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Abstract

Purpose The aim of this review was to evaluate the current evidence regarding the impact of sleep deprivation (SD) on
strength performance.

Methods An English-language literature search revealed 514 articles through primary database searches, and 563 via orga-
nization searches/citation searching. The inclusion criteria were met by thirteen articles which were included in the review.
The inclusion criteria set were healthy male and/or female adult participants, a sleep loss condition (e.g. SD or partial sleep
deprivation), strength measures (e.g. back strength or leg strength or grip strength), and a peer-reviewed academic paper
counterbalanced and/or or randomised in design.

Results The systematic review identified a total of 13 studies that met the inclusion criteria. Some studies reported a nega-
tive impact of SD on strength performance, while others showed no significant differences following a night of SD. Both
acute and chronic SD were found to result in some measures of muscle strength, power output, and muscular endurance to
be significantly reduced. Additionally, impaired neuromuscular function and increased fatigue were commonly observed in
sleep-deprived individuals.

Conclusion The findings of this systematic review highlight the detrimental effects of SD on strength performance. Indi-
viduals involved in strength-based activities should prioritize adequate sleep to optimize their physical performance. Further
research is needed to explore the underlying mechanisms linking SD and strength impairment, as well as to investigate
potential interventions to mitigate these effects. Sleep hygiene education and interventions targeting sleep duration and qual-
ity should be implemented to promote optimal strength and performance outcomes. Future research should focus on under-
standing the mechanisms behind these effects and developing effective interventions to mitigate the adverse consequences
of SD on muscle function.
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Abbreviations
SD Sleep deprivation
PSD  Partial sleep deprivation

Introduction

Sleep plays an important role in several brain functions,
and both the American Academy of Sleep Medicine and the
Sleep Research Society recommend that the average adult
should achieve 7-9 h of sleep per night to sustain health
[1]. Partial sleep loss or sleep deprivation (SD) is classed
as a reduction of sleep per night, compared to that habitu-
ally taken in a 24-hour period. SD or partial sleep depri-
vation (PSD) are common occurrences within our society,
due to irregular work schedules, social/family obligations,
and travel, resulting in 45% of the western population fail-
ing to obtain the recommended 7-9 h per night [2—4]. Poor
sleep quality and duration of sleep is of an even higher
prevalence in athletes due to constraints around time-zone
transitions, environmental factors, demands of training and
competition, psychological issues, and disturbed circadian
rhythms [5—7]. A recent consensus statement has shown that
habitual sleep durations in athletes are >7 h, with <50%
or more exeriencing sleep disturbance, and ~25% suffering
ighly disturbed sleep. In recent years, there has been a rapid
growth and large focus placed on sleep science as part of an
advanced training and recovery plan in elite athletes. Sleep
has long been recognised as a key component of recupera-
tion and preparation for high-intensity training and perfor-
mance [8].

The circadian rhythm (sleep-wake cycle) regulates alert-
ness and sleepiness, with disturbances affecting sleep dura-
tion and sleep quality [9]. Cumulative sleep loss has shown
to have major detrimental effects on the nutritional, physi-
ological, and endocrine health of an athlete, with the conse-
quences on performance and cognitive function extensively
investigated [10, 11]. The effects of sleep loss on sport
specific physical performance have been investigated less
extensively [12], and findings are contradictory. When an
individual is subjected to total SD for a period of one night,
measures of grip strength, leg press and back strength have
shown to be unaffected [4]. However, when individuals
were subjected to 64-hour of SD, vertical jump performance
and isokinetic knee extension strength decreased, but no dif-
ferences were observed in isometric strength or 40-m dash
performance [13]. A study performed by Reilly and Deykin
[14] found that measures of grip strength were only reduced
on the third night when partially restricted sleep was imple-
mented for three consecutive nights, suggesting that impair-
ments in strength are more marked following several nights
of reduced sleep. It has been suggested that sleep loss affects

@ Springer

larger muscle groups [5] and the type and demand of task
affect the extent the of drop in strength performance [15].

It is believed that athletes who do more physically
demanding exercises, such as clean and jerk or the snatch,
will experience a higher performance drop due to SD [15].
When individuals were subjected to only 3-hour sleep for
3 consecutive nights both maximal strength and submaxi-
mal lift capacity were significantly reduced during bench
press, leg press and deadlift [16]. Previous research and
previous reviews have drawn attention to the fact that SD/
PSD can lead to a significant reduction in muscle strength.
These findings underscore the vital importance of adequate
and restorative sleep for individuals, especially those who
engage in regular resistance training and muscle-building
exercises. Therefore, the aim of this article was to inves-
tigate at the following research question “Does sleep loss
affect physical performance related to strength”?

Methodology
Reporting standard

The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses 2020 (PRISMA 2020) guidelines [17] have
been followed for this systematic review. Appendix | pres-
ents the PRISMA 2020 checklist, providing the appropriate
page numbers where items of information are found in the
current manuscript.

Eligibility criteria

The criteria for inclusion were based on the Cochrane
guidelines for conducting systematic reviews [18]. All eight
authors set up and agreed the inclusion and exclusion cri-
teria for the review. Three authors (AR, JE & TB) finalised
the eligibility assessment in a blinded standardised way by
screening the titles and abstracts independently, after com-
pletion of the initial assessment and selection process of all
studies. Accepted manuscripts had to meet the following
criteria for eligibility:

1. Population— healthy male and/or female adult partici-
pants (18 to 30 yrs of age; this age group has shown to
be more vulnerable to sleep loss and circadian distur-
bances) only.

2. Strength performance variables— such as back strength,
leg strength, grip strength, intermittent sprint perfor-
mance, maximal voluntary isometric contraction, maxi-
mal voluntary force, and/or voluntary activation.

3. Sleep loss condition— such as sleep loss, sleep depri-
vation, partial sleep deprivation (participants taking
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sleep medications or not having recognised sleep loss
are excluded from the search due to implications on
strength performance).

4. Design— Trials counterbalanced and/or randomised in
design.

Literature search strategy and information sources

An in-depth computerised literature search of the grey lit-
erature in the English-language was performed by three
authors (CG, SP & TB). This was done through Liverpool
John Moores University electronic library, Manipal Acad-
emy of Higher Education electronic library; and three elec-
tronic databases: PubMed (MEDLINE), Scopus, and Web
of Science (August 2023— December 2023) and was com-
pleted on the 12th of December 2023. A search for relevant
content related to SD variables and time-of-day variation
using the following search syntax using Boolean operators
in titles, abstracts, and keywords of indexed documents:
(“sleep loss” OR “sleep deprivation” OR ““total sleep depri-
vation” OR “sleep restriction” OR “insomnia” OR “sleep
disruption” OR “inadequate sleep” OR “micro-sleep” OR
“insufficient sleep” OR “sleep apnoea”) AND (“muscular
strength” OR “muscle” OR “power” OR “hypertrophy” OR
“muscle growth” OR “performance”). Additional advanced
search techniques using wildcards, truncation and proxim-
ity searching were incorporated. Two authors (JE & TB)

performed the secondary searches by screening the refer-
ence list of all manuscripts included in the review to search
for additional papers meeting inclusion criteria. To explore
further follow-up studies, forward reference searching was
done through authors and citations. To reduce potential
selection bias, one author (SP) carried out the searches for
study selection independently. However, our study relied on
published literature without consulting external experts or
searching for unpublished studies. The study selection pro-
cess with detailed information on the flow of papers includ-
ing searches of databases, registers and other sources is
presented in Fig. 1.

Study selection

The article was included in the review if male and/or female
participants were identified as the study population. When
the abstract and/or title did not provide sufficient informa-
tion or detail around the eligibility and relevance of the
article for the review, one of the authors (SP) read the full
article. By doing so, it was possible to determine whether
the article met the required inclusion criteria. If the main
purpose of the article was not a study looking at the effect of
sleep loss/deprivation on muscle strength performance, the
manuscript was not included in the review. Any literature
reviews, conference abstracts and letters to the editor were
not deemed eligible for the review as studies such as these
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Fig. 1 PRISMA 2020 flow diagram for new systematic reviews which included searches of databases, registers and other sources
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are not methodologically-quality-assessable and/or criti-
cally appraisable.

Data extraction

Three authors (AR, CG, and JE) performed the data extrac-
tion independently and a final data check was done by a
fourth author (SP). Studies included in the review had the
following extraction of data: (1) the authors and year of
publication; (2) the total number of participants and their
characteristics (e.g., age, body mass and stature); (3) retir-
ing and rising times; (4) type of sleep condition (e.g., normal
sleep, PSD, 24-hour SD); (5) the muscle strength test(s) per-
formed and equipment used; (6) the strength performance
variables assessed (e.g., grip strength, bench press, clean
and jerk, maximal isometric and isokinetic strength); (7) the
significance established with Pvalues; and (8) % difference
and values for strength measures between conditions (if in-
depth results were provided).

Study
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Domains:

Quality assessment

To evaluate the risk of bias in the study, two distinct tools
were employed, following the Cochrane Scientific Commit-
tee’s quality assessment recommendations. Studies which
were randomised were assessed using the Risk of Bias
(ROB) 2.0 tool, while non-randomised were assessed using
the ROBINS-I tool. The tools focus on identifiable results
that are structured according to specific sets of domains of
bias, that include signalling questions that provide informa-
tion related to risk of bias judgements, leading to an over-
all risk of bias judgement. The tools are then scored and
further broken down into risk of bias ranging from “low”
to “moderate” to “serious” to “critical”. Two reviewers (JE
and CG) evaluated the risk of bias for all articles indepen-
dently and observed disagreement in only 6 domains of risk
of bias over the 13 studies (6.9%). A third reviewer (SP)
resolved the differences observed. Figures 2 and 3 provide
a visualisation of the results using “traffic light” plots of the
domain-level judgements for each individual result using
the guidelines of each tool of evaluation.

Risk of bias domains

Judgement

D1: Bias due to confounding.

D2: Bias due to selection of participants.
D3: Bias in classification of interventions.
D4: Bias due to deviations from intended interventions.

- Moderate

. Low

D5: Bias due to missing data.
D6: Bias in measurement of outcomes.
D7: Bias in selection of the reported result.

Fig.2 Risk of bias of the seven included studies, according to the ROBINS-I tool using the “traffic light” plots of the domain-level judgements for

each individual result (McGuinnes & Higgins, 2020)
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Judgement

D1: Bias arising from the randomization process.

D2: Bias due to deviations from intended intervention.
D3: Bias due to missing outcome data.
D4: Bias in measurement of the outcome.

- Some concerns

. Low

D5: Bias in selection of the reported result.

Fig. 3 Risk of bias of the six included studies, according to the RoB 2.0 tool using the “traffic light” plots of the domain-level judgements for each

individual result (McGuinnes & Higgins, 2020)

Results
Search results

The search of the literature revealed a total of 514 articles
through the primary database search. A further 563 articles
were acquired through citation and organisation (University
databases) searches. The number of articles discovered in
electronic database searches or other methods used can be
found in a detailed flow chart of the literature in Table 1.
Following the removal of duplicate articles, a total of 321
titles acquired via databases remained in the reference man-
ager (Mendeley, Elsevier, Amsterdam, The Netherlands).
All titles, abstracts, and keywords were examined, and 16
articles remained and were assessed for inclusion eligibility.
From these, 4 met the criteria and were included within this
systematic review. A further 27 articles were identified via
citation and organisation searching and assessed for inclu-
sion eligibility. Nine articles met the inclusion criteria set,
taking the number of accepted manuscripts to thirteen. Fig-
ure 1 provides the reasons for exclusion of articles in detail.

Study characteristics
The detailed participant characteristics are shown in Table 1.

A total of 10,346 participants, of which 6426 were males
(62.1%) and 3920 were female (37.9%), were included

across the 13 studies. The number of participants per study
ranged from a total of 8 to 10,125 participants, and the aver-
age number of participants per study was 796 or a median of
15 participants per study. Five studies (38.5%) focused on
partial sleep loss and another five studies (38.5%) focused
on complete SD. Three studies (22.5%) incorporated a
24-hour sleep loss of subjects, and one study (7.7%) under-
went 60-hour of sleep loss.

Retiring times during normal conditions ranged from
22:30-hour to 24:00-hour, while rising times ranged from
05:00 h to 08:00 h, as reported by 6 studies, with minimum
amount of sleep 6-hour to a maximum of 8-hour sleep. SD
studies consisted of athletes either retiring to bed at “normal
times” in the evening (between 22:30-hour —23:00-hour)
and rising early in the morning (between 02:00 h—03:00 h) in
two studies [19, 20] or retiring late in the morning (between
02:30-hour 03:30-hour) and rising at “normal times” in the
morning (between 05:30-hour —06:30-hour) in five studies
[2, 5, 16, 20, 21]. The total amount of sleep during the one-
night SD ranged from 2.5-hour to 4-hour. Only one of the
studies combined both forms of SD [20], while one study
did not report any sleeping times [22].

Seven studies performed handgrip strength as a strength
measure, of which two studies focused only on the dominant
hand [20, 21], three studies on both left and right hand [4,
5, 23], one study just on the right hand [22], and one study
did not mention the protocol [19]. A total of five studies

@ Springer



Sleep and Breathing (2025) 29:242

242 Page 6 of 13

‘N PIFI95=NASd SA N 81 F8rS=ASd
"SA N OF [ FL9S=N ‘NASd 0} pareduwiod A ur 10ysiy
Apueoyrugts 9010] 0FeIoAy ‘{Sd 03 paredwoo NASd

00-€1

je deu y-1 + urw
1 0€:90 :Suisry

pue N UI 10)39q A[JUBOYTUSIS SBM 9010,] 95BIOAY €00°0=d (N) 9210 a8eI10AY NAdSd 0€:€0 :Suumay
(os1K
‘M OLFOIF=NASd sA (AemioN urw ) BIYEIF068
M 6SFILE=ASd SA M 8LFECH=N “dSd 0} paredwod (m) ‘010% UOISIdA 159)031g Y 0€:90 :SuIsry ‘W0 0FTs’1
NASd pue N ul 191399 Appuesyiusdis sem 1omod o3e1ony S000°0>d Iomod 98BI0AY  ‘qeTOIOSNIA)) SSIJ Youog asd 0€:€0 :Suunoy ‘SIK G'TFLTT
(suonnodax
T-WN P EFH €P=NASd 'SA [-WN ['€FSTr=ASd aa1y) ‘puey jueu (ueder w g 0g:90 :Sur (6107)
SA [-UIN 8 F 6 €h =N ‘dSd 0} paredwod NASd -wo(y £ w'N) ‘0LOL, ‘04303 DY -SIY WY 00-€T So[ew paurer ‘[e 39 uo}
pue N UI 12139q Appueoyrudis sem yiduans dun 610°0=d p3uang dun 1oel) PSuang dudpuey N :Bunmey -90UB)SISAI G -Iaypolg
§0°0<d (3%) LLyenbs juoig
@D
S0°0<d 1A Yenbs juorj
)
S0'0<d NI yenbs juorg
@n
§0°0<d  LL Wl pue uea[)y
()
§0°0<d TA Wl pue uedl)
3D Wy
S00<d 1Ml pue ueds[)y
$0'0<d (3 1L yoreus
(LIK
1) 39 1'82F€201
WO gL F9QLI
$00<d (3 TA yoreus $s0] doays 4 4, SIKTTFL0T
w g 00:80 :Sur  s1YIpYSom oW (L007)
'S9[qeLIeA douewI0fIdd -SIy W Y 00:4C I9QI[eO-[RUONRU ‘T’ 1R
[Te 10} Sso] doa[s pue A/ U9aM}aq SOIUAIYIP JULOYIUTIS ON S000<d  (3Y) N1 yoreus WY1 N :Sulmay 9e139[]00 ¢ MoWIN[g
(,_s pe1) w iy 0g:60 ‘3ut 0SFLY
"00AI2SQO 9IUAIQYIP Aep Jo-oulr) B A[UO 20Uy JO XoPDAIN Sy W Y 00:€0 W90 0FI9 [
‘“OAIN 10§ JSd PUE  U20M19q 20UBIOKIP JuedyIusIs ON 08°0=d PUBIXeDAIN asd ‘Surmoy ‘SIK9F (¢
(321
JIRUIWO(T TWN) (vsn ‘v ‘siaeq WY 0€S0 (£002)
JSUONS 90UY  ‘UBPAIOT ‘DAT)OY OPIT - :Fuisry w ‘'10
"JI3UL1)S SNAUINOSI IO JLIAUIOSI JO SANJBA ONOUDOSI PUB  JOJWOWRUAD d1JOUINOS]) Y 0€€T—0€:CT SO[BWIRJ JIAULIO  IYJIdRq
Aue 10J Sd PUB A U29MI9q SOUSIOYIP JUBIYIUSIS ON 0€°0=4d OLIOWOSI [eWIXR]N 99Uy JO Y)TUALS S[OSNIA N :Suumey  -uownd AIRjudpes § -wueg
SUONIPUOd
U99MIdq e
S109]J0 Urewr Jo pouIwEex? sa[qe suonIpuo)) sowr} Sursi pue
s3urpuy urejy 0UBOYIUTIS  -1IBA OOUBULIOLIdJ 1891, Yp3uang doorg pue SuLmay syuedionred  loyny

9]qeLIRA OBS 0} UONE[AI Ul pSuans o[osnw pue uonealdap dodfs 0} paje[a1 sSSUIpUL Ulew J) Pue ‘PoUILIBXD SI[qRLIBA O}
9591 pSuans ‘uonearrdop doofs yum sjodo3old [eyuowriodxe oy ‘syuedionted oy) Jo MIIAIOA0 U YN (€] =) YySuanms o[osnuwt pue uonealidop dod[s 10] pamaIAdl S9[d1IE A} JO ATewwung | jqel

pringer

As



Page 7 of 13 242

Sleep and Breathing (2025) 29:242

(50'0>d) N ynm pasedwod uoym gQSd 101 pIsearodp
Apueoyrusis sem JIN pue dd 10aomoH (10°0>d)
AdSd pue N Suunp yojew opnf ay) 103Je 03 yojew opnf

Ul G 910J9q WOIJ PISeaIddp A[Jueoyrusis sem JN (_8I'M) dIN
(50°0>d) N Wm paredwod udym HAS (uopamg ‘wjoy
10)J& PaseaI1odp AJueoyrugis sem JIN pue Jd TOAIMOL] -}0031S ‘di68 TBUOIN w Y 00:€0 :3ut 3 COFCLL
(10°0>d) 4aSd pue N Suumnp yojew opnl oy} 10)j& 0} £1910wW0319-9[0Kd Papeo] -Sry Wiy 0€:7T WO THFS 9L
yoyewr opnf Urtu ¢ 910§9q pasearoap Apueoyrusis sem JJ 1000>d (_33M) dd -uonoLL,Y) 1593 9JeTUIA 4dsd :Sunmoy SIKTTFI6]
(ueder ‘0430, w g 00:90 (€102)
N Pue gSd Ud2M19q dOUIYIP TNeL ST0¥S YL 1019 :Suisry w ‘T’ 1R
JuedYIUSIS ON "yojew opnl oy} Io)je 03 yoyew opnl urw g (1-wrN) -woweuAkp puey pajeiq Y 0E:€T—0€:2T woes
210J2q Pasea1dop Apjueoyrugis sem doueuniojrod dus pueyq S0°0<d p3uang dun  -1e)) ysuons dudpuey N :Sunmay seyopn[ ofew [ -feg
jenbs yoeq pue deu usam}aq AOUAIYIP JULOYIUTIS ON S0°0<d  (33])1enbg yoeg
ssaxd youoq pue deu usomioq AOUAIYIP JuULOYIUTIS ON S0°0<d  (3Y) ssaxd youog WY1
(suonnodor (ueder (€200)
€ spuey] yioq ‘0L0L, ‘04303 DY w g (g:90 Sur Tese
ypSuans dus J-urN) 19YE], ‘IJoWOWRUA(]) Styw ey 0670 (o7—1) orew 2Ande 1oy del
puey 1Y3SLI JO 9] UO USIMIq OUIIYIP JuBdYIUSIS ON 1120=d y3uong dun ySuong duSpuey asd :Suumey [eUON)BAIAI G| -eD
y8<
Ug-L SIKQE—9] :23uer
(suonnoadax (ueder ‘0Ayo],
Tspueqoq  ‘0AZ03 MY IEL [0S pL8E=uowom  (L107)
‘(N ¥'T+) U 8 < pue (N 8'Tt) U 8—L 03 paredwioo (N Z'0t ) -UrN) DL “IejououreuA(y) [$79=UDIN S)uopmys Te e
uoreanp dog[s £ > ur 19mo[ Apueoyrugis sem yyduans dun 100°0>d p3uang dun y3uang dudpuey  dog[sjoy /> K)ISIDATUN) GZT°0T uoy)
SCT'0FIY'0=NASd SASST'0F¥y 0=AdSd
{dSd 01 paredwod ‘NS UT 121SeJ Apuedyrusis 20ue)si(q 7€0°0=d (o) ooueIsIq
(s) Lioojop
"NASd PUE (ISd ‘N Ue9M12q 2OUSIYIP JULIYIUSIS ON 0600=d Jead 03 Wl
p \m.Ev
"NASd Pue Sd ‘N U0omIaq 90UIIPIP JULoyIuSIs ON Pp10=d KI10070A e d
"NASd Pue dSd ‘N U99m1aq 90UIIYIP JULOYIuSIS ON 790'0=d (N) 2010, 95e10AYy
‘M 9STFr6=NASd 'SA (KemioN
M 69TFI06=ASd 'SA M 681 FIS6=N *dSd 0} paredwiod (m) ‘010t UOISIOA 152081
NASd pue N Ul 19339q Appueoyiugis sem 1omod oFeroay 100°0=d Iomod a3eIoAy ‘qeTo[osnIA) ssa1d 39
"NASd Pue 0Sd ‘N U9omIdq 90UISPIP JULoyIuIIsS ON $89°0=d (wo) 9oueIsI
SST'OF [#'0=NASd "SA S ST'0F#b'0=ASd “ASd 0 pared (s) &roo1ep
-wod NSd Ut Iojsej Appueoyrudis A3100[0A yead 03 swry, 7290°0=d Jyead 03 i,
[-STWLT0FIL'0=NASd sA [-SWIOTOF[L0=dS
SA T-SW GT°0F6L0=N ‘NASd 01 poredwoo 7 ur
19y31y Appueoyrugis A300[oA yead {qSd 01 paredwod 9 _s'w)
NQSd pue y ul 1043ty Auedyrusts AJ100[0A ea ] $000°0>d AI100[2A Yead
SUONIPUOD
uooMIdq Aaeq
S109]J0 Urew Jo pauIwex? saqe SUoOnIpuO)) sowr} Surst pue
s3urpuy urejy 0uBOYIUTIS  -LIBA QOUBWLIOLIO 1591, yiSuang daorg pue SuLmay syjuedionred  Joymny

(penunuoo) | ajqeL

pringer

As



Sleep and Breathing (2025) 29:242

242 Page 8 of 13

(r661)
Te 1o
*dnoi3 [01u0d pue (IS U9MIq QOUIOYIP JUBIYIUFIS ON S00<d  (3Y) 1ano sdaorg N syofgns oewr g Aoy
"dS PUB N U09MIOq JOUAIDYIP JULOYIUSIS ON 10°0=d ySuons yoeqg
(oh30,
‘0A303] DY [9Ye]) 1030
"dS PUB N U29M10q 9OUIDYIP JUBOYIUSIS ON £S0°0<d yi8uans §o1 -wouweuAp 9[qeHod
B9 ¢F60'EL
‘dS pue N U99M39q JOUIQPIP JUBOYIUSIS ON +S0°0<d WSuans dus ysSry as ‘SIK CCTFYS T
w iy 00:50 Sur
“(0£301, ‘04503 -STY W Y O€1ET- (60027)
D YR, “ojowow Wy og-ce LR
‘dS pue N Ud9M}0q dOUIQYIP JUBOYIUSIS ON 01'0=d y3uans dus o1 -euAQq) pouong dun N :Sunmay sorewr Ayyeay |1 AQUoN
(%71°81) dnoi3 jonuod o3 paredwos uaym qSd ur (;_99s°'M)
pasearour A[ueogruSIs sem 9sea1odp 1omoJ Apoq Jomo] S0°0>d 9SBAIOAP JOMOJ
(90°L1) dnoi3 [onuoos 03 paredwod
uayMm (JSJ Ut pasearour Apuedyrusis sem JN Apoq 10M0 ] 1000>d (_ 1 'M) dN
(%L ¥1) dnoi3 jonuos 0y paredwod (_31m)
uayMm (ISd Ul pasearour Ajjueoyrudis sem Jq Apoq 1omo 10000>d dd Apoq 1omoT 1omod o1qoreruy
(1_99s M)
9SBAIOIP JOMOJ
"(2%¢°L) dnoi3 jonuod 0) paredwod
uoym (Sd Ul pasearddp Apueogrudis sem JIA 1oddn 100>d (3 'm)dIN
(eoueysisar jo
uoneorjdde snosuejue)sur
JIOJ WLIE JOAQ] € YIIM PaY
(_3y'm)  -Ipow -1030wo031d 9[04
‘dSd PUB N U22M)2q 2OUIPIP JUBIYIUSIS ON S0°0<d dd Apoq 12dd)  pren3Apog ) 1591 djeTurpy asd
‘dSd pue N 10}
Teln oy Jo ¢ Aep uo 1amo] Apuedsyrugis sem ypduans diin S0°0>d
(L861)
(8 ‘puey uopeq
y31r) P3uans (13owowreuAp SIQIP[OS AId[[1Ie pue
*dSd PUB N/ U22M)2q 20UIJIP JUBIYIUSIS ON S00<d dui3 omowosy pueq) pduans dun N poouanadxa g 3307
(60°0=4:1°T10°0=d ‘19°9=4)
dnoi3 [onuod yim paredwiod usym sajewd) ur A[uo (3) yp8uans uonealdop /B YETFEY €T
PaseaIdap Appueoyrudis sem [ISUaIS J0SUIXD 99Uy o] 60°0=d J1OSUIXd douy JoT dog[s q 7 ‘SIK QG TFTS'1T
(aremyos {¢ = UOWOAM
(170=4d:u Toumg 4q IJ JUSWON 6C=USIN SIudp  (0T0T)
‘100°0>d ‘YL L1=4) 4 ‘dnoi3 jonuod 0} paredwos uaym (3) p3uans 10s  YIMm I1BYD S/V 20-ddN) -NJS UONEBINP HRE
Pasea1odp Apueoyrudis sem yiSuaI)s JoSu)Xo aouy WSy 170=d -U9IX2oouyydry  29uy Jo y33uams o[osnA N [eorsAyd 19 emelny]
SUONIPUOD
uooMIdq Aaeq
S109]J0 Urew Jo pauIwex? saqe SUoOnIpuO)) sowr} Surst pue
s3urpuy urejy 0uBOYIUTIS  -LIBA QOUBWLIOLIO 1591, yiSuang daorg pue SuLmay syjuedionred  Joymny

(penunuoo) | ajqeL

pringer

As



Page90of 13 242

Sleep and Breathing (2025) 29:242

N 01 paredwod usym uonipuod gs
oy ut “(100°0 >d) ¥equiod oy} 1eye pue (10°0>d) 21099

U0oWIdYE Y} Ul (%9°9-9°7) Pseardap Apuesyiusis JN 100°0>d (_ 3 M) dN
(uopomg
WOYPN0IS “HY68
*N 01 paredwod uaym uonIpuod s SIeUOIA) I930w05I0 90K w g (00:¢0 :Sut
oy ut (100°0>d) ¥equiod ay) 10)je pue ([0°0>d) 910joq POpEO] - UONILL]) 159) -SIY W Y 00:€T
uoouIdyye oy} ul ( %0'6—6 € ~) PAsea1dop Apueoyrudis Jd 100°0>d (_3Y'M)dd areSuip - 1omod sjosnjy ads Sunmey
(o816
(100°0>d) N 03 paredwod w Yy 00:90 3ul 01) 3 ¥L'OTF 60°LL
“9equiod opnf oy} 19)je pue 910Joq UOOUIdYE oY) Ul S (N) so[osnw =Sy W Y 00:€0 WO 6L GFSLLLT
3uLnp Ao (%71 ~) pasealnap Apueayrusis HAN 100°0>d 10xay moqrg OAN gas ‘Bulmoy SIKYTF 98I
“(ueder ‘oAog,
(1000>d) N (33D (ueu YRL *T10FS AL w Yy 00:90 ‘3ut (€100)
paredwods ‘(9%'8—1°¢ ~) AUS UI LIOpUeLI I3)Je pue 310Joq -rwop) yiSuons - I9)oWwoweuAp puey STy W Y 0€:2T Te 1o
SuruoAd ay) Jomo] Apuedyrusdis sem yp3uans duspuey 100°0>4  duSuey ewrxejy pareiqie)) dudpuey N :Sunmey seyopnlofew ]  ISSINOS
7 Aep uo N yym paredwoos g Aep uo daays noyym uoneAnde
JYSTU Ul PIONPAI APUBOYIUSIS SEM UOIIBAIIOR AIRJUN[OA S0°0=d K1eyunjop
(uopomg ‘wjoy
"1 Aep uo y ym paredwos uoym | Aep uo dodfs ynoym 20I10]  -300)S “YIBUOIA ‘HYT]—
JYSIU Ul paseaIodp AJuedyIugis sem 9010 ATejeunjoA Jedd 20°0=d AreyjunjoA yedd  1930w0T10 9[0KD)) DAIN
UL T6F9°8LI
doays BIS6FS T8
momIM YIIN SIKEFIT
(S0°0=d - €0'0=d) T Aep uer ¢ Aep uo doays (AN ‘puep10)) "ouf ‘solx
INOYIIM JYSTU Ul JOMOIS o1om sawn Julids ueowr ‘saseyd -ojesoqe] Sunsoy, 119
I (G 03 [ PUE ‘UM Of 0} [¢ ‘UL () 0} [ o Surn(g woIsAS LAQS $T8 PNIL (0102)
($0'0=d) 1 Aep 01 paredwos g Aep uo doa[s Jnoyim (s) - [[TWIpeaI) PAZLIO)OIA) sajoyIe ‘'3
1y31u SuLnp Iomols AJueoyrugis a1om sow) jurids uedy 100=d ownjuuds uedpy junds JuapIuLIIu] N 1ods-wed) orew (| uroys
‘paaridop dog[s
PUE [BULIOU U22M)2q PISBIOIP A[JUBdYIUSIS Sem PI[ pea(d 100°0>d (33) Y1 peea
*¢ Kep uo AJuo suonpuod paardap daoys pue
[eWIOU US9M]0q PASeaI1odp Apueoyrudis sem ssaid S0 100°0>d (8Y]) ssaxd 301 quryoew ssaxd o7
w
‘4.00:90—-51:50
:Buisny w
*¢ Aep uo A[uo suonrpuod paatidap dad[s pue [ewr T SH:T0
-IOU U9M)Aq 9OUIIYPIP Jueoyrugis pamoys ssoxd youog 100°0>d  (8) ssoxd youog asd :Suumey s1k $7—81
SUONIPUOD
uooMIdq Aaeq
S109]J0 Urew Jo pauIwex? saqe SUoOnIpuO)) sowr} Surst pue
s3urpuy urejy 0uBOYIUTIS  -LIBA QOUBWLIOLIO 1591, yiSuang daorg pue SuLmay syjuedionred  Joymny

(penunuoo) | ajqeL

pringer

As



242 Page 10 of 13

Sleep and Breathing (2025) 29:242

72}
=)
=)
R
k=i
=)
=)
R=
s
j2]
k51
L O
Q&= w
=E) =
8 g 5.8
E 5 0.5
S 27T
B S g
ey O O
»n o5 o
'
5
£3
=
s 5
EK
(5]
S
£
[-viS
-
b
=
=
g
=
5]
B
»n
w)
=
.8
=1
5
L o
©n O
kel
=I]
.=
o .5
03
E o
AE,S
w)
[~
72}
@2
S| g
g |.&
z |.Q
E |
g &£
3
L
> | 8
Q2 | g Q
s |Ev s
AR
< =sA

@ Springer

Maximal aerobic

60-h SD

20 male cadets

Vaara

performance (Bicycle

et al.

ergometer test-Ergoline,
Ergometrics, 800s,

Germany)

(2018)

No significant changes in PRE SD (778+166) and post

Maximal isometric P>0.05

cifically constructed chair force (N)

Maximal strength (Spe-
with a strain gauge)

26+2 yrs,

SD (754%162 N)

1.77+0.01 m,
79.6+11.1 kg

No significant changes after SD (PRE & POST SD)

P>0.05

Maximal rate of

force development

(RFD)
kilometre, min

Pvalue not specified in manuscript, °=Experience, PSDE

Kg/m?,

Sleep depriva-

Hertz, BMI

Watts, Hz
Normal Sleep, SD

=kilogram, W=

years, kg

seconds, yrs=

minute, s
Partial sleep deprivation at the end of the night, N

=metre, km=

hours, m

Afternoon, E=Evening, h=

Late morning, A

mountain bike, n/a

tion, PSDN

Morning, LM =

MTB

M

*—

not available,

Partial Sleep Deprivation with 1-h Nap, TO

=Maxi-

Partial sleep deprivation, TDC="Total distance covered, MVC

Peak power, MP=Mean power, PSD=

before, T1=after, PP
Partially deprived in the beginning, SDE

*Statistical significance (P<0.05) is indicated in bold

Partially deprived at the end of the night

mal voluntary isometric contraction, SDB

tested for maximal isometric knee contraction/leg strength
[2, 4, 16, 21, 24] using an isokinetic dynamometer, a por-
table dynamometer or a leg press machine, with one study
assessing elbow flexor muscle strength [20], and one study
assessing back strength, bicep curl and bench press [16].
Two studies performed 1 repetition max (1RM) on strength
measures such as snatch, clean and jerk, front squat, back
squat and/or bench press [5, 15], while one study assessed
measures of average power, average force, peak velocity,
time to peak velocity and distance using a force-velocity lin-
ear encoder for bench press and leg press, respectively [21].
A further four studies assessed muscle strength using run-
ning [25] and/or cycling as the performance modality [19,
22,25, 26].

Measures of handgrip strength significantly reduced in
three studies following PSD, or reduced sleep. However,
four studies did report that there was no statistically signifi-
cant difference in grip strength between normal sleep ver-
sus PSD [4, 5, 19, 22]. Several measures related to bench
press, leg press, back strength and dead lift also showed
values to be significantly reduced following SD [21]. How-
ever, several studies found that bicep curl, leg strength [4],,
IRM bench press, IRM back squat [5], measures related to
snatch, clean and jerk, and front squat [15] were no different
following SD. Two out of three studies assessing mean and
peak power reported a drop due to SD [19, 22] while only
one reported no significant difference [20]. Finally, maxi-
mal isometric, isokinetic knee strength and maximal vol-
untary contraction of the knee were not affected by a night
of SD in a study performed by Bambaeichi et al. [2]. How-
ever, a study performed by Kuwaja et al. [24] found both
the left and right knee extensor muscles to be significantly
decreased following a period of 24-hour SD.

Methodological quality control and publication bias

The ROBINS-I tool was used in 7 non-randomised stud-
ies, with the detailed results provided in Fig. 2. All studies
showed a low risk of bias due to selection of participants
(Domain 2), due to deviations from intended interven-
tions (Domain 4), due to missing data (Domain 5), and in
selection of the reported results (Domain 7). Three stud-
ies showed moderate bias due to confounding [9, 22, 23],
while only one study showed moderate bias in classification
of interventions [23]. All studies except for one displayed
moderate bias in measurement outcomes [2]. Bambaeichi
et al. [2] was the only study that showed low bias in all
domains. Overall, 4 studies have a low overall risk of bias
judgement, and 3 studies had a moderate overall risk of bias
judgement.

The Risk of Bias (ROB) 2.0 tool was used in 6 stud-
ies, with the detailed results provided in Fig. 2. All studies
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showed a low risk of bias due to missing outcome data
(Domain 3) and bias in the measurement of the outcome
(Domain 4). One study showed some concern in bias arising
from the randomization process [26], and one study showed
some concern in bias in the selection of the reported result
[15]. All studies showed some concern in bias due to devia-
tions from intended intervention. Overall, 4 studies have a
low overall risk of bias judgement, and 2 studies had some
concern in overall risk of bias judgement.

Discussion

The present systematic review analysed data from 13 stud-
ies that compared the effects of sleep loss or SD across one
night or over extended nights on muscle strength measures.
The main findings of this review were: (1) most research
papers (N=10; 76.9%) established significant differences
in at least one of the assessed strength measures between
sleep loss conditions vs. normal sleep; (2) various sleep loss
protocols affect strength measures differently and to varying
degrees.

Grip strength

Grip strength has been investigated in seven studies. Grip
strength was found to be significantly reduced in three
studies. Grip strength was better in normal and PSD with
1-hour nap compared to SD (dominant hand); 3 h of PSD
repeated over two nights lead to a decrease in maximal grip
strength in the SD (2.7%) compared to the normal condi-
tion [21]. Bench press and hand grip values both improved
to levels comparable to normal sleep after a 1-hour pow-
ernap. Because weightlifting is done in the evening rather
than the morning, the homeostatic component increases due
to the increased time awake. Grip strength was significantly
lower after 7 h of sleep compared to 7-8 h and more than
8 h [23]. IGF-1 has been linked to better sleep. SD causes
a rapid decrease in IGF-1 levels [27]. Hand grip perfor-
mance was significantly lower before and after a 5-minute
judo match [19], and it was significantly lower the evening
before and after randori in SD at the end of the night (3.1—
8.4%) compared to ormal sleep [20]. The anaerobic system
is important in judo combat as it provides short, quick bursts
of maximum power and strength [28]. As a result, lactate
accumulation and exhaustion of energetic reserves caused
by repeated short-term maximal efforts with incomplete
recovery may decrease peak power, mean power, and hand-
grip after the judo match [22]. Grip strength was signifi-
cantly lower on day 3 of the trial for normal sleep and PSD.
This could be due to decreased muscle fiber recruitment
or a change in motor unit firing frequency [22]. Only one

study found no significant difference between normal and
SD handgrip strength for the right and left hand [4]. Since
a causal link between temperature and muscle strength is
thought to exist, the minimum level at 02:00 in the SD con-
dition could be related to an equivalent drop in temperature
in this situation [29].

Maximal voluntary contractions (MVC)

MVC was investigated in five papers, according to the
findings. Three studies found significant decrease, MVC
was significantly decreased only during PSD at the end of
the night in the afternoon before and after the judo com-
bat, compared to normal sleep [20]. These benefits could
be attributed to increased core temperatures and stronger
aerobic engagement in energy production during afternoon
exercise [30]. The central and peripheral processes may
change during the day; maximal voluntary force was much
lower on the first night without sleep compared to the first
day of normal sleep ( [25]. When compared to the control
group, right and left knee extensor strength were signifi-
cantly reduced, although left knee extensor strength was
significantly reduced only in females [24]. This study’s find-
ings show that the effects of SD on muscles differ between
extensor and flexor muscles, and between men and women.
Changes may be influenced by limb dominance. Extensor
muscle strength changes are significant in children who
have a dominant left leg. Changes in the strength of the right
lower limb extensor muscles because of SD may also be
linked to lower limb dominance. Also, during the menstrual
cycle, females’ muscle recovery was found to be delayed. It
is possible that female hormones and menstrual cycles play
a role in the association between sleep duration and muscle
strength in females [23]. According to Lanshammar et al.
[31], women exhibit significant asymmetry of lower limb
muscular strength while flexing the non-dominant limb and
extending the dominant lower limb. In this group of indi-
viduals, the dominant lower limb’s muscles were 8.6%
weaker in knee flexors but 5.3% greater in knee extensors
than the non-dominant lower limb’s muscles. Bambaeichi
et al. [2] found no significant difference between normal
sleep and partial sleep loss for maximum voluntary knee
extensor and flexor contraction, whereas after the control
and partial sleep-loss nights, peak torque of knee flexors
was significantly higher (5.9%) in the evening compared to
the morning. After the control and partial sleep-loss nights,
changes in body temperature may be associated with higher
peak torque in the afternoon than in the morning [32, 33].
However, Vaara et al. [26] found no significant differences.

@ Springer
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Previous night’s sleep duration did not affect the 1RM
weights for the snatch, clean and jerk, and front squat, as
reported by Blumert et al. [15]. The study suggested that
a 24-hour period of SD might be insufficient to induce the
anticipated performance decline, given the inclusion of
several demanding motor tasks. Similarly, Reilly et al. [16]
found that one night of PSD had no impact on maximal lift-
ing performance in exercises such as the biceps curl, bench
press, leg press, and deadlift. Meney et al. [4] also observed
no significant differences in muscle strength, including right
and left grip strength, leg strength, and back strength, fol-
lowing one night of total sleep loss. Overall, the evidence
indicates that 1RM strength is generally resistant to short-
term SD, suggesting that complex motor tasks are not sig-
nificantly affected by brief sleep loss.

Strength and limitations

This systematic review has several strengths, including
adherence to the PRISMA 2020 guidelines and the use of
Cochrane guidelines for inclusion criteria, ensuring meth-
odological rigor and transparency. The comprehensive
search strategy across multiple databases and grey litera-
ture, combined with independent and blinded screening by
multiple reviewers, minimized selection bias. This system-
atic review has several limitations. First, there is significant
variation in sample sizes across studies, ranging from 8 to
10,125 participants, which affects the robustness and gen-
eralizability of the findings. We reported both the mean and
median participant numbers and acknowledged the limited
statistical power due to the small sample sizes in most stud-
ies. Second, there is heterogeneity in testing methodologies,
including differences in strength assessments and testing
timing following SD, complicating direct comparisons.
Future studies with larger, more homogeneous cohorts and
standardized protocols are needed to confirm the effects of
SD on muscle strength performance.

Practical application and conclusion

Practical takeaways from this review highlight the impor-
tance of adequate sleep for maintaining muscle strength and
athletic performance. Athletes and coaches should prioritize
sleep as part of training and recovery strategies, recogniz-
ing that the impact of SD varies by muscle group, exercise
type, gender, and limb dominance. This variation under-
scores the need for individualized training and recovery
plans. Coaches may need to adjust training intensity follow-
ing sleep loss to prevent injury and optimize performance.

@ Springer

Additionally, healthcare providers should educate athletes
about the importance of sleep and consider intervention
strategies, such as sleep hygiene education and relaxation
techniques, to improve sleep quality and mitigate the nega-
tive effects on muscle strength.

While the findings of this review suggest that SD may
negatively impact muscle strength, especially as indicated
in handgrip strength and MVC measures, the small number
of participants in individual studies and the limited number
of studies showing statistically significant effects restrict
the generalizability of these conclusions. These limitations
highlight the need for more robust, well-powered studies to
confirm these trends. Future research should also explore
the underlying mechanisms of sleep-related neuromuscular
changes and evaluate targeted interventions to reduce the
impact of sleep loss on muscle strength.
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