Sports Med (2018) 48:683-703
https://doi.org/10.1007/s40279-017-0832-x

@ CrossMark

SYSTEMATIC REVIEW

Sleep Interventions Designed to Improve Athletic Performance
and Recovery: A Systematic Review of Current Approaches

Daniel Bonnar' - Kate Bartel' - Naomi Kakoschke? - Christin Lang’

Published online: 20 January 2018

© Springer International Publishing AG, part of Springer Nature 2018

Abstract

Background Athletes experience various situations and
conditions that can interfere with their sleep, which is
crucial for optimal psychological and physiological
recovery as well as subsequent performance. Conventional
sleep screening and intervention approaches may not be
efficacious for athletes given their lifestyle, the demands of
training and travel associated with interstate/international
competition.

Objectives The present systematic review aimed to sum-
marize and evaluate sleep intervention studies targeting
subsequent performance and recovery in competitive ath-
letes. Based on the findings, a secondary aim was to outline
a possible sleep intervention for athletes, including rec-
ommendations for content, mode of delivery and
evaluation.

Methods A systematic review was conducted based on the
PRISMA guidelines in May 2016 with an update com-
pleted in September 2017. Ten studies met our inclusion
criteria comprising a total of 218 participants in the age
range of 18-24 years with athletes from various sports
(e.g., swimming, soccer, basketball, tennis). A modified
version of the quality assessment scale developed by
Abernethy and Bleakley was used to evaluate the quality of
the studies.

Results The included studies implemented several sleep
interventions, including sleep extension and napping, sleep
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hygiene, and post-exercise recovery strategies. Evidence
suggests that sleep extension had the most beneficial
effects on subsequent performance. Consistent with previ-
ous research, these results suggest that sleep plays an
important role in some, but not all, aspects of athletes’
performance and recovery.

Conclusion Future researchers should aim to conduct sleep
interventions among different athlete populations, compare
results, and further establish guidelines and intervention
tools for athletes to address their specific sleep demands
and disturbances.

Key Points

Adequate sleep is crucial for optimal recovery and
subsequent performance in athletes.

Athletes may face sleep disturbances due to their
unique lifestyle; thus, results from sleep intervention
studies in the general population may be limited in
their applicability.

Sleep extension had the most beneficial effects on
subsequent performance measures (e.g., sport-
specific skill execution), while napping, sleep
hygiene, and post-exercise recovery strategies
provided mixed results.
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1 Introduction

An athlete’s ability to reach his or her peak potential and
achieve a high level of success is determined by several
factors. In addition to well-known influences such as
physical conditioning [1] and nutrition [2], sleep plays an
equally important role, and is widely considered to be
essential for optimal performance and recovery outcomes
[3, 4]. Likewise, physical activity can promote nocturnal
sleep, resulting in a reciprocal relationship between sleep
and sporting participation [5]. As research on sleep in
athlete populations has expanded over the years, findings
have become more accessible to those competing and
working within the sporting industry [6]. Consequently,
there is an emerging awareness among athletes, coaches,
and trainers about the importance of sleep and the need to
incorporate sleep-enhancing strategies into their planning
and preparation [7].

Several studies investigating the impact of sleep loss and
accumulated sleep debt on athletes have shown negative
consequences for both physical and cognitive performance.
However, most studies have simulated extreme cases of
sleep loss, in which participants do not sleep for long
periods of time (e.g., one night and day). These studies are
generally not reflective of the sleep disturbances most
athletes face in real life [3], namely, partial sleep depri-
vation, which refers to reduced sleep over consecutive
nights (e.g., falling asleep later or waking earlier than
required for adequate sleep). The few studies to date that
have examined the effects of partial sleep deprivation on
physical performance show that single bouts of aerobic
exercise and maximal measures of strength are minimally
affected [3]. In comparison, sports-specific skill execution,
submaximal sustained exercise bouts, and muscular and
anaerobic power appear to be more prone to impairment
[3, 4, 8]. Cognitive consequences include deficits in most
aspects of functioning, such as reaction time, fine motor
movement, memory (e.g., consolidation of motor tasks)
and decision-making, and also greater variation in mood
stability [3]. In addition, poor mood states have been linked
to over-reaching and over-training [9, 10]. Overall, the
evidence to date suggests that sleep loss impacts the per-
formance of athletes via physical and cognitive pathways.

Parallel to the effects of sleep loss on the body‘s
response to exercise, several studies have shown an adverse
effect on physiological mechanisms involved in post-ex-
ercise recovery. Consequently, sleep has been suggested to
be the best recovery strategy available to an athlete [4, 11].
However, knowledge of the mechanisms behind the rela-
tionship between sleep and recovery in athletic populations
is still being developed. It has been theorized that optimal
conditions for cell growth and repair occur during slow
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wave sleep (SWS; often referred to as deep sleep [12]),
with reduced sleep duration also contributing to an inability
for the body to adequately break down cells required for
future repair and growth [13]. In other words, sleep loss in
athletes reduces the muscle protein resynthesis mechanism
and stimulates processes resulting in muscle degradation.
Moreover, even with a normalized carbohydrate intake,
muscle glycogen stores are reduced during sleep depriva-
tion [14]. This is likely a result of energy consumption by
athletes during their forced wakefulness [14]. Considering
that significant energy expenditure occurs, it is vital that
athletes get enough sleep, as depletion of glycogen reserves
is a direct cause of the onset of overreaching [15]. Whilst
7-9 h of sleep is recommended for healthy adults [16, 17],
research suggests that athletes need 9—10 h of total sleep
time [18, 19] to reach their full potential. Athletes’ higher
need for sleep was first recorded among collegiate tennis
players. The novel study by Mah et al. [20] was the first to
specifically investigate the impact of additional bed time on
sleep duration and subsequent performance.

Despite the clear need for athletes to obtain adequate
sleep, evidence suggests that sleep disturbances are com-
mon [21] and typically occur at two time points. During
regular training periods, disturbed sleep can occur due to
poor sleep hygiene (e.g., late game or training sessions and
late caffeine intake to improve post exercise recovery
[22]), chronic sleep complaints (e.g., insomnia), or as a
response to heavy training workloads (i.e., functional over-
reaching [23, 24]). In contrast, temporary sleep distur-
bances may arise prior to competitions because of disrup-
tion to usual sleep routines (e.g., travel, jet-lag, hotel bed,
noise) or pre-competition anxiety [25, 26]. Thus, there are
multiple reasons why an athlete may experience sub-opti-
mal sleep, which is a cause for concern given the impli-
cations for performance and recovery outcomes.

In response to research highlighting the poor sleep
habits of some athletes, researchers have begun to develop
and evaluate sleep interventions aimed at optimizing per-
formance and recovery outcomes. Broadly speaking, these
interventions can be categorized into three sub-types based
on the process used to modify sleep, namely, sleep exten-
sion and napping, sleep hygiene, and post-exercise recov-
ery strategies. Sleep extension and napping interventions
aim to increase the amount of sleep obtained via total sleep
duration or brief targeted naps [19]. Sleep hygiene practices
have also been used and aim to improve sleep related
behaviors to promote a good night’s sleep [27]. Finally,
post-exercise recovery strategies that affect sleep as a
consequence are evident in the literature [28]. Currently,
only a small number of published studies have investigated
each of these interventions among athlete populations.

Importantly, there are two key methodological issues
that limit the applicability of the findings, and the
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recommendations derived, from some studies evaluating
sleep interventions targeted at athletes. Specifically, par-
ticipant samples have either not comprised athletes
[29-31], or performance and recovery outcomes have not
been measured [32]. Consequently, these design flaws may
lead to erroneous assumptions about the effectiveness of
these interventions for both improving sleep and optimiz-
ing performance and recovery outcomes. This presents a
potential problem for athletes, coaches, and trainers, who
try to access and interpret evidence from the literature to
determine best practice. Thus, there is a need to consolidate
existing evidence from sleep intervention studies that have
used athlete samples and those that have also measured the
impact on performance and/or recovery.

The focus of the present systematic literature review was
to evaluate the effectiveness of sleep interventions for
athletes specifically aimed at improving performance and/
or recovery outcomes. To the best of the authors’ knowl-
edge, no research article to date has conducted a review
based on these parameters. Hence, the primary aim of the
present systematic review was to bridge this gap in
knowledge by synthesizing data from selected studies and
providing a critical analysis of their results and method-
ology. Additionally, as a natural extension of the findings
generated by this systematic review, a secondary aim was
to outline a possible sleep intervention for athletes,
including recommendations for content, mode of delivery
and evaluation.

2 Methods
2.1 Search Strategy

A systematic review was conducted based on the PRISMA
guidelines [33]. Three electronic databases (PubMed, Psy-
cINFO and Web of Science) were initially searched using
Endnote X7.2.1 (Thomas Reuters, USA) in May 2016, with
an updated search completed in September 2017. Searches
were conducted using “any field” (PubMed and PsycINFO)
and “title/keyword/abstract” (Web of Science; discrepan-
cies in search fields are due to differences in available field
options in Endnote) to identify publications that contained at
least one term from each of the three categories of search
terms used: (1) athlet*/sport, (2) AND Sleep education/sleep
extension/nap*/sleep therapy, (3) AND performance/com-
petition/recovery/sleepiness/fatigue.

2.2 Inclusion/Exclusion Criteria
For studies to be included, they needed to implement an

intervention aimed at improving (1) sleep (i.e., could be a
part of the intervention or affected as a consequence of the

intervention) and (2) performance/recovery/sleepiness/fa-
tigue. Samples were required to consist of competitive
athletes or sports players (from amateur through to elite
levels), with a mean participant age of 18 years or older.
Articles needed to be published in English and be peer
reviewed.

Articles were excluded if they presented a review article
or case study, focused on medication (due to the strict
stance on anti-doping regulations making it beneficial for
athletes to abstain from medication where possible [34]), or
focused on sleep apnea (a medical disorder applying to a
subset of athletes and simultaneously affecting both sleep
and performance [35]). No study was excluded based on
study quality.

2.3 Study Selection

Study selection was completed between May and June
2016 and in September 2017 by authors DB and KB, with
CL consulted as required. In total, 1438 studies were
retrieved and 591 remained after duplicates were removed
by EndNote’s auto-deduplication function (followed by a
manual check). A further three studies were identified for
potential inclusion through reference searches of relevant
studies, which brought the total to 594. After titles and
abstracts were screened, 562 studies were initially exclu-
ded, which left 32. Forward searching of these identified an
additional three potentially relevant studies. Thirty-five full
texts were analyzed, with a further 25 studies excluded due
to not meeting the inclusion criteria (e.g., performance
measures were not assessed and/or reported for all
assessment time points). Thus, a total of ten studies were
included in the final review (Fig. 1 represents a detailed
flow chart of the study selection), nine of which were
identified via the original search and one via the updated
search.

2.4 Quality Assessment

The methodological quality of included studies was
assessed using a modified version of the quality assessment
scale developed by Abernethy and Bleakley [36] (see
Table 1 for a description of the quality scoring key). The
scale was used to assess the quality of study design;
description of the participants, intervention, and outcome
measures; blinding of assessors and measurement period.
One item of the original tool was omitted, as it was not
relevant for any of the included studies (i.e., none of the
studies appeared to have attrition, which the item aimed to
evaluate). Wording of items and/or item responses (ques-
tion numbers 1, 4, 5, 6, 8, 9 in the original scale) were
altered to increase relevance of items for included studies
(i.e., the original scale aimed to evaluate randomized
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Fig. 1 Flow chart of the systematic review process

controlled trials, but none of the included studies used this 16 points. Overall quality scores were converted to a per-

study design). centage value and rated (0—49% = poor,
Authors DB and KB conducted the assessment inde- 50-89% = moderate, and>90% = good [36]). Raters
pendently, with CL consulted as required to obtain con- were not blind to study authors, place of publication or

sensus in cases of uncertainty (i.e., [37] (item 8); [28] (item results.
1); [38] (item 6). Included studies were scored 0, 1, or 2 for
each of the eight scale items with a maximum total score of
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Table 1 Study quality score key
Study reference: Score

= between groups only

Was the assigned intervention concealed before allocation?
= adequate

= unclear

= inadequate/impossible

Were the outcome assessors blinded to treatment status?
= effective action taken to blind assessors

= small or moderate chance of unblinding of assessors

= not mentioned or not possible

= clearly defined
= inadequately defined
not defined

= confounding small; mentioned but not adjusted for
= large potential for confounding, or not discussed
Were the interventions clearly defined?

= clearly defined interventions were applied

= intervention and/or application were poorly or not defined
Were the outcome measures used clearly defined?

= clearly defined

= adequately defined/recorded

= not adequately defined/recorded

= active surveillance and appropriate duration

= active surveillance, but inadequate duration

S, N PO, N NO—m,NADS —~,NNO —~,N RO RN WO —=NNOS R~ N

= surveillance not active or not defined
Total score (16 = 100%)

Were the intervention and control group comparable at entry?

. What study design was used and, where relevant, how were participants allocated?
= mixed design, randomized and counterbalanced between conditions

= repeated measures/within subjects only OR mixed design but not randomized.

Were the inclusion and exclusion criteria (age, previous injury, sport) clearly defined?

= good comparability of groups, or confounding adjusted for in analysis/within group design only

= clearly defined interventions were applied but the application was not standardized

Was the follow-up period sufficient to appropriately measure the effects of the intervention?

3 Results
3.1 Study Characteristics

Detailed information was extracted from the ten studies
that met the inclusion criteria for this review (see Table 2).
Included studies were reviewed based on the following
characteristics: population (i.e., country, age, sample size,
sex, sport), method (i.e., intervention, design, measure-
ments of sleep and performance), and results (i.e., sleep
and subsequent performance and/or recovery outcomes).
Sample populations consisted of athletes from a small
number of countries (n = 6), with a narrow age range

(18-24 years; mean = 21.41), from at least five different
types of sports (not all studies reported this sample char-
acteristic). Furthermore, the number of participants per
study ranged from 6 to 84. Seven out of ten studies used
male athletes only [19, 27, 37, 39-42]. In terms of
methodology, included studies implemented interventions
that either used sleep extension or napping, sleep hygiene,
or a post-exercise recovery strategy that affected sleep as a
consequence. Usually, a mixed design (randomized and
counterbalanced) or a within-subjects design was
employed, with a wide range of sleep, performance and
recovery measures (i.e., subjective vs. objective). As per
the inclusion criteria, all studies reported the results of their

@ Springer



D. Bonnar et al.

688

Jua)Xa [[ews & 0) 3e[-jol
JO S100JJ9 9s8109p JYSI|
pown A[oreudoidde
pue ouar3Ay dog[s ‘snyf,
Inseowr
remdaorad 1ojo Aue 10
sanseaw douewIojrad
ASN ‘¢ Aep 10514
1 1041105 “sa uoruadaaguy
(€
Kep puan SN ) T Aep

Sepel ‘vonjemges
ua3Ax0 “YH ‘1 [9A9]
KIDA003I JUSNIULISIUL

suoronysur
uar3Ay dogrs
pue 1ySI[ moym

/(UOTIUIAIIIUT) Joam/sauwn
Ayrenb dagrs paateorad OX—O0X ‘159) M [oART) ¢ < Sururen [6€]
| ‘oureseq ‘sa junds w-gg 15 [JAD Aydei3noe Ire [euonjeUIo)UL ‘sorewr  (Q01) BRG]
‘LSL | puen uonuaatapuy Popeo[ pue papeofun) jsum ‘Arerp dod[s oxd poje[nuwils Y-z 9AIOR A[[eorsAyg €1 €Y BI[RNSNY I9[MOg
‘Sururen
3sod y ¢ pue ‘Suruzowr
oy ur 1oye] Surddeu
udyM 9SBAIOUI KBl
sjgouaq Jurddeu ‘snyj,
ssoulId[e 2Andalqns
‘NHY ‘LML ‘FS ‘LSL
‘SMS dSN "uonIpuod
Sururen jsod y-g ur
70S T puen 2 uren o)
ssouparedard | jpataguy K10181y
uren o) we g1 Sururen sieak
ssouparedaid ‘ssoulrofe 'SA We O)¢] e -7 < AoupAksg
aAnoafgns ‘Kyenb Sururen 3sod 4 ¢ Jo Kyis1oAtun)
doars 2An0alqns (Aep jey) 10938 UTEN) O} (deu jo 'sA 1 je deu utw 29 SIMSN
NTT ‘LML “AS ssouparedaid ‘ssouyrofe Ayenb) arreuuonsonb -06 + Sururowr je s)0ds snotreA [L€]
‘LSL :dSN 'we o€ 11 SV A) aireuuonsanb dogys deu-jsod ur Sururenn  ur Sunadwod pue 001) Te 19
ur SM\S | uvippoai) douewniojred deu-1sog aAnodalgns T0OS ‘OSd OXd  QouBINpud UTW-()G Sururen o)V 9 (3'TF) €STe  eiERNSNY salae(q
2OUBLIO d (o3ue1 10
J1od 9IS
(rewr ‘S F ueawn)
SJUQUIAINSBA] ugisoq UOTJUQAIU] sajerye/I0ds %) N s1eak ‘03y Anuno)
SInsoy SPOYIRIAL uonendog Apmis

SO[OIIE POMOIARI JO SONSLIRORIRYD ApMIS ¢ JqRL

pringer

A's



689

‘(uonuaaIui-jsod ouwr
¢) Kouanbaij uoryejrin
1 29 Aurenb dogs |

31

je sowres o1moe Aerd
Y31 wIp JuruaAd asn
prp/ysSu je 1ondwod
asnysowres 1o)ndwod
Suruoas Aerd 3,uprp

uoym ooueurojrod (uonuaAaUY)
109008 9A13O2[qNs Joge9]
paroxdur ‘(3sod 03 a1d) a3ueyd & uo papraoid
Qoueuriofrod 10000s | doueuriojrod 19900s Jress 2dKy suononnsur [L2]
‘pdop doors poaoxdur ‘arreuuonsan) YifeoHy -[ewnip ‘a1reuuonsonb QuaI3AY siokeid  (001) ‘& 10
2 TOS 2Andalqng 1T [BISUSD) ‘X3IpUI UOHEILL] suqey dod[s INI-IM doos Jo owr | 19000s AJISIOATU() 8 781 ueder eperey
Qouewiograd
juonbasqns

jou 32K ‘doars seaoxdur
Quar3Ay dogrs onoe

pringer

Qs

SNy, "SAINSeAW IOy
Aue 10 uoryenp oposido
aem gS “10S ‘dSN
"0M] [9AJ] 159} AIOA0DAT
JUONIWLIAIUT FuLINp

ssams
29 AI9A0091 paAradrad
‘(ur01d aAnoLAI-)

29 BaIn ‘aseuny
JUNELAID) POO[q SNOUIA

Sunyem uo
AIOA0DQI ‘SSQUSSIISAI

A Systematic Review of Athlete Sleep Interventions

JH yoew-isod 1 2 SIH ‘0Mm) [9A9] 159} 2Anda[qng “(soposide ou "SA S9I39)enS [ov]
‘soposido ayem Joquinu KIOA0031 JUSNIULIOIUL em “gS “10S 19900s Indjeure Te 19
% ISL | oua13dy dasjg 0X—0X ‘TWD  dIL ‘LSI) Ayderdnoy oureS-1ystu 1504 pauten A[ySTH VN Teseqng
2oUBLLIO d (e3uer 10
1104 29[S
(rewr  ‘QS F uedwn)
SJUOWIAINSBIA ugisog UOT)UIAINU] sajoqyIe/I0ds %) N SIBaA ‘a3y Anuno)
synsoy SPOYIRIA uone[ndog Apmg

penunuod g dqe],



D. Bonnar et al.

690

Qouewrograd 10 dog[s 0)
SIJouaq INOYIIM ‘[oARH)
pIemise? y G SuIf[oAen
saja[yie ur Jusunsnipe
aseyd osearoop

pue “JOS osearour Aewr

(utr () Surddeu ‘snyg,

soInseow ooueurioyrad
10 dog[s Joyjo Aue QSN
‘uontpuod urddeu-uou
0} paredwod ‘Surddeu
o) 10§ dnoid paoueApe
aseyd oy ur poke[op
sem ormjeroduwo)

Apoq 210D *dog[s
juonbasqns ur JOS

Qe108] POO[Qq ‘XOpUI
an3nej ‘romod ueow
‘romod yeod :(yurds

S-0¢) I0jowo3Io

9[9Kd g 18 NIeUOIN

So[npayos
doors (3ep
ol pojernuurs)

paoueApe [ G pue

[ewou ur (paq
ut SuIA] g ) Isa1
'sa (Kyrunyzoddo

| SurddeN ‘uonipuoo paye1q A[[esrueyoowt armerodwa) Apoq 9100 doars y-1 sorewt ©o1) [1%]
paoueape aseyd ur 7SI, T e Juisn 1s9) AeSurpy,  ‘SSUIPIOdAI 0IPIA ‘DS] woy urw () deN pauren Ay3ig 91 Qouer] [e 19 MR
(41L/LSL pasea1out jo
Jy31u uo “'3-9) surpuy

snoraaxd Sunsenuod
‘syuawarodur
Qouewroprod

urejqo 0) AIessoodu
ST uoIsueIx? dog[s

Jo porrad 3uojf & yons (owr 1od
‘sny [, ‘porrad UoISu9IXad (paSemooud 7—1/sAep G—¢)
doag[s jo pus 03 aurfaseq (Suruans Surddeu yyima  Apmys noy3noxy)

woiy ssourdog[s ‘Suruiowr) Ajrep x g q1L Y 0] urw) sowes 0}
ownAep T ‘Aoeinooe LAd ‘Surog-ffom potrad UuoISU)IX [oAen juanbarg
Sunooys | ‘owmn juuds [eorsAyd + [eyuow SSH doors syoom- 's19dog[s
| ‘Sunsay Apreom/Arrep aAnoalqng “AoeInooe e1A ssourdog[s awmAep 0] -G ® Aq poo3 Ayiesay
Suump souewroyrod 3unooys jurod-¢ aAnoalqng 's3o1 doors pamoroy (Y 6—9) ‘wedl [reqioyseq
LAd | “dn-mojjoy pue ‘mory) 913 urds Aqrep pue Aydei3noe 9[Npayds ayem KyisIeA BOLIOWY
0) QuI[oseq WOy [S.L pow} :(uoourelje) e1A Apms jnoy3noayy —dog[s renyiqey s, uow Aysoatun)  (001) Jo sqelg 611
2An2[gns 29 9A192[qo | Qonoerd A19A9 1013y poplodoar IS, SYoom-f 0} - plojuels 11 panun  Te 19 yeN
QoUBWLIOLIO] dogrs
(orewr
SIUSWIAINSBIA] UONUSAIIU] soprpentods ) N Anuno)
synsoy SPOYIRIA uone[ndog Apmg

penunuod g dqe],

pringer

A's



691

A Systematic Review of Athlete Sleep Interventions

punoy doueuriojrad ur

qoeqpesj
apraoxd 03 Juas
os[e $I1X9) AP[ooM

syuwaAo1dwr 1910 ON ‘uoneuLIojur
‘uonuaAIduI-jsod 03 Quar3Ay
qurfeseq wolj I0JIA | QIreuuonsang) doaars paurpno
pue an3ney T 'sajewnso SSQUIUTUAAT UoIyMm SUOISSIS
paseq Aydeidnoe -ssouSuruolN ‘1OSd uoneonpo [z+]
ur sjuowaAoxdur ‘SSH ‘(@S “LSL ‘d1L) om) Surpnjout LR
Surpuodsa1rod ou jnq Arerp doors (S “ISL wreigoxd s1okerd requoog  (00T1) NAMSAY
gS pue [S], 2An0afgng | LAd ‘SIWNOd  ‘d1L) AydeiSnoe 1supm INY-TM doos seam-g  soNY UBIENSNY 9¢ (0T¥) LeT  Erensny uep
dooys III UOTSIAIQ
[ewIou JO Yoom UOTJBIO0SS Y
(ore0g [ Surmofjoj ‘sdeu one[py lev]
ssaurdagys 1 ‘Aovanooe ssourdog[§ plojuels Surpnpour (Jysmu 939110 [eUOnEN BOLIOWY uowrng
SurA1es ‘1 S1, 9Ano2lqns ‘SSH) ssourdagrs 12d { g) uotsua)xa ) woI (Iy) Josaels pue
| uoisuaixa daajg LAoremooe o3ejuaorog aanoalgns ‘Arerp dag[s W IAM dogrs yoom | s1oAe[d smuuay, 4 70T paun  Z3remyos
S[onuod
0} paredwod DM
oy I Suump IS,
| 01 anp A[renusiod
‘sjonuod 0) paredwod
peo] Sururer) pasearout
01 20uRId[0) paroidur
aAey Aewl DM
'SuUOnIPuod
{ioq 1oy S ur
93ueyo YIIM PIJB[ILIOD
A[oane3au (ssons
Suneorpur) asejAure UONIOX PaAtaoIad
©0 3unsaI Ul ABUBYD  <(apupuriogied os10IOX0
[eLn own [eWIXBUW JJ)Je S[OAD]
w-O0f 193 (DGA Jou 9JeIoR[ POO[q puE yoom 1ad sKep
jng) [0IUOD UI ASe[AWe MH 2Inseaw 0} pasn) Sururen jsowr Aep/aoIm)
eydpe ‘a1eioe| pooiq spaads pauruialop 1y31] QuIfaseq paurel],
‘paads 1 ‘L] Suumnp -a1d juarogyIp Surimorjogy 's1e9K G'7
D9 ‘SA [0U0D 10] 21y Je S[eAla)ul ‘([11] Sutureny  o3eIoAe IO} WD)
ISL T ‘[eAIour wims WwIMS W-O)0g X € 189 (4S ‘LSL QAISu)UI 3uLINp) [euoneN Youalj [gz]
pi¢ ur dnoi3 jonuod 9S10I9Xd PopeIn) "[eLn ‘LOM “10S ‘OS ‘L9 [0UO0d 'SA DM AU} UO SIQWWIMS Te 19
Ul UOTHIOX PIAIDIR] | own J[A1Isea1y w 00y  ‘gLL) AydeiSnoe st oxyd AJrep syoom ¢ paziworyouks  (0) 01 HO0F) +'0T douel] [eeyos
2oUBLLIO d (e3ue1 10
}1od 9IS
(rewr  ‘QS F uedwn)
SJUOWIAINSBIA ugisog UOT)UIAINU] sajoqyIe/I0ds %) N SIBaA ‘a3y Anuno)
s)nsay SPOYIRIN uonendod Apms

penunuod g dqe],

pringer

Qs



D. Bonnar et al.

692

X0q 90TAISS I} JO JOUIOD Iej [RISIR] Y] UI PAJBOO] J93Ie) I9JSWRIp 13- TB[NOIIO B OJUI SIWT) ()G 9AIIS 0] SIII[YIE SUMSE AQq PIUTULIANOP Sem AOBINOJE 93BIUadIRd,

Jleos Sofeue [ensia §yY4 ‘own dn-ayem 74 ‘seinseawr pajeadar s1oafqns UMM JHy-JA ‘UOTR[NWINSOAID ApOq S[oym DM ‘OuwI ayem

12103 7M.z ‘owny doors 18103 7S 7 ‘paq ut awn g7z ‘doofs aaem mols SMS ‘Aoudre] Jasuo doars 70§ ‘1esuo dag[s 0 ‘Aouaroyje dod[s Fg ‘UTISOP IOA0-SSOID PIZIWOPURI )XY JUSWAAOW dK9-pider
WAY se], 2dueISIA IojowoydAsd JAd ‘AydeidouwosAjod Hgg xopuy Aend) doo[s y3ingsnid JOSd S218IS POOIN JO 2[YoId U3 UM PaAIdsqo sagueyd aanisod Sod ‘11ods jo aymmnsuy
SO[EA\ UINOS MIN SIMSN ‘OUIRJJIP JUBOYIUTIS OU (SN ‘O[qe[IeA® JOU YA ‘SUIUIRI) QAISUIUI 7 ‘el ey Y ‘O[eos ssourdea[s yuomdg g¢7 ‘dwn( juswroAow-19)unod £py) ‘ownpeq g

uoneIpeLr
10U 909)J0 wWyAYI
UBIPEOIIO PaId)[e

0) onp 9q Aeul )1 0UIY

‘payroads jou aInsedwr
doueutograd Jo oy,
"9ouB)SIp pue [0S
ur aSueyo ueaMmIaq
UONR[A1I0d dANESOU
‘UOTJUQATUI-ISOJ
‘uruore[ow pue [OSJ
ur aSueyo uedIMIaq
UOT)B[1I0D 9AT)BION

(wre

§) UTUOJB[oW WNIdS
‘(Sutuonouny swnAep
‘uoneorpawr dog[s

aoueysip | sysod ‘soourqImsip doas ‘gS 1591-150d
-o1d dnoi3 uonuoAIdyuY ‘LSL “10S ‘Aipenb 1591-01d (ys1[ ou) [0Nuod
uruoje[ow doars aanoafgns sy00lqns 'SA Joom 7 10J
| “Aurenb doors  (utw g ur yoen w-gof {soreOsqns woly uoamlaq QO1AQD YII[ paI
| :ronuos 01 sanerar © punole ddueIsIp 21095 18q0[3) 1OSd ‘UOTJBOO[[® B WOJJ UOLRIPRLIL [8¢]
dnoi3 uonusAIsiu] [)0)) UnI UrW-Z[ 19do0) Y} JO UOISIOA SIUIY)) wiopuey  SUIUSAQ JO UIW ()¢ meaqrseg () 02 (9°€F) 9'81 BUIYD '[€ 10 OBYZ
2oUBLLIO d (e3ue1 10
}1od 9IS
(rewr  ‘QS F uedwn)
SJUOWIAINSBIA ugisog UOT)UIAINU] sajoqyIe/I0ds %) N SIBaA ‘a3y Anuno)
synsoy SPOYIRIA uone[ndog Apmg

penunuod g dqe],

pringer

A's



A Systematic Review of Athlete Sleep Interventions

693

sleep interventions in relation to subsequent performance
and/or recovery outcomes.

3.2 Sleep Extension and Napping
3.2.1 Total Sleep Duration

Two studies investigated the effect of increasing athletes’
total sleep duration on general and sport-specific perfor-
mance measures. Mah et al. [19] compared a 2- to 4-week
habitual sleep—wake schedule with a subsequent 5- to
7-week sleep extension phase in a sample of college varsity
basketballers. During the sleep extension phase, partici-
pants were instructed to obtain as much nocturnal sleep as
possible and spend a minimum of 10 h in bed each night.
Napping was also encouraged. Results showed that par-
ticipants’ objective sleep duration increased from an
average of 6.6-8.4 h (approximately 110.9 £ 79.7 min)
with a corresponding reduction in self-reported daytime
sleepiness (mean = 9.64 £+ 3.8 vs. 3.36 + 1.69). With
regard to performance and mood measures, results showed
improvements in sprint times (mean = 16.2 £ 0.61 vs.
15.5 + 0.54 s), free throw and 3-point shooting accuracy
(mean = 9 and 9.2%, respectively), reaction times as
measured by the psychomotor vigilance task
(mean = 310.84 4+ 77.13 vs. 274.51 £+ 42.01 ms), and
mood state (mean = 13.76 £ 17.17 vs. —10.36 & 9.62)
and fatigue levels (mean = 8.24 + 5.28 vs. 1.45 & 2.46).

Schwartz and Simon [43] conducted a similar study to
Mah et al. [19], but the former used a shorter intervention
period. In their sample of college varsity tennis players, a
1-week habitual sleep—wake schedule was compared to a
1-week sleep extension period. During the sleep extension
phase, participants were instructed to obtain at least 9 h of
sleep per day, including naps. Results showed that partic-
ipants’ subjective sleep duration increased from an average
of 7.14-8.85 h (approximately 102 min), with a corre-
sponding reduction in daytime sleepiness and improved
objective serving accuracy in a non-competition setting
(mean = 14.3% increase from pre- to post-intervention). In
summary, the findings suggest that a minimum of 1-week
of increased sleep duration leads to improvements on a
range of performance measures among sleep deprived
athletes.

3.2.2 Napping

Two studies explored the effect of napping on performance
and/or recovery outcomes in athletes. Davies et al. [37]
evaluated the effectiveness of 90-min daytime naps as a
recovery tool from endurance training, which specifically
included optimal circadian timing and the interval time
between training and naps. With respect to circadian

timing, results showed greater slow-wave sleep duration
for the 11:30 a.m. naps compared to the 10:30 a.m. naps.
However, no differences were noted for any other sleep
parameters or measures of subjective alertness and pre-
paredness to train post-nap. In terms of interval timing
between training and naps, a post training nap taken 2 h
after benefited preparedness to train compared to the 1-h
post-training nap. No other differences for any variables
were found.

In a more recent study, Petit et al. [41] investigated
possible beneficial effects of a 20-min post-lunch nap on a
subsequent bike ergometer sprint test and night-time sleep
during a simulated jet-lag condition (5 h advanced).
Results showed that napping among non-regular nappers
induced longer sleep onset times during the post-trial night,
although this was reduced in the sleep deprivation condi-
tion. They also found that a 20-min post-lunch nap did not
improve maximum exercise performance, either before or
after the simulated jet-lag condition.

The current evidence suggests that naps taken later in
the day and at an appropriately timed interval after previ-
ous exercise may positively influence an athlete’s mental
disposition towards subsequent performance tasks. How-
ever, a 20-min nap may be too short to influence subse-
quent performance measures among partially sleep-
deprived athletes, and may also disturb sleep on the sub-
sequent night for some athletes.

3.3 Sleep Hygiene

Three studies examined the effect of sleep hygiene prac-
tices on sleep and subsequent performance and/or recovery
outcomes in athletes. Fullagar and colleagues [40] com-
pared acute sleep hygiene strategies with a normal post-
game routine following a late-night match in a sample of
highly trained amateur soccer players. Participants in the
intervention condition were instructed to go to their bed-
room at 11:45 p.m., in a dimly lit and cool environment,
with optional sleeping aids (e.g., ear plugs), no access to
technology 15-30 min prior to bedtime, and a lights-out
time of 12 a.m. In contrast, participants in the control
condition maintained their usual activities but were not
permitted to have a lights-out time until 2 a.m. (average
bedtime following night matches). Results showed that
participants in the intervention condition achieved greater
sleep duration, but with more wake-episodes, compared to
those in the control condition on match night. There was no
difference in sleep onset latency or efficiency. However,
this lack of differences could be due to the lack of an
adequate control group. That is, the 2 a.m. bedtime for the
control group may have resulted in increased sleep pres-
sure, thus decreasing sleep latency, increasing sleep effi-
ciency and shortening total sleep. Despite longer sleep
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duration in the intervention condition, there were no
improvements in physical performance (i.e., CMJ, Yo-Yo
intermittent recovery level 2 test), perceptual recovery (i.e.,
short version of the Acute Recovery and Stress Question-
naire), or levels of blood borne markers indicative of
muscle damage and inflammation (i.e., C-reactive protein,
creatine kinase, and urea).

Extending the findings of acute sleep hygiene strategies,
Harada and colleagues [27] employed a longer sleep
hygiene intervention over a period of 1 month. The 85
university soccer players received a leaflet that outlined
eight different sleep hygiene recommendations (e.g.,
decreasing technology use at night). Results revealed that
participants implementing more sleep hygiene changes
were found to show greater subjective improvement in
soccer performance. At the 3-month follow-up, participants
had better sleep quality compared to baseline. Participants
shifting towards an earlier chronotype (i.e., morning types)
throughout the intervention period also reported significant
improvements in their soccer performance.

Ryswyk et al. [42] implemented a 6-week sleep program
in a team of Australian Rules Football players. At the
beginning of the program, a qualified sleep physician
provided a 1-h sleep education session that outlined sleep
hygiene practices, including techniques on how to achieve
increased sleep duration and quality. Weekly electronic
feedback was provided (e.g., sleep duration averages) and a
mid-program education and feedback session was also
conducted. Individual consultations with the sleep physi-
cian were offered to clarify any further questions. Results
showed no improvements for objective measures of par-
ticipants’ sleep, although subjective benefits for sleep
duration and efficiency were found. Furthermore, subjec-
tive daytime sleepiness, sleep quality and chronotype were
unaffected. With respect to performance and mood mea-
sures, no benefits were observed for the psychomotor
vigilance task; however, fatigue (mean = 6.2 £ 3.5 vs. 4.1
4+ 3.8) and vigor (mean = 11.6 £ 6.4 vs. 15.9 £+ 4.9)
improved from pre- to post-intervention.

3.3.1 Sleep Hygiene and Circadian Adjustment

One study combined sleep hygiene with bright light ther-
apy. Fowler et al. [39] investigated whether sleep hygiene
strategies combined with bright light therapy mitigated the
negative effects of international air travel on physical
performance. In their study, all participants completed 24 h
of simulated international air travel (i.e., a normobaric,
hypoxic room was used to simulate the mild hypoxia and
cramped conditions of typical commercial air travel). In the
intervention condition, bright light therapy and sleep
hygiene strategies were implemented during travel and
2 days post-travel, while the control condition maintained a

@ Springer

typical travel routine for the entire 3 days. Results revealed
no benefits for sleep duration at any time point for the
intervention condition, but participants did show improved
subjective sleep quality on day one post-travel. On day two
post-travel, participants in the intervention condition
reported reduced fatigue, while those in the control con-
dition reported increased subjective jet-lag symptoms and
poorer mood states. In contrast, no differences were
reported for any performance measures (i.e., reaction time,
Yo-Yo intermittent recovery level 1 test, 20-m sprint,
loaded and unloaded countermovement jump [CMIJ]).

3.3.2 Summary

Overall, it appears that acute sleep hygiene strategies
increase athletes’ sleep duration, but not subsequent per-
formance and recovery. In contrast, long-term sleep
hygiene implementation might prove to be more beneficial.
Furthermore, sleep hygiene in addition to bright light
therapy seems to reduce the negative effects of jet lag to a
small extent.

3.4 Post-exercise Recovery Strategies to Improve
Nocturnal Sleep

Based on the idea that good quality sleep at nighttime is a
key contributor to athletes’ recovery and performance, two
studies implemented post-training recovery strategies to
improve athletes’ sleep and assessed subsequent perfor-
mance/recovery. Schaal and colleagues [28] implemented
their recovery strategy among synchronized swimmers
during an intensified training period. In a randomized
cross-over design, participants received either daily dry air
whole-body cryostimulation over 2 weeks, or no recovery
strategy (control condition). After a taper period, partici-
pants switched conditions. Sleep actigraphy results showed
that most sleep parameters (i.e., sleep duration, onset, and
efficiency, but not quality) were preserved in the whole-
body cryostimulation condition but deteriorated in the
control condition. The physiological response to exercise
was improved in the whole-body cryostimulation condition
(i.e., reduced blood lactate, heart rate, alpha-amylase)
indicating reduced physical fatigue. However, it remains
unclear if this is a direct effect of the whole-body cryos-
timulation or due to longer sleep durations and efficiency.

In contrast to Schaal et al. [28], Zhao et al. [38]
implemented their recovery strategy during a regular
training period. In a sample of female basketball players,
participants received either red light irradiation every night
for 30 min or a placebo non-red light irradiation over
2 weeks. Results showed that participants in the interven-
tion condition demonstrated improved subjective sleep
quality (Pittsburgh Sleep Quality Index), but also higher
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morning serum melatonin levels compared to placebo (the
latter aspect might be an indication of a circadian delay
induced by the red light). With respect to performance,
there was a trend showing that participants in the inter-
vention group improved on the distant running task
(Cooper 12-min run), whereas no change was observed in
the placebo group. At this point it remains unclear whether
the red-light irradiation had a direct effect on post-training
recovery, or whether improved sleep led to a greater
overall recovery. One can also speculate that the better
post-intervention running results were a consequence of the
circadian shift, in that the assessment now took place in a
circadian peak-performance phase (i.e., a time when the
testing was more suited to the timing of the body clock).

In summary, two studies applied post-training recovery
strategies, aimed at inducing a number of physiological
effects thought to be beneficial for recovery, sleep initia-
tion, and sleep maintenance (e.g., enhanced parasympa-
thetic reactivation). Results revealed a positive influence
on subjective and objective sleep patterns, and minor
improvements in performance measures.

3.5 Quality Assessment

Table 3 describes study quality scores in relation to the
quality scoring key (see Table 1). Overall, one study
achieved a good quality rating, eight studies received a
moderate quality rating, and one study was determined to
have a poor-quality rating. Most studies (6/10) employed a
mixed design, randomized and counterbalanced between
conditions. Alternatively, a within-subjects design was
used. These common study designs also allowed most
studies to have groups which were comparable at baseline.
Adequate descriptions of inclusion/exclusion criteria were
lacking in some studies; however, intervention and out-
come measures were generally well defined, and the study
duration was often adequate. This was largely due to the

Table 3 Quality scores of reviewed articles

temporal nature sleep has on performance, thus long fol-
low-up periods were not required. Zhao and colleagues
[38] concealed the intervention to participants prior to
allocation; however, for all other studies concealment of
allocation was either unclear, impossible, or not reported.
In turn, assessors were only blind to treatment in one study
[37].

Thus, overall, quality of studies could generally be
improved by ensuring the use of randomization and a
crossover study design, concealing the intervention to
participants and assessors where possible, designing plau-
sible placebo treatments for comparison, and including
consistent and clear reporting of inclusion and exclusion
criteria.

4 Discussion

4.1 Interventions Targeting Sleep and Subsequent
Performance on Athletes

This is the first systematic literature review to summarize
and evaluate intervention studies that aimed to improve the
sleep and subsequent performance and/or recovery out-
comes of athletes. To this end, ten studies with a total of
218 participants in the age range of 18-24 years were
identified. Consistent with previous research, the results
suggest that sleep plays an important role in some, but not
all, aspects of athletes’ performance and recovery [3, 44].
This finding not only supports the previously established
relationship between sleep, performance and recovery, but
it also reinforces the need for athletes to have access to
knowledge and skills which enables them to effectively
manage their sleep.

Extending the amount of sleep athletes obtain, through
either nocturnal sleep or napping, appears to improve
sports-specific skill execution and cognitive related tasks,

Study Q1. Q2. Q3. Q4. Q5 Q6. Q7. Q8. Total score Quality rating
Davies et al. [37] 2 1 2 2 2 2 2 2 15 G
Fowler et al. [39] 2 1 0 1 2 2 2 1 11 M
Fullagar et al. [40] 2 0 0 1 2 2 2 2 11 M
Harada et al. [27] 1 0 0 0 2 2 1 2 8 M
Mah et al. [19] 1 1 0 2 2 2 2 2 12 M
Petit et al. [41] 2 1 0 1 2 2 2 2 12 M
Schaal et al. [28] 2 1 0 1 2 2 2 2 12 M
Schwartz and Simon [43] 1 0 0 0 2 0 2 2 7 P
Van Ryswyk et al. [42] 1 0 0 1 2 0 2 2 8 M
Zhao et al. [38] 2 2 0 0 1 1 2 2 10 M

G good, M moderate, P poor
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such as reaction time and shooting accuracy. Positive
effects were also found for improved mood and reduced
daytime sleepiness. This finding is in line with research on
partial sleep deprivation, indicating impaired cognitive
functioning and mood in particular, which may lead to
poorer overall performance. Poor mood states have been
linked to over-reaching and over-training [9, 10]. More-
over, psychological fatigue would appear to create a neu-
rocognitive state detrimental for either optimal decision
making (e.g., in team ball games) or maintaining a high
level of motivation (e.g., running a marathon) [3]. The
positive findings of the prolonged sleep-extension period
(5-7 weeks of 10 h of time-in-bed) among college bas-
ketball players [19] support the assumption that athletes
require 9-10 h of sleep [18]. However, it remains unclear
as to how much additional sleep is sufficient to produce
these outcomes, as sleep needs vary considerably between
individuals [45]. Furthermore, it also needs to be investi-
gated how athletes experience possible wakefulness in bed
during sleep extension periods. This may be particularly
relevant on nights preceding competition when athletes are
prone to worry [25]. Thus, although these findings suggest
that sleep extension is a promising intervention for
improving athletes’ performance, the appropriate amount
for each individual needs to be defined, rather than a one
size fits all approach of 10 h in bed.

Currently, sleep hygiene is not recommended as a
standalone treatment for behavioral sleep problems
[46, 47]. However, research among athletes has shown that
sleep hygiene improves self-rated sports performance and
can assist in moving the body clock earlier, which may
help with early morning training and competitions [27].
Therefore, introducing sleep hygiene among athletes may
encourage earlier bedtimes, thus lengthening sleep duration
and subsequently further improving performance. How-
ever, the studies that evaluated sleep hygiene were some-
what vague as to the precise strategies that were employed
and how many were taken up by athletes. Furthermore,
athlete individual differences (e.g., motivation) that influ-
enced whether such strategies were adopted are also
unknown. Hence, it is difficult to draw conclusions as to
which strategies and individual differences are most rele-
vant and important for athletes in general and for different
sports.

Studies investigating recovery strategies produced less
conclusive results than sleep extension and sleep hygiene,
mainly due to methodological shortcomings. The study by
Zhao and colleagues [38] showed improved sleep and
subsequent performance following red light irradiation in
the evening. The authors proposed that an increase in
melatonin secretion caused by the red-light irradiation may
have facilitated increased sleepiness. Yet, it is also possible
that the evening light induced a delay in circadian rhythm
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timing (later bed- and rise-times), as indicated by increased
morning melatonin levels post-intervention. Hence,
improved running performance post-intervention may have
occurred due to assessment taking place in a circadian
peak-performance phase (i.e., a time when the testing was
more suited to the timing of the body clock).

A second recovery strategy reviewed here involved
whole-body cyrostimulation, which consists of acute
exposure to very cold air in special cryochambers [28]. The
authors hypothesized that whole-body cryostimulation may
decrease the negative effects of over-reaching on sleep and
performance, via enhanced post-exercise parasympathetic
re-activation at the cardiac level. However, while the cur-
rent literature supports an association between poor sleep
and functional overreaching in athletes, it remains unclear
whether decreased sleep quality is a cause or a symptom of
overreaching [48]. Overall, further investigation is required
to determine the efficacy of these interventions before they
are recommended as sleep promoting strategies.

Overall, it is important to note that the vast majority of
research has investigated the impact of total sleep depri-
vation on performance measures. However, athletes are
more likely to face partial sleep deprivation (e.g., a bad
night’s sleep, jet lag) rather than not attempting sleep for
long periods (e.g., one night and day [3]). This is an
important consideration towards the generalization of
interpretation of intervention outcomes. While reduced
aerobic exercise and maximal measures of strength have
been shown to be impaired by total sleep deprivation, this
is not the case for partial sleep deprivation. Hence, this may
explain why sleep extension strategies did not show
improvements on aerobic exercise bouts and maximal
strength. In contrast, sports-specific skill execution, sub-
maximal sustained exercise bouts, and muscular and
anaerobic power have been shown to be impaired by partial
sleep deprivation [3, 4, 44]. This pattern of results was
confirmed among our reviewed studies. In other words, the
reported performance improvements were mainly present
in areas that are impaired by partial, but not total, sleep
deprivation. Hence, future studies targeting athletes’
recovery and performance through improved sleep should
focus on performance measures that are most likely to be
impaired by poor sleep as present in an athlete’s real-life.

It is also worth noting that four out of ten studies had a
sample size <15, which makes it difficult to generalize
conclusions to a broader set of athletes (e.g., individual vs.
team sport, type of sport, collegiate vs. Olympic athletes).
Given that the heterogeneous nature of the population itself
makes it hard to draw conclusions, it is particularly
important that future studies aim to use larger sample sizes.
Moreover, most studies reviewed in the current paper (7/
10) used samples comprising male athletes only, while one
was mixed and two were female athletes only. Hence, there
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is a clear reporting bias toward the inclusion of male ath-
letes. Consequently, potential sex differences cannot be
properly evaluated and accounted for when developing
sleep interventions for athletes. This point is of particular
relevance given that in the general sleep literature, females
report poorer sleep outcomes compared to males, meaning
there is a differential risk for sleep disturbance [49]. To
address this methodological issue, future research investi-
gating sleep interventions for athletes should make more
effort to include females, which will help to ensure that the
efficacy of sleep interventions is adequately investigated in
the full range of athletes who receive these interventions.

A strength of the current literature review was that, to
the best of the authors’ knowledge, it was the first to
evaluate sleep intervention studies that used only athlete
samples. However, it should be recognized that samples
from included studies comprised athletes involved in
amateur through to elite levels of competition. There are a
number of differences between these types of athletes (e.g.,
time commitment) that may influence the capacity to
generalize findings from amateur to elite athletes. Fur-
thermore, not all athletes are representative of one another
(e.g., gymnasts vs. team athletes). Hence, future research
should aim to incorporate samples of elite athletes and
endeavor to evaluate sleep interventions in a range of
athletes and types of sports.

In summary, the studies included in the present review
highlight novel approaches designed to help athletes in
specific sports manage their sleep. Instead of focusing on
the detrimental effects of sleep loss, the studies emphasize
not only the importance of sufficient sleep for recovery and
performance in athletes, but also highlight feasible strate-
gies to promote sleep. However, and not unexpectedly, a
general conclusion about the multiple, differing sleep needs
of athletes during individual training and competition
schedules cannot be drawn. Thus, we argue for the devel-
opment of an intervention framework that incorporates
individual therapeutic strategies known to be effective for
improving athletes’ sleep, which can be delivered to ath-
letes as a holistic program.

4.2 Designing a Sleep Intervention for Athletes

The idiosyncratic nature of sleep that athletes experience,
as specified in Sect. 1 of this review, necessitates an
eclectic approach to intervention planning and delivery.
Specifically, the present review has identified the need to
develop a more comprehensive sleep intervention for ath-
letes. In accordance with the second aim of this paper, an
outline for a potential athlete sleep intervention is provided
below, which is based upon and extends the findings of the
present review.

4.2.1 Mode of Delivery

An ideal athlete sleep intervention program should aim to
address the individual needs of athletes. The aim of such
a program would be to both prevent sleep loss during
extensive training periods and prior to important compe-
titions as well as to improve sleep parameters. Content
would include a combination of educational material,
motivational tasks, and cognitive and behavioral strategies
delivered in a series of seminar-type classes by a trained
sleep educator (see Table 4 for a suggested structure). A
similar mode of delivery has previously been successfully
implemented in schools [50]. It therefore stands to reason
that using this type of framework, but with athlete-
specific content, may be effective for improving the sleep
of elite athletes. The educational component, at a mini-
mum, should also involve coaches and other team man-
agement staff [51]. Classes would be approximately 1 h
in length and held once per week for 4 consecutive
weeks. As the benefits of improved sleep on performance
apply to all athletes, not only to those with clinical sleep
disorders, it is suggested that the sleep program would be
delivered to all athletes. Additionally, baseline and fol-
low-up assessments would not only provide feedback on
the effectiveness of the delivered program, but also screen
for athletes with sleep problems that require individual-
ized treatment (e.g., pre-competition anxiety, general
insomnia symptoms, obstructive sleep apnea). This
approach prevents an overload of the educational contents
provided for all athletes, yet identifies individuals in need
for further treatment.

4.2.2 Assessment

Self-report measures of sleep, such as sleep diaries, and,
where possible, objective measures such as actigraphy (set
to high sleep—wake threshold [52]) should be used for both
assessment and monitoring of sleep pre-, during, and post-
intervention. Monitoring of sleep, via a sleep diary and
actigraphy, should commence at least 1 week prior to the
first session, including regular training and competition
days. A sleep questionnaire specific to athletes, such as the
Athlete Sleep Screening Questionnaire [53], may be used at
the beginning of the first session to identify sleep distur-
bance, sleep related impairment, and the extremely difficult
to screen sleep behaviors of athletes given their lifestyle,
the demands of training and travel associate with interna-
tional competition. Athletes identified through this ques-
tionnaire as having abnormal sleep could then receive
additional treatment, specific to their sleep disorder.
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Table 4 Sleep program objectives and session outlines

Session
no.

Objective

Session plan

1 To provide accurate information about the nature of sleep, why it
is important for athletes, and sleep hygiene recommendations

2 To motivate athletes to engage in sleep promoting behaviors, in
addition to outlining behavioral strategies to increase sleep

duration

3 To outline cognitive strategies to help reduce cognitive arousal

pre- and post-competition

4 To provide information that will help athletes mitigate the

negative effects of travel across time zones

1. Introduction—goals and aims of the sleep program outlined,
sleep manuals provided

2. Video excerpts—information about the nature of sleep and the
link between sleep and performance/recovery in athletes

3. Power point presentation—common sleep related issues faced
by athletes, sleep hygiene recommendations

4. Homework—read sleep knowledge chapter and implement
sleep hygiene strategies

1. Brief survey/feedback—sleep hygiene recommendations made
by athletes during the week

2. Group motivational exercise—motivational interviewing styled
activity that demonstrates the impact of sleep loss on
performance

3. Power point presentation—behavioral strategies explained (i.e.,
wind down time, sleep extension, regular rise time)

4. Homework—implement behavioral strategies as necessary

1. Brief survey/feedback—troubleshooting and adjustments of
behavioral made where required

2. Video excerpt—information about the relationship between
cognitive processes and sleep

3. Power-point presentation—cognitive strategies explained (i.e.,
how to manage a busy mind)

4. Homework—adjust behavioral strategies and practice/
implement cognitive strategies

1. Brief survey/feedback—troubleshooting and adjustments of
behavioral and cognitive strategies made where required

2. Video excerpts—information about travel and performance/
recovery (i.e., circadian timing) provided

3. Power point presentation—bright light therapy/sleep hygiene
recommendations

4. Homework—relapse prevention chapter

4.2.3 Sleep Education

Knowledge acquisition is essential to the process of mak-
ing sleep related behavioral change. Indeed, this is the
reason why sleep education is a cornerstone of treatments
for clinical sleep disorders such as insomnia [54]. Sur-
prisingly, there was a notable lack of sleep education
material present in the studies reviewed. Although some
education was provided in the form of sleep hygiene rec-
ommendations, information pertaining to other areas of
sleep knowledge that may be relevant and useful to athletes
(e.g., common sleep issues in athlete populations) was
omitted.

Sleep education content should focus on the nature of
sleep, common sleep issues faced by athletes, importance
of sleep for optimal performance/recovery [42], and
methods to improve overall sleep. It should be noted that
realistic expectations about sleep should be clearly

@ Springer

established, so as not to create worry amongst athletes
regarding individual differences. Preferably, content would
be sport specific, to increase relevance and therefore
engagement and interest for athletes. A work booklet or
mobile phone application could be used to complement
sleep education provided to athletes in light of the study by
Harada et al. [27] showing that sleep hygiene information
provided over a longer period of time was helpful.

4.2.4 Motivation

A search of the literature revealed no published research to
date investigating the level of motivation in athlete popu-
lations to make sleep related behavioral change. Despite an
absence of formal evidence, the possibility of athletes
being ambivalent to this type of change, and that sleep
education alone may be an insufficient motivator, should
not be discounted. Ambivalence could potentially develop
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due to having to make a decision between sleep interfering
behaviors that are rewarding in the short term, and
opposing healthy sleep choices that are perceived to be less
appealing [51]. For example, on the night following a
competitive event, some athletes may prefer to stay out late
to socialize and consume alcohol, rather than prepare for an
early night to obtain adequate sleep quantity and quality to
aid recovery. In contrast, coaches may favor additional
early morning training sessions to increase frequency of
training; yet, and in particular for adolescent athletes, sleep
duration is often the first thing to be cut as both training
and homework load peak during high school years, which
may limit the effectiveness of training [55]. Hence, there
may be a need to consider motivation levels for behavioral
change, on both the athlete and coach level, when deliv-
ering a sleep intervention.

One therapeutic modality that could be used to promote
sleep-related behavioral change in athletes is motivational
interviewing (MI). The overarching aim of MI is to
enhance intrinsic motivation by reducing ambivalence to
change [56]. MI has been used in clinical settings with both
individuals and groups [57] across a range of domains,
including sleep [50]. With respect to athletes, the key to
reducing ambivalence would be to help them evaluate how
the consequences of engaging in sleep interfering behav-
iors are inconsistent with the goal of achieving success, due
to the negative impact of reduced sleep on performance and
recovery. A decisional matrix is one example of an MI
technique that assists individuals in identifying the pros
and cons for both changing and maintaining an unhelpful
behavior [58].

4.2.5 Behavioral Strategies

In regards to behavioral strategies, sleep extension, par-
ticularly through increasing nocturnal sleep, has provided
the most consistent evidence for improving sleep and
subsequent physical performance, as well as decreasing
daytime tiredness [19, 43]. Napping may also provide an
appropriate means of extending sleep, thus improving
performance, but this is likely dependent on the timing of
the nap [37]. Thus, the suggested sleep intervention should
work with athletes and coaches to strategize how increas-
ing sleep opportunities may be feasible (e.g., by delaying
morning training by 30 min to allow longer morning sleep,
or how to facilitate earlier bedtimes). If extending noctur-
nal sleep is not possible, then napping at least 2 h post-
training may provide the most benefit in terms of motiva-
tion to train a second time later that day.

Of note, sleeping-in on weekends, although allowing
extended sleep, should be limited to within 1 h of normal
weekday wake-up time. Sleeping-in dissipates sleep pres-
sure, making it more difficult to fall asleep at the usual time

the following night, as well as preventing exposure to
morning bright light, which assists with circadian rhythm
regulation. Combined, these two factors mean sleep that
could be gained through a consistent earlier bedtime (be-
tween weekdays and weekends) is lost, and that waking for
the next morning training session may be difficult.
Although a regular wake time, extending to weekends, is
recommended, athletes often face situations (e.g., travel,
late night-games, pool lane hours), which make it hard to
maintain a regular sleep schedule during particular times.
Thus, it is important to work on alternatives, such as
choosing appropriate nap times, or preparing an individ-
ual’s body clock for a travel across time zones.

Furthermore, good sleep hygiene involves easy to
implement techniques, such as making sure the bedroom
environment is a comfortable temperature, dark and quiet
(e.g., by providing earplugs and eye masks), restricting
physically, cognitively and emotionally stimulating activ-
ities prior to bed (e.g., plan wind-down time after late-night
games), and using dim light up to 2 h prior to bedtime.
Extending from the findings of the studies included in the
current review, implementation of these measures consis-
tently over 1-3 months will likely result in sleep and per-
formance benefits [27]. Practicing these techniques
requires no specialized training or equipment, and they are
relatively easy to employ both at home and when away for
competition. Thus, good sleep hygiene is recommended as
beneficial for athletes, and should be discussed early on in
a sleep intervention program.

4.2.6 Cognitive Strategies

No studies included in the present review evaluated cog-
nitive techniques for improving sleep and subsequent per-
formance/recovery outcomes. Nevertheless, it is well
established that athletes often worry whilst in bed at vari-
ous times during training and competition schedules (e.g.,
the nights preceding a competition [25]). Cognitive models
suggest that worry can activate the sympathetic nervous
system, thereby increasing physiological arousal and
delaying sleep onset. Moreover, exercise adaptation and
recovery requires parasympathetic activation. Hence,
introducing techniques that reduce the dominance of the
sympathetic nervous system response is necessary for any
comprehensive athlete sleep intervention. There are several
methods by which athletes could be taught to manage
worry that are consistent with cognitive therapy approa-
ches. Initially, athletes should be assisted in identifying
unhelpful worry strategies they may be currently using
(e.g., pre-sleep competition worries). Subsequently, ath-
letes should be provided with a range of alternative, more
helpful worry strategies, such as using thought records to

@ Springer



700

D. Bonnar et al.

Pre-session 1

Objective: baseline sleep and performance

measurements

A

Allocated waitlist

A

Allocated athlete sleep
program

A\ 4

i

Session 1
Objective: Sleep and
performance and sleep
hygiene psychoeducation

i

Session 2
Objective: Motivation
and behavioural
strategies

A

Session 3
Objective: Cognitive
strategies

Follow up (end of
intervention period)

l

A

Session 4
Objective: Maintenance
of sleep + introduction to
sleep and travel. Sleep
and performance
measurements.

Athletes identified as
having clinical sleep
problems receive
specialised treatment

Follow up
(1 month + 3 months)
Objective: Sleep and
performance
measurements

l

Follow-up
(1 month + 3 months)
Objective: Sleep and
performance
measurements

Fig. 2 Flow chart for the outline and evaluation of the athlete sleep program
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deal with negative automatic thoughts [54], progressive
muscle relaxation [32], and imagery [58].

4.2.7 Travel and Adjustment of Circadian Rhythms

The circadian rhythm regulates times of alertness and
sleep. Moreover, deep sleep assists in recovery, hence
obtaining sufficient sleep is vital for athletes for optimal
performance. With this in mind, it stands to reason that
traveling across multiple time zones will disrupt an ath-
lete’s circadian rhythm and alter performance. Addition-
ally, as the body is synchronized to sleep at night, and wake
during the day, sleep needed for recovery and optimal
performance at the destination time may be impaired [39].
Athletes who are traveling across multiple time zones
can minimize the negative effects of circadian rhythm
misalignment through non-pharmacological interventions.
These include appropriately timed bright light and sleep
hygiene [39]. The timing of bright light is complex, yet is
relative to an athlete’s core body temperature minimum, as
well as in which direction they are traveling (i.e., eastward
vs. westward). Moreover, evening light, such as that used
during red light irradiation [38], may delay the circadian
rhythm. Although we cannot recommend evening light as a
means to promote sleep and performance in general, eve-
ning light to delay circadian rhythm timing may benefit
athletes in the lead up to a competition, to allow the
competition to occur during a peak-performance phase.

4.2.8 Evaluation

For best practice, program evaluation should occur via a
randomized, mixed-design experiment, whereby one group
(including athletes and their management team) are allo-
cated to receive the intervention, and the other group are
allocated to a waitlist or control (e.g., a group which
receives minimal sleep education, and no information on
how to improve sleep). Figure 2 displays a flow chart de-
tailing how the program could be evaluated. To evaluate
the impact of the intervention on sleep, it is recommended
that sleep diaries (i.e., a daily self-report measure) are used,
in conjunction with actigraphy or polysomnography (i.e.,
an objective measure of sleep). Measurement of sleep
needs to commence in the week preceding the first session,
to obtain a valid baseline assessment. Sleep should be
measured throughout the intervention period, to monitor
and assess changes to sleep parameters such as bedtime,
sleep duration, sleep timing or sleep quality.

Performance should be evaluated using sports specific
outcome measures which tap into multiple domains of
performance, including those which assess single bouts of
aerobic exercise, maximal measures of strength, sports-
specific skill execution, submaximal sustained exercise

bouts, and muscular and anaerobic power, cognitive pro-
cesses (e.g., reaction time, fine motor movement, memory,
and decision-making), and mood. Thus, the impact of any
improvements to sleep could be ascertained. Furthermore,
performance during competitions should also be evaluated
whenever possible to include more meaningful outcome
variables. A sleep questionnaire, specific to athletes, should
also be used at baseline and post-intervention to measure
improvements in the diagnosis of clinical sleep disorders or
improvements in sleep habits. A follow-up period, with
measurements taken at 1 and 3 months, would also allow
for the assessment of change over a longer time-period, and
whether possible sleep intervention effects on sleep and
performance persist in the long term.

5 Conclusion

Insufficient sleep can have significant effects on athletic
performance, with a particular decline in sports-specific
skill execution and submaximal sustained exercise bouts.
From the reviewed articles, it appears that athletes benefit
from both sleep extension and sleep hygiene strategies,
while studies on recovery strategies produced less con-
clusive results. Thus, future sleep intervention programs in
athletes should provide an eclectic approach to intervention
planning and delivery to address athletes’ often unique
sleep—wake behaviors and disruptions.
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