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ABSTRACT

Background: Athletes display a high prevalence of undesired sleep charac-
teristics that may affect both performance and wellbeing.

Objectives: This scoping review aimed to identify and map the existing
evidence of behavioral sleep interventions and their effects on sleep out-
comes in athletes, and retrospectively code the behavior change techniques
(BCTs) implemented using the Behavior Change Technique Taxonomy
(BCTTV1).

Methods: Conducted following the JBI methodology for scoping reviews,
four online databases were used to identify prospective interventions with at
least one behavioral component in competitive athletes, and reporting
a sleep outcome pre- and post-intervention.

Results: Thirty-three studies met the inclusion criteria, encompassing 892
participants with a median age of 23. Five intervention categories were
identified (education, mind-body practices, direct, multi-component, and
other), with each demonstrating mixed efficacy but the potential to improve
sleep outcomes. The BCTs varied in type and frequency between each
category, with only 18 unique BCTs identified across all studies.
Conclusions: The varied efficacy of previous studies at improving sleep
outcomes may be attributed to the lack of behavior change theory applied
during intervention development. Designing interventions following
a targeted specification of the behavioral problem, and the integration of
corresponding BCTs should be considered in future research.

Introduction

Sleep has garnered significant interest within athlete populations due to the high prevalence of
undesired sleep characteristics, such as nocturnal sleep durations under seven hours and sleep
efficiencies below 85% (Gupta et al., 2017; Lastella et al., 2015). These findings can be attributed
to sport-specific sleep risk factors, including those relating to training, travel, and competition,
in addition to non-sporting factors (Gupta et al., 2017). The impact of poor sleep on sport
performance outcomes is equivocal and dependent on the type of task; for example, while gross
physical and motor performance appears to be relatively robust to acute sleep loss, cognitively
demanding sporting tasks might experience impairment (Kirschen et al., 2020). Furthermore, the
downstream effects of poor sleep over extended periods could result in undesired outcomes such
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as poorer physiological recovery and increased injury risk, which may have implications for
sport performance (Milewski et al., 2014). Therefore, a need exists to develop targeted sleep
health interventions for athletes to improve sleep and mitigate against any negative performance
outcomes such as closed-skill accuracy and reaction time (Jarraya et al., 2014; Mah et al., 2011).

While sleep regulation is primarily grounded in biological processes, there is a complex interaction
with the social-environmental context that influences observed sleep practices (Grandner, 2017). Little
evidence exists to indicate a higher prevalence of sleep disorders in athletes compared to the general
population (Tuomilehto et al., 2017). Therefore, much athlete research has viewed sleep through
a behavioral lens. This has included interventions designed to catalyze a personal transformation in
sleep practices by implementing changes at the individual (e.g., personal beliefs), social (e.g., the
workplace), and societal levels (e.g., public policy), rather than direct manipulation of biological sleep
control such as light therapies or pharmacological sleep aids (Grandner, 2017; Halson, 2019).
Behavioral sleep interventions across the wider population have adopted diverse approaches to
improve sleep outcomes, but have demonstrated mixed effectiveness (Baron et al., 2021). Past
systematic reviews evaluating sleep interventions in athletes have incorporated both behavioral and
non-behavioral interventions within their scope, and provide preliminary evidence to support the use
of both intervention types on outcomes including sport performance, mood, and recovery (Bonnar
etal., 2018; Gwyther et al., 2022; Silva et al., 2021). However, the extent of changes in sleep outcomes in
behavioral interventions, and the behavioral components driving the observed sleep changes remain
unclear.

The complexity of behavioral interventions and the diverse terminology used when reporting
intervention content have posed challenges in separating and pinpointing the specific behavioral
components that drive behavioral change. In response, there has been a push to categorize interven-
tion content into standardized components termed behavior change techniques (BCTs; Abraham &
Michie, 2008). A BCT is considered to be the “active ingredient” of an intervention, constituting an
observable, replicable, and irreducible element that aims to modify or redirect the causal processes
governing behavior (Michie & Johnston, 2013; Michie et al., 2011). Drawing upon previous behavior
change taxonomies, the Behavior Change Technique Taxonomy (BCTTv1) was developed following
Delphi-type exercises by field experts as a comprehensive, hierarchically-structured classification
system(Michie et al., 2013). The BCTTVv1 consists of 93 non-overlapping and clearly defined BCTs,
further grouped into 16 clusters. For example, within the grouping “I. Goals and planning” sits the
BCT “I.1 Goal setting (behavior)”, which is defined as “set or agree on a goal defined in terms of the
behavior to be achieved”.

While the adoption of the BCTTVv1 is now increasingly common, the majority of studies incorpor-
ating behavior change within interventions do not utilize the BCTTVv1 or other standardized nomen-
clature when describing behavioral intervention content. Nevertheless, the BCTTv1 allows
retrospective coding of previously published research, facilitating meaningful comparisons between
intervention components (Michie et al., 2013). The absence of integrated behavior change theory in
previous athlete sleep research has been identified as a limitation of current literature, with no research
assessing the long-term efficacy of specific BCTs within interventions (Halson, 2019). Consequently,
there exists a need to systemize previous interventions using a standardized framework such as the
BCTTvl. This would allow for assessment of the specific BCTs and frequency of use, enable
comparisons between studies, and ascertain the most effective BCTs at improving sleep in athletes
that should be incorporated into future research.

In light of the inherent limitations of previous reviews, the objectives of this scoping review were:
(1) to identify and map the existing evidence of behavioral sleep interventions and their impact on
sleep outcomes in athletes, and (2) retrospectively classify the BCTs employed in the identified
interventions using the BCTTvI. A scoping review was identified as the most suitable synthesis
approach to address these objectives, given the relative novelty of the research area and variations in
intervention design. These factors necessitate the identification of available evidence types and an
examination of the research methodologies employed (Munn et al., 2018).
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Methods
Overview

This review was conducted in accordance with the JBI methodology for scoping reviews (Peters et al.,
2020), and followed the guidelines of the Preferred Reporting Items for Systematic Reviews and Meta-
Analysis Extension for Scoping Reviews(PRISMA-ScR; Tricco et al., 2018). The methodology outlined
below was defined a priori and registered prospectively as a review protocol on the Open Science
Framework on 24 March, 2023, and updated on 11 September, 2023 (DOI: 10.17605/OSF.IO/BFZWX).

Inclusion criteria

The review inclusion criteria were defined using the Population, Content, and Context framework
(Peters et al., 2020), and are summarized in Table 1. A broad definition of sport was applied to
encompass all physically demanding activities including non-traditional sports (e.g., mountaineering
and dance). Inclusion based on performance level was defined using the framework outlined by
McKay et al. (2022), with athletes participating in a sport at Tier 2 (Trained/Developmental) or above,
encompassing ~12%-19% of the global population.

Due to challenges in accurately classifying performance levels from study manuscripts, studies were
categorized into professional, student-athlete, or amateur groups. The exclusion of athletes aged <18
years and para-athletes was imposed due to the impact of age and certain disabilities on sleep
regulation (Grade et al., 2023; Hagenauer et al., 2009). A broad definition of behavior was applied,
constituting “anything a person does in response to internal or external events, that may be overt and
directly measurable or covert and indirectly measurable, and are physical events that occur in the body
and controlled by the brain” (Davis et al., 2015). Direct interventions where sleep schedules or targets
are specified were included alongside indirect interventions (e.g., education), reflecting the approach
used in a previous review by Baron et al. (2021). Studies solely published in English were included, as
the translation from other languages into English could result in the inadvertent exclusion or
misinterpretation of BCTs. No restrictions were placed on the publication date of studies to ensure
the identification of a wide range of evidence.

Table 1. Study inclusion criteria using the population, concept, context framework.

Study
Component Inclusion Exclusion
Population Athletes currently engaged in sport at any level from trained/ ~ Non-athlete population, para-athlete*
developmental to world class (Tier 2-5 of McKay et al. (2022) Participants inclusion contingent on
framework)* diagnosed sleep disorder at baseline
Mean age >18 years
Concept Prospective sleep intervention with > 1 behavioral component  Intervention including medication or
Report =1 sleep outcome pre- and post-intervention, no pharmacological component
restriction on type of outcome Intervention including circadian
realignment following travel between time
zones
Outcomes related to, but not directly
assessing, sleep (e.g., daytime sleepiness or
attention)
Context No restriction on context or setting
Types of Experimental and quasi-experimental study designs Descriptive observational study designs,
sources qualitative studies, and text and opinion
papers

Systematic reviews, meta-analyses and
other review types
Any gray literature

*The McKay et al. (2022) framework was specified following the pilot exercise to allow retrospective classification of performance
level using standardized definitions. The exclusion of studies with para-athletes were specified following the pilot exercise as
certain disabilities can impact sleep regulation (Grade et al., 2023).
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Search strategy

A systematic search strategy was employed to identify research articles, conference papers, and
abstracts for inclusion. An initial limited search of MEDLINE (PubMed) was undertaken to identify
relevant studies on the subject. Article text words and index terms from this preliminary search were
used to develop a simple search strategy using Title/Abstract keywords: [(sleep*) AND (athlete* OR
sport* OR athletic* OR player) AND (intervention OR hygiene OR education* OR behavior* OR
behaviour* OR extension OR counseling OR optimization OR optimization OR workshop)] and
restricted to the English language. MEDLINE (PubMed), EMBASE (Ovid), APA PsycInfo, and
SCOPUS databases were searched, with the full search term for each database available in the appendix
(Table S1). The initial literature search was run on March 21, 2023, and then rerun on September 6,
2023. Additionally, backward citation searching of the included studies was performed to identify any
further relevant studies.

Study selection

Following the search, all identified studies were collated and imported to Rayyan online review
software (Rayyan Systems Inc, Cambridge, MA, USA; Ouzzani et al,, 2016). Duplicate studies were
manually removed, and a pilot calibration exercise was performed with a random selection of 25 full-
text studies screened by two reviewers in accordance with the JBI pilot framework to increase inter-
reviewer consistency (Peters et al., 2020). The level of agreement between reviewers was almost perfect
(agreement = 96.0%, Cohen’s k = 0.83; Landis & Koch, 1977). Adjustments to the inclusion criteria
relating to performance level classification and studies including para-athletes were made at this stage
(Table 1). Both reviewers then independently evaluated the titles, abstracts, and then the full texts of
each study. Agreement between reviewers was substantial (agreement = 98.3%, Cohen’s k =0.61;
Landis & Koch, 1977). Disparities or disagreements were resolved through reviewer discussion.

Data extraction

Data from the included studies were extracted by the lead reviewer and verified by a second reviewer.
The extracted data encompassed study aims, study format (e.g., journal article or abstract), study
design, participant characteristics (country, sport, performance level, sample size, age, and gender),
intervention components (e.g., any inclusion criteria, direct or indirect intervention, and any control
groups), study duration, sleep outcomes, and key findings, and was documented in a data-charting
form based on recommendations from the JBI scoping review methodology (Peters et al., 2020;
Appendix Table S2). Authors of papers were contacted once to request any missing or supplementary
data where required.

For the coding of behavioral intervention content, two reviewers who had completed prior online
training (www.bct-taxonomy.com) independently performed the coding for the included studies. All
93 BCTs outlined in the BCTTv1 were considered for each study, with both reviewers explaining their
rationale for assigning the BCT in each instance. Fourteen discrepancies (i.e., the BCT was only coded
by one reviewer) were resolved through discussion; if a consensus could not be reached, the proposed
BCT was not included.

Quality appraisal

Quality appraisal was conducted to support the study objective of mapping the available evidence by
providing an assessment of the methodological quality and possibility of bias in each study to enable
an understanding of the current strengths and limitations in this research area. Quality appraisals were
conducted using the nine-question quasi-experimental, and thirteen-question randomised controlled
trial JBI critical appraisal checklists corresponding to the study design employed (Tufanaru et al.,
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2020). No inclusion criteria were applied in relation to quality appraisal scores. Quality appraisal was
not performed on conference abstracts. The level of agreement between the two independent reviewers
was substantial (agreement = 83.5%, Cohen’s k =0.64; Landis & Koch, 1977), with discrepancies
resolved through discussion. Following quality appraisal, the overall score for each study was incor-
porated into data synthesis alongside the data extraction form and coded BCTs.

Results

The PRISMA flowchart highlighting the study selection process is presented in Figure 1. A total of 33
studies were identified, and are summarized in Table 2.

Study characteristics

The predominant study locations by region were Oceania (n = 11), Europe (n =9), and North America
(n=9). Professional athletes were used in 17 studies, with 10 using student-athletes and six using
amateur athletes (one unknown). Five studies encompassed participants from multiple sports, with
rugby union (# = 5) and football (n = 3) the most prevalent sports in single-sport studies. Amongst the
included studies, 19 used all-male participants, with five all-female and eight using mixed-gender
samples. The collective participant count across studies was 892, with a median sample size of 21 (IQR:
15), and a median age of 23 (IQR: 4) where reported.

Study design

Studies were categorized into five groups for narrative synthesis based on similarities in extracted
intervention characteristics before the coding of BCTs: education (n=11), mind-body practices
(n=5), direct (n = 7), multi-component (n = 7), and other (n = 3). Pre-post study designs were utilized
in 23 studies (single-group: n = 21, non-randomized parallel groups: n = 2), while ten studies utilized
randomized designs (RCT: n =5; randomized cross-over, n=4; quasi-randomized trial, n=1).
Intervention durations spanned from acute one-day studies to multiple weeks. Assessment of sleep
outcomes was typically performed during or immediately post-intervention, with only ten studies

Identification of studies via other methods J

[ Identification of studies via databases and registers J [

Records identified from:

] [ Identification ]

Screening

APA PsycInfo (n = 352)
EMBASE (Ovid) (n = 1194)
MEDLINE (PubMed) (n = 898)
SCOPUS (n=1328)

Records removed before screening:
Duplicate records removed
(n=1934)

Records identified from:
Citation searching (n = 5)

]

Records screencd
(n=1838)

Records excluded
(n=1707)

]

Reports sought for retrieval

(n=131)

Reports not retrieved
(=5)

Reports sought for retrieval

Reports not retrieved
(n=0)

Reports assessed for eligibility
(n=126)

Reports excluded:
N

v

[ Included ] [

Studies included in review
(n=33)

intervention
(n=49)

Incorrect study design (n = 16)
No sleep measure (n = 11)
Incorrect population (n=7)
Same cohort as included paper
(n=

Other (n="7)

(n=3)

Reports assessed for eligibility
(n=35)

4

Figure 1. Search results and study selection and inclusion process (Page et al., 2021).

Reports excluded:
Non-behavioural intervention
(n=2)

Incorrect population (n = 2)
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conducting a follow-up = 7-d post-intervention. Sleep outcomes were evaluated using actigraphy
(n=21), questionnaires (n=15), and sleep diaries (n=7), with 11 studies utilizing two or more
assessment methods.

Behavior change techniques

Across the 33 studies, a total of 18 distinct BCTs were identified, occurring in 79 separate instances.
The most frequently employed BCTs were ” 4.1 Instruction on how to perform a behavior” (20), “9.1
Credible source” (12), and “1.1 Goal setting (behavior)” (9). When categorized into the 16 BCT
groupings, 12 groupings were identified on at least one instance (Figure 2). Four BCT groupings
were not found in any study: “6. Comparison of behavior”, “14. Scheduled consequences”, “I5. Self-
belief”, and “16. Covert learning”. A comprehensive breakdown of the coded BCTs for each interven-
tion and their definitions can be found in Appendix Tables S3 and S4.

Narrative synthesis

Educational

Twelve studies were categorized as educational studies and were primarily focused on the change in
sleep behaviors through the dissemination of sleep-related knowledge. Except for Harada et al. (2016),
where educational information was conveyed through a text-based information leaflet, all other
studies delivered education via one or more group sessions, ranging in duration from 30 to 150
minutes. In four studies, this was complemented by the delivery of an individual session and/or
feedback (Driller et al., 2019; Dunican et al., 2021; Jenkins et al., 2021; Van Ryswyk et al., 2017). Eight
educational studies demonstrated at least one favorable change in sleep outcomes, while three revealed
no significant findings (Dunican et al., 2021; Jenkins et al., 2021; Kaier et al., 2016), and one solely
demonstrated a phase delay in sleep timing (Dunican et al., 2023). Notable outcomes included
significant improvements in actigraphy-derived total sleep time ranging between 20-36 minutes

R

4. Shaping knowledge
9. Comparison of outcomes

1. Goals and planning

8. Repetition and substitution

2. Feedback and monitoring
12. Antecedents FEEEEEEET ]
5. Natural consequences

|
7. Associations

|

I

|

O

BCT Grouping

3. Social support

10. Reward and threat
13. Identity

11. Regulation

4 8 12 16 20
Frequency

(=]

m Educational Mind-body practices EDirect @ Multi-component @Other

Figure 2. Frequency of coded BCTs by BCT grouping and split by intervention category.
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(Caia et al,, 2018; O’Donnell & Driller, 2017; Sargent et al., 2021) and improvements in subjective
measures of sleep quality (Driller et al., 2019; Harada et al., 2016; Vitale et al., 2019). The only
unfavorable outcome observed was a lower sleep efficiency at the one-month follow-up in the study
by Caia et al. (2018).

Educational studies exhibited the highest frequency of BCT usage (mean: 3 + 1), and also displayed
the greatest heterogeneity in content, encompassing nine BCT groupings across the studies. The BCT
“4.1 Instruction on how to perform a behavior” was present in all studies due to the nature of education
delivery. Additionally, the utilization of sleep experts and healthcare professionals to deliver education
sessions resulted in the inclusion of the BCT “9.1 Credible source” in eight educational studies.

Mind-body practices

Five studies were categorized as mind-body practices, where a holistic approach was taken to improve
health outcomes through relaxation and mental awareness. These interventions encompass practices
including yoga, progressive muscle relaxation, mindfulness, and breathing techniques. Amongst the
five studies, three incorporated multiple mind-body practices within the delivered intervention, with
two of them demonstrating some favorable changes in sleep outcomes (Chen et al., 2018; Jones et al.,
2020) and one showing no change (Rijken et al., 2016). While a comparison between different mind-
body practices was not feasible, a comparative study suggested that yoga may yield more favorable
changes to sleep outcomes than progressive muscle relaxation (Datta et al., 2022).

The mean number of BCTs used in mind-body practice studies was 3 + 2. The BCTs “12.6 Body
changes” and “8.1 Repetition and Substitution” were each identified in four of the five studies, reflecting
the impact of mind-body practices on body awareness and the repeated performance of the practice.
Additionally, the BCT “4.1 Instruction on how to perform a behavior” was present in three mind-body
practice studies.

Direct

The seven direct studies sought to increase sleep duration above baseline values by establishing a goal
to increase sleep by a specific amount or toward a predefined target. This typically occurred as part of
an intervention where the change in sleep duration served as an independent variable to assess the
effect on a non-sleep dependent variable (e.g., sport performance). In all studies, either actigraphy-
derived total sleep time or self-reported sleep duration was increased. However, in each study, the
increase fell short of the predetermined goal. An unintended outcome of increased sleep duration can
be a corresponding reduction in sleep efficiency, as was observed by Roberts et al. (2019). Only one
study augmented a direct intervention with a non-direct behavioral intervention component, where
the addition of sleep hygiene education demonstrated improvements in self-reported sleep quality and
an increase in actigraphy-derived total sleep time (Swinbourne et al., 2018).

Direct studies exhibited the lowest frequency of BCT usage (mean: 1 +0). Furthermore, the BCT's
used were the most homogenous; “1.1 Goal setting (behavior)” was present in all the direct studies due
to the inherent goal-setting aspect, while “4.1 Instruction on how to perform a behavior” was the only
other BCT identified, appearing in two instances.

Multi-component

Seven studies integrated two or more distinct components within the delivered intervention. In five
studies, behavioral components such as education or sleep hygiene strategies were integrated to
support the utilization of non-behavioral components including light therapies, cold water immersion,
and environmental modifications (Charest et al., 2017; de Mello et al., 2020; Duffield et al., 2014;
Fullagar et al., 2016; Vachon et al., 2022). The remaining two studies included the amalgamation of
education and mind-body practices (Vachon et al., 2023), and a cluster of behavioral components
including education, tracking, and social support (Grandner et al, 2017). All studies exhibited
a significant change in one or more assessed sleep outcome with the exception of Duffield et al.
(2014), where large effect sizes were demonstrated within a limited sample size.



BEHAVIORAL SLEEP MEDICINE . 835

The mean number of BCTs utilized per study was 2 * 2, yet a distinct division was apparent. Three
studies featured four or five BCT's present, spanning a diverse range of nine BCT groupings (Grandner
et al., 2017; Vachon et al., 2022, 2023). Conversely, the remaining four studies either employed “8.1
Behavioral practice/substitution” as the sole BCT, or in the case of Charest et al. (2017), no BCT's were
identified.

Other

Three studies did not align with the previously discussed categories. In Bender et al. (2018) and
Tuomilehto et al. (2017), the intervention components delivered were contingent on a sleep assess-
ment performed at baseline and thus varied in content and duration between participants. Both
studies featured 2 BCTs, though the use of the BCTTv] framework was limited to the intervention
components delivered to all participants. Jakowski and Stork (2022) employed a combination of app
feedback and smart alarms using the BCT “2.2 Feedback on behavior”, yet no significant changes in
sleep outcomes were observed.

Quality appraisal

Twenty studies underwent appraisal using the nine-item assessment tool for quasi-experimental
studies, yielding a mean study score of 6 + 1. The poorest scored items pertained to the inclusion of
a control group (Q4, 1/20 studies) and appropriate statistical analysis (Q9, 8/20 studies). Nine studies
were assessed using the 13-item appraisal tool for randomized controlled trials, producing a mean
study score of 8 + 2. The poorest scored items concerned insufficient blinding of participants (Q4) and
researchers (Q5) to treatment allocation (both 1/9 studies). A comprehensive breakdown of the quality
appraisal scores for each study is presented in Appendix Tables S5 and Sé6.

Discussion

The objectives of this scoping review were to identify and map the existing body of evidence on
behavioral sleep interventions in athletes and their effect on sleep outcomes, and retrospectively code
the BCTs employed in identified interventions using the BCTTv1 framework. This review identified
a total of 33 studies, all published within the last decade, reflecting the burgeoning interest in athlete
sleep. Diverse behavioral strategies were employed within the included interventions, coalescing into
five categories: educational, mind-body practices, direct, multi-component, and other. These cate-
gories exhibited distinctions concerning the individual BCTs used and the frequency of usage.
However, only 18 of the 93 BCTs specified in the BCTTv1 were identified across the 33 studies.
This finding indicates there are alternative behavioral strategies that remain currently unexplored
within athletes that could potentially prove effective in instigating favorable changes in sleep
outcomes.

The sleep outcomes extracted from the included studies indicate that each category of behavioral
intervention can be effective at improving sleep outcomes. This reaffirms the viability of behavioral
interventions to improve athlete sleep indicated in previous reviews (Bonnar et al., 2018; Gwyther et al.,
2022; Silva et al., 2021). However, there are important considerations beyond changes in sleep outcomes
for each intervention category that should be noted. Direct interventions exhibited the most notable
changes in sleep outcomes, with multiple studies achieving an increase in total sleep time exceeding
an hour. Yet, the application of a direct intervention outside a controlled intervention poses challenges
when the wider impact of the social-environmental context on sleep is considered (Grandner, 2017). For
instance, sport-related factors impinge the ability to increase sleep opportunity, such as that noted by
Mah et al. (2011) where travel schedules impaired the ability to maintain a consistent sleep-wake pattern.
Educational interventions emerged as the most prevalent intervention type. A recent consensus state-
ment advocates the use of sleep education multiple times a year as a first-line tool to improve sleep in
athletes, irrespective of baseline sleep characteristics (Walsh et al., 2020). However, concerns over the
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long-term efficacy of sleep education as a standalone tool have been raised (Halson, 2019), and were
exemplified in the study by Caia et al. (2018) where improvements in sleep outcomes were not
maintained post-intervention. This observation aligns with the core components of the COM-B
behavior change model (Michie et al., 2011), as while education can bolster psychological capability, it
is unable to overcome deficits in opportunity or automatic motivation that may prevent sleep behavior
change. Therefore, the inclusion of education as part of a multi-component intervention may be more
prudent. Mind-body practices and multi-component interventions demonstrated efficacy at changing
sleep outcomes, however quantifying the contribution of behavioral driven changes poses certain
challenges for both categories. In mind-body practices, behavioral changes are inherently intertwined
with bodily changes. Furthermore, the purpose of these interventions is not solely to change sleep
behavior, but to enhance holistic health. This is highlighted by the inclusion of sleep as one of multiple
health outcomes assessed in several studies (Chen et al., 2018; Jones et al., 2020; Rijken et al., 2016).
Similarly, in multi-component interventions, dissecting the effect of each component is complex in the
absence of a comparison condition, where a single component is delivered in isolation. Lastly, while
studies involving individually tailored studies are highly applicable to real-world practice (Bender et al.,
2018; Tuomilehto et al., 2017), the level of detail provided in a journal article format restricts the
evaluation of behavioral components only delivered to select participants.

While the biological regulation of sleep introduces a layer of complexity to the implementation of
behavior change theory within sleep health interventions when compared to more traditional health
intervention targets like physical activity, many facets of sleep remain under behavioral control (Mead
& Irish, 2020). This study aligns with previous reviews that view sleep through a behavioral lens and
have applied the BCTTv1 framework to specify the BCTs employed within sleep interventions across
diverse populations.The average use of BCTs within the journal articles included in this review (mean:
2.7) is notably higher than a previous review on sleep extension interventions for ages > 12 (mean: 1.8;
Baron et al., 2021), yet falls short of those found in a review focused on interventions in emergent
adults aged 18-29 (mean: 4.25; Pegado et al., 2023). The diversity of BCT groupings used in this review
(12 out of 16 BCT groupings) sits above the eight BCT groupings identified by Baron et al. (2021) and
the 11 groupings identified by Pegado et al. (2023), however, the latter was observed across only eight
studies. This suggests there is scope to incorporate more BCTs within future behavioral sleep
interventions tailored toward athletes, with specific literature gaps evident. For instance, the group
sessions performed in all but one educational intervention could provide a “blank canvas” to
incorporate multiple BCTs beyond the scope of education delivery. This was demonstrated in two
studies that incorporated five and six unique BCTs into a multifaceted workshop format (Kaier et al.,
2016; Sargent et al., 2021). The incorporation of multiple BCT's has been shown to improve the extent
of increases in total sleep times, but conversely, interventions with a large number of curriculum
components showed smaller increases in TST compared to those with fewer curriculum components
(Baron et al., 2021). Hence, ensuring workshops are designed to be concise but targeted and impactful
regarding BCT implementation is an important consideration, and provides an avenue to enhance the
efficacy of future interventions. Table 3 highlights examples of such BCT's that were not identified in
any studies within this review, but could be incorporated into a workshop format.

While the rationale behind the inclusion of specific BCTs within studies cannot be
determined through retrospective coding, the justification for intervention design lacks clarity,
and in certain instances, empirical substantiation. The mixed efficacy of sleep health inter-
ventions has been in part attributed to the absence of behavior theory as a foundation for
intervention design (Mead & Irish, 2020), while health interventions that embed behavior
change theory within development tend to demonstrate more consistently positive outcomes
(Glanz & Bishop, 2010). As an illustration, the integration of the BCT “4.1 Instruction on how
to perform a behavior” within an educational sleep intervention would be strengthened by
prior evidence demonstrating that the targeted athletes possess insufficient knowledge regard-
ing sleep behaviors. Various behavioral theories can be applied to sleep health research (Mead
& Irish, 2020). The use of the BCTTvl taxonomy in conjunction with the COM-B behavioral
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Table 3. Example BCTs for integration into group sessions.

BCT Grouping and

BCT Definition Example

Shaping knowledge Elicit perceived causes of behavior andsuggest Ask athletes to reflect on what they believe drives
4.3 Re-attribution alternative explanations (e.g.external or internal their current sleep behaviors (e.g. lack of time)

and stable or unstable) and offer alternatives to consider and reflect upon
(e.g., electronics use before bed)

Natural Provide information (e.g. written, verbal, visual) During a group session, shift the focus away from
consequences about emotional consequences of performing the  sport and highlight the relationships with sleep,
5.6 Information behavior mental wellbeing, and mood outcomes
about emotional
consequences

Comparison of Provide information about what other people think Collate information from coaches and sport
behavior about the behavior. The information clarifies practitioners on how they value sleep as
6.3 Information whether others will like, approve or disapprove of ~ a recovery modality to share with athletes
about others’ what the person is doing or will do
approval

Comparison of Advise the person to identify and compare reasons Have athletes come up with and discuss the pros
outcomes for wanting (pros) and not wanting to (cons) and cons of their current sleep practices
9.2 Pros and cons change the behavior (includes “Decisional

balance”)

Self-belief Advise to think about or list previous successes in  Ask athletes to reflect on a time that they engaged
15.3 Focus on performing the behavior (orparts of it) with healthy sleep practices, and the downstream
past success effects they experienced when doing so

BCT definitions from Michie et al. (2013).

model provides a potential avenue to bridge the existing gap between a behavioral diagnosis
and intervention development (Michie et al., 2011). The COM-B can be used to identify which
of the core components of capability, opportunity, and motivation are underpinning the
undesired behavior, and can then be mapped onto the BCTTvl such that only relevant
BCTs are incorporated within a precisely targeted intervention (Michie et al., 2013). There
exists a plausible rationale for any combination of the COM-B components to underpin
desired and undesired sleep behaviors in athletes, and likely differ contingent on the unique
attributes of the athlete group being addressed, such as age, sex, and performance level
amongst other variables. This underscores the need to specify the problem in behavioral
terms before attempting to resolve it.

The quality appraisal conducted on the included studies showed that study quality was generally
satisfactory, but highlighted some limitations within the current literature. The inclusion of control
conditions within quasi-experimental study designs is undoubtedly challenging, with methodological
constraints including participant availability and the cost and availability of measurement tools.
Nevertheless, with various sport-related and non-sport-related factors acting as extraneous variables
that can influence observed sleep outcomes (e.g., Astridge et al., 2021), control conditions should be
implemented where possible to ensure changes can be attributed to the intervention and enhance the
robustness of findings. Furthermore, the lack of blinding of both participants and researchers surfaced
as a limitation in randomized controlled trials. This is a common issue within applied behavioral
research, however, recommendations such as the use of an additional unblinded research coordinator
can minimize bias (Friedberg et al., 2010).

A component of quality appraisal not evaluated by the JBI assessment tools is the pre-registration of
studies. No studies referenced pre-registration within the manuscript, and a search of Open Science
Framework and PubPsych online repositories returned only a handful of studies included in this
review (Jakowski & Stork, 2022; Jones et al., 2020; Rijken et al., 2016; Schwartz & Simon, 2015).
Furthermore, some studies omitted the a priori outcomes and/or definitions of extracted sleep out-
comes within the methods section. In the future, behavioral sleep interventions in athletes should
preregister studies in a public repository to increase transparency and confidence in findings
(Hardwicke & Wagenmakers, 2023).
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Limitations

An important limitation of this scoping review is that, whilst the coding of BCTs was facilitated by the
BCTTvl, there remains a subjective element contingent upon the philosophical standpoint of the
coders. The coders in this review adopted a more liberal approach to BCT coding, and as such
identified a slightly greater number of BCTs in several studies that were also included in a previous
review (Baron et al., 2021). This process is further complicated by the restrictive word count imposed
upon most journal articles, which often prevents the inclusion of comprehensive methodological
details, and in turn, creates ambiguity regarding the application of specific BCTs. Two key strategies
can be incorporated into future research to overcome this limitation: (1) the publication of study
intervention manuals as an appendix or in an open repository, and (2) the employment of standar-
dized terminologies, such as those defined within the BCTTv1 when describing behavioral compo-
nents within an intervention.

There also exist limitations related to the search parameters employed in this review, most notably
related to age. Although this restriction was applied in response to the differences in biological sleep
regulation during childhood and adolescence (Hagenauer et al., 2009), it is noteworthy that recent
research has employed behavioral sleep interventions within athletes in this age group, and contain
BCTs that could apply to adult athletes and warrant further exploration (e.g., Aben et al., 2023;
Edinborough et al., 2023; Lever et al., 2021). Finally, there are inherent methodological limitations
concerning the search strategy employed. These include the non-consideration of gray literature and
unpublished studies, the reliance on only five databases for literature searching, and the inclusion of
English-only studies. While these choices were pragmatic, they may have resulted in the inadvertent
exclusion of relevant studies.

Conclusion and future directions

To summarize, this scoping review sheds light on the wide range of behavioral sleep interven-
tions that have been performed in athlete populations within the last decade. The identified
intervention categories — educational, mind-body practices, direct, multi-component, and other -
differed concerning the prevalence and diversity of BCTs implemented. While each category
contained studies demonstrating some favorable changes to sleep outcomes, there was no clear
study type or BCT that showed consistent changes. Furthermore, the limited range of BCTs used
would indicate that there are alternative behavioral components that have yet to be examined in
athletes. The included studies appear to exhibit an insufficient integration of behavior change
theory during intervention development, which could partially explain the mixed effectiveness
observed concerning sleep outcomes. Moving forward, future studies should prioritize the
completion of a behavioral diagnosis before intervention development that is specific to the
athlete cohort the intervention is targeting. Furthermore, any behavioral components incorpo-
rated into interventions should be specified using standardized terminology, such as those
outlined in the BCTTvl. This would facilitate more effective cross-study comparisons, and
pave the way for a future meta-analysis that could identify the most potent BCTs for driving
sleep behavior change in athlete populations.
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