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Objective: To evaluate cognitive-behavior therapy plus bright light therapy (CBT plus BLT) for adolescents diagnosed with delayed sleep phase
disorder (DSPD).

Design: Randomized controlled trial of CBT plus BLT vs. waitlist (WL) control with comparisons at pre- and post-treatment. There was 6-month
follow-up for the CBT plus BLT group only.

Setting: Flinders University Child & Adolescent Sleep Clinic, Adelaide, South Australia.

Patients: 49 adolescents (mean age 14.6 £ 1.0 y, 53% males) diagnosed with DSPD; mean chronicity 4 y 8 months; 16% not attending school.
Eighteen percent of adolescents dropped out of the study (CBT plus BLT: N = 23 vs WL: N = 17).

Interventions: CBT plus BLT consisted of 6 individual sessions, including morning bright light therapy to advance adolescents’ circadian rhythms,
and cognitive restructuring and sleep education to target associated insomnia and sleep hygiene.

Measurements and Results: DSPD diagnosis was performed via a clinical interview and 7-day sleep diary. Measurements at each time-point
included online sleep diaries and scales measuring sleepiness, fatigue, and depression symptoms. Compared to WL, moderate-to-large improve-
ments (d = 0.65-1.24) were found at post-treatment for CBT plus BLT adolescents, including reduced sleep latency, earlier sleep onset and rise
times, total sleep time (school nights), wake after sleep onset, sleepiness, and fatigue. At 6-month follow-up (N = 15), small-to-large improvements
(d'=0.24-1.53) continued for CBT plus BLT adolescents, with effects found for all measures. Significantly fewer adolescents receiving CBT plus BLT
met DPSD criteria at post-treatment (WL = 82% vs. CBT plus BLT = 13%, P < 0.0001), yet 13% still met DSPD criteria at the 6-month follow-up.
Conclusions: CBT plus BLT for adolescent DSPD is effective for improving multiple sleep and daytime impairments in the immediate and long-

term. Studies evaluating the treatment effectiveness of each treatment component are needed.
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INTRODUCTION

Delayed sleep phase disorder (DSPD) is a circadian rthythm
disorder comprising an endogenous “clock” that is delayed
later in relation to the individual’s desired bed and rise times.'
This mistimed scheduling significantly impairs an important as-
pect of their functioning.>* Due to the delayed sleep timing, the
individual experiences chronic difficulty falling asleep. Indeed,
individuals with DSPD may inadvertently attempt sleep dur-
ing peak alertness of their circadian rhythm.** Eventual sleep
onset often occurs at a very late time (e.g., 01:00-06:00)> and
can be associated with a learned or conditioned insomnia.>*¢7
The development of this insomnia is associated with circadian
phase misalignment; thus the DPSD diagnosis takes precedence
over an insomnia disorder diagnosis. Once asleep, sleep dura-
tion and any awakenings are considered normal.? However, dif-
ficulties arise if the individual is required to rise at a socially
conventional time (e.g., for work or school). These social com-
mitments often occur earlier than their endogenous sleep offset
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time. Accordingly, the DSPD individual experiences reduced
sleep duration and associated daytime impairment. Thus, the
individual with DSPD who needs to conform to the 9-to-5 so-
ciety can experience long sleep latencies, late sleep onset, re-
duced sleep, difficulty rising, and impaired functioning during
weekdays. However, they may “catch up” on weekends and/
or holidays by a later scheduling of their rise time, resulting in
extended sleep.® Such a scenario is not uncommon in the ado-
lescent (11-18 y) attending school.”!°

Although the prevalence of DSPD is stated to be 7% to 16%,
and more common in adolescents,” survey studies show rates be-
tween 0.4% and 7%.'""" Taking all these figures into account, this
equates to, for example, 50,000-190,000 Australian adolescents,'*
or possibly 1,000,000+ adolescents in the USA” suffering from
the effects of DSPD. The social and economic cost of adolescent
DSPD to industrialized societies is currently unknown; however
the potential impact on the individual is considerable when con-
sidering the host of negative sequelae due to sleep loss common
in this age group, including poor school performance,'>'® mood
disturbances,® and in extreme cases heightened accident risk'®"°
and suicidal ideation and attempts.?*** With such societal and in-
dividual costs during a sensitive developmental period that pre-
pares adolescents for entry into adulthood,? it is warranted that
evidence-based treatments be investigated.

Recommended treatments for DSPD include chronotherapy,
melatonin administration, or timed light exposure; however,
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the studies reviewed in these papers primarily used adults.?**
Studies reporting treatment effects for adolescent DSPD have
used pharmacological approaches, including high-dose meth-
ylcobalamin,**?* triazolam,* zolpidem, and trazodone.” In
some cases, studies have involved inpatient settings to provide
intensive social structuring.””*® However, limitations of these
studies are low sample size?’ and, importantly, lack of control
comparison.?”?#3% Furthermore, pharmacological approaches
can produce side effects,” relapse by virtue of removing the
treatment (i.e., cease medication),”” and have ongoing financial
costs. Relapse also occurs after discharge from hospitalization
in some adolescent patients.””** An alternative approach is to
use a treatment consisting of cognitive and behavioral tech-
niques as well as bright light therapy. In a recent example,
Bootzin and Stevens®' enlisted 55 adolescents (mean age =
16.1, range 13-19 y, 62% males) with a history of substance
abuse in a trial of group multicomponent sleep therapy. Al-
though not formally diagnosed with DSPD, some adolescents
in the treatment nonetheless reported symptoms akin to a de-
layed sleep pattern (i.e., sleep latency = 36.7 min, sleep du-
ration = 7.3 h, “late group” DLMO = 23:00).> The therapy
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consisted of cognitive-behavior elements, including stimu-
lus control, sleep hygiene education, cognitive restructur-
ing, and mindfulness-based stress reduction to address sleep
latency, and morning bright light therapy to advance ado-
lescents’ delayed circadian rhythms. For adolescents who
completed treatment (4-6 sessions), significant improve-
ments were obtained, including a reduction in sleep latency
(to 17 min), and an increase in sleep duration (to 8.4 h). We
speculate improvements (at least in the “late DLMO group”)
may have partially been due to an advance in their circadian
rhythm, such that the discrepancy between their endogenous
sleep timing and their social timing was reduced.

Despite the advantages of such an intervention, the evi-
dence base for adolescents with DSPD is very limited. Not
only can modification of sleep times with bright light therapy
address the circadian timing, but cognitive and behavioral
techniques can address the associated insomnia and assist
in the maintenance of regular sleep schedules. However, in
order for an intervention to be considered well established,
probably efficacious, or promising, independent studies are
needed, either replicating the same methodology or prefer-
ably using more controlled designs.”** Thus, the purpose of
the present study was to build upon previous work?*313* by
evaluating cognitive-behavior therapy plus bright light ther-
apy (CBT plus BLT) for adolescent DSPD using a random-
ized-controlled design. Evidence from adult DSPD patients
shows an adolescent onset of their condition,'**** suggesting
DSPD is a chronic sleep disorder that remains stable or wors-
ens. Thus, we assumed that DSPD adolescents in a waitlist
control condition (WL) would demonstrate relative stability
in their condition compared to DSPD adolescents undergoing
CBT plus BLT. On this assumption, we predicted adolescents
in the CBT plus BLT condition would obtain improvements
in sleep latency, sleep onset and rise times, sleep duration,
and daytime functioning at post-treatment relative to WL. We
further predicted that improvements at post-treatment would
remain after 6 months, given adolescents completed treatment
with an improved skill set to address future sleep disturbance.

METHODS

Participants

Two hundred six families contacted our Child & Adolescent
Sleep Clinic at Flinders University, South Australia, in response
to advertisements in school newsletters and local newspapers
(see Figure 1). As part of a larger study, 73 participants were
excluded, leaving 133 school-aged children who were assessed.
Of these, 65 were adolescents, and 49 met criteria for DSPD
as per the International Classification of Sleep Disorders, 2nd
edition (ICSD-2; see Measures).> DSPD adolescents were aged
between 11-18 y (mean = 14.6 + 1.0 y, 53% males) and often
attended with 1 parent/caregiver (mean =45.3 £ 5.2 y). Twenty-
six adolescents were assigned to the CBT plus BLT condition,
and 23 were assigned to the WL condition. Three adolescents
ceased CBT plus BLT after the first treatment session, and 6
dropped out from the WL. This resulted in 23 adolescents (age
=14.7 £ 1.7 y) in the CBT plus BLT condition and 17 in the
WL condition (age = 14.7 £ 1.8 y). Adolescents who dropped
out were more likely to be male, y*(1, N=49)=5.68, P =0.02,
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and obtained more total sleep time on weekends, ¢, = 2.37,
P=0.02. One hundred percent of adolescents reported the onset
of their sleep problem was gradual, with mean chronicity of 4
y 8 months (mean onset ~ 9 y 11 mo). Twenty-three percent
(11/49) reported being on medication. These medications were
used to treat asthma (when required; N = 4), acne (N = 1), or
sleep (N = 4, temazepam, promethazine, amitriptyline). Only 1
adolescent in the CBT plus BLT group used sleep medication
(promethazine — see footnote A at end of paper), and ceased this
during and after treatment. All waitlist adolescents continued
to use their medication when required (N = 8). Fourteen per-
cent (7/49) of adolescents reported social substance use (alco-
hol/marijuana), with 5 of these adolescents dropping out of the
study. Two adolescents had a previously diagnosed mood disor-
der, and 4 had a suspected emotional disorder (unipolar depres-
sion, social anxiety disorder). These adolescents were evenly
spread across the CBT plus BLT, WL, and drop-out groups. Of
the 49 families interviewed, most were predominantly from
middle (55%) and high (39%) income socioeconomic back-
grounds, with 68% of mothers and 64% of fathers with tertiary-
level qualifications. Ninety-one percent of parents were married
or in a marriage-like relationship.

Sixteen percent of adolescents (8/49) reported not attending
school. Of the 41 teens attending school, 24% were frequently
5-10 min late, 24% reported arriving 10+ min late everyday,
5% reported missing entire days due to their sleep disturbance,
24% reported receiving detention, exclusion, or expulsion for
arriving late to school, and 5% of parents reported being late
to work due to difficulties getting their adolescent to school.
One of the diagnostic criteria for DSPD is that it significant-
ly impacts an important area of the individual’s life; all teens
reported their sleep disturbance affected their schooling (e.g.,
late/no attendance, poor grades), and thus differentiated them
from the typical sleep patterns found during adolescence.’ The
study was granted ethics approval from the Flinders University
Social and Behavioral Ethics Committee.

Design

A randomized, mixed-model design was employed, with a
2 x between-groups factor (group: CBT plus BLT vs. WL) and
2 x within-groups factor (time: pre-treatment, post-treatment).
For the CBT plus BLT group only, a 6-month follow-up was also
performed. Sleep diary and questionnaires were completed online
at each time-point. Our previous work has demonstrated online
surveys are a valid method of data collection from adolescents.**4°

Measures

Sleep diary

A 7-day sleep diary was completed by adolescents at each
time point of the study. All adolescents reported that they com-
pleted the diary themselves, or required little help from parents.
Adolescents completed details of their previous night’s sleep
(i.e., bedtime, lights out, sleep latency, sleep onset time, num-
ber of awakenings, wake after sleep onset [WASO], sleep dura-
tion, rise time, naps) each morning (see footnote B at end of
paper). These values were averaged for school nights (Sun to
Thurs) and weekend nights (Fri and Sat). For teens not attend-
ing school, school nights were calculated if the teen needed to
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rise (e.g., for an appointment). Where daily diary entries were
incomplete (predominantly school nights), sleep data were av-
eraged over these nights (e.g., school week sleep over 4 nights).
Sleep diaries provide more accurate estimates of self-reported
sleep than surveys, due to reduced recall bias,”*! and show good
correlations with objective measures of sleep (e.g., wrist actig-
raphy).** A week of sleep monitoring with a sleep diary or wrist
actigraphy (accompanied by a sleep diary) is a criterion for a
diagnosis of DSPD,? and both were used to diagnose DSPD
in the present study. However, due to inconsistent wearing of
wrist monitors and occasional loss of this equipment follow-
ing treatment, there were insufficient data (i.e., low power) to
analyze, and be representative, for post-treatment and 6-month
follow-up. Of all the sleep variables measured by the sleep di-
ary, the process variables of most interest were sleep onset and
rise times, as these reflect the primary changes for normalizing
DSPD. The primary outcome measures from the sleep diary in-
clude sleep onset latency, as a common aspect of DSPD is dif-
ficulty fall asleep; the discrepancy in rise times, which reflects
a match between the endogenous and societal clocks; and total
sleep time, which is predicted to increase with improvements in
the abovementioned process and outcome variables.

Sleepiness

The Pediatric Daytime Sleepiness Scale (PDSS) was used to
assess changes in daytime sleepiness inherent in patients with
restricted sleep.” The PDSS is an 8-item scale with items tar-
geting aspects of daytime sleepiness relevant for adolescents
(e.g., “How often do you have trouble getting out of bed in the
morning?,” “How often do you fall asleep or feel drowsy in
class?” Responses range from 0 — Never, to 4 — Always. Item 3,
“Are you usually alert during the day?” was reverse scored. To-
tal scores range from 0 to 32. The PDSS is a psychometrically
sound instrument,” with adequate reliability demonstrated in
the current study (Cronbach o = 0.78). As daytime sleepiness,
particularly morning sleepiness, is a classic feature of DSPD,
this is one of the primary outcome measures of the study.

Fatigue

The Flinders Fatigue Scale (FFS) was used to assess chang-
es in daytime fatigue experienced over the previous 2 weeks,*
with previous reports indicating adolescent DSPD patients ex-
perience fatigue.”” The FFS comprises 7 items, including “Was
fatigue a problem for you?” and “How much was your fatigue
caused by poor sleep?” Six items were in Likert format, with
responses ranging from 0 — Not at all to 4 — Extremely. One
item, “At what time(s) did you experience fatigue,” was a mul-
tiple checklist with possible responses ranging from 0 to 7.
Total scores ranged from 0 to 31, with higher scores indicating
greater fatigue. The FFS has shown good validity and treat-
ment sensitivity with insomnia patients.* Cronbach o in the
current study was 0.89. As sleepiness is more often reported
in adolescent sleep studies than fatigue, fatigue in this study is
considered a secondary outcome measure.

Depression symptoms

The Short Mood and Feelings Questionnaire (MFQ)* was
used to measure depression symptoms, due to the association
of depression with sleep loss and DSPD in this population.”
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Insomnia Symptoms

Racing thoughts in bed  (89%)
Worried about sleep (68%)
Anxious about sleep (58%)

Table 1—Prevalence of insomnia symptoms, poor sleep hygiene, and miscellaneous sleep behaviors

Primary Sleep Problem? Daytime Impairments® Sleep Hygiene® Miscellaneous Sleep Behaviors

Difficulty waking (45%)  Daytime sleepiness (90%)  Electronic media in bedroom (89%)  Mornings

Difficulty falling asleep (33%)  Fatigue/tired (88%) Cell phone (66%) Avoid morning light (85%)

Daytime sleepiness ~ (13%) Inattention/concentration (88%) TVIDVD (32%) Parent ask teen to rise® (80%)

Unrefreshing sleep (9%)  Moody/irritable (75%) Computer (30%) Teen wake by self (weekends) (65%)
Low motivation/energy  (75%)  Caffeine after noon (35%) Teen wake by self (school mornings) (9%)

Secondary Sleep Problem  Somatic complaints (50%)  Frequently napped (33%)

Difficulty waking (26%)  Problems socializing (20%)  Alcohol (12%)  Afternoon/Evening

Difficulty falling asleep (48%) Risk of accidents (13%)  Nicotine (10%) “Flat” after school (75%)

Daytime sleepiness (4%) Alert after dinner (75%)

Unrefreshing sleep (22%) Cognitions

2Adolescents were asked to state their primary and secondary sleep complaint: these total 100%, respectively; Padolescents could confirm > 1 insomnia-
related daytime impairment (from the ICSD-2 General Insomnia criteria): these exceed 100%; “adolescents could nominate > 1 form of electronic media
present in their bedroom (total > 100%); ¢ this item confirmed by parents if they needed to repeatedly ask their adolescent to get out of bed = 3 times.

The MFQ is a 13-item self-report measure, with each item rated
on a 3-point Likert scale, ranging from 0 — Not true to 2 — True.
Total scores range from 0 to 26, with higher scores indicating
greater frequency of depression symptoms. The MFQ possesses
good psychometric properties in school-aged children.** Cron-
bach o for the present study was 0.86. Unlike many depression
scales, the short version of the MFQ does not contain any sleep
items, and thus was not confounded by treatment. As depres-
sion coincides with sleep disturbance, depression symptoms are
considered a secondary outcome variable.

Clinical sleep history interview

A semi-structured, clinical sleep history interview (CSHI)
was developed by the authors to help diagnose pediatric sleep
disorders. The CSHI contains questions targeting ICSD-2
insomnia and circadian rhythm disorder criteria. Questions
address usual sleep patterns, history of the sleep problem,
bedtime routine, insomnia symptoms, sleep hygiene behav-
iors, sleep-onset cues, and limit-setting behavior, differential
diagnosis, and adolescent and parent treatment goals. Oppor-
tunities were provided for the adolescent to answer sensitive
questions (e.g., substances used) with the parent out of the
interview room, and visa versa. For the DSPD diagnosis, the
CSHI assisted in collecting information pertinent to Criterion
A (chronic difficulty initiating sleep and difficulty rising) and
D (differential diagnosis).

Procedure

Figure 1 presents a diagram of participant entry into the
study. Recruitment was conducted from July 2006 to October
2009, and treatment completed by November 2009. In response
to advertisements that were directed at DSPD symptoms, ado-
lescents’ parents underwent a brief phone screen. Parents who
confirmed a pattern of difficulty initiating sleep and rising, as
well as some form of impaired functioning, collected details
for accessing password-protected sleep diaries and question-
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naires and a wrist activity monitor. Excluded participants were
referred to an appropriate health service.

After completing the sleep diary and questionnaires, adoles-
cents and at least 1 parent underwent an initial clinical sleep
history interview with trained sleep clinicians. Therapists were
registered psychologists (authors HD, KS, AS, HW), trainee
psychologists (authors GG, SP, AM) undergoing postgraduate
clinical psychology training, or the clinic supervisor (author
MG) who had 5 years’ experience in the area of behavioral sleep
medicine. Adolescents were diagnosed for DSPD at a consensus
meeting of therapists and the clinic supervisor. Following diag-
nosis, group allocation (CBT plus BLT vs. WL) was determined
based on a computer-generated permuted block schedule.

CBT plus BLT comprised six 45- to 60-min sessions with
the adolescent and at least 1 parent. The first 4 sessions were
held weekly, and the remaining 2 held biweekly. The first ses-
sion consisted of sleep education (sleep architecture, circadian
rhythms, sleep homeostasis), sleep hygiene aimed at evening
de-arousal (reduce evening light, avoid late caffeine, physical
exercise, electronic media use), and plans for morning bright
light therapy to advance sleep timing.*’#* The light source
was natural sunlight (when available); otherwise, a broad-spec-
trum light lamp was provided (~1,000 lux).** Adolescents were
instructed to begin light exposure at their natural wake-up time
on day 1, with > 30 min of light (max 2 h).*” Day 1 was often
begun on the weekend (Saturday),*® and despite the mean week-
end rise time of 09:30 (Table 2), we found adolescents com-
monly slept in on day 1 until after 10:30. Thereafter, they were
instructed to begin light exposure 30 min earlier each day*
until they reached a target time of 06:00, which is the earliest
time light exposure has occurred in previous studies.* Sleep
diaries were provided each session to check adolescents com-
plied with instructions. Reviewing and monitoring light therapy
progress was continued until session 3 to 5, depending upon the
degree of initial phase delay. After adolescents reached their
target time, they ceased light therapy and attempted to main-
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tain a regular rise time (06:30-07:30), consistent with stimulus
control recommendations used previously with adolescents.?!
Furthermore, they were instructed to go to bed when they felt
sleepy and to avoid napping.

Session two introduced the rationale for cognitive therapy
in addressing associated insomnia associated with their circa-
dian disturbance (i.e., identify automatic thoughts about sleep).’
These automatic thoughts were monitored from sessions 3 to 5.
Session 3 introduced the evaluation of these thoughts, including
the generation of alternative thinking. Alternative thinking was
monitored and discussed in sessions 4 and 5. The sixth (final)
session assessed whether treatment goals were achieved, as-
sessed adolescents’ knowledge of sleep and circadian rhythms,
as well as relapse prevention.

Post-treatment measures using a sleep diary and question-
naires were completed by adolescents in the CBT plus BLT
condition. All adolescents attending school completed post-
treatment and follow-up evaluations during school terms. Ado-
lescents in the WL condition provided the same information at
an equivalent time-point (after an 8-week duration), and were
then provided CBT plus BLT. Follow-up measures were con-
ducted 6 months after treatment ceased for the CBT plus BLT
group only. Post-treatment and follow-up diagnosis was based
on quantitative criteria, including sleep timing between the
school week and weekend (< 2 h difference from sleep diary
data), daytime sleepiness levels (PDSS total score < 20), plus
questions directed at the impact of their sleep on functioning
(i.e., adolescent self-report of no impact on important areas of
functioning [e.g., school, family]). Follow-ups were conducted
by authors MG and HD, who were not blind to group allocation.

Statistical Analyses

Despite intending to use an intention-to-treat analysis, no
data following randomization for drop-outs could be obtained.*
Due to reservations about data imputation (i.e., last observation
carried forward method),’! and few meaningful differences be-
tween drop-outs and completers, we opted for a complete-case
analysis. One drawback of complete-case analysis is reduced
power; however, this was overcome in the present study by the
use of effect sizes (see below). Using a series of independent
samples t-tests, no significant differences were found between
the 2 groups at pre-treatment for any variables (all P > 0.05)
with the exception of gender, £,,=2.36, P = 0.02. Analyses were
performed with and without gender as a covariate, and no dif-
ference was found between the 2 sets of results. To test whether
CBT plus BLT provided greater improvements than WL control
from pre- to post-treatment, a 2-way mixed model ANOVA was
employed. Significant interactions found from these mixed-
model analyses would confirm our predictions. To test the long-
term effects of CBT plus BLT, a one-way repeated measures
ANOVA was performed on time (pre-treatment, post-treatment,
and 6-month follow-up) for the CBT plus BLT group only. Fif-
teen of the 23 adolescents from the CBT plus BLT group pro-
vided 6-month follow-up data, and independent #-tests showed
that these adolescents differed significantly from those who did
not participate in the 6-month follow-up only in the chronicity
of their sleep problem (¢, = 2.46, P = 0.02), with participating
adolescents experiencing their sleep problem more than twice
as long (6 y 7 mo vs. 2 y 6 mo). Due to the relatively small
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sample size and multiple analyses performed, interaction ef-
fect sizes for repeated measures are reported (d). Effect sizes
are not affected to the same extent as are inferential statistics
by the chances of a type I or II error occurring. We therefore
encourage the reader to focus on interpreting the Cohen’s ds
in Tables 2 and 3. These effect sizes are calculated as the dif-
ference in change scores for each group (e.g., A WASO_ - A
WASO,,, ) divided by the pooled SDs in change scores for each
group (e.g., [SD A WASO,_,,, + SDA WASO,,, ]/ 2). For the
within-subjects comparisons for the CBT plus BLT group only,
effect sizes (d) were calculated as the difference in mean scores
divided by the pooled SDs and corrected for the dependence
between the means.> Chi-square analyses were employed when
testing for independence between categorical data.

RESULTS

Clinical Features of DSPD Adolescents at Assessment

As treatment studies of adolescent DSPD samples are limited,
we describe here some sleep characteristics of our sample. Al-
though these adolescents primarily experienced a delay in their
sleep timing, there was also sufficient evidence of associated
insomnia symptoms, daytime impairment, and poor sleep hy-
giene. Table 1 presents the percentages of adolescents who con-
firmed these symptoms and other behaviors during the CSHI. In
terms of sleep complaints, difficulty falling asleep and waking
in the morning were the most common. One hundred percent
of teens reported at least one form of daytime dysfunction as-
sociated with their sleep problem. Many of these nighttime and
daytime complaints are experienced by adults with insomnia.?
Poor sleep hygiene comprised mainly of electronic media in
their bedroom (mean = 2.4 items). Coping with sleep loss took
the form of approximately one-third of the sample reporting
frequent napping (2.9 naps/wk, 103.3 + 60.2 min, at 15:40 +
35min), and consuming caffeine (coffee, tea, chocolate). Inter-
estingly, three-quarters of adolescents reported feeling “flat”
after school yet alert after their dinner meal (~18:30-18:50),%
which may be representative of a delayed “post-lunch dip” and
“wake-maintenance zone,” respectively. Despite indications of
insomnia and poor sleep hygiene, our differential diagnosis in-
dicated DSPD to be the primary sleep disorder.” Nevertheless,
the levels of insomnia and poor sleep hygiene validated the use
of the respective cognitive techniques and sleep education (de-
scribed above in Procedure) to address these factors in therapy.

Comparison of CBT plus BLT versus Waitlist on
Sleep and Functioning

Descriptive statistics (means, SDs) and effect sizes are
presented in Table 2. Data for school night sleep parameters
and weekend sleep parameters are presented separately. Rel-
ative to adolescents in the WL control group, adolescents in
the CBT plus BLT group at post-treatment demonstrated sig-
nificant improvements on school nights for sleep onset laten-
cy (F,, = 10.57, P = 0.003), sleep onset time (£, = 11.78,
P =0.002), total sleep time (£, = 5.78, P = 0.02), and rise
time (F =129, P= 0.01). Although individuals experiencing
DSPD are not known for significant awakenings during sleep,
Table 2 shows our sample of adolescents did experience wake
after sleep onset (WASO), with 30% reporting > 30 min at pre-
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Table 2—Pre- and post-treatment mean + SDs of sleep, sleepiness, and depression symptoms between DSPD adolescents undergoing CBT plus BLT
(N =23) or in a Waitlist (WL) control condition (N = 17)
Pre-treatment Post-treatment Effect
CBT plus BLT WL CBT plus BLT WL size (d)
Sleep onset latency (min)
school* 781+41.0 78.8+31.3 222+128 65.3+42.0 113
weekend* 68.5+42.3 62.7+£37.2 26.1+£18.7 52.6 +43.7 0.65
Sleep onset time (clock time)
school® 00:06 £ 67.2min  23:48 £ 69.4min 23:28 £58.8min  00:10 £ 65.3min 0.89
weekend* 00:56 + 84.6min  00:09 £ 62.1min 23:45+60.0min  00:37 £ 78.9min 1.24
Total sleep time (h)
school* 71+13 6.9+14 8.1+0.6 6.9+1.1 0.81
weekend 83+15 84+16 84+1.0 8.1+17 0.22
WASO (min)* 266+27.5 14.6 +22.6 46+72 16.1+19.2 114
Rise time (clock time)
school* 07:32 £33.0min  07:22 + 28.9min 07:06 £ 27.5min  07:29 £ 40.1min 0.92
weekend*? 09:28 £81.6min  09:22 + 63.2min 08:42 £72.8min  09:33 £ 56.8min 0.92
Discrepant rise time (h) 18+1.2 2011 1.3+£1.0 21+1.0 0.45
Daytime sleepiness (0-32)* 204+48 181144 140+ 3.6 16.0+ 3.7 0.79
Fatigue (0-31)* 172+12 16.6+1.3 102+12 149+1.3 0.75
Depression symptoms (0-26) 76+3.6 74+55 3928 6.2+45 0.71
*significant interaction (i.e., significantimprovementin CBT plus BLT group vs. WL group) with P < 0.05; effect sizes are: d > 0.20 = small, d > 0.50 = moderate,
d > 0.80 = large; *despite the mean weekend rise time of ~09:30, many parents placed some limits on their adolescents’ sleep-in, and when adolescents
slept-in on their first day of light therapy they often slept till after 10:30. Process variables = sleep onset time and rise time; Primary outcome variables = sleep
onset latency, total sleep time, daytime sleepiness; Secondary outcome variables = fatigue, depression symptoms.

Table 3—Pre-treatment, post-treatment, and 6-month follow-up mean + SDs of sleep, sleepiness, and depression symptoms for DSPD adolescents
undergoing CBT plus BLT (N = 15)
Pre- Post-treatment Pre- Follow-up
Pre-treatment Post-treatment effect size (d) 6-mo follow-up effect size (d)
Sleep onset latency (min)
school** 70.8 £44.9 23.8+12.6 1.03 325+21.8 0.72
weekend*? 68.3+454 225+ 113 1.06 23.8+19.3 0.88
Sleep onset time (clock time)
school* 00:03 + 80.9min 23:08 % 55.0min 1.33 23:14 £ 36.1min 0.55
weekend*” 01:10 £ 88.8min 23:37 + 56.8min 1.02 23:46 £ 73.2min 0.90
Total sleep time (h)
school* 7314 8106 0.72 79+0.6 0.46
weekend 84+13 83+12 0.06 89+15 0.34
WASO (min) *A 231+242 55+226 0.72 42+6.6 1.01
Rise time (clock time)
school 07:28 £ 32.6min 07:12 £ 24.7min 0.58 07:32 + 23.8min 0.24
weekend* 09:29 £ 73.8min 08:32 £ 75.5min 0.76 08:59 + 69.6min 0.54
Discrepant rise time (h)** 21+141 13+12 0.69 14+13 0.75
Daytime sleepiness (0-32)** 19.7+54 13.6+3.3 0.93 121437 1.31
Fatigue (0-31)** 16.8+4.3 9.1+£49 0.96 8.1+35 1.53
Depression symptoms (0-26)** 7.3+3.1 37124 1.20 3.3+39 0.86
*significant change (i.e., significant improvement) from pre- to post-treatment; “significant change (i.e., significant improvement) from pre-treatment to
6-month follow-up; effect sizes are: d > 0.20 = small, d > 0.50 = moderate, d > 0.80 = large; Process variables = sleep onset time and rise time; Primary
outcome variables = sleep onset latency, total sleep time, daytime sleepiness; Secondary outcome variables = fatigue, depression symptoms.
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treatment. Analysis showed that overall WASO decreased in
response to CBT plus BLT (£ ,, = 12.16, P = 0.001).

Improvements were also seen for the weekend sleep patterns
of adolescents in the CBT plus BLT group, including sleep onset
latency (F' ,, = 4.22, P = 0.046), sleep onset time (F ,, = 14.48,
P = 0.001), and rise time (F1,35 = 7.85, P = 0.008). However,
no improvements were found for total sleep time on weekends
(F) 4 = 0.46, P > 0.05), suggesting the significant advances in
weekend sleep onset time and rise time were relatively uniform
for the CBT plus BLT group, thus not providing a greater op-
portunity for sleep on weekends. However, despite significant
advances in rise times for the school week and weekend for the
CBT plus BLT group relative the to the control group, the dis-
crepancy in rise times showed no significant interaction from
pre- to post-treatment, F' ,, = 1.71, P > 0.05. Analyses showed
the CBT plus BLT group continued to sleep-in on weekends
at post-treatment (relative to their school week rise time),
t,, = 1.52, P <0.0001. A likely contributor to these continued
weekend sleep-ins is that adolescents who underwent CBT plus
BLT still reported later bedtimes on weekends relative to their
school-night bedtime, #,, = 5.47, P <0.0001.

For functioning measures, significant interactions were
found for daytime sleepiness, F' 10— 4.85, P =0.04, and fatigue,
F|,;=5.26, P =0.03. The interaction for depression symptoms
was not significant, £, = 4.08, P = 0.05, yet a moderate-large
effect exists (see Table 2). Improvements in sleepiness, how-
ever, were not associated with increases in school-night total
sleep time, 7 (16) = -0.17, P > 0.05, but rather advances in
sleep timing (as indicated by a change in sleep onset time on
school nights), 7 (16) = 0.60, P = 0.01. Despite small-moder-
ate correlation coefficients, changes in depression symptoms
were not associated with improvements in sleep onset timing,
r(16) = 0.46, P = 0.07, or total sleep time on school nights,
r(16) = -0.33, P = 0.23. Changes in fatigue were not directly
related to changes in total sleep time, 7 (18) = -0.11, P = 0.67,
or sleep timing, 7 (18) = 0.10, P = 0.70.

Long-Term Effects of CBT Plus BLT on Sleep and Functioning

Table 3 presents the descriptives (means, SDs) and effect
sizes for the DSPD adolescents assigned to CBT plus BLT,
and who provided 6-month follow-up data (N = 15). Re-
peated measures analysis showed several of these measures
remained significant at the 6-month follow-up compared to pre-
treatment. These include sleep onset latency on school nights
(F, ;3= 6.77, P =0.02) and weekends (F |, = 10.24, P = 0.006);
sleep onset time on weekends (F1,14 =11.91, P=0.004); WASO
(F,,=9.92, P =0.007); discrepancy in rise times (£, | =8.17,
P =0.016); daytime sleepiness (¥, , = 17.70, P = 0.001), fa-
tigue (F,, = 29.45, P < 0.0001), and depression symptoms
(£, =9.51, P=0.01). Although significance was not obtained
for sleep onset time on school nights, Fl,12 =3.92, P=0.07,
a moderate effect was found (d = 0.55). Furthermore, despite
the lack of significant findings in weekend total sleep time and
school morning rise time, small effects were nonetheless found
(d =0.34 and d = 0.24, respectively).

Does CBT Plus BLT Resolve Adolescent DPSD Diagnosis?
Equivalent post-treatment data between the CBT plus BLT
and WL groups were used to ascertain whether adolescents met
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criteria for DSPD as per the ICSD-2 diagnostic criteria.> Specifi-
cally, evidence for a delayed sleep timing resulting in chronic
difficulty falling asleep and waking in the morning, with associ-
ated insomnia or daytime sleepiness that affect the adolescent’s
life confirm a DSPD diagnosis. At post-treatment, 87% adoles-
cents who received CBT plus BLT did not meet diagnostic crite-
ria compared to 13% who did, whereas 18% in the WL condition
did not meet DSPD criteria vs. 82% who did, }*(1, N = 40) =
19.22, P < 0.0001. For adolescents in the CBT plus BLT group
who still met criteria, 2 were not attending school and were
not able to sufficiently advance their sleep timing to align with
school start times, and the remaining subject’s DSPD condition
improved after treatment (54-min phase advance in school sleep
onset time), but still qualified for mild DSPD (i.e., school sleep
onset time = 00:16). Of the 3 adolescents who improved in the
Waitlist condition, all began to rise earlier on weekends. Despite
not qualifying for a DSPD diagnosis at post-treatment, all 3 WL
adolescents opted for CBT plus BLT due to residual symptoms.
At the 6-month follow-up point, 2 of the 15 CBT plus BLT ad-
olescents (13%) qualified for a DSPD diagnosis. Both adoles-
cents’ relapses were due to a combination of late weekend sleep
onset and rise times that occurred during holidays.

DISCUSSION

DSPD is a chronic and disruptive sleep disorder reported
to be more common during adolescence.? In the present study,
adolescents with DSPD typically experienced lengthy sleep
latencies, late sleep onsets, and restricted nocturnal sleep, and
elevated levels of daytime dysfunction (i.e., sleepiness and
fatigue). Insomnia and poor sleep hygiene were common fea-
tures, and all reported poor school performance and/or atten-
dance. These constellations of symptoms were experienced for
a mean of almost 5 years. However, the findings from the pres-
ent study provide evidence that 8 weeks of CBT plus BLT can
help to alleviate DSPD for adolescents in the immediate term,
and to some extent, the longer-term.

The Contribution of CBT Plus BLT to Healthier Sleep Patterns
Adolescents in the present study underwent morning bright
light therapy, whereby their rise time gradually advanced each
day in combination with bright light. This resulted in signifi-
cantly earlier rise times at post-treatment. Researchers sug-
gest one contribution to the development of DSPD may be the
avoidance of morning light.*?* We note that the vast majority
of adolescents in the present study claimed to avoid morning
bright light (85%). This was likely the case on weekends, as ad-
olescents’ rise times were significantly later than school week
rise times, thus denying them sufficient light in the morning.
This neglect of morning light disallows any resetting or phase
advancing of the endogenous clock.” In response to this, one
of this study’s treatment techniques was morning bright light
therapy—a technique often recommended for the treatment of
DSPD*72#4748 despite a minimal evidence base,”** especially
in youth.*® In one adult study, Rosenthal et al.** provided 20
DSPD patients with 2 h of 2,500 lux of full-spectrum light
between 06:00-09:00, with subjective improvements in sleep-
onset time that coincided with improvements in objective
morning sleepiness. Morning light therapy has also been used
with sleep-disturbed adolescents with a history of substance
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abuse®’ and inpatient and outpatient adolescents diagnosed
with DSPD.??%3 However, we cannot conclusively attribute
the earlier rise times to a circadian phase advance without an
objective measure (e.g., dim light melatonin onset, core body
temperature nadir).

Coincident with the earlier rise times, adolescents in the
CBT plus BLT condition also demonstrated significantly earlier
sleep onset times. Adolescents exposed to evening bright light
have shown later sleep onsets than adolescents living in homes
without electricity,® suggesting another potential precipitating
and/or maintaining factor for adolescent DSPD. Evening dim
light has been a common component in the treatment of DSPD*
and was instructed during the CBT plus BLT program. Dim
light could alleviate the maintenance of a phase delay> and be
a possible contributing factor to earlier sleep onset times. As
previously stated, without an objective assessment of circadi-
an phase, the causation between evening dim light and earlier
sleep onset times via a phase advance is not conclusive. It does
appear, though, that the change in the process variables of sleep
onset time and rise times assisted in the beneficial primary out-
comes of reduced sleep latency and increased sleep duration
due to CBT plus BLT.

Aside from a delay in adolescents’ sleep timing, there may
be additional factors contributing to their DSPD. As multiple
groups have suggested, associated insomnia may accompany
DSPD.**¢7 Indeed, insomnia symptoms were common in this
sample of DSPD adolescents (e.g., difficulty falling asleep,
mind racing in bed). CBT plus BLT included techniques to
target this insomnia. Of these techniques, cognitive therapy
directly targeted unhelpful cognitions about sleep, particu-
larly the catastrophizations around a lengthy sleep latency and
next day functioning. However, the extent to which cognitive
therapy reduced insomnia symptoms and reduced sleep latency
is not known without a standardized assessment of changes in
adolescents’ sleep cognitions. Another component in CBT plus
BLT was sleep hygiene education, which aimed to help reduce
nighttime arousal. Behaviors promoting nighttime arousal were
predominantly around the limiting of electronic media use prior
to bed. Previous work with nonclinical adolescent samples sug-
gests evening electronic media use is associated with delayed
bedtime, longer sleep latency, next-day impairment, and week-
end sleep-ins.>® We note that compared to previous reports,
we found minimal evidence of substance use and mood disor-
ders contributing to adolescents’ DSPD (see reviews),”** pos-
sibly suggesting recent increases in technology use may be an
emerging risk factor moving more typical adolescent sleep pat-
terns into the pathological range.”** However, a casual link be-
tween electronic media reduction and improved sleep outcomes
in clinical trials is desired.

Barriers to Successful Treatment Outcomes

Notwithstanding the benefits received by many adolescents
from CBT plus BLT, there were still significant barriers to
treatment and subsequent maintenance of healthy sleep pat-
terns. Previous reports indicate the school attendance of ado-
lescents with DSPD can be jeopardized, although these data
derive from case studies or reviews.?*?*5%% Sixteen percent (N
= 8) of our 49 DSPD adolescents were not attending school
when enrolling in our study. Treatment assisted 2 out of 4
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adolescents in the CBT plus BLT group to return to school.
Non-school attendance appears to be an influential factor
in the recovery from DSPD.*® Our clinical notes from 2 of
these adolescents show 1 was motivated to return to school
for the face-to-face social interaction, yet their sleep timing
did not advance enough at post-treatment to align with their
school start time. The other adolescent was phase advancing
well during treatment; however, the prospect of engaging with
school friends and the workload after missing school for over
1 year appeared too daunting. Future interventions may need
to provide added treatment components for this subpopulation
to ensure better outcomes.

A second barrier may be delaying sleep patterns dur-
ing weekends and holiday periods. Okawa and Uchiyama®
suggest DSPD may be triggered by vacation periods, and it
was our experience that relapses occurred due to later sleep
scheduling during school holidays. These relapses occurred
despite our relapse prevention. Such non-adherence indicates
low motivation to maintain regular sleep patterns, which is
likely akin to the motivation of our adolescents who dropped
out after 1 treatment session at which the morning bright light
therapy plan was outlined. Indeed, in a previous adolescent
sleep treatment study, non-completers attended 0-1 of 6 ses-
sions.’! It therefore remains a challenge for future research
to develop a sleep treatment package that can address moti-
vational issues to engage and retain adolescents during treat-
ment and maintain benefits in the longer term,* which do
seem possible.®!

Limitations and Future Directions

Although multiple subjective benefits were found in the pres-
ent study, objective verification of a circadian phase advance
(e.g., dim light melatonin onset, core body temperature) would
assist in the validation of the evening dim light and morning
bright light therapy components, as has been found in previous
studies.* In practical applications this can be difficult due to
time and financial barriers’”*; yet given the virtually nonexis-
tent evidence for morning light therapy for adolescent DSPD,*
controlled evaluations are nonetheless desired. Similarly, asso-
ciated insomnia was proposed to accompany adolescent DSPD,
and indeed such clinical features were present at pre-treatment
(i.e., nighttime sleep disturbance and associated daytime im-
pairment). However, systematic pre- and post-treatment evalu-
ations of insomnia were not performed. This is necessary to
help determine if various treatment components help to reduce
the associated insomnia. This leads to another limitation: de-
spite many improvements in sleep and daytime functioning, we
cannot uniquely contribute these benefits to any one particular
treatment component. Future dismantling studies are required
to determine the therapeutic efficacy of the various treatment
components contained in CBT plus BLT. Furthermore, although
CBT plus BLT was manualized and consistently supervised, no
formal measures of treatment integrity (e.g., independent rat-
ings of the proximity of treatment delivered against the manual)
were taken. Finally, although our DSPD sample qualified for
the disorder, several cases were relatively mild in nature. For
instance, numerous case reports and studies in the literature are
of adolescents with sleep onset times in the suggested 01:00 to
06:00 range.>?”** Coupled with the mid-high SES level of our
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sample, the benefits reported here may not generalize to severe
populations and/or to lower SES groups.®

CONCLUSIONS

DPSD is the most common sleep disorder assessed and
treated among adolescents in our clinic, yet controlled evalu-
ations of treatments are limited. The present study found CBT
plus BLT, which combines phase advancing techniques to cor-
rect a delayed circadian rhythm, and cognitive and behavioral
techniques to address associated insomnia, the regularization
of sleep schedules, and sleep hygiene, produced subjective
benefits in sleep latency, sleep onset time, total sleep time, rise
times, daytime sleepiness, and fatigue compared to controls.
Non-school attendance, holiday periods, and low motivation to
change may be barriers to treatment. Given adolescent DSPD is
being treated by clinicians worldwide, the field requires reports
of controlled (and possibly even uncontrolled) treatments to
support recommendations for alleviating this chronic and often
debilitating sleep disorder.”

FOOTNOTES
A. In Australia, promethazine is an over-the-counter antihis-
tamine often prescribed as a pharmacological agent for
sleeplessness in children and adolescents.
B. Unfortunately, no data were collected to ensure teens
complied with sleep diary instructions.

ABBREVIATIONS

CBT plus BLT, cognitive-behavior therapy plus bright light
therapy

WL, waitlist

DSPD, delayed sleep phase disorder

ICSD-2, International Classification of Sleep Disorders,
Second Edition

PDSS, Pediatric Daytime Sleepiness Scale

FFS, Flinders Fatigue Scale

MFQ, Short Mood and Feelings Questionnaire

CSHI, Clinical Sleep History Interview

WASO, wake after sleep onset

SES, socioeconomic status
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