individuals with short sleep who were physically inactive (<1h MVPA/week),
compared to those with short sleep who were more physically active; and an increased
risk (RR = 1.18) for those with optimal sleep duration who were physically inactive,
relative to those who were physically active (>1h MVPA/week) [242]. A study examining
CVD risk also found lower risks for those who reported high physical activity levels and
sufficient sleep, relative to those who reported sufficient sleep, but only light levels of
physical activity and high levels of sedentary time, regardless of gender [243].
Interestingly, a 15-year prospective data analysis of long sleep duration (>8h/night) and
mortality showed an increased mortality risk was observed only for individuals who
reported low levels of physical activity (HR = 1.24) [244]. Given this evidence,
interventions should aim to target physical activity and sleep health concurrently to

leverage the synergistic effects between these behaviours.
2.4 Interventions targeting physical activity and sleep in combination

A review of multiple risk behaviour interventions has shown the majority (46%) of
multiple health behaviour interventions target two behaviours in combination, with the
most frequently targeted combination being physical activity and diet (72%) [245].
Though there are small pilot interventions and commercially available apps that do target
these behaviours in combination [77,246,247], it appears there have been no reports from
studies, which have done this using an RCT design and an m-health approach that is
characterised by features associated with potential for wide reach [248]. Reviews of
multiple behaviour change interventions conclude that these interventions are efficacious
and that based on the available evidence, there appears to be no difference between

simultaneous and sequential targeting of behaviours [245,249].

Wang and researchers studied a sample of chronic insomniacs to compare the effect of a
sleep restriction condition to a sleep restriction and physical activity intervention on
insomnia severity and sleepiness [250]. The combined group showed significantly greater
improvements on most of the outcomes, which included MVPA, pedometer-based step

counts, insomnia severity, sleepiness, sleep efficiency and wake after sleep onset [250].
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However, as stated in previous sections of this chapter, sleep restriction as a form of
treatment for sleep problems may not be suitable for use in a non-clinical population. In
addition, this study provided multiple face-to-face sessions including sleep hygiene
education through a therapist and physical activity counselling to help participants

increase their physical activity levels, which limits the scalability of the intervention.

Filion and researchers combined physical activity and sleep as part of an intervention
targeting young adult smokers who were planning to quit smoking [251]. This study
compared two groups who received either a smoking cessation intervention or a combined
physical activity and sleep intervention for a duration of six weeks, which showed no
simultaneous improvements in physical activity and sleep between groups. However, the
subgroup of participants in the physical activity and sleep with short sleep duration at
baseline reported a significantly greater increase in sleep duration on work/school days
compared to the smoking cessation intervention [251]. It is important however, to
acknowledge the primary motivation for participants to enrol in this study, which was to
quit smoking and may have affected participants’ outcome expectations and efforts
relating to physical activity and sleep. Due to the nature of this intervention, participants
were not specifically recruited based on being insufficiently active and having poor sleep
health, which resulted in limited room for improvement for the majority of the sample.
Moreover, the intervention relied solely on text-message based information (i.e.,
educational content and motivational prompts) and did not supply any additional
strategies (e.g., action planning) to support participants with the implementation of the

educational contents.

Atlantis and colleagues delivered a work-based exercise programme combined with sleep
hygiene and health knowledge, which also promoted physical activity [252]. A number
of behaviour change strategies (e.g., goal-setting, problem-solving, rewards) were
implemented to engage participants in the programme. This study reported promising
improvements in PSQI scores, which were reduced from an average of 6.0 (£2.5), to 4.1
(£1.8), which corresponds to participants who on average had poor sleep prior to the
intervention classifying as having good sleep at the follow-up [252]. The findings of this
study were limited in that between-group differences for sleep quality were statistically
significant for shift workers only, which made up 73% of the sample, while the non-shift

work subgroups (intervention vs. waitlist-control) showed no between-group difference.
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In addition to its low generalisability to the general population, this study did not assess
changes in physical activity. Although a measure of compliance with the exercise
component of the intervention was reported, it was not clear if participants in this study
were already physically active prior to the study and still encouraged to increase their
physical activity levels, and if they simply received a structured exercise programme at a

fixed dose that aimed to improve sleep.

A small, unpublished randomised (n = 64) trial by Duncan and colleagues [77] that had
the purpose of comparing two modes of self-monitoring (automated vs. manual data
entry) demonstrated improvements in physical activity and sleep following nine-weeks
of simultaneous intervention. However, this study did not include a control condition to
allow for testing of intervention efficacy. Nonetheless, preliminary findings from this trial
were promising and showed that using a theory-driven approach and a mode of delivery
utilising a smartphone app was feasible and acceptable in an adult sample. In both
intervention groups, there were no significant changes in self-reported minutes of MVPA,
accelerometer-measured minutes of MVPA or sleep efficiency from baseline to nine
weeks, and there were no between-group differences. There were however, significant
improvements in PSQI scores from baseline to nine weeks in both the manual entry group
(mean change -2.20, [95% CI] -3.10 to -1.31) and the automated data entry group (mean
change -1.66, [95% CI] -2.55 to -0.76), with no differences between groups at nine weeks.

Taken together, the small amount of evidence that exists on the efficacy of interventions
that combine physical activity and sleep with the objective to address two major public
health issues is inconsistent. The available findings have several limitations, including
small sample sizes, low fidelity and a lack of generalisability due to targeting very
specific subgroups of the population [253]. Moreover, none of these studies have used an
m-health mode of delivery and there is little indication regarding the use of theoretical
frameworks and evidence-based strategies (BCTs) as part of intervention
conceptualisation. This is surprising given the high prevalence of both behaviours in the
general adult population and the growing evidence that supports the use of multi-

behaviour interventions [249,254].
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2.5 Theories of behaviour change

Theoretical frameworks offer important guidance on how to predict and understand
behaviour change and how to best conceptualise effective interventions that are thought
to promote behaviour change [84]. They also facilitate proper alignment between
intervention content (i.e., strategies) and the outcome to be measured. Studies that suggest
a strong focus be placed on the use of appropriate behaviour change strategies also
reinforce the importance of theory to guide this process [86]. This is particularly
important when examining theory-based constructs and behaviour change strategies as

mediators of intervention efficacy.

Social Cognitive Theory (SCT) [255] is one of the most widely cited models in the health
behaviour literature [256]. SCT supports the notion that health and well-being depend on
arange of self-regulatory processes [255,257]. Self-regulatory ability empowers a person
to utilise facilitating factors in the best possible way and to pursue goals despite the
presence of impediments or barriers [257]. Compared to major environmental
modifications that are subject to policy-making or infrastructural development, an
individual’s perceptions of barriers and the capability needed to respond to environmental
barriers can be influenced by way of successful self-regulation [257]. SCT distinguishes
between factors at the individual level and those that characterise a person’s social and
physical environment and integrates these factors in a framework that acknowledges the
complex and often bi-directional interplay between multiple constructs [258].
Furthermore, SCT acknowledges learning as a determinant of behavioural regulation
[258,259], which is an important consideration for health behaviour interventions that
may require participants to form new habits. Many of the other widely used psychosocial
determinants theories (e.g., Self-Determination Theory [260], Theory of Planned
Behaviour [261], Health Belief Model [262]) tend to have a strong focus on intrinsic
factors and do not describe behaviour within the context of both, the social and physical

environment.

Within SCT, the key constructs that influence health behaviour as described by Bandura
(see Figure 2.3) are self-efficacy, outcome expectations, as well as socio-structural factors
(e.g., social support and the environment) and goals [42]. Ancillary constructs of

relevance to this thesis are described in Chapters 4 and 5.
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Figure 2.3 Structural paths of influence between constructs of SCT. Diagram reproduced based
on A. Bandura, Health Promotion by Social Cognitive Means, Health Education & Behavior,
31(2): 143-164 (April 2004).

Self-efficacy forms “the foundation of human motivation and action” [42]. Bandura
defines self-efficacy as the belief to be able to take the actions needed to produce a desired
effect or change [258]. Interventions that seek to enhance self-efficacy often implement
strategies such as action planning, instructions on how to change behaviour, as well as
feedback and positive reinforcement (contingent on progress toward the target behaviour)
[87,263]. Self-efficacy as the single most widely studied construct of SCT may be
measured as a treatment outcome but is also frequently assessed as a mechanism of
behaviour change [264]. In the physical activity context, systematic reviews have shown
the relationship between self-efficacy and physical activity is inconsistent [87]. Although
a large proportion of the evidence shows that increased self-efficacy is associated with
increased physical activity and explains approximately 30% of the variance in physical
activity [265], there are some interventions that yield changes in self-efficacy, but not in
physical activity, and vice versa [87]. As stated in Section 2.1.7, the evidence for self-
efficacy as a mediator of physical activity is mixed [88]. This may emphasise the
importance of other constructs as well the combined effect of multiple constructs on

behaviour change.

Outcome expectations refer to the (desired) effect or consequence produced by the actions
a person takes, which is either experienced as a benefit or as a loss [42]. That is, a person
is thought to be more likely to take action (i.e., engage in a given behaviour) if the

anticipated outcome is positive or perceived as valuable by the person [266]. Expectations
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are often formed based on previous experience, ongoing self-evaluation and common
beliefs that result in social approval or disapproval of an action [42]. Although primed
through strategies that educate and foster awareness (i.e., information on the
consequences of a behaviour), outcome expectations are largely influenced through
positive reinforcement (including rewards) and environmental restructuring, which
increases the likelihood of experiencing a benefit that is greater than the anticipated cost
[266]. Studies of the direct link between outcome expectations and physical activity have
reported mixed results and the same is true for studies that have examined outcome
expectations as a mechanism (mediator) of behaviour change [88,266]. It is possible
however, that outcome expectations have an indirect effect on behaviour by influencing

other constructs such as intention [267].

Socio-structural determinants comprise factors within a person’s social and physical
environment that may act as facilitators or as impediments (barriers) of healthful
behaviour [42]. Perceptions of self-efficacy are directly influenced by these factors, as is
the relative ease of performing a given behaviour [42]. Thus, interventions may change
levels of self-efficacy by changing perceptions of socio-structural factors. This can be
achieved through a number of strategies, such as focussing on past performance,
managing stress, setting realistic (achievable) goals, promoting gradual progress toward
goals (i.e., graded tasks) and effective time management, as well as the proper utilisation
of social support networks including partners, family members and/or friends [4,268]. In
line with Bandura’s theoretical model [42], it is generally assumed that socio-structural
factors with impeding effects reduce engagement in the behaviour (e.g., physical
activity), whereas factors that have a facilitating nature increase engagement in the
behaviour. Due to the complexity of this construct, socio-structural factors are often
assessed using proxy measures specific to a person’s perceptions of their social support,
or their physical environment [269]. Although social support has been identified as a
consistent determinant of physical activity [38], there is mixed evidence from mediation
studies that have assessed physical activity as the behavioural outcome [88]. The same is
true for positive perceptions of the environment (i.e., good walkability and access to
facilities, footpaths and trails) [38], which are known to be consistently associated with
greater levels of physical activity. Nonetheless, there appears to be no clear consensus on

whether the environment acts as a mediator of physical activity.
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SCT further specifies goals as a key construct, which is directly influenced by outcome
expectations and perceptions relating to socio-structural factors, and in turn determines
health behaviour [42]. Intentions are often assessed to predict the impact of goals on
behaviour and stronger intentions are thought to represent stronger, more ambitious goals,
which also tend to predict higher levels of physical activity [269]. Although a number of
studies have reported consistent positive associations between intentions and physical
activity [38], very few have assessed the mediating role of intentions/goals as a mediator

of behaviour change and findings remain inconclusive.

Relatively little is known about how psychosocial factors relate to sleep health
[158,177,270]. The small number of studies that are available have either examined a
single construct or did not acknowledge the full complexity sleep hygiene [271,272]. One
study found that although intention and perceived behavioural control were significant
predictors of sleep hygiene, there were other factors (i.e., response inhibition) that
predicted the outcome more strongly. These studies underline the importance of self-
regulation in the context of changing a given set of behaviour related to sleep (e.g., sleep
hygiene) [271,272]. Even though there is some evidence suggesting that sleep-related
self-efficacy levels tend to be lower in the insomniac population, it remains unclear which
other psychosocial factors could help explain the severity of sleep problems [273],
particularly in the sub-clinical population group. As a result, it is uncertain to what extent
SCT has comparable utility when applied to the sleep health context, and if the same
constructs play a role in changing the various indicators of sleep health. Further, the above
sections have demonstrated the inconsistent and deficient evidence base with regards to
the various psychosocial mediators of physical activity and sleep behaviours as proposed
by SCT. To improve the understanding of psychosocial determinants and their role as
mechanisms of changes in physical activity and sleep health, it is important to assess these
theoretical constructs as part of a trial’s evaluation. Finally, it is noteworthy the majority
of studies that have examined SCT constructs either as determinants or as mediators of
behaviour change have focussed on the initiation of behaviour change; however, as seen
in a review of theoretical frameworks, it is likely the factors that influence the initiation
of behaviour change (i.e., increased physical activity) are different to those that drive the
maintenance of behaviour change over time [274]. Thus, it is important to align the

conceptualisation of intervention content with its overarching objective.
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2.6 Summary of Chapter 2

The purpose of Chapter 2 was to summarise the evidence that has informed this thesis.
The literature shows that insufficient physical activity and poor sleep health are highly
prevalent in the adult population and considered global public health concerns. Physical
activity and sleep share a bi-directional relationship and may exert synergistic effects on
health and well-being, but the evidence from trials that aim to improve physical activity
and sleep in combination is limited. Thus, interventions targeting the two behaviours
concurrently and also have the potential for wide reach are needed. Further knowledge

gaps and research needs as identified in Chapter 2 are as follows:

e A considerable amount of evidence has been published on the efficacy of single-
behaviour interventions targeting increased physical activity and also for
interventions that target improvements in sleep for clinical population groups (e.g.,
CBT-I). However, there is relatively little information on the efficacy of interventions
targeting sleep in populations without a sleep disorder.

e The majority of studies that have examined determinants of sleep hygiene practices
have focussed on demographic factors (i.e., age, gender). Hence, the psychosocial
factors influencing sleep hygiene practices are poorly understood, which may be due
to the lack of comprehensive instruments available to assess these factors. Studies that
target behaviour change to improve sleep health would benefit from an enhanced
understanding of psychosocial determinants, to enhance intervention design, delivery
and evaluation.

e Efficacy trials are needed to confirm if physical activity and sleep health can be
improved in combination using an m-health approach and whether it is possible to
harness the synergistic effects between these behaviours.

e Resistance training is infrequently examined relative to aerobic exercise, despite it
being recommended as part of physical activity guidelines. Therefore, interventions
promoting physical activity should not only consist of aerobic exercises, but also
integrate resistance training exercise.

e Due to the lack of previous studies specific to the above combination of health
behaviours, little is known about how mechanisms of behaviour change (i.e.,
psychosocial determinants) operate in such a combined intervention, and if these
differ between behaviours. This knowledge could help enhance the development of

interventions that target multiple behaviours.
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CHAPTER 3. A SYSTEMATIC REVIEW AND META-ANALYSIS
OF COGNITIVE AND BEHAVIOURAL INTERVENTIONS TO
IMPROVE SLEEP HEALTH IN ADULTS WITHOUT SLEEP
DISORDERS

Chapter 3 presents the findings from a systematic review and meta-analysis, which
addressed Secondary Aim 1 of this thesis. The contents of this chapter were peer-

reviewed and published as a journal article in Sleep Medicine Reviews.

Citation: B Murawski, L Wade, RC Plotnikoff, DR Lubans, MJ Duncan, A systematic
review and meta-analysis of cognitive and behavioral interventions to improve sleep

health in adults without sleep disorders, Sleep Med Rev 40 (2018) 160—-169.

3.1 Abstract

Many adults without a diagnosed sleep disorder report poor sleep health, which is defined
by dissatisfactory levels of sleep duration, sleep quality, or the timing of sleep. No
previous review has summarised and described interventions targeting poor sleep health
in this population. This meta-analysis aimed to quantify the efficacy of behavioural and
cognitive sleep interventions in adults with poor sleep health who do not have a sleep
disorder. Electronic databases (MEDLINE, Embase, PsycINFO, CINAHL) were
searched with restrictions for age (18—64 years) and English-language full-text, resulting
in 18,009 records being screened and 592 full texts being assessed. Eleven studies met
inclusion criteria, seven of which reported a measure of overall sleep health (PSQI).
Following appraisal for risk of bias, extracted data were meta-analysed using random-
effects models. Meta-analyses showed interventions had a medium effect on sleep quality
(Hedge’s g = —0.54, [95% CI] —0.90 to —0.19, p <0.01). Baseline sleep health was the
only significant effect moderator (»p = 0.01). The most frequently used intervention
components were stress management and relaxation practice, stimulus control, sleep
hygiene and exercise. Interventions targeting cognitive and behavioural self-regulation

improve sleep quality in adults without clinical sleep disorder.
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3.2 Introduction

Healthy sleep plays a key role in the maintenance of good health and well-being and is
recognised as an important behaviour to improve public health [1]. Good sleep health
consists of multiple indicators, such as adequate duration, timing, efficiency and a level
of satisfaction with sleep that leaves a person feeling alert and functional throughout the
day [2]. Indicators of poor sleep health include a sleep duration of fewer or more hours
than the recommended seven to nine hours per night [3] and dissatisfactory sleep quality.
Sleep hygiene recommendations that are aimed at promoting sleep health [4] also
frequently address inconsistencies in sleep timing (fluctuating bed and wake times).
Although non-pharmacological treatment for clinical sleep disorders, such as Cognitive
Behavioural Therapy for Insomnia (CBT-I) [5], recommends consistent wake times,
some variability in bedtimes is encouraged based on prioritising feelings of tiredness as
a requirement for sleep onset and maintenance [6,7], with overall timing consistency
being more of a secondary or long-term goal. Nevertheless, in non-clinical populations
the effect of regular bed and wake times on sleep health is unknown. These factors are
associated with a host of non-communicable diseases including cardiovascular disease,
type-2 diabetes, obesity and poor mental health [2]. Adults who report inadequate sleep

duration and/or poor sleep quality hence are at high risk for morbidity and early mortality

[8].

A large proportion of the global population does not meet guidelines for optimal sleep
duration, sleeping either less than seven or more than nine hours per night [9,10]. The
evidence regarding temporal changes in the prevalence of inadequate sleep duration is
inconsistent [10]. However, it is possible there has been a concomitant increase in poor
sleep health, due to reductions in the quality of sleep or shifts in the timing of sleep [11].
Indeed, poor quality sleep is reported by more than a quarter of the adult population [12].
This prevalence is greater than any of that associated with clinical sleep disorders such as
chronic insomnia at 6-15% [13], restless legs syndrome at 2—8% [14], and sleep apnea at
3-7% [15]. To improve sleep health at the population level, it is important to promote

sleep as a modifiable health behaviour and provide access to effective solutions [16].

Given that traditional practitioner-delivered treatments to improve sleep health cannot
meet treatment demands for those with clinical sleep disorders [17], it is unlikely that

resources are sufficient for those without diagnoses. Technology- or web-based
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interventions therefore may be useful in providing the necessary reach to effectively

improve various indicators of sleep health [18,19].

Individuals who need to improve their sleep health may benefit from cognitive and
behavioural interventions, as the underlying causes of poor sleep health often relate to
factors at the cognitive or behavioural level [20]. These interventions include components
such as mindfulness, relaxation training and sleep hygiene [4]', all of which improve sleep
quality and can be made accessible in ways (e.g., technology-based delivery) that do not
require a trained facilitator [17]. Numerous systematic reviews have summarised the
efficacy of non-pharmacological interventions in populations reporting a diagnosed sleep
disorder or meeting diagnostic criteria for insomnia [21-24], with more recent
publications also including web-based interventions [25,26]. Most of these reviews report
a large pooled effect for sleep quality outcomes following treatment for insomnia. The
authors are unaware of any prior reviews that have specifically examined the efficacy of
sleep interventions in individuals who report poor sleep health but do not have a clinical
sleep disorder, or that have compared treatment efficacy based on the presence or absence
of a clinical sleep disorder. Pharmacological interventions including prescription
medications have also demonstrated high levels of effectiveness but are not always
superior to non-pharmacological treatment [27] and do not present a long-term solution
[26]. Further, the evidence on use of over-the-counter sleep aids in non-clinical
populations is limited and remains inconclusive [28]. Therefore, a synthesis with a focus
on the efficacy of non-pharmacological interventions in populations that report poor sleep

health but do not have a sleep disorder is much needed.

It is important to describe intervention features of interventions conducted in the non-
clinical population, as prior reviews of clinical populations have identified that

intervention efficacy varies by the type and number of intervention components used [25].

! Sleep hygiene refers to a set of recommended behaviours a person can engage in throughout the
day or before bedtime to promote good sleep. This includes abstinence from caffeine, alcohol and
nicotine late in the day, the practice of relaxation, regular exercise, regular sleep/wake times,
modifying the environment (e.g., reducing impact of noise/light), no daytime napping, and
minimal use of light-emitting devices (e.g., smartphones). Sleep hygiene differs from sleep
knowledge, in that it has an instructional nature whereas sleep knowledge, in this context, refers
to any broader information highlighting the importance of good sleep health.
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Furthermore, describing the different components of an intervention can advance the
understanding of how intervention content is delivered to participants and why a
component is effective in changing behaviour [29]. A useful way to describe these
features is the use of behaviour change taxonomies [30]. However, no literature to date
has described how BCTs are implemented in sleep interventions or to what extent they
drive changes in sleep health; or whether the frequencies at which BCTs are implemented
differ by intervention components. Furthermore, it is to be clarified whether the efficacy
of sleep interventions differs by mode of delivery and study duration similar to that

reported in other health behaviour trials [25,31].

The aims of this systematic review with meta-analysis were to (1) synthesise the evidence
from peer-reviewed published studies on cognitive and/or behavioural sleep interventions
in adults without a sleep disorder, (2) describe intervention components by use of
behaviour change techniques, and (3) examine if intervention efficacy is moderated by
number and type of intervention components, mode of delivery, study duration and

participant characteristics (age and baseline sleep).
3.3 Methods

The search strategy, selection criteria, data extraction, study quality assessment, and
statistical analyses described below were defined a priori. The conduct and reporting of
this review was guided by PRISMA guidelines [32] and prospectively registered
(PROSPERO: CRD42015029642; Appendix A).

3.3.1 Selection of Studies

Electronic database searches were conducted in December 2015 using comprehensive
search strings (Table 3.S1) in MEDLINE, Embase, PsycINFO, and CINAHL. Search
strings were devised from the following term sets: (i) sleep, (i1) intervention, and (iii)
study type. Record retrieval was limited to age groups between 18 and 64 years, and
English-language full-text. Searches covered the periods from database inception to
December 2015 and weekly search alerts were set up to identify any records that were
indexed while the review was underway (date of last search alert considered for review:
28/10/2016). The reviewers’ existing libraries complemented the electronic database
search. Any study protocols identified as part of the electronic database searches were

retained and one reviewer (BM) then manually searched for any publications of related
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study outcomes (BM). In addition, the WHO International Clinical Trials Registry
Platform (ICTRP) and the Cochrane Central Registry of Controlled Trials (CENTRAL)
were searched for potentially relevant records. One reviewer (BM) also screened the titles
of all studies listed in relevant reviews that were either known to the authors or identified
through electronic database searches. Abstracts of references were only screened if the
eligibility criteria specified in the review were too ambiguous (i.e., if it was not clear

whether the review included only studies conducted in an insomniac population).
3.3.2 Inclusion Criteria

Studies were eligible if they were full reports of experimental studies that had a control
condition (i.e., no-intervention/waitlist control group, treatment as usual) with both or all
groups reporting poor sleep health at baseline. Interventions were limited to those aiming
to improve sleep health using one or several cognitive and/or behavioural components. A
cognitive/behavioural component included any of the following: sleep knowledge or
education; single components usually found as part of CBT-I (stimulus control, sleep
restriction, relaxation, cognitive restructuring and sleep hygiene); single components
usually found as part of sleep hygiene education; stress management techniques; mind—
body approaches (i.e., mindfulness-based practice, breathing), and sleep diaries or logs.
Studies also had to state that it was their aim (or one of several study aims) to improve
sleep health. Subjective and/or objective measurements of any parameter relating to sleep
health had to be reported including baseline and immediate post-test or change scores (M,
SD, SE etc.) for all groups. Table 3.S2 presents a detailed list of exclusion criteria and
reasons for applying these criteria. Briefly, studies were excluded if participants were not
aged 18—64 years, had a chronic disease, mental health condition, or sleep disorder, were
institutionalised, were shift workers, had a BMI >35, were normal sleepers, or if all

intervention arms received pharmacological treatment.
3.3.3 Study Screening

Records were exported to EndNote X7 and de-duplicated using automated and manual
procedures. Irrelevant records were screened out by two reviewers (BM, LW) based on
titles and abstracts. Following full-text retrieval for those retained after screening, both
reviewers (BM, LW) independently assessed each record against inclusion criteria and a

third reviewer (MJD) provided mediation if no decision could be made.
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Data Extraction

Both reviewers (BM, LW) independently extracted and coded data of interest using a set
of pilot-tested coding sheets. Data were extracted in five general categories: study design
(study type, sample size, study duration, follow-ups, attrition), sample characteristics
(age, BMI, gender, chronic disease, baseline sleep), intervention components (e.g.,
relaxation, sleep hygiene, immediate), mode of delivery (face-to-face or remote delivery,
frequency and duration of contact), and intervention outcomes (sleep measures including
M, SD/SE at all time points). Where necessary, authors of eligible studies were contacted
to request missing information. Intervention components were identified based on a list
of common components of CBT-I [17] and individual sleep hygiene behaviours [4].
Behaviour change techniques (BCTs) were extracted using a 40-item taxonomy of BCTs
[33]. The presence or absence of a BCT was coded independently by each reviewer (BM,
MID) and specifically in relation to each intervention component. Coding outcomes were
then compared, and discrepancies noted to determine a kappa statistic for inter-rater
agreement, with greater kappa values corresponding to greater strength of agreement

[34].

Risk of Bias

Risk of bias was assessed by two reviewers (BM, MJD) using an adaptation of an existing
checklist [35]. Item number 13 was omitted from the scoring procedure, as it lacks
applicability in a non-clinical context (see Table 3.S3). Fewer scores across a total of 26
items indicate lower study quality due to poor reporting, low external validity, low

internal validity relating to risk of bias, confounding, or insufficient power [35].
3.3.4 Data Synthesis

Extracted data were analysed using Comprehensive Meta-Analysis (CMA, Version 3;
Biostat, Englewood, NJ). Means and standard deviations from pre-test and immediate
post-test measurements were used to calculate change scores per group in each study for
subsequent analysis in the meta-analysis. Confidence intervals and standard errors were
converted to standard deviations where necessary. If a study had more than one
intervention arm that was to be included in the meta-analysis, the sample size of the

shared control group was divided by the number of included intervention arms to avoid
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participants being counted multiple times [36]. Due to the broad spectrum of intervention

components, an analysis using random-effects models was deemed appropriate a priori.

Mean effects throughout are reported as Hedge’s g as a result of including studies with
small sample sizes. The magnitude of effects is interpreted using the criteria small (0.2),
medium (0.5), and large (0.80) as defined by Cohen [37]. Pooled effect sizes were deemed
statistically significant at p <0.05. In addition to computed estimates of between-study
variance (Tau?), Q-statistics and [-statistics are reported to determine the level of
heterogeneity in the aggregate data. I values under 25% are interpreted as low
heterogeneity; values of 50-75%, and above 75% indicate moderate and high study
heterogeneity respectively [38].

Analyses for risk of publication bias were carried out using Rosenthal’s classic fail-safe
N [39], if mean effect estimates were statistically significant. Greater fail-safe N values
are interpreted as lower concern for risk of publication bias and refer to the number of
studies with a zero mean effect that is needed before the pooled effect would no longer
be statistically significant (p >0.05). A tolerance level (criterion value) for the robustness
of results was calculated by multiplying the number of effects (m) pooled in the analysis
by five and adding 10. In addition, funnel plots were inspected for symmetry, followed
by Duval and Tweedie’s Trim and Fill analyses [40], which re-calculate the pooled effect

size after adjusting for potential bias (i.e., small studies with large effect sizes).

Due to eligibility of only a small number of studies, the previously screened records (n =
7) reporting results from studies with an active comparator condition, which otherwise
met inclusion criteria were considered for a separate meta-analysis of the PSQI total
score. However, this was conducted merely to examine the potential superiority of
cognitive and behavioural interventions relative to minimal interventions or other types
of active control groups. Pooling effect sizes from these studies with the primary mean
effect from studies with a no-intervention or waitlist control group would have caused
substantial blurring of the mean effect [41] and increased heterogeneity, which in turn

would have limited the conclusions to be drawn from these findings.
3.3.5 Subgroup Analyses

Subgroup analyses were performed to examine potential moderator effects on the overall

sleep health outcome measure (PSQI only). Moderator analyses were only conducted for
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the PSQI total score only if a minimum of two studies per subgroup were available. The
a priori dichotomised moderators were (i) number and type of intervention components,
(i1) intervention duration, (iii) mode of delivery, and (iv) sample characteristics (age,
baseline sleep) and use of BCTs. A previous meta-analysis of comparable sleep
interventions [25] showed that intervention effects can be influenced by the duration of
an intervention and whether a relaxation component was included or not. The number of
intervention components was initially specified as a moderator, because there is little
consensus as to how the use of individual components of CBT-I impacts on treatment
efficacy. In addition, although inconclusive, there is some evidence that indicates
interventions to improve sleep are more effective if baseline sleep is worse [42]. Internet-
delivered CBT-I and face-to-face CBT-I have been found to be equally effective in
clinical populations [43,44]. It is unclear how mode of delivery influences intervention
efficacy in non-clinical populations; thus, mode of delivery was examined as a moderator.
Age was examined as a further moderator, since it is suggested that sleep problems are
more frequent in older individuals [45] and previous meta-analyses have also reported a
less pronounced intervention effect in older adults [46]. Although planned a priori,
moderator analyses for use of BCTs were not performed due to inadequate reporting of

use and extensive variation between studies.

For all moderator analyses, the results of mixed-effects models are reported and include
effect size predictions per covariate, as well as Q-values and p-values. Moderator effects

were deemed statistically significant at p <0.05.

3.4 Results

Record Selection

The study selection and the reasons for exclusion of studies are detailed in Figure 3.S1.
A total of 27,883 records were retrieved from database searches (MEDLINE: 12,443;
Embase: 11,330; PsycINFO: 2,250; CINAHL: 1,860) and 13 studies that were known to
the authors through previous studies or cited in closely related literature were also
considered for screening. In four instances, additional data were requested from authors
for the purpose of inclusion in meta-analyses. However, none of these requests were
fulfilled in due time (six months from date of initial correspondence). In summary, eleven

studies (m) were selected for synthesis and meta-analysed.
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Inter-rater agreement for record screening procedures based on Cohen’s kappa [47] was
almost perfect (x = 0.97, p <0.01), corresponding to disagreement on 40 out of 18,009
screened titles and abstracts between the two reviewers (BM, LW), which was resolved
by discussion. A substantial level of agreement was reached for the 592 records that were
assessed for eligibility (x = 0.78, p <0.001), with discrepancies in judgment for six

studies, which also were resolved by discussion.

Description of Included Studies

The eleven studies [48—58] were conducted in seven different countries (China, Denmark,
Germany, Japan, Taiwan, UK, USA) and full-text reports were published in English
between 1984 [56] and 2017 [57]. There was a high degree of diversity in sample sizes,

intervention components, study duration and mode of delivery (see Table 3.1).

Description of Participants

Results from a total of 1,082 participants were available for analyses and sample sizes
ranged from n = 19 [49] to n = 391 [55] (M = 98; SD = 104; median = 84; IQR = 36—
107). Participant mean age across studies ranged from 19.47 (SD = 2.73) [48] to 58.42
(SD =2.75) [49] years with a weighted average of 33.98 (SD = 12.34). Table 3.1 provides
further details of participant characteristics. Participants of all study arms identified as
poor sleepers with a weighted mean PSQI score of 7.67 (SD = 2.26) at baseline. In line
with cut-off values for self-report measures other than the PSQI, participants in the

remaining studies were also classed as poor sleepers.

Description of Interventions

The selected studies provided 24 study arms and 11 eligible intervention arms. One three-
arm RCT [50] provided only one eligible intervention arm and another three-arm RCT
[53] collapsed its two intervention arms for analyses and therefore was treated as a two-

arm trial.

Interventions had a mean duration of five weeks (range 2—10 weeks), with repeat contact
once per week in four out of the nine face-to-face studies (all of which used mind-body
approaches [51-53,55]), a one-off session in two studies (sleep hygiene used in both
[48,54]), daily contact in one study (relaxation training [56]), twice-weekly contact in one

study (comprehensive sleep management [52]), and three sessions per week in one study
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(aerobic exercise [49]). Two studies (online cognitive behavioural programme and
mindfulness course [57,58]) were delivered entirely remotely and therefore did not
involve any face-to-face contact. Seven studies [48,50-55] provided additional materials
(i.e., booklets, audiotapes). Instructor-led group practice was complemented by structured
home-based practice using complementary materials in five studies [48,50,51,54,55],
whereas two studies [52,53] advised optional home-based practice. Both online
programmes [57,58] had a structured modular format, combining educational and

instructional content.

The most frequently used cognitive and behavioural intervention components to target
changes in sleep were stress management/relaxation (m = 7); meditation (m = 4);
controlled breathing (m = 4); and stimulus control (m = 4). The frequencies at which
other components were used are listed in Table 3.S4. With up to 13 components per trial,

studies reported using an average of four intervention components.

Each intervention component was coded individually for use of behaviour change
techniques (see Table 3.S4). Agreement between the two reviewers (BM, MJD) when
coding each component against the 40 BCTs was almost perfect (k = 0.93, p <0.01). BCT
use per component per study ranged from one to 16. The most frequently used BCTs
across components were providing instructions on how to perform the behaviour (k =
41), providing information on where and when to perform the behaviour (k = 33), and

action planning (k = 24).
3.4.1 Study Outcomes

Eight studies [48-50,52-55,57] measured sleep quality using the Pittsburgh Sleep Quality
Index (PSQI) [59]. Three of these [48,50,55] reported a total PSQI score and all seven
component scores and one study [52] used a single-component PSQI measure (subjective
sleep quality). Table 3.1 details the instruments used to assess sleep outcomes in all

included studies. The change scores used for meta-analyses are presented in Table 3.S5.
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Table 3.1

Summary of characteristics reported in the included studies

1
Study (IGI/ICG) Study design? Format dusrt:t(ilznl‘ Participants Outcome measure
Brown et al. [48] 56/66 repeated-measures face-to-face; group-based 6 US American students; Mage = 19.47 male and PSQI (total and
design education female (50:72) component scores)
Cai et al. [49] 10/9 controlled pre-post face-to-face; group-based 10 Taiwanese postmenopausal women; PSQI (total score)
design instruction Mage = 58.42
Gao et al. [50] 42/42 2-arm RCT face-to-face, brochure; 4 Chinese University students; Mage = 20.49; PSQI (total and
group-based education male and female (27:57) component scores)
Greeson et al. [51] 45/45 2-arm RCT with a face-to-face; group-based 4 US American students; Mage = 25.4; male and MOS-SLP9
waitlist CG instruction; home-based female (31:59)
practice
Hahn et al. [52] 48/47 2-group trial with a face-to-face; group-based 2 German employees (from various PSQI single-item score
waitlist CG workshops organisations); Mage = 44.6; male and female (sleep quality)
(42:53)
Jensen et al. [53] 48/24 3-arm RCT with a face-to-face; group-based 9 Danish volunteers of the general public PSQI (total score)
TAU CG* instruction plus materials recruited through GP practices; Mage = 42.24;
(print, web, audiotape) male and female (25/47)
Kakinuma et al. [54] 214/177  2-arm CT with a face-to-face and E-mail,; 4 Japanese IT company workers; Mage = 33.8;  PSQI (total score)
waitlist CG group-based education male and female (316:75)
Klatt et al. [55] 22/20 2-arm RCT with a face-to-face; group-based 6 US American working adults; Mage =43.41;  PSQI (total and
waitlist CG instruction male and female (11:34) component scores)
Murphy [56] 11/8 3-arm RCT with a face-to-face; group-based 2 US American highway maintenance workers; Sleep Quality (Sleep
waitlist CG® instruction Mage = 42° Behaviour Scale)
Querstret et al. [57]’ 60/58 2-arm RCT with a online course (incl. video 6 British employees from various organisations; PSQI (total score)

waitlist CG

instructions)
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Study n' IG/CG) Study design’

Study
duration

Format Participants Outcome measure

3

2-arm RCT with a
waitlist CG

Suzuki et al. [58] 12/18

online programme (incl. 2 CSQI (total score)

website, E-mail, SMS)

Japanese workers; Mage = 39.6; male and
female (25:16)

Note. ' n analysed per group, where IG = Intervention group and CG = Control group; 2 as reported by the authors, where RCT = randomised controlled trial, CT = controlled
trial and TAU = treatment as usual; * study duration in weeks; # the two intervention groups in this study were collapsed for analyses; ° this study provided only one eligible
study arm; ¢ gender not reported; 7 this study was available online in full-text at the time of screening; however, it was not indexed within any of the electronic databases

until 2017.
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Attrition, Adherence, and Acceptability

Three studies [49-51] reported no loss to follow-up in either of their groups. Average loss
to follow-up was 16% in intervention groups and 12% in control groups. Five studies that
required home-based practice of intervention components reported programme
compliance using either participant diaries or website logs. However, it was generally
unclear which components and what proportion of instructed contents were taken up in

the home setting. None of the studies (m = 11) reported any adverse events.
Post-treatment Efficacy

The PSQI total score (overall sleep quality) was based on pooled data from seven studies
[48-50,53-55,57], and the multi-component score was based on pooled data from the nine
studies [48-51,53-55,57,58] that reported scores from the PSQI total, the CSQI and the
MOS SLP-9 scale (Table 3.2).

Sensitivity analyses were conducted on both of the above listed primary outcomes by
removing those studies that had the main aim of reducing stress [51,53,55,57] and a
moderator analysis was used to test differences between studies that had the primary aim
of improving sleep [48-50,54,58] and those that aimed to improve sleep and other
secondary health indicators through reductions in stress [51,53,55,57].

Secondary outcomes included all PSQI component scores. One analysis was conducted
using outcome data (m = 4) for subjective sleep quality from the three studies [48,50,55]
reporting all PSQI component scores and from one study [52] that used this item as a
single measure to assess changes in sleep. Six separate analyses were carried out on the
remaining PSQI component scores (m = 3 per analysis) for (1) sleep onset latency, (2)
sleep duration, (3) sleep efficiency, (4) sleep disturbance, (5) sleep medication use, and
(6) daytime dysfunction. Lastly, another meta-analysis of combined outcome measures
was used to pool all single-component sleep quality scores (m = 5; using the subjective
sleep quality score from the PSQI from four studies and the sleep quality rating used by
Murphy [56]). Analyses of both pooled effects and moderator effects were standardised
by change scores. Effect directions were kept negative, due to a reduction in PSQI scores

corresponding to improved sleep quality [59].
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Changes in PSQI total scores (m = 7) following intervention (see Table 3.2, Figure 3.S2)
resulted in a medium effect for changes in overall sleep quality (g = —0.54, [95% CI] —
0.89 to —0.19, p <0.01) and a high level of heterogeneity (Q = 30.1, I? = 80.0, p <0.01).
Sensitivity analysis removing the three stress management studies increased the effect
size (g =—-0.70, [95% CI] —-1.31 to —0.09, p = 0.02), but a moderator analysis confirmed
that there was no statistically significant difference (Q = 0.68, [95% CI] —0.72 to —0.22,
p = 0.41) between studies with the primary aim of improving sleep and those that

measured changes in sleep following a stress reduction programme.

The seven studies [60-66] with active comparator conditions provided a total of ten effect
sizes, with control groups receiving a range of reduced or minimal intervention content
(e.g., sleep diaries, sleep hygiene education or basic health education). A summary table
describing these studies and a forest plot showing the pooled effect are provided as
supplementary material (Table 3.36, Figure 3.S6). The pooled effect from this meta-
analysis based on a random-effects model was small, yet in favour of the intervention

groups relative to the active control groups (g =—0.25, [-0.39 to —0.10], p <0.01).
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Table 3.2

Summary of effect sizes, study heterogeneity, and publication bias per outcome

Effect sizes Heterogeneity Publication Bias
m  Hedge’s g CI p Q (df) p r Tau? N Criterion

Primary outcomes
Overall sleep quality

PSQI total 7 054 -0.90; -0.19  <0.01 30.1(6) <0.01 80.0 0.17 65 45
Overall sleep quality

Combined measures 9 -0.52 —0.80; -0.24 <0.01 30.4(8) <0.01 737  0.12 100 65
Secondary outcomes
Subjective sleep quality

PSQI component 4 021 —0.43;-0.02  0.05 3.103) 0.37 3.8 <0.01 0 30
Subjective sleep quality

Combined measures 5 -0.22 -0.42;-0.01 0.04 344 0.49 0.0 <0.01 0 35
Sleep duration

PSQI component 3 032 -0.57;,-0.07  0.01 0.9 0.65 0.0 <0.01 2 25
Sleep onset latency

PSQI component 3 044 —0.94; 0.05 0.08 7.1(2) 0.03 71.7  0.14
Sleep efficiency

PSQI component 3 028 —0.62; 0.06 0.11 3512 0.18 42.1  0.04
Sleep disturbance

PSQI component 3 022 —0.47; 0.03 0.09 0.8(2) 0.67 0.0 <0.01
Sleep medication use

PSQI component 3 015 —0.40; 0.10 0.25 1.1(2) 0.59 0.0 <0.01
Daytime dysfunction

PSQI component 3 —0.67 —-1.85; 0.51 0.27 364(2) <0.01 945 1.03

Note. ' N refers to the number of studies with a zero mean effect needed for p to be >0.05, based on Rosenthal’s fuil-safe N test (computed for statistically significant
mean effects only). Standard deviations for change scores were imputed where necessary [36] and conservative pre-post correlations of r = 0.5 were used throughout.
Effect directions for scores based on the CSQI, the MOS SLP-9 and the single-item sleep quality rating were reversed for consistency.
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Baseline sleep health was the only pre-specified moderator that was significant (Q =30.1,
p = 0.01) (Table 3.3). Those reporting poorer sleep health at baseline (PSQI total score
>8) resulted in larger point estimates (—1.03, [95% CI] —1.65 to —0.41, p <0.01) compared
with studies reporting better sleep health (PSQI <8: -0.20, 95% —0.36 to —0.04, p = 0.01).

Table 3.3

Summary of outcomes testing moderator effects on overall sleep quality (PSQI total score)

Subgroups m Point estimates (0] 95% CI P!

Number of components

Overall 7 -0.49 0.18 -0.77;-0.22 0.67
Less than four 4 -0.47 -0.76; -0.17 <0.01
Four or more 3 -0.63 -1.31; 0.06 0.07

Mean participant age

Overall 7 —0.50 0.18 —0.77; -0.22 0.67
18-35 3 —0.63 —-1.31; 0.06 0.07
36-64 4 —0.47 —0.76; -0.17 <0.01

Baseline sleep quality

Overall 7 -0.25 6.57 —0.40; —0.10 0.01

Less than eight 4 —-0.20 —0.36; -0.04 0.01

Eight or more 3 -1.03 —1.65; -0.41 <0.01
Primary study aim

Overall 7 —0.47 0.68 —0.72; -0.22 0.41

To improve sleep 4 -0.70 -1.31;-0.09 0.02

To reduce stress 3 -0.42 -0.70; -0.15 <0.01

Note. ' Testing the hypothesis of a difference between subgroups using mixed-effects models (significant at
p <.05).

Analysis of overall sleep quality from nine studies (see Table 3.2, Figure 3.S3) revealed
a high level of study heterogeneity (Q = 32.2, I> = 75.1, p <0.01). Pooling the effects of
these sleep interventions yielded a medium-sized effect (g = —0.52, [95% CI] —0.80 to —
0.24, p <0.01). Removing the four studies that focused on stress management in this
analysis also resulted in a slightly larger effect size (g = —0.65, [95% CI] —1.18 to —0.13,
p = 0.01), but a moderator analysis that stratified effect sizes by primary study aims
confirmed there was no statistically significant difference (Q = 0.46, [95% CI] —0.69 to —
0.28, p = 0.50) between the two subgroups (sleep improvement versus stress

management).
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Pooling data from the four studies reporting subjective sleep quality resulted in low
heterogeneity (Q = 3.1; 12 =3.8, p = 0.37) and a small effect size (g =—0.21, [95% CI] —
0.43 to —0.002, p = 0.05). The addition of an additional study with a single-component
sleep quality measure reduced study heterogeneity to zero (Q = 3.4, I>=0.0 p = 0.49) and
also resulted in a small yet statistically significant effect (g =—-0.22, [95% CI] —0.42 to —
0.01, p =0.04).

Changes in the PSQI component score for sleep duration (m=3) showed a small to
medium pooled effect (g = —0.32, [95% CI] -0.57 to —0.07, p = 0.01) and low
heterogeneity (Q = 0.8; I =0.0, p = 0.66). None of the meta-analyses conducted on the
remaining outcomes (sleep onset latency, sleep efficiency, sleep disturbance, sleep med

use, and daytime dysfunction) showed statistically significant changes (see Table 3.2).
Efficacy at Follow-up

Only three of the included studies reported results from follow-up assessments, which
took place after three weeks [58], 12 weeks [53] and after 12 and 24 weeks [57]. Group
means for sleep quality continued to improve following discontinuation of the
intervention in all of these studies, but follow-up data were not pooled due to insufficient

numbers of studies per outcome measure.
3.4.2 Clinical Significance

In the context of chronic insomnia, cut-off criteria for treatment response and remission
of sleep problems specify a 3-point change in PSQI total scores and a post-test score of
less than five respectively [67]. None of the studies that were meta-analysed, however,
yielded a post-test PSQI total score under five. Only one study [53] reported a mean score
below five in favour of the intervention group (IG 4.96 £ 2.93 compared with CG 6.63 +
3.16), but this was measured at the 12-week follow-up. Although the majority of samples
had a mean baseline sleep duration ‘between 6 and 7 hours’, which shifted towards ‘7
hours or more’ after the intervention (reduced scores indicate longer sleep duration), a
longer than recommended sleep duration cannot be determined based on the scoring of
this PSQI sub-component [3]. Measuring change in any of the PSQI component scores,

in fact, is problematic, as response scores range only from zero to three.
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3.4.3 Risk of Bias

Following independent full-text assessment for risk of bias, the two reviewers agreed on
240 out of 260 scores (k = 0.86, p <0.01). Disagreements were resolved through
discussion under consideration of the a priori consolidated criteria for each item. Table

3.S7 shows that study quality varied substantially.

Publication Bias

For both primary outcomes (PSQI total and PSQI total combined with other sleep health
measures), the Rosenthal’s classic fail-safe N was high, with 65 and 100 studies needed
to bring the p-value above 0.05 (see Table 3.2). A Trim and Fill analysis of the pooled
effect for the PSQI total score did not identify any outliers and the reported effect size
therefore remained unchanged. Trim and Fill analysis of the combined PSQI total score
resulted in one study being imputed to the left of the mean, which caused the pooled
estimate to increase (g = —0.59 [95% CI] —0.90, —0.28). Funnel plots illustrating these
findings are provided in Figures 3.S4 and 3.S5.

3.5 Discussion

This systematic review with meta-analysis is the first to quantify the efficacy of cognitive
and behavioural interventions to improve sleep health in adults without a clinical sleep
disorder. Meta-analyses showed that cognitive and behavioural interventions have small
effects on subjective sleep quality and sleep duration as individual parameters of sleep
health. Improvements in overall sleep health were of medium size and appeared robust
when comparing results based on PSQI total scores only (g = —0.54) and those on
combined multi-component sleep health scores (g = —0.52). Moderator effects revealed
that larger effects are observed in studies where sleep health baseline sleep health was
worse. The moderator analysis comparing studies that had the primary aim of improving
sleep relative to studies that sought to improve sleep as an outcome secondary to stress
reduction was not significant. This may be due to studies with the primary aim of
improving sleep also including a stress reduction component, despite not detailing that as

a main aim.

Subjective sleep quality and sleep duration were the only two parameters of sleep health

that improved significantly following cognitive and/or behavioural intervention. This
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may have been a function of the objectives most studies had and the extent to which
changes in the various parameters of sleep health were tangible for participants. A small
effect (g = —0.32) associated with improved sleep duration observed in this synthesis is
similar to the magnitude of change (d = 0.22) observed in interventions targeting
insomnia patients [46,68]. A direct comparison between these estimates is difficult, since
CBT-I interventions in insomnia populations [18] commonly include sleep restriction.
Sleep restriction is an intervention component that was not identified in any of the
included studies, which may be due to the relatively short duration of studies in the current

review.

Larger effects have been observed in systematic reviews of cognitive and behavioural
sleep interventions for the treatment of clinical insomnia [46,69]. This may be due to a
larger potential magnitude of change for populations with a clinical sleep disorder relative
to non-clinical populations, which was reflected in the moderator analysis on baseline

sleep.

Similarly, the lack of change observed for other components of sleep health (e.g., sleep
onset latency) may have been due to assessment issues, as the use of self-report measures
for these parameters is known to be subject to recall bias [70]. No study used an objective
measure of sleep (e.g., polysomnography, accelerometers) despite the growing use of
accelerometers for the assessment of sleep in epidemiology research and interventions
research [71]. Using a combination of both accelerometer and continuous self-report
measures (e.g., sleep diaries) may assist in overcoming this, while still catering for the
issue that accelerometer-based methods are not capable of assessing the perceived

restorative effects of sleep.

The small effect that was found for studies with an active control group again did not lend
itself to comparison or incorporation with the primary effect estimate for studies that did
not have active control groups. Particular caution should be applied when interpreting the
pooled estimate for these studies; although all of the studies in this meta-analysis
employed an active control group, they varied greatly in what was included as the active
control, which introduced an undesirable level of heterogeneity. Overcoming this would
have required moderator analyses to be conducted by type of comparator (e.g., non-sleep

specific, minimal sleep intervention), for which too few studies were available. This
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finding, however, does provide some support for the superiority of the cognitive and

behavioural interventions that were tested in these studies.
3.5.1 Effect Moderators

Due to the low number of studies that were available for synthesis, any subgroup analyses
conducted in this review are exploratory in nature and therefore warrant cautious
interpretation. The only statistically significant effect moderator for PSQI score was
baseline sleep health. Although mean changes were significant in both subgroups, a
greater effect was seen in those with poorer sleep health at baseline (PSQI >8). While
likely a result of the low number of studies per subgroup, this observation is partially
explained by the smaller margin of improvement that can be achieved with individuals

who have less severe sleep difficulties [42] (i.e., ceiling effects).

Although hypothesised a priori, mode of delivery, study duration and the inclusion of a
relaxation component were not assessed as effect moderators, due to insufficient effect
sizes available per subgroup. In a clinical context, however, there is some evidence for
the comparable efficacy of face-to-face versus remote modes of delivery [43]; thus, future
studies using remote intervention delivery in non-clinical populations are warranted.
Furthermore, examining the efficacy of longer interventions in non-clinical populations
may be worthwhile, given prior reviews of CBT-I in insomniac populations demonstrated

that longer-lasting studies yielded larger effects [25].
3.5.2 The Use of Behaviour Change Techniques

The overall reporting of BCTs was generally inadequate, which made it impossible to
incorporate this factor in the quantitative synthesis. Patterns for reported use of BCTs
were relatively consistent between studies and many were based on utilising information
and instructions relating to the behaviour (e.g., sleep hygiene). A greater number of BCTs
were used in studies with cognitive and mind-body components (e.g., mindfulness),
whereas fewer BCTs were reported in studies using mainly behavioural components. This
was particularly true for exercise and food intake in relation to sleep, where generic
advice on the importance of these behaviours was provided, but no further
implementation plans were given to participants. This may reduce the likelihood that
participants change physical activity behaviours and obtain the benefits that physical
activity has on sleep [46,62].
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The behaviour change techniques most commonly used in interventions for other health
behaviours — for example, goal-setting, self-monitoring and feedback [72] — were less
prominent in the sleep interventions examined in this review. A certain degree of concern
when implementing strategies that have the potential to exacerbate sleep problems may
exist, if not delivered appropriately and with due guidance. Self-monitoring, for example,
involves a strong observational focus on practising the behaviour in question and
encourages individuals to build a sense of enhanced self-efficacy when evaluating
behavioural progress against goals or expectations over time [73]. In some participants,
this may lead to unintended outcomes (i.e., delayed sleep onset due to feelings of
frustration), caused by undue effort assigned to trying to sleep, which is a common driver
of chronic insomnia. Given the evidence that goal-setting, self-monitoring, and feedback
are consistently associated with improvements in other health behaviours, it would be
useful to examine the efficacy of these techniques to improve sleep health. This needs to

be implemented in a way that is cognisant of these issues.
3.5.3 Implications of Findings from this Review

This review focused on populations reporting poor sleep in the absence of a diagnosed
sleep disorder and demonstrated that cognitive and behavioural interventions are effective
at improving sleep quality and duration. This has important implications given the large
number of adults who report poor quality sleep but do not have a sleep disorder. It was
beyond the scope the review to comment on how these improvements influence the risk
of developing future sleep disorders. Despite the magnitude of observed effects,
intervention efficacy needs to be enhanced, given no study reported PSQI scores under 5
at post-treatment. Reported attrition was low; however, study durations were relatively
short and it is unknown if dropout would increase in studies of longer duration, given the
evidence from other health behaviour interventions [74]. The majority of participants
were full-time students or employees, who were in relatively good health; hence, the

efficacy of similar interventions in other populations is unknown.
Limitations

It remains unclear to what extent individuals with poor sleep health are truly distinct from
those who would meet diagnostic criteria for insomnia. It may be that included

participants simply had an undiagnosed sleep disorder. However, PSQI mean scores in

83



chronic insomniacs are usually much higher (>10 [75]) compared with those observed in
the included studies and may be indicative of a different population group. The coding of
BCTs was constrained by a lack of detailed reporting in the studies; thus, future reports
are encouraged to improve reporting of intervention strategies used to operationalise the

intervention.

In studies including multiple sleep hygiene recommendations, it was not possible to
determine adherence to different recommendations and the difficulty in assessing
adherence is exacerbated by the fact that not all sleep hygiene recommendations apply to
all participants. It is undetermined whether the exclusion of studies where effect sizes
could not be calculated (due to missing data) affected the overall findings in this review;
however, all of these studies reported improvements in one or several parameters of sleep
following intervention. Some level of bias may have been introduced by only including
published studies and studies published in English; however, the impact of this is likely
to be minor [76]. Statistical tests for publication bias showed the findings in this review
are robust for the primary outcomes. This potential limitation was further reduced by

searching trial registries for studies that were yet to be published.

Directions for Future Research

Future interventions are encouraged to combine educational approaches with BCTs to
help provide participants with the tools necessary to drive behaviour change. There is a
need for future studies to better utilise the potential of individual intervention components
and extend the choice of self-regulation strategies beyond the ones fostering
implementation intentions (i.e., action planning) [77]. Some components identified in this
review are components commonly found in CBT-I interventions, suggesting these
components are also effective in non-clinical populations. However, there is a need to test
the efficacy of these interventions in more diverse populations to better understand the
mechanisms that drive changes in sleep health. Further, given many of the included trials
still included some face-to-face aspect, it will be useful to further examine the efficacy of
interventions that use a mode of delivery capable of broad reach to address the high

prevalence of poor sleep health.

3.6 Conclusion
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This systematic review with meta-analysis showed that interventions involving activities
that de-stress mind and body significantly improve sleep quality in adults without clinical
sleep disorders. Although producing robust effects of medium magnitude on overall sleep
health, interventions using cognitive and behavioural components show room for
improvement, as the exact mechanisms by which sleep health is restored to normal (PSQI
<5) remain to be investigated. Additional investigations into broad-reaching interventions
that promote self-regulatory strategies with the aim of improving sleep health are much

needed and the present review supports the efficacy thereof.
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Figure 3.52: Forest plot illustrating bias-corrected effect estimates (g) for sleep quality based on
the PSQI total score (where lower scores indicate improvements in sleep quality)
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Figure 3.83: Forest plot illustrating bias-corrected effect estimates (g) for overall sleep quality
based on combined multi-component measures (where lower scores indicate improvements in
sleep quality)
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Figure 3.54: Unadjusted and adjusted effect size estimates for the PSQI total score based on
Duval and Tweedie's Trim and Fill analysis for publication bias under the random effects model
(where &= unadjusted ES and 4 = adjusted ES
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Figure 3.55: Unadjusted and adjusted effect size estimates for the PSQI score combined with
other sleep health measures based on Duval and Tweedie's Trim and Fill analysis for publication
bias under the random effects model (where ® = imputed studies, <= unadjusted ES and € =
adjusted ES).
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Figure 3.56. Forest plot for the effect estimate (g) based on studies (n = 7) using active

comparator conditions.
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Table 3.S1
Search strings by database

Medline

001 Sleep/
002 sleep™.tw.
003 lor2

004 Intervention Studies/

005 intervention®.tw.

006 program®.tw.

007 treatment™.tw.

008 therap*.tw.

009 4orSor6or7or8

010 exp Randomized Controlled Trials as Topic/

011 randomized controlled trial/

012 randomized controlled trial.pt.

013 Random Allocation/

014 (allocated adj2 random™).tw.

015 Double Blind Method/

016 Single Blind Method/

017 ((singl* or doubl* or treb* or tripl*) adj (blind*3 or
mask* 3)).tw.

018 exp Clinical Trials as topic/

019 clinical trial/

020 (clinical adj trial*).tw.

021 Multicenter Study/

022 exp Multicenter Studies as Topic/

023 Cross-Over Studies/

024 (crossover adj2 (design or study)).tw.

025 PLACEBOS/

026 placebo*.tw.

027 control*.tw.

028 (compar* adj2 stud*).tw.

029 (experiment* adj2 design*).tw

030 (experiment™® adj2 stud*).tw.

031 (followup* or follow-up*).tw.

032 I0or1lorl12or13orl4orl15orl16or 17 or 18 or 19 or 20 or 21 or 22 or 23
or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31

033 3and 9 and 32

034 limit 33 to (english language and ("young adult (19 to 24 years)" or "adult (19 to
44 years)" or "young adult and adult (19-24 and 19-44)" or "middle age (45 to 64 years)"))
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Table 3.S1
Search strings by database

Embase

001 sleep/

002 sleep™®.tw.

003 lor2

004 intervention study/
005 intervention*.tw.
006 program*.tw.

007 treatment®.tw.

008 therapy/

009 therap*.tw.

010 4orSor6or7or8or9
011 Randomization/

012 Randomi?ed controlled trial?.tw.
013 Random allocation.tw.

014 randomly allocated.tw.

015 Allocated randomly.tw.

016 (allocat* adj2 random*).tw.

017 Ret.tw.

018 Single blind procedure/

019 Double blind procedure/

020 Single blind*.tw.

021 Double blind*.tw.

022 ((singl* or doubl* or treb* or tripl*) adj (blind*3 or mask*3)).tw.
023 Clinical trial/

024 exp Clinical Trials as Topic/

025 Crossover procedure/

026 (crossover adj2 (design or study)).tw.
027 Placebo/

028 placebo*.tw.

029 control*.tw.

030 "multicenter study (topic)"/
031 (multicent* adj2 stud*).tw.
032 (compar* adj2 stud*).tw.

033 (experiment* adj2 design*®).tw.
034 (experiment® adj2 stud*).tw.
035 (followup* or follow-up*).tw.
036 Randomized controlled trial/

037 11or12or13or14or15orl16or17or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or
27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 or 35 or 36

038 3 and 10 and 37

039 limit 38 to (english language and adult <18 to 64 years>)
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Table 3.S1
Search strings by database

PsycInfo

001 Sleep/

002 sleep*.tw.

003 1or2

004 Intervention/
005 intervention®.tw.

006 program*.tw.

007 Treatment/

008 treatment™.tw.

009 therap*.tw.

010 4orSor6or7or8or9

011 ((randomi?ed adj7 trial*) or ((single or doubl* ot tripl* or treb*) and (blind* or

mask*))).mp. [mp=title, abstract, heading word, table of contents, key concepts, original title,
tests & measures]

012 (random* adj3 assign*).tw.

013 random*.tw.

014 control*.tw.

015 (controlled adj3 trial*).tw.

016 exp Clinical Trials/

017 (clinical adj3 trial*).tw.

018 Treatment Effectiveness Evaluation/

019 treatment outcomes/

020 (evaluat* adj3 stud*).tw.

021 (compar* adj3 stud*).tw.

022 Experimental Design/

023 (experiment® adj3 stud*).tw.

024 crossover*.tw.

025 (multicent* adj2 stud*).tw.

026 Followup Studies/

027 (followup* or follow-up*).tw.

028 Placebo/

029 placebo*.tw.

030 Ilor12or13orl14orl15orl6or17or 18 or 19 or 20 or 21 or 22 or 23 or 24
or 25 or 26 or 27 or 28 or 29

031 3 and 10 and 30

032 limit 31 to (english language and (320 young adulthood <age 18 to 29 yrs> or

340 thirties <age 30 to 39 yrs> or 360 middle age <age 40 to 64 yrs>))

Cinahl
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Table 3.S1
Search strings by database

S33

S32
S31
S30

S29
S28
S27
S26
S25
S24
S23
S22
S21
S20
S19
S18
S17
S16
S15
S14
S13
S12
S11
S10
S9
S8
S7
S6
S5
S4
S3
S2
S1

S31 NOT S32 Limiters - English Language; Age Groups: Adult: 19-44 years, Middle Aged: 45-
64 years

(MH "Animals")
S3 AND S9 AND S30

S10 OR S11 OR S12 OR S13 OR S14 OR S15 OR S16 OR S17 OR S18 OR S19 OR S20 OR
S21 OR S22 OR S23 OR 524 OR S25 OR S26 OR S27 OR S28 OR 529

TI experiment* W2 stud* AND AB experiment* W2 stud*
TI experiment* W2 design® OR AB experiment* W2 design*
TI multicent* W2 stud* OR AB multicent* W2 stud*
TI followup W2 stud* OR AB followup W2 stud*

TI follow-up W2 stud* OR AB follow-up W2 stud*
(MH "Evaluation Research+")

TI compar* W2 stud* OR AB compar®* W2 stud*
(MH "Comparative Studies")

TI placebo* OR AB placebo*

(MH "Placebos")

(MH "Placebo Effect")

TI treb*-blind* OR AB treb*-blind*

TI triple-blind* OR AB triple-blind*

TI double-blind* OR AB double-blind*

TI single-blind* OR AB single-blind*

"random?ed controlled trial*"

TI random* OR AB random*

(MH "Random Sample")

TI clinical W3 trial* OR AB clinical W3 trial*

(MH "Clinical Trials+")

S4 OR S5 OR S6 OR S7 OR S8

TI therap* OR AB therap*

TI treatment™ OR AB treatment™

TI program* OR AB program*

TI intervention®* OR AB intervention™

(MH "Intervention Trials")

S1 OR S2

TI sleep* OR AB sleep*

(MH "Sleep")
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Table 3.S2

Exclusion criteria

Criteria for exclusion

Reasons for exclusion

Participants

Participant mean age <18 years or >64
years.

Sleep needs as well as the prevalence and
aetiology of sleep problems differ for
children and adolescents as well as for the
elderly. The population group of interest in
this review were working age adults, defined
as 18-64 years old [1].

Studies that specifically recruited
pregnant women or parents of
newborns (<12 months old).

Reason A: Nursing a newborn throughout
the night, combined with substantial
hormonal changes that affect sleep [2].

Perimenopausal or menopausal women
(reporting being without menses for
<12 months).

Reason A: Substantial hormonal changes
causing symptoms such as night sweats that
affect sleep; development of clinical sleep
disorders during menopause is common [3].

jetlagged individuals and airline
workers (travelling across at least three
time zones once a month).

Reason A: Significant disruptions in
chronobiology (circadian rhythm) are a
common consequence of jetlag [4].

Any study populations reporting acute
or chronic medical or mental illness
(e.g., cancer, renal failure,
fibromyalgia, depression,
schizophrenia, clinical anxiety,
Alzheimer’s, Parkinson’s, post-
traumatic stress disorder, etc.) and
those who still received treatment at
the time of recruitment.

Reasons A & B: Moderate to severe sleep
problems are reported for most co-
morbidities [5]; thus, a more comprehensive
treatment than that available by an
intervention only targeting sleep may be
necessary. Further, the use of medication for
the primary condition may have effects on
sleep or cause fatigue [6].

Samples where baseline means for
mental illness exceeded established
diagnostic cut-offs for mental illness
(e.g., Beck depression inventory-II

[7D.

Reasons A & B: Moderate to severe sleep
problems are reported for most mental
illnesses [5]; this may be a confounder of
any intervention targeting sleep. The use of
medication for the primary condition may
have effects on sleep or cause fatigue [6].

Studies that recruited participants with
addictions to and/or abuse of alcohol or
drugs, ongoing rehabilitation
attendance and self-reported abstinence
from drugs or alcohol for <12 months
(pre-recruitment).

Reason A: Significant disruptions in
chronobiology (circadian rhythm) related to
withdrawal may confound the intervention

[8].

Samples with >25% shift workers
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Reason A: Significant disruptions in
chronobiology (circadian rhythm) and low
levels of sleep quality, sleep latency and
sleep efficiency [9].



Table 3.S2

Exclusion criteria

Participants Samples with a mean body mass index Sleep apnea as well as indicators of
(BMI) that exceeded a score of 35 (severe sleep health (e.g., total sleep time)
obesity) due to its strong associations with are more common in those with a
insomnia and other sleep disorders. higher BMI [10,11].
Studies conducted in normal sleepers The population of interest was
(defined as mean baseline values on the total defined as individuals who have not
PSQI score of <5, or a subjective sleep been diagnosed with sleep disorders
quality rating of ‘fair’ or better (as per PSQI  such as insomnia, yet report poor
component score for subjective sleep sleep health and these criteria were
quality). Note: wherever it was not possible  selected to help eliminate irrelevant
to utilise cut-off criteria for good sleep/poor  studies.
sleep, and if the study used single-item
scores or not validated items, a conservative
approach was adopted to exclude studies,
provided that mean scores at baseline
exceeded the mid-point value (50%) of the
maximal score (for scales where higher
scores indicated better sleep and vice versa).
Studies that were conducted in or specifically The population of interest was
recruited participants who met diagnostic defined as individuals who have not
criteria for insomnia as per DSM-5, ICD-10,  been diagnosed with sleep disorders
ICSD-3, or equivalent diagnostic criteria such as insomnia, yet report poor
(consistent with Edinger et al. [12], or sleep health and these criteria were
alternatively reporting an Insomnia severity ~ selected to help eliminate irrelevant
index score of >10 [13]), and those in which  studies.
participants self-reported having a diagnosed
condition such as nocturia, restless legs
syndrome, narcolepsy, cataplexy, obstructive
sleep apnea (OSA), or sleepwalking.

Interventions Samples with >25% of the sample using Reason B: It would have made it

sleep medication (or reporting a baseline
PSQI component score of >1 for use of sleep
medications).

very difficult to determine if the
observed effect was due to the
intervention or due to some people
also taking sleep medications.

Samples with >25% of the sample receiving
or reporting using any type of medication or
treatment that is known to interfere with
natural sleep (antidepressants, hemodialysis,
hormone therapy, etc.).
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Reason B: It would have made it
very difficult to determine if the
observed effect was due to the
intervention or to some people also
taking medications for primary
conditions. The treatments excluded
may also cause levels of fatigue that
cannot be counteracted with good
sleep alone [6].



Table 3.S2

Exclusion criteria

Interventions Interventions involving manual The scope of this review was framed
treatments that cannot be self- around self-regulatory strategies that are
administered (e.g., acupuncture, massage, suitable for independent
neuro- and biofeedback), or cannot be administration/practice and reflect the
described as a self-regulatory strategy maximum of accessibility, affordability
(e.g., facade insulation of housing) as and acceptability.
well as interventions that required the
ingestion or inhalation of herbal or
alternative remedies (e.g., lavender,
valerian, homoeopathic medicines, etc.).

Interventions involving the disruption ~ This type of intervention is not feasible as

or radical deprivation of sleep (e.g., a recommendation that can be given out

skipping a full night’s sleep). without personalised guidance and
ongoing monitoring.

Comparator Studies, where all intervention arms The inclusion of study arms that received

conditions received pharmacological treatment, as  pharmacological treatment would have
either an adjunct to behavioural made it difficult to compare effects
treatment or as the main treatment. between groups for the purpose of

examining intervention efficacy.
Studies, during which all intervention ~ The inclusion of comparator arms that
arms received some form of cognitive  also received an intervention would have
or behavioural treatment that impacts made it difficult to determine the effect of
sleep (e.g., education only). the intervention in question.
Any comparator conditions that cannot  The inclusion of control groups that
be described as a no-intervention received an intervention would have
control group or where significant made it difficult to compare effects
contamination was reported. between groups for the purpose of
examining intervention efficacy.

Outcomes Assessments that were conducted inan  Reason A: Unfamiliar sleep
unfamiliar sleep environment such asa environments may inadvertently have
sleep laboratory. adverse effects on sleep [14].

Study types Studies that did not have an experimental ~ Since the meta-analysis intended to pool

design comparing an intervention against
at least one control condition.

data for the purpose of examining
intervention efficacy, a control condition
was required.

Studies that did not report assessment
data from pre- and immediate post-
intervention tests.

Since the meta-analysis intended to pool
data to examine intervention efficacy,
immediate post-test data were required.

Studies that reported data from post-hoc
analyses where the main study did not
have the aim to improve sleep (for
example, the main study aimed to reduce
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Since it had to be one of the main aims of
the study to improve sleep, any post-hoc
analyses based on studies that did not have



work-family conflict and secondary the main aim to improve sleep were not
outcomes incl. a sleep parameter are selected.
presented in a separate report).

Settings Hospitalised or institutionalised Reason A: High likelihood of other
subjects (e.g., intensive care, care health conditions that are the driver of
home, psychiatry, etc.). poor sleep [15].

Notes. Reason A = This exclusion criterion was nominated, because the condition/circumstances in

question do not allow natural sleep to occur or introduce sleep problems at a level that would require

other forms and content of intervention; Reason B = This exclusion criterion was nominated due to its

high potential to introduce a bias (confounding) affecting intervention effects.
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Table 3.S3
Scoring criteria used to assess risk of bias — adapted from Downs & Black, 1998 [35]

Criteria Yes No Unable to determine
Reporting
1. Isthe The description of The description of N/A
hypothesis/aim/ study hypotheses/aims/  study hypotheses/aims/
objective of the objectives was clear. objectives was unclear.
study clearly
described?
2. Are the main Outcomes to be Outcomes to be N/A

outcomes to be
measured clearly
described in the
Introduction or
Methods section?

Are the
characteristics of
the participants
included in the
study clearly
described?

Are the
interventions of
interest clearly de-
scribed?

Are the
distributions of
principal
confounders in
each group of
participants to be

compared clearly
described?

Are the main
findings of the
study clearly
described?

measured were clearly
described prior to the
results section.

The characteristics of
participants to be
studied were clearly
described and the report
stated
inclusion/exclusion
criteria.

The intervention of
interest and the
comparator condition
were clearly described.

Yes (2), if the
distribution of principal
confounders as well as
baseline scores of the
study outcomes in each
group was clearly
described.

Yes (1), if only the
distribution of principal
confounders was
clearly described.

The report included
simple outcome data for
all major findings.
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measured were not
clearly described or
only described in the
results section.

The characteristics of N/A
participants to be

studied were not clearly
described or the report

did not state included
inclusion/exclusion

criteria.

The intervention of N/A
interest and the
comparator condition

were not clearly
described.

The distribution of N/A
principal confounders

as well as baseline

scores of the study

outcomes in each group

was not clearly

described.

The report did not N/A
include simple outcome

data for all major

findings.



Table 3.S3

Scoring criteria used to assess risk of bias

Criteria

Yes

No

Unable to determine

7. Does the study
provide estimates of
the random variability
in the data for the
main outcomes?

8. Have all important
adverse events that
may be a consequence
of the intervention
been reported?

9. Have the
characteristics of
participants lost to

follow-up been
described?

10. Have actual
probability values
been reported (e.g.
0.035 rather than
<0.05) for the main
outcomes except
where the probability
value is less than
0.001?

External validity

11. Were those
participants who were
asked to participate in
the study
representative of the
entire population
from which they were
recruited?

The report provides
estimates of random
variability such as
standard errors, standard
deviations or confidence
intervals (or inter-
quartile ranges in the
case of non-normally
distributed data).

The report stated that
there was a
comprehensive attempt
to measure adverse
events and either states
the occurrence of
adverse events or clearly
states that no adverse
events were observed.

There were no losses to
follow-up or losses to
follow-up were so small
that findings would be
unaffected by their
inclusion.

The report provided
precise probability
values for the main
outcome measures.

The report identified the
source population for
participants, described
how participants were
selected and provided a
statement that determined
the proportion of those
who were asked in
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The report did not
provide estimates of
random variability.

The report did not state
that there was a
comprehensive attempt
to measure adverse
events or did not state if
any adverse events were
observed.

The study did not report
the number of patients
lost to follow-up or the
losses to follow-up were
large enough to affect
the findings.

The report did not
provide precise
probability values (e.g.,
used <0.05).

The report did not
identify the source
population for
participants or did not
describe how the
participants were
selected.

N/A

The report did not state
the proportion of the
source population from
which the participants
were derived.



Table 3.S3

Scoring criteria used to assess risk of bias

Criteria

Yes

No

Unable to determine

12. Were those
participants who
were prepared to
participate
representative of the
entire population
from which they
were recruited?

13. Were the staff,
places, and facilities
where the patients
were treated,
representative of the
treatment the
majority of patients

receive?
Internal validity — bias

14. Was an attempt
made to blind
participants to the
intervention they
have received?

15. Was an attempt
made to blind those
measuring the main
outcomes of the
intervention?

relation to the population
from which they were
recruited (or the sample
comprised the entire
population, an
unselected sample or a
random sample).

The report stated the
proportion of those
asked who agreed and
the distribution of the
main confounding
factors was the same in
the study sample and the
source population.

Item omitted

Participants would have
had no way of knowing
which intervention they
received.

Those measuring study
outcomes would have
had no way of knowing
which intervention they
received.
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The report did not state
the proportion of those
asked who agreed or the
distribution of the main
confounding factors was
not the same in the study
sample and the source
population.

No attempt was made to
blind study participants
or it was not possible to
blind participants due to
the nature of the
intervention or an
attempt to blind
participants failed.

No attempt was made to
blind those measuring
study outcomes or it was
not possible to blind
those due to the nature of
the intervention or an
attempt to blind staff
failed.

The report stated the
proportion of those
asked who agreed but
did not state if the
distribution of the main
confounding factors was
the same in the study
sample and the source
population.

It was unclear if any
attempt was made to
blind participants or it
was unclear whether any
attempt was successful.

It was unclear if any
attempt was made to
blind those measuring
study outcomes or it was
unclear whether any
attempt was successful.
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Scoring criteria used to assess risk of bias

Criteria

Yes

No

Unable to determine

16. If any of the results
of the study were
based on “data
dredging”, was this
made clear?

17. Do the analyses
adjust for different
lengths of follow-up
of patients?

18. Were the statistical
tests used to assess
the main outcomes
appropriate?

19. Was compliance
with the
intervention/s
reliable?

20. Were the main
outcome measures

used accurate (valid
and reliable)?

Analyses that had not
been planned at the
outset of the study were
clearly indicated or no
retrospective unplanned
subgroup analyses were
reported. Study aims and
reported outcomes
aligned.

Follow-up was the same
for all study participants
or different lengths of
follow-up were adjusted
for.

The statistical techniques
used were appropriate to
the data or little statistical
analysis has been
undertaken but there was
no evidence of bias.

There was compliance
with the allocated
treatment and there was
no contamination of one

group.

The outcome measures
were clearly described
and the study referred to
other work or
demonstrated the
outcome measures were
accurate.

Internal validity — confounding (selection bias)

21. Were the
participants in
different
intervention groups
recruited from the
same population?

Participants for all
comparison groups were
selected from the same
organization, workplace,
etc.
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Analyses that had not
been planned at the
outset of the study were
not indicated. Study aims
and reported outcomes
did not align.

Differences in follow-up
were not taken into
account.

The statistical techniques
used were not appropriate
to the data or little
statistical analysis has
been undertaken but there
was evidence of bias.

There was non-
compliance with the
allocated treatment or
there was contamination
of one group.

The outcome measures
were not accurate.

Participants were not
selected from the same
organization, workplace,
etc.

Analyses that had not
been planned at the
outset of the study were
not clearly indicated or it
was unclear whether any
of the reported subgroup
analyses were
unplanned. This included
reports that did not state
clear study aims.

It was unclear if length
of follow-up was the
same for all participants
or it was unclear if any
differences in follow-up
were taken into account.

It was unclear if the
statistical techniques
used were not
appropriate.

It was unclear if there
was compliance with the
allocated treatment or if
there was contamination
of one group.

The outcome measures
were described, but the
study did not refer to
other work or
demonstrate that the
outcome measures were
accurate.

There was no
information concerning
the source of participants
included in the study.
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Scoring criteria used to assess risk of bias

Criteria Yes No Unable to determine
22. Were the Participants for all Participants were not The report did not

participants in comparison groups were selected over the same specify the time period

different selected over the same period of time. over which participants

intervention groups
recruited over the
same period of

time?

23. Were participants
randomised to
intervention

groups?

24. Was the randomised
intervention
assignment
concealed from
both participants

and staff?

25. Was there adequate
adjustment for
confounding in the
analyses from
which the main
findings were

drawn?

26. Were losses of
participants to
follow-up taken into

account?

period of time.

The report stated that
subjects were ran-
demised.

Assignment was
concealed from both
participants and staff.

The study reported
adequate adjustment for
confounding.

Loss to follow-up was
taken into account or the
proportion lost to
follow-up was too small
to affect the main
findings.
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The method of
randomisation used did
not ensure random
allocation.

Assignment was
concealed from
participants, but not
from staff (or vice
versa) or the study was
non-randomised.

The main conclusions of
the study were based on
analyses of treatment
rather than intention-to-
treat or the distribution
of known confounders
in the different
treatment groups was
not described or the
distribution of known
confounders differed
between the treatment
groups, but was not
taken into account in the
analyses.

The proportion lost to
follow-up was enough
to affect the main
findings, but this was
not taken into account.

were recruited.

The report did not
describe clearly how
subjects were assigned
to different groups.

It was unclear if
assignment was
concealed from both
participants and staff.

It was unclear if there
was adequate
adjustment for
confounding.

The numbers of patients
lost to follow-up were
not reported.
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Scoring criteria used to assess risk of bias

Criteria Yes No Unable to determine
Power
27. Did the study have The report described The report did not
sufficient power to clearly how sample sizes  describe sample size
detect a clinically were calculated to detect  calculations or the
important effect? a difference and the sample size used for
sample size used for analysis was insufficient.

analysis was sufficient.

Note. As per the original checklist by Downs & Black [35], items of study quality are subdivided into five
broader categories: reporting (10 items), external validity (3 items), internal validity - bias (7 items),
internal validity - confounding (6 items), and power (1 item); to independently scoring each study, the two
reviewers consolidated their conceptual understanding of the checklist items and made amendments where
necessary.
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Table 3.S4

BCT coding per intervention component
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BCT coding per intervention component
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BCT coding per intervention component
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BCT coding per intervention component
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BCT coding per intervention component
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BCT coding per intervention component
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Note. This table excludes the BCT that were not present in any of the 11 studies; “‘comprehensive self-management consisted of recovery experiences, psychological
detachment and relaxation mastery; frequencies of implementation per study component: stress management/relaxation (m = 7); meditation (m = 4); controlled breathing
(m = 4); stimulus control (m = 4); sleep knowledge (m = 3); mindfulness (m = 3); sleep hygiene practice — either unspecified and administered as a set of components (m
= 3), or specified as individual components including the following: regular exercise (m = 3), avoiding/reducing caffeine intake (m = 2), avoiding/reducing alcohol
intake (m = 2), keeping consistent sleep timing (m = 2), modifications to the sleep environment (m = 2), bright light exposure (m = 2), avoiding daytime napping (m =
1), avoiding use of light-emitting devices in bed (m = 1), regular food intake (m = 1); imagery (m = 1), comprehensive self-management (m = 1), and cognitive

restructuring (m = 1). None of the studies reported using sleep restriction or sleep diaries as intervention components.
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Table 3.S5

Changes in sleep outcome measures per group

Intervention group Control group

n Mean SD n Mean SD

Overall sleep health (PSQI total score')

Brown et al (n = 122) 56 -1.10 2.77 66 -0.03 3.10
Caietal (n=19) 10 -2.00 222 9 0.22 1.77
Gao et al (n=84) 42 -2.48 1.43 42 -0.16 1.68
Jensen et al (n=72) 48 -1.54 3.22 24 -0.75 2.77
Kakinuma et al (n=391) 214 -0.67 1.90 177 -0.41 1.86
Klatt et al (n =42) 22 -1.73 2.86 20 -1.18 3.02
Querstret et al (n = 118) 60 -3.5 5.10 58 -0.34 5.07

Subjective sleep quality (PSQI component score)

Brown et al (n = 122) 56 -0.08 0.58 66 -0.15 0.69
Gao et al (n=84) 42 -0.39 0.69 42 -0.03 0.62
Hahn et al (n = 95) 48 0.47 0.76 47 0.35 0.81
Klatt et al (n =42) 22 -0.32 0.66 20 -0.33 0.66

Sleep onset latency (PSQI component score)

Brown et al (n = 122) 56 -0.25 0.86 66 -0.14 0.96
Gao et al (n=84) 42 -0.62 0.79 42 0.04 0.69
Klatt et al (n =42) 22 -0.41 0.92 20 -0.10 0.85

Sleep duration (PSQI component score)

Brown et al (n = 122) 56 -0.30 0.99 66 0.12 0.95
Gao et al (n=84) 42 -0.29 0.62 42 -0.12 0.66
Klatt et al (n =42) 22 -0.90 0.57 20 0.00 0.83

Sleep efficiency (PSQI component score)

Brown et al (n = 122) 56 -0.26 0.92 66 0.23 0.93
Gao et al (n=84) 42 0.07 0.46 42 0.07 0.58
Klatt et al (n =42) 22 0.04 0.46 20 -0.10 0.62

Sleep disturbance (PSQI component score)

Brown et al (n = 122) 56 -0.12 0.49 66 -0.02 0.57
Gao et al (n=84) 42 0.16 0.55 42 -0.04 0.56
Klatt et al (n =42) 22 -0.32 0.58 20 -0.30 0.51
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Table 3.S5

Changes in sleep outcome measures per group

Intervention group Control group

n Mean SD n Mean SD

Sleep medication use (PSQI component score)

Brown et al (n = 122) 56 -0.14 0.58 66 -0.13 0.81
Gao et al (n=84) 42 -0.12 0.51 42 -0.02 0.15
Klatt et al (n =42) 22 -0.23 0.78 20 -0.05 1.06

Daytime dysfunction (PSQI component score)

Brown et al (n = 122) 56 0.09 0.69 66 0.05 0.70
Gao et al (n=84) 42 -1.31 0.61 42 -0.07 0.69
Klatt et al (n =42) 22 -0.40 0.85 20 -0.35 0.78

Other multi-component measures of overall sleep health
Greeson et al (n = 90)? 45 -8.84 17.21 45 -0.07 16.74
Suzuki et al (n = 30)° 12 69.16 174.47 18 7.78 132.05

Other single-component measures of subjective sleep quality

Murphy (n = 19)} 11 1.1 1.30 8 1.25 1.73
y

Note. ! PSQI total scoring: 0-21 (lower scores indicate better sleep health for the total score and all
composite scores); Scores for composite measures range from 0-3; 2 for the MOS-SLP9, lower scores
indicate better sleep health; * for these measures, greater scores indicate better sleep health
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Table 3.S6

Summary table of studies with an active control group

Study Intervention description Sample characteristics Duration Format Change scores (PSQI total)

IG CG Total sample IG CG IG(M,SD) CG M, SD)
Bowden, Rhythmic yoga- Iyengar yoga Healthy adults not reported  not 16 weeks Two 75-min group-based -1.36+3.55 -0.10+1.81
2012 [60]  like meditative =9 (n=133) reported face-to-face sessions per

exercises (brain Age range = week (10 in total) plus

wave vibration 18-50 years home-based practice (10

training) 21 females. 12 min per practice)

n=12 males
Bowden, Rhythmic yoga- Mindfulness  see above not reported  not 16 weeks see above -1.36+3.55 -0.67+3.48
2012 [60]  like meditation =12 reported

(brain wave

vibration

training)

n=12
Caldwell,  Taijiquan Special Undergraduate Mage = Mage = 15 weeks Two 50-min -092+3.02 0.3+343
2011 [61]* training (mind-  recreation students 21.56 21.11 sessions/week face-to-

body exercises) (exercise (n=208) (SD=3.65); (SD= face, group-based

session) Age Range 2.47); practice for Taijiquan
=18-48 Age group and either a 2.5h
Range = session/week or two 75-
19-39 min sessions/week for the

special recreation group
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Table 3.S6

Summary table of studies with an active control group

Study Intervention description Sample characteristics Duration Format Change scores (PSQI total)
IG CG Total sample IG CG IG(M,SD) CG M, SD)
King, Moderate- Health Underactive US  Mage =61.86 Mage = 52 weeks 2 days/week face-to-face  -2.11 £3.51  -1.00+2.81
2008 [62] intensity education adults (SD=6.33) 60.90 (SD 60-min aerobic exercise
endurance control (n=66) 24 females, 12 = 7.19) classes and 3d/week home-
exercise programme 44 fonales, 22 males 20 females, based aerobic exercise
n=36 n=30 males 10 males
Kloss, Sleep 101 Sleep UsS not reported  not reported 3 weeks 2 x 90-min face-to-face -0.80£3.36  -0.94+3.30
2016 [63] workshop (sleep monitoring undergraduate workshops and home-based
education, sleep only (logs) students practice incl. daily logs
hygiene n=>57 Mage=21.11
instructions, sleep (SD=2.43);
logs, CBT-) 60.8% females,
n=063 39.2% males
Loft, 2013 Arousal reduction Control Malaysian 81.5% 64% 3weeks  face-to-face training (1 x  -1.77+3.37 -1.83+245
[64] n=26 imagery business females, females, 30 min) and home-based
n=25 employees 18.5 % males 36% males practice (approx. 2 min per
(n=99) practice)
Mage =37
(SD =10.56);
Range =
21-61 years
64% females,
36% males
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Table 3.S6

Summary table of studies with an active control group

Study Intervention description Sample characteristics Duration Format Change scores (PSQI total)
IG CG Total sample IG CG IG(M,SD) CG M, SD)
Loft, 2013  Sleep hygiene Control see above 38.5% see above 3 weeks  see above -1.54+£2.70 -1.83+£2.45
[64] implementation  imagery females,
intentions n=25 61.5% males
n=26
Loft, 2013 Combined Control see above 68.2% see above 3 weeks see above -227+320 -1.83+245
[64] arousal imagery females,
reduction and n=25 31.8% males
sleep hygiene
implementation
intentions
n=22
Mairs & Sleep hygiene Self- Australian not reported  not 2 weeks  online (remote) -1.76 £2.74  -1.21+£2.68
Mullan, implementation  monitoring undergraduate reported
2015[65] intentions (sleep diary)  students
n=43 n=47 Mage =20.7
(SD =5.8);
Range = 17-
49 years
53 females, 19
males (at
baseline)
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Table 3.S6

Summary table of studies with an active control group

Study Intervention description Sample characteristics Duration Format Change scores (PSQI total)

IG CG Total sample IG CG IG(M,SD) CG M, SD)
Nishinoue, Sleep behaviour Sleep 18 females, Mage =313 Mage= 12 weeks  Five 40-min face-to-face  -1.70+3.10  -0.30+3.12
2012 [66]  training (CBT-  hygiene 109 males (at  (SD=7) 31.3(SD workshops (lecture plus

I) education baseline) =17.2) Q&A), followed by

n=60 n=61 individual sleep hygiene

education based on
personal preferences for
30 min

Bias-adjusted pooled estimate based on a random-effects model*: g =-0.25, [-0.39 to -0.10], p < 0.01

Note. 1G = Intervention group; CG = Control/comparator group; * a forest plot for this estimate is provided below; = summary statistics (pre- and post-test data) for
the PSQI total were requested from the authors for the purpose of this analysis and were kindly provided for synthesis.
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Table 3.S7

Risk of bias scores per study

Study Name 1 2 3 4 5 6 7 8 9 10 11 12 14 15 16 17 18 19 20 21 22 23 24 25 26 27 lit:;
Brown et al. [48] 1 1 1 1 1 1 1 1 0 1 ? ? ? 1 1 1 1 ? 1 1 1 1 ? 0 0 17
Cai et al. [49] 1 1 1 1 1 1 1.0 1 O ? ? 0 0 1 1 1 ? 1 1 ? 0 0 1 0 15
Gao et al. [50] 1 1 11 2 1 1 0 1 1 1 ? 0 0 1 1 1 ? 1 1 ? 1 0 1 0 19
Greeson et al. [51] 1 1 1 1 2 1 1 1 1 1 ? 0 0 1 1 1 1 1 1 1 ? 1 1 1 1 23
Hahn et al. [52] 1 1 0 1 1 1 1. 0 0 1 ? ? 0 0 1 1 1 1 1 1 ? 0 0 0 0 14
Jensen et al. [53] 1 11 1 2 1 1 2?2 1 1 1 0 0 1 1 1 1 1 1 1 ? 1 1 1 1 23
Kakinuma et al. [54] 1 1 1 1 2 1 1 0 1 1 1 ? 0 0 1 1 1 ? 1 1 ? 0 0 0 0 17
Klatt et al. [55] 1 1 1 1 2 1 1 0 1 1 ? 0 0 0 1 1 1 1 1 1 ? 1 ? 0 1 19
Murphy [56] 1101 1 1 100 0 2?2 2 0 0 1 1 1 1 2 1 2 1 2 0 0 12
Querstret et al. [57] 1111 2 1 1 1 0 1 92 1 1 0o 1 1 1 r1r 1 o 1 7 0 21
Suzuki et al. [58] 1 1 1 1 2 1 1 0 1 1 ? ? 0 0 1 1 1 ? ? 1 1 1 1 0 0 18

Note. Item 13 was omitted due to being inapplicable; Scoring criteria were 1 = yes; 0 = no; ? = unable to determine and *(only applicable to item # 5) 2 = yes; 1 = yes,

partially; 0 = no; ? = unable to determine.
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CHAPTER 4. DEVELOPMENT AND PSYCHOMETRIC
TESTING OF AN INSTRUMENT TO ASSESS
PSYCHOSOCIAL DETERMINANTS OF SLEEP HYGIENE
PRACTICE

Secondary Aim 2 of the thesis was addressed in a study that focused on the development
and psychometric qualities of a set of scales that measure psychosocial factors related to
sleep hygiene practice. Chapter 4 presents the revised version of the paper that is currently

under review at a peer-reviewed journal.
4.1 Abstract

This study aimed to develop a set of scales to assess the psychosocial determinants of sleep
hygiene and examine the scales’ psychometric properties. Baseline data (n = 160) from an
m-health physical activity and sleep intervention were analysed to examine relationships
between the psychosocial scales and actual sleep hygiene practices (pairwise correlations,
ANOVAs and Tukey's post-hoc test), unidimensionality (Principal Component Analysis)
and internal consistency (Cronbach’s alpha). A separate sample (n = 20) was recruited to
compute test-retest reliability (Intra-class correlation (ICC)). Four of the constructs showed
significant correlations (r =-0.17 to -0.36) with actual sleep hygiene practice, indicated by
lower sleep hygiene scores (i.e., more desirable practices) for participants with better
psychosocial disposition (e.g., greater self-efficacy). This was consistent for different levels
of psychosocial disposition (e.g., low, average, high self-efficacy). The seven scales
generally displayed unidimensional component structures. Internal consistency was good
to excellent (o= 0.76-0.92). Test-retest reliability was good to excellent (ICC = 0.61-0.84).

Though satisfactory, these findings warrant to be replicated in larger samples.

4.2 Introduction

Sleep health consists of multiple indicators including the quality, duration and timing of
sleep, but also comprises feelings of sufficiency (satisfaction with sleep) and the ability
to sustain daytime alertness [1-3]. Many adults without a diagnosed clinical sleep
condition such as insomnia or sleep apnoea still report poor sleep health [4]. Indicators
of poor sleep health (i.e., inadequate sleep duration, poor quality sleep) are associated
with greater chronic disease risk and immense costs for healthcare providers and

employers [3,5,6]. Sleep health relies on adequate self-regulation (i.e., maintenance of
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consistent sleep and wake times [7]; thus, wide-reaching behaviour change interventions

are needed to reduce the prevalence of poor sleep health [5].

The practice of sleep hygiene is known to predict sleep quality [8]. Behaviours pertaining
to good sleep hygiene are commonly recommended as part of sleep interventions [9,10]
and considered one of several effective strategies to improve indicators of sleep health
such as sleep quality or sleep onset latency [11]. Sleep hygiene consists of a set of actions
during hours of wakefulness and pre-bedtime to avoid sleep-impeding factors and
stimulants (e.g., caffeine, blue-light emitting devices) and to engage in sleep-promoting
factors (e.g., regular exercise, relaxation) [12]. However, there is very little empirical
knowledge of factors that facilitate or impede the practice of sleep hygiene and potentially

drive changes in sleep hygiene practices is limited.

Psychosocial mechanisms of behaviour (and behaviour change) have been assessed
extensively in the context of other health behaviours (e.g., physical, diet) [13,14] by way
of mediation analysis, which facilitates a more in-depth examination of intervention
efficacy. In contrast, there is a paucity of evidence for the psychosocial determinants of
sleep health, and sleep hygiene in particular. Previous studies have either examined a
limited range of psychosocial constructs (e.g., self-efficacy, intention) in relation to
obtaining good sleep in general, or addressed sleep hygiene as an entity or only included a
selected subset of behaviours [15,16]. A measure that reflects the complex interplay of
behaviours that make up sleep hygiene currently does not exist, though is essential for
investigations concerning the psychosocial mechanisms affecting sleep hygiene, as this can
help improve intervention design and delivery. Therefore, the present study aimed to test
the reliability and validity of a new set of scales developed to assess potential psychosocial

determinants of sleep hygiene practice.

4.3 Methods

The psychometric evaluation of the scales followed a three-phase approach. The scales
were developed in Phase One. Construct validity and internal consistency were tested as
part of Phase Two using data from a randomised waitlist-controlled trial that targeted
adults’ physical activity and sleep health (referred to as Sample One) [17]. Test-retest
reliability was examined in Phase Three using data from a separate sample recruited
specifically for the purpose of testing the scales’ reproducibility (referred to as Sample

Two). The University of Newcastle Human Research Ethics Committee (HREC) granted
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full ethical approval for this study: H-2016-0181 (Sample One, Appendix B); H-2018-
0012 (Sample Two, Appendix C).

4.3.1 Phase One

A qualitative review of the behaviour change literature was conducted to collate content
from psychosocial determinants items previously used in broadly related health behaviour
studies [18-24]. The seven a priori specified constructs were: self-efficacy, behavioural
capability, outcome expectations and expectancies, social support, goals and action
planning. As the concept of sleep hygiene builds on the regulation of personal and
environmental factors, the search for relevant items was limited to those aligning with
theoretical frameworks that also incorporate both intrapersonal correlates of behaviour

and those relating to a person’s social or physical environment [25].

Item stems and wording of previous questionnaire items used in the context of physical
activity and diet [18-24] were aggregated separately for each construct. The objective of
this process was to create parsimonious scales for the assessment of psychosocial
determinants of sleep hygiene using a single item per sleep hygiene domain. The content
validity of the scales was addressed by the authors (BM, RCP, MJD) comparing source
items (psychosocial determinants items for physical activity and diet) against the new
items, the wording of which was adapted specifically for sleep hygiene. For example, the
social support source item “Most people who are important to me would encourage me
to engage in regular physical activity” [24] was contextually adapted to “Most people
who are important to me would encourage me to reduce the impact of noise and nuisance
in my bedroom.” The aim of this procedure was to reduce deviation from the original
wording beyond the minimum necessary, while retaining logic, unambiguity and
comprehensiveness. In summary, item wordings were modified to reflect the evidence-
based sleep hygiene domains of interest [12] while retaining the stems of the original

items identified through the literature review.

4.3.2 Phase Two

Participant recruitment and data collection. Sample One consisted of 160 adults
recruited Australia-wide through Facebook (Appendices D and E) in June—July 2017 to
take part in the Synergy Study, a six-month randomised waitlist-controlled trial to
improve physical activity and sleep quality using a mobile app and personalised support.

Full details for the study rationale, design and methods are reported elsewhere [17].
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Eligible participants were those who: resided in Australia; were 18-55 years of age with
a BMI of 18.5-35; self-reported insufficient physical activity (<90 min of moderate—
vigorous intensity physical activity/week); and were dissatisfied with their sleep quality
(rating their sleep quality over the past month as fairly bad or very bad). Criteria for
exclusion, group allocation and data collection procedures are listed in the study protocol
[17]. Informed consent was obtained from all participants (Appendices F and G), and all
baseline data were collected via online survey prior to randomisation. The sample

descriptive is presented in Table 4.1.

Measures. In addition to the psychosocial determinants items (see Phase One results),
participants’ sleep quality, sleep hygiene and sociodemographic characteristics were
assessed (Appendix H). The Pittsburgh Sleep Quality Index (PSQI) is a validated and
widely used self-report measure of sleep quality [26] comprising seven composite scores
(subjective sleep quality, sleep onset latency, sleep duration, habitual sleep efficiency,
sleep disturbances, use of sleep medication and daytime dysfunction). Global scores
greater than five indicate difficulties with sleep. Sleep hygiene was assessed using the
Sleep Hygiene Index [27]. The Sleep Hygiene Index assesses behaviours that align with
those assessed in the psychosocial determinants scales and provides a measure of an
individual’s current sleep hygiene practices. This measure has demonstrated acceptable

psychometric qualities including convergent validity with the PSQI [27].

Analyses. Only a small proportion of the sample identified as smokers (7.38%). Thus, to
avoid violation of content validity, all items relating to nicotine use were dropped from
the analyses and the following findings therefore refer to the remaining eight items per

scale. All items were treated as continuous variables for analysis.

Floor and ceiling effects were examined to determine potential issues with the scales’
content validity, reliability and responsiveness to change [28,29], which are likely to
occur if more than 15-20% of the sample answer at the highest or lowest point of a given
scale [30,31].

Correlations between the psychosocial scales and sleep hygiene scores (measured by the
Sleep Hygiene Index (SHI)) were calculated to examine the relationship between

participants’ psychosocial dispositions and actual practice (NB. higher scores on the SHI
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Table 4.1

Overview of study procedures, objectives, analyses and participant characteristics

Procedures
Study Phase Participants Objective Analyses
Phase One N/A Scale development N/A
via adaptation of
existing items
Phase Two Sample One (n = 160) Assessment of Calculation of
floor/ceiling effects proportions
Assessment of the Pairwise
relationship correlations,
between the ANOVAs and
psychosocial scales Tukey’s post-hoc
and actual sleep tests
hygiene practices
(Sleep Hygiene
Index)
Assessment of Kaiser-Meyer-
scale Olkin (KMO) tests,
unidimensionality principal
component
analysis (PCA) and
scree plots
Assessment of Cronbach’s alphas
internal
consistency
Phase Three Sample Two (n = 20) Assessment of test- Intraclass
retest reliability correlation
coefficients
Sociodemographic and behavioural characteristics
Sample One Sample Two
(n=160) (n=20)
Age, M (SD) 41.5 (9.93) 31.8 (6.91)
Gender n (%)
Males 32.0 (20.00) 8.0 (60.00)
Females 128.0 (80.00) 12.0 (40.00)
Ethnicity n (%)
Caucasian 146.0 (91.25)
Asian 10.0 (6.25)
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Not stated 4.0 (2.50)
Body mass index, M (SD) 27.9 (4.38) 23.8 (3.12)

Chronic condition/s n (%)

None 54.0 (33.75)

One 41.0 (25.62)

Two 41.0 (25.62)

Three or more 24.0 (15.00)
Smoking n (%)

Yes 11.0 (7.38)

No 138.0 (92.62)

DASS-21 Symptom severity, M (SD)

Depression 11.9 (8.37)
Anxiety 7.0 (6.38)
Stress 15.3 (6.76)
Insomnia severity, M (SD) 12.6 (4.23)
Sleep hygiene, M (SD) 323 (6.65)
PSQI total score, M (SD) 9.2 (2.96)

PSQI Subjective sleep quality n (%)

Very good 0.0 (00.00) 5.0 (25.00)
Fairly good 30.0 (18.75) 7.0 (35.00)
Fairly bad 109.0 (68.12) 7.0 (35.00)
Very bad 21.0 (13.12) 1.0 (5.00)
Sleep duration in minutes, M (SD) 370.6 (64.30) 403.3 (61.14)

Note. Depression anxiety stress scale (DASS-21): Depression cut-offs 0—9 (normal), 10-13 (mild), 14-20
(moderate), 21-27 (severe), 29+ (extremely severe); Anxiety cut-offs 0—7 (normal), 89 (mild), 10-14
(moderate), 15-19 (severe), 20+ (extremely severe); Stress cut-offs 0—-14 (normal), 15-18 (mild), 19-25
(moderate), 26-33 (severe), 34+ (extremely severe); Insomnia severity (ISI): 0—7 (no clinically significant
insomnia), 8—14 (subthreshold insomnia), 15-21 (moderate clinical insomnia), 22-28 (severe clinical
insomnia); Sleep hygiene index (SHI): Scores range from 13-65 with higher scores indicating better sleep
hygiene practices; Pittsburgh sleep quality index (PSQI): Scores range from 0-21 with scores >5 indicating
poor quality sleep; Chronic conditions, mental health symptom severity (DASS-21), insomnia severity (ISI),
sleep hygiene (SHI) and overall sleep quality (PSQI total score) were only administered in Sample One.

indicate less desirable sleep hygiene practices). Additionally, one-way ANOVAs and
Tukey’s post-hoc tests [32] were used to test differences in sleep hygiene scores for
different levels of psychosocial disposition. Participants were categorized into three

approximately equal sized groups per construct, i.e., low self-efficacy (0-22), average

self-efficacy (23-26) and high self-efficacy (27-36). The purpose of these analyses was
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to examine if the scales were sufficiently capable of discriminating between different
levels of a construct, as it was anticipated that groups with better psychosocial disposition
(e.g., higher self-efficacy) would report better sleep hygiene practices. Subgroups per

construct and respective score ranges are provided in Table 4.2.

Principal component analysis (PCA) was used for the purpose of determining
unidimensionality of the scales, rather than to reduce the scales. The appropriateness of
using PCA to examine scale unidimensionality was assessed using Kaiser-Meyer-Olkin
(KMO) tests [33]. Values greater than 0.80 are considered meritorious for the assessment
of between-variable variance and indicate PCA analyses are a pertinent method [34].
KMO tests were conducted per scale and values ranged from 0.82—0.90. Eigenvalues
greater than one were used to identify the number of components extracted by way of
PCA [35]. In addition, Cattell’s scree plots were examined to confirm unidimensionality
[36]. Component loadings of at least 0.3 were deemed as minimally significant, those

above 0.4 as more important and those above 0.5 practically significant [37].

Internal consistency of the scales was assessed using Cronbach’s alpha [38], with values
between 0.8 and 0.9 indicating good internal consistency and values greater than 0.9
considered excellent [39]. All analyses were conducted using Stata Version 14.2

(StataCorp, College Station, Texas, USA).

4.3.3 Phase Three

Participant recruitment and data collection. The test-retest reliability of the scales was
determined using data from a separate sample including 20 participants (Sample Two;
see Table 4.1), who completed their surveys on two occasions one week apart. Eligibility
criteria that were relevant to the current study (i.e., age; living in Australia; not being
pregnant; no diagnosed sleep disorder; not taking sleep medication; no regular jetlag-
inducing travel; and no shift work) were kept aligned with those for Sample One
(Appendix I). Sociodemographic and behavioural items used to assess participant
eligibility included age, height, weight, gender, maternal status, postcode, country of
residence, years of education, work hours and days, frequent travel, use of sleep medication,
chronic sleep condition, and current use of activity/health tracking systems. Additionally,
participants were asked to indicate at the second assessment whether they had made
changes to their sleep hygiene practices over the past week. Sample characteristics are

presented in Table 4.1.
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Participants in this study were recruited via Facebook (Appendix J) and by way of
convenience sampling. Those who completed both surveys were randomly selected to
receive one of five shopping vouchers (AU$ 50). Online surveys were hosted on the
Qualtrics platform (Provo, Utah) and all participants provided informed consent

(Appendices K and L).

Measures. At each time point, participants were asked to answer the psychosocial
determinants scales described above in addition to items (Appendix M) that assessed
physical activity levels (“As a rule, do you do at least half an hour per day (30 min/day) of
moderate or vigorous exercise (such as walking or a sport) on three or more days a
week?”); subjective sleep quality ( “During the past month, how would you rate your sleep
quality overall? ); sleep duration ( “During the past month, how many hours of actual sleep
did you get at night? (This may be different than the number of hours you spend in bed)”);
current sleep hygiene practice as measured by the Sleep Hygiene Index [27]; and other

health behaviours (i.e., smoking, alcohol consumption, caffeine intake).

Power and Sample Size. Based on established guidelines [40], to detect a minimal
intraclass correlation of 0.7 between n = 2 measurement occasions, with an alpha = 0.05,
and power = 0.80, at least 10 participants were required. Allowing for an anticipated
dropout of 30% between the two time points resulted in a minimum target sample size of

n=15.

Analysis. The seven-day test-retest reliability per scale was examined using two-way
random effects intraclass correlation (ICC), which considers both the correlation and
level of agreement between measures [41]. Magnitudes of intraclass correlation estimates
were interpreted as: >0.75 excellent reliability; 0.60—0.74 good; 0.40—0.59 fair; and <0.40
poor [42].

4.4 Results?

4.4.1 Phase One

For each construct, one item for each of the following nine a priori determined sleep

hygiene domains was developed: (1) avoiding caffeinated beverages (coffee, tea, energy

% At the end of the study participants received a plain English summary report (Appendix N).
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drinks) in the late afternoon or right before bedtime; (2) avoiding nicotine at bedtime; (3)
avoiding alcohol at bedtime; (4) exercising regularly; (5) reducing stress levels; (6)
reducing the impact of noise and nuisance in the bedroom; (7) keeping sleep and wake
times consistent; (8) avoiding daytime naps; and (9) avoiding the use of technological
devices (e.g., phone, TV, laptop) at bedtime or in bed. Therefore, the seven psychosocial
determinants scales included a total of 63 items, measuring nine domains of sleep hygiene
per construct (full instrument provided in Table 4.S1). To provide a referent, participants
were told “The following questions relate to some general daytime routines and what you

do before going to bed”.

Self-efficacy. Self-efficacy (“I can [...]”) relating to sleep hygiene practice was assessed
on a 5-point Likert-type scale (from not at all confident (0) to extremely confident (4))
with one item per sleep hygiene domain (e.g., “[...] reduce the impact of noise and

nuisance in my bedroom™) [43].

Behavioural capability. This construct assessed the frequency with which participants
make conscious choices in favour of good sleep health when they have the opportunity to
do so, using a 5-point Likert-type scale (from never (0) to always (4)). For example,
“Whenever I have the opportunity to use technological devices right before bedtime or in
bed, I know how to avoid or remove them.” In line with the source scales, these items
focused on situations that challenge commitment to healthy choices [ 18], which is integral

to the understanding of health behaviour [25].

Outcome expectations and expectancies. Participants’ expectations and expectancies
pertaining to personal gains from engaging in regular physical activity were assessed
separately. Participants were first asked to indicate their level of agreement (outcome
expectations) with a range of statements (adapted from Plotnikoff et al. [44] and Dewar
et al. [18]) relating to the benefits of regular sleep hygiene practice (e.g., “For me,
[keeping consistent sleep and wake times] would help me sleep better”) and then rate the
value (outcome expectancies) associated with these benefits (e.g., “How important is it
to [e.g., keep sleep and wake times consistent] to sleep well?””). All outcome expectations
items were answered on a 7-point Likert scale and outcome expectancies items were
answered on a 4-point Likert-type scale ranging from not at all important (0) to extremely

important (3). Separate sum scores were calculated for each construct.
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Social support. Social support is another key determinant that may have a facilitating
effect on sleep hygiene practice, while also shaping expectations and attitudes toward
sleep hygiene practice [25]. Using a fixed stem, (e.g., “Most people who are important to
me would encourage me to [e.g., reduce my stress levels.]” participants rated their level
of agreement on nine difference statements on a 5-point Likert scale (from strongly

disagree (0) to strongly agree (4)) [16,24].

Intention. Participants were asked to what extent they “intend to [...]” practice sleep
hygiene behaviours by rating the strength of their intention using a 7-point Likert scale
(from no, not really (0) to strongly intend (6)) where higher scores indicate stronger

intention. This item was used previously in a sleep hygiene context [16].

Planning. Plans regarding the implementation of sleep hygiene practice were assessed
by asking if a participant had planned “where, when and how” to avoid caffeine, avoid
nicotine, avoid alcohol, exercise regularly, reduce stress levels, minimise the impact of
noise and nuisance in the bedroom, keep sleep and wake times consistent, avoid daytime
naps, and avoid the use of technological devices right before bedtime or in bed. Previous
studies have used separate items to assess planning to engage in the behaviour (“when”,
“where” and “how”) [23]. However, in the current study, these denominators were
collapsed to have one item per sleep hygiene domain to reduce response burden since the
when, where and how of practicing sleep hygiene are likely to co-occur and be
interdependent. Higher scores correspond to more detailed planning (from no plans (0)

to detailed plans (6)).
4.4.2 Phase Two

No floor effects were observed (all seven scales had <15% participants scoring lowest),
and, except for outcome expectancies (19%) and intention (17%), there was no evidence

of potential ceiling effects.

With an average score of 32.3 (SD = 6.65), participants reported reasonable sleep hygiene
practices (out of a maximum SHI score of 65, which corresponds to worst sleep hygiene
practices). Self-efficacy (p <0.001), perceived behavioral capability (p <0.001), intention
(p = 0.003) and planning (p = 0.031) were moderately correlated with the SHI (see Table
3). The remaining scales did not show statistically significant correlations with the SHI.

As shown in Table 4.2, SHI scores were significantly different by levels of self-efficacy
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(»<0.001), perceived behavioral capability (»p<0.001), social support (p = 0.019), and
intention (p = 0.008), but not by levels of outcome expectations and expectancies, and
planning (all p >0.05). SHI scores were typically higher (i.e., indicating less desirable
sleep hygiene practices) among participants with lower dispositions (e.g., lower self-

efficacy) on the psychosocial scales.

Principal component analyses for the seven constructs resulted in three one-component
solutions and four two-component solutions based on including eight items per scale. The
scales measuring self-efficacy, intention and planning demonstrated a single component
and those of behavioural capability, outcome expectations, outcome expectancies and
social support demonstrated two components. However, appraisal of the scree plots
(Appendix O) indicated a single underlying component per scale (distinct elbow and
levelling), consistent with unidimensionality [45]. Table 4.4 presents the eigenvalues and
proportion of variance, as well as component loadings for each of the items. A sum score
per scale was calculated from the respective nine items, with higher scores indicating
stronger psychosocial dispositions towards sleep hygiene (e.g., greater confidence,
stronger intentions). Means and median values, and levels of skewness per scale are
shown in Table 4.S2 (NB. medians are presented due to mild skewness in some of the
data, i.e., intention and planning). All seven scales demonstrated acceptable reliability,

with Cronbach’s alphas ranging from o = 0.76 to 0.92 (Table 4.4).

For the four scales that showed a two-component solution based on empirical testing, the
items that loaded most strongly onto each component were reviewed for conceptual
alignment, consistency between items, cross-loading and number of items per
subcomponent. However, due a lack of conceptual alignment and because internal
consistency per subscale (Cronbach’s alphas) was not noticeably improved relative to the

alphas calculated for the full scales, it was decided that the full scales should be retained.

4.4.3 Phase Three

Four of the scales demonstrated excellent test-retest reliability (planning: ICC = 0.84;
self-efficacy: ICC = 0.84; capability: ICC = 0.81; intention: ICC = 0.80), while the
remaining three scales demonstrated good reliability (outcome expectations: ICC = 0.68;
social support: ICC = 0.63; outcome expectancies: [CC = 0.61). Intra-class correlation
coefficients were calculated based on complete data from n = 20 participants (see Table

4.4),
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Table 4.2.

Range of scores per construct and results of one-way ANOVAs testing the difference in sleep
hygiene practices by subgroups

Range of Subgroups* Test of group
scores difference
Construct/scale Per Per Subgroup Score n SHI score F Prob
item  scale range M (SD)** S
Self-efficacy 04 0-36 Low 0-22 55 35.3(7.06) 9.51 <0.001
Average 23-26 46 31.6(6.01)
High 27-36 59 30.2(5.81)
Behavioural 04 0-36 Low 0-23 48 35.5(7.16) 9.94 <0.001
capability Average  24-27 51  32.0(5.90)
High 28-36 61  30.1(5.90)
Outcome 0-6 0-54 Low 0-36 50  33.2(6.99) 1.20 0.303
expectations Average 37-45 52 32.7(6.49)
High 46-54 58 31.3(6.47)
Outcome 0-3 0-27 Low 0-18 51 32.7(6.98) 0.12 0.889
expectancies Average 19-22 54 32.3(6.32)
High 23-27 55 32.0(6.77)
Social support 0-5 045 Low 0-24 55 32.7(6.05) 4.05 0.019
Average 25-29 52 33.9(6.76)
High 3045 53 30.4(6.77)
Intention 0-6 0-54 Low 0-41 47  34.5(6.33) 4.94 0.008
Average 42-49 56 32.4(6.23)
High 50-54 57 30.5(6.87)
Planning 0-6 0-54 Low 0-19 49  33.6(6.47) 1.83 0.164
Average 20-35 54 32.5(7.43)
High 36-54 57  31.1(7.43)

Note. Subgroups were created based on achieving approximately equal group size, rather than equal size
ranges (NB. no clinical cut-offs were available to subdivide the constructs); ** Tukey’s post-hoc tests
revealed that sleep hygiene practices were better in subgroups with stronger/higher psychosocial
disposition for all constructs; *** statistically significant at p<0.05, indicated in bold font.
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Table 4.3.

Test of the relationship between psychosocial determinants of sleep hygiene and actual sleep
hygiene practice (Sleep Hygiene Index scores)

Scale Correlation coefficient (r)* p-value**
Self-efficacy -0.36 <0.001
Behavioral capability -0.28 <0.001
Outcome expectations -0.08 0.336
Outcome expectancies 0.01 0.878
Social support -0.07 0.359
Intention -0.24 0.003
Planning -0.17 0.031

Note. *negative coefficients indicate lower scores on the Sleep Hygiene Index (SHI), which corresponds
to more desirable sleep hygiene practices; ** statistically significant at p <0.05, indicated in bold font.
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Table 4.4

Summary table of scale unidimensionality and component loadings

Scale EV (VE)! Component loadings for the extracted component/s Alphas? ICC?
Caffeine Alcohol Exercise Stress Noise Timing Napping Technology
Self-efficacy 3.03 (38%) 0.28 0.21 0.40 0.40 0.38 0.40 0.32 0.39 0.76 0.84
Behavioural 3.16 (40%) 0.31 0.21 0.42 0.36 0.34 0.42 0.34 0.38 0.77 0.81
capability 1.11 (14%) 0.49 0.69 —-0.13 —0.38 -0.33 0.03 —-0.10 0.08
Outcome 3.84 (48%) 0.41 0.37 0.30 0.32 0.40 0.33 0.37 0.30 0.84 0.68
expectations 1.06 (24%) -0.37 —0.44 0.43 0.36 -0.14 0.35 -0.28 0.36
Outcome 3.66 (46%) 0.33 0.37 0.35 0.34 0.40 0.36 0.31 0.36 0.82 0.61
expectancies 1.17 (15%) 0.51 0.45 -0.38 -0.28 0.09 -0.39 0.29 -0.27
Social 4.13 (52%) 0.34 0.33 0.35 0.30 0.39 0.37 0.38 0.34 0.86 0.63
support 1.29 (16%) -0.45 -0.47 0.37 0.42 -0.02 0.23 —-0.33 0.31
Intention 4.02 (50%) 0.28 0.28 0.36 0.38 0.34 0.43 0.35 0.39 0.85 0.80
Plans 5.21 (65%) 0.35 0.35 0.34 0.36 0.36 0.37 0.34 0.36 0.92 0.84

Note. ' Principal components were extracted if they had an Eigenvalue (EV) of >1; VE = percentage of variance explained; > Cronbach’s alphas presented in this table
are based on one-component solutions for all seven scales; > ICC = Intraclass correlation coefficients
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4.5 Discussion

This study aimed to describe the development of an instrument that measures the
psychosocial determinants of sleep hygiene practice and to evaluate its psychometric
properties. The scales assessed self-efficacy, behavioural capability, outcome
expectancies, outcome expectations, social support, intention, and planning specific to
the practice of sleep hygiene. All seven scales demonstrated acceptable levels of construct
validity, good internal consistency and good to excellent test-retest reliability. On
average, participants completed the survey in less than 10 minutes (M = 9.7, SD =4.77),

which corresponds to a low response burden.

Mild ceiling effects were observed for outcome expectancies and intention with 19% and
17%, respectively reporting the lowest scores for these scales, and this may have had a
slight effect on the scales’ content validity and reliability, and it is possible this limits the
responsiveness of these scales to change (i.e., pre- to post-test) [28]. However, the fact
that participants scored high on these particular scales was not surprising, considering
they were assessed at the outset of an intervention, which recruited participants who were
seeking to increase their physical activity and improve their sleep [17], as is commonly
observed in baseline measurements [46,47]. Sample Two however, was too small to rule

out that these ceiling effects also occur in a non-intervention context.

The statistically significant correlations between four of the psychosocial scales and sleep
hygiene practices were of small to moderate magnitude (r = -0.17 to -0.36), which is
typical of the relationship between psychosocial factors and health behaviours [48-50].
The limited correlation between the remaining constructs (i.e., outcome expectations and
expectancies and social support) was not surprising, given their conceptual relationship
with sleep hygiene, where perceived benefits might be subject to previous education and
awareness, and the social context may not be applicable or relevant. The observed
differences in actual sleep hygiene practices provide some evidence of validity of the
scales where participants who reported poorer self-efficacy, perceived behavioural
capability, social support and intention, also reported poorer sleep hygiene practices. It
will be useful to examine these issues in a more diverse population including those with

a broader range of scores.
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A previous study tested the predictive utility of the Theory of Planned Behaviour in the
context of sleep hygiene among university students (n = 257) [16]. The study assessed
three sleep hygiene domains (i.e., those of greatest perceived importance to participants)
in relation to attitude, subjective norm, perceived behavioral control, intention,
current/actual behavior and past behavior, as well as perceived autonomy support. The
study used elicitation interviews to identify the three sleep hygiene domains of the
greatest perceived importance to participants and assessed those in relation to attitude,
subjective norm, perceived behavioural control, intention, current/actual behaviour and
past behaviour, as well as perceived autonomy support. Cronbach’s alphas for the scales
used in that study ranged from 0.75 to 0.92 [16], which is a similar range to that observed
for internal consistency in the present study (o = 0.76-0.92); however, no further
psychometric characteristics were reported. Further, the concept of sleep hygiene was
limited to “keeping a restful sleep environment”, “not going to sleep when thirsty/hungry”
and “avoiding stress-inducing activities before bedtime” [16], which does not consider
other components that may impact on sleep quality (e.g., regular exercise, avoiding light-
emitting devices at bedtime). Acceptable to good levels of internal consistency are
frequently reported for instruments examining the psychosocial determinants of health
behaviours such as physical activity and diet [18,23]. A study assessing barrier self-
efficacy and outcome expectancies specific to sleep apnoea treatment adherence reported
Cronbach’s alphas of 0.89 and 0.85 respectively [51]. These values were slightly higher
than those reported in the current study; this may be due to the greater number of items
per construct used in the earlier study, which inherently leads to larger estimates of

internal consistency [52].

The scales in the present study were developed to provide an instrument assessing the
psychosocial determinants of sleep hygiene, a key requirement of which is to have
acceptable levels of test-reliability. Measurement consistency reported in the present
study was good to excellent (ICC = 0.61-0.84), which is comparable with that reported
for scales assessing similar constructs [51]. The overall psychometric qualities of the
developed scales suggest they may be useful to understand psychosocial determinants of
changes in sleep hygiene behaviour. The scales may be used to assess levels of self-
regulatory readiness in individuals with poor sleep quality in need of intervention.
However, the scales’ utility to be used as a pre-intervention screening tool requires to be

evaluated in larger samples, as sleep hygiene is only one set of several useful strategies
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to improve sleep health and has demonstrated weaknesses compared to other

interventions (e.g., relaxation training, full CBT-I) [53].
4.5.1 Limitations

Rather than using a set of reflective scales, where multiple items share one underlying
latent construct [54], a single item per sleep hygiene domain was used for each of the
seven scales herein (e.g., one item assessing self-efficacy to engage in regular exercise).
This may have limited the ability to fully capture what constitutes a given construct.
However, this approach is widely used for the assessment of situational or environmental
determinants of behaviour (e.g., barrier self-efficacy), and is known to be of multi-faceted
nature and may apply to varying degrees from one person to another [55]. Mainly for
pragmatic reasons (e.g., response burden), some of the most frequently studied
psychosocial determinants have been assessed using single-item measures and there is
evidence that single-item and multi-item scales have similar ability to predict behaviour
[54]. Moreover, although the scales developed in this study aligned with the key
constructs from theories that acknowledge both intrapersonal and environmental
determinants (e.g., Social Cognitive Theory) [25], it is possible that other constructs with
potential influence on sleep hygiene practices were overlooked. Systematic reviews of

the literature may be useful to identify these broader determinants.

Seven respondents (Sample Two) reported having made minor changes to their sleep
hygiene practices between the two measurement points, which may have had an impact
on test-retest reliability. Despite this, the scales still demonstrated good to excellent
stability, indicating robustness. Participants were mostly Caucasian (91%), which is
slightly higher compared to the general Australian population. Both samples consisted
predominantly of female participants, which may have reduced generalizability.
However, this is a commonly observed limitation [56] that may require different
recruitment strategies. Finally, Sample One respondents were assessed prior to
commencing an intervention to improve physical activity and sleep health and may, as a
consequence, have differed in their intentions and expectations toward sleep hygiene
(e.g., improved self-regulation) in comparison with Sample Two respondents. For the
same reason, it was deemed unsuitable to use these data to determine the scales’ divergent
validity. Instruments of similar nature were not available to allow for comparison with

the newly developed scales. However, once these become available, any future studies
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shall be expanded to examine domains such as convergent and discriminant validity.
Although both samples reported similar sum scores per scale (see supplemental material
S2), it was not possible to establish scale reliability in Sample Two, due to the small
number of participants recruited. Further, the sample size used in the current study is
acknowledged as a potential limitation. Thus, it is recommended that future studies
confirm the factor structure per scale as well as other aspects of scale validity and

reliability using larger samples.

There are limited measures to assess the psychosocial determinants of sleep hygiene. This
may have several reasons, including the inter-individual variability of sleep hygiene
practices [53], and differences in how relevant certain sleep hygiene practices are to a
person. For instance, avoiding caffeine, nicotine and alcohol close to bed time is
consistently recommended, although individuals vary in how sensitive they are to
caffeine, while not everybody smokes or consumes alcohol. Also, there is inconsistency
in the sleep hygiene practices recommended. For example, regular exercise is
recommended as it promotes good sleep health [12], however, some recommendations do
not promote regular exercise per se, but advise to avoid exercise right before bedtime
[57]. For participants, this may provoke feelings of cautiousness towards exercise, rather
than motivate a person and for researchers, it hinders the development of streamlined
scales. A consolidated set of recommendations with minimal ambiguity and
amenableness is required to inform intervention design and delivery. The current study
aimed to treat sleep hygiene as a comprehensive set of practices, each of which should be
taken into account when assessing the psychosocial factors driving these practices. Once
sleep hygiene recommendations are refined and improved to an extent that enhances
intervention effectiveness, it is important to review the scales developed in this study for

optimal alignment.
4.6 Conclusion

This appears to be the first study to report on the development of a new instrument to
assess a broad set of psychosocial determinants specific to sleep hygiene and its
psychometric qualities. Analyses confirmed levels of validity and reliability that make
the scales suitable for use by researchers and practitioners in the context of sleep hygiene,

including studies examining how changes in these determinants relate to a range of
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outcomes (e.g., sleep quality). A greater understanding of the mechanisms associated with

changes in sleep hygiene behaviours may ultimately assist in improving sleep health.
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Supplementary Material — Chapter 4

Table 4.S1

Psychosocial determinants of sleep hygiene scales

The following questions relate to some general daytime routines and what you do before going to bed.

@ Please indicate your level of confidence in engaging in the following behaviours for the general purpose of keeping your sleep healthy.

etc.) right before bedtime or in bed.

Not at all A little Moderately Very Extremely
I can... confident confident confident confident confident
(0) Q) 2 A3) 4)
.. avoid caffeinated beverages (coffee, tea,
. . . ] 0 0 O O
energy drinks, etc.) right before bedtime.
.. avoid nicotine right before bedtime. O O O O O
.. avoid alcohol right before bedtime. O O O O O
.. exercise on a regular basis. O O O O O
.. reduce my stress levels. O O O O O
.. reduce the impact of noise and nuisance in my bedroom. O O O O O
.. keep my sleep/wake times consistent. O O O O O
.. avoid taking daytime naps. O O O O O
.. avoid using technological devices (e.g., phone, TV, laptop,
g g (eg,p ptop - - - - -

146

Sum score:



The following questions relate to some general daytime routines and what you do before going to bed.

®

The following sections ask how confident you are about making specific choices.

Rate how confident you are that you can make the following choices over the next 3 months.

. Never Rarely Sometimes Often Always
Whenever I have the opportunity to...
) (1) @) (3) @)

... drink coffee/tea/energy drinks right before bedtime, I know how to - - . . .

avoid them.

... smoke a cigarette right before bedtime, I know how to avoid it. O O O O O
.. drink alcohol right before bedtime, I know how to avoid it. O O O O O
.. do some exercise, [ know how to make it happen. O O O O O
.. reduce my stress levels, I know how to relax and unwind. O O O O O
.. minimise the impact of noise and nuisance in my bedroom,

I know how to remove all sources of noise and nuisance O O O O O
or block them out.
.. set my own sleep and wake times, I know how to keep
, 0 0 0 0 0
them consistent.
.. take a daytime nap, I know how to avoid it. O O O O O
.. use technological devices right before bedtime or in bed, I
, O O O O O
know how to avoid or remove them.
Sum score:
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The following questions relate to some general daytime routines and what you do before going to bed.

The following questions list a number of things, which may or may not impact your sleep-related habits over the next 3 months. For each
question, please indicate how much you agree with each statement.

Strongly Slightly Neither Slightly Strongly
For me... disagree = Disagree disagree disagree nor agree Agree agree
0) (1) 2 agree (3) “) &) (6)
... avoiding caffeine/tea or energy
. O O O O O O O
drinks would help me sleep better.
... avoiding nicotine would help me sleep better. O O O O O O O
... avoiding alcohol would help me sleep better. O O O O O O O
... exercising regularly would help me slee
gree Y P P O O O O O O O
better.
... reducing my stress levels would help me
O O O O O O O
sleep better.
... reducing the impact of noise and nuisance in my
O O O O O O O
bedroom would help me sleep better.
... keeping consistent sleep/wake times would
O O O O O O O
help me sleep better.
... avoiding daytime naps would help me slee
g dayt P P P O O O O O O O
better.
... avoiding the use of technological devices right
before bedtime or in bed would help me sleep O O O O O O O
better.

Sum score:
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The following questions relate to some general daytime routines and what you do before going to bed.

@ The following questions list a number of things, which may or may not impact your sleep-related habits over the next 3 months. For each
question, please rate how important each statement is to you.

Not atall = Only slightly Extremely

How important is it to... important important Important important
0) 6] 2 3)
.. avoid caffeine/tea or energy drinks to sleep well? O O O O
.. avoid nicotine to sleep well? O O O O
.. avoid alcohol to sleep well? O O O O
.. exercise regularly to sleep well? O O O O
.. reduce stress to sleep well? O O O O
.. reduce bedroom noise and nuisance to sleep well? O O O O
.. keep sleep/wake times consistent to sleep well? O O O O
.. avoid daytime naps to sleep well? O O O O
.. avoid technological devices right before bedtime or in bed to sleep well? O O O O

Sum score:
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@ Now, referring to your friends, family members, partner or your housemates, please indicate your level of agreement with the following

statements.
Neither agree
Most people who are important to me would encourage Strongly nor Strongly Strongly
me to... disagree Disagree disagree Agree agree disagree
(0) (1) 2 A3) “) &)
.. avoid caffeine. O O O O O O
.. avoid nicotine. O O O O O O
.. avoid alcohol. O O O O O O
.. exercise regularly. O O O O O O
.. reduce my stress levels. O O O O O O
.. reduce the impact of noise and nuisance in
O O O O O O
my bedroom.
.. keep my sleep and wake times consistent or
O O O O O O
keep the same schedule as me.
.. avoid taking daytime naps. O O O O O O
.. avoid the use of technological devices right
before bedtime or in bed and not use them
O O O O O O

either when they are in the same
bedroom/bed.

Sum score:
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@ Please indicate to what extent you intend to engage in the following behaviours over the next 3 months.

Somewhat Strongly
I intend to... No, not really intend intend
0 ) 2 A3) “4) (6)) (6)
.. avoid caffeine, especially right
) O O O O O O O
before bedtime.
.. avoid nicotine, especially right
) O O O O O O O
before bedtime.
.. avoid alcohol, especially right
) O O O O O O O
before bedtime.
.. be more physically active. O O O O O O O
.. reduce my stress levels. O O O O O O O
.. keep my bedroom free of noise
. O O O O O O O
and nuisance.
.. keep my sleep and wake times
) O O O O O O O
more consistent.
.. take fewer daytime naps. O O O O O O O
.. avoid using technological devices,
especially right before bedtime or O O O O O O O
in bed.

Sum score:
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@ Next, we are going to ask you about your planning related to sleep over the next 3 months.

I have planned where, when and how I . No plans Detailed plans
will... 0) 0] 2) 3) “4) &) (6)
.. avoid caffeine. O O O O O O O
.. avoid nicotine. O O O O O O O
.. avoid alcohol. O O O O O O O
.. exercise regularly. O O O O O O O
.. reduce my stress levels. O O O O O O O
.. minimise the impact of noise and
_ _ 0 0 0 0 0 0 0
nuisance in my bedroom.
.. keep my sleep and wake times
) O O O O O O O
consistent.
.. avoid daytime naps. O O O O O O O
.. avoid using technological devices
i ] ) 0 0 0 0 0 0 0
right before bedtime or in bed.
Sum score:
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SCORING INSTRUCTIONS

For each of the seven scales, add up the scores from all nine items to calculate a sum score.

For scales with response choices ranging from 0-3 (oei), the range of sum scores is 0-27.

For scales with response choices ranging from 0-4 (sef, bep), the range of sum scores is 0-36.
For scales with response choices ranging from 0-5 (soc), the range of sum scores is 0-45.

For scales with response choices ranging from 0-6 (oeo, int, pln), the range of sum scores is 0-54.

Interpretation: Higher scores indicate stronger psychosocial dispositions for sleep hygiene.

PSYCHOSOCIAL DETERMINANTS OF SLEEP HYGIENE SCALES
The following questions relate to some general daytime routines and what you do before going to bed.

@ Please indicate your level of confidence in engaging in the following behaviours for the general purpose of keeping your sleep

healthy.
Not at all A little Moderately Very Extremely
I can... confident confident confident confident confident
0) M (2) 3) 4)
.. avoid caffeinated beverages (coffee, tea, O O O O x
energy drinks, etc.) right before bedtime.
.. avoid nicotine right before bedtime. O O O X O
.. avoid alcohol right before bedtime. a O a x ul
.. exercise on a regular basis. O O w O ul
.. reduce my stress levels. a X a O a
.. reduce the impact of noise and nuisance in my bedroom. 0 O 0 X O
.. keep my sleep/wake times consistent. O O O w O
.. avoid taking daytime naps. O O O w u]
.. avoid using technological devices (e.g., phone, TV, laptop, 0 0 X 0 0
etc.) right before bedtime or in bed.

Sum score: 24

EXAMPLE SCORING: sef 1=4;sef 2=3;sef 3=3;sef 4=2;sef 5=1;sef 6 =3;sef 7=3;sef 8=3;sef 9=2
EXAMPLE SUM SCORE: sef 1+ sef 2 +sef 3 +sef 4+sef 5+sef 6+sef 7+ sef §+sef 9=24
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Table 4.S2

Sum scores and skewness per scale for both study samples

Sample One (n = 160) Sample Two (n = 20)
Scale M (SD) Median Skewness M (SD) Median Skewness
Self-efficacy 24.4 (5.49) 24.0 -0.24 24.3 (4.97) 24.5 -0.61
Behavioral capability 25.6 (5.40) 26.0 -0.57 26.8 (4.73) 260 -0.22
Outcome expectations 41.0 (9.91) 42.0 -0.41 39.5(9.03) 41.0 -0.38
Outcome expectancies 20.4 (4.97) 20.5 -0.53 20.0 (4.81) 20.5 -0.30
Social support 26.9 (6.22) 27.0 -0.32 26.8 (6.09) 26.5 -0.44
Intention 44.8 (7.99) 47.0 -0.92 37.3 (10.81) 41.5 -0.69
Planning 27.3 (16.02) 28.5 -0.26 25.9 (14.15) 26.0 -0.13

Note. Values of skewness between -0.5 and 0.5 indicate an approximately symmetrical distribution, values between -1 and -0.5 or between 0.5 and 1 indicate moderate
skewness and values less than -1 or greater than 1 indicate high levels of skewness; means (SD), medians and levels of skewness reported for Sample Two were assessed at

the first of two time points (test-retest phase).
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CHAPTER 5. A RANDOMISED CONTROLLED TRIAL
USING A THEORY-BASED M-HEALTH INTERVENTION
TO IMPROVE PHYSICAL ACTIVITY AND SLEEP
HEALTH IN ADULTS: THE SYNERGY STUDY
PROTOCOL

Chapter 5 presents a study protocol including the rationale, development and methods of
the Synergy Study. The contents of this chapter were peer-reviewed and published as a

journal article in BMJ Open.

Citation: B Murawski, RC Plotnikoff, AT Rayward, C Vandelanotte, WJ Brown, MJ
Duncan, Randomised controlled trial using a theory-based m-health intervention to
improve physical activity and sleep health in adults: the Synergy Study protocol, BMJ
Open, 2018; 8:¢018997.

5.1 Abstract

There is a need to reduce physical inactivity and poor sleep health in the adult population
to decrease chronic disease rates and the associated burden. Given the high prevalence of
these risk behaviours, effective interventions with potential for wide reach are warranted.
The aim of this two-arm RCT will be to test the effect of a three-month personalised
mobile app intervention on two main outcomes: minutes of moderate to vigorous physical
activity and overall sleep quality. In addition, between-group changes in health-related
quality of life and mental health status will be assessed as secondary outcomes. The pre-
specified mediators and moderators include social cognitive factors, the neighbourhood
environment, health (BMI, depression, anxiety, stress), sociodemographic factors (age,
gender, education) and app usage. Assessments will be conducted after three months
(primary endpoint) and six months (follow-up). The intervention will provide access to a
specifically developed mobile app, through which participants can set goals for active
minutes, daily step counts, resistance training, sleep times and sleep hygiene practice. The
app also allows participants to log their behaviours daily and view progress bars as well
as instant feedback in relation to goals. The personalised support system will consist of
weekly summary reports, educational and instructional materials, prompts upon

disengagement and weekly facts.
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5.2 Background

Engaging in sufficient physical activity and maintaining good sleep health are two
lifestyle behaviours that significantly reduce the risk of all-cause mortality [1,2],
cardiovascular disease [3,4] and type-2 diabetes [5,6]. Sufficient physical activity is the
accumulation of at least 150 minutes of moderate-intensity or 75 minutes of vigorous-
intensity physical activity per week [7]. Good sleep health is characterised by duration,
quality and timing of sleep that leaves a person satisfied with their sleep and alert during
the day [8]. Internationally, up to 32% of adults are insufficiently physically active [9],
up to 29% report sleeping <6 hours [10], 24% report poor quality sleep [11] and >50%
report inconsistent bed and wake times, the latter two of which are indicators of poor
sleep health [12]. There is no global estimate of the percentage of adults who report both
insufficient physical activity and poor sleep health. However, evidence suggests that
individuals with poor sleep health also report lower levels of physical activity [13,14].
Thus, interventions that target both behaviours have the potential to make meaningful

contributions to public health.

Multiple lifestyle behaviour interventions produce greater reductions in the risk of poor
health than interventions that target a single behaviour [15]. Moreover, physical activity
and sleep have a bi-directional relationship [16] in which physical activity improves
indicators of sleep health (e.g., sleep quality) and good sleep health is associated with
greater levels of physical activity [17]. Interventions targeting both behaviours
simultaneously may capitalise on this reciprocal relationship to produce larger increases
in both behaviours [18]. Previous reviews of multiple behaviour interventions, however,
have not identified any studies that specifically targeted changes in both physical activity
and sleep health and tested the efficacy of this approach in a randomised controlled trial

[19-21].

Non-pharmacological sleep interventions (e.g., Cognitive Behavioural Therapy for
Insomnia) frequently promote sleep hygiene [22] using a set of self-regulatory strategies
that help to promote good sleep health, but details of behaviour change techniques (BCTs)
to support changes in sleep hygiene behaviours, such as regular physical activity or stress
management, are usually not reported [23,24]. Without providing the necessary guidance
to promote behaviour change, such education-only interventions are unlikely to change

behaviour, as education-only interventions are known to be less effective than those that
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are combined with additional self-regulation strategies [25]. Furthermore, multiple health
behaviour change interventions need to implement BCTs that are specific to each
behaviour to produce greater changes in targeted behaviours [26]. Interventions targeting
physical activity and sleep in combination therefore need to provide behaviour-specific
intervention strategies to maximise change and harness the potentially synergistic effects

between physical activity and sleep.

Reviews of the evidence suggest theory-based interventions are more effective in
changing behaviour than interventions that do not use a theoretical approach [27].
Theoretical models provide important guidance for the development of behaviour change
interventions, aiming for the uniform operationalisation of cognitive and behavioural
determinants. Social Cognitive Theory (SCT) is one of the most widely used theories in
health behaviour research [28]. SCT aids the conceptual understanding of behaviour
change, as it accounts for the interactions between individual and environmental
processes that either facilitate or impede behaviour change [29]. This is particularly
relevant when targeting both physical activity and sleep health, since individual as well
as environmental factors are known to influence both behaviours [30,31]. SCT has guided
the development of numerous physical activity interventions and its constructs are
strongly associated with physical activity [31,32], but there is only limited understanding
of social cognitive factors in relation to sleep health [30]. However, it may be useful to
apply social cognitive frameworks to better understand mechanisms of adult sleep health,
since sleep is affected by factors at both the individual (e.g., self-efficacy to change sleep
hygiene behaviours) and environmental (e.g., sleep environment, neighbourhood factors)

level.

Due to the high prevalence of people who report either being insufficiently active or
meeting indicators of poor sleep health, there is a need for broad-reaching interventions.
Because smartphone ownership is growing steadily, with approximately 80% of the
population owning a device [33], intervention delivery entailing this medium is likely to

be accessible, affordable and conveniently integrated into daily life.

This study aims to test: (1) the efficacy of an app-based intervention to improve physical
activity and sleep quality (as primary outcomes) and health-related quality of life and
mental health status (as secondary study outcomes), relative to a waitlist control; (2) the

mediating role of social cognitive factors and app usage in behaviour change; and (3)
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health (BMI, depression, anxiety, stress), sociodemographic factors (age, gender,
education) and the neighbourhood environment as potential moderators of intervention

efficacy.
5.3 Methods

This trial was registered prospectively (pre-results) on the Australian New Zealand
Clinical Trials Registry (ANZCTR Registration Number: ACTRN12617000376347;
Universal Trial Number: U1111-1186-6588 (Appendix P)). The conduct and reporting of
the trial will follow CONSORT guidelines [34] and the CONSORT-EHEALTH checklist
[35]. Full ethical approval was obtained from the Human Research Ethics Committee of

The University of Newcastle, Australia (Approval Number: H-2016-0181 (Appendix B)).
5.3.1 Study design

A two-arm randomised controlled (superiority) trial with a combined physical activity
and sleep intervention and a waitlist control group, with assessments conducted at zero

months (baseline), three months (primary endpoint) and six months (follow-up).
5.3.2 Recruitment

Digital and print-based advertising will be used to recruit nationwide in Australia.
Recruitment for both intervention arms commenced in May 2017 and will conclude once
sample size requirements are achieved (n = 160, refer to power and sample size section).
Social media advertising will be used to recruit in social media networks (e.g., Twitter,
Facebook) using target audiences that match inclusion criteria (i.e., age, living in
Australia). Electronic and print-based advertising will include magazines and newspapers
with state-wide reach. All recruitment materials will provide contact details and a link to
the consent form and eligibility survey. Due to the remote delivery of the intervention in
combination with self-report based assessments, participants will not be required to visit

the research centre.
5.3.3 Exclusion criteria

Individuals who meet any of the following criteria will not be eligible to participate (see

Appendix Q for Eligibility Screening Items).
e Not residing in Australia.
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e Not being between 18 and 55 years old.

e Reporting a height and weight that is not consistent with a BMI between 18.5 and
35.

e Accumulating more than 90 minutes of moderate/vigorous physical activity per
week.

e Rating their sleep-quality (over the past month) as fairly good or very good.

e Currently pregnant or having given birth in the past 12 months.

e Having a condition that would make it unsafe or limit their ability to increase
activity levels or change sleep behaviours.

e Having a diagnosed sleep disorder (chronic insomnia, sleep apnoea, sleepwalking,
narcolepsy, restless legs syndrome, etc.).

e Currently consuming hypnotics (sleep-inducing medication).

e Being employed in any night-shift work.

e Planning frequent travel (once a month or more often) to a destination with a shift
in time zone by more than three hours during the intervention period.

e Currently using a self-monitoring system or device to track or log physical activity
or sleep (this includes non-device assisted applications).

e Not having access to an internet-enabled i10OS (Apple) or Android smartphone or

tablet.

Interested participants who indicated they already used a self-monitoring system or
tracking device were excluded to avoid the potentially confounding effect that the use of
a self-monitoring system or device may have on behaviour, as most popular health apps
or the trackers themselves frequently implement a variety of behaviour change strategies

[36,37].
5.3.4 Study procedure

Eligible participants will be contacted via email and welcomed into the study. Participants
will be asked to complete online surveys assessing primary and secondary outcomes,
potential mediators/moderators and sociodemographics at three time points (see
Appendix H for Baseline Survey Items). Figure 5.1 illustrates the flow of participants
throughout the trial.
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Figure 5.1 Flow of participants in the Synergy Study

All online surveys will be administered using Qualtrics (Provo, Utah). If specified
screening criteria are not met, participants will be advised via text displayed at the end of
their survey and further contact will only be made where ambiguous responses require

clarification. Ineligible participants will also receive a link providing free and unlimited

A

Intervention

access to the public version of the Balanced app [38].

Participants will receive an email with a unique password-protected link to their survey
at each assessment point. Each person who has completed their baseline survey will be
randomly allocated to one of two groups. Participants allocated to the intervention group
will be mailed a pedometer, tool sheets, login details and instructions for download and

installation of the “Balanced” smartphone app in the form of a participant handbook
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(Appendices R and S). The initial Balanced app was specifically developed for scientific
purposes and is described in more detail elsewhere [38]. It originally consisted of three
separate categories, one for physical activity (active minutes), one for inactivity (hours
and minutes of sitting) and one for sleep (bed and wake times and sleep quality rating).
As part of the modifications to the previous app, the physical activity component of the
app was revised to include daily steps and resistance training in addition to minutes of
moderate to vigorous intensity physical activity; and the sleep component was revised to
include sleep hygiene in addition to sleep times and sleep quality. The sitting behaviour
category was removed for use in the Synergy Study, as no specific strategies to reduce
sitting time will be provided in this study and because the objective will be to promote
improvements in moderate to vigorous intensity physical activity and sleep health. App
content was modified based on participant feedback (process evaluation and semi-
structured interviews) as part of the Balanced study [38], while design and aesthetics from
the original version were retained. The main advance of the modified version lies in its
increased level of tailoring using personal as opposed to the previously standardised
goals, which makes feedback on progress towards goals and goal achievement more

personalised and meaningful for those needing to get engaged in healthy behaviour [39].

Regular app use will be supported by an email and text message-based support system
(see Table 5.1), which is initiated as soon as a participant has gained access to the app.
All messaging will follow a standardised protocol that was designed under consideration
of the specificity, timeliness and relevance of contents (see Table 5.1), as those are valued
components in mobile apps designed to change health behaviours [40]. Following
completion of their three-month assessment, participants may continue to use the app as

much or as little as they like, but the message-based support will no longer be provided.
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Table 5.1

Overview and content of message-based support service

Frequency

Delivery Content as

weekly monthly .
required

Email General communication, survey reminders,
notifications (eligibility, group allocation)

Personalised weekly summary (Appendix T) X
Tool sheets (sent separately at weeks 3, 6 and 9) X

App usage reminder (Condition: if 3 consecutive
SMS prompts were unsuccessful in motivating X
participants to re-engage), only if applicable

SMS Fact of the week (Appendix U) X

Usage prompt (Condition: if non-usage occurred
on at least 4/7 days per week)

App-based If enabled, a daily on-screen notification prompts
Prompts participants to log data, if app has not been used X
to self-monitor behaviour in >24h

Note. The message-based support system will be delivered for the first 12 weeks of the intervention only.

5.3.5 Intervention

The intervention is composed of app and non-app components, with non-app components
referring to any content of the intervention that is delivered via participant handbook, text
message or email. App components consist of educational resources, self-monitoring,
goal-setting and feedback. Participants will have continuous access to the app throughout
the intervention period. For the first three months, which is the period between baseline
and the primary endpoint, these components will be complemented by a messaging
system providing personalised feedback on progress towards goals, prompting goal
review and prompting practice of the target behaviours. The messaging component will
cease at the three-month assessment, but participants will have continued access to the
app. Following completion of the study, participants will be able to continue to access
and use the app for an indefinite period, but will not be required to complete any further
assessments as part of this study. The app will be available on both Android- and Apple-
based operating systems. Table 5.2 provides an overview of intervention strategies used
to operationalise the social cognitive constructs in the intervention. In brief, the key

constructs included relate to a person’s confidence (self-efficacy) in their capacity to
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define and follow a specific plan, the purpose of which is to experience a desired result
in the face of situational or environmental (sociostructural) factors that either impede or
facilitate progress, while the motivation to pursue results is regulated by perceptions
regarding the personal benefit of the result in question and its importance (outcome

expectations and expectancies) [29].

Educational resources

App resources will consist of educational information about the importance of the two
behaviours, basic instructions on how to change each behaviour and guidance for app use
(e.g., how to interpret traffic lights and progress graphs). This content will provide
participants with knowledge on the health benefits of each behaviour, the current national
guidelines for physical activity and sleep and the importance of resistance training and
incidental physical activity in addition to aerobic exercise, as well as the importance of
all dimensions of sleep health (i.e., sleep duration, sleep quality, sleep timing). Resources
will consist of a comprehensive range of stimulus control and sleep hygiene
recommendations based on summaries of the evidence [22]. In addition to app content,
participants will receive a total of three tool sheets (enclosed in the handbook): one tool
sheet including goal-setting strategies [41] for each behaviour, one that emphasises action
planning (again, one for each behaviour) and one tool sheet with information and
instructions adapted from publicly available resources for the practice of stress
management techniques (i.e., progressive muscle relaxation, deep breathing and
mindfulness) [42-44]. All tool sheets (Appendix R) will be distributed at outset along
with the participant handbook (Appendix S), which includes a brief study summary, a
personalised timeline including assessment dates as well as a comprehensive
troubleshooting guide covering the most common problems that may occur when
installing and using the app. Participants in the intervention group will receive their
materials following completion of their baseline assessment and waitlist controls will
receive an identical package following their six-month assessment. In addition, during
each month of the intervention, one tool will be promoted via email to encourage
utilisation of these resources. Goal-setting tool sheets will be sent in week three, followed
by the action planning tool sheet in week six and the stress management tool sheet in
week nine for each participant. The examples given within the tool sheets are framed in
a way that encourages participants to tailor any strategies to their own situation and
priorities (for example: Once I get fitter, I will finally be able to...). Individuals are

instructed to set goals that are personally relevant and meaningful to promote initial
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engagement, but the goal-setting information provided will provide reference to the
recommended minimum of 150 minutes of moderate-intensity physical activity per week
[7] and a sleep duration of 7-9 hours per night [45] as overarching goals one should
gradually work towards. Weekly summary reports (Appendix T), however, will focus on
individual progress in relation to the individual goals set by the participant. Each report
will detail progress in the form of totals and averages for both behaviours (i.e., active
minutes, step count, resistance training sessions, bed and wake times, sleep hygiene, sleep
quality), which will help participants understand how changes in the two behaviours are
interrelated. Furthermore, participants will receive a weekly text message containing one
of 12 educational and motivational facts relating to physical activity and sleep for better
health (i.e., the consequences of poor sleep health). Each fact message will also refer to

the resources section available in the app and encourage people to use it (Appendix U).

Table 5.2

Operationalisation of social cognitive factors and behaviour change strategies

Constructs BCT! Components Description of intervention components
Self-efficacy e Graded tasks App log Participants will be asked to recall and enter their
e Self activity and sleep behaviours. The daily log will

monitoring allow entries for active minutes, daily steps,

. resistance training sessions, sleep and wake times,
o  Goal review

a sleep quality rating, as well a checklist of 10
e Feedback on

sleep hygiene goals. Participants will be asked to

e performance tick off those sleep hygiene goals they
e  Praise/rewards implemented the previous day.
e Relapse
prevention/  App progress Bar charts will provide a history for daily, weekly
e coping charts and 3-month progress in relation to goals per
e  Barrier behaviour (for each of the items data logged for).
identification/ o .
App The activity dashboard produces a traffic light
*  problem dashboard  colour relating to total active minutes, while the
solving

traffic light  colour of the sleep dashboard relates to total sleep
e Stress

management

duration. Goals can be adjusted at any time, which
will determine the colours on the dashboard traffic
light. This is dynamically updated as soon as a self-
monitoring entry is made: a green light indicates a
participant is meeting, exceeding or close to their
goal; an orange light indicates they are progressing
toward their goal although are not close; and a red
light indicates they are markedly below their goal.
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Table 5.2

Operationalisation of social cognitive factors and behaviour change strategies

SCT constructs BCT! Components Description of intervention components
Self-efficacy Tool sheets A series of tool sheets delivered at weeks three, six,
and nine will promote goal-setting and action
planning and give detailed guidance on how to set
SMART goals and follow through with an action
plan in the face of barriers (i.e., by being prepared).
Weekly This support feature will provide an overview of
summary weekly totals and averages per behaviour (if
(Email) sufficient data are available) and prompt
participants to review goals, if needed.
Prompts If participants fail to log any data on more than 4
(SMS) days per week, they will receive a message
prompting them to resume logging.

Perceived Information  App The resources section will provide the current
behavioural on where and resources national guidelines on how much physical activity
capability when to be per week and how much sleep (hours) per night

active/engage adults need. This section also includes brief content

in in sleep on the when, the where, who with and how of being

promoting active and sleeping well (e.g., sleep hygiene

behaviours practices).

Instructions Weekly Each week, participants will receive a short text

on .how to be facts (SMS) message with educational content on activity and/or

active a1.1d sleep and health to reinforce the importance of both

engage i behaviours.

sleep

promoting Tool sheets Tool sheets provide more detailed information that

behaviours enable a person to make positive changes to their
physical activity and sleep levels and include action
plan templates and examples of exercises. These
materials will also include stress management
techniques, such as Progressive Muscle Relaxation
(PMR) and controlled breathing.

Outcome Information  Tool sheets As part of the goal-setting tool sheet, participants
expectations/ about the will be asked to think about the reasons for wishing
expectancies behaviour in to improve their health behaviours and what they

relation to
health

anticipate as personal benefits, following improved
levels of activity and sleep (examples will be
provided).
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Table 5.2

Operationalisation of social cognitive factors and behaviour change strategies

SCT constructs BCT! Components Description of intervention components

Outcome App This section will include information on why
expectations/ resources activity and sleep are important and how they
expectancies contribute to health and well-being.

App log Participants will be asked to personalise their goals,

personal but work towards recommended minima (150

goals MVPA/week; 7-9h sleep/night); goals are carried
forward from previous entries unless adjusted

Goals e Goal-setting ~ App Participants will be encouraged to put equal effort

e Action dashboard  into improving both PA and sleep. This means two
Planning traffic light amber lights are better than one green and one red
. Self light.
monitoring Tool sheets Participants will receive goal-setting strategies and
e Prompt example action plans for guidance (per behaviour)
. as part of the tool sheets described above. One of
practice . . . .
. three tools will be promoted specifically via Email
¢ Time at week three, six and nine, respectively.
Management
e Teachuseof Reminders Participants are advised to set a daily bedtime
prompts reminder (optional) on their phone, which is
e Time intended to prompt a person’s bedtime routine and
management will promote regular bedtimes.
App Environmental restructuring as part of good sleep
resources hygiene will be highlighted in the resource section
and include details on Zow to manage the bedroom
environment.
Also includes information on activity and sleep in
the social context and seeking support from those in
the same household (housemates, partner, family
members).

Sociostructural ¢ Use of Tool sheets  This will include short examples on how to identify
factors prompts and manage barriers around being active and
(social e  Environmental getting good sleep and how to utilise one’s social
support & e restructuring support and environment in favour of activity and
environment) ® Barrier sleep.

identification

e  Plan social
support

Note. 'Behaviour change techniques were specified in accordance with the 40-item taxonomy of

behaviour change techniques by Michie et al. [46]; MVPA = moderate to vigorous intensity physical

activity; PA = physical activity.
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Self-monitoring

Participants will be asked to recall minutes of moderate to vigorous physical activity, and
participation in resistance training, and manually enter this into the app every day. Daily
steps will be objectively measured using the pedometer (Yamax SW200, Eagle Farm,
QLD) provided and manually entered by participants into the app. Participants will not
be asked to return their pedometer. Self-monitoring of sleep in the app will also be
manually entered by participants. The sleep log consists of: bedtime (time of going to
sleep), wake time (time of waking) and sleep quality (rating scale from zero to five where
five indicates high sleep quality). As an additional feature, this section of the app allows
participants to log which sleep hygiene behaviours they practised the previous day (Figure
5.2). These include consumption of caffeine, alcohol, nicotine, excessive intake of fluids
or heavy meals before bedtime, regulation of the impact of light, noise and temperature
in the bedroom, use of light-emitting devices, regular exercise, maintenance of consistent
sleep and wake times, having and following a bedtime routine, creating comfort (e.g.,
proper pyjamas and bedding) and managing stress [22]. Participants can self-monitor
these behaviours at any time of the day and update this information as many times per
day as they prefer. The current study uses a manual data entry method based on self-
monitoring. This method was selected for use in the current trial due to financial
restrictions and because the Balanced study did not observe any between-group
differences (i.e., manual entry vs. device-entered method (via Fitbit)) in physical activity

or sleep outcomes, or in time to non-usage attrition [38].
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Figure 5.2 Sleep hygiene log items

Self-regulation

App feedback on behaviour will be provided using graphical displays of logged behaviour
in relation to the goals set by the participant (Figure 5.3). Two types of graphical feedback
are provided. There will be separate graphs for moderate to vigorous intensity physical
activity, steps, resistance training, sleep duration, sleep quality, sleep timing and sleep
hygiene. This information will provide a breakdown in the form of daily, one-week and
three-month bar charts. The second graphical feedback to participants is via the dashboard
which changes to one of three colours — green, orange and red in a traffic light system —

to provide immediate feedback on participants’ behaviour to in relation their goals on a
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daily basis (Figure 5.3). The comparison of actual behaviour to goals based on a
percentage of the goal achieved allows the use of consistent criteria across behaviours.
This differs from the traffic light system originally used in Balanced, since process data
from that study alluded to participants preferring to see this feedback based on goals

rather than guidelines for each behaviour [38].

As part of the goal review strategies, participants will be encouraged to evaluate their
achievements in relation to goals and adjust their goals whenever needed. This will be
facilitated by a personalised weekly summary of the previous week, delivered via email,
so that any reviews and adjustments of goals align with the most recent progress and
foster self-efficacy. If a participant has logged data on less than four days per week (per
behaviour), a text message will be sent to prompt practice. Likewise, once per week, if a
participant logs data for one behaviour but not the other, a prompt will encourage him or

her to engage in both behaviours equally.
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Figure 5.3 Screenshots of app screens for self-monitoring and feedback relative to goals

5.3.6 Waitlist control group

Upon enrolment and allocation, the waitlist control group will not receive any

intervention materials and only be required to complete their baseline, three-month and
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six-month assessments. After the six-month assessment is completed, participants in this

group will receive full access to the intervention.
5.3.7 Randomisation

Participants will be randomly allocated to one of two groups (intervention or control)
after having completed their baseline assessment. Opaque sealed envelopes (n = 80 per
group) will be prepared by BM using permuted block randomisation with block sizes of
four and eight, following the procedures suggested by Doig et al. [47] Once a participant
has completed their baseline assessment, a researcher not associated with the study who
is responsible for group allocation will open the envelope that is next in sequence and
inform the project leader of the allocation outcome. Participants will be informed by the
project leader and be sent a package containing study materials (i.e., handbook and
pedometer), if they have been allocated to the intervention group (participants in the
waitlist control group will receive their study materials after completing their six-month
assessment). The only exception for contravention with the allocation sequence will be
made if family members or couples living in the same household enrol in the study, which
would pose a high risk of contamination, especially between groups. For this reason, all
individuals who are identified as members of the same household will be allocated to the
same group. Neither the trial participants nor the project lead (BM) will be blinded to

group assignment.
5.3.8 Outcome measures

All measures will be assessed via online survey at baseline, three months and six months
except for sociodemographics, which will only be collected at baseline. The three-month
survey will further include process evaluation items that measure system usability and
participant satisfaction (intervention group only). The two primary outcomes will be total
minutes of moderate to vigorous physical activity and sleep quality. To increase
adherence to scheduled assessments, participants who complete their survey will be
entered into a draw for one of five A$50 shopping vouchers. This information will not be
provided prior to enrolment and is not intended to function as an incentive for individuals
to sign up to participate, but merely to promote adherence to assessment requirements.
Table 5.3 provides a summary of outcome measures and assessment time points. All

online surveys will be pilot-tested and locked prior to study commencement to prevent
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any changes from being made once the study is underway. All survey forms will be hosted

on Qualtrics.

Table 5.3

Overview of outcome measures and assessment time points

Time point of assessment

Variables Measure Instrument . Three Six
Baseline
months months
Primary Minutes of The Active Australia X X X
outcomes moderate- Questionnaire (AAQ)
and vigorous
intensity
physical
activity (last
week)
Overall The Pittsburgh Sleep Quality X X X
sleep quality  Index (PSQI)
(past 30
days)
Secondary Health- The RAND-12 plus 3 items X X X
outcomes related assessing energy/fatigue
quality of (RAND-36)
life
Depression,  The DASS-21 X X X
Anxiety,
Stress
Resistance Number of sessions per week X X X
training and duration per session
Sitting The Workforce Sitting X X X
behaviour Questionnaire
Sleep timing  The Sleep Timing Questionnaire X X X
Insomnia The Insomnia Severity Index X X X
symptom (ISDH)
severity
Daytime The Epworth Sleepiness Scale X X X
sleepiness (ESS)
Process Self-efficacy = The Internet Self-Efficacy Scale X
evaluation using a
items mobile app
(intervention (g, The Cognitive-Affective Model X
group only)  satisfaction of Perceived User Satisfaction
(CAMPUS)

171



Table 5.3

Overview of outcome measures and assessment time points

Time point of assessment

Variables Measure Instrument Baseline  Three Six
months months
App usage & The Balanced App database Continuous recording
engagement
App usability ~ The System Usability Scale X
Utility, advice =~ Semi-structured telephone X
acceptability & interviews (Appendix V)
relevance
Sample Demographics ~ Age, gender, height, weight, X
characteristics chronic disease status
Socioeconomic  Education, income, marital X
factors status, occupation, working
hours
Morningness- The Morningness-Eveningness X
Eveningness Questionnaire (MEQ)
Moderators/ Sleep hygiene  The Sleep Hygiene index (SHI) X X X
Mediators behaviours
Environment Perceived Neighbourhood X X X
Disorder
Social Social cognitive factors X X X
cognitive relating to physical activity
factors Social cognitive factors
relating to sleep hygiene
behaviour
Habit The Automaticity Scale X X X
App usage & The Balanced App database Continuous recording
engagement

5.4 Primary outcomes

5.4.1 Physical activity

The Active Australia Questionnaire (AAQ) has demonstrated acceptable reliability (rho
= 0.64) [48,49], is sensitive to change in interventions [50] and provides a measure of

both the frequency and duration of moderate- and vigorous-intensity physical activity
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during the last week. This includes the total time spent in recreational walking and
transport, moderate-intensity physical activity (e.g., swimming, golfing), aerobic activity
(e.g., cycling, jogging) and vigorous gardening or yard work. Total minutes of moderate-
and vigorous-intensity physical activity will be created by summing minutes of walking,
moderate- and vigorous-intensity (weighted by two) physical activity. Although objective
assessment methods may be used to measure physical activity, it was not deemed feasible

in the current study due to financial and pragmatic issues.
5.4.2 Sleep quality

The Pittsburgh Sleep Quality Index (PSQI) consists of 19 items and seven component
scores with scores ranging from zero to 21 [51]. Items assess problems with seven
different components of sleep health in the last 30 days. Higher scores indicate poorer
sleep quality and a score above five is commonly used to indicate poor sleep quality. The
current study will use the PSQI as a continuous score. The PSQI is the most frequently
used self-report instrument in sleep research [52-54]. The PSQI has demonstrated good
reliability (o = 0.83), is sensitive to change and has strong psychometric properties
[51,55]. The seven PSQI component scores consist of subjective sleep quality, sleep onset
latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleep
medication and daytime dysfunction, all of which will be reported in addition to the total
score. Although objective assessment methods (e.g., polysomnography, accelerometry)
are known to provide accurate measures of sleep [56], a global measure of subjective
sleep quality will be used in this study to observe the perceived restorative effect of sleep,

which is difficult to measure using objective methods [57].
5.5 Secondary outcomes

5.5.1 Health-related quality of life

Poor sleep quality and inadequate sleep duration are independently associated with low
health-related quality of life [58]. The RAND-12 is a valid and reliable instrument [59]
that is widely used to assesses multiple concepts of health such as physical functioning,
role limitations due to physical and emotional problems, social functioning, emotional
well-being, energy/fatigue, pain and general perceptions of health. In addition to the
RAND-12 scale, three additional items that make up the energy/fatigue subscale in the
36-item version of the RAND will be asked (e.g., “How much of the time during the past
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four weeks did you feel tired?”), so that this domain can be evaluated separately. This
will allow improvements in energy and fatigue during the course of the intervention to be

assessed.
5.5.2 Depression, anxiety, and stress

The effect of changes in physical activity and sleep on participants’ severity of
depression, anxiety and stress symptoms will be assessed using the Depression-Anxiety-
Stress Scale (DASS-21). The DASS-21 is reported to have satisfactory levels of internal
consistency for its total scale (r = 0.93) as well as for its individual scales for depression
(r=0.88), anxiety (r = 0.82) and stress (r = 0.90) [60]. In addition, DASS-21 scores will

be examined as a potential moderator of intervention efficacy.
5.5.3 Resistance training

Since the AAQ does not capture resistance training and because the Synergy Study will
promote regular resistance training, the number and duration of resistance training
sessions per week will be assessed using two items adapted from previous studies that
assessed resistance training [61]. One item will ask participants: “In the last week, on
how many days have you participated in muscle-strengthening activities (including
weight/resistance training)?”” and the second item will ask “What do you estimate was the
total time (in hours/minutes) that you spent doing muscle strengthening activities (incl.
weight/resistance training) in the last week?” The original items were adapted by
changing the recall period from the previous month to the last week to align with the

recall period used in the AAQ.
5.5.4 Sitting time

The Workforce Sitting Questionnaire (WFSQ) will provide a self-report measure of total
domain-specific sitting time (over the last week) on workdays and non-workdays [62].
Domains include sitting time accumulated at work, watching TV, using a computer, using
transport and doing other leisure activities. The WFSQ captures sitting time across several
domains with acceptable validity (r = 0.45) and reliability (ICC = 0.63). Possible
reductions in total sitting time may be a result of increased amounts of time allocated to

light/incidental or moderate to vigorous physical activity [63].
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5.5.5 Sleep timing

A modified version of the validated Sleep Timing Questionnaire will be used to assess
the variability in bed and wake times on working days as well as non-working days [64].
To minimise participant burden, the instrument will only include items on the stability of
usual bed and wake times, and the usual bed and wake times per se. Response options
are categorical and scored on a scale of one to 11 with lower scores indicating less

variability in bed or wake times (e.g., 1 = 0-15 min; 2 = 16-30 min; 11 =>4 hours).
5.5.6 Insomnia severity

The Insomnia Severity Index (ISI) is a valid and reliable instrument for measuring
insomnia severity [65]. It can be used to classify individuals as having no insomnia (0—
7), sub-threshold insomnia (8—14), moderate clinical insomnia (15-21) or severe clinical
insomnia (22-28). This index will measure the proportion of the sample with potentially
severe yet undiagnosed insomnia symptoms. While assessing the severity of sleep
problems and the level of dissatisfaction with sleep a person can experience, the ISI also
captures the extent to which the consequences of sleep problems manifest themselves in
everyday life — for example, “To what extent do you consider your sleep problem to
interfere with your daily functioning (e.g. daytime fatigue, mood, ability to function at
work/daily chores, concentration, memory, mood, etc.) currently?”. Across a total of

seven items, responses are scored on a 5-point scale and summed to obtain a total score.
5.5.7 Daytime sleepiness

Daytime sleepiness is a further indicator of poor sleep health. It will be measured using
the Epworth Sleepiness Scale (ESS), which assesses daytime sleepiness. This scale has
demonstrated high internal consistency (Cronbach’s a/pha = 0.88) and good reliability (r
=0.82) [66] and consists of eight items that depict various situations in which a person
could experience dozing off (e.g., while sitting and reading or watching TV). Items are
summed to calculate a total score from zero to 24, with higher scores indicating higher

levels of daytime sleepiness.
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5.6 Process outcomes?

5.6.1 Internet self-efficacy

Participants’ confidence in using the smartphone app will be assessed using an adaptation
of the Internet Self-Efficacy Scale to capture participants’ overall understanding of app
software, confidence in gathering information using the app and learning to use the app,
as well as the ability to troubleshoot and resolve app problems [67]. Participants will rate
their agreement using a total of eight statements (e.g., “I feel confident explaining why a
task will not run on the smartphone/tablet™) on a seven-point scale from strongly disagree

(1) to strongly agree (7).
5.6.2 Perceived user satisfaction

The Cognitive-Affective Model of Perceived User Satisfaction (CAMPUS) will be used
to ask participants about thoughts and feelings associated with using the mobile app
(Balanced). Using a seven-point scale ranging from strongly disagree (1) to strongly
agree (7) , a total of 23 items inquire about participants’ opinion on the effects and
aesthetics as part of the app design (15 items), its effectiveness and efficiency (five items)
and the level of satisfaction experienced when using the app (three items) with the
following anchors: frustrated—contented, unhappy—gratified and sad—joyful. Iltems will be
adapted to refer specifically to the Balanced app — for example, “I would consider my
experience with using the Balanced app as innovative”. This instrument has demonstrated

adequate levels of reliability and validity [68].
5.6.3 App usage

Overall interaction with the app will be measured continuously throughout the study
period by the app database, which records the time and date a self-monitoring entry was
made and the actual value or response entered into the app. Analysis of usage patterns
will include the number of self-monitoring entries made and the duration of self-
monitoring throughout the intervention, similar to previous research [69,70]. These data

will also be considered as a mediator of behaviour change in the intervention group.

3 See Appendix U.
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5.6.4 Usability of the App

App usability will be assessed using the 10-item System Usability Scale [71], a valid and
reliable tool that assesses participant satisfaction relating to the utility of the websites on
a five-point scale (items will be reworded for smartphone app usability). Higher total
scores (range 1-100) relate to better usability. Example items include, “I would imagine
that most people would learn to use this system very quickly” or “I needed the support of

a technical person to be able to use this system”.
5.6.5 Utility, Advice Acceptability and Relevance of the App

A participant sub-sample (10%) will be determined by random selection for semi-
structured telephone interviews, which will take place once all participants have completed their
six-month assessments. These interviews will contribute valuable information for process
evaluation and include general personal feedback, desirable improvements and
preferences relating to future use. As part of these interviews, participants will be asked
about their perception of the app’s usefulness to improve changes in self-efficacy levels
(confidence) toward physical activity and sleep health, coping with potential impediments
(barriers) to being more active and sleeping better, maintaining new routines/action plans
and keeping it a priority to be more active and sleeping better. Finally, advice
acceptability and relevance in terms of the content will be examined based on a previously

used questionnaire [72].
5.7 Mediators and moderators

5.7.1 Social Cognitive Factors

Testing social cognitive factors as potential mediators of intervention efficacy may
provide insights into some of the underlying mechanisms of behaviour change, as
observed in previous health behaviour interventions [73]. Constructs from Social
Cognitive Theory [29] will be assessed using partially modified items from previously
developed scales, with distinct items per behaviour relating to the person’s projections
towards the occurrence of each behaviour over the next three months. The constructs of
interest include self-efficacy, perceived behavioural capability, outcome expectations and

expectancies, goals, action planning and sociostructural factors including social support
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and the environment. Items are described in more detail below and Table 5.4 summarises

the number of items per behaviour per construct and lists response options for each item.
5.7.2 Physical Activity Items

For physical activity, a total of 34 items will be used to assess the social cognitive factors
and a sum score will be calculated for each construct. Prior to asking these questions,
participants will be advised that, in the context of these questions, “regular physical
activity is defined as doing at least 150 minutes of moderate intensity physical activity
each week. Moderate intensity can be described as any type of aerobic activity performed
at a level where a person begins to lightly sweat, but can still carry on a conversation.

This may feel different from one person to another.”

Self-efficacy

Self-efficacy levels in the context of barriers will be assessed using a modified version of
validated measures [74] consisting of 10 items. Response choices for these items range
from not at all confident (0) to extremely confident (4) and items share the same stem (“I
am confident that I can participate in regular physical activity...”), followed by situations
or circumstances that may impede regular engagement in physical activity (i.e., “when I
am a little tired, I am in a bad mood or feeling depressed, I have to do it by myself, it
becomes boring, I can’t notice any improvements in my fitness, I have many other
demands on my time, I feel a little stiff and sore, the weather is bad, I have to get up early,

even on weekends, I am on vacation”).
Behavioural capability

Participants will be asked how confident they are about having the capability to engage
in specific amounts and intensities of physical activity, using three statements [75] and
response options from never (0) to always (4). An example statement is “I can run or jog

for 10 minutes without stopping”.
Outcome expectations and expectancies

Using five items per construct, a total of 10 items will assess participants’ expectations
and expectancies pertaining to perceived personal gains (outcome expectations) from

engaging in regular physical activity, followed by the level of importance associated with
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these gains (outcome expectancies). On a five-point Likert scale (strongly disagree to
strongly agree), participants will be asked first to indicate their level of agreement with
one of five statements (adapted from Dewar et al. [76]) relating to perceived benefits of
regular engagement in physical activity (e.g., “Being physically active can reduce my risk
for some illnesses and diseases (e.g., heart disease, diabetes, some cancers, etc.).”) and
then rate the value this would have for themselves (e.g., “How important is [e.g., reducing
your risk for illness and disease?]”) on a four-point Likert-type scale (not at all important
to extremely important). One sum score will be calculated for outcome expectations and

one for outcome expectancies.
Social support

The role a person’s social network plays in influencing physical activity participation will
be assessed by asking participants about their level of agreement (on a seven-point scale
from strongly disagree (0) to strongly agree (6) with two items that were previously
modified for use in the context of a physical activity intervention [77]: “People in my
social network are likely to help me participate in regular physical activity” and “I feel
that someone in my social network will provide me with the support I need to get regular

physical activity”.
Environment

The impact a person’s built and natural environment has on physical activity engagement
will be measured using three items from the IPAQ environmental module [78] that are
answered on a five-point Likert scale. This scale has shown acceptable levels of
reliability, with intra-class correlations ranging from 0.36 to 0.98. The three items are
“There are sidewalks on most of the streets in my local area”, “There are many interesting
things to look at while walking my local area” and “My local area has several free or low-
cost recreation facilities, such as parks, walking trails, biking paths, playgrounds, and
recreation centres”. Higher total scores correspond with an environment that facilitates
physical activity, whereas lower scores indicate environmental impediments that may

have a negative influence on physical activity levels.
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Goals

To further assess the motivational mechanisms that drive progress towards goal
attainment [29], participants will be asked to indicate the extent to which they intend to
be active on a regular basis using two adapted items, “Do you intend to do regular physical
activity over the next 3 months?”’ [76] and “How motivated are you to do regular physical
activity over the next 3 months?” [79] that are answered using seven-point Likert-type
response choices ranging from no, not really (0) to strongly intend (6) and not at all
motivated (0) to extremely motivated (6) respectively. For both items, higher scores
indicate greater strength of goals and the two scores will be summed to obtain a total

score for goals.
Planning

Plans concerning “when”, “where”, “how” and “what kind” of physical activity
participants will engage in will be assessed using a previously modified scale [80] that
consists of four respectively worded items, where higher scores are interpreted as more

detailed planning (no plans (0) to detailed plans (6)).
5.7.3 Sleep Hygiene Items

To assess the same constructs as above in the context of sleep hygiene practice, a total of
72 items were developed using partially modified scales previously used to assess social
cognitive factors in the context of other health behaviours (i.e., physical activity, diet)
[74,76]. Each scale will query each of the following nine sleep hygiene practices: (1)
avoiding caffeinated beverages (coffee, tea, energy drinks, etc.) in the late afternoon or
right before bedtime, (2) avoiding nicotine right before bedtime, (3) avoiding alcohol
right before bedtime, (4) exercising regularly, (5) reducing stress levels, (6) reducing the
impact of noise and nuisance in the bedroom, (7) keeping sleep and wake times consistent,
(8) avoiding daytime naps and (9) avoiding the use of technological devices (e.g., phone,
TV, laptop, etc.) right before bedtime or in bed. To avoid overburdening participants,
each construct will be assessed using a single item per sleep hygiene behaviour. Thus,
each social cognitive construct will have nine items. Each construct will be scored as the
sum of the nine sleep hygiene items, with a higher sum score indicating improvement.

The environment construct, however, will not be included for sleep hygiene behaviours,
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as this is already captured as part of the perceived neighbourhood disorder questionnaire

described below.

Self-efficacy

Items assessing self-efficacy relating to sleep hygiene will be answered on a five-point
Likert-type scale (not at all confident to extremely confident) using the commonly used
stem “I can...” [81] in connection with each of the nine sleep hygiene behaviours (e.g.,

“avoid alcohol right before bedtime”, “reduce the impact of noise and nuisance in my

bedroom”, etc.).
Behavioural capability

Participants will be asked to rate (never (0) to always (4)) their perceived behavioural
capability to make various choices in favour of keeping good sleep health using
“Whenever I have the opportunity to...” as a stem. For example, “Whenever I have the
opportunity to use technological devices right before bedtime or in bed, I know how to
avoid or remove them”. These items were adapted from previously used scales [76] with
a focus on situations that challenge the reinforcement of making healthy dietary choices.
In the context of avoiding behaviours that do not promote good sleep health, behavioural

capability can be thought of as a function of inhibitory control [82].
Outcome expectations and expectancies

Similar to the scales described above for physical activity, those for sleep hygiene will be
built on two single stems per sleep hygiene behaviour adapted from previous studies: “For
me, [e.g., keeping consistent sleep and wake times] would help me sleep better” [74] and
“How important is it to [e.g., keep sleep and wake times consistent] to sleep well?” [76].
The outcome expectations items are answered on a seven-point Likert scale and the
outcome expectancies items are answered on a four-point scale ranging from not at all
important (0) to extremely important (3). Sum scores will be reported separately for each

of the two constructs.
Social support

To assess social support as a sociostructural factor that may or may not have a facilitating

effect on sleep hygiene practice, the commonly used stem “Most people who are
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important to me would encourage me to [e.g., reduce my stress levels]” [79,82] will be

used with response choices ranging from strongly disagree (0) to strongly agree (4)”.
Goals

The extent to which people “intend to...” practice sleep hygiene behaviours will be
measured using a seven-point Likert-type scale (from no, not really to strongly intend),
with higher scores indicating stronger goals. This item was used previously in a sleep

hygiene context [82].
Planning

To test participants’ plans with regards to practising good sleep hygiene, each of the nine
items assessing this construct will ask if a person has planned “where, when and how” to
avoid caffeine, avoid nicotine, avoid alcohol, exercise regularly, reduce their stress levels,
minimise the impact of noise and nuisance in their bedroom, keep their sleep and wake
times consistent, avoid daytime naps and avoid using technological devices right before
bedtime or in bed. While previous studies [80] have used four separate items to assess
planning to engage in the behaviour (“when”, “where”, “how” and “what kind” of

behaviour), these were collapsed into one item per sleep hygiene behaviour to reduce

response burden.
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Table 5.4

Social cognitive factors related to physical activity and sleep hygiene behaviours

Construct Items Response anchors
Physical Activity
Self-efficacy 10 (0) not at all confident
(4) extremely confident
Perceived behavioural capability 3 (0) never
(4) always
Outcome expectations 5 (0) strongly disagree
(6) strongly agree
Outcome expectancies 5 (0) not at all important
(3) extremely important
Environment 3 (0) strongly disagree
(4) strongly agree
Social support 2 (0) strongly disagree
(4) strongly agree
Goals 2 (0) no, not really
(6) strongly intend; and
(0) not at all motivated
(6) extremely motivated
Action planning 4 (0) no detailed plans
(6) detailed plans
Sleep Hygiene Behaviours
Self-efficacy 9 (0) not at all confident
(4) extremely confident
Perceived behavioural capability 9 (0) never
(4) always
Outcome expectations 9 (0) strongly disagree
(6) strongly agree
Outcome expectancies 9 (0) not at all important
(3) extremely important
Environment 9 (0) strongly disagree
(4) strongly agree
Social support 9 (0) strongly disagree
(4) strongly agree
Goals 9 (0) no, not really
(6) strongly intend
Action planning 9 (0) no detailed plans
(6) detailed plans

Note. Each item per construct will refer to one of nine different sleep hygiene behaviours
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5.7.4 Automaticity

Habits relating to lifestyle behaviours are non-conscious processes, which can act as
determinants of behaviour and may even regulate behaviour independently of changes in
conscious processes such as implementation intentions (goals) [83]. The role behavioural
automaticity plays in the context of physical activity and sleep behaviours respectively
will be taken into account using one item from the Automaticity Index per sleep hygiene
behaviour (nine items) [84] and all four items of the index relating to physical activity
(13 items in total) — for example, “Reducing the impact of noise in my bedroom is

something I do automatically”, “Exercise is something I do without thinking”.
5.7.5 Sleep hygiene

Sleep hygiene will be assessed to measure changes in in sleep hygiene behaviour using
the 13-item Sleep Hygiene Index (SHI) developed by Mastin et al. [85]. Higher global
scores indicate poorer sleep hygiene behaviour, but there is no cut-off to label categories
of sleep hygiene engagement. This instrument demonstrates acceptable internal
consistency (a = 0.66) and test-retest reliability (r=0.71, p <0.01) [85]. Importantly, the
SHI shows positive correlations (» = 0.48) with both the global scores (p <0.01) and the
component scores (p <0.05 or less) of the Pittsburgh Sleep Quality Index [85]. Items are

answered using a five-point Likert scale from never (0) to always (4).
5.7.6 Environment

Perceptions about the order or disorder within a person’s physical and/or social
environment (i.e., neighbourhood peacefulness, safety, cleanliness) can have a significant
influence on physical activity levels and the quality and duration of sleep [86—88]. A
person’s neighbourhood environment can also negatively affect mental health and
participation in other health behaviours [89]. Based on an existing scale of neighbourhood
disorder, which demonstrated good levels of construct validity and internal
consistency/reliability [90], four items will assess each of the following characteristics of
neighbourhood disorder: physical disorder and physical order, social disorder and social
order. These are assessed using the following items: (1) “My neighbourhood is noisy”,
(2) “My neighbourhood is clean”, (3) “There is a lot of crime in my neighbourhood” and

(4) “My neighbourhood is safe”. These items will be answered on a five-point scale from
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strongly disagree (1) to strongly agree (5) and the average responses across the four items

will be calculated.
5.7.7 Sample characteristics

A range of demographic and socioeconomic factors such as age, gender, height and
weight, education, income, marital status, occupation, working hours, etc. will be
assessed. Participants will be asked to also indicate (allowing multiple selection) whether
they have been told by a doctor that they have any of the following chronic diseases:
arthritis, asthma, cancer, cerebrovascular disease (stroke), chronic obstructive pulmonary
disease (emphysema), coronary heart disease (heart attack, angina), type-1 diabetes, type-
2 diabetes, high blood pressure, kidney disease, mental illness (depression, anxiety, etc.),
osteoporosis, irritable bowel syndrome, high cholesterol, or any other disease (to be
specified by the participant). In addition, participants will be assessed for morningness or
eveningness type [91] as eveningness types are thought to be more prone to engage in
activities that cause social jetlag, due to misalignments between times of sleep and times

of social activity [92].
5.8 Power and sample size

Meta-analyses of physical activity interventions typically report small to moderate
increases in physical activity (Cohen’s d = 0.14 — 0.68) [93,94]. Moreover, poor sleep
health — specifically, the duration or quality of sleep — has small to moderate magnitude
associations with lower physical activity levels [95]. Meta-analyses of non-
pharmacological sleep interventions report small to medium effect sizes for changes in
sleep quality (Hedge’s g =0.35 and Cohen’s d = 0.41) in clinical populations [96,97] and
medium to large effect sizes (d = 0.74) in studies using exercise to improve sleep [98].
Therefore, based on these observations and feasibility data from a previous study [38] it
was assumed that a three-month combined physical activity and sleep intervention that
specifically targets behaviours and leverages the bi-directional relationship between
behaviours is likely to produce moderate increases in physical activity (d = 0.45) and
moderate to large increases in sleep quality (d = 0.65). Pre-post correlations were based
on preliminary data taken from a trial targeting and measuring changes in physical
activity and sleep [38], which showed correlations of » = 0.57 and » = 0.60 for physical

activity and sleep quality respectively; therefore, a pre-post correlation of 0.60 was
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assumed in the current study. Assuming an alpha of 0.025 (due to measuring two primary
outcomes; MVPA and sleep quality), power of 0.80, a moderate effect size (d = 0.45 for
physical activity; d = 0.65 for sleep) and a pre-post correlation of 0.60, a total of 60
participants per group will be required for physical activity and 35 per group for sleep

quality, the larger sample of which will be used.

Meta-analyses of physical activity and sleep interventions report average drop-out rates
of 20% [94,96]; however, the majority of web-based trials report drop-out rates higher
than that [93]. As there is insufficient information available on attrition in m-health
interventions, the sample size for this study will be inflated to account for a 25% drop-
out. Therefore, the total sample size is 80 participants per group, or 160 in total. A sample
of this size will also be adequately powered to detect mediated effect sizes of small (8 =
0.14) magnitude [99]. The participant recruitment phase will conclude once 160 complete

baseline responses have been obtained.
5.9 Analyses

Analyses will apply the intention-to-treat principle. Analysis of primary outcomes will
be blinded to group allocation and overseen by an independent statistician. The primary
aim of this study will be to examine differences in physical activity and sleep quality
between the intervention group and the control group at the three-month primary time
point. Between-group differences in physical activity (AAQ minutes) and sleep quality
(PSQI) will be estimated using Generalised Linear Mixed Models (GLMM) adjusting for
baseline measures of the outcome, including all available data in the analysis. The model
will include fixed effects for group, time and their interaction. A random intercept will be
used to account for repeated measures on individuals. Separate GLMM will be used to

examine changes in physical activity and sleep.

Sensitivity analyses using Pattern Mixture Modelling will be conducted to examine the
impact of missing data on outcomes. Where the GLMM assumes data are missing at
random, Pattern Mixture Modelling is robust to the assumed pattern of missing data.
Group differences in secondary outcome measures will be estimated using the same linear
mixed modelling approach, setting an alpha of 0.025 for each outcome. Potential

mediators and moderators of intervention efficacy will be examined using established
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approaches [100]. Generalised linear mixed models and survival analysis will be used to

examine differences in usage patterns.
5.10 Ethics and dissemination

Any type of adverse events reported by study participants that occurred in relation to their
participation in the study will be recorded and reported to the HREC. This may include
events reported by participants, including musculoskeletal injuries associated with the
uptake or increase in physical activity or emotional distress due to any survey items of
sensitive nature. Great care will be taken to avoid and prevent adverse events and the
research team will provide every possible assistance to remediate those events, should
they occur. The participant information statement, to which interested individuals will
have access to prior to consenting to participate, details any potential risks of discomfort
associated with participation in the study and provides contact details and information of

national support services (e.g., Black Dog Institute, Lifeline, etc.).

Survey data will be exported directly from Qualtrics as a text file and imported in
electronic form for scoring and analysis using statistics software. A detailed database will
track participants’ progress through the trial, including the scheduling of assessments and
reminders to complete assessments. Intervention usage will be monitored throughout the
trial by BM and MJD by way of the password-protected app database. Given the purpose
of the trial, the data to be collected and the nature of the intervention, no Data Monitoring
Committee will be established. Detailed strategies, including email/text message
reminders, will be used to remind participants about upcoming assessments. All
Newcastle-based members of the research team (BM, MJD, ATR, RCP) and other
associated personnel will have access to the information in both identified and re-
identifiable forms. Should statistical analysis advice be sought, access to the data will be
granted in re-identifiable form using unique numerical identifiers and access approved by

the relevant Ethics Commuittee.

Print data will be stored in locked filing cabinets accessible only to the research team.
Electronic data will be stored on password-protected computers or servers accessible only
to the research team. Data will be retained for 15 years in accordance with section 3.1.1

of the Australian Code for the Responsible Conduct of Research and all (paper and
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electronic) records will be disposed of in accordance with the requirements of the

Australian Code for the Responsible Conduct of Research.

Results from the outcome measures will not be presented in a way that adversely affects
the confidentiality of participants. The description of participants will not allow
identification of individual participants, and individual results and individual names will
not be revealed. Final reports and publications will only consist of aggregated results. At
the completion of the study, participants will receive a plain English summary of study
results. Scientific reports of the main outcomes, secondary outcomes and process
evaluation will be submitted to peer-reviewed journals. Results will also be incorporated

into student theses and presented at national and international conferences.
5.11 Discussion

It is advised that adults accumulate a weekly minimum of 150 minutes of moderate
intensity physical activity, combined with muscle strengthening activities on two days
per week [7], and also achieve seven to nine hours of good quality sleep each night [101].
Engaging in the recommended levels of physical activity and maintaining good sleep
health contributes to overall health and well-being through risk reductions associated with
chronic diseases such as heart disease and type-2 diabetes [3-6]. Engaging in optimal
levels of physical activity and sleep health can also positively contribute to long-term
weight management, mental health and overall quality of life [ 102-104]. Notwithstanding
this wide spectrum of benefits, a large proportion of the population does not accumulate

sufficient physical activity and/or achieve optimal sleep.

Wide-reaching behavioural programmes, such as those offered through m-health
interventions, have the potential to elicit the much needed shift of relatively large groups
of the population toward levels of physical activity and sleep that meet recommendations
[105]. Multiple behaviour interventions are effective at changing health behaviours [19]
and, while m-health interventions as such have been shown to effectively improve
physical activity and sleep health as individual behaviours [106,107], there is additional
evidence from website-based interventions supporting the efficacy of remotely delivered
interventions targeting multiple behaviours in combination [108,109]. To yield positive
changes in health behaviour, such interventions need to include educational information,

incorporate behaviour change techniques and deliver a level of guidance that endorses
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the initiation and maintenance of health behaviour change [29,110]. Systematic reviews
of the effectiveness of multiple health behaviour interventions suggest that those targeting
related behaviours (e.g., diet and physical activity) produced greater behaviour change
than those targeting unrelated behaviours (e.g., smoking and physical activity) [111] and
that specific intervention techniques are necessary for each behaviour [26]. Physical
activity and sleep are suggested to have a bi-directional relationship [16], yet no previous
RCT has combined physical activity and sleep in one intervention and, therefore, none
has utilised the synergistic relationship between physical activity and sleep. The Synergy
Study addresses this by targeting physical activity and sleep simultaneously, using
specific intervention techniques to enhance participants’ self-regulatory skills in relation
to the two health behaviours; it thus leverages the potential for synergistic improvements
in both behaviours. An advantage of this study lies in its mode of delivery, which involves
mobile technology and therefore blends into day-to-day life. A key intervention strategy
is the use of goal-setting and feedback to promote behaviour change. It seeks to achieve
this through the promotion of dynamic goals and action plans, while the implementation
of a personalised support system further addresses potential barriers (i.e., low levels of
self-efficacy) that can increase the gap between participant intentions (goals and plans)
and behavioural outcomes [112] and contributes to long-term behaviour maintenance.
This includes knowledge of how to set attainable goals and having strategies in place that
facilitate the occurrence of healthy behaviours, despite challenging situations or
unfavourable environmental factors [29]. The structured promotion of goal-setting
strategies, combined with action plans that define in detail how an individual will
implement the intended behaviour, is known to be effective in changing health behaviours

[110].

Additional strengths of this study include its randomised waitlist controlled study design,
which will allow inferences about the causal links between the intervention and changes
in behaviour. The use of remote delivery through an m-health format makes it possible to
recruit nationwide and has the potential to be scaled up further, including an international
version of the programme. Delivering the Synergy Study in multiple countries, however,
would require further refinement of the contents and adaptation to cross-cultural
factors and geographical differences. While the first aim of this study is to test the
intervention’s efficacy to produce changes in two co-primary outcomes, the pre-specified

secondary outcomes (mental health, quality of life) will give insight into changes in
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parameters of health and well-being that may be very meaningful to the participant. And,
finally, this study will generate knowledge on social cognitive determinants of behaviour
change relating to sleep health and explore how these factors differ between physical
activity and sleep. This will enhance the understanding of underlying mechanisms
associated with successful behaviour change in both behaviours and also further the
application of social cognitive theories in the multi-health behaviour context. The
limitations of this study include the study duration, which, although at six months is
longer than many studies [93], does not provide insight into longer-term changes and
behaviour maintenance; and the lack of a comparator condition receiving only the sleep
or the physical activity programme to determine the magnitude each intervention
component has on its own. It is beyond the scope of this study to test long-term efficacy
exceeding six months, but future trials may be encouraged to do this, provided the
Synergy Study proves efficacious in the short term with indications of effect retention at

the six-month time point.
5.12 Conclusion

This study protocol provides the rationale and methods associated with the
implementation and evaluation of the Synergy Study, a theory-based m-health
intervention including personalised support, with the aim of improving physical activity
and sleep health in Australian adults. To the authors’ knowledge, this study will be the
first to simultaneously target changes in these two behaviours, using a sophisticated
combination of technologies and evidence-based strategies and test the efficacy of this
approach in a randomised controlled trial. Findings from this trial will provide valuable
knowledge pertaining to the design of m-health interventions that combine behaviours in

a format with wide reach.
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CHAPTER 6. EFFICACY OF AN M-HEALTH PHYSICAL
ACTIVITY AND SLEEP HEALTH INTERVENTION FOR
ADULTS: A RANDOMISED WAITLIST-CONTROLLED
TRIAL

The Synergy Study was conducted to address the Primary Aim of this thesis. Chapter 6
presents the empirical evaluation of the trial, the rationale, development and methods of
which were described in Chapter 5. This chapter contains the peer-reviewed manuscript,

which was published in the American Journal of Preventive Medicine.

Citation: Murawski B, Plotnikoff RC, Rayward AT, Oldmeadow C, Vandelanotte C,
Brown WJ, Duncan MJ. Efficacy of an m-health physical activity and sleep health

intervention for adults: a randomized waitlist-controlled trial (2019). Am J Prev Med,

2019: 57(4), 503-514.

6.1 Abstract

Few studies target physical activity and sleep in combination. The purpose of the Synergy
Study is to test the efficacy of an m-health intervention targeting physical activity and
sleep quality. This randomised, waitlist-controlled trial was conducted nationwide using
an app-based delivery mode and included 160 adults who reported insufficient physical
activity and poor sleep quality in an eligibility survey. The intervention was a mobile app
providing educational resources, goal-setting, self-monitoring, and feedback strategies. It
included 12 weeks of personalised support including weekly reports, tool sheets and
prompts. Outcomes were assessed at baseline, three months (primary) and six months
(secondary endpoint). Self-reported minutes of moderate- to vigorous-intensity physical
activity and sleep quality were co-primary outcomes. Resistance training, sitting time,
sleep hygiene, sleep timing variability, insomnia severity, daytime sleepiness, quality of
life, and depression, anxiety and stress symptoms were secondary outcomes. Data were
collected between June 2017 and February 2018 and analysed in August 2018. At three
months, between-group differences in moderate- to vigorous-intensity physical activity
were not statistically significant (p = 0.139). Significantly more participants in the
intervention group engaged in >2 days/week (p = 0.004) of resistance training, The
intervention group reported better overall sleep quality (p = 0.009), subjective sleep

quality (p = 0.017), sleep onset latency (p = 0.013), waketime variability (p = 0.018),
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sleep hygiene (p = 0.027), insomnia severity (p = 0.002), and lower stress symptoms (p
=0.032) relative to waitlist controls. At six months, group differences were maintained
for sleep hygiene (p = 0.048), insomnia severity (p = 0.002), and stress symptoms (p =
0.006). Differences were observed for bedtime variability (p = 0.023), sleepiness (p
<0.001), daytime dysfunction (p = 0.039) and anxiety symptoms (p = 0.003) at six
months, but not three months. This remotely delivered intervention did not produce
statistically significant between-group differences in minutes of moderate- to vigorous-
intensity physical activity. Significant short-term differences in resistance training and
short- and medium-term differences in sleep health in favour of the intervention were

observed.
6.2 Introduction

A large proportion of the adult population is insufficiently active [1] and also reports poor
sleep health [2-5]. Accruing <150 minutes/week of physical activity (PA) is considered
insufficient [6], and poor sleep health is characterised by the presence of one or multiple
complaints relating to the duration, quality or timing of sleep and daytime functioning
[7]. The two behaviours are separately associated with increased risk of chronic disease

(e.g., cardiovascular disease, Type-2 diabetes) and considerable economic burden [8—14].

Given the high prevalence and associated burden of insufficient PA and poor sleep health
in adults [15], wide-reaching interventions for PA and sleep health are needed. M-health
interventions have the capacity to deliver accessible, scalable and cost-effective
interventions [16], and are known to improve PA [17], and reduce the severity of clinical
sleep complaints [18]. A meta-analysis of sleep interventions administered to adults
without clinical sleep complaints reported that interventions were effective (Hedge’s g =
0.54), yet few were delivered using m-health [19]. Behaviour change interventions, which
implement evidence-based strategies that conceptually align with theoretic frameworks,
are thought to be more effective than those not informed by theory [20]. This is
particularly important when multiple behaviours are combined in one intervention [21].
Further, given that both PA and sleep are influenced by individual and environmental
factors, it is useful for interventions to be guided by a theory that acknowledges this

relationship.

199



Insufficient PA and poor sleep tend to co-occur [15], and there is evidence that PA and
sleep share a bi-directional relationship [22-24]. Consequently, interventions targeting
PA and sleep concurrently may yield larger improvements in both behaviours and
produce greater health benefits than single-behaviour interventions [25]. However, it
appears that no previous m-health studies have addressed PA and sleep health
simultaneously [26,27].

This study aimed to test the efficacy of a novel m-health intervention to improve PA and

sleep health in a randomised waitlist-controlled trial.
6.3 Methods

Prospective registration occurred through the Australian New Zealand Clinical Trials
Registry (ACTRN12617000376347 (Appendix P)). The Human Research Ethics
Committee, University of Newcastle, Australia (H-2016-0181 (Appendix B)) granted
ethical approval. Data were collected between June 2017 and February 2018. Trial design,

methods and measures are detailed elsewhere [28].
6.3.1 Study population

In June—August 2017, social media (Facebook) advertisements (Appendix D), lifestyle
magazine editorials (Appendix E) and eNewsletters invited interested individuals to take
part (a web link directed interested individuals to the information and consent forms for
this study; Appendices F and G). Participants were eligible if they were aged 18 to 55
years; lived in Australia; reported being insufficiently physically active (<90
minutes/week); and rated their sleep quality as fairly bad or very bad during screening.
Exclusion criteria were a body mass index (BMI) <18.5 or >35, recent pregnancy or
childbirth (<12 months), any contraindications for being more physically active or
changing sleep behaviours, diagnosed sleep disorders (chronic insomnia, sleep apnoea),
hypnotics use, shift-work, frequent jetlag-inducing travel, current use of an app/tracker to
self-monitor PA and/or sleep, and no access to an internet-enabled device (smartphone or
tablet). Participants who consented were re-directed to the eligibility screening survey
(Appendix Q). Following completion of baseline assessments, participants (N = 160)
were randomly allocated to the intervention or a waitlist-control group (1:1 ratio). The
concealed allocation sequence (numbered opaque envelopes) was generated according to

recommended methods for permuted randomisation using blocks of four and eight [29].
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6.3.2 Intervention

The intervention group (n = 80) received access to the Balanced app [28,30], which
provided a platform for personalised goal setting, daily logging with dynamic feedback
and comprehensive educational content for PA (i.e., moderate- to vigorous-intensity
physical activity, daily steps, resistance training [RT]) and for sleep (i.e.,
bedtimes/waketimes, sleep quality, sleep hygiene practices). Participants received a series
of tool sheets (printed materials via mail, followed up with an electronic copy
once/month) that was emailed to participants providing guidance on how to set goals,
develop action plans and manage stress (Appendix R). During the three-month
intervention period, participants were emailed individualised weekly summary reports
based on progress in relation to goals (for both behaviours) (Appendix T), as well as
weekly SMS (Appendix U) including educational content and separate SMS prompts to
re-engage with self-monitoring, if necessary (i.e., self-monitoring on <4 days in the last
seven days). The behaviour change strategies used as per alignment with the theoretical
framework (i.e., Social Cognitive Theory) were described in the published study protocol
[28] and are summarised in Table 6.S1. Following randomisation, participants were
mailed a printed handbook including hardcopies of the tool sheets (Appendices R and S)
and guidance specific to the initial stages of app installation, usage and troubleshooting,
and a pedometer (Yamax SW200) to monitor steps. Waitlist participants (n = 80) were

offered full access to the intervention after the six-month assessment.
6.3.3 Measures

Sociodemographic and behavioural variables were assessed at baseline (Appendix H).
The primary endpoint occurred at three months and the secondary endpoint at six months.
Two co-primary and 21 secondary outcomes were assessed at all three time points
(baseline, three months and six months). All data were collected via online survey
between June 2017 and February 2018. One of the two co-primary outcome was weekly
minutes of moderate-to-vigorous physical activity (MVPA) that was assessed using the
Active Australia Questionnaire [31], which is reliable and sensitive to change [32.33].
Sleep quality, which was the other co-primary outcome, was assessed using the Pittsburgh
Sleep Quality Index (PSQI), which has also shown good reliability and sensitivity to
change in intervention studies [34.35]. Secondary outcomes included the seven PSQI

component scores, RT (frequency and duration/week) [36], minutes/day of sitting
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(Workforce Sitting Questionnaire) [37], sleep hygiene practices (Sleep Hygiene Index)
[38], sleep timing variability (Sleep Timing Questionnaire) [39], insomnia symptom
severity (Insomnia Severity Index) [40], daytime sleepiness (Epworth Sleepiness Scale)
[41], health-related quality of life (RAND-12) [42], the energy/fatigue subscale of the
RAND-36 [43], as well as depression, anxiety and stress symptoms (DASS-21) [44]. To
measure engagement, the self-monitoring data participants logged in the Balanced app
(defined as logged data on a given day for any of the following: active time, steps, RT,
sleep duration, sleep quality, sleep hygiene) were exported to calculate the average
number of days for which data were logged and the time to non-usage attrition (defined
as >14 consecutive days of non-engagement at any given point within a person’s 84-day
intervention period), as previously used [45]. Participant satisfaction with the app was
assessed using the System Usability Scale (scores ranged from 0 to 100 with higher scores
indicating greater satisfaction) at three months only [46]. The outcomes assessed and
instruments used in this study are described elsewhere [28]. Process evaluation items

(intervention group only) are listed in Appendix W).
6.3.4 Power and sample size

Assuming an o of 0.025 (adjusting for use of two co-primary outcomes), power of 0.80,
moderate effects at the three-months primary endpoint (d = 0.45; mean = 88 minutes; SD
194 minutes for PA; and d = 0.65; mean 1.55; SD 2.41 for sleep quality, where d =
Cohen’s d [47], M = mean value, and SD = standard deviation of the mean) and a pre-
post correlation of 0.60 (between baseline and three months), a total of 60 participants
per group were required for PA and 35 for sleep quality. Thus, the larger sample was used
for this study. To account for dropout, the sample size was inflated by 25 per cent (i.e.,

(60/[1-0.25]), resulting in 80 participants needed per group [48].
6.3.5 Statistical analysis

Differences in sample characteristics (e.g., age, gender, baseline levels of PA and sleep
quality) between completers and non-completers (lost to follow-up) were examined using

t-tests (continuous data) and chi-square tests (categorical data).

Between-group differences at three and six months were estimated using generalised
linear mixed models (GLMMs), except for PSQI component scores (mixed-effects

ordered logistic regression). Owing to positive skewness in the data, both resistance
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training (RT) outcomes were analysed as dichotomised outcomes (with RT frequency
dichotomised as <2 days/week or >2 days/week, as per guidelines [6]; and RT duration
dichotomised as less than 10 minutes/week or >10 minutes/week). All models included
fixed effects for group and time, group x time interaction and the baseline value of the
outcome, and a random intercept for individuals. White-Huber standard errors were used
if departures of homoscedasticity or normality were observed [49]. Residual diagnostics
informed the specification of family and link functions (Tables 3.2, 3.3 and
supplementary Tables 3.S2 and 3.S3). Models were interpreted using a levels of 0.025

for co-primary outcomes and 0.05 for secondary outcomes.

The impact of missing data was assessed using sensitivity analyses. Missing data were
imputed using chained equations and predicted mean matching. Twenty datasets were
imputed, using baseline values of the outcome, predictors of missingness and any
variables that predicted a given outcome. The models specified for complete-case
analyses were repeated using pooled estimates derived from imputed datasets and
coefficients compared for consistency, with little deviation from complete-case analyses

indicating robustness of findings.

Secondary analyses using generalised linear mixed models with a binomial logit link
function were conducted to examine the proportion of participants meeting guidelines for
PA (>150 minutes of MVPA combined with RT on >2 days/week) [6], and reporting good
sleep (PSQI total score <5) [34]. Data were analysed in August 2018 using Stata, version
14.2 (StataCorp LLC, College Station, Texas).

6.4 Results*

The flow of participants throughout the trial is shown in Figure 6.S1. The baseline sample
included 128 women and 32 men, most of whom were middle-aged and overweight. The
majority were married or in a relationship, highly educated, employed in a professional
occupation and reported having one or more chronic conditions. Table 6.S2 provides
sociodemographic, health, and behavioural characteristics per group. The distribution of

participants across Australia is illustrated in Appendix X.

* At the end of the study, participants were emailed a plain English summary report (Appendix Y).
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Groups did not differ in the proportion of withdrawals (p = 0.181). Participants who were
lost to follow-up reported more severe depression symptoms (p =0.035) and lower mental
health (p = 0.012). Complete data (primary outcomes) from 125 participants were
available at the three-month primary endpoint, which corresponds to overall retention of
78 per cent. Participant retention at the six-month follow-up was 56 per cent. Dropout
rates (defined as formal withdrawal from the trial) were nine per cent in both groups.

Reasons for withdrawal are listed in Figure 6.S1.
6.4.1 Adherence and participant satisfaction

Throughout the 84-day intervention period, participants (intervention group only) logged
data for at least one of the two behaviours on an average of 38.2 (SD = 30.09) days. Ten
per cent of participants did not log any data during this period. Non-usage attrition
occurred for 89 per cent of participants. The average number of days to non-usage
attrition was 32 (SD = 25). The average number of days on which data were logged and
the proportion of participants logging no data did not differ between PA (36 days and
12.5 per cent, respectively) and sleep (37 days and 10 per cent, respectively). Intervention
group participants (n = 58; assessed at three months) reported good usability and

acceptance, consistent with a mean system usability score of 70.8 (SD = 19.71) [46].
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Table 6.1

Marginalised mean estimates (M (SD)) and results from tests of between-group differences for continuous outcomes using complete cases.

Three months*

Six months**

Outcomes IG WLG P d* IG WLG D d*

Co-primary Outcomes
MVPA minutes/week®’ 428.4 (523.41) 319.7 (378.23) 0.139 0.24 405.3 (491.45) 400.2 (497.80) 0.952  0.01
Sleep quality (PSQI)® 6.7 (3.04) 8.0 (2.34) 0.009 048 6.3 (2.98) 7.5(2.57) 0.040 0.46

Secondary Outcomes
Sitting minutes® 612.3 (160.91) 653.7 (202.12) 0.205 0.22 579.7 (187.83) 581.7 (197.27) 0.960  0.01
Bedtime variability? 3.6 (1.70) 4.1 (2.10) 0.171  0.24 3.4 (1.46) 4.2 (1.92) 0.023 047
Waketime variability® 2.5(1.84) 3.0(1.95) 0.018 0.40 2.6 (1.06) 3.0(1.92) 0236 0.22
Sleep hygiene® 30.0 (4.27) 31.6 (3.98) 0.027 040 30.6 (4.33) 32.8 (6.02) 0.048 0.42
Insomnia severity® 9.3 (3.80) 11.3 (3.50) 0.002 0.56 8.5(4.23) 11.4 (4.11) 0.002 0.69
Daytime sleepiness® 7.1 (3.44) 8.0 (3.31) 0.103  0.29 5.7(2.92) 8.4 (3.98) <0.001 0.74
Depression symptoms?* 10.6 (7.62) 12.6 (7.97) 0.120  0.26 10.9 (8.01) 13.3 (9.49) 0.190  0.27
Anxiety symptoms®’ 6.4 (3.65) 7.5 (5.04) 0.148  0.25 5.9 (3.54) 8.9 (4.70) 0.003 0.57
Stress symptoms*©’ 13.6 (4.20) 15.4 (4.97) 0.032 0.38 13.0 (5.75) 16.3 (5.24) 0.006 0.62
Mental health® 44.4 (6.81) 44.9 (7.12) 0.689  0.07 47.6 (5.53) 45.0 (8.12) 0.071  0.37
Physical health® 47.6 (5.21) 46.8 (5.54) 0.400 0.15 46.5 (4.95) 47.3 (5.14) 0.467 0.16
Energy/fatigue® 52.4 (8.29) 53.4 (11.08) 0.541  0.11 54.7 (9.90) 51.1(11.49) 0.118 0.33

Note. 1G = intervention group; WLG = waitlist-control group; MVPA = moderate- to vigorous-intensity physical activity; PSQI = Pittsburgh Sleep Quality Index; GLMM

= generalised linear mixed model; DASS = Depression Anxiety and Stress Scales; d = Cohen’s d (the magnitude of effects is interpreted as small (0.2), medium (0.5) or

large (0.80); * at 3 months, 125 observations (n = 59 in IG; n = 66 in WLG) were available for analyses of MVPA, sleep quality, mental health, physical health and

energy/fatigue, and 124 observations (n =59 in IG; n = 65 in WLG) were available for analyses of all other outcomes; ** at 6 months, 89 observations (n =35 in IG; n
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=54 in WLG) were available for analyses of MVPA, sleep quality, mental health, physical health and energy/fatigue, and 88 observations (n =34 in IG; n =53 in WLGQG)
were available for analyses of all other outcomes; ® analyzed using a GLMM with gamma distribution and log link function; ® analyzed using a GLMM with gaussian
distribution and identity link function; ¢ analyzed using a GLMM with gaussian distribution and log link function; all GLMM were fitted using the robust variance
estimator; T a small positive constant (+1) was added to minutes of MVPA and the DASS-21 scores for the purpose of data analysis and these outcomes are reported
with this constant included; boldface indicates statistical significance at p<0.025 for co-primary outcomes and p<0.05 for secondary outcomes.

Table 6.2

Odds ratios, 95% CI and results from tests of between-group differences for categorical outcomes using complete cases.
group . g g P

Three months* Six months**

Outcomes OR SE 95% CI p OR SE 95% CI p

Resistance training on two or more days/week® 20.56 21.36 2.69 to 157.46 0.004 1.05 1.35 0.08 to 13.13 0.970
Resistance training for >10 minutes/week® 6.71 5.09 1.52 t0 29.65 0.012 1.84 1.72 0.30to 11.43 0.511
Subjective sleep quality®" 0.36 0.15 0.16 to 0.84 0.017 0.89 0.50 0.29 to 2.68 0.832
Sleep onset latency®" 0.27 0.14 0.10t0 0.76 0.013 0.48 0.32 0.13t0 1.74 0.263
Sleep duration®" 0.49 0.25 0.18 to 1.32 0.158 0.45 0.29 0.13 to 1.56 0.208
Sleep efficiency® 0.52 0.23 0.21to 1.25 0.107 0.64 0.33 0.23to 1.77 0.392
Sleep disturbances®’ 0.34 0.22 0.10to 1.18 0.089 0.25 0.20 0.05to 1.22 0.086
Sleep medication use®’ 0.47 0.42 0.08 to0 2.72 0.402 0.07 0.10 0.00to 1.19 0.066
Daytime dysfunction® 0.80 0.41 0.29t02.19 0.665 0.28 0.17 0.08 to 0.94 0.039

Note. OR = odds ratio; SE = standard error; CI = confidence interval; IG = intervention group; WLG = waitlist-control group; GLMM = generalised linear mixed model;
PSQI = Pittsburgh Sleep Quality Index; * at 3 months, 125 observations (n = 59 in IG; n = 66 in WLG) were available for analyses; ** at 6 months, 89 observations (n
=35 in IG; n = 54 in WLG) were available for analyses * odds ratios for resistance training frequency and duration were calculated using GLMMs with binomial
distribution, logit link function and robust variance estimator; ® estimates for the seven PSQI composites represent proportional odds ratios, robust standard errors and
95% CI based on mixed effects ordered logistic regression that tested between-group differences in the likelihood of shifting to another level of the variable (lower PSQI
composites indicate better sleep quality, thus OR <1 indicates the intervention group was less likely to move up a level or report worse outcomes for the composites); '
a small positive constant (+1) was added to PSQI component scores for the purpose of data analysis; boldface indicates statistical significance at p<0.05.
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6.4.2 Intervention efficacy
Between-group differences in physical activity, resistance training, and sitting time

At three months, the estimated between-group difference in MVPA was 109 minutes in
favour of the intervention group, which was not statistically significant (Table 6.1),
corresponding to a small effect size (p = 0.139, d = 0.24). At 6 months, this difference
reduced to five minutes (p = 0.952, d =0.01).

The groups showed significant differences in the relative odds of engaging in at least two
days of RT per week (OR =20.56, [95% CI] 2.69 to 157.46, p = 0.004) and >10 minutes
of RT/week (OR = 6.71, [95% CI] 1.52 to 29.65, p = 0.012), favouring the intervention
at three months, but these were not maintained at six months (Table 6.2). Differences in

average sitting time were not statistically significant at either time point (Table 6.1).
Between-group differences in sleep health and sleep hygiene behaviour

The between-group difference in average sleep quality (PSQI total score) at three months
was —1.3 points, with medium-sized effect estimates showing significantly better sleep
quality in the intervention group (p = 0.009, d = 0.48). This difference was slightly
attenuated at six months and no longer statistically significant (p = 0.040, d = 0.46). The
intervention group was more likely to report improved subjective sleep quality (p =0.017)
and sleep onset latency (p = 0.013) (Table 6.1). Small-to-medium effect sizes in favour
of the intervention were found at three months for waketime variability (p = 0.018, d =
0.40), sleep hygiene (p = 0.027, d = 0.40), and insomnia severity (p = 0.002, d = 0.56).
At six months, significant differences in favour of the intervention group were maintained
for sleep hygiene (p = 0.048, d = 0.42) and insomnia severity (p = 0.002, d = 0.69), with
an increase in the magnitude of differences for insomnia severity. Additional significant
differences at six months, which were not statistically significant at three months, were
observed for bedtime variability (p = 0.023, d = 0.47), daytime sleepiness (p <0.001, d =
0.74), and daytime dysfunction (OR = 0.28, [95% CI] 0.08 to 0.94, p = 0.039) (Tables 6.1
and 6.2).

Between-group differences in health-related quality of life and mental health

No significant differences were observed for mental or physical health-related quality of

life, energy/fatigue levels, or for depression symptoms, at either time point (all p >0.05).
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The intervention group reported significantly lower stress symptom severity relative to
waitlist-controls at three months (p = 0.032, d = 0.38) with an additional increase in
magnitude at six months (p = 0.006, d = 0.62). Further, differences in anxiety symptoms
at six months were statistically significant, in favour of the intervention group (p = 0.003,

d=0.57).
6.4.3 Sensitivity analyses

Results from analyses using imputed data are provided as supplements (Table 6.S3 and
Table 6.S4), showing robustness of findings at three months for all outcomes, except for
stress symptoms, which was no longer statistically significant (p = 0.078). Group
differences in the co-primary outcome of sleep quality (PSQI total score) were
statistically significant at six months based on imputed data (p = 0.015). Differences in
bedtime variability, sleep hygiene and anxiety measured at six months, which were
statistically significant based on complete-case analysis, no longer reached statistical

significance (all p >0.05).
6.4.4 Secondary analyses

Secondary analyses using complete cases showed that at three months participants in the
intervention group were significantly more likely to meet aerobic exercise and RT
guidelines [6], relative to participants in the waitlist-control group (OR =16.32, [95% CI]
2.24t0 119.00, p = 0.004). This difference was not maintained at six months (OR = 1.05,
[95% CI]0.08 to 13.13, p =0.970) (Figure 6.S2). The proportion of participants reporting
good sleep (Figure 6.S3) was significantly higher in the intervention group relative to the
control group at three months (OR = 13.13, [95% CI] 2.94 to 58.64, p = 0.001), but not
at six months (OR =4.47,[95% CI] 0.96 to 20.79, p = 0.056). Results from analyses using
imputed data were consistent with these results, except that the proportion of participants
reporting good sleep quality at six months was significantly higher in the intervention
group relative to the control group at six months (OR = 4.05, [95% CI] 1.11 to 14.75, p
=0.034).

6.5 Discussion

The Synergy Study was a combined behaviour m-health intervention that improved sleep

quality and a range of secondary outcomes, including RT, sleep time variability, sleep
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hygiene, subjective sleep quality, sleep onset latency, insomnia severity and symptoms
of stress and anxiety. Moreover, participants were more likely to meet guidelines for

aerobic PA and RT and report good sleep quality after the three-month intervention.

Although group differences in MVPA were not statistically significant at either endpoint,
several promising changes were observed. At three months, the intervention group
engaged in an additional 109 minutes/week of MVPA, relative to waitlist control, which
is encouraging given that even small improvements in MVPA are beneficial for long-
term health [50]. The effect size of this non-significant difference (d=0.24) was consistent
with previous meta-analyses of m-health PA interventions [48]. The lack of statistically
significant between-group differences in MVPA may have been due to the large variation
in activity at all time points and the increased activity reported in the control group, which
is commonly observed [51]. Secondary analyses showed a significantly greater
proportion of intervention group participants (37.3 per cent) met PA guidelines (>150
minutes of MVPA and RT on >2 days/week). These improvements may be attributable
to the detailed strategies provided for both MVPA and RT, and thus supports their use in
multi-behaviour interventions. This finding is relevant from a public health perspective,
given that the majority of adults do not engage in RT [52], and only approximately 15 per
cent meet guidelines for both MVPA and RT, although this would confer significant
reductions for morbidity and mortality [53-55]. However, this outcome should be
interpreted with caution, as the analyses of meeting PA guidelines were exploratory. Also,
although both minutes of MVPA and frequency of RT increased, the higher proportion
of participants meeting PA guidelines at three months appeared to be largely driven by

an increased frequency of RT.

A unique contribution of this study is that it assessed sleep quality at three and six months,
which is longer than the intervention periods and follow-up intervals of many sleep
interventions [56]. The magnitude of the between-group difference in favour of the
intervention group at three months is consistent with findings from trials in subclinical
population groups [19]. Although sleep quality continued to improve at six months, the
difference between groups was no longer statistically significant for complete-case
analysis, but was for analysis based on multiple imputation (at o = 0.025). Given the
observed effect sizes at three months (d = 0.48) and six months (d = 0.46) were consistent,

this may have been due to improvements in both groups and the lack of power at the six-
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month time point. The intervention was designed for a population with poor sleep quality,
but without a diagnosed sleep disorder. Baseline values of the PSQI, Insomnia Severity
Index and the Epworth Sleepiness Index suggest that the majority of participants did have
poor sleep quality but did not have a clinical sleep disorder (e.g., above clinical threshold
for insomnia or sleep apnoea). A smaller margin for improvement relative to that typically
seen in clinical population groups was a function of studying a subclinical group with
lower baseline symptom severity. Accordingly, the shift in scores observed in the
Synergy Study was deemed satisfactory, especially given the effect size (d = 0.48)
associated with between-group differences in sleep quality was comparable to that
reported in a systematic review of internet-delivered cognitive behavioural therapy
interventions for insomnia (d = 0.49) [56]. This is important considering the high
percentage of the population with poor sleep quality, but without a clinical sleep disorder
and with limited access to practitioner-based treatment [57,58]. PSQI scores below five
indicate remission of sleep problems [59], and despite the magnitude of improvement
observed in the intervention group, average scores remained >5, which is consistent with
most studies in sub-clinical populations [19]. However, the intervention group had 32 per
cent more participants reporting good sleep quality (PSQI scores <5) (Figure 6.S3),
indicating the intervention may have considerable public health utility. The hypothesised
synergistic relationship between PA and sleep was not examined in this study. However,
changes in MVPA and sleep quality were lower in magnitude than anticipated. It is
possible the magnitude of change in PA was not large enough to leverage larger increases

in sleep quality and vice versa, or that the study duration was too short to detect this.

The intervention group further exhibited significantly better sleep hygiene practices and
improvements in subjective sleep quality and sleep onset latency. More-pronounced
improvements in sleep onset latency for the intervention group were likely a result of
adherence to and improvements in sleep hygiene practices, which were targeted
specifically in the Synergy Study. Moreover, PA is associated with reduced sleep onset
latency [60], and the large amount of additional MVPA reported in the intervention group
(adjusted group difference 109 minutes, d = 0.24), albeit not statistically significant,
combined with the greater increase in RT may have contributed to improvements in sleep
health indicators (i.e., sleep onset latency), which is consistent with the literature [61,62].

These improvements, combined with those seen for insomnia severity, which capture
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clinically relevant characteristics of poor sleep health, support the overall finding that the

intervention was efficacious in improving sleep.

The lack of group differences in health-related quality of life might indicate that changes
in these parameters take longer than 3—6 months to manifest and may be of small
magnitude in a population with non-acute conditions [63]. Long-term follow-up
assessments are therefore warranted. The Synergy Study provided detailed stress
management resources (but none specifically for depression or anxiety), which may
explain the significantly greater improvements in stress symptoms observed in the
intervention group. Given that high stress levels are associated with engagement in
unhealthy behaviours and poorer sleep quality [64], facilitating stress management to
reduce symptoms is important for multiple behaviour interventions, particularly those

targeting sleep.

App usability ratings were fair, time to non-usage attrition was 32 days, and 89 per cent
of participants suffered non-usage attrition. Although there are few app usage data
available from multiple behaviour interventions, the proportion of participants making at
least one entry (90 per cent) is similar to that observed in single behaviour m-health
programs [65]. However, there is no evidence that defines the minimum amount of app
usage needed for behaviour change to occur and whether continuous usage differs from
intermittent usage with regard to the magnitude of behaviour change it confers. Time to
non-usage attrition in the current study (32 days) appears to indicate moderate usage in
comparison to other studies, for which time to non-usage attrition ranged from 1.5 weeks
to 25 weeks [66]. These results suggest targeting two behaviours simultaneously does not
adversely impact app usage rates. Despite fair participant ratings for app usability and
time to non-usage attrition, almost all participants in the intervention group still suffered
non-usage attrition during the intervention period. Several devices exist that allow
automated self-monitoring of PA and sleep [67]. However, manual data entry was used
for pragmatic reasons (e.g., cost) and this may have contributed to non-usage attrition,
although it is unknown which method (manual or automated) is optimal for use in
behaviour change interventions. Moreover, it is possible that some participants reached
personal goals relating to PA and sleep sooner than others, or lost motivation over time.
Furthermore, participants may have engaged in PA and sleep hygiene practice more

frequently than indicated by the completed logs, possibly because of not feeling any need
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to keep track or lacking time to do so. This is in line with findings from a study indicating
that participants only log approximately 60 per cent of their objectively measured daily
activity [24].

To the authors’ knowledge, this was the first trial of its kind to target physical activity
and sleep in combination using an RCT design. Trial strengths included its potential for
wide reach, given the remote delivery, which made it accessible for those living outside
metropolitan areas, as well as the personalised approach, which reinforced personally

meaningful goals.
6.5.1 Limitations

Several factors reduced the power to detect significant between-group differences in
MVPA. Despite requiring participants report <90 minutes/week to be eligible, 41.25 per
cent reported doing >150 minutes at baseline. This may indicate that this single-item
measure used has limited usefulness as a screening tool for interventions [68,69].
Discrepancies between the levels of PA participants reported at the eligibility screening
and those reported at baseline may have been due to the different methods of assessment
used (e.g., eligibility survey: single item versus baseline survey: multiple items). Self-
report measures of PA are subject to recall bias, and there was large variation in minutes
of PA at baseline and follow-up in both groups. In addition, the waitlist-control group
reported substantial increases in activity, which reduced the difference between groups.
Given participants volunteered to take part, this could have been due to high levels of
readiness to make changes to PA and sleep behaviours upon enrolment in the study, as
seen in previous trials [51,70]. However, participants’ readiness to change behaviour was
not assessed in this study. Moreover, the study was powered based on effect sizes that
assumed a synergistic effect between PA and sleep, and this may have been
overestimated. The use of objective measures (e.g., accelerometry, polysomnography),
however, was not feasible in this trial. Moreover, the self-report sleep measure (PSQI)
was likely able to better capture the restorative effects of improved sleep, which is not
possible using objective measures [71]. A number of secondary outcomes were examined,
and this may have increased the risk of Type-1 errors. The classification of RT duration
may have been somewhat arbitrary, and it is unknown if a minimum duration of 10
minutes confers a health benefit. Finally, it is possible that access to an internet-enabled

device as an eligibility criterion reduced the representativeness of the sample. However,
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the associated risk of bias may be minimal, given the widespre