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Bright Light Therapy and Activity for DSWPD

Abstract
A randomised controlled trial evaluated bright tigfierapy and morning activity for

the treatment of Delayed Sleep-Wake Phase Dis¢bf&WPD) in young people. 60
adolescents and young adults (range= 13-24 yeaanml5.9+2.2 y, 63% f) diagnosed with
DSWPD were randomised to receive three weeks dfgeakening Green Bright Light
Therapy (~507nm) and Sedentary Activity (sittingtehing TV), Green Bright Light
Therapy and Morning Activity (standing, playing noot-sensing videogame), Red Light
Therapy (~643nm) and Sedentary Activity or Red Ligherapy and Morning Activity.
Sleep (ie sleep onset time, wake up time, sleeptdatency, total sleep time) and daytime
functioning (ie morning alertness, daytime sleegindatigue, functional impairment) were
measured pre-treatment, post-treatment and atrahéheee month follow-up. Contrary to
predictions, there were no significant differencesutcomes between treatment groups;
interaction effects between treatment group and fiwn all outcome variables were not
statistically significant. However, adolescents gndng adults in the morning activity
conditions did not meaningfully increase their alijge activity (ie movement frequency).
Overall, adolescents reported significantly impibgeeep timingd=0.30-0.46), sleep onset
latency (=0.32) and daytime functioning£0.45-0.87) post-treatment. Improvements in
sleep timing §=0.53-0.61), sleep onset latencQ.57), total sleep timal€0.51), and
daytime functionindd=0.52-1.02) were maintained, or improved uponhatthree month
follow-up. However, relapse of symptomology was ocoon and 38% of adolescents and
young adults requested further treatment in addiiiothe three weeks of light therapy.
Although there is convincing evidence for the shierin efficacy of chronobiological
treatments for DSWPD, long-term treatment outcooagsbe improved. To address this gap
in our current knowledge, avenues for future redeare discussed.

Keywords. Delayed Sleep Phase Disorder, Treatment, Lightafye Exercise, Adolescents.
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Introduction

Delayed Sleep-Wake Phase Disorder (DSWPD) arises wie endogenous circadian
rhythm and sleep timing of individuals is signifntly later than what is generally accepted
by modern society (American Academy of Sleep Medi¢dAASM], 2014). DSWPD
presents as the inability to initiate sleep atsireée clock time and difficulty waking to fulfil
morning requirements. DSWPD is estimated to affetiveen 1-16% of adolescents (AASM,
2014; Lovato et al. 2013).

Changes in sleep occur throughout puberty, plaataescents at particular risk of
DSWPD. There is a widespread and consistent teydentater bedtimes (Crowleyet et al.
2007; Gradisar et al. 2011), driven by reduced hastatic sleep pressure across waking and
delayed circadian timing (ie relative to youngdnesal-aged children, Gradisar. Crowley,
2013). Compounding obligations (eg study, part-timoek, extra-curricular pastimes)
increase the number of tasks adolescents and yaduits need to complete before sleep
(Carskadon, 2011; Gradisar, Crowley, 2013) ancelaag of parent-set bedtimes may permit
later bedtimes (Gangwisch et al., 2010; Short.efall1). When waking for school, this
leads to sleep restriction and impaired daytimetioning(Lovato et al., 2013; Shochat, et al
2014; Sivertsen et al.2015; Wilhelmsen-Langeland et al., 2013). Due to the prevalence and
impact of DSWPD on adolescents and young adulis jihportant to ensure efficacious
treatments are available.

Current treatments include behaviourally-based od=tlio manipulate circadian
timing (eg bright light therapy (BLT), exogenouslatenin) (Gradisar et al. 2014). However,
clinical trials evaluating the efficacy of treatnt®fior DSWPD are rare. There is weak
evidence supporting the use of strategically tirmedatonin (Eckerberg et al. 2012; Saxvig et
al., 2014; van Geijlswijk et al. 2010; van MaanBewald-Kaufmann et al. 2013) or

combined post-awakening light (via light box) andgeribed sleep-wake scheduling (Auger
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et al., 2015; Danielsson et al. 2015; Gradisat.ef@11; Saxvig et al., 2014). However, the
degree of phase advancement can be influencedlitiming (Crowley, Eastman, 2017,
Khalsa et al. 2003), duration (§0 mins; Geerdink et al. 2016; Gradisar, Dohngl et
2011; Saxvig et al., 2014), illuminance bl7 lux; Cajochen et al., 2005) and wavelength
(eg shorter>longer; Warman et al. 2003; Wrightle2@04). Portable light devices (ie light
glasses, light visors) have been recently develapeldnay be more practical for adolescents
and young adults preparing for school, universitywork (Bonnar et al., 2015). However,
there is insufficient evidence to support their iseeatment (Auger et al., 2015).
Additionally, although short wavelength light isotight to be superior in the treatment of
circadian rhythm sleep disorders, there is a ldaitinical research to support this hypothesis
(Auger et al., 2015).

There is also a paucity of research relating toynmaaw areas of enquiry, for
example, scheduled physical activity (Auger et2015). Individuals with DSWPD are
active late at night and relatively inactive in therning (ie 8-11am) (Joo et al., 2017), which
may perpetuate delayed sleep-wake timing. Noctwexailcise delays circadian timing
(Baehr et al., 2003; Bachr et al.,1999; Barger et al.,2004; Buxton et al., 1997; Eastman et al.,
1995; Van Reeth et al., 1994; Youngstedt et al., 2002), whereas exercise administeredhat ot
times of the day may result in phase advances &Rison et al., 2017), particularly when
advanced in small daily increments (ie 20 mins)y@aki et al., 2001). Therefore, it is
possible that post-awakening morning activity, whembined with gradually earlier wake-
up times, may help to phase advance the circadidrslaep timing of young people with
DSWPD. This protocol overlaps that of BLT for DSWRGradisar et al., 2014). Given that
BLT can now be delivered by portable, wearablesgasit is possible that the addition of

scheduled exercise could improve treatment outcomes
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Increased morning activity may also have therapentplications for the daytime
functioning of adolescents and young adults withIPD, as there is some evidence for the
relationship between postural change, thermoreguléie changes in body temperatures)
and alertness (Krauchi et al., 1997). Adolesceiritis good sleep hygiene experience benefits
in sleep (ie SOL, deep slow-wave sleep), mood,iae@ytoncentration and sleepiness, after
running for 30 mins at moderate intensity for foays per week before school, over three
weeks (Kalak et al., 2012). These findings sugtiegtif bright light therapy is combined
with physical activity adolescents and young adwite DSWPD may experience additional
benefits to sleep and daytime functioning.

Clinical guidelines place importance on replicatialgoratory-based research within
less tightly controlled field settings (Auger et &015). Therefore, the present randomised-
controlled study aimed to evaluate the efficacBbf delivered by portable short-
wavelength light glasses, and whether supplememifigwith morning activity enhances
treatment outcomes for adolescents and young adith£DSWPD. Outcomes of interest
include sleep timing (ie sleep onset time, wakéime), sleep latency, total sleep time and
daytime functioning (ie morning alertness, daytsteepiness, fatigue, functional
impairment). To extend upon a recent trial comgaknght broad-spectrum white light
(active treatment) with dim red light (control catnah), we compared the efficacy of green
(short) wavelength light, to red (long) wavelentjint. Within each of these conditions,
participants were randomly allocated to completgspial activity (standing, playing motion-
sensing videogame) or sedentary activity (sittmatching TV) during morning LT. It was
predicted that green LT groups, and morning agtigioups, would have better outcomes at

post-treatment.
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Method
Participants

455 families made contact with the Child & AdolesicBleep Clinic following
referral from GPs, or in response to community aisements (Figure 1). 164 adolescents
and young adults met age criteria for inclusion &Bdvere assessed. Of these, 63 met ICSD-
3 (AASM, 2014) criteria for DSWPD, and 60 were randsed into the study (mean=
15.9+2.2 y, 63% f). The trial was registered whik Australian and New Zealand Clinical
Trials Registry (ACTRN12614000308695) and apprdwgdhe Southern Adelaide Clinical
Human Research Ethics Committee (Application Nuniltiér.14).

Inclusion criteria for the study were as followarficipants aged between 13-24
years, and primary diagnosis of DSWPD. This age rangeanficipants was chosen, as
adolescents and young adults are biologically drieehave later chronotypes (Roenneberg
et al., 2004), and it is common for young adult&ustralia to reside with their parents, thus
they were not considered distinct phenomenologjoalips. Participants were not excluded
for psychological comorbidity, given its prevalengendividuals with DSWPD (Reid et al.,
2012; Sivertsen et al., 2015), which enhances ¢hemlisability of findings (Wilhelmsen-
Langeland et al., 2013). However, severe suiciiztion led to exclusion.

Adolescents and young adults were randomly allaceteeceive Green BLT and
sedentary activity (SAN=15, mean age= 15.9+1.8 y, 60% f), Green BLT andhing
activity (MA) (N=15, mean= 16.2+2.8 y, 67% f), Red LT and 315, mean= 15.5+1.6 y,
67% f) or Red LT and MAN=15, mean= 15.7+2.8 y, 60% f). Groups did not diffeterms

of age,F (3,56) = 0.22p=.88, or gender distributiop?(1, N = 60) = 0.29= 0.96.

1 90% of the sample was aged between 13-19yrs.
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Materials and Apparatus

Clinical Sleep History Interview (CSHI)

A revised semi-structured interview (Gradisar, Diplehal., 2011) was used to
diagnose DSWPD, as per the ICSD-3 (AASM, 2014). TB&ll elicited information
pertaining to Criterion A (chronic difficulty ingiting sleep and awakening); Criterion B
(present forthree months) and Criterion E (differential diagehdn terms of quantifying
the severity of delay in sleep timing, participase#f-reported theiad libitumwake up time
(ie wake up time on days they do not have mornorgroitments) and their required wake up
time (eg to attend school, university, work), ie ttinical sleep history interview.
Adolescents and young adults reportecddribitumwake up time (mean=11:28amz+1.76hr)
significantly later than the wake up time requitedulfil morning commitments
(mean=7:30amz=1.15hr). Sleep diaries were also tssednfirm a delay in the timing of the

habitual sleep period.

Sleep Diary

Sleep diaries are considered essential for DSWR@ndsis, (AASM, 2014).
The daily online sleep diary measured sleep tinstggp onset latency (SOL), wake after
sleep onset (WASO) and total sleep time (TST). [Sfeameters were averaged for school
nights (Sun-Thurs) and weekend nights (Fri-Satassply. Daily sleep diaries completed
throughout treatment also required participantselbreport the duration (mins) of morning

light therapy and activity completed.

Wrist Actigraphy

Participants wore a MicroMini Motionlogger wristtegraphy monitor (Ambulatory
Monitoring Inc., Ardsley, NY) for one week followgnthe assessment, and for the three
weeks of treatment (ie not at follow-up). Data waBected using zero-crossing mode in one

9
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min epochs. Actigraphy is useful for identifying@sp problems caused by mistimed
circadian rhythms and is sensitive to improvemeénteep as a result of treatment (Ancoli-
Israel et al., 2003). Adolescent’s sleep onset aime offset time were scored using an
algorithm validated for adolescents (AMI-Sadeh,ida®d, Ambulatory Monitoring Inc,
Ardsley, NY) (Meltzer et al. 2012; Sadeh et al. 49%0 confirm delayed sleep timing at
baseline (Criterion D), and to monitor changes s€teeatment. Motor activity for the hour
after awakening (ie activity frequency count pee omn epoch) was also scored to confirm
compliance with allocated morning activity. Fora#d be included in analysis, participants
needed to have at least three days of actigragoydig per school week (Acebo et al.,
1999). An increase in post-awakening motor actifrityn baseline to treatment was the
criteria for compliance with the physical activititervention, whereas stabilisation, or a
reduction, of physical activity was anticipated participants within the sedentary activity

conditions.

Sleepiness and Fatigue

Sleepiness and fatigue are distinct daytime coresemps of inadequate adolescent
sleep (Shen et al. 2006; Short et al., 2013). Tdwaric Daytime Sleepiness Scale (PDSS) is
an eight item self-report scale of daytime sleegsn@g How often do you fall asleep or feel
drowsy in clas®’; zero='"Never, four= “Always) (Drake et al., 2003). Total scores range
from 0-32, with higher scores indicating highereglimess. Drake and colleagues (2003)
reported good internal consistency (Cronbach0.80); however, reliability was lower in the

current study (Cronbaah= 0.57).

The Flinders Fatigue Scale (FFS) is a seven itdfweggort measure of global fatigue
(eg "Was fatigue a problem for yoyzero="Not at all', four="Extremely) (Cameron et al.,
2017; Gradisar et al., 2007). Total scores rang® 10-31, with higher scores indicating

greater fatigue. The FFS had good reliability (Gacho = 0.86).
10
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Adolescents and young adults provided a daily gadihmorning alertness, using a
five point Likert scale with pictorial stimuli (égvhich face best describes how you are
feeling one hour after waking up in the mornipg¥aldonado et al., 2004). Scores ranged

from one-five, with higher scores indicating higla¢grtness.

Functional Impair ment

Individuals with DSWPD report lifestyle impairmef@iannotti et al., 2002; Micic et
al., 2015; Rajaratnam et al., 2015; Saxvig e8l12). The Sheehan Disability Scale (SDS) is
a five item measure of functional impairment (8@ ‘what extent has your sleep pattern
disrupted your school wotkO="Not at all’, 10="Extremely) (Sheehan et al., 1996).
Participant also reported the number of misseduemler-productive days/week (zero-seven).
Total scores range from 0-47, with higher scordgating more impairment. The SDS had

adequate reliability (Cronbaech= 0.71).

Portable Light Glasses

Re-Timers (ie glasses with two LED lights on thétdim frame, per eye; Re-time Pty
Ltd., Adelaide, Australia) were the light source Ed. Participants received either
commercially available green light (~507nm) glasseshe highest setting (~112 lux per
diode at two cm distan@e or Re-timer frames, altered to emit red ligH843nm), on the
lowest setting (~54 lux per diode at two cm disggr{spectrometer: Ocean Optics, Florida,
USA,; lux meter: A.P.C.S., NSW, Australia). Discauagtthe wavelength of light emitted, the
glasses looked otherwise identical for both treatngenditions. As the human circadian
rhythm is least sensitive to long-wavelengths giiti(Wright et al., 2004), red light was used

as a control condition (Saxvig et al., 2014). Adrficipants were asked to draw curtains and

2 Re-Timer LEDs sit approximately two cm from theeey

11
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blinds in the home during LT, reducing ambient tighd isolating light emitted from the

glasses.

Morning Activity

Adolescents and young adults in the morning agtistinditions were asked to
complete 30-60 mins of mild physical activity duibT. Physical activity involved playing a
motion-sensing videogame (eg, XBox Kinect, Ninteidip, Playstation Move), whilst
standing upright. This modality was chosen, asag@enes are played indoors (ie, not
weather-affected) and adolescents were anticigatedjoy this activity. Active videogames
increase heart rate, oxygen consumption and emggnditure in adolescents, relative to
sedentary videogames (Graves et al., 2008; Peaig 2011) and are more enjoyable relative
to walking/ jogging (Graves et al., 2010). Adolesiseand young adults in the sedentary
conditions remained seated, watching TV for 30-&@smit was anticipated that participants
received the same amount of light emitted fromtéhevision and thus, screen light was
controlled across conditions.

Sleep Therapy

All treatment groups received three, weekly 50-rtemne-on-one therapy sessions,
delivered by the same psychologist who conductedriitial assessment (ie a clinical,
registered or provisional psychologist). The fgsssion consisted of psychoeducation about
circadian rhythms, instructions to reduce eveniglgtitwo hr prior to bed and plans for
morning LT. Adolescents and young adults were urtsérd to sleep-in until their natural
wake time to begin treatment (Gradisar, et al.,12@&bxvig et al., 2014). Participants wore
the portable light glasses for 30-60 mins immediyaaéter rising from bed each day and
commenced LT 30-mins earlier each subsequent adijthey reached a wake-up time of
06:00 (Gradisar et al., 2014). Treatment was coteglen school mornings and weekends. If

participants reached this target time, they ceasedf the Re-Timer glasses and sleep

12
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patterns were stabilised, with a wake-up time nperldhan 7:30am. Adolescents and young
adults were instructed to complete their allocaexining activity for the same duration and
at the same time as LT. To prevent relapse follgvei@ssation of LT, participants were
instructed to continue to minimise evening lighvoia sleeping in and seek ambient light

after awakening (Gradisar et al., 2014).

Procedure

Recruitment occurred from July 2014 to Decembd62@3 adolescents and young
adults underwent an assessment with a clinicaistergd or provisional psychologist,
consisting of the CSHI, seven day sleep diary amstionnaire’ Participants wore an
actigraphy wristwatch and completed another slegfy @énd questionnaires between the
assessment and first treatment session (Gradisar 2014). DSWPD diagnosis was
confirmed at a consensus meeting between theraidtthe clinic supervisor (MG).
Participants deemed eligible were randomly allat&téo one of four treatment conditions,
using a block randomisation schedule, and compkbies weekly sleep therapy sessions
with a psychologist. Sleep diaries and questiomsaivere completed across treatment and at
one and three month follow-up. An abridged versibthe CSHI was administered at three
month follow-up to re-assess DSWPD diagnosis.

Statistical Analyses

To minimise the potential impact of missing data5% from pre-treatment to three
month follow-up), Linear Mixed Modelling (LMM) wassed to analyse data (Landau,
Everitt, 2004). Effect sizes (Coherdswere calculated to establish the magnitude dfiivwit

and between-subjects differences. Cohdnisas calculated a$=M1-M2/(SDpooled).

% The sleep diary and questionnaires completed fitite assessment were for diagnostic purposgsaoal
were not included in data analysis. Pre-treatmat# diere collected over seven days/nights followfeg
assessment and prior to treatment session 1, sadtigraphy data aligned with sleep diary and tjoesaire
data.

13
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Results
Clinical Featuresof Adolescentsand Young Adultswith DSWPD

Most adolescents and young adults reported thespgbroblem occurred gradually
(88%), with mean chronicity of three years mon®ee Table 1 for clinical presentation, as
per clinical sleep history interview. 66% of paiiients reported a diagnosed psychological
condition, with anxiety (45%) and depression (43f6st common. Distribution of
psychological comorbidity between groups was simig{1, N = 59) = 0.32p= 0.10.
Participants were taking medication to treat mawdlb, Endep, Seroquel, Lexapro, etc.),
sleep (=7, melatonin, circadin rhythm) and asthma{, Ventolin). Medication timing and
dosage remained consistent, except melatonin/arechgithm, which were ceased prior to
treatment. Adolescents and young adults receivayghmwlogical intervention ceased therapy
during the sleep trial. Treatment effects did néfedbased on medication use or
psychological co-morbidity and therefore were mantoolled for in final analyses. Four
adolescents who withdrew prior to treatment comgheteported significantly lower baseline
sleep diary total sleep timg57) = -3.00p=.004,d= 1.75, and sleep efficienctf57) = -2.45,
p=.017,d= 1.08, on school nights, and greater functionglaimmentt(9.07) = -3.68p=.005,

d=1.00.

14
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Table 1
Clinical Presentation of Adolescents and Young #duith DSWPD.
Primary Sleep Problem Daytime | mpair ments-

Difficulty falling asleep (68%) Tired/ fatigued (98
Difficulty waking (15%) Daytime sleepiness (93%)
Unrefreshing sleep (7%) Poor attention/ concermmnatmemory (93%)
Night time awakenings (5%) Low energy/ motivati@s%bo)
Daytime consequences (5%) Moody/ irritable (82%)

Secondary Sleep Problem Worries about sleep (68%)
Difficulty waking (50%) Poor school performance %5
Night time awakenings (23%) Somatic complaints (55%
Difficulty falling asleep (20%) Problems socialigit48%)
Daytime consequences (7%) Accident prone (40%)

Past Sleep Problem/s Behavioural issues (ie, hyperactivity) (37%)

Incidence of past sleep problem (e.g., chronic
insomnia disorder, bedtime resistance) (28%epeatedly woken in morning (68%)
Parental presence required to sleep in Frequent lateness to school, university or
primary schooling (25%) work (68%)

’ Participants could select more than one daytimeiment.

Treatment Compliance

Similarly to the self-reported estimationaaf libitumwake up time (ie during clinical
sleep history interview, 11:28am+1.76hr), partiofzawoke at 11.04am=1.7hr on the first
morning of therapy, with no significant differenicetherapy start point between groups,
F(3,56)= 1.60p=0.20). On average, participants completed theaapgss 13.89days+4.47.
Duration of therapy did not differ significantly taeeen groupsi(3,53)= 0.848p=0.47.

There was also no significant difference in seffer@ed duration of daily LT between groups
(F(3,50)= 0.146p=0.93). However, duration of use reduced betwesatment week one
(M=32min, SE=2) and two (M=31min, SE=2) to weeketh(M=15min, SE=27(2,49)=
20.14,p<0.001). This is due to some participants reachisgk am wake-up time and ceasing
use of the light glasses in the final treatmentkvee

18.4% of participants reported experiencing sidects$ related to use of the light

glasses, with a similar distribution between thgrgmups (ie green vs red ligh®(3, N =

15
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49) = 0.76p= 0.86. Participants reported brief change in Jisobour perception, following
cessation of light therapy (n=7), mild headachesl{nwatery/ sore eyes (n=2) and light
aversion (n=1), however these symptoms were narseanough for participants to opt out
of light therapy.

There were no between group differences for s@ibited daily activity duration
(F(3,52)=0.969p=0.41). Activity duration also reduced from treatthweek one
(M=27min, SE=2) and two (M=27min, SE=2) to weeketh(M=16min, SE=27(2,49)=
8.247,p=0.001). Motor activity for the hour after awakegpishowed a small decrease in
activity from baseline across the first two weeksr@eatment, for the Green BLT + Sedentary
group @=-0.31). However, changes in activity frequencytfeg Red LT + Sedentary-
0.13), Green BLT + Activityd=-0.06) and Red LT + Activity groupsi£€0.12) were
negligible, and there were no significant betwesrug differences(3,29)= 1.62p=0.206.
Results were similar when activity frequency waslgsed separately for the first 30 min
after awakening. These findings suggest the exgeriah manipulation did not lead to a

meaningful increase in physical activity.

Treatment

Figures 2 to 4 show changes in sleep diary skdgraphy sleep timing and daytime
functioning, respectively. Descriptive statistice aresented in full in Appendix A. Contrary
to predictions, there were no differences amonddbegroups; interaction effects
(group*time) for all outcome variables were nottistecally significant >0.05). However,
main effects of time were found for all variablegcept bedtime and WASO.

From pre- to post-treatment, across all groupsleadents demonstrated significant
improvements for SOL, SOT and WUT, and a 47min mmpment in TST (Figure 2).
Actigraphy defined SOT and WUT also showed sigaificimprovement (Figure 3; ie 39

mins, 43 mins, respectively). In terms of daytimedtioning, morning alertness, daytime
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sleepiness, fatigue and functional impairment impcbfrom pre- to post-treatment (Figure

4).

(A) Sleep Onset Time (Sleep Diary) (B) Wake Up Time (Sleep Diary)
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Figure 2Mean school night sleep diary (A) sleep onset tifBg wake-up time, (C) sleep onset
latency and (D) total sleep time, across treatraadtfollow-up. Error bars were excluded as there
were no between-group differences and inclusionidedsual overcrowding. As there were no
between-group differences, inferential statistegsorted relate to the main effect of time.
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(A) Sleep Onset Time (Actigraphy)

(B) Wake Up Time (Actigraphy)
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Figure 3Mean actigraphy school night (A) sleep onset tamd (B) wake-up time for treatment
groups across treatmemrror bars were excluded as there were no betwemipglifferences and
inclusion led to visual overcrowding. As there watebetween-group differences, inferential

statistics reported relate to the main effect rokti
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Figure 4Mean (A) morning alertness across treatment arahr({i®) daytime sleepiness, (C) fatigue
and (D) functional impairment across treatmentfafdw-up. Error bars were excluded as there were
no between-group differences and inclusion ledgoat overcrowding. As there were no between-
group differences, inferential statistics repomeldte to the main effect of time.
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Long-Term Outcomes

Adolescents and young adults maintained improvesientSOL, SOT, WUT, TST,
sleepiness, fatigue and impairment at follovl:Ufprty percent of participantbl€24)
completed a sleep diary, questionnaires and altidgeical interview at the three month
follow-up. There was no significant difference iroportion of DSWPD diagnosis between
the groups (Table 2). However, partial relapse gmasmon, with many adolescents and

young adults reporting DSWPD symptomology at foHop

Table 2

Proportion of Adolescents and Young Adults who Reg&@ymptoms of DSWPD at Follow-up.

GreenBLT GreenBLT RedBLT Red BLT

+SA + MA + SA +MA
(n=8) (n=8) (n=5) (n=3) p
DSWPD Criteria Met
Ve 250t 250 o o .
(Clinician A ) 5% 5% 0% 0% 0.399
Sleep-Onset Difficulties  38% 38% 40% 33% 1.00
Difficulty Awakening 50% 88% 60% 33%  0.288
Sleep Problem 43% 38% 40% 0% 0.596

(Participant Reported)

38% of all participants requested further treatmenaddition to the three sessions of
light therapy and activity. Once participants reeei additional treatment, they were
withdrawn from the study and did not complete amytfer research follow-ups. There were
no differences between groups, in terms of the gmtam of participants who received
additional treatment (Table 3). Additional treatmeonsisted of further BLTnE4),
exogenous melatonim£3) or both (=9), motivational interviewingn2), cognitive therapy
(n=2), sleep restriction therapg<1), sleep hygienen€1l) and behavioural modification for

evening technology use<1).

* Effect sizes were calculated between pre-treataetthree-month follow-up scores.
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Table 3

Summary of Adolescents and Young Adults Requiddgifnal Treatment.

GreenBLT GreenBLT Red BLT Red BLT
Received Additional + SA +MA + SA +MA
Treatment Following: (n=14) (n=13) (n=14) (n=15)
Post-Treatment n=3 n=2 n=1 n=5
1-Month Follow-Up n=1 n=0 n=4 n=1
3-Month Follow-Up n=2 n=1 n=0 n=1
Total 43%* 23%* 36%* 47%*

*%2(3, N = 56) = 0.18p= 0.60.

Discussion
A randomised controlled design evaluated the &tfyoof bright light therapy,

delivered by portable LED glasses (ie Re-Timens)l morning activity for the treatment of
adolescent DSWPD. There were no differences betieeactive and control conditions;
however, over time, improvements were found acaossige of night time and daytime
variables (13 out of 15). Sleep timing was advararatisleep quality and daytime
functioning also improved, with these changes naameid at follow-up.

Given adolescents and young adults had experigheadsleep problem for ~three years,
five months, with significant associated daytimessguences, these results suggest that

brief sleep therapy can result in rapid improvera@miadolescent’s sleep and wellbeing.

Light Therapy

These findings are consistent with results fronvimes RCTs of LT for adolescent
DSWPD (Danielsson et al., 2015; Gradisar, Dohna).eR011; Saxvig et al., 2014).
However, these studies used either light lampsésdie 10,000 lux lamp, with 18 x 28 x 44
cm surface, at 50 cm distance for 30-45 min, (Dasén et al., 2015); 10,000 lux light box,
with 47 x 17.5 x 29cm surface, at 50cm distance®r5 mins (Saxvig et al., 2014), or
natural ambient light supplemented by light lam@sadisar, Dohnt, et al., 2011). Therefore,

the present study extends upon previous knowldagbeing the first to evaluate newly
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developed portable light glasses for the treatm&BSWPD in young people and
additionally, by being the first RCT for DSWPD toropare the efficacy of short green
wavelength light therapy with long red wavelenggint therapy.

Experimental studies have provided convincing evigefor the superiority of short
wavelengths of light (relative to long) in advargthe human circadian rhythm (Warman et
al., 2003; Wright et al., 2004). However, clinipahctice guidelines have called for the
replication of experimental research findings imichl samples, within less tightly controlled
environments (Auger et al., 2015). Initial datax(8g et al., 2014) suggest the wavelength of
LT, when administered in accordance with practigelglines, may not significantly
influence the outcome of treatment for young peepte DSWPD. Notably, experimental
studies have administered shorter wavelength (ightlue light, 470nm, Wright et al., 2004),
compared to the present study (507nm). Howeveretisessome concern that short
wavelength light below 500nm may cause photochdmdaaage to the retina (Bullough,
2000). Therefore, commercially available light émg devices, such as the Re-Timer, emit
light above 500nm to avoid potential hazard, whalsb maximising the degree of phase
advance (Wright et al., 2004). The Re-Timer gla¥se® shown to phase delay the circadian
rhythm of good sleepers, however experimental stutivestigating phase advance are
lacking (Lovato, Lack, 2015). It is possible thigtmodological difference (ie the wavelength
of short wave light administered) may go some veagxplaining the inconsistency in results
between experimental and clinical research. Howetw e also possible that changes in
behavioural patterns alone (ie fixed earlier slege routine, evening light restriction)
contributed to advanced circadian and sleep tiffDeyvaldKaufmann et al., 2014; Saxvig et
al., 2014; Sharkey et al., 2011) and/or that theethveekly sessions with a psychologist
(including psychoeducation), in itself, providechbét (Bowers, Clum, 1988). Saxvig and

colleagues (2014) have also suggested that slesgure could drive phase advances;
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however, total sleep time increased across tredtmehe present study, so evidence for this

hypothesis is limited.

Morning Activity

This is the first study to investigate the efficaxfyscheduled physical activity for the
treatment of adolescent DSWPD. However, there washijective evidence for increases in
physical activity. Interactive motion-sensing vidgaming has been considered more
enjoyable than traditional physical activity forwag adults (ie walking, running) (Graves et
al., 2010). Although participants reported compiy¥mth morning activity, it is possible that
daily physical activity was not of sufficient int&ty or duration to have a therapeutic effect.
Experimental studies have administered a threalsepf moderate (Baehr et al., 2003;
Buxton et al., 1997; Van Reeth et al., 1994) ohhigensity (Youngstedt et al., 2002)
exercise, which is impractical to implement in mal practice. However, there is some
evidence that shorter durations of high intenskigreise could be as effective (Buxton et al.,
1997). Therefore, future studies could evaluatesiglay activity of a longer duration (eg 45-
60 min) and higher intensity (eg moderate-highnsiiy). Furthermore, future clinical trials

could evaluate more practical forms of physicaivitgt(ie walking/ cycling to school).

Treatment of DSWPD

Although there is convincing evidence for the stterm efficacy of chronobiological
treatments for DSWPD, partial treatment succesga@ag@se are common (Abu-Salah,
Auger, 2013; Alvarez et al., 1992; Saxvig et a0142). 38% of our sample required
additional treatment by the three month follow-Ap.additional treatment was commonly
chronobiological in nature (ie re-implementatiorlight therapy, evening exogenous
melatonin, or a combination therof), it is possitiiat the continuation of light therapy may

result in better long-term outcomes, as was shop&dxvig and colleagues (2014).
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Although treatment produced meaningful improvemantdeep and functioning, further
research is needed to refine clinical practice gjinds for the treatment of DSWPD in young

people.

Limitations and Future Directions

The limitations of our study are as follows: measuof circadian timing were not
taken (ie dim light melatonin onset, core body temafure nadir). Moreover, although
participants were instructed to minimise natuightiduring LT, ambient light levels within
participants’ homes were not measured. Although diakta might have elucidated why there
were no differences between the green and red hditons, the clinical application of this
data is questionable. Additionally, wrist actigrgpias used to measure movement
frequency, rather than more robust measures ofigalyactivity, such as heart rate, or
maximal oxygen consumption. Thus, although wrisigaaphy is an ecologically valid way
of measuring activity, potential pitfalls may haweluded the ability of actigraphy to detect
small differences in physical activity between treatment groups.

This trial recruited the largest number of adolese@and young adults to date,
however, due to attrition, analyses conductedeabtie and three month follow-ups may
have been underpowered. As it is difficult to réicauiarge number of adolescents for clinical
research trials, it may be beneficial to conduclticentre trials in the future.

Future research could compare the relative effec@gs of portable light devices with
empirically established modes of bright light deliy (ie light boxes/ lamps) (Auger et al.,
2015). Alternatively, it would be worthwhile knovgrwhether the inclusion of an artificial
light source (eg light box, lamp or glasses) in BeEhecessary. For example, dismantling
research designs may help to elucidate what conmi®é bright light therapy (eg evening

light restriction, fixed earlier wake up times, pasvakening light therapy, wavelength of
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light therapy) drive improvements in sleep and oagtfunctioning for adolescents and
young adults with DSWPD.

Although themethodandwavelengthof light therapy were the focus of the present
study, future clinical trials could vary tldeiration of daily light exposure. The duration of
light therapy in the current study (ie 30-60 mirgsan accordance with previous randomised
controlled trials (Danielsson et al., 2015; Gradi€ohnt, et al., 2011; Saxvig et al., 2014)
and clinical guidelines (Gradisar et al., 2014)daidnally, a recent trial has shown the
duration of light therapy did not predict treatmentcomes (Danielsson et al., 2016).
However, with a paucity of research investigating ¢ffect of daily light therapy duration on
the degree of circadian advance, further researnkeded to increase our confidence in this
standalone finding.

Researchers could also aim to identify ‘risk fastgeg DSWPD severity, low
motivation to change, repetitive negative thinkif@)poor treatment outcome. The addition
of cognitive behavioural therapy (Danielsson et2015) to LT shows promise. However,
identifying “risk factors” for poor treatment outo®, might allow for more effective case
conceptualised treatment of DSWPD (ie treatmentiwfocuses on the unique experience of
the individual) (Dudley et al., 2011). Further refiment of treatment components should be a
priority, with particular importance placed uponasaering long term outcomes, including

relapse.

Summary

In recent years, momentum is gaining for the eatédn of efficacious sleep
treatments for adolescents and young adults. Fgsdiom the present study add to existing
literature supporting the use of light therapyddolescent DSWPD (Danielsson et al., 2015;
Gradisar, Dohnt, et al., 2011; Saxvig et al., 200dhelmsen-Langeland et al., 2013).

However, short wavelength light therapy was no naffective than long wavelength light
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therapy (ie control conditions). Therefore, it irclear what components of light therapy are
the “active ingredients” of treatment and dismanugfistudies may be needed. As participants
did not meaningfully increase physical activity, eannot yet draw conclusions about the
potential utility of morning physical activity. Naly, results suggest that relapse was
common for many adolescents and young adults w8ivBD. Consequently, a number of

priorities for future research have been highlighte
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Thetrial compared short and long wavelength light therapy, with adjunct activity.
Adolescents had improved sleep timing, SOL and daytime functioning post-treatment.
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Improvements were maintained, or improved upon (TST), at the three month follow-
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However, long-term relapse of DSWPD symptomol ogy was common.





