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SUMMARY

Insufficient sleep has been argued to result irtdebus changes to mood in adolescents and
offers promise as a modifiable risk factor. A sysatic review of the literature regarding
sleep duration and mood in adolescents was cordiusiag the academic databases
PsycINFO, PubMed, Medline, Scopus, and EMBASE éniilly relevant literature. Seventy-
four studies, including 361,505 adolescents weuecgn out of the 1534 references
identified, 73 of which were appropriate for metelysis. Pooled results indicated that less
sleep was associated with a 55% increase in te&hHdod of mood deficits. Positive mood
showed the largest relationship with sleep durafioliowed by anger, depression, negative
affect and anxiety. Effect sizes also varied adogrtb study design, how sleep was
operationalised, and geographical region, but oobm@ing to the inclusion of covariates.
Sleep duration has a significant negative impac cenge of mood states in healthy
adolescents. These effects were withessed acilagsogiraphical regions, highlighting that
sleep is a universal and modifiable risk factorgogventing mood deficits in this at-risk

population.

Keywords: adolescence, teens, sleep duration, mood, affeptedsion, anxiety.



INTRODUCTION

Despite being identified as a strong correlatedolescent mental and physical
health, academic performance, and relationshipitgu@at3), literature examining the causal
contributors to adolescent mood is limited whichturn, hinders the development of
intervention strategies. Understanding causal dmrtrs to mood is paramount for
adolescents, who run a heightened risk of devetppgimood disorder as the result of the
psychological, social and physiological shifts tbetur at this developmental stage (4). One
survey of over 10,000 U.S. adolescents aged 18 iears found a lifetime prevalence of
anxiety disorders of 31.9% and a lifetime prevaégeomood disorders of 14.3% (5).
Adolescence is a vulnerable period during whichahget of many mood disorders occur (6,
7). Mood disorders such as depression and anxitty bave a chronic and recurrent course,
with earlier age of onset associated with pooreicational, social and quality of life
outcomes (4). Indeed, mental iliness conveys orikeofargest disease burdens of all health
conditions in terms of both mortality and morbidi8), with depression projected to be the

second leading cause of disease burden worldwi@®9Bg (9).

One factor posited to have a causal relationship mood is sleep (10-12). Research
has identified sufficient sleep as a contributooptimal mood and the ability to better
regulate emotions (12-14). Despite the extant exaddnighlighting the importance of sleep
across a range of psychological outcomes, the dvaming majority of adolescents obtain
insufficient sleep (15-17). For example, a NatidBk#ep Foundation Poll reported that more
than 87% of U.S. high school students obtain leas the recommended hours of sleep (18).
It is recommended that adolescents obtain betwesm 80 hours of sleep per night (14, 19,
20), however, bedtimes delay across adolescende thiei need to rise for school remains the

same or moves even earlier, thus limiting sleep 22). Several factors unique to



adolescence contribute to short sleep, includiegothberty-related delay in circadian timing,
slower accumulation of homeostatic sleep pressutied evening, earlier school start times,
diminished parental involvement in setting bedtin@aesl increased autonomy over the use of

electronic devices

Considering the prevalence of shortened sleepateadents, and the importance of
mood as a contributor to mental health, it is inagige to consider the effects of insufficient
sleep on adolescent mood. A recent systematicweamel meta-analysis examined the
relationship between sleep and depression in atmies across 23 studies (23). The meta-
analysis revealed that depressed adolescents emped more wakefulness in bed through
taking longer to fall asleep and more wakefulnasing the night, and they reported more
subjective sleep disturbances. Examination ofdhgitudinal trajectories of both sleep and
depression suggested that sleep disturbance wasargor for the development of
depression (23). The present review expands omitrik by examining mood more broadly,
to include a range of both positive and negativednstates, rather than focusing solely on
mental health diagnoses. While positive and negatieod are sometimes conceptualised as
occurring at either end of the same spectrum ofdntiey can also be regarded as
independent constructs. As such, including disareded states acknowledges that, (a) mood
occurs on a spectrum broader and more nuancedcitmaty the presence or absence of

mental illness, and (b) that positive moods alsy pin important role in mental health.

In addition, while the relationship between slee@d mood is relatively well
established in clinical samples, less is known aldnether mood changes are induced in
otherwise healthy adolescents when subjected tdestaleep durations. As such, the present
review includes only non-clinical samples of adoésgs. Establishing a causal relationship
between sleep and mood in healthy adolescentsuplbort the development of mainstream

interventions regarding sleep that may be impleetby schools, policymakers and parents
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to assist in the healthy development of adolesaamdsfoster an early intervention approach
to sleep and mental health. The present review mxenthe academic literature to
understand the relationship between sleep duratidmmood in adolescents. We also
investigate whether the relationship between stkeption and mood varies according to
factors such how sleep is measured, which mood stassessed, geographical location,

study design, and the inclusion of covariates.

METHOD

A literature search was used to identify origistaidies examining the relationship
between sleep duration and mood in adolescentev&®di literature was sourced using the
academic databases PsycINFO, PubMed, Medline, Scapd EMBASE in December 2018.
The following basic search string was developedugh pre-searches in PubMed and
applied in all four databases: ((happiness OR dalcR antagonism OR apathy OR
oppositionality OR euphori* OR depress* OR tensé @nsion OR irrita* OR annoyed OR
hostil* OR hate* OR frustrat* OR rage OR moods OBatt OR moody OR anxious* OR
temper OR emotion* OR anxiety OR distress* OR ah@®R angry OR happy* OR sad OR
sadness OR confus* OR upset) AND ("sleep duratidR"'sleep deprivation" OR "sleep
loss" OR "total sleep” OR "sleep restriction”) AN&lolescen* OR youth* OR teenager*
OR teen OR teens)). Searches occurred on Decerlaardl17, 2018. All terms were
searched with a combination of the fields “TitleAbstract” and “MeSH/Thesaurus” (when
available) for best possible search precision.iker$ or limitations except for “English
language only” were applied to ensure inclusioprefindexed materials. A total of 2,162
references were identified through the search ghakaded to the systematic review software

Covidence for de-duplication, blinded screening exitlaction. A detailed search log



including all search strings, results and notess/alable in Appendix A. This review is

registered on Prospero, ID CRD42017068617.

Studies were included if they were primary peeieeed journal articles or articles
in press, included participants aged 10 to 19 yearper the World Health Organisation
definition of adolescence (24), examined the retathip between sleep duration and mood,
and were published in English. Studies that didraeport the relationship between sleep and
mood in a healthy population (i.e., included clatipopulation only), or that included
pharmacological interventions, were excluded. Ndesion criteria were applied regarding
the date of publication to capture all relevantlmiied original research. Data extracted from
each study included authors, year of publicatiame size, region (Asia, Australia and
New Zealand, Europe, or North America), age rapgaportion of male participants, how

sleep duration and mood were operationalised, sdedign, and effect size.

Forty-two, out of the 74 included studies, utilisedross-sectional design. As such,
study quality was assessed for selection biastnmdton bias, and confounding, which are
the three primary sources of bias in these stydigs25). Selection bias was assessed using
three criteria: Were inclusion criteria given amgpked uniformly? Did the sampling strategy
achieve a sample representative of the target popn? Was the response ra0%?
Information bias refers to the reliability and ity of study measures. As subjective
measures contain a higher risk of bias due to facioch as social desirability responding
and inaccuracy, information bias was assessed osi@griterion: Was the 1V (sleep
duration) measured objectively? Finally, the rik@nfounding variables was assessed using

one criterion: Did the study assess and statifiealjust for confounding variables?

Satistical Analyses



The effect sizes were coded to represent the dda®od deficits with shorter sleep
durations; thus, higher values represent worse nootzbmes (for example, greater anger,
anxiety, depressed mood and negative affect adereased positive mood affect) with less
sleep. Because the selected studies were caurtad different settings and evidence of high
level of heterogeneity, random-effects model wapleged to calculate the overall effect
from effect sizes. Between-study heterogeneity assessed using |-squar® (est (26). A
priori subgroup analyses were performed to exploeampact on the effect size. Five
subgroup analyses were performed to investigdteifelation between sleep duration and
mood was different: 1) Region - Asia, AustraliasN2ealand, Europe and North America,
2) Study design — Experimental, longitudinal orsss@ectional, 3) Covariate adjustment —
demographics (such as sex or age), others (sueméy income or parental years of
education, snoring), none, 4) Mood — anger, deptessod, anxiety, positive effect and
negative effect, 5) Sleep operationalisation —gaaphy, sleep diary, questionnaires or PSG.
While anger, depressed mood and anxiety couldeatl&ssified as aspects of negative affect,
because it was possible to include these morefgpelassifications of negative affect, we
chose to do this where possible to allow for a nfire-grained evaluation across different

mood states.

Heterogeneity between subgroups was evaluated temigpm-effect model. Two-
sided p-values0.05 were considered statistically significantdtirtests. To calculate the
overall effect size, same studies reporting sevard effects were combined by intrastudy
meta-analyses to create independent effect sigegred for the meta-analysis (27).

Publication bias was assessed visually using aglypiot.

RESULTS



Results of the literature search revealed 74 stsudeuding 361,505 adolescents. The
PRISMA flow chart detailing the systematic scregramd identification of studies is shown
in Figure 1. Studies included mood states sucloasiye affect (N=10), negative affect
(N=11), depressed mood (N=50), anger (N=5), anXdt26), confusion (N=3), irritability
(N=3), oppositionality (N=1), stress (N=1), mood<lY, happiness (N=2), sadness (N=1)
and nervousness (N=2). Of the 74 studies, 44 usgddive self-report to measure sleep
duration, nine used sleep diaries, 16 used actigraand five used polysomnography (PSG).
Examination of study design reveals varied apprescWith 42 cross-sectional, 19
longitudinal and 13 experimental studies identifiEde majority of included studies (N=29)
were conducted in North America, with 17 studiesrfrEurope, 17 from Asia and 11 from

Australia. A summary of the included studies isvted in Table 1.
Insert Figures 1 and 2 here

Meta-analytic results are shown in Figure 2. Overasults indicated that shorter
sleep durations were associated with a 55% incdeasle of mood deficitsPDR = 1.55,p <
.001. Effects sizes were significantly heterogeseametween studief’ = 97.9,p < .001. To
examine whether the effect of sleep duration ondna@ried depending on the type of mood
state assessed, study design, geographical regabunsion of covariates, or how sleep was
operationalised, further meta-analyses were coeduéiffect sizes for each subgroup are
provided in Table 2.

Effect sizes significantly varied between moodesd (4) = 88.23p < .001. Mood
states that were examined in fewer than 4 studezs wot included as effect size estimates
are less reliable when fewer than 4 studies ataded. Positive affect showed the largest
deficits following shorter sleep, followed by angeéepression, negative affect and anxiety.
There was significant heterogeneity among effessaccording to how sleep was

operationalised? (3) = 57.01p < .001. Studies measuring sleep using polysompbgra
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had the largest effect sizes on mood, followed lgstjonnaires, actigraphy and sleep diaries.
Effect sizes varied according to study desi@ri2) = 144.28p < .001. Experimental and
longitudinal studies revealed larger effect sizetsvieen sleep duration and mood than cross-
sectional studies. There was significant heterogggaenong effect sizes according to
geographical regiorQ (3) = 46.98p < .001, with North American studies reporting krg
effect sizes, followed by European studies, Austrednd New Zealand studies and Asian
studies. Effect sizes were not significantly hegermous according to the covariates included,
Q (2) =5.58p = .06. Results of the risk of bias assessmeritas/s in Figure 3. A funnel

plot of effect sizes is show in Figure 4 and appsgmmetrical, indicating no significant
publication bias.

Insert Figure 3 and 4 here



Table 1. Summary of articles identified in the sysétic review. Note: S = subjective, O = object®es prospective, C = cross-sectional, L =

longitudinal, E = experimental, TST = total sleapd, TIB = time in bed.

First Author (Year) N Country Slee Mood variable Study  Summary

p design
Barnes & Meldrum (2014) 563 US S Depressed mood C Significant negativecéed8m between sleep duration and depressed
(28) mood
Bauducco et al., (2016) 1,057 Sweden S Depressed mood, C Significant dose-dependent effect of sleep duratioepressed mood,
(29) anger, anxiety anger and anxiety among 12-13yo and 14-16yo
Baum et al., (2014) (30) 50 US o Anxiety, depressio E Adolescents reported more anxiety, anger, fatigoefusion and less

anger, fatigue,
confusion, vigour

Beebe et al., (2008) (31) 19 US 0] Oppositionality/ E
irritability

Bei et al., (2013) (32) 9 Australia (0] Generalizediaty, L

Bei et al., (2017) (33) 146 Australia (@] Negative mood C
(depressed mood anc
anxiety)

Boergers et al., (2014) (34) 197 US S Depressamtimo L

Bonnar et al., (2015) (35) 141 Australia S Depressed mood L

Chan et al., (2018) (36) 82 HongKong S Depressioriety, L
stress

Chue et al., (2018) (37) 89 US (@] Positive affect, L
negative affect

Conklin et al., (2018) (38) 3,017 Canada S Depresseod L

Dewald-Kaufmann et al., 55 Netherlands O Depressed Mood E

(2014) (39)

Diaz-Morales (2016) (40) 1406 Spain S Anxiety C

Doane & Thurston (2014) 78 US @) Positive affect, C

(41) negative affect

Doane et al., (2015) (42) 82 US @) Anxiety, deprésse L

10

vigour with sleep restricted to 6.5h TIB for 5 nigltompared to 10h TIB
for 5 nights. No changes to depression were found

Parents, but not adolescents, reported that adwiesseere more
irritable/oppositional during short vs extendedeple

The small increase in TST post-intervemtwas associated with a small
increase in general anxiety

No significant association between negative moapessed mood and
anxiety) and TIB during school holidays

Depressed mood decreased after a 30-minudg tiekchool start times

Depressed mood decreased following a sleep edagatogram after an

increase in school night TST of 27 minutes

Depression, anxiety and stress decreased follpwidelay in school start

time by one hour and increase in TST.

Higher objectively measured TST was associated matter mood

recovery following stress for positive and negatiffect

Chronic sleep deprivation was significatrrelated with depression in

females but not males

Adolescents in the sleep extension group obtainec isieep and their

depressive symptoms diminished significantly coragdo controls
rEheas a significant negative relationship betwEEhand anxiety on

school nights but not weekends

No significant associations were found between &8d positive or

negative affect

No significant association between sleep daradit Time 1 and depressed



El-Sheikh et al., (2016)
(43)
Fan et al., (2017) (44)

Fredrikson et al., (2004)
(45)
Fuligni et al., (2017) (14)

Hall Brown (2008) (46)
Hasler (2008) (47)

Hyakutake et al., (2016)
(48)
Itani et al., (2016) (49)

Josev et al., (2017) (50)
Kalak et al., (2012) (51)
Kang et al., (2014) (52)

Kelly & EI-Sheikh, (2014)
(53)
Kuo et al., (2015) (54)

Lazaratou et al., (2013)
(55)

Lee et al., (2016) (56)
Lee et al., (2012) (57)

Lee (2017) (58)
Lehto et al., (2014) (59)

Lemola et al., (2011) (60)

252 US
1,573 China
2,259 US

419 US

35 U.S.
56 U.S.
409 Japan
94,777 Japan

136 Australia

80 Switzerland

4,145 Korea

113 U.S.

246 U.S.

696 Greece
3,785 Korea
8,010 Korea

31,407 Korea
439 Finland

190 Germany
Austria
Switzerland

NS

O

S

O

mood

Depressed mood,
anxiety
Depresseddmoo
(Dichotomised Y/N)
Depressed mood

Depressed e
anxiety

General mood
Anxiety
Depressed mood
Anger

Anxiety
Deprdssmod
Depressed Mood

Depressed Mood,
anxiety
Depressed mood

Anxiety (state and
trait)
Depressed mood
Depresseddmoo

Depressed mood
Depresseddn

Depressed mood

@

oo o O

@

mood or anxiety one year later

No significant associations between sleep duraimhdepressed mood or
anxiety

After controlling for depression and covariatég ane 1, sleep duration at
T1 did not significantly predict depression at T2

Students who slept less over time experienced hepeessed mood

A non-linear association existed between TST psythological distress
the following day, with both too much and too ét#leep were associated
with next-day distress.
Sleep duration, but not general mood, was bettevewkdays than
weekends

Sleep mdtxl by one hour per night for 3 consecutive nigidsnot
result in decreased anxiety relative to non-extdrgteup
U-shaped relationship between sleep duration aptedsed mood

oléscents who slept less than 5h per night wergfigigntly more likely
to report anger
TST was not significantly associated with anxigtyhealthy controls

No significant association between obyectiST and depressed mood

Participants who slept less than 7h on school sigktorted significantly
higher levels of depressed mood

Sleep minutes at T2 (10 years) significantly jictti depressed mood at
T3 (13 years) but not anxiety at T3

No relationship between sleep duration and depdesemd

Sleep duration had a small but significant asgmeri with state and trait
anxiety

Sleep duration on both weekdays (M-F) and weekégdsSu) had small
but significant negative associations with deprésseod

Sleep duration on both weekdays and weekends significantly and
negatively associated with depressed mood

TST was negatively correlated with feelings of ss#nand hopelessnes

Sleep duration on weekdays and weekends shawmall but significant
negative association with depressed mood

No significant association between sleep duratimhraood on weekdays
not weekends



Lemola et al., (2015) (61) 362 Switzerland S

Degedanood

C

Lin et al., (201 (62) 2,472 Taiwan S Emotional wellbeing L
(Happiness &
Depressed mood)

Liu & Zhou (2002) (63) 1,359 China S Anxious/de e

mood subscale

Lo et al., (2017) (64) 57 Singapore 0]

Lo et al., (2016) (65) 56 Singapore @]

Lovato et al., (2017) (66) 138 Australia S

Positive affect,
negative affect
Positive ctffe
negative affect
Depressed mood

Maume (2017) (67) 974 U.S. S Depressed Mood

Mazzer et al., (2018) (68) 951 Sweden S Depressed mood,
anxiety

McGlinchey et al., (2011) 38 U.S. O Computerised and

(69) human rated positive
and negative
emotions

McMakin et al., (2016) 64 US (@] Positive affect,

(70) negative affect

Moore et al., (2009) (71) 247 US @] Anxiety, depeess
mood

Mullin et al., (2017) (72) 17 US P Morning Anxiety

Norell-Clarke & Hagquist 15,221 Sweden S Sadness,

(2018) (73) nervousness,
irritation

Nowakowski et al., (2016) 1,042 US S Depressed mood

(74)

Nuutinen et al., (2014) 4,985 Denmark, S Negative affect

(75) Finland, (feeling low, irritable,

France nervous)

Oginska & Pokorski, 191 Poland S Negative mood

(2006) (76)

Ojio t al., (2016) (13) 15,637 Japan S Depressiwh a

12

m

@

Sleep duration was negatively assocrgtadlepressed mood

Adolescents who slept less than 6h per night wigréficantly more likely
to have low levels of emotional well-being

Adolescents sleeping less than 8h had significdngiier odds of
depressed mood and anxiety than those with 9h og.mo

Sleep restriction lead to reduced positive affetttrio change to negative
affect
Sleep restriction diminished positive affect bat negative affect

Sleep duration at T1 did not predict depressed nlogehr later, however,
T1 TST was associated with depressed mood at T1
Sieeation had a negative correlation with depressimptoms.

Sleep duration had a negative correlation with pelagical distress

Compared to when well-rested, sleep restricteéthtdecreased positive
emotional expression but did not affect negativetn using computer
text analysis, and less positive emotional expogsand more negative
emotion using human raters

Experimental sleep restriction to 4h TIB led tom&sed positive affect
and increased negative affect compared to affdlowiong a 10h sleep
opportunity

Sleep duration was not significantly associatéti depressed mood or
anxiety

No significant relationship between sleep duratiod anxiety morning

Individuals sleeping less than 8 hours were nikety to report feeling
sad, nervous and irritated than those sleeping thare8 hours

After controlling for depressed mood at T1, sleapation at T2
significantly predicted depressed mood one year lat

Significant negative associations were found betwsleep duration and
negative affect among all adolescents except faridhbamales.

No association between TIB on school nights andtieg mood

Depression/anxiety symptoms were the lowest in snatel females who



Owens et al., (2010) (77)

Pallesen et al., (2010) (78)

Pasch et al., (2010) (79)

Randler & Weber, (2015)
(80)

Raniti et al., (2017) (81)

Reddy et al., (2017) (82)

Roberts & Duong (2014)
(83)

201 US

1,279 Norway
242 US

219 Germany

695 Australia

42 US

3,134 US

Sarchiapone et al., (2014) 11,788 Austria

(84)

Seo et al., (2017) (85)

Shen et al., (2018) (86)

Estonia
France
Germany
Hungary
Ireland
Israel Italy
Romania
Slovenia
Spain

26,395 Korea

4,582 Australia

anxiety (above/below
cut-off)

% reporting being at
least somewhat
unhappy or
depressed, %
reporting feeling
irritated or annoyed,
Depressed mood
AnxiBtgpression

Depressed mood

Positive affect,
Negative affect

Depressed mood

Positive affect
Negative affect State
Anxiety Trait
Anxiety
Depression
symptoms
Anxiety

Depressed mood

Happinpsesitive

13

E

C

C

C

slept 8.5-9.5 h and 7.5-8.5 h, respectively andevor both shorter and
longer sleepers

A 30m delay to school start time led to a 45m iaseein TST on school
nights, less depressed mood, and a significantigigroportion of
adolescents who reported feeling at least somewtteppy or depressed
or feeling irritated or annoyed

Short sleepers (<7h) had signifigdmgher depressed mood but not
anxiety when compared to normal sleepei&hj
Depressed mood was negatively associated with sisgaienood and
school night sleep duration, but not weekend stkeption
Negative, but not positive, affect was signifitpassociated with TST the
prior night. Neither positive or negative affectreseelated to habitual
sleep duration
School night sleep duration was negatively assediatth depressed
mood
Adolescents whose sleep was restricted to 4hf@iBne night reported
significantly less positive affect and greaterestatd trait anxiety, but not
negative affect, than adolescents who had 9.5h TIB

Short sleep was a much larger predictor of majpreksion than
depression symptoms.

School night sleep duration showed albnegative relationship with
anxiety

School night sleep duration had a small but sigaift negative association
with depressed mood
Short sleep was associated with Idwappiness and positive affect, and



Short & Louca (2015) (87) 12 Australia

Short et al., (2013a) (88) 385 Australia

Short et al., (2013b) (21) 258" Australia
Singh et al., (2018) (89) 501 India
Stheneur et al., (2017) (9C 855 France

Suzuki et al., (2011) (91) 99,668 Japan

Van Dyk et al., (2017) (92 54 US
Wabhlstrom et al., (2017) 8,261 US

(93)

Warner et al., (2008) (94) 307 Australia
Watson & Brickson, 65 UK
(2018) (95)

Wolfson & Carskadon, 2,166 US
(1998) (22)

Yang & Cha (2018) (96) 421 Korea
Yip (2015) (97) 146 US

P

S

affect, negative affect

Depressed mood, E
anger, confusion,
anxiety

Deprésseod

C
Anxiety C
Depresseddnoo C
Depressed mood C
Depresaiaxiety, C
loss of positive
emotion
Anxiety, Depressed E
mood, anger,
confusion
Feeling unhappy, sadC
or depressed, and
feeling nervous or

tense

Depressed mood C

Mood L

Depressed mood C
Depressed mood

Depressed mood, C

anxiety

higher negative affect.

Depressed mood, anger, confusion and anxietygilfgiantly increased
following one night without sleep

Significant negative relationship betwskeep duration and depressed
mood
Significant negative relationship between slee@tion and anxiety

TST was not significantly correlated with degsed mood
TST was negatively correlated with depressed mood

Sleep duration of less than 7h, but not 8h oreneas associated with
increased depression/anxiety and loss of positivetien, while sleep of 8
h or more was associated with greater loss of ipesiimotion

Extended sleep (average of 72 minutes) resultéaiviar anger and
confusion.

Adolescents who slept longer on school nightseveggnificantly less
likely to report feeling unhappy, sad or depressedervous or tense

Significant association between school night TST éepressed mood,
with less sleep associated with worse mood
TST negatively correlated with mood

Adolescents sleepingBh15m had significantly lower levels of depressed
mood than those sleepirgh45m
TST negatively correlated with depressed mood

No significant associations between weekly sleeptitn and depressed
mood or anxiety

*Cross-sectional data drawn from a longitudinatgtu*Subsample of above study
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Table 2. Meta-analyses of studies examining the relationship between sleep duration and
mood in adolescents. The number of studies for mood states category equal more than (Total

N of studies) as some studies included more than one mood state.

k OR Lower Upper p
limit limit

Overall 73 1.55 144 1.67 <.001
Mood Sate

Depressed Mood 43 1.62 1.38 1.85 <.001

Anxiety 22 1.41 1.29 1.54 <.001

Anger 9 1.83 1.51 2.15 <.001

Negative Affect 20 1.60 1.49 1.71 <.001

Positive Affect 9 2.02 1.62 2.42 <.001
Seep Measurement

Questionnaires 45 1.55 1.44 1.67 <.001

Sleep Diary 9 1.30 1.11 1.49 <.001

Actigraphy 14 1.45 1.28 1.62 <.001

PSG 5 1.70 1.20 2.20 <.001
Region

Asia 16 1.34 1.19 1.50 <.001

Australia and New Zealand 11 1.42 1.22 1.62 k.00

Europe 17 1.47 1.34 1.60 <.001

North America 29 1.70 1.43 1.98 <.001
Sudy design

Experimental 13 1.72 1.48 1.97 <.001

Longitudinal 19 1.71 1.31 2.10 <.001

Cross-sectional 41 1.42 1.31 1.53 <.001
Covariates

None 45 1.67 1.48 1.85 <.001

Demographics 12 1.44 1.27 1.60 <.001

Others 16 1.28 1.18 1.38 <.001

Note. k = no. of studies; OR Odds Ratio; PSG=polysomnography
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DISCUSSION

The present systematic review and meta-analysmifekel 74 original studies,
including over 360,000 adolescents, that examiheceffect of sleep duration on mood. Of
these, 73 studies were suitable for meta-analgsisrter sleep duration significantly
increased the odds of adolescents experiencing mefodits by 55%. Mood deficits due to
shorter sleep were observed across mood stateslingldepression, anxiety, anger, positive
affect and negative affect, indicating that shteép can lead to a range of mood deficits in
otherwise healthy, non-clinical samples of adolaszéNhile strong research evidence exists
to support the casual role of sleep in mood, theontant task of estimating the sleep duration
for optimal mood is only just emerging (13, 14)ligni and colleagues used two weeks of
daily estimates of sleep duration and mood to datex the average amount of sleep needed
for the lowest levels of next-day depressed moabamxiety. Estimates revealed that 9-hours
sleep per night was needed for optimal mood anckhioptimum tended to be greater
among younger adolescents and among those witlerhlighels of psychopathology (14).
These estimates concur with estimates of sleegidasafor optimal cognitive functioning

and with current sleep recommendations (19, 2Q, 98)

There was significant heterogeneity in effect seesording to the mood state
measured. Shorter sleep durations doubled theafdat¥olescents experiencing reduced
positive affect, and increased the odds of angé&39¢, depressed mood by 62%, negative
affect by 60% and anxiety by 41%. The finding thasitive mood is most affected by sleep
loss is consistent with recent research (65, 8&) ekample, Shen and colleagues examined
the associations between sleep duration and moé@d8? adolescents. They found that the
association between sleep loss and mood was striorgeappiness and positive affect than
it was for negative affect. Anhedonia, or the restliability to experience pleasure from

normally pleasurable activities, is a clinicallgsificant symptom and diminishes quality of
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life among those experiencing it. These resultblight an important potential mechanism
between short sleep and mood disorders througlteedenjoyment or pleasure and
elucidates the importance of measuring moods begonmimon measures of depression and

anxiety (99).

While anhedonia is one mechanism through whichpdiees may affect mood, there
are many additional pathways and mechanisms pdsitadcount for this relationship. Sleep
loss is known to effect brain regions implicatedrinod and emotion regulation. Sleep loss
reduced prefrontal activity and reduced functiar@inectivity between the prefrontal cortex
and limbic regions (100). Sleep loss also reduapsl eye movement (REM) sleep, which is
implicated in the processing of emotional memofigxl). Finally, sleep loss negatively
effects cognitive functioning, many of which proses are needed for affective monitoring,
reasoning and emotion regulation (12, 20, 102).example, the repetitive negative thinking
that is a transdiagnostic risk factor for variousmal health conditions is argued to be
maintained by sleep loss as sleep loss diminisipegssan’s ability to shift attention away

from their repetitive negative thoughts (103).

In addition to differences between mood statesiltesdicated that effect sizes
varied according to the way sleep was operatioedlithe design of the study, and
geographical region. Studies that utilised an expantal design to manipulate sleep reported
the largest effects between sleep duration and midad finding is likely to be due, at least
in part, to the observation that experimental stsidnclude meaningful manipulations of
sleep duration and by having a control conditicat thcluded sleep durations within the
recommended range. Given the universality of ingieffit sleep among adolescents
worldwide, cross-sectional and longitudinal studies likely to include a more restricted
rang of sleep durations and contain a paucity ofestents whose sleep falls within the

recommended range, thus masking the true effesieep duration on mood (104). Effect

17



sizes from experimental studies are also lessylikcebe impacted by extraneous variables
that are likely confounded with naturalistic sléegs, such as academic pressure, parental
regulation of sleep, and socioeconomic status.i€&ugsing polysomnography to measure
sleep duration and mood reported largest effeesdizan those utilising sleep diaries,
actigraphy and questionnaires. This may be duleesuperior validity of polysomnography
and also the improved temporal association betwksp measurement and mood
assessment in these studies. Studies using polygpaphy typically assessed mood
immediately following the objectively measured sigeriod, whereas questionnaires ask
about “typical” sleep and not the sleep immediapglgr to mood assessment. It is important
to note, however, that sleep measurement tends ¢orfounded with study design, as all
studies using polysomnography were experimentaaliSiiferences in effect size estimates
were observed according to region, with North Arceamni studies reporting the largest effect
sizes. It is unclear whether these larger effecslae to methodological differences or
differences in vulnerability to sleep loss. Cros#itoral studies that directly compare regons
using the same methodology are needed to teasktlaigdmding. Of greater importance was
the observation that none of the geographical regiocluded were spared the negative
impacts of shorter sleep durations on mood, witta ASurope, North America and Australia
and New Zealand studies uniformly similarly findithgs relationship. Further studies
examining the relationship between sleep and moachderstudied South American, African
and Middle eastern countries are needed to unaderstay potential differences in risk of

shorter sleep between countries and/or geograptagains.

The methodological and theoretical implicationsdssed above provide direction
for future research. Firstly, dose-response exparial protocols are required to examine
causal relationships between sleep duration anadindost of the studies were cross-

sectional. Cross-sectional designs are unabletesrdae the direction of the relationship
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between sleep and mood. This is of central impcoeas research highlights the bi-
directional relationship between these variabl&s 99). In addition, cross-sectional studies
cannot determine the degree to which confoundiotpfa, such as diet, long-term habitual
sleep loss or varying home environments, influgranéicipants’ mood. Secondly, an
overwhelming emphasis is placed on negative maoatesin reviewed studies which is
indicative of a research field that has largelyused on the relationship between sleep loss
and the negative mood states of depression anétgnXhe few studies measuring positive
mood states, such as positive affect, happinessigodr derived findings worthy of further
investigation as consistent reductions acrossigesitood states following short sleep were

found.

Finally, mood is often conflated with emotion amdagion regulation in reviewed
literature and separation of these concepts wibbdrgeficial in future research (12). As all
these factors play a key part in the developmedtpampetuation of clinical disorders such as
depression, obsessive-compulsive disorder, anglistyders and posttraumatic stress
disorder (12), examining explicit links betweenegleluration and emotion and emotion
regulation, as well as mood, will allow for morecarate prediction of how short sleep may
contribute to mood deficits and dysfunction. Simylathere are multiple aspects of affective
functioning that remain underexplored in relatiorsteep, including anhedonia, specific
types of emotion regulation strategies, and runonait is recommended that psychological
disorder-specific models be utilised to furtherraikee how sleep loss contributes to the
development of mental health disorders among healtlblescents and how sleep loss

maintains these disorders.
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Conclusion

Sleep duration significantly predicted mood de$i@h all mood states, including
increased depression, anxiety, anger, negativetadfel reduced positive affect. This effect
was observed across geographical regions, dembingtthat short sleep is truly a universal
risk-factor for mood deficits. Fortunately, sleegs is an inherentlyodifiable risk-factor,
providing a target for intervention at individutdmily, community and public policy levels.
Interventions to increase sleep duration includegasing parental regulation of sleep and
technology use, delayed school start times, engagademic pressure and out of school
hours tutoring does not impede sleep, and maimgirégular sleep and wake times across
school nights and weekends. Targeting sleep irathisk population will reduce the
likelihood of mood deficits transitioning to cliralty significant problems and mood

disorders.
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Practice points

1. This systematic review examined the associdieiween sleep duration and mood in

361,505 adolescents from 74 identified studiespfABhich were suitable for meta-analysis.

2. Pooled results indicated that shorter sleepasasciated with a 55% increased risk of
mood deficits across mood states.

3. The effect that short sleep had on mood varedraing to which mood state was
assessed, the study design, the operationalisaitisleep and geographical region.

4. Short sleep has a significant deleterious efiach range of positive and negative mood
states among healthy, non-clinical samples of adelets. It is imperative that greater focu

[72)

is given to sleep as for prevention and early ir@stion for mood deficits.

Resear ch agenda

1. While positive affect showed the largest imgemtn short sleep, research has largely
focussed on negative affect and mood states. Freaearch would profit by including a
range of positive mood states.

2. Dose-response studies of the effect of sleegpramge of mood states are needed to
determine the degree of sleep loss at which mobditdeoccur, whether they accumulate
over time, and the optimal duration of sleep neddedood.

3. Disorder-specific models of psychiatric condisanclude valuable information on those
aspects of affective and cognitive-affective fumeing that precipitate and maintain menta
ill-health. Research is needed that examines mmwd & much broader framework to test
whether sleep affects mental health through thesseder-specific mechanisms.

4. Research would benefit by including broader etspef sleep in addition to sleep duratio
such as sleep quality, sleep timing, sleep effiyesleep regularity and chronotype, as the

>

34

may all have a unique impact on mood.
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Figure 3. Risk of bias assessment. A study was deemed as having partial risk of bias for an
indicator if information was not provided regarding that indicator.
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