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Study Objectives: To establish the extent to which the de-
velopmental changes in sleep timing experienced by Austra-
lian adolescents meet the International Classification of Sleep
Disorders (ICSD-2) diagnostic criteria for delayed sleep phase
disorder (DSPD), and whether adolescents with DSPD engage
in poorer lifestyle choices, and are more impaired compared to
good sleeping adolescents.

Methods: Three-hundred seventy-four Australian adolescents
(mean age 15.6 years, SD 1.0) participants completed a 7-day
sleep diary, wore wrist actigraphy, and completed a battery of
questionnaires to assess DSPD criteria.

Results: The ICSD-2 criteria for DSPD were met by 1.1%
(N = 4) of the adolescents sampled. The majority of adoles-
cents (51.9%, N = 194) met one criterion, 14% (N = 52) of the
adolescents met 2 criteria, while 33.2% (N = 124) did not fulfill
any DSPD criteria. Despite having significantly delayed sleep
timing, adolescents who met all criteria for DSPD reported

N
=
(o)
-
<
(O
-
0
(11}
>
=
(]
L
-
=
L
(S
0

similar lifestyle habits and daytime functioning. However, there
were trends for greater alcohol and caffeine consumption, less
sport participation, yet more time spent on extracurricular ac-
tivities (i.e., learning to play a musical instruments for adoles-
cents with DSPD.

Conclusions: Despite the majority of adolescents reporting
DSPD symptoms, only a small minority met full diagnostic cri-
teria. Adolescents with DSPD reported similar lifestyle habits
and daytime functioning to those with some or no symptoms.
Future investigations of non-school-attending DSPD adoles-
cents are needed to confirm the trends for lifestyle behaviors
found in the present study.
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Delayed sleep phase disorder (DSPD) is an abnormal delay
of the major sleep period in relation to the desired clock
time."? Individuals with DSPD report a chronic inability to fall
asleep and awaken at socially acceptable times, which causes
distress and/or significant impairment."* The prevalence of
DSPD is reported to be 7% to 16%."? However, the prevalence
is higher in adolescents, possibly due to the normative delay in
sleep timing observed in this population.*¢ However, rates as
low as 0.17% and 0.4% have been reported.” Although not a
formal assessment of DSPD, Saxvig and colleagues assessed
the prevalence of delayed sleep timing (operationalized as dif-
ficulties falling asleep before 02:00 > 3 nights/week, together
with problems awakening at the desired time) in 1,285 Norwe-
gian high school students to be 8.4%.°

A number of factors are likely to contribute to this disparity
in prevalence rates. Firstly, higher prevalence rates are likely to
result from less stringent classifications of DSPD; for example,
classifying DSPD based only on the presence of delayed sleep
timing without consideration of other diagnostic criteria. The
use of such criteria results in prevalence estimates of “symp-
toms” rather than the “disorder” per se. Secondly, school-based
samples are likely to result in more conservative estimates,
given many adolescents with DSPD may not attend school on a
regular basis.’ Finally, the rate of DSPD is likely reduced when
studies consider differential diagnosis, such as an insomnia dis-
order or depression.

BRIEF SUMMARY

Current Knowledge/Study Rationale: Despite the ubiquitous nature of
delayed sleep timing during adolescence, there are few data estimating
the extent of Delayed Sleep Phase Disorder in adolescent populations.
The present study adds to the few investigations into this area that have
reported statistics ranging from < 1% to 16%.

Study Impact: Despite the majority of adolescents reporting DSPD
symptoms, only a small minority met full diagnostic criteria. Adolescents
with DSPD reported similar lifestyle habits and daytime functioning to
those with some or no symptoms.

Prevalence estimates of DSPD in adolescents have typically
been derived using self-report questionnaires to assess sleep
misalignment.®'° To the authors’ knowledge, no study has used
sleep diaries or objective measures (i.e., actigraphy) to confirm
the delay in sleep timing as per contemporary diagnostic crite-
ria (ICSD-2). Therefore, it remains largely disputable whether
the delay in the sleep period typically experienced during ado-
lescence represents a common clinically significant problem
within this population. Chronically late sleep onset times cou-
pled with the need to rise at a socially conventional time to meet
school commitments experienced by DSPD sufferers ultimately
truncates the sleep period, thereby increasing daytime sleepi-
ness and associated impairments.'"'? To date, one study has di-
rectly investigated the lifestyle habits and daytime functioning
of adolescents with delayed sleep compared to good sleepers.
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Saxvig et al.f reported delayed sleep timing was associated with
lower average school grades, smoking, alcohol use, and elevat-
ed anxiety and depression scores. More independent studies are
needed to confirm the influence of such lifestyle habits.

The primary aim of the current study was to establish the
extent to which the developmental changes in sleep timing ex-
perienced by Australian adolescents meet the diagnostic criteria
for DSPD as outlined in the ICSD-2. A second aim of the cur-
rent study was to investigate whether adolescents with DSPD
engage in significantly poorer lifestyle choices (e.g., exces-
sive alcohol consumption) and are more impaired (e.g., school
performance) compared to adolescents without DSPD. Such
findings will help to identify potential risk factors pushing ado-
lescents from a typical sleep delay to disordered sleep.

METHODS

Participants and Procedures

The initial sample included 385 adolescents aged 13-18 years
(M=15.6,SD 0.95, 59% male) who were recruited from 8 schools
in Adelaide, South Australia. The schools were selected from a
stratified sample based on socioeconomic status and included 7
coeducational and one single-sex boy’s school. The study was
promoted as a “health survey.” Adolescents completed question-
naires during school class time and maintained a record of their
sleep habits using a 7-day sleep diary and wrist actigraphy (see
Measures). During the 7 days of diary completion, adolescents
telephoned the Flinders University Sleep Laboratory morning
and night to record their bedtimes and wake times. These calls
served as a validity check, to ensure diaries were completed
twice daily and not retrospectively. Of the initial 385 students, 11
did not complete questionnaires or maintain an adequate record
of their sleep habits. The final sample therefore comprised 374
adolescents, with a mean age of 15.6 (SD 1.0) years (59% male).
Data collection occurred from April 2008 to April 2010, during
school terms, at least 2 weeks either side of school holidays' and
not during daylight savings.'* All adolescents provided informed
consent. This study was approved by the Flinders University So-
cial and Behavioral Research Ethics Committee and the Depart-
ment of Education and Children’s Services Ethics Committee.

Measures

The ICSD-2 defined 4 diagnostic criteria for DSPD, includ-
ing: (a) A delay in the phase of the major sleep period in rela-
tion to the desired sleep time and wake-up time, as evidenced
by a chronic complaint of inability to fall asleep at a desired
conventional clock time together with the inability of awaken
at a desired and socially acceptable time; (b) When allowed to
choose their preferred schedule, patients will exhibit normal
sleep quality and duration for age and maintain a delayed, but
stable, phase of entrainment to the 24-h sleep-wake pattern; (c)
Sleep log or actigraphy monitoring for at least 7 days demon-
strates a stable delay in the timing of the habitual sleep period;
(d) The sleep disturbance is not better explained by another
current sleep disorder, medical or neurological disorder, mental
disorder, medication use, or substance disorder. The measures
used to assess each ICSD-2 criterion for delayed sleep phase
disorder (DSPD) are outlined in Table 1.
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A 7-day sleep diary was used to obtain a self-report measure
of adolescents’ sleeping patterns, in particular bedtime, total
sleep time, time in bed, and sleep efficiency. The discrepancy
between average bedtime on weekend nights versus school
nights was used to address the delay in the phase of the major
sleep period in relation to the desired sleep/wake time. Total
sleep time for each adolescent was compared to age norma-
tive data's to address whether the adolescent experienced nor-
mal sleep duration for age. Sleep efficiency > 85% on weekend
nights was used to assess whether the adolescent exhibited nor-
mal sleep quality. Adolescents meeting criteria for ICSD Gen-
eral Insomnia'® (see Table 1 for explicit criteria) were excluded
from the DSPD classification. Wrist actigraphy (Ambulatory
Monitoring Inc., Ardsley, NY) was used in conjunction with
the sleep diaries to provide an objective measure of the adoles-
cents’ sleep timing.

The ISI (Insomnia Severity Index'’) is a 7-item self-report
measure, which assessed complaints of difficulty initiating
(DIS) or maintaining sleep (DMS), or unrefreshing sleep. Each
item was rated from 0 “not at al” to 4 “very severe.” The item
“Do you have difficulty falling asleep” from the ISI was used
to address a chronic complaint of inability to fall asleep at a
desired conventional clock time.

The Pediatric Daytime Sleepiness Scale (PDSS'®) was used
to address the inability to awaken at a desired and socially ac-
ceptable time outlined in Criterion A (i.e., item #5 “How often
do you have trouble getting out of bed in the morning?”).

The School Sleep Habits Survey (SHSS') comprises questions
about sleep/wake behaviors, sleep hygiene practices (e.g., caf-
feine/alcohol consumption, drug use), sleep and medical condi-
tions, and non-school activities (e.g., sport and part-time work).
The SHSS was used to exclude excessive caffeine and alcohol
consumption, tobacco and drug use, or other respiratory problems
during sleep as alternate explanations for adolescents’ sleep dis-
turbance. The SHSS was also used to compare the lifestyle habits
and daytime functioning of adolescents with and without DSPD.

The Centre for Epidemiological Studies Depression Scale
(CES-D%) is a 20-item self-report measure that was used to
identify clinical levels of depression and hence exclude this as
an alternate explanation for sleeping difficulties. Adolescents
rated statements, such as “/ felt depressed,” using a 4-point Lik-
ert scale (1 “rarely or none of the time [less than 1 day]” to 4
“most or all of the time [5 to 7 days]).”

RESULTS

Of the 374 adolescents with complete data, 1.1% (N = 4)
met the full ICSD-2 criteria for DSPD, while 33.2% (N = 124)
did not fulfill any of the criteria. The majority of adolescents
(51.9%, N = 194) met one criterion, and 14% (N = 52) met 2
criteria. Table 1 summarizes the proportion of adolescents who
fulfilled each of the criteria separately.

A series of between group nonparametric comparisons were
conducted to assess potential demographic, subjective sleep,
and daytime functioning differences between adolescents with
and without DSPD. Between-group comparisons involving
adolescents who met all criteria are statistically underpowered
(N =4). Therefore, effect sizes are also reported for marginally
nonsignificant (p = 0.05 to 0.10) comparisons involving this
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Table 1—Measures used to diagnose ICSD-2 delayed sleep phase disorder (DSPD)

ICSD-2 | Measure Items Criteria N | %
Criterion | Sleep Diary Discrepancy between average bedtime on =2 hours 24 164
A weekend nights vs. school nights
ISI Do you have difficulty falling asleep? Yes
PDSS How often do you have trouble getting out of | At least “Frequently” or “Always”
bed in the morning?
Criterion | Sleep Diary or 7-day actigraphy Discrepancy between average bedtime on =2 hours 94 | 251
B/C* weekend nights vs. school nights
Total sleep time + 2 SD for age
Sleep Diary Average sleep efficiency on weekend nights | = 85%
Criterion | SSHS Soft drink with caffeine “More than once but not everyday” 189 | 49.1
D Alcohol consumption
Tobacco use
Drug use (e.g. marijuana)
Stop breathing for short periods during sleep | “Yes”
CES-D All 20 items 215
ICSD-2 criteria for General Insomnia
IS DIS, DMS, EMA, or Unrefreshing Sleep At least one “Severe” or “Very Severe”
Sleep Diary Time in bed > 8 hours
DCS 10-items More than one item a “few days a
week” or “Almost everyday”

*Criteria B and C overlap considerably in that C specifies the measurements to be used to confirm the delayed sleep pattern outlined in Criterion B. IS,
Insomnia Severity Scale; PDSS, Pediatric Daytime Sleepiness Scale; SSHS, School Sleep Habits Survey; CES-D, Center for Epidemiological Studies,
Depression Scale; DIS, Difficulty initiating sleep; DMS, Difficulty maintaining sleep; EMA Early morning awakening; DCS, Daytime Consequences of poor

sleep Scale. fIndicates proportion of adolescents who met the criterion.

group to provide an index of the relative strength of any dif-
ferences between groups (See Table 3). Table 2 display demo-
graphic information, subjective sleep, and daytime functioning
variables between these groups. Information on lifestyle prac-
tices such as sleep hygiene practices and sleeping aid use were
also analyzed.

Age and gender did not differ significantly between groups
(p > 0.05). Despite reporting similar total sleep time of about
8.5 h on both weekends and school nights, the 4 groups dif-
fered significantly in bedtime (p = 0.001), sleep onset time
(p = 0.001), and wake up time (p = 0.001), but only on week-
ends. Adolescents who met all criteria for DSPD reported going
to bed at 00:45, 1 h 29 min later than those who did not meet
any criteria (p = 0.037), 1 h 38 min later than those adoles-
cents who met 1 criterion (p = 0.023), and 25 min later than
those adolescents who met 2 criteria (p = 0.31). The sleep onset
time of adolescents who met all criteria was 01:28, which was
about 2 h later than the sleep onset time reported by adolescents
who did not meet any criteria (p = 0.04) or met only 1 criterion
(p = 0.009). Adolescents who met all criteria reported waking
at 08:34, which was moderately later than the wake up time re-
ported by adolescents who met either 1 criterion or no criteria,
but earlier than those who met 2 criteria (p values = 0.31-0.37
ds =0.27- 0.45). Although sleep onset latency on weekends did
not differ significantly among the 4 groups (p > 0.05), there was

a small trend for DSPD adolescents to fall asleep faster than
adolescents who met either 1 or 2 criteria (d = 0.15 to 0.35).

Adolescents reported similar sleep hygiene practices (all
p values > 0.05); however, there was a moderate trend towards
more alcohol and caffeine consumption (from tea/coffee) among
DSPD adolescents compared to adolescents classified into the
other 3 groups. Despite the reported use of sleeping aids being
very low among all adolescents sampled (all p values > 0.05),
there was a moderately strong tendency for DSPD adolescents
to report being more satisfied with the amount of sleep they get
relative to adolescents in the other groups (d = 0.68-0.99).

The daytime functioning of the adolescents in the current
sample did not differ statistically among the 4 groups on any
measure (grades obtained, levels of daytime sleepiness; all
p values > 0.05). Adolescents who met all criteria did, however,
tend to report spending less time participating in sporting ac-
tivities (d = 0.17 to 0.36) and more time engaging in extracur-
ricular activities relative to adolescents in the other 3 groups.

DISCUSSION

The current study aimed to establish the extent to which the
delay in sleep timing experienced by many Australian adoles-
cents meet the ICSD-2 criteria for DSPD, as well as to exam-
ine whether these adolescents with DSPD engage in poorer
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Table 2—Demographic, subjective sleep, daytime functioning, sleep hygiene practices, and use of sleeping aids (presented as
median values or proportions) for good sleepers, those without DSPD, and those who met either 1 or 2 criteria

Criteria met
Good (N =124) 1(N=194) 2 (N=52) DSPD (N = 4) p
Demographic
Age 15.75 15.41 15.71 15.25 0.54
Gender (male) 61% 57% 60% 75% 0.81
Sleep?
Bedtime®
School night 22:27 22:20 22:34 22:17 0.31
Weekend 23:16 23:.07 24:20 24:45 0.001#+*~
Wake-up time®
School night 7.22 7:15 7.37 7.37 0.10
Weekend 7:45 7:50 8:43 8:34 0.001#*
Total sleep time (hours)
School night 8.22 8.33 8.26 8.36 0.72
Weekend 8.40 8.95 8.46 8.33 0.16
Sleep onset latency (min)
School night 14.00 12.00 1245 23.20 0.29
Weekend 10.00 10.00 7.50 11.25 0.18
Sleep onset time®
School night 22:52 22:42 22:51 22:36 0.65
Weekend 23:45 23:31 24:27 25:28 0.001#+*~
Sleep Hygiene
Caffeine consumption (last 2 weeks)
Coffee or tea 2.00 2.00 3.00 3.00 0.08
Soda 3.00 3.00 3.00 2.50 0.27
Nap® 54% 47% 54% 0% 0.12
Get enough sleep (scale 1-5)¢ 3.00 3.00 3.00 3.50 0.12
Use of sleeping aids (last 2 weeks)’
Sleeping Tablets
Herbal 0.04 (0.30) 0.00 (0.00) 0.02 (0.14) 0.00 (0.00) 0.20
Prescription 0.02 (0.20) 0.01(0.07) 0.00 (0.00) 0.00 (0.00) 0.64
Alcohol 0.02 (0.15) 0.04 (0.21) 0.00 (0.00) 0.25 (0.50) 0.03"~
Drugs (e.g., marijuana) 0.01(0.09) 0.01(0.14) 0.02 (0.13) 0.00 (0.00) 0.79
Milo/warm milk 0.50 (0.82) 0.38 (0.78) 0.34 (0.68) 0.25 (0.50) 0.31
Daytime Functioning
Daytime sleepiness (scale 0-34) 15.00 14.00 14.00 17.00 0.24
Grades (scale 1-8)° 2.00 2.00 2.00 3.00 0.34
Days absent from school (last 2 weeks)’ 0.53 (1.21) 0.46 (1.06) 0.54 (1.07) 0.00 (0.00) 0.60
Homework® 84% 87% 92% 100% 0.43
Sports® 61% 65% 73% 0% 0.05
Extracurricular activities® 21% 33% 19% 75% 0.01
Part time work® 27% 32% 35% 25% 0.67

#Significant difference between criterion 0 and 2; *significant difference between criterion 0 and 3; *significant difference between criterion 1 and 2; ~significant
difference between criterion 1 and 3. 2Sleep diary data; "proportion of adolescents who engaged in the behavior; °SD shown in decimal hours; ¢higher scores
indicate greater satisfaction with sleep; chigher scores indicate higher grades; ‘where central tendency values are close to 0 (i.e., < 1), mean values are

reported, otherwise all median values equal zero.

lifestyle habits and experience impaired daytime functioning.
Of the adolescents sampled, 1.1% met the ICSD-2 criteria for
DSPD. This proportion is lower than those reported in previous
studies (range 7% to 16%).'%° These earlier studies diagnosed
DSPD based on a delay of sleep timing independent of other
diagnostic characteristics (e.g., daytime impairments), and did
not screen for alternate explanations for the delay in sleep tim-
ing (e.g., insomnia disorders), which would have lowered their
rate. Acknowledging this limitation, Saxvig and colleagues®
incorporated the presence of daytime impairment (e.g., over-
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sleeping in the morning or sleepiness at school) in addition to
delayed sleep timing in their sample of Norwegian adolescents.
In doing so, they concluded a prevalence of 8.4%. A similar
proportion of 6.4% was found among our sample when using
only self-report measures of delayed sleep timing and difficulty
waking in the morning (see Criterion A, Table 1). Including
differential diagnosis and the significant distress the sleep prob-
lem has on functioning are likely to reduce estimates. Many
more studies of the prevalence rate for DSPD in adolescents are
needed to confirm our data.
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Table 3—Effect sizes for comparisons of sleep hygiene practices and daytime behaviors for adolescents without DSPD, those

who met 1 criterion, and those who met 2 or more criteria

Number of criteria met

DSPD vs. Good  DSPD vs. 2 crit.

Coffee/tea consumption 043 0.17
Alcohol consumption 0.62 0.71
Sports participation* 0.20 0.36
Extracurricular activities* 0.23 0.34

DSPD vs. 1 crit.

2 crit. vs. 1 crit. 2 crit. vs. Good 1 crit. vs. Good

0.65 0.40 0.27 0.1
0.55 0.27 0.19 0.11
0.17 0.07 0.12 0.04
0.13 0.12 0.02 0.12

crit., criteria; *Cramer’s V / Phi (small effect size = 0.10, medium effect size = 0.30, large effect size = 0.50).

All adolescents in our Australian sample reported similar
lifestyle habits and daytime functioning. The use of sleeping
aids and sleep hygiene practices, such as daytime napping,
were comparable between adolescents with and without DSPD.
However, adolescents with more DSPD symptoms (i.e., met 2
or 3 criteria) consumed significantly more caffeine from coffee
and/or tea, as well as alcohol, when compared to those who
only met 1 criterion. DSPD adolescents may use caffeine in
the morning to increase daytime alertness®' yet use alcohol to
assist with sleep onset.® Daytime functioning did not differ be-
tween groups, although there was a trend for adolescents who
met DSPD criteria to participate in fewer sporting activities but
more extracurricular activities (e.g., learning to play a musical
instrument; see small effect sizes in Table 3) when compared to
those who met fewer criteria. Approximately 60% of Australian
adolescents participate in sporting activities,”? and sports are
often played on weekend mornings, which may prevent ado-
lescents from sleeping in on weekends, further delaying their
circadian timing.?

The lack of differences in the lifestyle habits and daytime
functioning of adolescents with and without DSPD observed
in the current sample is inconsistent with previous research.
Although research directly comparing the lifestyle habits and
daytime functioning of adolescents with and without DSPD is
limited, Saxvig et al. reported delayed sleep timing was associ-
ated with lower average school grades, smoking, alcohol use,
and elevated anxiety and depression. Their delayed Norwegian
adolescents were only receiving 6 hours 53 minutes of sleep;
1 hour less than those without (7 h 53 min). Our Australian
adolescents received ~8 hours 30 minutes sleep, which did not
differ among the four groups. Therefore, poorer daytime func-
tioning and lifestyle choices of delayed adolescents may be a
function of restricted nocturnal sleep rather than circadian in-
fluences per se.

Limitations

Our current sample size was somewhat limited due to the use
of sleep diaries, and especially, wrist actigraphy. Therefore, it is
difficult to draw a precise prevalence of DSPD among Austra-
lian adolescents. We recommend that future research endeav-
ors use sleep diaries in the assessment of adolescent DSPD but
avoid the time and expense of actigraphy for the benefit of a
larger and more representative sample. Using semi-structured
interviews alongside sleep diaries would also be recommended,
as interviews provide more rich data than using cutoff scores
on single items from questionnaires. Ideally future research
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should sample a broader cross-section of Australian adoles-
cents, including those living in remote and rural regions, to
provide an accurate estimate of DSPD. Finally, our sampling
was conducted solely within schools. This may explain mini-
mal differences in school week sleep patterns, as these DSPD
adolescents are able to attend school. Sampling both attenders
and non-attenders will not only provide more accurate results
but likely produce a higher estimate. For example, in a previ-
ous study, 16% of Australian adolescents seeking treatment for
their DSPD did not currently attend school.?* If we apply this
weighted factor of 16% to the current sample, the prevalence
rate would produce a modest rise from 1.1% to 1.3%.

CONCLUSION

The current study is one of the first to assess the extent
to which developmental changes in adolescent sleep timing
meet ICSD-2 diagnostic criteria for DSPD. The proportion
of adolescents experiencing DSPD in our Australian sample
was 1 in 100. DSPD arises due to a conflict between an indi-
vidual’s biology and society’s expectations. Notwithstanding
different methods of measurement, and assuming the biologi-
cal etiology of DSPD is consistent across adolescent samples,
variable prevalence rates are likely due to varying societal
factors between countries.” More studies assessing rates of
DSPD are needed to provide a contemporary picture of the
impact of this sleep disorder on the ~1 billion adolescents in
the developing world.?5?
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